S e3eebl . "6T@5 551é3P231 SELF- ALI GNED NPN TRANSI STOR W TH RAI SED EXTRI NSI C
BASE Fl&hBB3pgdr THE | NVENTI ON [ 0001] This invention relates generally to

sem conduct or processing, and in particular, to a nethod of form ng a self
al igned bipolar transistor with a raised extrinsic base. BACKGROUND OF THE
| NVENTI ON [ 0002] Processes are known for fabrication of bipolar transistors
havi ng an eS&IFFMI@N)%BéWM&W%E?O&WEEHMESEQEWSIE&AS%m' tter
-structure. One exanple of such a process is described by M Racanel li et

al. inan article entitled " Utra H gh Speed Site NPN for Advanced Bi CMOS
Technol B oF Tk iNVenTIBRM 2001 proceedi ngs. Link base and extrinsic base
“inplants are blocked frompenetration in the intrinsic device area by the
sacri fijooed] Hils invetidrerelatsgendrally toesefidcondhétor frocedbing ! ih paticnlar,w hh a side
wal | spacer, respectively. Heavy p-type inplants required to convert

epi t axirasth efe@wmge%felfa% peh bipplag fransister with aypised sxtinsigihage.ext ri nsi c base
region result in the generation of interstitial defects in the single
crystal portion of the extrinsic base. The presence of interstitial defects
pr onot g, ddtdundEFERINGEag¢ed di ffusion of boron fromthe extrinsic base
region into the intrinsic base during subsequent thermal processing.

| nt er st[0002} Proedssestase kediamn for GibRicatidn eitapalmt trafisisforshavihgddn dxiensiObL38
incorporated in the epitaxial base |ayer which |eads to the effective base

wi deni r§signaelf-aligned\tp the sapritieial cmitier styigturs. ConBexampa efesuckh p PEACESA s soci at ed
with t i Cadr i, gih i DOl AT G i eed to
For m ¢ Fesrriee g . @hafCuies B acERRAE oY 201t HR SPEAl Sicle NI o2

resi st ahdvancdd BiiiMO$ Technodogydt mstha IRDMs200d qrodeediags. viiakvbade andtexfrinsil npn

bi pol ar, t istor...Th trinsjc.link b i ' t hi
S PO s s s Bt ke S0 beRlyiont 3 o el i ahertyribe SSeREERY Al { hough
heavi | YengitBeRatutd Und th@Schificial éhitlRpTatiié Ui@ra sidshall spacé, fe@ﬁectibél?.ner base

films (faster transistors). 55123P231 Rb (Ohm vs the Rbshl sheet
r esi st dieayy psgpaaplants reqpged ownyer epitrxially dsposited Gasersgerigldnio adgwo 3000

Rbshi qgsrﬁti‘litp'[eggpnﬂc l;ggg re%{o%pggs%ﬁo he ?%g}{aﬁioh lok' gﬁérgt%% a%ttelc@ if ﬁxle%mrgﬁ:t ed

dependence 0 ase resi sttance I'nk” base she reésrstance (Resni)
for a girysdl pdftioncd teanRhdiybasé. Tae pserak of hitastiti« defetis@forhétes the | i nk base

" eauct mmi%ig@@ﬂ&éﬂim@t o B OInSiE e ot (e ABES Dot | o
appare fﬁmhg gﬁbs%&n.?e’ng tHePm&l, ﬂi‘@@egsiﬁé’. REQ¥t5e derebis Ao DRIRSLe HaRGERdiffdsidrs| St or
met of 'Ta d bi

and a ricating a hf gh spee pol ar "transi stor which reduces
or avoiafshe brromingorporated indhe epitaxisth baged ay es wittighHvadsrto theRe ffeshENTISON [ 0006] | n
accordange w th.phe invention new and i nproved bipol ar transistor and a
nmet hod "?18%‘%8“’?3 ef%“Sf%‘{H"ﬁ%‘a. The bi pol ar transistor has a raised

ext ri nJ0003)assothdtProbilératasdobiatdd wikh the Sabrication bfliigkerispeedasdpsl@cirdngisprovi di ng
an extrinsic base which i s thjcker than the intrinsic base. The increase in
t hi ckndsthegreed fasfopnthinpeyhase,blns, whish direstly, trppslates gt ahigh fasefeustange. ¢ he
heavi | yg; i regt : | - : 1 | pol ar
transi )s@%%g ﬁﬂg{léﬁgegt& eﬁséss?g?dﬁ‘g‘ ﬁ?’?éﬁ@%iﬁt“?ﬁ?’g@ ij‘1Ia(@al{/melérlQ%iﬁr? o sts?dat eto

f or m a lhkdmse eegion(Rem) corgpmases athiniSisSiGe baSiGea: € gpisaxialayeans wsetrin thei ¢ base

region., The, extrinsic se.region jS raise epositing a.second

Cort aciinnpisyere. SRR Bralvabost o din? St BhedReE res s (TR har ¢ he
t hi cknasse Afmd (FRtétfahbidely. base | ayer is x and the thickness of the _
intrinsic layer is y, wherein x >y. [0008] The second epitaxial layer is

deposited using a chem cal vapor epitaxial device where heavily p-type

gg.lgzgéptz)grlon) doped silicon is deposited selectively on eﬂmmﬂ\m\m\““m\\mmn 2
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Surfaces.

In order to inprove process selectivity,
Site mayspgrpptional ly deposited, where the concentration of Ge to S

a heavily p-type doped

is

gradual |y reduced from above 5% to close to 0% during the epitaxy process.
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A illustrates a
Ehown at a step

i n accordance
pct 1 onal
ep of the
hccordance with

vi ew of

vi ew of the

exenpl ary seni conduct gr devipgpshowsgpt ansgder spbgeduempopt ep of the
exenplary nethod of form ng the npn brgolar transi stor in accordance with

the invention. [0015] Figure 3D |Ilﬁ¢§ BOBBVA cross-sectional view of the
exenpl ary sem conduct or devi ce shown at another subsequent step of the
exenpl ary nethod of formn npn _bi pol in accordapnce with

the i nv@ﬁwloﬂle grapiy $own B&ergfrehg’eﬂrtrr thecpleplate éfeerrwfggéegéfaaﬁeowalﬁww of the
exerrpl aér%’th??iﬁ%?%@ét@ésﬁﬂdegﬂrsﬁpm g%en%e%fé@%@&ﬂ&?}t AR EERorUf thi€ exerml ary

net hod orm ng t he npn ar transistor in accordance with the
i nvent i reductiof0d e lirkdhseregistanté (Ruin) aril semltgn e signifinant (@perioximately 80 t he

exenpl ary seni condugt or _devi ¢ hown at a subsequent step of the exenplary
nmet hod %XISH]%%WBW%SC%%SHCBEF;I‘ transistor in accordance wth the

i nvent i @0O53n vidk b2HEABAvd, mag;}paarg thia® thdte islalnieed toprovida ahighSspesdct i onal
vi ew of the exenplarx sem conduct or, deyi ce s(gmm at a subsequent step of
é

the exdhipelar ansisteicad smethodeligbrieating ahigh spsehbiplan apsities whish trduefSdance
with the glxagrﬁgé Move Qﬁgrledﬁi ks 3H i1 lustrates a cross-sectional view of
t he exenp ary sem conduct or eV|ce shown as a subsequent step of the
exenpl ary nethod of form ng the npn bipolar transistor in accordance with
the invention. [0020] Fi g®UMBIARYIQETHEINYENTSs- sectional view of the
exenplarg sem conduct or, device shown as a subseguent step of the exenplary
met hod [9P06]dniAceqydance wisnthe inysntien, mmewaandtimiprqved Rinolar gapsigtonanda ¢ he

i nventi NMEQ% [

illust rrggmsg)?@r OE@ sec?g% Pagélr (E*,Pvﬁve-cg)ﬁg npn bi po sf?lg%%%ﬁ)gklg%igrga%gu%

accor dathetethedihk baseaesistaretis reducetey gropidingrantextisicsttase whthtisthickenthiagpe

tt . 2 t b 24 d | | ect.
26, TnehBiS bfieateP iirase Bifkfe Sl s Be B RS o3 aSe . 1t ype

Si, Si %y@rofarequagleabﬁe@nmlbag@i,ég{on It shall be under stood t hat the
substrate, emtter i on ase region, and collector ion may be doped

with tH@%‘ﬂpHy:i methgéntgjfmmmg the bipolas tranmtosmbbldf:ad@owﬂpgb ritepijggaal t he
tt | ect
Feqi on A9 op A et o B S el ted e btnfi el vhiiSnio R B B Rl T O

em tt erba%érégaoﬂ NMtheextrinistd bage Eéguﬁfhs\ﬂu'sd‘d sy dupdmtinga s@coﬁ&@pﬂﬂed(uﬂ(lﬁ}tct overw th a
width b, an third portion wwth a width ¢ wherein > a. The first

por t i orPartien pfthe é’lﬁstémtw@rlamwh thatcthe 3%01%15% {ghg ﬁ@nmlab%eéayeaw ade third
por t1 o gieess dftfe Eittifdiclay6ARbAGherk @A 0P, Naving the widih c. A surface of
the emtter contact reglion nc des a ref actory netal silicide |ayer 36
such as[0008]i ”Phajsec(fn@‘éé}ﬁtaxml layeiuis depmsitediusing e shaiasalompon d¢pitazial devidet er cont act
38. Emtier.s er drrectl the wal ls.of the polysili,cgn emtter -
34, I vhee bEBAG pe s b ored Hlicam s i Sler e abord SHBaRY r om
dielectric such as silicon di oxide or silicon nitride. [0023] The base
region 24 has an intrinsic base region 42 and an extrinsic base region 44.
As can be seen in Figure 2, the extriynsic base region 44 is raised relative
to the intrinsic base region 42. Thezbase region 24 may be further defined
as conprising a nono crystalline portion and a poly crystalline portion.
The nono crystalline portion is directly over the nono crystalline portion
of the substrate 28 and the poly crystalline portion is supported by an
oxrde Iayer 50 A surface of the extrrnsrc base regron 44 is rarsed

Y
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region 44 has a thickness x and the intrinsic base region has a thickness
y, whergyimpsisr> Y. The base regions 24 further includes a refractory neta
silicide layer 52 such as CoSiz or TiSi2 to reduce contact resistance with
base contacts. The surface of the bipolar transistor is coated with an

interlayer insulating filmb54 such as . silicon dioxide. [0Q24 i gure 3A
i |1 ust r #iriages, Iepé‘i@i%mm%aqw%%aemw%? b%’é’ PayHe 8@@%&&38’%@'5’ devi ce 100
“at ‘a st g&%lfﬁeﬁfﬁﬁéﬁ? liee tﬂ@%Mn@&tLJnQ{f@cWa RiORAlaRY rEdiRESfrSinUbole

accor danc e I'nvention. At this step, the seniconductor device 100
conpr i s&% ta clost ywpde Juring betepitey proReshavissycha the-secondespitaty loperdas thegi on 104
‘and a p;type Si, SiGe qr,SiCe;C.epitaxi ayer.. 106. Th itaxial |ayer
106 1 s EEBREpotsmByi e tear i e Bt o AUBR AN °5 tono
crystal éﬂiﬁﬂ?r Pet.| Pie dod8erfatibh Of GRIid geaihadllyl radired Idfeal 8%k HiksStop eakfaveaf t he
mono crystalline portion 110 of the substrate 102 and a poly crystalline
por t i onthe secopfl epitexyaggioaxi al | ayer 106 is deposited over an oxide |ayer 114
of the i ; . epl i -al conpri se
it 11 1 @OPES OFUF s, febu B of PGB U b B s WD

n-type k@l indhprtevaht dit ianden bf the [fOlRbhg Aatallbd i dsoviptiber ofithe indentioni de) st ack
116 is fornmed on the substrate 102, wherein the thickness of the ONO

Lo e o BN FESKSUETRS) ek BAMIBHAT 24 11,0001 o
I OXi . 118, . il ntr . . L s I OXi
60X S BUEk ) b SRR e PURcba AL Bl R L0

epi t axi @ansistorer 106 to a sufficient thickness to serve as an etch stop for
silicon nitride reactive ion etch. The sl'(l,i con nitride |layer 120 may be
deposi t W81l Figaig LllustEatesa partia prossrsectignal vigw 06 8 inpp §ipo *}Elifeﬁ‘?:‘)ito’bﬁn ot her
process 4led in the art to a thickness rangi ng from about
50 to 5%‘3"@%8%%‘%@?% lt0 e top silicon dioxide |ayer 122 may be deposited
by PECVIDO12)] Bighiei 2k ilbssatena giossysdctional avicyvof dn ©@Mplary s@nioosiusteg deviesrs.

[0026] FEiqure 3B illustrates a cross=sectional .vi,ew of.the exenmplary

sen corthoRgt adiepiot h Bsnbe e R B Rt B PO Ehletsictotfr S5 00 o

f or m nowah Bidiabédtiohr ansi stor in accordance with the invention. At this
subsequent step, an emtter mask |ayer is formed qver the top sjiljcon

di oxi del00A3kFigure 3B iflystrates 2 erops-sagtiRngl yigy ofthe cxranplery sericopduion dsvicesi st

mat er i jeg! 1 ; 5l QEERL
proces?ghg sag%gﬁﬁegg‘%@wg é’ﬁfﬁr?tg& 1?%@%%%%??220@ I @F&ERI‘H year?“?gg and the
under | yadegrdantd with thei invéntien! ayer 120 to forman emtter wi ndow 124. The
thin sili di oxj | ayer 118 is .left.in ace t rotect .the surface of a
base re@pgﬁnﬂ%mﬂggﬁl{uﬁ TS, Poss-Sastional viewh lgtb(éeﬁ%@g%tsemqopgp%rt VICK sel f

al i gnedsHo Qi £ ahSther SBSRREntistepldTeR: HRMPRrYRAHNA IfFOmiAP tRMHpnbibakE N-type
dopant Ssuch _551‘323P23ﬁ%l ans sarpiseni ¢ or “phosphorous th?gugﬁip?@ emtter

wi ndow transistayiin gcdongrnge withribe vestionangi ng from 80 keV to 200 keV at a dose
rangi ng JE1 et -k } . se

regi on Eﬂbi%ﬁug%r%ﬁlr%&/&nse ?}l? rgns aeé:gglaﬁrvtééél?gfn{hjgEg?lgﬂgﬁ'os\t/evn{lﬁogﬁg%ég&rv ie)cgi on and
sel f al ihpoecht afothBresubsdquestrstepi ofdinexkiplarpiietiodpd fomaing tg dpadipodar | npl ant ,
the thin oxide layer 118 is wet etched at the emtter wi ndow 124 by a HF

di p. DuWdsiterHB agrordance Withdhe WveRNQRa) | s 126 of the top silicon dioxide

| ayer 1 i g 20dsPelclibhl RRgKof the bRoESlar seRRloNGhdidiRRick28 1S
deposi t@glgl;fl tefs{!’e’)5 g&ﬁ‘?iﬁr ate ?LOZ.CII n the céxerrpl ar yal(ryfrssfhoq, t he p_ofcy.si l'i con
| ayer 1s®vwmeat alsebsequeit step @b thecexainplaryimethod of Spraving thieinpn biheles diansistiobin

| owpr essur e- chem cal -.vapor -deposition (LPCVD), epitaxial silicon reaction,
or ot he?CCB’fd&B%%%IEE%W M%‘%ioﬂ' the art. [0027] Figure 3Cillustrates a

Cr 0SS- SRBI TPRRure/ I FEilludikaté EcroxLielional vRAbRE driplirydemicoadddét dvicanot her
subsequent step of the exenplary method of formng i polar transistor in

ab
accor dashownstaisubsequenisientof the exemplany method of ferating heapn bipobas|txansistor n
emtter_| i ching back the polysilicon |ayer 128, wherein
t he topm§§$ a%%&gpg%ﬁgp%gﬁ%Silicon | ayer 128 is coplanar to the top surface
of the top silicon dioxide |ayer 122 after the etch back is conpleted. In
the exenplary nethod, the polysilicon |ayer 128 is isotropically etched
back by reactive plasma ion etching. As an alternative, the polysilicon
| ayer 128 may be etched back by a compi ned process which includes chem cal
mechani cal polishing (CWP) and etch back. [0028] Figure 3D illustrates a
cross-sectional view of the exenplary sem conductor device 100 at another
subsequent step of the exenplary nmethod of forming a bipolar transistor in
accordance with the invention. In this subsequent step, the polysilicon
emtter 130 is exposed by selectively renmoving the top silicon dioxide
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55123P231 CLAIMS What is claimed is: 1. A nethod of forming a bipolar
t ransi sgqapapgonpri sing: providing a substrate; formng a first epitaxial
| ayer on the substrate to forma base region having an intrinsic base
region and an extrinsic base region; formng an emtter stack on the

substra and raj the extrinsic base I on formng a second

epi t axi éﬂ%i?la@xgmo}é ilhBtrpics gsméﬁs?qcaszn%wmwéﬁg eﬁemlgﬁra/ SREHURBRUSPT deViEem 1,
-wher ei ng |

tr ansi otisi 4 aREb @i 3RloFR extiplieyinciholl F (g 66 nbn BARIAPRRIArin, | 1o
a t hi ckaesslaxceawith thecnvertionnsi ¢ base regi on has a thickness y, and wherein
‘X >y. 4 . et of claim1, wher substrate is ed with p-type
opant . 0819t Eigurz A HhRiseeée fcibitecbRl Sty 0t e SYemmlbS spmicongion defise i &
p-type ﬁown%sgesuage wbdeRich Jf Medxe %*Hﬂtlﬁﬂ%@'f&nﬁﬂg flﬁ&bﬁ'blﬂo@df‘?fanélﬁoﬁ p-type

Si or Site |ayer. The nmet hod o aiml, wherein said formng an emtter
st ack omach@dmgwﬂaﬁlelwnp@nses formng a first oxide |ayer over the

first e@ﬁ%{)]‘?ﬁ ﬁl’e quﬁt?éiratefs% %s@gaﬂlo 51r\ﬁ£w%ﬂl{e eggmbwgepﬁ duE(ng%\hées t OX'_ de

| ayer; mng a SECOI’I ayer over ayer.

The et ¢éhptvnads acﬂuhsemju&;t stQifﬂldbxbh@ldry fiethod>of dernding the nip bépdlahltﬂnﬁstbr con
di oxide layer, wherein.the first nitride layer is a silicon nitride |ayer,

and wheldcrerdareeativih inventien.| ayer is a silicon dioxide layer. 9
55123P231 8. The nethod of claim6, wherein said formng the first oxide

| ayer conpris es DETAILED DESCRIPTION OF THE INVENTION
[0021] Figure 2 illustrates a cross-sectional view of a npn bipolar transistor 20 in
accordance with the invention. The bipolar transistor 20 has a n-type emitter region 22, a p-
type base region 24, and an n-type collector region 26. The bipolar transistor 20 comprises
a p-type substrate 28 and a p-type Si, SiGe or SiGe:C epitaxial layer. It shall be understood
that the substrate, emitter region, base region, and collector region may be doped with the
opposite conductivity, i.e. the substrate may be n-type, the emitter may be p-type, the base
region may be n-type, and the collector region may p-type.
[0022] The emitter region 22 comprises a polysilicon emitter 34 having a first portion with
a width a, a second portion with a width b, and a third portion with a width ¢ wherein ¢ > b
> a. The first portion defines an emitter base junction having the width a, and the third
portion defines the emitter contact region having the width ¢. A surface of the emitter
contact region includes a refractory metal silicide layer 36 such as CoSi, or TiSi; to reduce
contact resistance with an emitter contact 38. Emitter spacers 40 directly abut the walls of
the polysilicon emitter 34. In the exemplary embodiment, the emitter spacers 40 are formed
from a dielectric such as silicon dioxide or silicon nitride.
[0023] The base region 24 has an intrinsic base region 42 and an extrinsic base region 44.
As can be seen in Figure 2, the extrinsic base region 44 is raised relative to the intrinsic base
region 42. The base region 24 may be further defined as comprising a mono crystalline
portion and a poly crystalline portion. The mono crystalline portion is directly over the
mono crystalline portion of the substrate 28 and the poly crystalline portion is supported by
an oxide layer 50. A surface of the extrinsic base region 44 is raised relative to the surface

of the intrinsic base region 42 outside of the intrinsic base region 42. The extrinsic base



thernmal |y oxidizing the first epitaxial | ayer, wherein said formng the

f| rst néstlﬁs‘Pgﬁ | ayer conprises depositing a silicon nitride |ayer, and
wherein said fornmng the second oxide | ayer conprises depositing a silicon

di oxi de layer. 9. The nethod of claim®6, further conprising: patterning an

emtter mask | ayer over the second oxide |ayer; selectively etching the

second wgioetd hey ethigkipss nand thedatringie bmgeglayéasa%blqkaﬁ%yawh@wn &P wi ndow;

-and i onpj iplantd; 4%%&“ e @ Pefch Os\ﬁ' i 'SQS'EJ a 95'81 le ant is a
g8 R 24 AN e Sl oy R Mo OB

sel f aligne aim urt
conpr i sTis; tofredute mgntactpedlgtmdelmﬂrbdsay@ﬂa@m T}lmesmfabesbfthe b;potm-chianmgotnack t he

" “polysilicon |ayer, rein the ace,, of pol yslicon |ayer is
copl anafoafids witlhan jrger gwsxﬁ@pr@,ﬁlpﬁ%ﬁp{g ag silicop og‘det he second oxide |ayer;

and sel ﬁﬁ&%}vﬁ'@rer mlﬂsﬂ?ﬁ§ Q%@?Eé&ﬂﬁmﬁ Xid¥Pof W%H%%If%‘é?ﬁﬁ%@ncﬁﬂt& ALVibe"

pol ysi | ucture of claiml urther conprising:
f or m ng1@0 atectspcfantexemplahamethodnf fdnmmgﬁblsrpolat transistet in scnqrdﬁmcc atithytheet chi ng

the f t tride | dih d
Spacer | ivathorn AUTBi AR BF SCPIP U st AP e@Rpne By SUHE R Msi'c base

regi on pyidgs i #ge E&l&c&ﬁ“iéﬁié’nm&@ﬁ pype®ieSiGedr Si@e:CiepRixiglbgerival | ayer
further conpriseés: placing the substrate I n_a chem cal vapor epitaxy

devi ce; Theeepitanigl taver Kifis deppsited oves theeyusfare ef the P‘é}%‘rﬁ@ﬂ'@@rsﬁﬁlhﬁhét 3 HOR? ni i ze
diff us' 9 nﬁlﬁﬁl n%é)?ﬂ}ogq(a?%&'ﬂ% eﬁt@gﬂ V\g&‘qu 1O %?ed%vep{hla‘?ﬁ% alﬁf?@t ai ni ng

gas. erern sald ralsin trinsic base

regi on mmbmrl 0o ofthe Bebstrarol0d angiatpaky a'ysth]z]mepomnntlﬂlé of ﬂnspltapaltlayqr ané| ayer

further 15%%ggsr1tle3 %\Sler an oxide layer 114 of the substrate 102. It is noted that the epitaxial layer
106 may comprise multiple layers such as a lower p-type layer doped with boron and a thin
n-type layer doped with arsenic.
[0025] An ONO (oxide-nitride-oxide) stack 116 is formed on the substrate 102, wherein the
thickness of the ONO (oxide-nitride-oxide) stack determines the final height of the
polysilicon emitter. The ONO (oxide-nitride-oxide) stack 116 comprises a thin silicon
dioxide layer 118, a silicon nitride layer 120, and a top silicon dioxide layer 122. The thin
silicon dioxide layer 118 is thermally grown over the epitaxial layer 106 to a sufficient
thickness to serve as an etch stop for silicon nitride reactive ion etch. The silicon nitride
layer 120 may be deposited by low-pressure- chemical-vapor-deposition (LPCVD) or other
processes known to one skilled in the art to a thickness ranging from about 50 to 500
Angstroms, and the top silicon dioxide layer 122 may be deposited by PECVD to a
thickness ranging from about 1,000 to 10,000 Angstroms.
[0026] Figure 3B illustrates a cross-sectional view of the exemplary semiconductor device
100 at a subsequent step of the exemplary method of forming a bipolar transistor in
accordance with the invention. At this subsequent step, an emitter mask layer is formed
over the top silicon dioxide layer 122. The emitter mask layer may be formed of photo
resist material or other materials that can serve as a mask for a subsequent process of
selectively etching the top silicon dioxide layer 122 and the underlying silicon nitride layer
120 to form an emitter window 124. The thin silicon dioxide layer 118 is left in place to
protect the surface of a base region from contamination and to improve implant uniformity.

A self-aligned collector implant is then performed by ion implanting an n-type dopant such



10 55123P231 introducing germane with a gradual reduction in germane gas
flow t osqaeipheve a graded Ge profile in the second epitaxial layer. 14. The
nmet hod of claim 12, wherein said introducing silane and gernane conprises a
nol e fraction of gernmane to silane ranging fromabout 5 to 10 percent. 15.
The nmethod of claim 13, wherein said gradual ly reducing the percentage of
ger maneas#rs¢nic erphosphareigs through theoameittervindaw 124 jusipg implepinergies 1aBgINgi ng t he
-mole fracti fr - I g cent.
To. *he R ik Vi 0RO ARpi et B P " ARShBRery PR TE0
layer Oﬂxrédhg@n tﬁﬁbﬁs‘ﬁrregism t(ﬁf(bdnf etmfongnédiok doped teiohdustibelomdihe baseaegibn
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100 at another subsequent step of the exemplary method of forming a bipolar transistor in
accordance with the invention. In this subsequent step, a polysilicon emitter 130 is formed
by etching back the polysilicon layer 128, wherein the top surface of the polysilicon layer
128 is coplanar to the top surface of the top silicon dioxide layer 122 after the etch back is
completed. In the exemplary method, the polysilicon layer 128 is isotropically etched back
by reactive plasma ion etching. As an alternative, the polysilicon layer 128 may be etched
back by a combined process which includes chemical mechanical polishing (CMP) and etch
back.

[0028] Figure 3D illustrates a cross-sectional view of the exemplary semiconductor device
100 at another subsequent step of the exemplary method of forming a bipolar transistor in
accordance with the invention. In this subsequent step, the polysilicon emitter 130 is
exposed by selectively removing the top silicon dioxide layer 122. In the exemplary
method, the sidewalls of the polysilicon layer 128 are exposed as a result of the oxide wet
etch.

[0029] Figure 3E illustrates a cross-sectional view of the exemplary semiconductor device
100 at another subsequent step of the exemplary method of forming a bipolar transistor in
accordance with the invention. In this subsequent step, a thin nitride spacer 132 adjacent to
the polysilicon emitter 130 is formed by depositing a layer of silicon nitride 134 having a
thickness in the range of 0.01 microns to 0.1 microns and isotropically etching the layers of
silicon nitride 134. In the exemplary method, the silicon nitride layers 120, 134 are

directionally etched with a plasma etcher.
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process chamber. Germane is typically introduced to improve the selectivity of the
deposition on silicon relative to nitride. Percentage of germane is gradually reduced to near
zero percent (between 0.5 percent and 0 percent) such that the percentage by mole fraction
of germane gas to silane gas decreases from about 5 to 10 percent near the beginning of the
expitaxy process to less than 1 percent near the end of the epitaxy process.
[0031] Once the SiGe seed is formed, the germane concentration may be reduced while still
providing epitaxy without increasing the temperature in the reactor. The reduction of the
germane concentration causes the Ge concentration to diminish near the surface of the
raised extrinsic base 136. As a result, it is easier to form silicides on the top portion of the
raised extrinsic base 136. As an option, a self-aligned silicide formation of the extrinsic
base region 136 and emitter region 142 may be performed (not shown).
[0032] Figure 3G illustrates a cross-sectional view of the exemplary semiconductor device
100 at another subsequent step of the exemplary method of forming a bipolar transistor in
accordance with the invention. In this subsequent step, the thickness of the thin nitride
spacer 132 is increased to a thickness on the order of about 0.1 microns to increase the
width of the emitter region 142 in order to prevent the emitter silicide layer from shorting
with the base silicide layer and in order to prevent the emitter contact etch exposing the base
region 144. The thickness of the thin nitride spacer 132 is increased to form the nitride
spacer 150 by forming a conformal silicon nitride layer 152 on the substrate 102 and
selectively etching back the silicon nitride layer 152. In the exemplary method, the silicon
nitride layer 152 is etched back by a reactive ion etch
[0033] Figure 3H illustrates a cross-sectional view of the exemplary semiconductor device

100 at another subsequent step of the exemplary method of forming a bipolar transistor in
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defines an enitter base junction, and wherein the third portion defines an
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insulating film 156 such as silicon dioxide and planarized. An emitter contact window 158,

base contact window 160, and collector contact window (not shown) are patterned and

etched through the interlayer insulating film 156, and base contacts 162, an emitter contact

164, and collector contact (not shown) are formed.

[0035] In the foregoing specification, the invention has been described with reference to

specific embodiments thereof. It will, however, be evident that various modifications and

changes may be made thereto departing from the broader spirit and scope of the invention.

For example, the raised base approach can be adapted to work in various schemes utilizing

the sacrificial emitter feature. The specification and drawings are, accordingly, to be

regarded in an illustrative rather than a restrictive case.
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epitaxial layer.

2. The method of claim 1, wherein the bipolar transistor is a Si, SiGe or SiGe:C

npn bipolar transistor.

3. The method of claim 1, wherein the extrinsic base region has a thickness x

and the intrinsic base region has a thickness y, and wherein x > y.
4. The method of claim 1, wherein the substrate is doped with p-type dopant.

5. The method of claim 1, wherein the first epitaxial layer is a p-type Si, SiGe

or SiGe:C layer and the second epitaxial layer is a p-type Si or SiGe layer.

6. The method of claim 1, wherein said forming an emitter stack on the
substrate comprises:

forming a first oxide layer over the first expitaxial layer;

forming a first nitride layer over the first oxide layer; and

forming a second oxide layer over the first nitride layer.

7. The method of claim 6, wherein the first oxide layer is a thin silicon dioxide
layer, wherein the first nitride layer is a silicon nitride layer, and wherein the second oxide

layer is a silicon dioxide layer.
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The method of claim 6, wherein said forming the first oxide layer comprises
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layer comprises

9.

épositing a silicon dioxide layer.

The method of claim 6, further comprising:

patterning an emitter mask layer over the second oxide layer;

selectively etching the second oxide layer and the first nitride layer to form an

emitter window; and

ion

implanting through the emitter window, wherein the ion implant is a self-aligned

collector implant.

10.

The method of claim 9, further comprising:

forming a polysilicon layer on the substrate;
etching back the polysilicon layer, wherein the top surface of the polyslicon layer is

coplanar with or recessed below the top surface of the second oxide layer; and

selectively removing the second oxide layer to expose an emitter polysilicon

structure.

11.

The method of claim 10, further comprising:

forming a second nitride layer on the substrate; and

isotropically etching the first nitride layer and the second nitride layer to form a thin

nitride spacer.

12.

The method of claim 11, wherein said raising the extrinsic base region by

forming the second epitaxial layer on the first epitaxial layer further comprises:

placing the substrate in a chemical vapor epitaxy device;

heating the substrate to a relatively low temperature to minimize diffusion; and

introducing silane and diborane or other boron containing gas.

13.

The method of claim 12, wherein said raising the extrinsic base region by

forming the second epitaxial layer on the first epitaxial layer further comprises:

10
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15.  The method of claim 13, wherein said gradually reducing the percentage of

germane while depositing the second epitaxial layer comprises reducing the mole fraction of

germane from about 5-10 percent to less than 1 percent.

16.  The method of claim 11, further comprising:

forming a third nitride layer on the substrate; and

etching back the third nitride layer to increase the thickness of the thin nitride spacer
to form a nitride spacer, wherein the width of the emitter region is increased from ftog

when forming the nitride spacer.

17.  The method of claim 16, further comprising:

forming a silicide layer on the second epitaxial layer and the polysilicon emitter
structure;

forming an interlayer insulating film on the substrate;

patterning and etching the interlayer insulating film to form an emitter contact
window, a base contact window, and a collector contact window; and

forming an emitter contact, a base contact, and a collector contact.

18.  The method of claim 1, wherein said raising the extrinsic base region by
forming the second epitaxial layer on the first epitaxial layer further comprises:

placing the substrate in a chemical vapor epitaxy device;

heating the substrate to a relatively low temperature to minimize diffusion;

introducing silane, diborane and, optionally, germane; and

gradually reducing the percentage of germane while depositing the second epitaxial

layer.

19.  The method of claim 1, wherein said heating the substrate to a relatively low

temperature comprises heating the substrate to a temperature ranging from 650 to 750 °C.

11
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patterning an emitter mask layer over the second oxide layer;
selectively etching the second oxide layer and the first nitride layer to form an

emitter window; and

ion implanting through the emitter window, wherein the ion implanting is a self-

aligned collector implant.

22.  The method of claim 1, wherein the first epitaxial layer is an SiGe:C
epitaxial layer.

23. A bipolar transistor, comprising:

a substrate;

a base region having an intrinsic base region and an extrinsic base;

wherein the extrinsic base region is raised relative to the intrinsic base region;
wherein the extrinsic base region has a thickness x and the intrinsic base region

has a thickness y, and wherein x > y.

24.  The bipolar transistor of claim 23, further comprising an emitter structure,

the emitter structure comprising:

a polysilicon emitter having a first portion with a width a, a second portion with a
width b, and a third portion with a width c;

wherein ¢ > b > a; and

wherein the first portion defines an emitter base junction, and wherein the third

portion defines an emitter contact region.
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comprises:
a first epitaxial layer; and

a second epitaxial layer on the first epitaxial layer.

27. The bipolar transistor of claim 26, where the first epitaxial layer is a SiGe
epitaxial layer and the second epitaxial layer is a heavily p-type doped Si or SiGe epitaxial

layer.

28.  The bipolar transistor of claim 23 being an npn transistor.
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