SELF-ALIGNED LATERAL HETEROJUNCTION BIPOLAR TRANSISTOR BACKGROUND
TECHNICAL FIELD 5 The present invention relates generally to semiconductor technology and more
specifically to lateral heterojunction bipolar transistors and manufacturing methods 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 10
terminals include a base terminal, SED/EADTENREDA.LADERA EMItter terminal. The movement of
electrical charge carriers, which produce electrical current flow between the collector and the emitter

terminals, varies dependéﬁlg %VMEQMEP\%&&% DRSS LR rminal 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 15 terminals. The terminals of a BJT are connected to
their respective base, collector and emitter BhGd&@rBOBNREd 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 cpprpaq¢oapoiipiunctions. There is a first junction between the base and the emitter, and a
second junction 20 between the emitter and the collector. This forms either a p-n-p or n-p-n transistor
depending upohhterépciansttisbigiatee miasilictive yrmieragiicisedeshiringheapB e cently,

demand E‘B%&ﬂ?ﬁ%?ﬁé_ IncrerRed DEnliSAN Y DR ASE IGS S HARSIRIRIS A1k« GARABIR alppRrating at

higher speeds and driving more current. These characteristics are important for high-speed,
high-frequency communication networks such as those required by 25 cell phones and computers.

BJTs cagé%e\%lgﬁ%é%&@\ﬁﬂnear voltage and current amplification because small variations of the
voltage emitter terminals, and hence the base current, result in large variations
of the current and pgitagedevipiitat Ebaaaliegioriefmingl Thgnitansistvl@analseuienigashagea switch
in digital logic and power switching applications. Such 1 . i .
between two terminals is a three-terminal, a bipolar junction transistor (BJT). The three
10 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
15  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

20  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

25  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



BJTs find application in analog and digital circuits and integrated circuits at all frequencies from audio
to radio frequency. Heterojunction bipolar transistors (HBTs) are BJTs where the emitter-base junction
is formed from two different semiconductive materials having similar characteristics. One 5 material
used in forming the base-emitter junction preferably is a compound semiconductive material such as
silicon (SpyandsilicepIaQkBAN AhARIE S d Qi S-SR A URTSRERANCiESIGE &) a AT fRegRENRIRALION
thereof. HBTs using compound semiconductive materials have risen in popularity due to their
high-spe&@ard i iaifdas s capabilities, coupled with the ability to manufacture them using

processing capapiitesesshiB it manRE o610 sHepmB Rk ARBhART S Al iR which

the current flow is parallel to the surface of the substrate on which the HBT is manufactured. HBTs

have foufRiuse Ny hwefdEHgentyscapishoduensestrricaslcelqyiith syndptichifitséerianes otHane

high+f reqHﬁE&)’aﬁH?&k‘fé‘ﬁi%ﬁnfﬁg%@%J@%ﬁ%ﬁt@%’?&ﬂéﬂ%&éﬁ&% 181$: iSUCh A Satal It fesnmppication
devices. Most BJTs, including HBTSs, in use today are "double poly" bipolar transistors, which 15 use
two polysiigoriativciures sdiverfotSah aritsdrosmegturanand 83econdrferigtagerstuttoreadiane
transistor..t a implanti silic i n [

collector (e en, A A 8 s
called shalewktrenphlistiationso 8iEls hagk-fpeatbahih lthe siticorrdusstatepathbtsT|sozplebfingan

intrinsic hase iogjon over.a goftian gt the, collesior region. Subseauentty &, fist Iaver, of polysijeon is
formed over the SY”COI’] Su s%ralfle and Is proge%se (0] rmpa ase structure in cor?t%ct WHFI a portion of

the intrinsitidemsB ¥Egidnat&ak HIrti are dfl Biks hasehsttudteaisctorfied withahcdpenirgsinfadzich an

emitter st&luctu e is. subsequ nfllg I{Eﬁled. 25 Affirst [ s%ﬁ%?g 1Ila%er is f%rmed over the.base structure
e erth

and is remove S'|trrlattﬁe018);:§’Ven|Cngt of bESB UK By I angl)gIbalslseerlélgkllé%hﬁg/'fé?gﬁfﬁlﬁ own to

the intringjspliasorsgiachtoaforesl arpeonister vyinckdwiibdie atehinghpronksstiahesacylyprdducessa rough
surface on the, Su%strate iij%%e the etchants u%ed are rﬁm particularlét.selective between the polysilicon

layer forFifrthe B5SE SRR HHE e THEM MY SHE6 T YnBYPATRI S 453195y her performance, 30
compound semigRREBETYE Mtaia iz HBIK) asuséGedandrSiG@etbuepsiiallyi potaremysavel Wgich

15  use two polysilicon structures; one for an emitter structure, and a second for a base structure
of the transistor.

HBTs are manufactured by implanting a silicon substrate with a dopant to provide a
collector 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



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 2 thickness is not
constant as a result of the roughness of the substrate. This leads to performance problems with the
device and variations in performance from device to device. A second layer of polysilicon is deposited

into the efitiekwindoyyardmigcesses @siarpramemiiehsttdchirenhigdancimied RyAngoverlaps
the base structure. The overlap 5 is necessary to provide room for an emitter contact, but it causes

another EEIHRASRAARIENS WigHfsadexjsscichra BERNe ShREFEEIIRE? Hemnisieyicetivea)igs. This
capacitance slows;dQwy 1theranepslirniebihg BEbsidiIglRFIHE BYRIISfoRMmRH AXEHIDE SRty

structure and is processedto form spacers around the emitter structure. An interlevel dielectric layer
(ILD) is tHemfemsat tretipriucy whitkheis gneitsied btrpd relamn iy bashsbeeidre fbhseveitathe ILD

that conneGl.with 10 CRISHIL BaTEFRMH SINILELSHUEIURGS i GITI0alS A& an FRRImce A ig the

contacts. As previously mentioned, the emitter structure overlaps the base structure because it is
necessannuapiovickprotando betweemihe covtitactind brsdotmedrSindais knpediieaskesiowialev 5 the
overlap RS %Uaﬁ%r%?ﬁlﬁglﬁ’ﬁﬁi.s 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 vadatielestinctheydd BT dromddendc éhtocdatioestAlthoegindhe preeesfabim poumdpacers

semiconductiv aterials has proven useful in HBTs,, once orme{ilL existin ethqds, this material
o suboodiEE e SRS AR NETMRT W Qe TSI S TR e
during thenfdtteratidrbstepsrafttinesremaining elements of the HBT. Such steps include the deposition

and etching of gxide layers nitrideoka ers,and su ntly formed polysilicon layers. Several of
those processin LS RN A2 ot T SO R sBUSFT: i Bblysiicon
over a cempeusthaemisoNduciivedayethéor@xanpld,adversalyasfects the compound 25

semiconductive material because. the etchants used do not seIectivEI etch on% Utgk%elbepol silicon. Some
ep,

of the compoun@ SRHRTBHHY GRS ARG 1AF (ENLE SEHAUF GOV Pase S Gty in
HBTSs thateaesssigwe hasiddaxidibih Peoths Attt RedonrManetbe 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 HBT's 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



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 3 self-aligned emitter-to-base process in which an emitter

window i§e@l1e£irﬂ§4t@>éﬂmm&mé roltesdepech R @Ax@hlataraliRuek asataraed i exide/pitide pad.
or

In one method for fabricating a self-aligned double-polysilicon HBT using selective epitaxy, the

intrinsic BH8<IRPRA sRitvEalitealgnesA BRaddHRIgNienaEgsRdegion of the 5 silicon substrate. A
polysilicon layerieavily dapedyvitamdapant QE A GARAME IR /REI9AReSHa 1hgt @iﬁ%eséléléﬁ%‘te is

formed over the active region of the semiconductor substrate having a given conductivity type. For
example R LA edtBNEe PehstHatRléd dThiges Bican sebispely sidn il e pstifer reetphelréh. This
polysilicog|aysiRh-Nas Aeon MAs CRAMAMIY e cRAAIVE d’o%&ﬁy%ﬁ?aﬁgﬂﬁ&ﬁh%‘%%%ﬁeover I
These layers are then covered with an upper insulating layer, for example silicon dioxide’toform a
stack abopeakiccabiivelrdipiontstie is BTNEde ysolihsilisoiy dapersreve dteafinferndusesuingidedase

structureh%fym\gegg;[e&r &qlaﬁ%%ii@t@gg etched to define an emitter window. Electrically insulating

regions or "re e spacers” are “s€parately made on the sidewalls of the emitter window. Next,
polysilicon is folmedxartipde]l Bremidepedraoveiosidrsiratee vernittehsteup tidepelhpodysitierstayeture is

thus insu}at%% (flr(q[‘ré the e@ﬂgsicoﬁai? strulcturetggt e reverse sr{;ll)lacers and %a ortion og tthe upper

. . T COn. SIICON 1aYE€ as one€ or.more C u S conductivé
msulatlngqayer o) e stack on‘wHic (iﬂe er%lfter SI%I’UCEUI’G partually res(t)s. IS I’eSlI}RS In a more

consistentyersrgiliagiadg grovttepsérlictufaesehiayedy erseéheffeoteriletdtiing thpanmttelatingdoyepersist

however..During the 2%0 eration of etching the stack, over-etching still occurs. Th k dequate
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formatiorpof#ikcemitigsrwindanalmptantatior-arnkie byes-etabedesefl thceiBoks Tind swekcBrienthe
problems fﬁ%ﬁdm with the gver-efched syrface. Furthermore, to improve, the operating speed of a

HBT, it is® rfgrﬁ 3¢ HeBALE" Xnthieture SR R SRBUGHYS TRPTHZE HEVERES TPRKRES fctronic
charges tepnvefranmdthen the sidewalls of the emitter window. Next, polysilicon is formed in the

15  emitter window to form the emitter structure. The emitter structure is thus insulated from the
extrinsic base structure by the reverse spacers and by a portion of the upper insulating layer of
the stack on which the emitter structure partially rests. This results in a more consistently
small-sized emitter structure.

The adverse effects of etching the emitter window persist however. During the

20  operation of etching the stack, over-etching still occurs. The lack of adequate controls and
reproducibility of over-etching typically results in the intrinsic base being implanted after
formation of the emitter window. Implantation on the over-etched surface does not overcome
the problems associated with the over-etched surface.

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.



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 disadvagiage R{li9MHpRanptamie hakie SPRAYUNGs semirNduaive daysisipléane
damaged by the ions during implantation. 4 Additionally, high-temperature annealing typically is
required 13 Ne BafsEHs IR the T Darists thag AiNaPers vrrisHpetitn greftls, HoGRAFePIERSHs the
profile of conceptrationdeuals fhe m%}%wgthy%éﬁem@ﬁ&!ﬁm%% SemicOndyGHue Materials

n

forming the transistor to create undesirable dopant profiles within the various material layers. 5
Existing Hi&iHes b5t ereatefaetenivig i Bmastinaaies tidhprgbreyas assoeisied Witrsover-etching, the
detriental effegts afjorhimplaataian ARt enRalngs ROdaPTRIRLeRRY alosARUTASKRRN biricn
Additionally, existing methods of manufacturing HBTs require deep trench isolations and buried layers
in the sulbstraticiDesgheedeiniivonsiosidearsaaiunadizplentatics eorhpliveatide.l andnebesipensivet
processirillgahe{1 aiﬂldgﬁi[g;.manufacture. Solutions to these problems have been long sought but prior
developments have not “taught or suggested any acceptable solutions and, thus, solutions to these
problems have Ibddjtiehdbd those s kilkeboms theraan TS OU@SURE ®fuitel Bedp\ NI ONldibThe
present invention provides a lateral hetergjunction hipolar transistor (HBT), and a _methgd
sl S At i U A SRR TR
overthe sednigpackictgrrendsiratecdAniqudow indoufiaediier the insulating layer exposing a portion of the
semiconductor ﬁu sttrate,tarﬁi a silicg Iasyg[r IS ormﬁd over t e 'n%ulatin%lagfr andtth window to
form a collector gyue%oél\?ef) (s SeexB{)Ose%or?(‘)/ﬁ FRe 2§ SERTEORALRESY StBStRE AN KH e Mitter layer
over the tasglatinguayested basadtgnabléss@iched mdhehaliconulayiey ovibeibeioblsatingyayengA silicon
spacer is ir e\‘r/édéﬁ%on tﬂfﬁ sidewalls of the base trench to form a collector structure in contact with the
e ok

collector f 8- B Ature in contact with the emitter layer. A base structure of a
compound
DISCLOSURE OF THE INVENTION
15 The present invention provides a lateral heterojunction bipolar transistor (HBT), and a

method manufacturing method therefor, 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

20  semiconductor substrate and 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

25 interlevel dielectric layer to the collector 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.

This method improves the response time of the lateral HBT and minimizes base

resistance. Additionally, the HBT and manufacturing method of the present invention avoid

30  the necessity of forming deep trench isolations and buried layers thereby reducing the expense

of manufacturing the HBT.



semiconductive material is formed in the base trench. Connections are provided through an 25
interlevel dielectric layer to the collector 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. This method improves the response time of the lateral HBT and minimizes

base feS'StanC@eﬁgﬂit&ﬁ'@éﬁﬂrﬁ@ﬁtﬁ&-ﬁ&”&éﬁ'@fﬂqfﬁ‘é‘i&ﬁtﬂﬁ%%@e%ﬁ@%&ﬁ%&EH NgRGRRAyoid 30

the necessity of forming deep trench isolations and buried layers thereby reducing the expense of

manufacifirtactel e sierieariebdsdinBARISAHRERT SROBStIRHEVE B adkdlsthies in
addition Tﬂ’lé)!uﬂQ&lﬁ%x@&&h?@ﬂﬁ?é’f&ﬂ%@ﬁé’ﬁﬂl@%&gﬁﬁﬂtﬁ%ﬁé‘ﬁ"!aﬁl%ﬁ%'ﬁ pRARA {9 those

skilled in the art from a reading of the following detailed description when taken with reference to the
accompatfiPi RIVEIEEE 25 IBRIEF DESCRIPTION OF THE 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; FIG. 3 is the
struciure of FIG. 2 after formatBRIBF DESCRIP O GFSTHBUMRNY INGayer; 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 K 1:gelst sr[trhlcture o FIG éafggggo(rirﬂ%tl?ﬂ barse trencp F'%t 7 is the
structure of FIG. ailter f%rma lon of a co Péc%or Struciuite and an emiter ?L)ée Strue ure, lli]—'% s the
structure dfrkd@ufcaiterificrenatdan @f withade @tﬂsennnavEﬂGorﬁ is the structure of FIG. 8 after formation
of an interlevel di eatric layer; FIG. %(H&the fstructure t%e9 afteé for atlon of a, number of

contacts; FIG. 111S an'a &rha (étuerr% odlmen 0 ﬁ%nb%%ent IS0 IR rlrx stage of 20
manufacture; FIBG13 is the stiucture of FIG. 2laffiefpatheiciing anwisdoating dey€iist insulating

10 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;

FIG. 7 is the structure of FIG. 6 after formation of a collector structure and an emitter
15  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;

FIG. 11 is an alternate embodiment of the present invention in an interim stage of
20 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

emitter structure;
25 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;

FIG. 18 is the structure of FIG. 17 after formation of a base structure;

30 FIG. 19 is the structure of FIG. 18 after formation of an insulating spacer around the

base structure;



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 emitter structure; 25 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 layge;, Fi6id8Hs theistivctererat 6o Litaftestanmatian elaadageiatietuierBdr!G. 19 is
the structure of FIG. 18 after formation of an insulating spacer around the base structure; 6 FIG. 20 is

the structiféeeicI8Y20 Hifer formation of contacts in an interlevel dielectric layer; and FIG. 21 is a
flow chart of thepeethpel of {6 RIESES iV BIRNH JPEEMERRESGRIPTION OF THE INVENTION 5

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 invention may be
practiced without these specific details. In order to avoid obscuring the present invention, some
well-known system configurBirs]land PiosEBIBIEON @& hbtEdNSsEdedONdetail. 10 Likewise, the

drawings showi diments of the apparatus are semi-diagrammatic_and not to scale and,
oarituiarty <o Bl d AT e e o oh B SR e e e A Rt
exaggeratadeintiihdihiGs. theeinetalinrihéldevica cawiie epgrpiethincanye sikidatbiiomne hinethatnhe

"horizontal" as.used in herein is d(ifin.ed as a plane p alllffﬁl to the, 15 aonventioraal lane or %urface of
a wafer dP%ﬁ‘&?&f&We%%Pdf’e%%% i‘(%ltgﬂ%@ ih SR iR e rtiBaf ISk B AGRRYEINE the
perpendigtdadrio theehaoizortahasjust kednadsykesmscsafthuagiond)” aib @recesbelays, sideiofas in
"sidewall"), "higher", "lower", "over", and "under", are defined with respect to the horizontal plane. The
term "beJHEOFSAEIR 950 structures, which are side by side with neither overlapping the other.

10 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.

The term “horizontal” as used in herein is defined as a plane parallel to the

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

20 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.

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

25  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
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

30 layer, is formed over the semiconductor substrate 102.



20 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. 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 RagghRNRIGAAMN.2e RUBIANCHARNEK Bfiglgctiligrl-chargRiIMbANaiaiaeT (3aNg.
Referring now to FIG. 1, therein is shown a lateral HBT 100 in an interim stage of manufacture in

accordarfnRfinghe iprEdamdnoesitidls THe (HBHRMBTY00 Hlludds BUSBRTiUndirieMsissttte 102,
such as %B@Jﬂl}ﬁg?ﬁ‘?ﬁeﬁ?@%%ﬁ%\é@ maderial of @ AUk GPORMGHNIEY BPensuehas Rdrpad gilicon. A

first insulating layer 106, such as an oxide 30 layer, is formed over the semiconductor substrate 102.

7A secoﬂﬂ%ghlaﬁiﬁg fiasterinodatsgehlagn ﬁﬂﬁdéﬂéyéheofsﬁcﬂﬂéoiﬂﬁl‘_ﬂﬁﬂ&égsﬁwﬁfcéﬁﬁadum,ti@:‘ifo_rmed
over {he ULshINFHIRIDE JAGEA0%0 rrpbeh Al shalgw ieneh JialaleRs(RdIR) i e faemead in the

semiconductor substrate 102. Trenches are formed through the first insulating layer 106 and the
second insubaiityy layiermo8dntantberso§shildowduench ssiistiens XS hE2tre Hahepnbiestdiesdiied with

an nsulafing MALeCal UGl AR FRLARIT RA Y RAGROLRIAlo epchsclatns () 112

The upper sutface Is then processed using a chemical mechanical polis process which stops

on the seoswdtimsldatingU3yserthaBtke tpatthenippercutfacembethd Slitsbid2odrg Tiplhbarareticoplanar

with the ypper surface of mg secon inSL(iane%tirégllageli 8. 10 Referring now to FIG. 2, therein is shown
€ 1 ufl

the structure BF FIG. 1 wherein the second . in ?thﬁg ayer 108 has been removed. The second

insulating layer Reshanoin tel BIA. Bathdieian sahvove thdorrexamepdd, Higzah etahiig rosesmithat stops

on the first i ulatl?‘%la%ﬁ% 06 . so the number of STIs 112 aﬁe .eIeYatedI%% oye the.flrﬁ nslulllatlng layer

106. For SRABIE 1Y thd T hRGASE ATEr 100 iEEAME Y IAURS SRET L ESH ThEltihgyer 108

is a nitrideeds feyerean feictadhtey $gchivbichi selacivelyieichepolyrefinitridsulayieskgeingithe oxide
indow 300 THE I TN AV F BB TPl b B0 EABHREr e b BP0
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
unetched.
Referring now to FIG. 3, therein is shown the structure of FIG. 2 after formation of a
window 300 in the first insulating layer 106. The window 300 is formed, for example, by
using photolithographic processes to define an area of the first insulating layer 106 over a
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



using photolithographic processes to define an area of the first insulating layer 106 over a 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

semicongdystivednatenialntthe secandilkRduGtyinotyPey Piehoasit Monesdosiligofe pbRfeirsiailicon
layer 400 may be either 25 epitaxi%z grown or formed by means of a chemical vapor deposition

(CVD), ahf'giardiroersate baseHesnsdimpemBiso the upper surface of the first silicon layer 400 is
coplanar with the-tpRes syiacesiel Banvmbar glowhishl Léulhebstrticaniayei ARQHMH &Hea

monocrystaline silicon in the area of the window 300 and polysilicon in the area over the first

insulatind#sgéicno 680, Refeihing How16mIBYs, eI iBeshtivilirensiuetdld) errvchadatesn
formation pi. (itd [ASUAHNG 13YE" RO wSHEN @S 89:0XARaYRL keIt Rsuiatipgayer §fif) is

formed or 8 grown over theTirst epitaxial silicon layer 400. A photoresist layer 502 is deposited and
patternedxpaesatecanbadetreh S hddR 504, Refersing wowing Rigr 6, 0herMoaris it arle, gheicture of
FIC. 5 afle IRMAN fld.0aze RN 090 The. (i insAlng avernf ARt ! liemndaver
400 are etcﬂemwn 56t02% e g%rstﬁlnsulagr?lge aygr 1 8 ustljng lzf?‘fge}%ase tr(g%?h ma§f< 5 i ShO\an in FIG.
5. This exposasthéyemiberaofl ST itst 2idindnt ey fir ki sulating lyrtion 6 Thio perpiartiof idxdyfitkte
etching forms the basg trench 600. . The base trench 600 separates the combinatjo e third
oulatng RS et B0 e R G A b e R o e
40018howenlindedGla§ein @ntatianptirtibe sémhicdmstudtaroaulagtrad@d Sizofonnis BIGO Tolectie|ysr 602.
The portion qf the first sjli layer 400. shown in F|G ver the first in ing Jayer 106 forms an
et B BLAE THE A TR SRS bl AR SREIRD TS R oRi e
shown the strucRéterdink 1Gow adté€armingesctolieclossirubtuseud@réater &l 06 dfecolaaiap layer 602
and an emitter structure 7Oi9éa;eralg}on the emitter layer 604. The collector structure 700 ?CB the

t
emitter sHOICEGHY 703 18 o rEL AR Y fﬁﬁg&ﬁ%}éﬂ%eépq A GroW B SHESHHSiICoN layer,
such as adightly dange semisonguctive. Makeria)iRbibe sacend condueiiy dxptesuehicass Tzped

Smc?sn' Tgr%ferably are formed by selective epitaxial growth of a second silicon layer, such as a lightly
doped semiconductive material of the second conductivity type, such as n” doped silicon. The
second silicon layer can be lightly predoped during formation of the second silicon layer. The
second silicon layer is formed only on the sidewalls of the base trench 600 and not on the first
insulating layer 106 or the third insulating layer 500, thus forming the collector structure 700

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 over the
collector structure 700 and the emitter structure 702 in the base trench 600. The compound

30  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



second silicon layer can be lightly predoped during formation of the second silicon layer. The second
silicon layer is formed only on the sidewalls of the base trench 600 and not on the first insulating layer
106 or the third insulating layer 500, thus forming the collector structure 700 20 and the emitter
structure 702 on the sidewalls of the base trench 600. Alternatively, formation of the collector structure

700 and tergmisiesaiielWierOBacathR @aMOEiRM; DY [psminaIiye soaGHoR |ay afbRp anddhegmitter

layer 604 by selective epitaxy. The collector layer 602 and the emitter layer 604 can be selectively
grown in ffethisdépadiiiee ByRindOrhe collector layer 602 can be selectively grown over the

semiconductor 23 SubsiratR, Me%end theRAtEraer H04ranpe serselivelyderpsitedpyenthe first

insulating layer 106. Referring now to FIG. 8, therein is shown the structure of FIG. 7 after deposition
and prodessiatebiielestipdlda)Jersicid setbeasayepxisifolarics Hadehstrudtnpsi sabus I afeVMdollector
strugurep;ggeg,pd the emitter structure 702 in the base trench 600. The compound 30 semiconductive

layer forming the base structure 800 preferably is silicon (Si) and at least one of silicon germanium
(SiGe), silicon dRefaermgmaantoodn 5itk Gkrandisshibimatierirtstrenl FKe Baxftcstomnatosod fills the

base tre oW in £ 6[%19 . i SO e

stru cturqugg%qg%%sﬁqrﬁt?aﬁﬁ%%lp anarf\(/iviﬁfhfﬁ%éqt%%%ﬁﬁgnggpj ﬁ?g %hcltrggi%rélg%lgﬁ%@‘?ﬁ&%@%}gog%%eferring
now to F@n@cthéfEinasdsitownitiee atniatuld@f Fidc@ afterefdidaper 80An Titexddieelatietecadc (ILD)

layer 900 h as an oxide layer, which is planarized using a C 5 process., Referring now to FIG.
10, heret Lk a R B B R T R D o B TR PR 0o e
lateral HBU0li@®hhs eletiectaycotidct THROZsa dagectchitiadt btk dandpaovatnitaricdathoduddO6

R BT T S e e U
formepl byrpvﬁxldiﬁ@nglm]eqlgcbhghugb [ttTe Ilerlager zﬁﬂDtlii&tdﬁhEibﬁﬂ&tﬁtgdﬁ?ﬁgSBO@nﬂihﬁeemﬁt&ﬂ contact
L00o = el v s ole oyl e L v, 500 o e S esslog oy o me
comprise a conductive material, such as tungsten (W) formed into the trenches.
15 Referring now to FIG. 11, therein is shown an alternate embodiment of the present
invention in an interim stage of manufacture using a silicon-on-insulator (SOI) wafer. A
lateral HBT 1100 includes a semiconductor substrate 1102, such as a lightly doped
semiconductive material of a first conductivity type, such as p~ doped silicon, that has an
insulating layer 1104, such as an oxide layer, on the top thereof. A first silicon layer 1106,
20 such as a heavily 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.
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comprise a conductive material, such as tungsten (W) formed into the trenches. 15 Referring now to
FIG. 11, therein is shown an alternate embodiment of the present invention in an interim stage of
manufacture using a silicon-on-insulator (SOI) wafer. A lateral HBT 1100 includes a semiconductor
substrate 1102, such as a lightly doped semiconductive material of a first conductivity type, such as p

doped sitiganphatlasansinsiWatingiarer bhMnsich G5RE QSR IAYRIa RS 60R theread. defirst

silicon layer 1106, 20 such as a heavily doped semiconductive material of a second conductivity type,
such as rflr%éﬂ@d’%ﬂ?déh,li@%%%ﬂéﬁﬁﬁ the pEURig layer 1104. A number of STI's 1108 is

formed in the firg} $HicQBYEIIHS ik & GBNYSRRRANARNENS S0 INSHANNIHaYSNRLLD, such

as an oxide layer, is then formed over the number of STIs 1108 and the first silicon layer 1106. A

CMP is peefbfmed tes mﬁémz@tﬁ@n-zgmwgmaé@ Qﬁtﬂf@gé&_@gﬂd thglm%i@jl_ lelydre F1rs 0siReTR rring
now Jo0 FiG.13,1 RELGItIS s iae ﬁrﬂ%eéf%ﬂit&%s T WREIEN P PO SRIShA¥E a0 s been

deposited and patterned to form a base trench mask 1202 over the second insulating layer 1110.
Referrindingvsile-dayes, khevein ibshighinah&1iructuredesiBiated aafiarefortiratiopeofl 3Bt a Bhse trench

1300. Th . | chi i . o e
. T ST s s PR g s
separatepdti@uonisinationrst telseogridyirsUlafing kigerpped Quafadethé Hfirstisitiven layer 1106 of FIG.

12 into two portionis, s, cTIvRRIMENt dhe e ROMiANR A1 106 2aMme: R0 Gilher.ean b ihg cpllector
portion or the emitter pgrﬂon. or convénience of terminology, the portion of the first silicon layer
1108 0n theoléft of KithcliBed deGipratély as aheattdbiowlalgel BB andl the qroitionsofitadinstGlicon

layer 1106 on the right of FIG. 13 is ignated as an emitter layer 1304. The photoresist layer 1200
Lge.on, designafed asia Ne[ AP &

shown in EHE 2298 thers PR Eved reavmg‘ the Temamadr SF1He portion 6t tHL SEOH ms?ulating

layer 111010D ke fopped dyrfatewidhpisirist giowretd anghowdepEdGeidc dhéuesivésminevial tfe
structure of FIG. 38{?;;‘? formation of 10 a collector structure 1400 laterally on the collector layer 1302

and an eMftt& 8 HIRGY [0Sy DASHE B ARES 6P 304. The collector structure 1400 and the

emitter structur@eferring now to FIG. 15, therein is shown the structure of FIG. 14 after the base
15 trench 1300 is filled with a compound semiconductive layer 1500. The compound
semiconductive layer 1500 preferably comprises silicon (Si) and at least one of silicon-
germanium (SiGe), silicon-germanium-carbon (SiGeC), and combinations thereof.
Referring now to FIG. 16, therein is shown the structure of FIG. 15 after deposition of
a base connector layer 1600 and a third insulating layer 1602. The base connector layer 1600
20 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.
Referring now to FIG. 17, therein is shown the structure of FIG. 16 after a photoresist
25  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
a base structure 1800. The third insulating layer 1602, the base connector layer 1600, and the
30  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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1402 are formed by selective epitaxial growth of a lightly doped semiconductive material of the
second conductivity type, such as an n doped silicon. Referring now to FIG. 15, therein is shown the
structure of FIG. 14 after the base 15 trench 1300 is filled with a compound semiconductive layer
1500. The compound semiconductive layer 1500 preferably comprises silicon (Si) and at least one of

silicon- gesmRBIHMARICRING!ICON igeimanUMC a808N  FitaREd oaBA HePRIDalARR R arasy. Referring

now to FIG. 16, therein is shown the structure of FIG. 15 after deposition of a base connector layer
1600 andh ﬂlﬁ‘hfé insuiding fxger 2892, The base connector layer 1600 20 is formed over the

compound semigapatlivi Ve FIGOPuseG M Bll thewhrak UeRGRLIAGRHAR apdyrdeRasiing a layer

of a heavily doped semiconductive material of the first conductivity type, such as p' doped polysilicon.

The thirddhdodit Eayerce60208uchclsaa hittididdasacas tHas foxwlat sy epapes HR98 doheieeedr layer
160Qs Refgrring ﬂﬂ@‘%ég’eFtﬁc&&eti‘ﬁﬁS'r&ﬁ%ﬁ%’w Héﬁ&ﬁ%ﬂ%%%?&ﬂ?nﬁsﬁl@ﬂ‘ﬁ?g hRACIATESISE 4O laver

1700 has been deposited and processed. The photoresistlayef 1700 defines an area over the base
trench 1300idhoyed themlgdlmg\ﬂmdwmsf besnafifgonahiel colieatothstiosilaengsapacetH®@nitter

structure 1402, goflthe cpMPOUPRSSTIEANUNCIG IRvet 00 RELelrpa 9y 19 E16, A8 therein s

shown the structure 0 17 after formation o ase structure 1 he third insulating ayer
1602, thelbawmamentmtbe&enhﬁdlﬂmhdiﬂfé 130G oiftpocrdasemicoiduetiveyl ayevid 5@ rall dhown in

FIG. 17, fre egﬁq% ﬁlnl? Oersflbs(ta}% Fe %7%% %f E{G éL?lnEQ base sfruc ugelCJﬁSa(l)SOO%? prises a
base Iayer P804 formed from the compoun ic6RdU %e ayer and abase connector 1806
formed framd therbp&éoﬁﬁm:grmn@ﬁm tayeassiﬁﬁq:wrmrnsuthan@m‘psﬂlﬁﬁaelsﬂfahméﬁm\leydhéomse

e e B e (R SR M AR TGO Wi 4 QT R gionn e
ucture o ” 18/ Hter |ng space ch as a nitride spacer.
insulat!nglﬁﬂamrui;gﬁl@ﬂ%mteﬁrcﬁ/ialmwﬁcbhmmwmltﬁe]l&ﬁﬁalsHﬂTasm depositing a Iayer of
nauiating Spaces TOUE: RSN 10 b PRSI0 LHR (oL AN HE Sl B b e
fOfmathFb@nﬁléKIﬁlb@ﬂ@hﬁ&%iﬂﬁfﬁé@bﬂé@ttﬁtﬁf?éﬁBﬁzlm%a'g@@(ﬁ@ﬁﬁﬁgm&ﬁ@ formed iy fAIpdding an
lLDlS hole through the ILD layer 2000 and the insulating cap 1808 to the base structure 1800. An
emitter contact 2006 is formed by filling a hole through the ILD layer 2000 into contact with
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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layer 2000, which is formed for example, by depositing an insulating material, such as oxide, 10 and
then performing a CMP process to planarize the upper surface of the ILD layer 2000. The ILD layer
2000 is then processed to form holes that are filled with a conductive material, such as tungsten (W),
to provide the various contacts of the lateral HBT 1100. A collector contact 2002 is formed by filling a
hole through theyh[: layeReRRIh b scarBe AdRte EaNAciN] i s cAlariphlatieht 3040deBasgscontact
2004 is formed by filling a 15 hole through the ILD Ia%/er 2000 and the insulating cap 1808 to the base
structure '2800 UASEHRIREE 1RY Nt 2 06 R HS R SN WY HRHG - HUIE UM he I DasRpavdhnto
contact wiiBsng;aeutarday & Sa0fnt s aRlleSior SABEEZARRANARS AMEIST RAVARLARRBEIe on

opposite sides of the base structure 1800. The insulating cap 1808 and the insulating spacer 1900 are
used in teBRIavcalisuhabliernadves stapdifici it afiohedeinast Bhode sathyithondeh prjiiesnthereby
further redyging fhsice idhc il ARTARD: RafesHAC BRI G Mol eeiadshonaliow
diagram of a method 2100 of the present invention. The method 2100 comprises a block 2102 of
providingdsasengiceredadennsubstredan abidokidiog afdorenidignatifissénseilating 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. 12 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 to embrace all such
alternatives, modifications, and variations, which fall within the spirit and 5 scope of the included
claims. All matters set forth herein or shown in the accompanying drawings are to be interpreted in an
illustrative and non-limiting sense.
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13 THE INVENTION CLAIMED IS: 1. A method of manufacturing a lateral heterojunction bipolar
transistor comprising: providing a semiconductor substrate; 5 forming a first insulating layer over the
semiconductor substrate; forming a first silicon layer over the first insulating layer; forming a base
trench in the first silicon layer to form a collector layer and an emitter layer; providing a
semiconductiyedaxsrqthersidewalg:gf the base trench to form an 10 emitter structure in contact
with the emitter layer and a collector structure in contact with the collector layer; forming a base

structure of a campourgl sgaiiRNAsCtiarmAREAhN thelhasg thRAshsjuiiivRdBpJRier el diglectric
layer; and providing a plurality of connections through the interlevel dielectric layer to the 15 collector
layer, enfiftBiPfA3}88: and base structure. 2. The method of manufacturing a lateral heterojunction

bipolar transistqs,8¢idlRimeshinclRife drihsgiRforming a base structure in the base trench forms a
compound semiconductive material of silicon and at least one of silicon-germanium,

silicon-germanitiPERE IS hHE Watisihates 9y ehdre st npers dyderfietpiiriof manufacturing a lateral
heterojunction W&%ﬁ?ﬁé@ﬁ?&?&%&ﬁ] g%mllq}g%gt h%m%ﬁg‘ia%@ing the first silicon layer forms a

heavily doped semiconductive material of the second conductivity type; and providing a
semiconductiveffayeingn tissiouwhalis iahiesbadicoreHolkiprolttasiaiyheipr 28y dopedtiasepnitdriductive
material of the secondlg?é}guctivity type. 4. The method of manufacturing a lateral heterojunction
bipolar transistor as claimed in claim 1 wherein: forming a first insulating layer over the semiconductor
substrate furthepreomdprisesseforenintyetinéntbowr inthddirsidinzallatinf) thydrass dxpobeta ponioanof the

10 emitter structure in contact with the emitter layer and a collector structure in
contact with the collector layer;
forming a base structure of a compound semiconductive material in the base trench;
forming an interlevel dielectric layer; and
providing a plurality of connections through the interlevel dielectric layer to the

15 collector layer, emitter layer, and base structure.

2. The method of manufacturing a lateral heterojunction bipolar transistor as
claimed in claim 1 wherein forming a base structure in the base trench forms a compound
semiconductive material of silicon and at least one of silicon-germanium, silicon-germanium-

carbon, and combinations thereof.

20 3. The method of manufacturing a lateral heterojunction bipolar transistor as
claimed in claim 1 wherein:
forming the first silicon layer forms a heavily doped semiconductive material of the
second conductivity type; and
providing a semiconductive layer on the sidewalls of the base trench provides a lightly

25 doped semiconductive material of the second conductivity type.

4, The method of manufacturing a lateral heterojunction bipolar transistor as
claimed in claim 1 wherein:

forming a first insulating layer over the semiconductor substrate further comprises:

forming a window in the first insulating layer to expose a portion of the

30 semiconductor substrate; and
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30 semiconductor substrate; and 14 forming a base trench in the first silicon layer to form an emitter
layer and a collector layer forms an emitter layer over the first insulating layer and a collector layer
over the exposed portion of the semiconductor substrate. 5. The method of manufacturing a lateral
heterojunction bipolar transistor as 5 claimed in claim 4 wherein forming a base structure in the base

trench forms a mateRial ObslicRA@NH ahdaast MR G RilePRy F6FMani bRt R CARIRIMARNMREEArbON,
and combinations thereof. 6. A method of manufacturing a lateral heterojunction biﬁolar transistor

comprising: 10 providitty# $eritondiRIGE sastiarerdha first bonltagAtyeypad 04 Fingr
insulating layer over thg, seficandeios BRI G Mg afitst siliserdayer of a second conductivity

type over the first insulating layer; forming a base trench in the first silicon layer to form a collector

layer and an emjtter 15H@Yﬁ6tf%ﬁnmrﬁaﬁﬁﬁgﬂlﬁﬁgc§fl%¥ﬁﬁ 1§&€R5}Qn‘é%ﬁUSFﬂ)‘HIXrtY%S(?ﬁcIP%sSidewa"S
of the base trench to form a collector structure and an emitter structure; forming a base structure of a

compourfda@gdconeative yiisinfMrneadaseehictiufsriiitie Sspteredeleisle arieatayiat: dnd 20
providingg;phdrality af 1%9&%&‘&8?%1%&&‘%?&9&1%}{%! eyl dislenitfilayeaiBIhe. P e aBIaYSEs the

emitter layer, and the base structure. 7. The method of manufacturing a lateral heterojunction bipolar
transistotgseefaimed in claim 6 wherein forming the base structure in the base trench forms a
compound semiconductive material of silicon and at least one of silicon-germanium, .
silicon-germani@m- 25 fameHioshPEombiEfowa e fe dRtEal hectpetidatom AMaEtUFHY I8l Pteral
heterojur&t}gﬁgmg!ar transistor as claimed in claim 6 wherein: providing the semiconductor substrate

provides a lightly doped semiconductive
10 providing a semiconductor substrate of a first conductivity type;

forming a first insulating layer over the semiconductor substrate;
forming a first silicon layer of a second conductivity type over the first insulating
layer;
forming a base trench in the first silicon layer to form a collector layer and an emitter
15 layer;
forming a silicon spacer of the second conductivity type on the sidewalls of the base
trench to form a collector structure and an emitter structure;
forming a base structure of a compound semiconductive material in the base trench;
forming an interlevel dielectric layer; and
20 providing a plurality of connections through the interlevel dielectric layer to the

collector layer, the emitter layer, and the base structure.

7. The method of manufacturing a lateral heterojunction bipolar transistor as
claimed in claim 6 wherein forming the base structure in the base trench forms a compound
semiconductive material of silicon and at least one of silicon-germanium, silicon-germanium-

25  carbon, and combinations thereof.

8. The method of manufacturing a lateral heterojunction bipolar transistor as
claimed in claim 6 wherein:
providing the semiconductor substrate provides a lightly doped semiconductive
material of a first conductivity type;
30 forming the first silicon layer deposits a heavily doped semiconductive material of the

second conductivity type; and
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material of a first conductivity type; 30 forming the first silicon layer deposits a heavily doped
semiconductive material of the second conductivity type; and 15 providing a semiconductive layer on
the sidewalls of the base trench provides a lightly doped semiconductive material of the second
conductivity type. 9. The method of manufacturing a lateral heterojunction bipolar transistor as

claimed in claimR,{itae aCQIMRIbHINGG 1R 0EURG AMARTIRM AN e fHSbIRSUIRHAY JAYAEER §lil§ﬁﬁ? a
portion of the semiconductor substrate; and forming a base trench in the first silicon layer to form a

collector layer and an éfifebrerairantbisHycaneynreatst idfereevrd eaRIgHyEed Srtion of the

semiconductor substrate and an emitter layer over the first insulating layer. 10 10. The method of

manufacturing &1ateral RetEe{ioktin BAIRF traRgistol s b BEREIURCEIN PPN AR EHRYSIKiIRG a base

structure phedasadiansfuigien shipatgtial of silicon and at least one of silicon-germanium,
silicon-germanium-carbon, and combinations thereof. 11. A lateral heterojunction bipolar transistor

comprising: 15 f@@eRgcohdbitidesutitrite; BiFstislaatagRpsr et PrSSemidORiRRIO stiistrate; a
first silicon layer over %ﬁg@hwgggs@y@’r;aﬂ(pase trench in the first silicon layer to form an emitter
layer and a collector layer; a semiconductive layer on the sidewalls of the base trench to form a
collector structut@npogri dunedeenghnnHbecbicidicrayyanty darehsiteH ettt iayerinnsbiernitith the

emitter layer; a base Sfﬁyg}“f&ﬁfs aaCc%ﬁQ&HP%ESMGQP%CQXEM%%WB? BRSE BN A

interlevel dielectric layer; and a plurality of conhections through the interlevel dielectric layer to the
collector layer, 25 the sairittate|ayeéanagrdities logseoswudtefast sThangtknsrheterojunction bipolar

transistor as claimed in claim 11 wherein the
10 10. The method of manufacturing a lateral heterojunction bipolar transistor as

claimed in claim 9 wherein forming a base structure in the base trench forms a material of
silicon and at least one of silicon-germanium, silicon-germanium-carbon, and combinations

thereof.

11. A lateral heterojunction bipolar transistor comprising:
15 a semiconductor substrate;

a first insulating layer over the semiconductor substrate;

a first silicon layer over the first insulating layer;

a base trench in the first silicon layer to form an emitter layer and a collector layer;

a semiconductive layer on the sidewalls of the base trench to form a collector structure
20 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;

an interlevel dielectric layer; and

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

25 the emitter layer, and the base structure.

12. The lateral heterojunction bipolar transistor as claimed in claim 11 wherein the
base structure comprises a compound semiconductive material of silicon and at least one of

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

13. The lateral heterojunction bipolar transistor as claimed in claim 11 wherein:
30 the semiconductor substrate comprises a lightly doped semiconductive material of a

first conductivity type;
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base structure comprises a compound semiconductive material of silicon and at least one of
silicon-germanium, silicon-germanium-carbon, and combinations thereof. 13. The lateral
heterojunction bipolar transistor as claimed in claim 11 wherein: 30 the semiconductor substrate
comprises a lightly doped semiconductive material of a first conductivity type; 16 the first silicon layer

comprises a he%@'ﬁﬂ@@ﬁ@(ﬁ?@@?B&%ﬁiié‘ésrﬁ%@I@WJR&%@%G&&%@%%&H@IR&&H@QeU’dﬁd
ide C

semiconductive layer on the sidewalls of the base trench comprises a lightly doped semiconductive
material of the secondCHABERTMBPENS 14. The lateral heterojunction bipolar transistor as claimed

in claim 11 whefginc. the fiadnsLiaBadaYa: hasaiKndan: 9eXReRer-BRoR of thenasmigraductor

substrate; and the base trench in the first silicon layer forms a collector layer over the exposed portion
of the semiconductor sgbsgerdusHicameeniaesfithresesoad grndvstivity ydalating layer. 15. The lateral
heterojunction bipolar transistor as claimed in claim 14 wherein the base structure comprises a

compound semitbndudtitel#fatd halcspiinebandiicAt sassisky af ciaitse-gestaniliyherein:
Si'iCO“'germa”i%'?ﬂé?‘?ﬁsﬁﬁ%golggémﬁ@% DRIERE 16-Rpateral RiRsRIvRiiansbiRRIa! dapsistor

comprising: 15 a semiconductor substrate of a first conductivity type; a first insulating layer over the
semiconductor substrafebsirfiigstasiicon layer of a second conductivity type over the first insulating

layer; a base trepeh, I dhefiest SliceD RAYETIRIGITL acHeHIor avgTand a1 SMILE! IaYelposlliFon

spacer of the second conductivity type on the sidewalls of the base trench’to 20 form a collector
structure in contact withottiercaife thor dayaecadd cdoresnitsentstancture gnotntakywitithe dmifiestlayer; a
base structure of a comnooi.é?% sFmigonductive material in the base trench; an interlevel dielectric

. sulating.layer, . . .
layer; and a plurality of connections through the interlevel dielectric layer to the collector layer,

15. The lateral heterojunction bipolar transistor as claimed in claim 14 wherein the
base structure comprises a compound semiconductive material of silicon and at least one of

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

16. A lateral heterojunction bipolar transistor comprising:
15 a 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 silicon spacer of the second conductivity type on the sidewalls of the base trench to
20 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;

an interlevel dielectric layer; and

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

25 the emitter layer, and the base structure.

17. The lateral heterojunction bipolar transistor as claimed in claim 16 wherein the
base structure comprises a compound semiconductive material of silicon and at least one of

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

18. The lateral heterojunction bipolar transistor as claimed in claim 16 wherein:
30 the first silicon layer comprises a heavily doped semiconductive material of the second

conductivity type; and
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25 the emitter layer, and the base structure. 17. The lateral heterojunction bipolar transistor as claimed
in claim 16 wherein the base structure comprises a compound semiconductive material of silicon and
at least one of silicon-germanium, silicon-germanium-carbon, and combinations thereof. 18. The
lateral heterojunction bipolar transistor as claimed in claim 16 wherein: 30 the first silicon layer

comprises a heﬁﬂ@)ﬁe‘ﬁﬂ@@ﬁdﬁ@ﬁiﬁ@%}@ﬂ%V%@L@&%%h@foﬁh@léEQWeS&{‘é’(%[BYﬂEstXQF‘glﬁEﬁhéﬁeﬁle
semiconductive layer on the sidewalls of the base trench comprises a lightly doped semiconductive
material of the secondseBHERRINGH &/ Pateral PhEateranis HEHBRYBpolar transistor as claimed in

claim 16 wherein: the first insulating layer has a window to expose a portion of the semiconductor 5

substrate; and the bas& RrdatHahhEHEr prR LiRadp Rl MY abRkBrddpet et frehesgiBsed portion
of the semicondyetef§URRHBIERNG AT SAVLERAVRIWST dRpESY ipsHlaHNer laveketfcdhflateral

heterojunction bipolar transistor as claimed in claim 19 wherein the 10 base structure comprises a
compound semiconduéeiieteAal of silicon and at least one of silicon-germanium,

siIicon-germani%@-%ﬁgg%%diﬁom@iﬂ%{'og]ﬁggﬁrpdg,grli%rms a collector layer over the exposed

portion of the semiconductor substrate and an emitter layer over the first

insulating layer.

20. The lateral heterojunction bipolar transistor as claimed in claim 19 wherein the
10  base structure comprises a compound semiconductive material of silicon and at least one of

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