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bi pol ar junction transis junction transistor (BJT)
is a three-termnal device that can controllably vary the magni tude of the

electrical current that flows b f the termnals. The three
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termnals include a base term ctor termnal, and an emtter
termnal. The novenent of electrical charge carriers, which produce
electrical current flow between the collector and the enmtter termnals

varies t n variations in the voltage on the base term na
thereb@gﬁﬁgﬁgggﬁﬂggﬁhe magni tude of the current to vary. Thus, the voltage
across the base and emtter termnals controls the current flow through

thé enmtt erThngresentl anieotion eelatesagenerdtlye ta eemiovatsctaf techBildgnraadcoonect ed

to their respective base, .collector and emtter .structyres fornmed in a
 seni coRIEEERN OUisrrEpRondiRa ErRsistls AR R RR MRS R
back-to-back in close proximty to each other, with one of the regions
common to both 20 junctions. There is a first junction between the base and
t he enBAURIGR@UWIRARGCONd junction between the emtter and the coll ector.
This forns either a p-n-p or n-p-n transi stor depending upon the
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variations of the current and voltage output at the collector termnal. The
| 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
15 | 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 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

20 junctions. There is a first junction between the base and the emitter, and a second junction
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

25  important for high-speed, high-frequency communication networks such as those required by
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 Jarge variations of the current and voltage output at the collector terminal. The
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transi stor can also be used as a switch in digital |ogic and power
switching applications. Such BJTs find application in analog and digital
circuits and integrated circuits at all frequencies fromaudio to radio

frequency. Heteroj unction bipolar transistors (HBTs) are BJTs where the
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sem conductive materials such as Si Ge and Si GeC generally are grown over
t he  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 | ayer and on the rough surface of the substrate. The rough
surface causes a nmajor problem because the growh of the conpound

sem conductive material is irregular and its 2 thickness is not constant as
a result of the roughness of the substrate. This |l eads to performance
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sl ower and Akhouilt the @babf sc@hpoupdeemivdndertive 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  scmiconductive material because the etchants used do not selectively etch only the
polysilicon. Some of the compound semiconductive material is also etched du‘ring this
processing step, resulting in HBTs that are relatively slower and exhibit relatively poor noise

performance compared to other HBTs on the same semiconductor wafer.

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




performance conpared to other HBTs on the sanme sem conductor wafer. One
attenpt to overcone the above-nentioned probl ens involves selective
epitaxial 30 growth of the conpound sem conductive material only over the
active region of the HBT to forma self-aligned epitaxial intrinsic base

struct ure,:.Selectiv itaxy al.so.n be ysed.in a.self-aligned .
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‘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.



i nportant, however, that the base structure have a high concentration of
dopant in order to mnimze base resistance. Typically, ion inplantation
techni ques are used to forma base |ayer. However, this technique has the
probl em of ion channel i ng, whi ch I i mts the m nimum 30 thickness of the
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i dR¥CSIHENE, oj unction bipolar transistor and a method of manufacture
ther efor, comBhibS @&h@se%ﬁﬂbl@ﬁ@dﬂd@é Qéensl&l?tsb@%lﬁ HAPHIIdS eSB! RiveREI On. A
base contact | ayer is fornmed over the co region, and a base trench
i s fortapghtioy sug@st@dwy acesmtadbst salatioms aadn,dhu&;eol@tmmset@ttbtvseme@lgms have long ri nsi c
base str n dewal | portion and a bottomportion is forned in
t he baglélg‘?‘iréﬂ k’i‘ ﬁﬁ@iﬂrt\tl ng spacer is formed over the 20 sidewal l
portion of the |ntr|n5|_c base structure, and an emtter structure is formed
over the spacer and the bottom portion of the intrinsic base structure. An

interlevel dielectric | aygsCi®SURE OFIIONENVERTIOASEe contact |ayer and the
emtter structure. Connections are forned through the interlevel
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and m mamifaemrédodweefor, comprising a semiconductor substrate having a collector region. A

base contact layer is formed over the collector region, and a base trench is formed in the base
contact layer and the collector region. An intrinsic base structure having a sidewall portion
and a bottom portion is formed in the base trench. An insulating spacer is formed over the
20  sidewall portion of the intrinsic base structure, and an emitter structure is formed over the
spacer and the bottom portion of the intrinsic base structure. An interlevel dielectric layer is
formed over the base contact layer and the emitter structure. Connections are formed through
the interlevel dielectric layer to the collector region, the base éontact layer, and the emitter
structure. The HBT thus manufactured has an improved response time and minimized base
25  resistance.
Emitter-base capacitance also is reduced thereby improving performance of the HBT. .

The present method also is simpler than conventional manufacturing techniques.



25 resistance. Enmitter-base capacitance also is reduced thereby inproving

performance of the HBT. The present nethod also is sinpler than

conventional manufacturing techniques. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG | is a partial cross-sectional view of a HBT in an internediate

étage of manufacture 4 i invention; FIG 2 is
the structure of FIG Wgéggﬁpﬁggfﬁ%WFQti ng layer; 5 FIG 3
is the stru Itcgr(f of FIG 2 after ,deEos,i tion and patterning of a photoresi st
| ayer; FI 8 thdagial (rgessrectmmab vigw fan (BTt By aatintsrmediale #age of r ench

in them‘éﬂﬁﬂa e%aE&ﬁheﬁ{Eévﬁ{h%ef&{ 'Séntthl&%nﬁ%ﬁ;ucture of FIG 4 after formation

of intrinsic base structure in e base trench; 10 FIG 6 is the structure

of FIG 5 aFKen if dicnsdubtare of FIGN 1iaftstidepobifion sPac Bkulatigy laykie si dewal | portion
of the intrinsic base structure;: FIG 7 is the structure of FIG 6 after
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| ayer; refgidn; 10 is the structure of FIG 9 after formation of a nunber of
contacts in_the interlevel dielectric layer; and FIG 11 is a flow chart

of a met hodFi§t X ¥dbsptauctire of flGEnt pber. foppatgn EhnpEsTrhasT Soptar imHE asw/ENTI ON
20 In foll owi ng description, numerous specific details are given to
provi dé a fhorough understanding of the invention. However, it wll be

appar ent t ormmnes $kithd seudnire tdfeFIa. t5 bhat fdriation BY @AtinQNatiY spRePbRGttheed
W t hout, these specific details. In order to avoid obscuring the present
i nvent pidavalkBprionef theinippicbpsa SMCBI#f i gur at i ons, and process steps are not
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of the di meRKL.oh$s dfeestfueturt b FIGAIT dffer Prods g Mhé@bbYHilicon layer to form an
emitter structure;
15 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 in the
interlevel dielectric layer; and

FIG. 11 is a flow chart of a method of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

20 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 configurations, and process steps are not
disclosed in detail.

25 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

30  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 -
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and are shown greatly exaggerated in the FIGs. Cenerally, the device can be
operated in any orientation. The term "horizontal" as used in hereinis
defined as a plane parallel to the 30 conventional plane or surface of a
waf er or substrate, regardless of its orientation. The term "vertical"”

ref of Suip. AughieobLAN-PUASTIL Gkl Blob S NElIRE 200k ARebustdel ngg

Ternms, suth as 6 "on", e as i’n tle

" hi ghefindetl, anedéfinedowviell tespédiab ttherhorizsithl plaHedeThe teahebdGHENRErWItS Bwh espect
to the horizontal plane. The term "beside” refers to two structures, which
are si sgHresvachyre sids iy siderwigheeithgppyaslgpping ths other. The term " processi ng”,
or "processef. ¢ I d de i tion pof terial .5 or.

phot or esi st ‘Fﬂ%g e ?f?c(r%aﬁ& kBgs%Hrag%sge evaeslu()spg)(?réﬁliefn @F@'ﬂ?%?poéllné?ﬁrﬂfﬁba?eréﬁlnd/ or

rendvabr photbiesist, patiemig, e@posphpidevasinéntastch@gUtlefting iR FeRgva sfeger i bed
structure. The term_ "conductivity type" as used herein refers to a

seni codifsia]l gpheiresistas reqyired inyfnsming 3 deseribadestuens as the primary carrier

of electric re and, or.holes.as. the ripary carrier, of
el ectri cal ?h%?%@, %gﬁd%%g t legzr aﬁélﬁ%‘{ hrginEfess 19 ﬁ@erﬂg\ﬂf‘{%m}é? E.‘at?ﬁa?ti rein
I s shousesaithar ¢le@tons 0 Sife Hra@hdyastier\0flécBical cldBddl AR orehadl, bt RALaL €

stage of manufacture in accordance with the present invention. The HBT100
i ncl udBEmarys@Hie o glestrisal ehargst emths ofie? baedii ng a buri ed col | ector region

10 and a -col | ect regi on 106. Toget her the buried. colle egi on
10fl0 and theRgit:é 3%‘%’4‘%% %G' I Ielr%}ﬂ 558V Pmﬂgl ?B?Séﬁﬁf’té‘&laf 3163%01{313 E@ﬁlﬁgét gr
regi oninl @ .intkbnddigte SiPeCON HAGLBE S BS ab @r@anb Avith IR PARe® MVEREM, Ofrhdeep

trench isolations (DTls) 108 and a nunmber of shallow trench isolations
( STI s) HBI3 00 1eedudps rebsemiesndpatps sutgatg I@2tHasingraubryied cotle@it sgiohOl Gt end ar ned,

for ex t.chi trenches.in t.he sem conduct substrate 102, and

t hen f%oﬁlgcﬁ g Eﬁ%l@g I nE"%e % the i&&‘ﬁnggﬁ%ﬁoro’ﬁﬁgﬁ’é‘ f@@@’l"y%%ﬁ@?ﬂ “©f enches
to for rgidiel (BRillIRBeRRed thes SddIRcibi Rgi@Pidhe sem conductor substrate 102 is
a lightly doped sem conductive material of a first conductivity type, such

aslla p- dop&he semicersictoTsebiitaty LR alsd het a asumbeyphdespsrench ésations OHE
2E ML BB Fnh Rp B SR SRS s ST o0
mat er i ahmBér SNSTHECONArd FdtfhedS HiNexdtpld) By ctcHRRSrRhdd fiPthe semiconductor
substrate 102, and then forming an insulating layer, such as an oxide layer, into the trenches
to form the DTI 108 and the STIs 110.

20 The semiconductor substrate 102 is a lightly doped semiconductive material of a first
conductivity type, such as a p” doped silicon. The buried collector region is a heavily doped
semiconductive material of a second conductivity type, such as an n* doped silicon. The sub-
collector region is a lightly doped semiconductive material of the second type, such as an n’
doped silicon.

25 Above the sub-collector region 106 is formed a base contact layer 112. The base
contact layer 112 is formed by implanting a dopant into the semiconductor substrate 102
above the sub-collector region 106. The dopant used forms the base contact layer 112, which
is a heavily doped semiconductive material of the first conductivity type, such as p* silicon.
For example, boron ions can be implanted above the sub-collector region 106 to form the

30  base contact layer 112.

Referring now to FIG. 2, therein is shown the structure of FIG. 1 after deposition of a

first insulating layer 200, such as a nitride layer. The first insulating layer 200 is formed over
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25 Above the sub-collector region 106 is forned a base contact |ayer 112.
The base contact layer 112 is fornmed by inplanting a dopant into the

sem conductor substrate 102 above the sub-collector region 106. The dopant
used fornms the base contact |layer 112, which is a heavily doped

sem co [ ' e fl b { + S |icon.
For exgh%ﬁé,i%gg‘?%%&fug%ﬁ%g%i E)ecoifv%ro@grﬁl@ glg 9% og\/]\t,ai %'Klg ? g@&a%%%%g%:? galy er 1elzll’ on 106
to forand the rerBéinbhggoritantoddlie detieindhddr sReteterliong TheWirdtanduldtingdayek hegei n is
shown the structure of FIG | after deposition of a first insulating |ayer
200, stRmbelanarizpd pyinga chgaical meghanicalyolishisg (@M gracaster 200 is formed over
7 the semc t . & nu fo STI..s..110,. the
base cont acggﬁgé{&%oﬁg}%ﬁﬁﬁ}e#%? }Sesﬁgﬁﬁ;{ﬁés%% rr gggf\%fzo?%eé agpal}ﬁag% aﬂ%t or
subst r plicorkfig lay&re3 (0. r Ske piwotesiti ger F)Ehas2in apaled) Puapkal) ahd 2RFoscdIb NY A
chem cal mechani cal polishing (CW) process. Referring now to G 3,

t her ei frinea WHeRr 308do she st inpdating lryes 200 oxer the bagsontest layer 1dR. a 5

phot oresi s i .oresis t.layer 30 s ,heen.appl.i ed

masked, andkgff%élg%&?go Fﬁjﬁm%%?%hg RGeS %quﬁe&‘ﬁﬁsg a?‘ﬁ% fﬂng‘t%ﬂ’b Of Ayer
200 ovbiscithachas® Thebakttrdnaly @00 sldrmBebeetdhitg the \Wrdt Andnlddngdayet ROO @lad 1S
shown the structure of FIG 3 after formation of a base trench 400. The

base tWanapdaobe ivgndey 384 shywatie Hilg3t hihef base contaetulpyari g i @yabed 20ith & hat

ot Ehoat e OEndh P RRE BN heh b’ Bustios RER B8 PRR A0l bRty o

t he base-tolkseedt ré80n i166.5 PegREBlyl thetbase tréidh-400!Has 64 18ided B6HNER if Q6cordance
Preferably, the base trench 400 has rounded coners in accordance wth

r eadi | yithveadilaiavailahle meaefacivuring prcetses teayoidshayp cernets dhaselyonrducing begseby

reduci ess n gen.the HBT 100. After  the etchi rocess, the
phot org‘lgc% ge%iﬁg%ﬁrtﬁ%g#imﬁiﬁﬁr the, ehing pgocgﬁsrﬁ& : t‘gﬁ%Sttelﬁ%eré@?fS§8%’nil’§

cl eanedisi MgsteippyEatd GRSurSeE s HBsdl @indPERRRFIHAD selﬁﬁoﬁ&ﬁm}lcgia@eﬁsin
Referring nowto FIG 5, therein is shown the structure of FlI 4 af%er

f obhrat teshnigeesan i ntrinsic base structure 500 in the base trench 400. The

intrinsic bgsg.structur 0,is.fonned for exa el ectivel

deposi ting %rei%ﬁr}n(ﬁ/\ﬁl %P"aﬁl(ggr fhetginy s ﬁhgy’grth%?trl&%gS%Eﬁ%ﬁp X@eéﬁ?mﬂé’? Ia%e

mat er i gtrindic bixe shastre J08NE theiie trihdh 400 rTHShEinBR HRsSItFuealrd 560 RABrh&t, f or med
on 20 the portion of the base trench 400 that cones into contact with the

sub- cofaregxasiple.e§y ovelerggely adepositiog bers erawingawt epiigdal 1ayer tdfas dwarpoveén
et ched séno'ncz)x?&u@d%g Ela%%'%fsintt{lg Qgsg tl%ggh 4 &eTlllenIInEerns?cl lgase structure 500 is formed on

20 . the portion of the base trench 400 that comes into contact with the sub-collector region 106
and the base contact layer 112 that had been etched to form the base trench 400, The intrinsic
base structure 500 has a sidewall portion 502 and a bottom portion 504. The intrinsic base
structure 500 is preferably a compound semiconductive material of silicon and at least one of
silicon-germanium (8i/SiGe), silicon-germanium-carbon (SiGeC), and combinations thereof.

25  The intrinsic base structure 500, for example, is lightly doped with the same dopant used to
form the base contact layer 112, so the intrinsic base structure 500 is a lightly doped
compound semiconductive material of the first conductivity type,. such as p  doped
polysilicon.

Referring now to FIG. 6, therein is shown the structure of FIG. 5 after formation of an

30 insulating spacer 600 over the sidewall portion 502 of the intrinsic base structure 500. The
insulating spacer 600 is formed, for example, by depositing an insulating material, such as an

~ oxide or nitride, over the intrinsic base structure 500 and then performing an anisotropic




base structure 500 has a sidewall portion 502 and a bottom portion 504. The
intrinsic base structure 500 is preferably a conpound serniconductive
material of silicon and at |east one of silicon-germanium (Si/Si Ge),

si |l i con-ger mani um car bon (SiGeQ and conbinations thereof. 25 The intrinsic

Lo 1 oPRbd GaSo it ern e spacer o0f ok lpar i he betden BoRGECUR @1 500 | 5

ali ghfﬂexnﬂﬁme%asecs@mwmﬁmw@%&wm@mﬁm&ﬁm{e lﬂg‘ulatd?@ gaae%oo
conductivity type, such as p- doped ‘polysilicon. Referrin to FIG 6,

therein is Ehfgvmngtltmv &1 Flde tA therah ilGwnShektrestudearf G 6 aftaf depositid®of a

i nsul ati,n 0 .qver .the S|de portion 502 of the intrinsic¢ base
struct B?légéefg“ %% |@E¥Sﬂ&°§d%ér 0@ giptormed PH‘?"rﬁ’%grStfl%srul%ﬁlgﬁﬁfeé 209y
deppsi ki@ ihd B3 Lu%héﬂ‘@odf@é\%hh 'the RHERGAS sAlker 800, APhOpoililibid By AR, L he

intrinsic base structure 500 and then performng an anfsotropic et ¢hi ng
. proces ﬁ)rtefaarhplemstheaviﬂmdwedtsenlgccmﬂaﬁm 1680rial Atf the secbnd cpahuctiofy type, dnolkt om
portion 50 I ntrynsi

of se str re .50 uncovered by the
Do it PR G Y STitoPet P Qyacin (Um. TR, % RGO JoIme Gh P taniElgR ei n | s
shown %fb%es%téll};%%ﬁed)éuxﬁf Ghe 8e @dﬁgfﬁ%h g&ggssl tion of a polysilicon |ayer

700. The polysilicon aer 01s rrred over the first insulating | ayer
200 5 and Refeoingwovh &sEIG. r&erdmhelﬁ@@smmteuhersgmtthﬁ off Gl dtaftagthe pabeilicof0. The

7 or exa , 1.S heavi doped sem conductive
[ ?04 )éﬁ%cggla LS%HY@P? fxf i f%rabang T shachye fhedhporpsilicreon
The po asdoéf #eozge& béeﬂxp%%] %9 SR abehe%ﬁeﬁ%g@mg alofblisRih %%HS%%%&OC%S

or pre-doped during"t eposition proce errln
t her ei stops o hthevfirsthimsaltting tayee 200. FTH8. refmaidihg rpotthom o (Heybdsk itemoh 400 ikayer

700 of Ef‘gp{fj een eress dto forman emtter structure 800. The
pol ysi f1° fiegy mopHalt ﬁYﬁr&%sE ¢ PaRioRPiAhe melysilisen faven a0 et
pol 1 Shidghid CMRer)th mﬁg,gocteg]efogas (Y GRfieP @%‘%ﬁﬁ fg(fOStSLhé%H{efaﬁtn;l g é@&é 200.

The remaining portion ase trenc t her ed WI t he
polysi BO& @ncorfayeé o TR arcd hd thobadeomereh 400eandpdiey siot bcemlpl Ay extrifBl: hdeat
remains after éhe CMP_ process forns the em tter structure 800. Since the
er ¢ t oFTIAE AT NSRS CBIGEHES o dNGd REIRGH BrTcaRd pabEmeRerRiHba00 and
does nefgoMgy | ap the extrinsic base structure 112, emtter-base capacitance
is reduced résulting in increased performance of the HBT 100. Referring now
to FIG 9, Rbferdigndve R, theeeis iy shotviartke stfuchir&of 8IGfY] gfter ffomimioh o a@f an

interlevel dielectric (ILD) layer 900. The LD layer 900 is formed over the surface of the
20 structure of FIG. 8 and then patterned and etched to form a base contact window 902, an
emitter contact window 904, and a collector contact window 906,
Referring now to FIG. 10, therein is shown the structure of FIG. 9 after formation of a
number of contacts in the ILD layer 900. A base contact 1002, an emitter contact 1004, and a
collector contact 1006 are formed in the ILD layer 900 by filling the base contact window
25 902, the emitter contact window 904 and the collector contact window 906 with a suitable
contact material such as tungsten to form the base contact 1002, the emitter contact 1004 and
the collector contact 1006.
The base contact 1002 is formed through the ILD layer 900 and contacts the base
contact layer 112. The emitter contact 1004 is formed through the ILD layer 900 and comes
30  in contact with the emitter structure 800. The collector contact 1006 is formed through the

ILD layer 900 to come in contact with the collector region 107.



‘surface of the 20 structure of FIG 8 and then patterned and etched to
forma base contact w ndow 902, an emtter contact w ndow 904, and a
col | ector contact w ndow 906. Referring nowto FIG 10, therein is shown

th t t f FIG 9 L t.i f f tacts in the ILD
| ayer 900, REHE BOM I G2 VIR dhabodh achY SBEr 6§ Gamedd HO0ce Tect or
- cont acpred@fiGindértiohOr TBE nethdd€100-Br RY fes@R0inbondy ![ %dnﬂﬂls%] gtc{?gﬁ? 9162"act

w ndow 25 902, the emtter contact w ndow 904 an e col contact

wi ndowPBeBling & kermiconducadsl substrtnmbaing aaokaciairegiona step 1 Wgst forming o kasen t he
base cont.act, 1002 he ifter .contact 1004 d .the collector contact
T006. A Jaget <t Y cslistor eeibRy foteby #roéu%fﬁquWé“g £ bape frerchy gip thenbpse

COM actsnthdidaRASid BeNoBELtol ASn; 1l &ep THO8 &IF fohfingC Hhsi ' med
through the ELD | ayer 900 gmd conrres 3%0 in cont aélfg %p%ﬁ%%%g%%tgfp%

st r uct badnga cideWald potidneandor batiomt pertiof OO Ehel tmisé ey atstapolldl dfffermihg Bn | ayer
900 to, ¢ in contact wth tqfhg collector region 107, 9 Referring now to

FIG 11SUPHBS $PFFCT OVehBitnidealonrang Al e risicige stroeies 2 sep 151 egbnt
i nvent ffRfingl B eAB#AOMrEARO REr H{Eessﬂ%&sﬁﬂlt tHe W1 @B]I’tﬁﬂn&}r 13 sl GRe 1102
of providing a sem conductor substrate having a collector region; a step
1104 oftrdctirai agjem ] bbbel foomngan intalesel dviectrit heyee oldrabd base cogiacilayeR al ep

11 of, form ng a base trench jn the base 5 contact_|ayer and the collector
r eg(?on&eae@{[%b%‘ﬂﬁgmof ot |‘ﬁeﬁgi Qﬁ Pﬁf‘frm‘%g @ pyaker9f; eringetions hiqugl the

si devalrerRQEL HREARIIFDR HRLARE: Hei : 140 of
form ng tgn i nsulcati nagespacer cg\%{rdr'f}ﬁ%bg’l’ mp%sg%‘ﬁ‘“?g?%r grtlcﬁrg%)%%lr]tﬁeﬁsi c
base sstrusttrare; a step 1112 of formng an emtter structure over the
spacer and e bt?]tgtom'\;)aglor.ti on of tg)e intrinsic base structure; a step 1114
of form ng fenthsr PTERFOF TRiyeDfaR thap Deen descriRedy in penippedioncwib be spesifie and
10 thec@BbditRht Shows! W & {813 Lot

connec?i ons t hrough t he itnt erlﬁrgeté &c)ff]etﬂagc?lfra}%%layerV%éqﬁﬁglﬁg%tﬁng’cta%g

r ebff onyariatioss val deccappamot td thpee skitind it big: ariih tight of tHeUkdpome WBEHSHdmhe
presen%gi nyen i on has dgbﬁen dgscria]ied- in conjunctigon with the specific
enbodi NEMFALEEH 1S frtended (o cparage glé sughydtsraatizes. modiicefions, aad vewdations that

modi i gatdRRs. - ' | PRAT toathose skil in the
art in li gﬁl{ﬁﬁg? @%}ﬂrelt %c%iréé%g%} ?\'gh‘%ggglp?%it ?lgl(r?lnsaﬁ‘\g@g’r? [ F\Sgkﬁglh,ep?q E)Irg S?tnflf) %ﬁ&éd to
enbr acshosin inshe heahipanyiag idvegingsmditd be aitephaed anth Wastkaive A8 nbhaimiting

scnse.
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fall within the spirit and scope of the included claims. Al matters
hither-to-fore set forth or shown in the acconpanying drawings are to be
interpreted in an illustrative and non-limting sense. 20 10 THE | NVENTI ON
CLAIMED IS 1. A nethod of manufacturing a heterojunction bipolar

transi i Si.Ng: | ding a sem conductor substrate having a

col | ec?%gmﬁ(mgﬂtﬁwgg@¥%ase contact |ayer over the collector region; 5
form ng a base trench in the base contact |ayer and the collector region;
forming an intri Ashethpd sbmanylgettringa heterojgncsion bipealtiangistot canpm@siog:a bot t om

ortion.in . an f ] an insul ating. spacer over the sidewal |l
Borti on of P{]cngﬁz}l}%???%fslilrcg atsoé‘sgl{’gﬂ&qgrtﬁv@ga?ozlﬁ Oﬁbe%éﬂ’i"emtter structure over

t he spacer ﬁnﬂﬁﬁgwb:imtcbmﬁuﬂ@j‘driwatﬁéc&lth%tdr@é%i&ﬁ}Si c 10 base structure;
formng an interlevel dielectric layer over the base contact l[ayer and the
botinom por farewngy basg drepeh inj the beseisadiactdayaend the; colladof mgivnng a plural ity of

connecti ons d . - rleyvel dielectric layer to the collectar
regi on, bass co% %g%n I a&éepg,isgasnlgmt fehaving ¥ gidewpll Qﬁ’ftl?rne@‘.ndf‘gb‘ﬁoni'ﬁ%mﬁﬁtlﬁod as
clai med in cl ai mhk babet@ich; form ng the intrinsic base structure fornms a

conpound sem conductive material of silicon and at |east one of s
il irrEon- ger nEimiRg an igsylatingspgest ol thesisawbld portandf tunibirinaic bass stveureof . 3.

The met hod a5 _([‘j! i - laiml rein proyidihg the sem conduct.or
substrate provi oggéslgggllﬂltegﬁ ?/mﬁeo ‘ée(\gqﬁ%ﬁ?%@ﬁﬁ%%#ﬁrb‘gwﬁéw%‘@é @ftﬂ%ﬂm@ﬁﬁ_
coiuctivity typBasBauusgre; 20 a col l ector region of a second conductivity

type. 4. The nmethod as clainmed in claim3 wherein providing the
seni conduct Brming, patipigrlevel diglagiria laysr| exst dhe bessi omtapetolayateadattzobdtasi or

i i Si h i l.y doped urjed collector region of the second
Egﬁhﬁgt f\?lr?y tS'ygg‘)@H %’g&:"i%tﬁflﬁ‘g%a%"ps%am@%ﬁegl lector region of the second
conducti vi t forinjtpea Blardity UTcoiRENRMSs AfirdikR B dintdlletlI2HM A 8Ll R fRL M Ng

the intrinsic base structure _
collector region, base contact layer, and the emitter structure.

15 2. The method as claimed in claim 1 wherein forming the intrinsic base structure
forms a compound semiconductive material of silicon and at least one of silicon-germanium,

silicon-germanium-carbon, and combinations thereof,

3. The method as claimed in claim 1 wherein providing the semiconductor

substrate provides a lightly doped semiconductor substrate of a first conductivity type having

20  acollector region of a second conductivity type.

4, The method as claimed in claim 3 wherein providing the semiconductor
substrate having a collector region provides a collector region comprising a heavily doped

buried collector region of the second conductivity type and a lightly doped sub-collector

region of the second conductivity type.

25 5. The method as claimed in claim 4 wherein forming the intrinsic base structure
forms a compound semiconductive material of silicon and at least one of silicon-germanium,

silicon-germanium-carbon, and combinations thereof,

6. A method of manufacturing a heterojunction bipolar transistor comprising;:
providing a lightly doped semiconductor substrate of a first conductivity type having a

30 collector region of a second conductivity type;

11




forms a conpound sem conductive material of silicon and at |east one of

silicon-germanium silicon-germani um carbon, and conbi nations thereof. 6.
A nmet hod of manufacturing a heterojunction bipolar transistor conprising:
providing a lightly doped sem conductor substrate of a first conductivity

type havingca_ 30 | |l ector region.of a.second conductivity t .11 formng
a base cont 5% gaégo S%Po%taﬁelgg'rl ?r;f 8&’8%‘8%5@?@62’0??888% BtlYeaiké'Fygfﬂiené‘Sﬁ rst
conductivity typgorvelivitN9pStdr etd Qleé®Pi@bn; f Or M ng a base trench through
the base contact layer and into the collector region;, formng an intrinsic
base st ruct {areinga/basg trgneli theavgh|thpbase comtactiayen abbintothepottdtarregibna 5
lightly dopged compound sem conductive material, of the first conductjvity
type 1t nETBIGU PR DRrS RHHGE bAVPRG IR gOUiSHABH APBPmIRELE] Bbhel |
porgion of the ingkilydped RamBodid d¢aditdridluctiveOhend FheRt EE&id@{i{}ikWygé e of a
hi ghly doped semi conductive nmaterial of the second conductivity type over
the insul ati ng spdbebasgritenthie bottom portion of the 10 intrinsic base

structure; formng .an.interlevel dielectric |ayer over.the base contact
Cayer and t TSR it iGrulats eras cxer R PRI PRGBSI HSSERBHS bask BUHSHThe
interlevel fiRiGCAd bfitleP ¥Blictlr® dfRAhiSAY ldBFLPEentiEHdABivd 1 a‘gﬁh t

| ayer, and thehg‘ittelr_ estruccture. i%g% ﬁ'he emaft hgg a‘é c?tane |€19é§:|§)g(?m 6
wher ei n formn ng témsluctinityi type ovenslee stsnlating rspacet andstha boaomopation of the

sem conductive nmateri of silicon and at |east one of silicon-germani um
si 11 con- ger mani uiPCSIHHT SEHdYConbi nat i ons thereof. 8. The nethod as
claimed in gRidP GnWHEHEID BERME Bkt fer GRL 18EE Qbnih &Y !

heavi |l y doped bﬂl;gri ed col l ector rlegiger{ of r?ﬁe seconlgﬁ‘%oﬁgél}c??{/ﬁ\éy%@gg and a
lightly 20 dopesirstivecai ect or regi on of the second conductivity type. 9.

The nmethod as clainmed in ¢l ai wherein form.ng the base_trench into the
collector r $onREioRns fhrope ﬁ@HEWrIFYFHélleﬁ?Fé“% grc@Itﬁ%E?]éﬁthréﬁl%.thﬂo. The

method as cl ai MegydeRoftadti 1By m%@gﬁt{epwa‘?&et he intrinsic base structure
forns a conpound sem conductive material of silicon and at |east one of

Si{4 con-gergani U, method as claimed in claim 6 wherein forming the intrinsic base structure

forms a compound semiconductive material of silicon and at least one of silicon-germanium,

silicon-germanium-carbon, and combinations thereof.

8. The method as claimed in claim 6 wherein providing the collector region

provides a heavily doped buried collector region of the second conductivity type and a lightly
20 doped sub-collector region of the second conductivity type.

9. The method as claimed in claim 8 wherein forming the base trench into the

collector region forms a base trench into the sub-collector region.

10.  The method as claimed in claim 6 wherein forming the intrinsic base structure
forms a compound semiconductive material of silicon and at least one of silicon-germanium,

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

11. A heterojunction bipolar transistor comprising:
a semiconductor substrate having a collector region;
a base contact layer over the collector region;
the base contact layer and the collector region having a base trench therein;
30 an intrinsic base structure having a sidewall portion and a bottom portion in the base

trench;
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25 silicon-germani um carbon, and conbi nations thereof. 11. A heteroj

unction bipolar transistor conprising: a sem conductor substrate having a
col l ector region; a base contact |ayer over the collector region; the base
contact |ayer and the collector region having a base trench therein; 30 an

intrinsic b@&s@%{lﬁ%cg gro%y{he%lcﬁzwr?gpg éoé’e(F I’II ?]i%hc nag?g b ttom portion in

the base trenc L R  portion of

the intrinsigelats sahétifel sVe thetiRsdhtidd §lacdt d’:rl'el%é' b8ttéH Yortidiof AE Whidthding
spacer and the bottom portion of the intrinsic base Structure; an

i nterlevel dlelebﬁﬁﬁﬁuﬁaV%r over the base contact |ayer and the bottom
portion of the

"ntorovel o GeltH HERAGEIRE oFHOHE SR BB e g gtoR ek ey

| ayr, and the eﬁﬁﬁﬁﬁgbékgg@ﬁwkemuﬂZ The heterolunctlon bi pol ar transi stor

as claimed in claim1l wherein the intrinsic base structure conprises a

‘conpound semmm@tﬂwghsth@nmaﬁwd ditledtdodayan do dle keldestor reGioontheobase

si |l i con-ger mani u Sk i_con- ger mani um caé]tI)on and conbi nations thereof. 13.

The heterolunct|8 %% AL AN PG FEELSITUSEI ained in claim 11 wherein the

senlconductﬂé % trate conprlses a lightly doped senlconductor substrate
on

of a first heterqiupchiom Ripgl aﬁgiraalS@Eﬂn@c@lamdegi Ghiwr 1h vehesgindthe _
Conducidﬂ%&béﬁgﬁuﬁ&rﬂe ]@b@ pfa 850 aﬂfatgeﬁﬁconahawe%atsﬁﬁ%%'sﬁfcﬁﬁ mgéaﬂ' jmed in
claim 13 ereint 0

ecto region conpri ses a hée uri ed

col® ecbne of sligonrgenhaninm, Slhcmngemnﬂm-bat‘bbh,)andtc)m@uﬁﬁdnsﬂthbiegf]t Iy doped
sub-col |l ector region of the second conductivity type. 15. The

het er oj unct 1N bTRO|RferdjuatfonS bipolaaSralsRAtd¥ess ERirkdRimMclAmNE vdleih NBe
intrinsic base structure conprises a conpound seni conductive nmaterial of

si | i coperaigenductar espbstrat neorpprisss | 4 dightlyedonedi semicenductonsupsiratandiim et bon,

d nbi I
comr | SeBiEnt BEARER et Reg PP S h PR odBea T i 5t conduct i vi ty

type havin co tor
yp g 2 ITL eterOJuncuon bipolar transistor as claimed in claim 13 wherein the

15  collector region comprises a heavily doped buried collector region of the second conductivity

type and a lightly doped sub-collector region of the second conductivity type.

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

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

20 16. A heterojunction bipolar transistor comprising:
a semiconductor substrate of a lightly doped first conductivity type having a collector
region of a second conductivity type;
a base contact layer of a heavily doped first conductivity type over the collector
region;
25 the base contact layer and the collector region having a base trench therein;
an intrinsic base structure having a sidewall portion and a bottom portion of a lightly
doped first conductivity type in the base trench;
an insulating spacer over the sidewall portion of the intrinsic base structure;
an emitter structure of a heavily doped second conductivity type over the insulating
30 spacer and the bottom portion of the intrinsic base structure;

an interlevel dielectric layer over the base contact layer and the base trench; and
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region of a second conductivity type; a base contact |ayer of a heavily
doped first conductivity type over the collector region; 25 the base
contact |ayer and the collector region having a base trench therein; an
intrinsic base structure having a sidewall portion and a bottom portion of

alightly o) Lfir uct.ivity .t .in th ase . french:. an,insul ating
apacer over PREnhdfianER TA¢ FItGY leBid ity RR5 SRR ol we i

em tter structurgmdct Baybcand the cflanadusemend conductivity type over the
insulating 30 spacer and the bottom portion of the intrinsic base

structure; in I ' q and

t he base trgﬂch;Tga a%gbggﬁﬁggg%%ggm%ﬁ$%58ﬂggﬁg&?ﬁ%ggﬁgygﬁﬂﬁﬁﬁﬁg%?%?% | ayer
t 0 t hecaxtdck égteo comprsesry, cdngound semicadbctote hatgaal, ofasilicdanhendeatiledse bne of

str ctufe. 17. The heterojunction hipolar transjstqQr as clained in claim16
whet ei HIEHEEPEERIUTL FHICAR SRR BRI obiRaieBY HETOE i conduct i ve

material of silicon and at |east one of 5 silicon-gernmani um )

si | i con- ger Hani ukhe detsseiunciion bipalar rieansisies ashelpisasd. m glaimhid wéessinjtheict i on
bi pol ar . transistor _as.claihmed, in claimil6 rein th col |l ector r.egi on
conpr | Sl BT R ForRFie d MY Ml Bk G Rishor s Eionl S hiuctif)
COﬂdUnypE!aﬁd/alithBedc?ﬂd sab-kblidttdrire o 6£iths WbedndlcbRGicaikity ggeon of the second
conductivity type. 19. The heterojunction bipolar transistor as clained in
cl ai m 18 whegein : ks : [ > I.Ses a
base trenchﬁ?n tE%@gﬂggﬁgFPégP%%ﬁ?ggF%ﬁF&ggF%%h%?ﬁgﬁéPg?gg@?F%%ﬁE§#%§Iar

t r Hhsi st iashadadlicamdragionadoaipmisdOa bdse teheh inhthe sultntalieni®r cegbase structure
conprises a |ayer of a conpound seniconductive mterial of silicon and at .
| east one 0$0.si | ThO he@esjoRAionTbipdiak | tEAEIs@R N FRclaitiedC 8l RRMn BdvikedtRithat i ons

thereof. 14
intrinsic base structure comprises a layer of a compound semiconductive material of silicon

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