;}~e3e, pJ, M6TIHP*2 9 N O V 2002 >, PROCESS FOR FORM NG A
SI LI CON- GERMANI Ul ~9 BASE OF . A HETERQJUNCTI ON Bl POLAR TRANEL&HQﬁQAT CAL
. FIELD The present invention relates to het er oj uncti on bi po

More particularly, this invention relates to a process for formng a
si‘l i con- ger mani um base of a heterojunction bipolar transistor. BACKGROUND
OF THE I NVENTI ON Transistors are used as either anplifying or swtching
devi ces LN, ShRUERO EOil FOHMING Wit heoN CHIARRITRALAGR; obbe f ransi st or
functions to a y smal " ac signals In the second application, a snal
current is used t o SMETERCQJRNGE TS BIPOL AReTRABISIANORON" state and an "of d"
state. The bipolar transistor is an electronic device with t
junctions in close proximty. The bipolar transistor has thrgm“wmmmmmmwm
regions: an enitter, a coll ecf®BCHNKALIHLL di sposed between th
and the collector Ideally, the two p-n junctions (the enltter-base and
col l ector-base junctions) are in a single |ayer of sem conductor materi al
separat ed by a spéeipfésentdinetnting eelassitd beterpjunstion bipolen trarsittons| dorien one p-n
junctl i I

"bi pol géh?%%ﬁ ﬁgfﬂéﬁﬁgﬁ{i‘?gﬁaﬁtgﬁ %ﬁogsﬁsﬁng;oghsﬁjdgarb‘ﬂhdoﬁget ac ﬁjgbtg % effch of the
t hree hegiopinetiandinelar dransiptotol t ages and currents can be applied to the
device using these leads. If the emtter and coIIector are doped n-type and
the base is doped p-type, ansi st or. Alternatlvely,
if the opposite doping i 5 t'S fe—device is a "pnp"
transi stor Because the nobility of mnority carrlers (i.e., electrons) in
tihe base region r A LN the base
of pnp transi st O?I‘sfa&ﬁﬂoﬁ P el a0 e SR %ﬂ*ﬁngﬁﬁ%@% AR ohit

per f or FEGEEs o ahe st mlﬁatmtm transision frjiosety amélrfiéﬁ@a bac ﬁgrmal& rlariBe st or s
conpri s&ochhep a‘ﬁbhtaysrﬁ)ffll &1&9{ Afusbd &ShisdhoRs trusedod Rthedd £h 1At egrat ed
circuits .9 N OV 2002 As the vertical dinmensions of the bipolar
transi 8840 20 €8l ed nore and more, serious device operational limtations
have been encountered One actively studi ed approach to overcone these
limtations is t - e band gaps
are Iarg}er t han mﬁ%o%cﬂ#t;%ﬁ{&%%[ﬁd&&{h @H%Jléeﬁg%d Oegtnﬂhg%}gégﬁl Such
st r uct 608 Pegxamig| lrédbméiﬁéﬁf@]‘%ﬁ@t hagrihtee ggxice ragias: %@r@mstarqw@m@s

conpri ghdg bhes &E}Sﬂ;@@ﬁéﬂ\%@ﬁ trceaé?mh@r Mfede tolechnt mdéﬁgy ahé two b- &)t@ﬁétlcﬁlrs atnd

m nor i carri ev n or .carrier evkces, er oj uncti on

b1 pol e ERiEhask &% Folist b ap s EHTEL E7E 1 8 SsfEriatE” BF SR Chng (e base
of a siaterohgeyanetad by abéafyc dhmmcer ededtlhyorbefehe deveit dpadn ohbe-n

silicog nQBBH‘Bg' ggﬂ&%pg t‘i’%a a?foﬁﬂl-crgeﬁ%g‘;ﬁﬁ&%n% Y @ﬁoﬁ} L 69 AGHARM UM s

narrower tn b n si e use o con- gernanlumfor t he
base can enhance the efficiency of carrier inj ectlon fromthe emtter into

the base and, in EABHEAMENGEN belaftaana t83hdh ofdhe hesOrdRRNS i d &-géat | y high

“ev th t th

made higHgres e TR ot oF RRIER b0 Die deBinarts bR FheSb B8 ok R A RGEE Ehan one
order ebllemgnareddped\itypesarslithe base-igésedni-type [tas devitd iglan fepif aramise. at  hi gh
f | Gl.ent: i ) th
base and TR0, 3tpt SRHEE Sofife R R FHE L iR et DS BB MaifE) oF 1"
i mpr ovibirganseehe mobdftY of ménguiinedTiers iiog.+ dp¢transt indhebaser wlorbaéréprm ffusi on

time, Tedisepdis rﬁg&?%%%&ﬂ&lhbbes irf w‘etbla@ero%a%b@drst hﬁgha fhgfengauency
gradl ng e gernmani um.p he SI|ICOI’1 gerrranl um

characteristics ein

base. 8faé'd\‘?éiﬁé2‘égh§f FP"@SrPeS@P%WPh?ﬁ“H?%&t%lPeJ% SHi%es y ThefeRIrCoxi de
sem comguciamkis(oss Cdhfisetthe Mapogys bipeiar aamdmr@osbdgerummﬁnw@rbaae in the
heterolunc ion bipolar transistor In the high frequency (such as multi-GHz
) reglnECUIonventlonal conpound sem conductors such as GaAs and I nP
currently dom nate the market for high speed wired and wireless

communi cations Silicon-germni um Bi CMOS prom ses not only a conparabl e
performance to GaAs in devices such as power anplifiers, but also a
substantial cost reduction due to the integration of heterolunctmﬁﬁ bl\ {a
transistors with standard CMOS, yielding the so-called systm\\mm Nﬁ

*166166*



"It is advantageous to have a higher germani um content i n the sili con
germani um base. It has been a major challenge, however, ?Iemgéd
qual ity silicongerrnaniumfilmwth a high gernmani um conten is vvel I
known that germaniumhas a 2 9 N OV 2002 3 lattice constant about 4%

| arger than the lattice constant of silicon when silicon germamumis grown
on a silicon substrate, silicon-germaniumw || experience a conpressive
strain due to the lattice msnmatch between the silicon-gernmanium and the
SLipoon substrate Ansthevalitd AR OBHIBIITMNCAGSS, WACLERAGS 200y ©. 2
certain thickness, known as the crit ness e ener

msfit stPaithseiraksies Oﬁtréhmtalhémltﬁtlmtﬁé@dprééenéﬁ’éﬁ‘gé@f@éalqng? HFEN%Y stbiedf or

di sl ocat '%ré&h&@%@?&%e'tﬁ%s’é mﬁm% ibAYishd bmld ﬂrﬁnsls%r‘é\ﬁhﬂh elﬁﬂﬁ%ﬁtléﬁ&ls whos
di sl ocati.on .is detrinmental

Vi ce rfornma S for bi pol ar
devi ces, TAOEdARY 2cdamegHhap ébw@g Gt PEHE TSN YT DR St s s
ger mani unareQamwmetemjdnhﬁomrhmmger mani um i ncr eases, the CI’I tical
t hi ckness decreases due to a larger lattice m smatch. For a ger mani um
content of 50% the critical thickness is only about 10 nm which is too
thin for nost of th&ehabsnaiuractdnoprisigilutenjunciionsican be ulisfer bathenaorityor

| 0 |
o OEnes SEHC AR ARG L A RS TR S SO RO
has shownbipplar trensistgesrinavhiohrthe emittands foamed ef sikandad dbe base b silicasos wi t hout

severely geahafinhalldy1eve edehly RRL RVEBHGE Ty dillteh- eﬂﬁirﬁ@ﬁ%ﬂo fg8r mni um
cont ent a%égvg 20% yg%dce ggﬁyr adat i n g?\cet he’_& g ctlon %ltopol ar

transi st of*POETFOF! & fifeng ”Wféu@‘ REPEOMSH! ancﬂléCPBcatl ons in the

. silicon-gernmani um base. One pr ocess of fabricati ng a het er 01 unetion bipol ar
tran5| stor having a r.ma i ato et

al. intheir articl éﬁ]t |uts? T %?h?%%ﬁteﬂg%ép{&% gg%mgl po ‘!\Lglc?mol ogy

Usi ng Col errviat injedkon Gum té%n@mhtteg imtphé b@maod; 1n goysLPeTas, C@O‘@ﬁwﬁﬂtag’l on IC's,

| EEE Tr an@ecoﬁ&%hﬂﬁ%n@%ﬂgﬁ%en ¥Rligh Ak Bn%&o@\@erﬁra&@@@thegm@orhgéﬁrﬁa%mc'[' on

bi pol ar transi st to et a uses sel ective

si | i con- gRasRARMG B@%‘é‘ A hapin the sppventipna) s @B%QQSggY mr"sﬁ}af]@%?é‘ie{@ff orm a
siI'i con geaprinidem Witha,sili@opigeesmiumbasehhigh p\zﬁoxynamoemni tegh frequeadids tamoleg t he
3: L: ggtnr?gr ayer vﬁg(?gm fra %thaﬁk%\ﬁba 1331% QGClﬁgg}eidageg eag?é{eaof t he
si | i con- gBrrérmarelthsis s BOSSdettbnf lmmowsgg@gc%offlqus@wdsbwenmd et al.

provides gnathafasPUBRED u% £ PAdac b sBgucAtiRgt ﬁrrmeueﬂtah@mg PhapRFhE @RS St or
having a sjlicon- er mani ase Unfortu tel rocess of Taka et al.

Suf fors 1 PHHREEHEISY e TR PEHLS Deht ﬁi\e% CERBUBY Bckss of Sato et
al. Specifically, the silicon-germani um base of Taka et al is 29 NOV
2002 -4 surrounded t I or med,

whi ch affects the s?ir%aei%%?ﬂeggﬁcgyﬁanﬁe%ﬁﬁpé%mée l%e%@ﬁg %tgleé)gq%

remai ns as¢reEanfeRtonHENQBSedmology wEekp fah@nrge@ahm\g@ §f@JLB‘fC“9“
het er o] UNgpoRi} tRinBRIGT I 1RNSIISHQueNdY bcmsan@ltxlmlgb)g@ﬁxﬁ@r&bmn@@nment in the

base and whi ch dpes .not, genera | oca
| NVENTI ONCTREOHRT FepiEnadu gofw%ﬁé%ﬁ b 2 TSy R B et B Goq Bty
si |'i con- gepemnivited bird edreless doatraundgatings | Siticdyi- mhmnxum&m@S@rmémmt hat a

need exi sts,for a new cess ith a
hi gh ger né’ﬁllyuamc%rg% rabF pflg?m};?nﬁ%&eﬁégg ’C%S gdclh Eggw? r(ra%rﬁr@ ? @;ﬁl‘go %()Mvercome
t he short camitargil obstaeducton dontl thprrm«zgfsts@sofﬂmermwmqmdnmlm tcmﬁxs@e:r Wethi um
bases, a REWJIRIOERRSS eﬁ ?%We%dcallé&“s‘g%e@m’bn@&}ﬁ‘&t’ of the present invention
to provide a new procC form ng | 1 con-ger mani um base for a

het er oj uncti on bi pol ar transistor. According to one aspect of the present

invention there is pms/adi@ﬁta 0¥k 06 BSR afmghér%remmr@cmtkmmm&ﬂrmm um base

of a heterojuncti ranlsto
ge manclum%ase P?\ geen a mgjor cha lengea'how ver, 10 %eposxt high quality silicon-

germanium film with a high germanium content It is well known that germanium has a



“conprising the steps of: fornmng a silicon substrate having a nesa

surrounded by a trench, said nesa having a top surface;
silicon-germani umlayer on said silicon substrate incl ud.ﬁgw 2002

surface of said nmesa and in said trench; and renoving the silicon-gernmanium
| ayer adjacent said nesa and in said trench, to formsaid silicon-germani um
base. According to another aspect of the present invention there is
provided a process for fabricating a heterojunction bipolar transistor,

sai d pr del&iss certipiabpyig! % hspet bpsihsflattito eonsapt af slitdrcowWheubktanat e having a

col | ect %’exﬁ@ﬂuﬁn E’g%&b«&b‘ﬁ LauRAed R¥a R, Elﬁé‘&ﬁ{;‘emﬁ%ﬁu WBsEpBaMleg @ top

surface; -s formng a silicon-germani um base on said top
sur face C@P’%%S&’erﬁé@@ d‘@épdh%ﬁaﬂlcéé’ﬁsﬁétﬁhﬁﬁ‘i"iﬁ?ﬂb}h‘-’s%hor?&v&%’@a‘a‘“ﬁcﬁﬁ $0¢ f ace and

a si de il don sﬁsgtmt@gAMsel diliceBpeRhiibel8hic RYRE iR Feae é&o%h'c@r@zﬂn geERy Um
base; %rmn |eletr|cla er adj acegelnésgld S|I|conslg ni um base, said

di el ect HBWWéPe RRRG H@C}%’S?Sd fiereé‘ﬁ \ PRYN CheRses D bt dai d si de
wal | of lmamdesexhergamagﬁfmbterfobarsbcmcpo&q;tmerfamxmthgalmy it rIt Rsigll base on

dd t.hat t d
par 1 on 05 S QRNENGRIF bl MeR R S Bt B BRCET PP PRRET | con
ni tride leadingte kigh &.baha(gercmsamtamhlsw brcéfdmwnngAsathp@ctmmmfcommdnshd i con
nitride sﬂ%naga%ﬁauﬂl 1ﬁ&?te£§e5'5c¥1@c%@tlﬁ&n@%?ea?es%‘éttb gnorgar 15@1' ﬁ silicon

nitride |ayer, acer, orti e exposed
si | i con TMiSERiHe ﬁ%?&er@é{}‘%éﬁﬂw%‘i’ﬁwe&t&? ﬁ§?l@?ﬁﬁg@eéﬁw’é °§’5Y|3§°§ﬁ 1988n nitride

cap; renohich{ tobehinhgsBmbstng texpaseiinetot bipplaptrahditosbdse tersni tri de | ayer to
. expose a

I
) For example, silicon-germanium with 10% germanium content has a critical

thickness of about 100 nm With a 100 nm base thickness, previous research has shown
that the germanium content can be increased to about 15% without severely degrading the
device performance Further increases of germanium content above 20% produce
degradation of the heterojunction bipolar transistor performance due to the generation of
musfit dislocations in the silicon-germanium base.

One process of fabricating a heterojunction bipolar transistor having a

silicon-germanium base is provided by Fumihiko Sato et al. in their article titled, “A Self-
Aligned SiGe Base Bipolar Technology Using Cold Wall UHV/CVD and Its Application
to Optical Communication IC’s,” IEEE Trans. Electron Devices, Vol. 42, pp 82-88
(1995). The heterojunction bxpolar transistor of Sato et al. uses selective growth of a

- - silicon-germanium base film on a specially constructed structure to form a silicon-
germanijum base, a process which is very complex. In addition, the silicon-germanium
base of Sato et al. is surrounded on the sides by a dielectric layer when it is formed, which
affects the strain release of the silicon-germanium base

U.S. Patent No. 5,399,511 issued to Taka et al. provides another process
of fabricating a heterojunction bipolar transistor having a silicon-germanium base
Unfortunately, the process of Taka et al. suffers from some of the same limitations as that
of the process of Sato et al. Specifically, the silicon-germanium base of Taka et al is



portion of the top surface of said silicon-germani um base; g
em tter on the exposed portion of said top surface of said S|Ic29 NIBV 2652

. germani um base, thereby forming the het eroj unction bipolar transistor.

is to be understood that both the foregoing general description and the
followi ng detail ed description are e | ary, but are not restrictive, of
the invention. BRI EF DESCRI PTI ON OF THE DRAW NG The i nvention i s best

under st oatirfoundadt dietht eldeo vy ndidetiad lager wikarit isfoimed, wteh affats the stannect i on
with the acconpanying drawing. |t is enphasized that, according to common
practi ce,IeleRE Qi4he silicon-geiMANSEN 88t he dr awi ng are not to scale. On the
contrary, the dinensions of the various features are arbitrarily expanded
or reduced for clarity. Included in the drawing are the follow ng figures:
Fig. 1l I ust rﬁhasrmzﬁnd a'tncmi fsubstacassmﬂfamhing aailtcom@xmmriumr\ﬂsmm ng a nesa
surrounded by. a tre ioz - Sa Fiﬁfa l tes t he
silicon waf%%*rlpﬁka@trafiSlmrv\*'h@h 357 ieb GArpet ot BULF SBERd on ¢ he
substrat ewhlEhﬂoes:gndtlgleh@Etre%l@ﬁt@15‘1%c§t¥cfn§'0tUre of Fig. 2 further having a
silicon nitride layer forned on the silicon-germaniumlayer; Fig. 4
illustrates the structure of Fig. 3 after a resist has been fornmed on the
silicon nitride layer adja he nesa; 2 9 N Ov 200z
GFig 5 illustrates the stgﬁE&MA&eYb%&@ﬁ% L?PL

Hettre—of g renoval of the exposed

portion O the silicon nitride |ayer andthe silicon-germanium |l ayer, i a
the area not protected by the resist shown in Flg 4, P| 6 illustrates
the structure Bhe ggfipiergidsafithrcanvanteanatprocessesaysse t¢ éi?l'ma%i iegn-gHrEastun ct ur e;

Fig. 71 |1Lal§§§ {naﬁegé%' S]E.lgﬁtlcﬁ]lg ggltap{rgnsgtoé 'sg?w a"in;ltn%%d E)nsts %r zl 1%‘\&’5 éfoceés?&? r

partially renove e si'T1con-gernani
exposed; forming a silicon-germanium base with a high germanium content for a heterojunction

bipolar transistor. To overcome the shortcomings of conventional processes for
forming silicon-germanium bases, a new process is provided. It is an object of the
present invention to provide a new process for forming a silicon-germanium base for a

heterojunction bipolar transistor.

According to one aspect of the present invention there is provided a process for
forming a silicon-germanium base of a heterojunction bipolar transistor, said process
comprising the steps of:

forming a silicon substrate having a mesa surrounded by a trench, said mesa
having a top surface;

forming a silicon-germanium layer on said silicon substrate including said top
surface of said mesa and in said trench; and

removing the silicon-germanium layer adjacent said mesa and in said trench, to

form said silicon-germanium base.

According to another aspect of the present invention there is provided a process
for fabricating a heterojunction bipolar transistor, said process comprising the steps of:
forming a silicon substrate having a collector and a mesa surrounded by a

trench, said mesa having a top surface;



Fig. 8 illustrates a silicon substrate having a nesa, surrounded by a
trench filled with a dielectric |ayer, and a silicon-gernman

di sposed on the nesa; Fig. 9 illustrates the structure of Fl%g] thﬂz
havi ng an extrinsic base and a silicon nitride cap forned on the dielectric
| ayer, the extrinsic base covering thé'exposed portion of the
silicon-germani um base side wall, and having an opening to expose a portion
of the sili corfonhmgiadéiidoa@nnalﬁh@bh@ebm baid tapadueface besasd mesd, said of Fig. 9
after a self aligned r.is fornmed on rtign of the silicon nitride

| ayer adjSHEORECTRANBRY, ‘i‘l pdnga kop C%?riqa%gae?’i’i ﬁri de cap, Fig 11
illustrates t j I ortion of the
silicon nitriggnﬁ&gg&ﬁy%ﬁf@%gge eg%§%§§E§h1t? ggﬁgggﬁ formed on the
exposed porti darmoing-a-dieletthe layspadjerehasad exﬂlcomgemdmmnba@esmmalmmase and
" Fig 12 illuystrates the structure r an isolation |ayer and
col | Sct or v ATBIE ST e P et ndtah aBiad FORy FarShighTed | ool at on
l'ayer haveheaimf keBehosBETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention
wiil next"be illustrated with reference to the figures in which the same
nurber s i ndi cafpenmls@n%trmsel bewe o said diedgciriq layensash ey said erginsiedass e
intended to 9 her than limting, and
are incl f@8g*® ﬂi ?’3’8 ffq QOJE%n ?flsaug%%? gﬁgtl o%a le{l%f’ﬁggpr%nélérgts% oF t he pr esent

i nvention VVthmﬁﬂﬁ@memggnhﬁnﬁkgap@ms&aex@ﬁ@ﬁeeggof the invention begins by
formng a silicon substrate 10 having a nesa 12. The nesa 12 has a nesa top
surface 14. THemeVingadrerdebat sait vliaq nilrils capgnd said exemsitdaghiokPetsr r ounds

t he nmesa he silicon substrate 10 of the invention,
such as t%é?ﬁgﬁp %9ng 95“%§6WJ1, can be forned using techniques which
are wel | knownfotrainghuosetf-aifgned qianerrqn sportibn ofithieleepaget sillcon aitpidetaser ed

enbodi nent , t he sa.l2, tren %6 and c |l ector 18 of the silicon

subst r at e 14?‘3%95@?@?’%%0 B‘}ﬁeé“@&é@ |SU’§P9nE’E1 fit®g a portion of the silicon

substrate 10 tRniodirp hoforldifiRE Ux %ﬁea o o BRI MDntRide WYeF &S Hpodda and nmesa
12. | The collector "18 can oped th either an n-type or p- type dopant
such t hatpartien efthk ¢t orface obdaidgticsi-g@nmopanbaseypel from t he dopant of the
silicon-germanium | ayer .(desc o bed b con- ger mani um
ayer 1s dopedciiing SpmitEsREih s petieh LR ieainteg el SBRAdN ¢t he
col | ect orgelBahiBiniRE Ah¥eb N fidming the Bc@Rfattion bisdlarafanbigfoen. Conversely, if
t he si Ilcon ger mani umlayer is doped wth a p-type dopant, the collector is
doped with an n-type dopant. Preferably, the collector 18 is doped with an
n-type dopant r 8 be doped
usi ng conventi rf%?‘otteéghﬁ?%[}gs at Otgr%’g\rf?@ e1)8°1? en%?zh ef%%lg tm rgdag“l? hary
skil'l i n follewatg detdiledtdescripeivh aﬁeteacpmplary,ﬁmt pfeqmesstrm‘tlv‘ermfthamhmm, a
silicon-germanium |l ayer 20 is formed on the silicon substrate 10. The
resulting structure is illustrated in Fig. 2 As shown in Fig. 2, the
silicon-germani um | ayerBﬁpﬁﬁg%@g@ﬁ@gEﬁf;g DAty IL‘E covers the nesa top
surface 14, trench | 6, € siftrcon substrate 10.
Preferably, the silicon-germanium layer 20 is formed by the chem cal vapor

d t CV t ech it h CVvD
br bcess. for  dePs IV PPrLsdrrh TR o s fou vk doialSCREREn Wt eact i ng
the const i siiarBLATNL T 1R AASARSIRNRSFin N RIRREASREISARLRINERS (O

produce thin, single-crystal filns | ed epitaxial I 'nms Prefer y, the
si | i con- gemmnh practice éhe BPious fattypeciofithe klraa\nng]alteymetoosca]@t ypretheapatmaryof

opposite p an om t.he ant coI ectar 1. 8 In a
or of or r ed B TREA of thRawEg EERGE e stiPly s3PuIdER oETeE) g Hafiint "and
the sili cmﬁeemmumdmgare?@emlod@ﬂgﬁgwesh a p-type dopant. The
silicon-germani um | ayer can 9" N o v 2002 g be doped using

conventional techniques which rife Well knovvn to those of ordinary shill 1n

the art Fol | ow.ng tlono t he SI| erm a 20, a _silicon
nitride |ayer & |lsq¥u§Eﬁt§% 0?11 lf‘?‘pe S'él?ﬁtl co aVI nan:lhe%{nra %ie[lﬁﬁngrﬁlemre%asul ting
structur esurﬁ)uhhédjs)tﬁabﬁql in Fig. 3. The si I icon nitride layer 30 can be

formed on the silicon-germani umlayer 20 using techniques which are well
known to those of ordinary skill in the art, such as CVD.



In the next step of the process of the invention, a resist 34 4S 7 n
the silicon nitride |ayer 30 adjacent the top surface 14 of éhg N\@érﬁg}?
The resulting structure is illustrated in Fig. 4. The resist 32 can be
selected fromthose materials conventionally used as resists and can be
formed on the silicon nitride |ayer 30ausi ng techni ques which are well
known to those of ordinary skill in the art Followi ng formation of the
resist 32, the process of the present i nvention renoves those portions of
t he siIicon n| ge | ayer si licon-germani um |l ayer 20 that are
exposed (i . 1 B?tf%tf@n etf’ﬁ]é‘iona“i‘ sge okigr édnayyng Besiieurgarmgpiym gy
rennvrnglghg hggmkhggs of the silicon nitride |layer 30 and the
silicon- gernanlu ayer the portion of the silicon- germani um | ayer 20
adj acent the nesa 12 is rennved and the portron of the silicon- gernanrum

| ayer 20 cover the resist 32 is her eby orntn
silicon-ger marfe%m? jHustrases the s rH%tPFea‘t’ Eﬂr%e@arrﬂ% agsi l?%hltr@‘efr HaBi um base
22 has a & $Hdte sﬂfcoﬁ%zhﬁémlﬂﬂ lgfé;mval of the portion of the

silicon-germani um |l ayer 20 adjacent the nmesa 12, the resist 32 is then
removed. Fig. 5 illustrates the resultrng structure The portions of the

silicon nitri I 3 rnanrunt ayer whj ch are ri ot
covered by thg[?gegxg St’@% atﬁh S{%&P n‘bfi/]g 33\ 165 2t IERRNRas nﬁwe‘Lﬂ%m to
those of s@idnnatde34iek hdjadenk (R 18p burf&d & tRSMEaChi Ng. In the next step of
the process of the invention, a dielectric Iayer 34 is formed such that the
dielectric layer 34 fills the trench 16 and covers at |east a portion of
the silicon-germani um base side wall 24. The dielectric |ayer 34 can be
formed by depositing a bl anket |ayer on the silicon substrate 10, collector
18, silicon-germani um base 22, and silicon nitride |layer 30 The resulting
structure is illustrated in Fig. 6. The 2 9 NOvV 2002 9 dielectric |ayer-
34 is then renoved such chat a portion of the side wall 24 of tire

si liconger mani um base 22 is exposed The renoval of the dielectric |ayer 34
can be achi eved using techniques well known to those of skill in the art,
such as chem cal - nechani cal polishing (CW) conbined with etching. The
dielectric layer 34 can be any of those dielectrics conventionally used,
such as a silicon oxide. Fig. 7 illustrates one enbodi nent of the
silicon-germani um base 22 of the invention. As shown in Fig. 7, the
silicon-germani um base 22 is disposed on the top surface 14 of the nesa 12.
Mor eover, the silicon-germani um base 22 is surrounded by a trench 16 filled
with the dielectric layer 34. In a second enbodi nent of the present

i nvention, the silicon-germani um base 22 can be forned using the selective
epitaxial growh technique. First, the dielectric layer 34 is forned in the
trench 16 of the silicon substrate 10 illustrated in Fig 1. Next, the
silicon-germani um base 22 is grown, using selective epitaxial growth, from
the top surface 14 of the nesa 12. The resulting structure is illustrated
in Fig 8 By formng the silicon-germani um base 22 on the finite-sized nesa
12, the critical thickness of the silicon-germani um base 22 can be
substantially increased. This is because of the strain relaxation of the
silicon-germaniumto the nesa edge In contrast to a bulk uniformsilicon
substrate, in which all of the strain in the silicon-germaniumhas to
reside in the silicon-germanium the relatively snall-sized silicon nmesa
enabl es the dislocation generated in the silicon-germaniumto mgrate
towards the boundary of the nesa structure, |eaving the silicon-germani um
with a reduced strain anti dislocation density It is estimated that, with a
nmesa of about 0 5 x 2.5 um the germaniumcontent in the silicon-gernmani um
base 22 of about 100 nmthick can be from about 10%to about 60%
Preferably, the germaniumcontent in the silicon-germani um base 22 of the
present invention is fromabout 1 S%to about 60% Mre preferably, the
germani um content in the silicon-germanium base 22 is from about 25%to
about 60% The silicon-germani um base 22 has a preferred thickness (shown
in Fig. 8 along arrows H) of from about 20 nmto about 100 nm More
preferably, the silicon-germani um base 22 has a thickness of from about 40
nmto about 80 nm 2 9 NO V 2002 10 Foll owi ng formation of the

si licon-germani um base 22, the remaining conponents of the heterojunction
bi pol ar transistor can be forned to conplete the heterojunction bipolar
transi stor fabrication In one enbodi nent, an extrinsic base 36 is next
formed on the dielectric layer 34 such that the extrinsic base 36 covers

t he exposed portion of the side wall 24 of the silicon-germani um base 22.
The extrinsic base 36 can be conposed of any of those naterrals

T L T I N 1 o . o o



the extrinsic base 36, silicon nitride cap 38, and emtter 44. The

i sol ation layer 50 .can be any of those dielectric material § $N@ANA00RI 1y
used for isolation, such as 2 9 N OV 200Z m borophosphosi|icate gl ass
(BPSG) Fol | owi ng formation of the isolation I ayer SO, electrical
connections are then nade to the cold ector 18, silicon-german rum base 22,
and emtter 44 by formng a collector contact 52, a silicon-gernmani um base

contact 54, and a Qfm sIﬁ{es‘%ﬁ?@af%m§%frrgea%némglrymoﬂw%f9@éxfss&éar cont act
S2, silicon- germa ase contact S4, and emtter contact 56 can be forned

usi ng RGAYRA i*&fdlcoﬁﬁlﬂléﬁﬁbﬁbéf gnldhe SURMT-GEREX MY CWCar & WBRTCAKROWN to t hose

of ordi;pakyedskl thk | ésnsttsh@wmﬂp -Pgeferably, the collector contact 52,
si |l i con-gernmani um base cont acF 54, and emitter contact 56 conprise

tungsten. The resulting structure is illustrated in Fig. 12. Al though
illustrated and #gsoribediaaboyanwhin of #fesdnemgtadicpadt tdyer fmbedionent s, the
preseq}ﬁiSl pvetntl on is nevertheless not intended to be limted to the details
shown tHEF " Sari ous nodifications may be made in the details within the
scope and range of equivalents of the clains and w thout departing fromthe

spirit of the i nf?é;b'lf?&trates%hegstpﬁc@ur\{o%@‘?gz 6'a:h%rW@dwlb@tm@la@rbm%ai’t?allyp‘ process

for formng a si @germanlum base of a he ero unctloa pol ar
transﬂ@f@ﬁ’ed saehithat pesionob ths sikiGopmgermaniy Wil 15:5PAscAg a silicon
substrate having a nesa surrounded by a trench, said nmesa having a top

surface; formn er.man r.on sadsl o str
i ﬁcl udi ng said ?&g ?L}L‘Fi %Sllécgpdgﬂégaié/%\vdng %nlgéﬁ Euﬁlr?llgﬁi@ﬁ by£ ¥ m)V| ng
“the sifiliedonityerdidenttoidyey end adjiecrepernsaiwh hesalisposed on aintksay ench, to form

"said silicon- germani um base. 2. The process of claim1 wherein said

sil i con-germani um base has a germani um content of from about 10%to about
60% 3. The procéds Soflugramgsitha stpranieio Famildughes eymegareriiisifrhasasged has a

t hi ckngsificef mﬁﬁma@b@%e@&l f}mcﬁae@h@mtyerle& Sittidkic Jdve covemgshe fpsskai m 1

wherein said 3 g ger rranlzﬂ@gbag \%ﬁ ada}%gr mani um content of from about
25% t PYHOROL & /8‘ ki & SIP VR oHCEBEUE APRIHRE &° SHREE 280 nm 5. The

pr ocespomobnafahenilicoshetrelehastehe step of formng a silicon substrate having a

nmesa surrounded by a trench conprises selectively etching a portion of said

silicon substrate to formsaid mesa surrounded by sajd trench,
Fig 10 illustrates the structure of Fig. 9 after a self-aligned spacer is

formed on a portion of the silicon nitride layer adjacent the extrinsic base and silicon

nitride cap,

Fig 11 illustrates the structure of Fig 10 after the exposed portion of the
silicon nitride layer is removed and an emitter has been formed on the exposed portion of

the top surface of the silicon-germanium base; and
Fig 12 illustrates the structure of Fig. 11 after an isolation layer and
collector, base, and emitter contacts extending through the isolation layer have been

formed.

DETAILED DESCRIPTION OF THE INVENTION

The invention will next be illustrated with reference to the figures in which
the same numbers indicate the same elements in all figures. Such figures are intended to



6. The process of claim1l wherein the step of formng a silicon-gernmani um

| ayer on said substrate conprises applying a technique se? t&gm/r he
_ group consisting of chemi cal vapor deposition and nol ecul b e%gp Xy

7. The process of claim1l wherein the step of renoving the

silicon-germani um | ayer adjacent the nesa conprises: formng a silicon
nitride | ayer on said silicon-germanium | ayer; 2 9 NOV 200Z -13 formng
a resist on said silicon nitride |ayer adjacent the top surface of said
mesa; andeéfshiatige, riv@eethpoBiedingoiitd on hafudeditd {&illihicahe eiflariaden bayer and
said sil i)(r:gcnesgg{; .r}r]%ni um l.ayer. such that the silicon-germaniuml ayer adjacent
said nesd 76°F nbvéja.se@.m&nbllpgcess for fabricating a heterojunction bipolar
transi stor, said process conprising the steps of: formng a silicon

substrate having a wahleelat. A 4 ,F{ﬁégro%%srd}*mé’ﬁ@ IRYOnaoe%[ﬁ%?Eonﬁﬁég mesa
having a top surface; Tfor_m ng a & bico - ger nani um base off sa top®surface
of said milisan ssbitiates] 0 hasing ymesald. uhhoms® Ralasagnesatep swiacedde TRd a si de
oI g B e g o base, ard

g [ J. at sai.d sili.con-gey.mni sai
di el ect ri ¢ sfiron SP&%WBF%E/O 9%"?‘8 VeI SUERS) th%ttv‘ﬁ%rage({)‘g?{‘]g'gnc agf‘s%ﬂ"a‘eéi de
wallCI Sf lmlr@ tsd:ﬂn‘icm@“gmhrmahﬁmkbawm@ﬂmseﬂordmryrkmm irathe exit rIEraqirefeh&@g on
sai ielegtric er_su t hat ,sai LN$ . expose
port1 on’ ke HE Y 12,15k 157 ABbHEEES REMBSMCBR KRR J5P2°CT i con
nitride dapnehbysdlettiesly eiohiigea partien of deviticay sebspatet jbie form gk rdem;igml liscon
nitride Qﬁiﬂleﬁ@ﬂriﬁ?ﬂfé c%ﬁ&ft!)xnffi mdifsd ko expose a portion of said silicon

of m ng f

nitride |layer; f a se al 1 gned spacer on a portion of the exposed
silicon nitride | ayer adjacent said extrinsic base and said silicon nitride

cap; The collector 18 can be doped with either an n-type or p-type dopant such
that the collector is of opposite dopant type from the dopant of the silicon-germanium
layer (described below). Thus, if the silicon-germanium layer is doped with an n-type
dopant, such as phosphorous or arsenic, the collector 18 is doped with a p-type dopant.
such as boron. Conversely, if the silicon-germanium layer is doped with a p-type dopant,
the collector is doped with an n-type dopant. Preferably, the collector 18 is doped with an
n-type dopant (e.g., phosphorous or arsenic). The collector 18 can be doped using
conventional techniques which are well known to those of ordinary skill in the art.

In the next step of the process of the invention, a silicon-germanium layer
20 is formed on the silicon substrate 10. The resulting structure is illustrated in Fig. 2 As
shown in Fig. 2, the silicon-germanium layer 20 can be formed such that it covers the mesa
top surface 14, trench 16, and collector 18 of the silicon substrate 10. Preferably, the
silicon-germanium layer 20 is formed by the chemical vapor deposition (CVD) technique
or molecular beam epitaxy technique. CVD is a process for depositing a thin film of
material onto a substrate by reacting the constituent elements in gaseous phase. CVD
processes can be used to produce thin, single-crystal films called epitaxial films

Preferably, the silicon-germanium layer 20 is doped with an n-type or p-
type dopant of opposite type dopant from the dopant, if any, of the collector 18. Ina
preferred embodiment, the collector 18 is doped with an n-type dopant and the silicon-
germanium layer 20 is doped with a p-type dopant. The silicon-germanium layer 20 can



removi ng the remai ni ng exposed portion of the silicon nitrgd Me é
expose a portion of the top surface of said sili con-germari eéo 2d
formng an emtter on the exposed portion of said top surface of said
silicon germani um base, thereby forging the heterojunction bipolar
transistor. 9. The process of claim8 wherein the step of formng a silicon
substrate having a collector and a mesa surrounded by a trench conprises
selectively etching a portion of said silicon substrate to formsaid
trench. beXi@eNu€vg2002entiond t&@unthEWﬁ)ercaeswekbf\n@\Maim\h@qufewéuﬁ%aukﬂm
sili con g%gﬁm um base has a germani um content of from about 10%to about
60% e process of claim8 wherein said silicon-germani um base has a
t hi ckness of fromabout 20 nmto about |00 nm 12. The process of claim38

wherein said step ofof@Lil Rmfhtidh b BRI %h@ﬂhé&ﬁﬂuﬁ@@@r@@ aS@lh&Bntrﬁ’d?ldéurface
of said sa CQ ri ses: t?ﬁél(ﬁsl ting a silicag r mani. um Igéer on.said

substr at "ér;}@ €91 B?Hﬁ“’g‘é} lowsi efulting steichre sHilastrased t o
form sai dn?ﬂlé laconhegﬁmmmlmbhr@@mo ¢z bélfoempd o6 eissSsilivongdeahanidia Iafeeoi n sai d

step of de osjtin |co nanlu | ay S co i ses
appl yi ng %f neefp! %ﬂf"é V’Z}B?}b@fe tﬁg}m%poﬁgr@r&anrg%fgﬂ rig]%oaf'{ 3}518’ vapor
deposi tion and nol ecul ar beam epi taxy 14. The process of claim 12 wher ei n

sai d step of remvigg,the, il GORe SRR LAY dhasent iSRkfloMBite

conprises: formng are Icon nit % r ad acent the top
surface oflicoginitridedayer éﬁ@djewﬁﬂrfgtOprserf@@@pH’s@ﬂhﬁ)mefq b% he Ecsp ang Pirpetere

ni T ride ligyRistrand 1|§ @lgj 4S'ﬁlieQ@§st9Qrc'§BBb Jerbdtay SomstHede xh&t@hal% Bénventionally
s}| I con- gt?sré aglrgsrlrs?ts 2 d can e rnﬁf‘e[]dt on ‘8‘16 sﬂlrggr? amtnge layem% using techniques which are

well known to those of ordinary skill in the art

Following formation of the resist 32, the process of the present invention
removes those portions of the silicon nitride layer 30 and the silicon-germanium layer 20
that are exposed (i.e., the portions that are not covered by the resist 32). By removing the
exposed portions of the silicon nitride layer 30 and the silicon-germanium layer 20, the
portion of the silicon-germanium layer 20 adjacent the mesa 12 is removed and the portion
of the silicon-germanium layer 20 covered by the resist 32 is retained, thereby forming a
silicon-germanium base 22 (illustrated in Fig 5) The silicon-germanium base 22 has a
side wall 24

Following removal of the portion of the silicon-germanium layer 20
adjacent the mesa 12, the resist 32 is then removed. Fig. 5 illustrates the resulting
structure. The portions of the silicon nitride layer 30 and the silicon-germanium layer 20
which are not covered by the resist 32 can be removed using techniques well known to
those of ordinary skill in the art, such as etching.

In the next step of the process of the invention, a dielectric layer 34 is
formed such that the dielectric layer 34 fills the trench 16 and covers at least a portion of
the silicon-germanium base side wall 24. The dielectric layer 34 can be formed by
depositing a blanket layer on the silicon substrate 10, collector 18, silicon-germanium base
22, and silicon nitride layer 30 The resulting structure is illustrated in Fig. 6. The



15. The process of claim8 wherein said step of formng a gi4i ni um
base on said top surface of said nmesa conprises grow ng a Z@lﬁm@@m um

| ayer on said top surface of said nmesa using selective epitaxial growh.
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bC @10 Oagf& yaq orped p§ing &}g/selectl e epltamal rowt tec mque irst, the d1e ctric
layer 34 is formed in the trench 16 of the silicon substrate 10 illustrated in Fig 1. Next,
the silicon-germanium base 22 is grown, using selective epitaxial growth, from the top

surface 14 of the mesa 12. The resulting structure is illustrated in Fig 8

By forming the silicon-germanium base 22 on the finite-sized mesa 12, the
critical thickness of the silicon-germanium base 22 can be substantially increased. This is
because of the strain relaxation of the silicon-germanium to the mesa edge In contrast to
a bulk uniform silicon substrate, in which all of the strain in the silicon-germanium has to
reside in the silicon-germanium, the relatively small-sized silicon mesa enables the
dislocation generated in the silicon-germanium to migrate towards the boundary of the
mesa structure, leaving the silicon-germanium with a reduced strain and dislocation
density It is estimated that, with a mesa of about 0 § x 2.5 um, the germanium content in
the silicon-germanium base 22 of about 100 nm thick can be from about 10% to about
60%. Preferably, the germanium content in the silicon-germanium base 22 of the present
invention is from about 15% to about 60% More preferably, the germanium content in
the silicon-germanium base 22 is from about 25% to about 60%. The silicon-germanium
base 22 has a preferred thickness (shown in Fig. 8 along arrows H) of from about 20 nm
to about 100 nm. More preferably, the silicon-germanium base 22 has a thickness of from
about 40 nm to about 80 nm
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Following formation of the silicon-germanium base 22, the remaining
components of the heterojunction bipolar transistor can be formed to complete the
heterojunction bipolar transistor fabrication In one embodiment, an extrinsic base 36 is
next formed on the dielectric layer 34 such that the extrinsic base 36 covers the exposed
portion of the side wall 24 of the silicon-germanium base 22. The extrinsic base 36 can be
composed of any of those materials conventionally used as an extrinsic base, such as
silicon or silicon-germaﬁum. The extrinsic base 36 is then covered by a silicon nitride cap
38, and an opening 40 is formed to expose a portion of the silicon nitride layer 30. The
resulting structure is illustrated in Fig. 9. The silicon nitride cap 38 can be formed using
conventional techniques, such as CVD. The opening 40 can be formed using techniques
which are well known to those of skill in the art, such as etching

In the next step of the process of the invention, a self-aligned spacer 42 is
formed in the opening 40 on a portion of the silicon nitride layer 30 and adjacent the
extrinsic base 36 and the silicon nitride cap 38 The self-aligned spacer 42 can be silicon
dioxide, silicon nitride, or a combination of those materials, and can be formed using
processes that are well known to those of skill in the art, such as the conformal deposition
of silicon dioxide followed by anisotropic etching The resulting structure is illustrated in
Fig. 10.

Next, the exposed portion of the silicon nitride layer 30 is removed from
the opening 40 such that a portion 48 of the top surface of the silicon-germanium base 22
is exposed An emitter 44 is then formed on the exposed portion 48 of the top surface of
the silicon-germanium base 22 to form a heterojunction bipolar transistor 46 The emitter
44 can be any of those materials conventionally used as an emitter, such as polysilicon, and

can be formed using conventional techniques The resulting structure is illustrated in Fig.
11.

The emitter 44 can be doped with the same dopant type as that used to
dope the collector 18. Preferably, the emitter 44 is doped with an n-type dopant The
emitter 44 can be doped using techniques which are well known to those of ordinary skill
in the art.

In the next step, an isolation layer 50 is formed on the exposed portions of
the extrinsic base 36, silicon nitride cap 38, and emitter 44. The isolation layer 50 can be

any of those dielectric materials conventionally used for isolation, such as



10 h 10 h 10 h91!10% h& ()-& 0s10% h& ()-! P ' S&10%hph& ()-!P' S Oé)&
&&' ()-&#* "10% h& ()- 1}dESH=I"@ 10 , OCV@L () 1094 ()25&@@1%%

109 () - 10%@4 ()-s$10%& ()-Yf/!I1dESH=I"

0$10%@& ()-"10%& ()-S' 10%@& ()-"' 10%a& ()-I S 10(%@(. ()-910%& ()-!'!;
"Q""#dESH=I " @ 10 11

-10%2& () - @ mMLO%@&' ()-*S10%@& ()-) 10%a& ()-s' 109 () - YA0%@& () - #>###43\ $] $
n$_ $dYNCI @10 10@10@ 10 10%@4 (%210%@4 (O-14

10%@& ( )Popagmgh)licateada (8 SCHnke g TadermvNen o@ieasoigumeayey SE,

1094€ () OGRS 00T EHeh 10U 81l o SHELOER, - IAIRBAL AEMNGh @ 10
1099°& () - 310%I'&( 1090& () --10%I (2 &,}

@LOYT & (ejmttg[ P)[ %C(EPEWO' l@if@contactS a silicon- germamum base contact 54, and an

Y109 &' (ehuftd 0@kt b6, LQ%%U@] 3Y&Q%ﬂ_&c(o)r-cﬂ>9%t?61 kiiSon-germanium base contact

1098& ()er( +dEY a10 o
1090 & ()54&é 31%%?& ?“ta‘icfo?% %)‘3 ol A Oﬁﬁ‘f]‘ 18Lm£‘°r‘315 50 Tebndibice
10: 10947 &l{idh BEOVAIRKAwHCLA6MRS (o difary GEilliB The art, Preferably, the collector contact

10T710‘V6I'5§', gal'cgn-%gr%%m(fg bas® Sntact 54, and Emftd Chn@ 56 comprise tungsten. The

resulting structure is iflustrated in Fig. 12.

Although illustrated and described above with reference to specific
embodiments, the present invention is nevertheless not intended to be limited to the details
shown Rather, various modifications may be made in the details within the scope and
< range of equivalents of the claims and without departing from the spirit of the invention
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forming a silicon-germanium layer on said silicon substrate including said top
surface of said mesa and in said trench; and
removing the silicon-germanium layer adjacent said mesa and in said trench, to

form said silicon-germanium base.

2. The process of claim 1 wherein said silicon-germanium base has a germanium

content of from about 10% to about 60%.

3. The process of claim 1 wherein said silicon-germanium base has a thickness of

from about 20 nm to about 100 nm.

4. The process of claim 1 wherein said silicon-germanium base has a germanium
content of from about 25% to about 60% and a thickness of from about 40 nm to about

80 nm.

5. The process of claim 1 wherein the step of forming a silicon substrate having a
mesa surrounded by a trench comprises selectively etching a portion of said silicon

substrate to form said mesa surrounded by said trench.

6. The process of claim 1 wherein the step of forming a silicon-germanium layer
on said substrate comprises applying a technique selected from the group consisting of

chemical vapor deposition and molecular beam epitaxy.

7. The process of claim 1 wherein the step of removing the silicon-germanium
layer adjacent the mesa comprises:

forming a silicon nitride layer on said silicon-germanium layer;
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etching the exposed portion of said silicon nitride layer and said silicon-

germanium layer such that the silicon-germanium layer adjacent said mesa is removed.

8. A process for fabricating a heterojunction bipolar transistor, said process
comprising the steps of:

forming a silicon substrate having a collector and a mesa surrounded by a
trench, said mesa having a top surface;

forming a silicon-germanium base on said top surface of said mesa, said
silicon-germanium base having a top surface and a side wall;

forming a silicon nitride layer on said silicon-germanium base;

forming a dielectric layer adjacent said silicon-germanium base, said dielectric
layer filling said trench and leaving a portion of said side wall of said silicon-
germanium base exposed;

forming an extrinsic base on said dielectric layer such that said extrinsic base
covers the exposed portion of said side wall of said silicon-germanium base;

forming a silicon nitride cap on said extrinsic base;

removing a portion of said silicon nitride cap and said extrinsic base to expose
a portion of said silicon nitride layer;

forming a self-aligned spacer on a portion of the exposed silicon nitride layer
adjacent said extrinsic base and said silicon nitride cap;

removing the remaining exposed portion of the silicon nitride layer to expose a
portion of the top surface of said silicon-germanium base; and

forming an emitter on the exposed portion of said top surface of said silicon-

germanium base, thereby forming the heterojunction bipolar transistor.

9. The process of claim 8 wherein the step of forming a silicon substrate having a
collector and a mesa surrounded by a trench comprises selectively etching a portion of

said silicon substrate to form said trench.
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13.  The process of claim 12 wherein said step of depositing a silicon-germanium
layer on said substrate comprises applying a technique selected from the group

consisting of chemical vapor deposition and molecular beam epitaxy.

14.  The process of claim 12 wherein said step of removing the silicon-germanium
layer adjacent said mesa comprises:

forming a resist on said silicon nitride layer adjacent the top surface of said
mesa; and

etching the exposed portion of said silicon nitride layer and said silicon-

germanium layer such that the silicon-germanium layer adjacent said mesa is removed.

15.  The process of claim 8 wherein said step of forming a silicon-germanium base
on said top surface of said mesa comprises growing a silicon-germanium layer on said

top surface of said mesa using selective epitaxial growth.



