;Fme3de\ Y(6T >DWETHOD FOR FABRI CATI NG HETERQIJUNCTI ON Bl POLAR TRANSI STORS
BACKGROUND ' The present invention relates generally to sem conductor

devi ces and, nore particularly, to heterojunction bipolar transistors and
met hods of manufacturing the sane. Wth advances in hi gh-speed

comuni cations and digital signal processing, there is a correspondi ng need
for inproved bipolar transistor characteristics. For exanple, in order to
obtain the highest possible unity gain cutoff frequency, the base region of
t he transi st MEIHQDEFQR FASRIKATING BESEROVENCITONBIROILER TRANSISTIORS

hi ghest possible frequency of oscillation is achi eved when the base
resistance is as snmall as possible. For a bipolar transistor, these

requi renent s gEg@RAHIH W th one anot her because the base resistance

t hereof increases as its thickness decreases. Silicon-germanium (Site)

het er oj uncti on bi [Thiepresentdinsértionrelatesigénergdiycteisciaiconduvitdr deaites hidy aicage i n
the fabrication of npn _transistors with lowintyrinsic base resistance. This
is |argely dbaticslaglydtorheterojunetion hipolanicansisings angd mpthgds efmanufatunng e (e g.
wi t h boron) Eﬁﬂ be increased without degrading the emtter inj ection
efficiency. ur?hernnre, boron diffusion in Site is lower than in silicon,
t her eby resul ti ngWith hdwnsesindigh-spead canmuhicgtidng afd dipdtabsipnalipkdtebding)
basew dt hs. However, existjng HBT fabrication technol ogy does, present
certain procthsge isitgicspandingness e improved bipplardransistop chasgpteristiser Betur e
epitaxial Si/[$ l.ay i I | ~e {4 | ave active
area i s defi ﬁg%ﬁﬁgTﬁ£§ ?réﬁgﬁé o@.glhg]g%t pfogsrl{r’rlg : -ﬁ%%ﬁl}%ﬁ%@lfgé};, i?%e Bide
subsequent | yrepithj offtb edndistoriHouldbeasithinraypbssible) Of thelstherdpad] the Mighastt at i on
during the formation steps of the remaining_elenments of the transistor such
as the depospessitie fequsncyef psgjidation ispqhi¢ved Whey Hebagaresishace iassmell aps
result, a do +has A . A i | essary
G T usi on wnPaRtigy T oh 7Y Relek Fofbistots el RALREeS oSN bR b AR DI
as- gown basebemusy the basdvesistafice-thiENdbDinclease? ias fts thicknesiRlebfeaddMVARY The above
di scussed and ot her  drawbacks and deficiencjes of the prior_art are
overcome or al | evPHicea-gsymanipm: (Rie)hsterejunption binoly tensistoss GIBHarevde bi pol ar
transi stor hgyj , i . i . . | ary
erbodi ment of Ergeft ek e BRARA Rk kb e Ao BrlicHEET

- epi taxi al | apsistanpenThisss/lasgelndws totthefast thacthe bageidopinigdh ah 3BT trakeister ng t he
col l ector region._ An oxide stack is fornmed upgn the sili.con epitaxial |ayer
and a nitri dé-§-ayih bpron) gambe Bicreased pidhout Aesrading thesmitter injqetien effigiegey.t t er

opening is dPﬁ%ﬂ&ﬁ i §,Ai Be i g ik A f: iy, i.s formed
wi thin the oxide so}égékmo‘r}]lhdéhﬁsé@%h{:salglﬁtlé ext %ﬁ%@f@’ﬁ%@%&gﬁ#ﬁe wi dt h
of the em tt transigiensitied arethighlyidoped batrwiinthimbaspwidthsi HMowevggexistingHBIh Wi t hi n
t he base cav% , t'he silicon-germaniumepitaxial |ayer d Iiniqg t he base
region. Fi nalaojicationdgeRnolegydeRs pregeayt cP%a”gB{?GE"tstl’é"Gg‘i& gHpPOns. ror
silicon-ger | ' ' : ; | 3§¥%? frh e
emtter reg i”(ﬂ;lﬁi'ahl&, %ﬁbgqﬁlﬁrgﬁ?%aﬁgyﬁgﬁﬁ ?&ql[r?]e gg@@g\ﬁi‘ ta)} )?égg?)giﬂr]md
after the oxafier antaatike aroalist definad foriadeankiatoer Ohee/forined;thd Sw@Gethyedis addi ti on,

a collector dgopant material is ionjcally_ inplanted into the collector
region, pri wu%s%ﬂugaﬂmmeqt%twm ﬁg&ﬁ#@ﬁ%mma}t imgplaptstion dypmgths sai d

base cavity. -1 NS 1S 0, regi on
whi ch exten 0%%@12%68 @2@%%@’@2\?&%& ﬁ&g{ff‘ ﬂzda%sg{r%??? %Jso%gg?ﬂ%g,ﬁﬁgrog formed
by renovi ng @xidé layes, nitridd layerx astbtheteaditeratid atrbsuln b dopelicbdsauger (elghewith bor on

isionically inplanted into the base, region, followng the formation of the
extrinsic bakeopkigisubisctety mmepessempdiffyseen Which ppay primgtRkESAResrad 1RcTSased t he
exenpl ary drlz;a@ygiE i i TAAf= : nunbered alike in the several
Fi gures: Figur e@g%h’p%r@%?ggtﬁe%; g‘%ﬁcr os{s}&grelgltﬁ?%'nal views illustrating an

exi sting process for the formati on of a heterojunction bipolar transistor;
2 Figure 7 illustrates a cross-sectional view of an active area for the
formati on of a heterojunction bipolar transistor having collector, base and

em tte,nwulﬂmwmimmmmmn accordance with an énbodi nent of the invention; Figure
8 illu deposition of a collector |ayer upon the active area
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shown in Figure 7; Figure 9 illustrates the deposition of oxide and nitride
| ayers thereupon; Figure 10 illustrates the formation of an emtter cavity
within the nitride |Iayer shown in Figure 9 and a photoresist |ayer; Figure
11 illustrates the formation of a base cavity within the oxide |ayer;
Figure 12 illustrates the formation of a base |ayer within the base cavity
shown in Figure 11; and Figure 13 illustrates the formation of an emtter

| ayer and the doping of an extrinsic base. DETAILED DESCRI PTI ON Fi gures 1

through 6 il isting process for fabricating-a heterojunction
bi pol ar tranb@%SWan active area 10 of a substrate 12. As shown in
Figure 2, a silicope hbdvddltubstd ahd 8theDAaWbaVkstdnl Aefitien@Ed d1MRe AriSiarfléle O
substrate 12, in which a collector region is eventually defined. Then, a
bor on- doped evdrcmnﬂgealtwrataﬂm(ﬂnbﬂ)))dlfayhbndﬁmgsa lgtemynnmtwntﬂnpolsn transistorf i | m

14|rmed|ate ther aft herepy formn ahetero tlonbfé]vte;enthe

Site |ayer ving cqligsto; aF? GRICHTEEIGNS S %ateaw 8 dimenh e
eventually d t t hen
gr own &1 op tﬁ‘ﬁt@ﬁ*‘é"t°ﬁ%@°“ BELae] oty cifon, f%‘;’%f&?‘e@'%”x. rG S8R the
(H1POX) 20 nmhcdmeﬁitaxmkthye:odemm thapoll@tnr&émwm An okidgstaek 3s foﬁlnedllupcm nitride

| ayer 22 is formed upon . the H POX | ayer, after which anaot her, oxi de | ayer

24, typicall ShGal 1cap caidaxia)laver padha yeqlatltep fornediipen das,opdfle gack. Ref er ri ng
to Fi 4, N ot f th 3
Teos 94 and’ Nefh B85 fu Spbigls o i nd R0 bERIPELAL QLAY L 0C

etching tec hfmga@wﬂhhcﬂhe@md& staeh.CThubaSewavﬁﬁ e)heridillﬁ):nallylbey(ﬁid)ﬁh@wﬂﬂhofng an
emtter opening 26. The emitter opening 26.is conpleted after a wet etch of
the H POX | aieemitter apeningg Asiticon-gerpaninmppitgxial lagerds Brovewithip thegbasg

pattorned wi T B sPsaReRR kT EphadRh ihaf afiihe o vARGRRDA, a4 1%
deposi ted Wﬁ&ymllédmdaﬁnd deposiaplapon aidGilidohqzeanhdinml epitneal lagdr] thet or  dopi ng
is typically performed by ion inplantatjon, the inplantation also

penetrating R%Yﬂl‘?%déyeﬂéﬁﬁ’@mﬂ&)e ‘t‘WételSieB@nbase | ayer 16. Then, the
I I tt h
polyst 11 COn o (i ABR cHSGRARBEIAC LI, P SRCPRERN sk s oo

nitride 22 |thyeitddalagerimve beerefdrmed htadﬂﬂdmaavayllecmr]dopmnmaeeﬁaﬂ insi ¢ base

areas 30 which, are t hen ionicall anted , with boron. It wll be
appr eci at ed ieRigelly iapl @i\tﬁemt%%rwﬁectnﬁrégwa PriRT iR §rav4pg ylea#lq% geHBayYy e

descri bed e c

e e G R T S
addi tion, tHesesdgi@chich iewtend tapdrally myonmth@vﬂtlschaﬁrérmttembmhrgou@h t he

bor on doped ase_regions. Thys, z} stated earl Itgﬁn t.he, comhi ned effects of

the thermal ‘RARehPY Frpavyng RstiansPlithmoxifpiark 214 B nitedelerer HH6RA0PT ¥d bor on
di ffusi on andya o DARENHE S balk feBonPRUSWIRIHE RormbiiGh BF fe SxtrindicdfzEQ" dance
with an errbognl 014? ﬁde\in:%nverll)tlalgl::ongﬁ)a1 sequerice g?rmpr oces{shlreng sfltleps ?or t he
fabrication mgloas SI | i con- ger mani um het eroj unction bipolar transistor is '
shown in Figures 7-13. Referring initially to Figure 7, an active area 110
for a transistor device is defined in a silicon substrate 112 . The active
area 110 is %gbﬁ b!]% gch isolation (STl) areas 114 and
silicon film ﬁalrbggg yﬁ@?. ne a |p?)II(T§r cavity 118. As shown in Figure
8, a first |owt ceferrinius theapemplarpdravindsovierdinyike elbRidnisurd manbetedposi t ed,
conpl etely %t@rfl I.1'i ng the bi pol ar cavity 118 and overlying the silicon
films 116. e i theseyesgl HIgHBSr at ure epitaxial silicon layer 120 may be

deposited by Figures 1 through 6 are cross-sectional views illustrating an existing process

for the formation of a heterojunction bipolar transistor;



T

t

4 chem cal vapor deposition, such as by ultra-high vacuum chem cal vapor
deposition (UHV-CVD) or other suitable deposition neans. Eventually, the
coll ector region of the HBT transistor will be defined therein. Figures 9
through 11 illustrate the formati on of base and emttei cavities (or
openings), prior to the actual deposition of a Site base |ayer. Referring
specifically to Figure 9, an oxide stack 122 is deposited upon the first

| ow-t enperature epitaxial silicon layer 120. The oxi de stack 12~ may

conprise a single.oxide |layer or, alternatively, a.pluralit f oxide

| ayers. For ex angilg}re 9 Alusefes @ %?Sé@ECtPZ‘EF‘é‘SWIoéaEGﬁ%‘% qea é“égﬁ%"%ﬁl%‘ *fi gh
pressure oxi : : e
tetraethoxyéﬁ%ﬁ%@B?@E%g§%?§?§¥§&§§éﬁ%?§?hﬂgﬁgﬁgﬁg8@”%@%@$§§QB9’ oW pressure
pl asma enhanacadddncPAfEh) ant endbudirgerg of thehaventiode st ack 122 will eventual |y be

etched out to formthe base cavity that will _contain the_ Site.base |ayer.
Therefore, the tRigwn8ddushrtesthe dippsiion phe roliegtorlayer upon-figricée argd ck as t he

desired thigﬁg§§ f base | ayer, which nay range from about 50 to 500
angstrons. Pre e?%@%@%h?he t hi ckness of the oxide stack is about 75 to 125
angstroms and, eWrureDikusaaRt Giedtpysition 0£6xidOhdrigidd 18y8s thdréipbh,con nitride
| ayer 128 is then deposited over the oxide stack 122. The silicon nitride
| ayer 128 has a Figwah@ dsgatesBeformation of@n emitter cavisy withikthe sifride layete oxi de

stack 122, an ref.era abqut 3. 7 tinmes the thickness of the oxide
stack 122. %E%?P ﬁé ﬁﬁﬁ@ﬂaéﬁﬁﬂﬁ?ﬁﬁSG% nitride layer 128 is about 5 tines
the thickness of Figige PKilliRtrateste fdrtatiohldfS basd calvity wathidlthedxafdayet? | S

chosen to be about 100 angstronms thick, then the silicon nitride |ayer 128
i s about S00 ang¥iguserd2 illistrates thedormation o abase layer withie thelbage pawjtytshown
deposited b fpqufﬁl gapor deposition techniques, such as | ow pressure
chem cal vaéb ga%posﬁ? on (LPCVD), plasma-enhanced chem cal vapor

deposi tion ( PECVBigur®13 ivehate€ihsiféimablon DMan 6Meer tijler ¥l ddpingoifah On
(HDP-CVD) techniques. Both the oxide stack 122 and silicon nitride |ayers
128 are insaﬂﬁpwﬁ@aﬁayers. 5 Referring now to Figure 10, a resist pattern
130 is positioned over the silicon nitride |ayer 128, using

phot ol i t hography techni ques. The resist pattern 130 is used to define and
etch an em DBETARRAY DESEREPTION N the silicon nitride | ayer 128. A
vertically oriented type etching technique, such as a reactive ion etch
(RIE), maybe uti Figuess & braugh® iBusiratsamexistingipregess fos fahsicating an of t he

emtter cavjy . j . t i i i.li£on 120
Cool | ect o bisrobuiferioh Bbokdr herb QYL BIRSALHICarER 1) BEh Bibcilatd £ 00q V6 20
the oxi de singFikurkZ?] a siiRsh fillds 455 690 giownwilhin@he dotive Afear @S fsubfiaitd E2,in 130 i s

renoved and the oxide stack 122 is thereafter etched away by a wet etching
or any ot heWhisdr eolleator regipay is eyevually dsfinede sthenspberontdeped pilican-pase cavity

134. It wl & n@@ t i y [y Y by extend
|laterally b %/l%h gsq%%g@kerolﬁf ﬁ@%ﬁlf@g‘ﬁl%é{} ﬁ%qfﬂﬁﬁf %ﬁ%@ﬁ%&%ﬁt h

si l'icon nitthettbylfonnsing 4 B8terdjuidtioh batweeh ¢he SiGél1ayen 6 RAG eheCSiViliny141 3hel S Wi der
than the emtter cavity 132. The base cavit% 134 will be filled with (and

t her ef or e dbasegegiomef thetiapgstenis eyentualhedadined withincthe Sifge layar 16.The extent to
whi ch the base cqv] 2134 | . L der ; L tter I 132 is
determned to begﬁﬂrytré?:lilg?%%a c@tl\gmhfeﬂ %‘gﬁaté)@?@é]sédﬁéa?}zenmtlkg tlflafig\iueé%{ri nsi c

base area. plessurebxidhtidh lapet (HEPQPX) LOMmARUe forhtdanaheddp; as siiowalindhgwe Bh a
buffered hydrofluoric acid (BHF) solﬁ??on (about 40: or other suitable

et ch that plrben aadtrige dayer dbisdomessrunendhe HIHQIE layer, gifter whichqapiber exide y

according t - I i LS manner, base
cavity 134 %ﬁ%h%%qﬁgég gg%“%%ﬁ%@ggﬁg?ﬁ%oggﬁgéﬁ?ﬁghE%#ﬂ%%ﬁhing the integrity
of the emtter cR¥feitmgldFigeodEinrotdetité fdrth the @msdttdriregion, M thFdettd akrychthel 28.
Referring now to Figure 12, a silicon-germanium (Site) base |layer 136 is
then grown epitaxially in base cavity 134, thereby defining a

| owt enperature silicongernmani um epitaxial |ayer 136. During the growth of
the | owtenperature siIicongernaniunlep?taxial | ayer 136 within the base
cavity 134, it is expected that sone overflow of silicon-germaniumup into
the emtter cavity 132 nmay occur. The 6 deposition of Site into the base
cavity 134 may be carried out by chemi cal vapor deposition techniques, such
as | ow pressure chem cal vapor deposition (LPCVD), ultra high vacuum

chem cal vapor deposition (LTHV-CVD), plasnma-enhanced chem cal vapor
deposition (PECVD), or high density plasnma chem ca)' vapor deposition
(HDP-CVD). Preferably, the emtter deposition technique used is selected in
a manner so as to induce a |low tenperature epitaxy (LTE) of the Site
material within the base cavity 134. Because Site growh at I|;TE

e o .. o, o




Finally, as illustrated in Figure 13, a polysilicon layer is deposited into
the emtter cavity 132 so as to formthe emtter 140. The deposition of the
emtter 140 nmay overflow the emtter cavity 132 and bl anket a portion of
the surrounding silicon nitride |ayer 128. Portions of the emtter 140,
nitride layer 128 and oxide | ayer 126 are then etched away so as to expose
an extrinsic base 136a. The extrinsic base 136a is further shaped by

| it hography and then doped with boron or boron difluoride, as shown in

deposi ting. AR LHER ke 2P e SRR i RS R R s and
silicon nitfdcHRIqUANRAER as 4 RRcH@SIen ls@;}igmé.)g theksbypeddubing s ePifiecopei

thermal cycles resulting therefrom Furthernore, the collector inpl ant ati on
i s not perf Therentittdropening 2hds ¢ompleted ofierh welsaich efithe HIRGX layar 20aditmg i s

f db the b I 136, i i . Th f th i
D e A oR e B T eSuoed P Shb e LSH G R nor
and, accor dipafey opénilg 04 Ehcflfspﬁht&?ncﬁ Wit Bﬁ&t@f@hi‘é@ Ralday (6t sh\GWrrTxg.eBEﬁ?e

i nvention has been desScribed Wth reference to a preferred enbodinent, it
wi || be undax emitat ihdepobitasiewithin theeahitter openireg 26, theaselfvadignedisoltdetonges nay be
made and eqai val ent s, b? subst.i, t ut eq for el enments thereof wthout
depar ting f PERIRE FlYBIcAREPETormRE by IRFHRRlEHatan, thedEPIAREHON ASPRETAIAEC at | ons

may be nade . ' ' i r . i ngs of
the i nvent| Gno RerBmdiRRihe Sictpechidind. Thel oPBHIEiE b 98, Be

Ther ef ore, déposged withinckmitithepeninge6, av/showindn Figire e Finally} @dte temittdr@8 is
particul ar enbodi pent di scl osed as the best node contenplated for carrying
out this i ndeRepitesh thagside ié}tz“taﬁé nitride 42 {aRrs/e Patieprarad eiohed aBBA] ment &

falling Wt e BRRAAL ofchC3ARRRAGRnED Rty Smplafed' it ¥igh, | o cl ai med
is: 1. Anethod Tor fabricating a transistor, t thod conprising:
form ng a col | ecitovillibegippreciapedrthat theificier layer;16§ being foymad earhypon at thag | ayer

upon said cqllector, rﬁ]%i on; definin a portian

6f wing o ayer

i nsul at i ng $28yEAesariied Bigtis RRGess, o Riirgted i sy efal thgspal cpsiboresuipg from

[ nsul at | ng. {rRYAPOI 3 IR0 b} kn PARFAIGybrdiBithdr. BEURHoR 0 Kbl 52 ¢
ase re thin sal n

opening; formng a gion w avity; a epositing a
pol ysi | i coniohamptantationiinalsapetfapeditimgugts thiedopml doped beserrepiayer Thisf amni ng an

emtter region, 2.. The nethod of claim1l, erein said base region further
conpri ses aStateql FE@WLS%? ?fﬁﬂl?lﬁ?ﬂ ‘.fff%‘/‘é‘roayéll‘eo&%ﬁn&iﬂtaﬁi’?? &Fﬂcq‘ésd*\‘}}dt‘f»“.l 3. The et hod
of claim 2, ;;y18i&tish feiIliehae@tdd donshHidfhubiBH ah@ViBEe Badbw ks in the base

region.

Therefore, in accordance with an embodiment of the invention, a sequence of
processing steps for the fabrication of a silicon-germanium heterojunction bipolar
transistor is shown in Figures 7-13. Referring initially to Figure 7, an active area 110
for a transistor device is defined in a silicon substrate 112 . The active area 110 is
positioned between shallow trench isolation (STI) areas 114 and silicon film layers
116 to define a bipolar cavity 118.

As shown in Figure 8, a first low-temperature epitaxial silicon layer 120 is
then deposited, completely overfilling the bipolar cavity 118 and overlying the silicon
films 116. The first low-temperature epitaxial silicon layer 120 may be deposited by



conprises: formng an oxi de stack upon said collector region; and formng a
nitride | ayer upon said oxide stack. 4. The nethod of claim2, further
conprising: ionically inplanting a collector dopant material into said
collector region, prior to growing said silicon germanium | ayer within said
cavity. 9 5. The nethod of claim2, further conprising: formng extrinsic
base regions, said extrinsic base regions conprising areas of said base
region which extend laterally beyond said wi dth of said opening, said
extrinsic base regions being formed by renpving portions of said insulating
| ayer. 6. Tirhemiqahyapasideposition, suckrasiyndira-bighpaceim ghemigal vapor geposifioant i ng a

b d t ' i nt id b ' fall qw t he  f ti f 'said
oxt i nst o bAUEIT e oiher hEbR Aot R Bins; RveRE e e B Gopant
material is thoHBT tréhsistoiSnilEleREnsd iheteh.m 2, Wherein said cavity is formed

in said insulating layer through a wet chemical etch 9. The nethod of claim
8, wherein sai d végureh8lrongh bt dhusirate gy formatioh ofitiabe andoerhitier eavitigsdpof | ouri ¢

SRCAEUE TN (Y T E R ST E R O g
one tetraet hexysird 91 dxiFErhck PYSE depdiited upon the first low-temperature epitaxial

silicon layer 120. The oxide stack 122 may comprise a single oxide layer or,

alternatively, a plurality of oxide layers. For example, the oxide stack 122 could

comprise one or more high pressure oxidation (HIPOX) layers 124, alternated with

one or more tetraethoxysilane (TEOS) layers 126, such as may be applied by low

pressure plasma enhanced (LP/PE) techniques.

The oxide stack 122 will eventually be etched out to form the base cavity that
will contain the SiGe base lé,yer. Therefore, the thickness of the oxide stack 122 is at
least as thick as the desired thickness of the base layer, which may range from about
50 to 500 angstroms. Preferably, the thickness of the oxide stack is about 75 to 125
angstroms and, even more preferably, about 100 angstroms.

A silicon nitride layer 128 is then deposited over the oxide stack 122. The
silicon nitride layer 128 has a thickness of about 1 to 10 times the thickness of the
oxide stack 122, and preferably about 3 to 7 times the thickness of the oxide stack
122. Most preferably, the silicon nitride layer 128 is about 5 times the thickness of
the oxide stack 122, Thus, if the oxide stack 122 is chosen to be about 100 angstroms
thick, then the silicon nitride layer 128 is about 500 angstroms thick. The silicon
nitride layer 128 may be deposited by chemical vapor deposition techniques, such as
low pressure chemical vapor deposition (LPCVD), plasma-enhanced chemical vapor
deposition (PECVD), or high density plasma chemical vapor deposition (HDP-CVD)
techniques. Both the oxide stack 122 and silicon nitride layers 128 are insulating

layers.



11. A method for fabricating a heterojunction bipolar transistor having
col l ector, base and emtter regions, the nethod conprising: formng a
silicon epitaxial |ayer upon a substrate, said silicon epitaxial |ayer
defining the collector region; ' formng an oxi de stack upon said silicon
epitaxial layer; formng a nitride |layer upon said oxide stack; defining an
emtter opening wwthin said nitride layer; formng a base cavity within
sai d oxide stack, said base cavity extending laterally beyond a width of

330 d base cavi {y, REBHERTY &fgﬁl%a%'r e R AT TR Eredey sl glER: base
regi o and dRRRShiGNsAN MNLHEOBbRYGUIHERD. THL et bARER1961TRRA T

epltaX|aI | ayer, sal con tter region.

The met hod odefnieanmeﬂch, am/dmmtten cuvitgil 82 baihin thewilicyn hitridelayed 28 tﬁevemaalljr OXI de
stack and said nifride | ayer have been forned., 13. The_net hod of claim 11,
further corrp?li“g! tyPe gi§ ’é‘glt?%}mi%‘ﬁi Seh AR @ repcHYR IOB(PE‘%‘r(RH%)pW iizedio i nto

t he col | ect r | 2pi t axi al
| ayer vi ¢ hi noEn A ERLIRCARE 48 rHERNLRGr R qhifn ot L 9E MR IMED |
conpri sing: tempeiange epitamlssulc:coha@er 12@(colisctosepidnpitiay theaite dopsd; byden ons

conprising areas of the base region which extend |laterally beyond said
wi dth of sai @Ié?ﬁt@t!@rdltﬁﬁéﬁﬁlﬁgu%télﬁd‘x@ﬁtsfﬁcksi% base regl ons being forned by

removing portionsyaf, sald.oh msl ?f,lﬁhgreglﬁgat%mn 134 15 F6mbFind the-oxide

stack 122 is thereafter etched away by a wet ‘etching or any other non-directional

etching process, so as to form a base cavity 134. It will be noted that the wet etch will
“over-etch” and thereby extend laterally beyond the width of the emitter cavity 132,
and underneath silicon nitride layer 128, such that the resulting base cavity 134 is
wider than the emitter cavity 132. The base cavity 134 will be filled with (and
therefore define the dimensions of) the base layer material. The extent to which the
base cavity 134 is etched wider than the emitter cavity 132 is determined to be in
accordance with the desired extent of the extrinsic base area.

The wet etch may be performed with a chemical such as with a buffered
hydrofluoric acid (BHF) solution (about 40:1) or other suitable etch that provides a
suitable degree of oxide to nitride selectivity according to the degree of over-etching
desired. In this manner, base cavity 134 can be created, while at the same time
maintaining the integrity of the emitter cavity 132 geometry within the silicon nitride
layer 128.

Referring now to Figure 12, a silicon-germanium (SiGe) base layer 136 is then
grown epitaxially in base cavity 134, thereby defining a low-temperature silicon-
germanium epitaxial layer 136. During the growth of the low-temperature silicon-
germanium epitaxial layer 136 within the base cavity 134, it is expected that some

overflow of silicon-germanium up into the emitter cavity 132 may occur. The



15. The method of claim 14, further conprising: ionically inplanting a base
dopant material into the base region, following the formation of said
extrinsic base regions. ' 16. The nethod of claim 15, wherein said base
dopant material is boron. 17. The.nethod of claim 12, wherein said base
cavity is fornmed in said oxide stack through a wet chem cal etch. 18. The
nmet hod of claim 17, wherein said wet chemcal etch is perforned with a

buf fered hydrofl ouric acid solution. 19. The net hod of claim1l, wherein

sai d oxi de stack, fur i, ses ast .one hi re sur oxi dati on
(HroX) I|aye epogﬂanée? E}(fé"a @afeeﬁ%vgatlh m.hegﬁ@eé vaporzo. The

t hod of cl st
o of i o ) 9 e S BB T
75 to 12S angitrhhigievadcouhivherkivak sapoz depokition®HGCVID), plaammehﬁanoeﬂer ein said

oxi de stack i.s about 100 angstrons in thickness. 12 23. . The et hod of
claim 20, whdieBisnlyaper depesitiop(HEGNP), 05 highdensity plasmg chemisal Yaper t hi ckness

of said oxid met hod of claim 21, wherein said nitride |ayer
S BV 2

is about 3 t0 ckness of said oxide stack. 25. The nethod of
claim 22, wher ei nP@edrablfithé bflftter Aysdsitich tadiMiqueustd i¥asletied i Aintkiass «of said

oxi de st ack 26. A heterojunction bipolar transistor having collector, base

and enitter toinduce alow temperature epitaxy (LTE) of the SiGe material within the base cav1ty
134. Because SiGe growth at LTE temperatures and pressures displays a substantial
nucleation lag over oxides and nitrides, while simultaneously providing significant
SiGe growth rates over crystalline silicon, the SiGe growth and profile in the base
cavity 134 underneath the silicon nitride layer 128 overhang is substantially identical
to that directly under the emitter cavity 132. Thus, it will be appreciated that the
growth of the SiGe base layer 136 may be delayed until afier the formation of the
oxide and nitride layers, as well as after the doping of the collector region. Once
formed, the base layer 136 then is doped, preferably with boron grown in situ. The
base layer 136 is then provided with an intrinsic silicon cap 138. Because of the
nucleation lag, there is little or no growth of the SiGe base layer 136 on the emitter
cavity 132 sidewalls.

Finally, as illustrated in Figure 13, a polysilicon layer is deposited into the
emitter cavity 132 so as to form the emitter 140. The deposition of the emitter 140
may overflow the emitter cavity 132 and blanket a portion of the surrounding silicon
nitride layer 128. Portions of the emitter 140, nitride layer 128 and oxide layer 126
are then etched away so as to expose an extrinsic base 136a. The extrinsic base 136a
is further shaped by lithography and then doped with boron or boron difluoride, as
shown in Figure 13 by dotted lines 142.

By forming the base cavity 134 and depositing the base layer 136 after the
formation of the HIPOX, TEOS and silicon nitride layers, the base layer 136 is not



regions, the transistor conprising: a silicon epitaxial |ayer fornmed upon a
substrate, said silicon epitaxial |ayer defining the collector region; an
oxi de stack formed upon said silicon epitaxial layer; a nitride |ayer
formed upon said oxide stack; an emtter opening definedwithin said nitride
| ayer; a base cavity formed within said oxide stack, said base cavity
extending laterally beyond a width of said emtter opening;, a
silicon-germani um epitaxial |layer grown within said base cavity, said

si |icon-ger @gh&bﬁ‘tﬁ it méﬁﬁ% c%&é@%smﬂﬁﬁoé ﬂie{la\!rohﬁ‘. eFAREmbfd hﬁ%gl@&gr a

pol ysilicon Tayer deposite pon ‘sai & si'l1con-germani um epitaxi al |ayer,

sai d pol ysi limptuntdtivyids netgferformer thheighithé beron depédibuse Pagrer I36; blaeitatiepjsunct i on
bi pol ar transi stor_of claim 26, wherein said base cavity is fornmed after

sai d oxi de Jesernehbelors the hasedsyge 13@ipaven derosied nThespiors) thergis a 28, The

het er oj uncti ' ' i LSl ng: a

col |l ector dgggsr%%hfr@b' Z‘%q%ﬁ?ﬂczﬂgﬁ}d@gqs @%gglﬁ%g‘f&n llflfré{:%lhﬁ%g%%g? %'%@t or region,
pri or tot hecesra [y,@fpr@aicﬁoﬁsb{rdp)%@e‘pmmim@pi t axi al _ | ayer wit hi n sai d
base cavity. ~ ' ' '29. The heterojunction bipolar transistor of claim 26,

further conprisi nYhileshednyepition bagsheen dgsasibed wathi refessnce tna brefgzede r egi ons
conpri sing areas. of .t.he.base regio ich tend, laterally beyond said
Wath of "sarpey it SRR Raterdb R sted e & Bl el AR BPYed by
removi ng polbeindife a0l cgdivaleRts nths belsabititded feraillénétits tefbf Watheht deplrtinghe
het er oj uncti on bi polar transistor of claim?29, further conprising:

from the scope of the invention. In addition, many modifications may be made to

adapt a particular situation or material to the teachings of the invention without

departing from the essential scope thereof. Therefore, it is intended that the invention

not be limited to the particular embodiment disclosed as the best mode contemplated

for carrying out this invention, but that the invention will include all embodiments

falling within the scope of the appended claims.



a_base dopant material, sonically inplanted into the base region, follow ng
the formati on of said extrinsic base regions. 31. The heterojunction
bi pol ar transi stor of claim 30, wherein said base dopant material is boron.
32. The heterojunction bipolar transistor of claim27, wherein said base
cavity is fornmed in said oxide stack through a wet chem cal etch. 33. The
het eroj uncti on bipolar transistor of claim 32, wherein said wet chem cal
etch is perforned with a buffered hydroflouric acid solution. 14 34. The
het er oj unctien gi gol ar transistor of claim26, wherein said oxide stack
further conp L at | east one high-pressure oxidation (H POX) |ayer; and
at | east on : ilane (TEGCS) |ayer. ' 35. The heterojunction
bi pol ar traﬁ%lg{{g%?%ﬁgg?(%i m 34, wherein said oxide stack is about 50 to 500
angstrons in thickness. 36. The heterojunction bipolar transistor of claim
34, wherein said oxide stack is about 75 to 125 angstrons in thickness. 37.
The het eroj uncti oh bi pdimethed fosdabsicatingn transistos, the methed eQMPEYUNE oxi de st ack
i s about 100 angstronsgin.thj 8.. The rgj unction bi pol ar
transistor of claim 3511‘0 'ﬁ%‘?oﬁfég%?l&gi%%ogea%ﬁg%/tgartg’i s about 1 to 10 tines
the thickness of said fxnify fiiagHatinglayet hpok edid colldefs rb@onbi pol ar
transistor of claim36, wherein said nitride_ |ayer is about 3 to 7 tines
the thickness of said @ésfindeg an epsringsvithimaeoriancfspidrissuldmgdeysl ar
transi stor of claim47, wherein.sai.d.nitride |ayer i.a.ab?L{t q times, the
91_%0&& atling

thi ckness of said oxi diS"SNEACavIE W ‘WWIWR? msu ayer, said

cavity extending laterally beyond a width of said opening;

forming a base region within said cavity; and
depositing a polysilicon layer within said opening, said polysilicon

layer defining an emitter region.

2. The method of claim 1, wherein said base region further comprises a

silicon-germanium layer grown within said cavity.

3. The method of claim 2, wherein forming said insulating layer further
comprises:
forming an oxide stack upon said collector region; and

forming a nitride layer upon said oxide stack.

4. The method of claim 2, further comprising:
ionically implanting a collector dopant material into said collector

region, prior to growing said silicon germanium layer within said cavity.
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109&' ()- ! S%{%O/&' ()-!SmLO%&' ()-SmMO0%& ()- 10%&' ()-Vv bClyS 10%&' ()-y3
@O0%& ()-yl ‘()- 10 10 10Sl 710%&' ()- - 10%&' ()-Ki dEbC! @ 10%&' ()-f90Z
109%&' ()- @ 109& ()-f, 10%& ()-fz 109%& ()- SS10%&' ()-JbClY 109B& ()- S

1098& ()-,yl09B& ()- 10 10 10L .

710%&' () -f310%&' @) - . yThemethedopkein)s, fotigecompr@ingoss () - S109B&' () - 109B& ()

- @109%B& () -] CdELC! }g&@gﬁy(i}ﬁp?anﬁng a base dopant material into said base region,

following the formation of said extrinsic base regions.
7. The method of claim 6, wherein said base dopant material is boron.

8. The method of claim 2, wherein said cavity is formed in said insulating

layer through a wet chemical etch

9. The method of claim 8, wherein said wet chemical etch is performed

with a buffered hydroflouric acid solution.
10.  The method of claim 2, wherein said oxide stack further comprises:

at least one high-pressure oxidation (HIPOX) layer; and
at least one tetracthoxysilane (TEOS) layer.
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109%& ()-k++E../:0z1}[<j _=!S. 10%&' ()-!SPy 10%&' ()-:SPy 109%& ()-:!'f
109%& ()-f 109& ()-!z 10%}& (1%,-21|.1} 1~112367~ = 11fs 109%& ()-fs 10%& ()-!y
109%& ()- MW 10% & 1) - MA metlwdifor fapricatige g hetergpmotion bipelartransistor having
11 /R’ - /R’ - A /R’ -1 g 0, ! - g /R’ -C
| SSTLO%E () NESIAQUE L il rdfodd S ALE: LhinTomd0782% ()-S 109 (-
' forming a silicon epitaxial layer upon a substrate, said silicon epitaxial
layer defining the collector region; T

forming an oxide stack upon said silicon epitaxial layer;

forming a nitride layer upon said oxide stack;

defining an emitter opening within said nitride layer;

forming a base cavity within said oxide stack, said base cavity
extending laterally beyond a width of said emitter opening;

growing a silicon-germanium epitaxial layer within said base cavity,
said silicon-germanium epitaxial layer defining the base region; and

depositing a polysilicon layer upon said silicon-germanium epitaxial

layer, said polysilicon layer defining the emitter region.

12.  The method of claim 11, wherein said base cavity is formed after said

oxide stack and said nitride layer have been formed.

13.  The method of claim 11, further comprising:
ionically implanting a collector dopant material into the collector
region, prior to growing said silicon germanium epitaxial layer within said base

cavity.

14.  The method of claim 11, further comprising:
forming extrinsic base regions, said extrinsic base regions comprising
areas of the base region which extend laterally beyond said width of said emitter
opening, said extrinsic base regions being formed by removing portions of said oxide

stack and said nitride layer.
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(10% & ()-1& 10%& ) ~thelBehba bt et T tufth& Uodl¥fsing:

ionically ihiplantiri'g a base dopant material into the base region,

F N

following the formation of said extrinsic base regions.
16.  The method of claim 15, wherein said base dopant material is boron.

17. The method of claim 12, wherein said base cavity is formed in said

oxide stack through a wet chemical etch.

18.  The method of claim 17, wherein said wet chemical etch is performed

with a buffered hydroflouric acid solution.
19.  The method of claim 11, wherein said oxide stack further comprises:
at least one high-pressure oxidation (HIPOX) layer; and

at least one tetraethoxysilane (TEOS) layer.

20. The method of claim 19, wherein said oxide stack is about 50 to 500

angstroms in thickness.

21. The method of claim 19, wherein said oxide stack is about 75 to 125

angstroms in thickness.

22, The method of claim 19, wherein said oxide stack is about 100

angstroms in thickness.
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23.  The method of claim 20, wherein said nitride layer is about 1 to 10

times the thickness of said oxide stack.

24.  The method of claim 21, wherein said nitride layer is about 3 to 7

times the thickness of said oxide stack.

25.  The method of claim 22, wherein said nitride layer is about 5 times the

thickness of said oxide stack.

26. A heterojunction bipolar transistor having collector, base and emitter

regions, the transistor comprising:

a silicon epitaxial layer formed upon a substrate, said silicon epitaxial
layer defining the collector region;

an oxide stack formed upon said silicon epitaxial layer;

a nitride layer formed upon said oxide stack;

an emitter opening definedwithin said nitride layer;

a base cavity formed within said oxide stack, said base cavity
extending laterally beyond a width of said emitter opening;

a silicon-germanium epitaxial layer grown within said base cavity, said
silicon-germanium epitaxial layer defining the base region; and

a polysilicon layer deposited upon said silicon-germanium epitaxial

layer, said polysilicon layer defining the emitter region.

27.  The heterojunction bipolar transistor of claim 26, wherein said base

cavity is formed after said oxide stack and said nitride layer have been formed.
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10! f &F109&' #t 109&' ( I F10% 0Y&
109%& () -1 O%%L') ( ) 4%%;%‘2‘78@8@%%51 1omca(l1)y implanted into the collector

region, prior to the growth of said silicon germanium epitaxial layer within said base

PO

cavity.

29.  The heterojunction bipolar transistor of claim 26, further comprising:
extrinsic base regions, said extrinsic base regions comprising areas of
the base region which extend laterally beyond said width of said emitter opening, said
extrinsic base regions being formed by removing portions of said oxide stack and said

nitride layer.
30.  The heterojunction bipolar transistor of claim 29, further comprising:
a base dopant material, ionically implanted into the base region,

following the formation of said extrinsic base regions.

31.  The heterojunction bipolar transistor of claim 30, wherein said base

dopant material is boron.

32.  The heterojunction bipolar transistor of claim 27, wherein said base

cavity is formed in said oxide stack through a wet chemical etch.

33.  The heterojunction bipolar transistor of claim 32, wherein said wet

chemical etch is performed with a buffered hydroflouric acid solution.
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35.  The heterojunction bipolar transistor of claim 34, wherein said oxide

stack is about 50 to 500 angstroms in thickness.

36.  The heterojunction bipolar transistor of claim 34, wherein said oxide

stack is about 75 to 125 angstroms in thickness.

37.  The heterojunction bipolar transistor of claim 34, wherein said oxide

stack is about 100 angstroms in thickness.

38.  The heterojunction bipolar transistor of claim 35, wherein said nitride

layer is about 1 to 10 times the thickness of said oxide stack.

39. The heterojunction bipolar transistor of claim 36, wherein said nitride

layer is about 3 to 7 times the thickness of said oxide stack.

40.  The heterojunction bipolar transistor of claim 47, wherein said nitride

layer is about 5 times the thickness of said oxide stack.
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