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BACKGROUND OF THE | NVENTI®#4'6Thi s application is a
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TRSSIEETR, OBy R INC RS NP RE A BTy np
IE)?S?SSthr? ?Pﬁegek%u&ﬁygmgpgﬁgﬁgls& ghed to the

assi gnee of the present application. This application
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reI ated United 3fatted SN entitled
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invention relates to abrication o
Emittet ip 4 Bdpodar drapsistpr” %A@K@R@mm mmlmslstohmsrmezoeox.mm & U.S. patent
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2 Aék&ﬁéb&lﬁ\ﬁ?m the performance of transistors on a
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I hetero unction bi pol ar
size of %e?%'“é“s ek ? ”’Eﬁf? e Piff GREFs §f G anFistofs 82 s ipnducsrtwafer,
such as ammlan‘dﬁms bahbﬂan treosistas EFurMerl@&CvArio6d (ke BCHe bipolar transistor must
costs, 25 sem conduct.or

ve propief RSATRBive Sy WGy ERGLE recinerebrEmet auraiepis Bor cxample,
the emittar amSthsé)Orﬁnsilﬂfaﬁdthfﬁ&iﬂCﬁ a HeREDlinE @NBIHofar WiMsksfor (1BT) Hidt bé'];goperly
. d}?a‘g ) ar transi §t ors having i1.ncreased
aligne TR YPasiTahle Porepss IpASe wegjiionsrt Fustharmore b ieduse costs,
semncorﬂﬁ@@&ﬁe&ufa&[xre& ad PRalieged loInsi RLiRY bipdlAf narﬂﬁtoﬁperﬂﬁ;gance

em con?uctor manufacturers utilize a first photonmask
requirergeg ot FABTC g PIPPIBIAIstr NG inefrased matufacarabiitt h,

Wr@'&odv@ntﬁﬁ@ﬁﬁlﬂtc’af{oﬁ ;ﬁf)&gsr 610 ﬂlﬁ)lﬁﬁar?s.lsgr s'iJI:r\FAﬁlan HBT,

di mension, or "C)." A second phot onmask ch mist be
semlcongﬁt(ﬁrngﬁ%flatftyrewutlb?ﬁeqjﬂrﬁ phRtomAsk 1¢ panirpl tbwgqum;@m.storgs emitter width,
which ls%he!rél@ege*;r:réral tﬁgf férg]acglgjlﬁge}g:og;ﬂéngﬁr 'l eéc@dﬁﬁxﬁgmas?(awhlcl}/must be
PFOPerlyta}lg\rneg imdth ghe firpg phatomaskarisytilizst! ta determine the hotrainses lof the A @t g doped
exlnnsmmgglorgtohﬁ{e b‘d?;iapg%s:stolpeM‘#s'a é?nggt%f ?1% ?%&tohnljeaé cgﬁses %rsﬁong

regi on of bi pol ar transistor
other thipgst t\heéqqtance across the link base region of the bipolar transistor, i.e. the region between

the base-emitter junction and the extrinsic base region, to vary in an unpredictable fashion. Because
there is always a margin of error in the alignment of the two photomasks, the distance across the link

base region must be increased to account for the misalignment. This results, for example, in an
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the base-emtter junction and the extrinsic base
r@lon,7 to vary in an unpredictable fashion. Becaus _
W ARAA0TY 5 ways a margin of error in the ali grm%rﬁgszg94/0080:1

the two phot omasks, the distance across the link 35 _

undesiPBRSdER BalRicde.| ARLERSAL il fe B n@]%has@fabi.&?on cess
m sal 1 gnnment. This resu e

descrit2@ QHgve Ol (9t W@M@SQI@MI)O@@@@@W qqntmibd radwingoli theengii@oviith of the
blpolan%zw?st&gfﬁll%% %r?s% %nérég%fdesc & hgtgmastl)(s can%a{x%%%n?mzr?essirme reduction in
manufiphming mgkikwmqstanbzeus@ccunrapeid}mgomtaselnl mdhufaotueiontasol t he

renB.ghg f?lérﬁcvr%/leor{ proc?essteﬁand tookis Earg{s rer?;rrl l% ég%r?;{%%ﬁgglnge problem of
aligning fita@imk badelagd &xedisitiagol Ith’d: emiifedn U 8 Ed14HtaRgs i d@b @es. \BHe GPproach

_ cgg cqése a, corresgondl |ncr ase in nanufacturlng

requireg fiese of Seieqigf HURY 1'e%% VR MHHE LA BEda A Y o SFlectig GRitaxy presents a
problef @EiRattif ik 86t cuRterall u€ddRA Bigh QolGME PRALINGN BF RRli@RURHor devices. Selective

aligning the |ink base and extrinsic base to the
epitaxyegsERISPIOMGT PPIEM AR thetsaleeli v epifaxtabdapeddon qorws apip P silipen regions
and nolr&tcﬂali(fe@égl(fnb ESIHEEMEH pRedse Mbhi¥Ring R dofk¥n Mi@Ndgivhst Ridch& epitaxy

an inside spacer. Selective epitaxy presents a

results ﬂ'r"o‘-’b‘P%‘fﬁ"PHo%s [Rhpropess menitoaing eapphilityt Uye efswdnside spacghpresents a further

 prober 8 HiTR adplb ARG chier Qg BHERA IR WRK oV nERSts SRbAE e ey in

epit presents another problemin that selective

Com"ﬂ@bﬁﬁﬁwﬂﬂﬂmd%bﬁsltlon occurs only on silicon regions 10

%&‘Pdufb%nﬁ @ur%l gﬁ(a eel%'t\%}ﬁ th %'nﬂ?e? tméﬁly ma? crystalh{w silicon

nonitoring Is on oxi de regi ons,
(“poly”}.@sdithe base megipns @nb@teémntilearbealhabs;nmfterwpboed&cm hy the rthnd«yess of an

t urt. h
oxide | g,p P!étlfﬁi Ilge\’nWeehJﬁfe esrgtrte?g%l Prﬁ'&t ga‘?% %B%ﬁseéf oy b‘?éﬁ% %nsastor ehd B ckness
of the ogrde ayerrsitediabenw deh emittaepolnadbagtgcgigs of tiabipatac tarasior isrundesirably
I ' t

decreasgtﬁt% gogtex;ﬁ\&)giee gr]é)%[) éa}uv\wjedgkq m?ell:l?ﬁt‘l zeM% elnﬂpeﬂ) edclean groces? which
can feSlﬂUhy@F%ﬂSﬂ‘&bM?fm teakagk begween tlj_@er(ll‘tgcplosy a)ld ttarbdsetrb@odgaﬁea result, the

performa?%l aﬂ?%aﬁlg!iclt‘u?%]bqp? ﬁp ﬂg[)n 5 ; tIP lst%r can be elsua% decre sed.

S resFEG%t ed
huyetiere is hed guniht hee for po kffecevay taascateld Gbgjotalﬁ sarcfstdr he
bi pol ar transistor. The thickness of the oxide |ayer
situated between emtter poly and base regi ons of the
bi pol ar transistor is undesirably decreased by, for
exanpl e, erosion caused by a wet etch utilized in an
emtter pre-clean process, which can result in
i ncreased current | eakage between the emtter poly and
the base regions. As a result, the 20.performnce and
manufacturability of the bipolar transistor can be
undesirably decreased. Thus, there is need in the art
for an effectively fabricated bipolar transistor. -2
WO 2004/ 107409 PCT/ US2004/ 008051 SUMVARY OF THE
| NVENTI ON The present invention is directed to nethod
for fabricating a self-aligned bipolar transistor
havi ng i ncreased manufacturability and rel ated
structure. According to one exenplary enbodi nent, a
bi pol ar transi stor conprises a base having a top
surface. The bipolar transistor nay be, for exanple, a
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5 oxide layer situated on the top surface of t he base.
The se oxi de | ayer may be, for exanple,
W%%q065874$?1e bi pol ar transistor further conpris %?TéUSNWOOSO“

sacrificial post situated on the base oxide |layer. The

sacrificial post rragupmgﬂvrﬁﬁ% MW%W rst and

second |ink spacers on ase oxi ayer, for

eXbopeent inYeotit ipdirestedite mpbde foo fabflemmhesel&digpfrd lspalardransistor
havxngqgcgea?%m%nu a@%?arb]u@C%ldgglﬁg%g%%furet I]ﬁ: V\ir@:%r 't n Ie?en#ﬁgrly em%gd:mem a

sur base,
bipolad tmyxsstorfmmpasedarbsﬂeﬂlyvigg ze@pemrfztcha'ﬁheamdﬁmsnawsmfmalyme for example, a

oxide lgx(eéﬁ;pqa I deS{g%uﬂdce %as\flf\:gttl‘ggl)as% §¥i Iayer%@\a{ ﬁ% O eéalgple PECVD
oxide. OXi de I?yerfnay be, ;or exanple g;éater than a wet
ercn.r e Ol e .conrorm cCcor n
TS o B e R S kT SErLPEme Pip ohils taver. The
sacrificid) st ha @ Be §itusi@g bétiveddi fixdt anddicasyalrlink ispugerk aly @k bSdetow it ®er, for
over the conformal |ayer, The sacrificial planarizing
exampley 3‘@? blﬂﬂ?’ t@aﬁﬁ?r fg%herf: pFISiSSa CéJQé) léaye%uaf Qug[ the sacrificial post

and thd B} QUifadd of SRERAsAVh&d lercGﬂ'Ginihl B@R@a( mtslt)()gn:ater than a density of the
anti-reflective coatln% . The sacrificial planarizing
Es

base oxidg layer.riRe RBPEMA 12 i B PESST Bi7EPIet HBPSHPfdec et pigh fate of the

base o,gaie lbﬁ? WaE Be, erQRarﬁ%@ l@s tharPPREQIhTRE 81 e LonforMRNdSler ONS
gﬁ rOX|nateI gftrons The sacrificial o

pﬁ‘éﬁ*? neAp Hgs ‘P‘&V‘é ry eﬁﬁ’@"‘ﬁ‘e‘l“r g Pippla Easistesfurther gomprisgs a sacrificial
plananElﬁgla%} sREkeeR L tﬁmnfdnﬁﬁtlay@p dI‘lﬁ@&‘?iﬂglai dlzmﬁnﬁg@ %r%azegmﬂ'ise, for

second thickness in a sécond reglon out si
example] angrgagisanasesiebweh #s anleraspia BAREC (“hetormeantifveflestvesneting”). The

t

iSRRG 1 B8TBCEL s 0 S LML e
approx lpetehe@ b Aapysook Pmr%lmW@Oﬂnogsstrm TanehcBHOY p@inanzmg layer
has a fnléﬂ &Zci(lt;élggﬁl alfjgg e{@é '&\t %eeﬁ Uﬁgfét agﬁcic :Jeeé?;&ejglﬁk ea@e??.md a second thickness in
a secong lnepiaa-aiesierof e dirsh prptﬂemndﬂinlam'peﬁ thhere thefseqond thagknese & gangdally
greater ﬂg}{ ?’ltfﬁg %ﬁck%gsst I?'ﬁe QE&%QH&m&W&& 'fgpex\é\’}nk)le &%QH? rﬁately

readi |y apparent to those of i nar In t rt
500.0 Zefgsteamsragd B el (hiynastiems. flo piader Agbadiément, Itl@br@ﬁe@ewep@qmna method

oot BEIRERAENNERVoREl i A BRI AR

inventifhi gilirbecdine thdre sdadlbftaesaralt 6x thexs-of erdinpryrskilll ivthewrt efter sy ing the

followi{t%geé%%? escrlﬁchon a%(? er%é(pagy aﬁrzral POl ar transistor prior

cat’i on Kén to I mpl ement an
enbodi nent of the present invention. Figure 2 shows a
flowhart illustrating the steps taken to inplenment an
enbodi nent of the 5 present invention. Figure 3A
illustrates a cross-sectional view, which includes a
portion of a wafer processed according to an
enbodi ment of the invention, corresponding to a
certain step of the flowhart of Figure 2. Figure 3B
illustrates a cross-sectional view, which includes a
portion of a wafer processed 10 according to an
enbodi ment of the invention, corresponding to a
certain step of the flowhart of Figure
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2. Figure 3Cillustrates a cross-sectional view, which
i ncludes a portion of a wafer processed accordi ng to 3
WO 2004HBHA? nent of the invention, correspondi ng R/§52004/008051
certain step of the flowchart of Figure 2. 15 Figure
3D i1l ustral egefehSERAATONI Y pRAWIRLD | ncl udes
a portion of 0 an
eRigodi InBindrawes a tls-searivasitvieonof soe pbpteadien gf 4ncex@mplary bipolar
. certain s ep. of . the flowchart of Fi qure .. 2. Figure 3
transisto PR} %ﬁpﬁe'% gt %%‘F%Se@ief‘é%'glp"i’/‘?eéw \R}‘I’P‘&'H‘ef“r?él"%d’é%“”ﬁ invention.
PBiglleQ3heds aflovadhert ilpsetiag & dtepa@kanrté infj@enient ANembodiment of the
enbodi ment of the invention, corresponding to a
presen’8f4Ph step of the flowchart of Figure 20 2. Figure
Fighde 3USTIsAhRSa SroSIeaRNAGLW, MRRh incl¥s 5 i bria Wakdd R %essed
a portion of a wafer processed according to an
accord BEHHAT SRDSEIMSPL qf ke IpYRRHOR: F?ffﬁsp%\émgé%bﬁﬁﬁ‘ai"ﬁ&m%lha flowchart of Figure
2. certain step of the flowhart of Figure 2. Figure 3G
illustrates a cross-sectional view, which includes a
pOBYE 8B ilfstrafes fofres-Sentignd g swe whish ietudesdi negion©f aprafer processed
SREROHN HRRkinih: I AR ihUESH, L@RspdhBing &PPRRGH IGp bPhE flowchart of Fi
aceer 'cg?{]%i n st'ep of the fl ovvcha?% oan%Sgur e 2° F[i gucr“c‘éC §r|§|0 e
2. illustrates a cross-sectional view, which includes a

' . f , sed. ;. '
glgnl%%rg IQE uﬂfsuﬁ?s%&'é-.spcﬁﬁﬁaﬁé@, whigfr %Q{ugo.l,squo r{lg)nt%ga gafer processed

nent o e invention, correspondi
accordipg rat ami embsdiepntof thehievehliowohesonding Fi guertain s@p oBiBe Fowguar of Figure
2 31 illustrates a cross-sectional view, which includes
' a portion of a wafer processed according to an
efipoe BDalihtstrgés 4 dvessisenviendl view, whioll inelspangionignbba &afer processed
et B PSR Ly RN AP S ot e
2. portion of a wafer processed according to an

odi t._of the inventi.on, carresponding to a

e R bt st ARl R g AR B 5 Pytorprpegssed
accordiBgtol anletbbdimti@f the GivestionS@Lietpondihg Wi aattainkteLF theftdwitl&rsof Figure
» a portion of a wafer processed -4 WO 2004/107409
’ PCT/ US2004/ 008051 according to an enbodi nent of the

| MMROBF DMdstra®hlcRIPHAGHNADViIED, vehidhahdidieN a pdrigh 6ffa vidf& processed

flowhart of Fiqure 2. -5 V\D(¥004/ 107409 )
accordup&fwawg%%w%gég\i invention, corresponding to a certatn step of the flowchart of Figure

2.

Figure 3G illustrates a cross-sectional view, which includes a portion of a wafer processed
according to an embodiment of the invention, corresponding to a certain step of the flowchart of Figure
2.

Figure 3H illustrates a cross-sectional view, which includes a portion of a wafer processed
according to an embodiment of the invention, corresponding to a certain step of the flowchart of Figure
2.

Figure 31 illustrates a cross-sectional view, which includes a portion of a wafer processed
according to an embodiment of the invention, corresponding to a certain step of the flowchart of Figure
2.

Figure 3J illustrates a cross-sectional view, which includes a portion of a wafer processed
according to an embodiment of the invention, corresponding to a certain step of the flowchart of Figure

2.

Figure 3K illustrates a cross-sectional view, which includes a portion of a wafer processed



DETAILED DESCRI PTI ON OF THE | NVENTI ON The present
vention is directed to nethod for fabricatin

a
‘VQéWFHQ?W§ned bi pol ar transistor having incre US2004/008051
manuf acturability and rel ated structure. The follow ng

accora?l’?&sttg h Qrtnl)(s)(frgg{g ﬁ% tﬁ% milﬁrﬁgﬁ Cclo]lc;]rles%orr\(}elrgétﬁra@ z{lr? ntf,? ?f:{ eai‘la%Véﬂng of Figure

2. skilled in the art will 5 recognize that the present
i nvention may be inplenmented in a manner different
fromthat specifically discussed in the present
application. Mreover, sone of the specific details of
the invention are not discussed in order to not
obscure the invention. The specific details not
described in the present application are within the
know edge of a person of ordinary skill in the art.
The drawi ngs in the present application and their
acconpanyi ng detailed description are 10 directed to
nerely exenplary enbodi nents of the invention. To
mai ntain brevity, other enbodinents of the invention
whi ch use the principles of the present invention are
not specifically described in the present application
and are not specifically illustrated by the present
draw ngs. Exanples of sone of the materials and
processes discussed in the present application are
di sclosed in a pending related United States patent
application entitled "Method for Fabricating a
Self-Aligned Emtter in a Bipolar 15 Transistor,"
Serial No. 091721, 344, filed Novenmber 22, 2000, issued
as U. S. patent nunber 6,534,372, and assigned to the
assi gnee of the present application. The disclosure in
that application is hereby incorporated fully by
reference into the present application. Figure 1 shows
exenpl ary structure 100, which is utilized to describe
the present invention. Certain details and features
have been left out of Figure 1, which are apparent to
a person of ordinary 20 skill in the art. Structure
100 includes collector 102 and base 120 for a bi pol ar
transi stor. The present invention applies, in general,
to any bipolar transistor, including a heterojunction
bi pol ar transistor ("HBT"). For exanple, the present
i nvention applies to NPN or PNP HBTs conpri sing
silicon, silicon-germanium gallium arsenide, or
other materials. In particular, the present invention
applies to silicon-germni um carbon HBTs where carbon
is used as a diffusion suppressant. However, the 25
present application nmakes specific reference to a
silicon-germani um ("Si Ge") NPN bi pol ar transistor as
an aid to descri be an enbodi ment of the present
invention. In the present enbodinent, collector 102 is
N-type single crystal silicon that can be formed using
a dopant diffusion process in a manner known in the
art. In the present enbodi nent, base 120 is P-type
Si Ge single crystal that m ght be deposited
epitaxially in a | ow pressure chem cal vapor
deposition ("LPCVD') process. Base 120 may be 30
i npl anted with boron ions to achieve the
af orenenti oned P-type doping. As seen in Figure 1,
base 120 is situated on top of, and fornms a junction
with, collector 102. In the present enbodi nent, base
contact 122 is polycrystalline SiGe that nay be
deposited epitaxially in a LPCVD process. Base 120 and

base s
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contact 122 connect with each other at interface 124
bet ween the contact polycrystalline material and the
WOyl e crystal material. Base 120 has a ?&H“BNWHMBO“
surface 126. 35 As seen in Figure 1, buried |ayer 106,
whi ch is CO"I‘SE‘%%‘?QEBZDT&JCRHQ@SN@# %F{FqNVE'ﬂT?ONl tis
relatively formed in
sThel mesantsudgstioras dirckGd to metaommabncalnng)uvselﬁ Eﬂlghhﬁblpolﬁ‘ tM@3istor
having%%ge%ée%%aggécot nhgsa?hgcr)él NE rct)x?l%re mgf Eorlllogfng degc%]{)%(?wataw specific
mformﬂioﬁfpusmmmg tofthehememeytanm}mimmxsame:d/eﬁkﬁm.arﬂns skir@mntciheart will
e of collector r 108 down to hburied | ayer
recosniionl i prPaenl Rigyen oo MaRERYSRIA T BB LtreR T Rbspecitical
discussddi, thqyfreséhthpplicaliénv M&rsh &t, db16€orahesptdifi€ @dtaiD at IN@W ehticdaEte not
collector 102 through burjed |ayer 106 and _col | ector

discusseq ijoEter gt phscye Hﬁl'“"é&‘f%‘r TE‘E)fﬂe&'&'f detifsenopdnseribeg i the present

applicafé 4@ Githih $he@bwRd S 1 \Wpeisth dfloddifRy it indReRe. t renches 112
and field oxide isolation regions 114, 115, and 116

ey dFeingg dhibe SEEEb AP tioR Bt ?'D%C%Pf’(“ﬂi"eﬂ?‘a'l*ﬁdtdéi*q”a!m" are

dlrecte@lﬁdne?élf ef(Qﬁ[ﬂﬁ?l el'nﬂocﬁmémsrm%e iKRAWEh. 119, r;nnﬁtalﬂrb}evn%%r embodiments
trenches 112 and field oxide isolation regions

of the inveationgritichiuse thepavsiples of teecaresertanventa asg 0a mpefcrf@myoctemwed in the
present?ﬁﬁ“c&?o?l and! aé'nu s‘é@@ﬂéHPﬁMt e b}%ﬁr&g@rdﬁ{h?e %%8&@ Jf Qome of

Thus, Figure 1 s
the matgrrpdd and esbcyevehsahssqke'amﬁrmeerangbl@@trqo@memn@smsed peadifigetated

United g?gkaﬁé?!zerﬁgaqp}hcﬁ%ﬁ'e%&d 5lh§? ?Olt{?%":g“ﬁ SesfoAlé%r(f?mn%r in aq31po)ar

ter conprise
Transis®r, I Bgah Nakﬁ?(/@lﬁaséll@mvelﬁbfg@ﬂezozﬂ showsasﬂl Swetear tunidery,534,372,

and assi\g’?édf tﬁ th% a§sc|; rnle? gts th se%{ epgﬁ'datlo Cclﬁ'h%lsclgsure m%‘a‘? appm?auon mshereby

Sent 1 Aven rocessing o
incorpowaefdefnlmlhabfetenoal xutdelse mésemeb;urceuoboo Certain details and

p%'ar e%%wg h)?anlaéf sqrgxﬁJu lt()OO tl(hh LI uIllleH\fqha%scnb% ﬁ-n% pf;jle?%ant nr}.ygrfhon

Certain dxtaifsping feaa:rcsmerr myleﬂoneafﬁguceﬂ mheh are appdarent SLSr@p 8 @fiinary

skill in 128 X% E ::lugzltu;{% le drﬁ ciud%gfoagcto Zlg)g F(ﬂg b%{ fgggbigﬁ‘éretgagfaiétar I’lﬁ\% present

inventidhlapptehdn gern220 t@dng bipoldr Ilr@rlsenii' ihdudikesSCiietdagur@rien bipolar transistor

w K odi nent of the resent

e § SR s prest SRR appish BREN e e BB S appaising svicon,

silicon-ghrrhireure phallilimaiRehide S ombrawdterials I paprduharthe ptédnt ihdeniidh applies to
noted that t rocessin S own in flowhart 200

siticon G4 Bt PO PO LE VT GhatoBi S b R GhoRrts oy Bl wavas. he

present hgplib AR tnaRdsIsPacifitriBfe e (6 HQMang@rrﬂnM €Silse”) MPN bipolar transnstor as

particular, the wafer 20 includes top surface 15

an aid (qydestribg 30 eBHORF A 16 Prsient BYEGen. o e fresens Fmé‘éf’r&'ﬁﬁ'i‘sfé’ﬂecﬁif 102 is

N-type RAIGYYa 5ifbdnl (AR cardhd fbﬁﬁéﬁ ’us@% £ Boafl B IsRA phie@%n a manner known in
pol ysilicon" or sinp isto take place 1 n an

- theart. 'refhfr Pregant ¢phodtsent. @ﬁﬁéﬁ?% P*tynree%e pingle cmiesal thay mighg be depasited

epltaxnaﬁ)t In4GhwL F‘es&:@@ch@%ncla:l' \Q%r%e&Atnﬁn@‘\@C@DppﬁrBéegﬁ Bke 120 ma g

st ructure 100 of gure . Base and tOp surf
implantegpgthgforagy i 'P'l‘ﬁd? a%‘rvw@ a&xeﬂeghw,ﬁ Prtypeslomuet 4% eee@OFigge 1, base 120

is s:luatf?ﬁﬁq p?’gfoar@r}grms%Zurtc?Qn §Hl|; g’%@to?’ ﬁﬁés gn?! g?egén't XrﬁlLt%hmé: g Ease contact

et Y, eat ures suc e cont act
122is p@lmreqta‘lh@eslqeﬂ:at e Healepasited kP Raxidhiol it ®UPC AR @rocds96Base 120 and base

contact .2| c'()cr%@l ﬁn}l”)%&( QIB(? ngerfa&ollzli %gtgv%n tﬁé &lﬁ%ct p:log%rystal?mg material and

ren
the base single crystal material. Base 120 has a top surface 126.

As seen in Figure 1, buried layer 106, which is composed of N+ type material, i.e. it is

relatively heavily doped N-type material, is formed in silicon substrate 107 in a manner known in the
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oxi de regions 114, 115, and 116, are not shown in
étructure 300. Structure 300 thus shows the portion

POU A%, i ncl uding top surface 326 of base 3ET/USHH04/008051
which the formation of an emtter conprlsed of N type

art. CQ@C ?ErxﬁetrEfbé Lal3& eértsgcp&’ N-Fc‘tgé m!it@tkaq o?r%g“dftgdﬁn enrgftheavrly

ow openi ng, ore SSI Ng
concera@tﬁdrd@rpfmgs fragn tbﬁeuréenbgfohonm sinkertlh& dowwemnnahlageln @06) Buiied layer

f art

106, afgh%%ﬁ g(\gl\léecépp nl% Il(ggh 9%?% %'bw rest ancg 8 ]g%truéal B?tg\g%yséqr?@glecmr 102

through bheped7@r 96 zfrtd@mldﬁn@r $ini2Q 008 Rafcellacion gorttzm fthegiolieSor3butact is not
St ructures

shown J9pigiig ) Bhepfencidl 1 25 8l guise vafipon i Lhselsiang e ve

compodd df silit@t diotite(SI@$ thterigdanprt fodmsd MG, maRerSnbWE tith€ar 00sep

72, 274, .27 282, 284, 286
renchh 2S00 oF T QU ea36 bt 144 g0 LiSmrongieiaricatigngion fom oiver
deviceS 6 sifion SMRIPL 07 HtamkiheHkAodT A (RUANSTHSS, TRkt §099fhat structure 100

after 8?0 essrqgﬁste 270, structure 372 shows
includegspyseq! ffPRres 37t upnoRs S Hed Brfrespily tensideraps 27, prignie formation

of an eﬁﬁltefr @d&ﬁﬂhsed c?f M@pg 9&9‘&)]5@7!4\@9:!:?&—%5@2&9&1 408051
tinuing wt 270 in Figure 2 and structure 370
ﬁ'gweﬁaf’%wssf@%fféﬁoozVb'%f'eSf'r"tf 4ieps. 200rdingrip phesrapodiment of the
tflﬁvfe'm&d M@ bros@Sihg b L Aér R R 1ud SEerBif i r
presenI ayer 304[ oEr to gsur f acer t324 lcl)]f g%ggéggéég% @engleoqg‘ 'Sband features
have beeg rﬁff oud gEflowphart AQ) thatgeeppareny Iompes09 of dridinkrylskit én the git.oFer
m 1St O 1 1 l OSt
om0 SHLLLD DRSS BN it BRI ) B
"mmﬂﬁ%PW@PYQt%WPP%e 5 silicon, which may be deposited over
b@% 295 'tlgguéha}’.‘éﬁ E)n\;\ilﬁ:gl?% pyfhogggzlrn 509 '&fev %R%{eﬁptg raescnlt)e oq\g embodiment of
the prevot rytqnyére @ther erebodintentsohthe svegod may uorm senmefemmrrtomhose shown
in ﬂow&ﬂﬁ 2'06Vﬁn}r{o% tha‘tJ Ft%?)hdcpsgtq @t%s%hodgf in f;rsovn)gﬁarr]t 508 are p orme Xa
rial that |8 suita

'layer of mate or accurat
wafer, whith, @ripi tagtep 27V h gnchrdegsitro¢toned 8k shomndn Figure pafrnt ;mrtmuhag the wafer
rcrE% Rplegugs i tabl e. materi.a
include %‘por a?y gﬁ;eé?ebﬁo;dﬁ ﬁr‘%{cg}&gﬁat?éj n. of %n emrétgrr €o, E;"feg|°ff grtrystallme
silicon, QBQ refwhqdarh ag spobtrbrtm;d oaimply pPwalyot |stt(0taf«m‘lmatm ort'etiftteAWindow
openin Mmtter at a later step 10 in the process. To provide
jreater control and to achieve the smallest possible
Rufdrting nom mtﬁrgurfafm istruaug$ BROCAS | Iﬂ,garecbﬂa.thowga pErARCEf)strli@yr€ 100 of
osi ti ver
Figure £ B8 120 P P RS 2P 8L Bt DT et rvyrs A0 proggg anc
top surfpmi%%ﬂ)eww:ly rﬁhmm;rleﬁy Sther fe@tire@MBAE Rise ARGl 127 ShteBRE 124,

nitrid 0
cotlecsof 2 B SR R o lsyiblase AR TP el im0t renes 1R eand fei
oxide re!gfons aos, i113,@ahdil lépﬂ‘éhot sB@.ﬁt rﬁ&iﬁudﬂﬁe 3600 rStra @R BLHE thub@oWE 8RR portion
; %Err oxi mat el % 5 g ) 3 00.0 Angstrons. 15 As seen
of a waighinglyding [op spifacg 344 0 r?@g"t  erhichihe iQemationptasemites compiised of N-

type po@fryitﬁ]ﬁneeﬂi&nh @0 Bke pIBR iPhPGhiAr wihdoASheRhS befoRPiELssfhg the wafer
result of the sequence of steps according to one

accmd*%&fﬁear srahpdingant pfibe 'ﬂ}‘f‘éé%ﬂﬁho“’t‘ MM sh200BA Bigus:e; deparigpdar,
structur888h meyﬁp&somrrmeaf&@e@aéﬁoc%&%éQ!té[; bASot S it

used to form _sacrificial §$s . Base oxi de layer
Boleringro Esiss BASEBE TORECKE. €, 3NHLGH andyKperugloyse 870, 872, 374,

376, 378, @8@ 38@I R RsCHARAE Ak stFARE @l \rgpr%mﬂﬁp&%tjt:wa 300, sieps 270,
S 2 process (also referred to as "PECVD o

272,27 276 278 80, 282, 284, 286, and 288 of flowchart 200 of Figure 2, respectrvely For

example, structure 370 shows structure 300 after processing step 270, structure 372 shows structure

370 after the processing of step 272, and so forth.
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20 in the present application), for exanple. In one
enbodi nent, base oxide |layer 312 has a thickness of
WQpra%iHht el y 80.0 Angstroms. | n one embodi meMCT/US260/008051

base regions 310 may be lightly doped by ion

[ he_.resi,st anc
| ?ﬁﬁ%gﬁ\gé\!@gt szé %u%lre ne(f:sﬁ)oﬁtuEer%{) g‘hli“ 5ll!ﬂr‘8 ée&ﬁ%ﬂa? flowchart
200 compnisel Glepielnfaoomdactrhltmumst MS)@erd)akdi&ldeaMef 3@, top?tﬁlﬁace 324 of
ost 302 .as t. 1s.noted that

base 3%)233568 fco[npmﬁ%gglbné 'Crbéﬁe rsﬂgn @Olnkbaset ﬁaxgns 310, and extrinsic base

reglon§£|2f Sadrifigiaegtist szaﬁaylbs forhlh@b)d@{mle%g%ﬁd kichikg DaS& of B&ly&%llme
is 25 defin e edge of sacr|f|C|aI post 302,

silicon WHC‘HB%VS SlPOSHE %Vﬁagaéﬁmt'ﬁf‘e‘a f Phpesiemisal wpoiseasitige k' CVD), as
known IfBe art.eAHhdugP bolSéreali?néQilRbn § lueWGH Bhd endfdBinledt of the invention
illustrated b% structure 370 in Figure 3B. Referring
describphhess, dhjs prmifestihatiapy fager of mpterial that)tssuffabledraceuratepagigiméng using a
photonﬁﬁ ordthed pRRrntngaehiqhds Mg BRLLed2 98 suid@ble ARfALMEBms! a%é‘v\?ﬁrary layer
di el ectric such as silicon oxide is deposited over
of mates'a?em saceifigipl gesist0230tich ik gichedawanpties, to Eirinptivore! axérdderaamlater step
in the pbcﬁesqeﬁgﬂ'c;vﬁg gﬂ:rateL %Ntr&l%%&h.‘é&@th@ﬂﬂ Qgt%a?su{le en\“lﬁérr&gdtﬁ anti-
process. O deposited cont
reflecmsq qOPtmr( ‘BORE déaxesw@tﬂc hedepbaidie oventhé bwmoap@mrystadifne oilit@hebefore
I e n t he
patterFRBERFta Caﬁﬁz%og (\)Jé:g ggot%ggggl ggrseﬁérﬁpnga,g%é gager da@b' gge Loffpgsed of
silicon oyynitiidte Inpnd anﬁodmsp'aexaﬁsia)@tlméan@ Bl et Bledeightof bazdificial post
r nd 316 can be
302cm?ﬁ@%r85%1l Q%QE%V?BBFSQF y e?éﬂ?%& ‘%éﬁg%ﬂ§ornal | ayer
ofs sseml etoow s@xificiel post widgth 308 tdeomiinee the asdttl oethe braiftkr, of ghe®ipolar

The edge positi,ons of |ink spacers
eansis fopie a5 s pes iy i e Seen B B0 RedaR R e st B G pigpent
inventic®X Bakesiide IMszirpegAem Sarﬁa'kQ fo t&&@33ﬂ)&ﬁ1ﬁhgﬂhlﬁ edh.b%' ufe® &I foh

he .conf or,mal . . si

Ll
sacnfncna{goat%?s lB e ox;_dte (Sz}yerﬁgﬁ é%’b‘f?"t&’é’éﬁé"'c?ﬂ 8xlﬂee|wd]|ﬁh gy bF p?ﬂgsnted ina
plasma-sfhased $hé3ﬂ|dal aﬁ\:d)r 3dpositiany(* bEC‘(ZDWt[fr@:lelstso fefefred to8s V@CVD ox|de

740 US20Q-t/ 0080 t he hei
i the PECHED (PR e 303 RPPRImeDS hige Bdi et b s dhess o
approxidhiBly30® Atk [ ¥id dnibSilithelMARik FaShe SiBSs ﬁ@&a@b@h%ﬂﬁp @6bed by ion
[ [ ion tor duce the resistance o

) b¥?|on |QEIan Fg

lmplantg f9 ?fg'i‘c(? cnrof ¢ a{eélﬁtgncg P lmk-[tﬁxée EGANS 37}'81 Thg igp jrppientation doping

can be pdAQInRRG IS EH ba&&ﬁidefldy@rl 34, 910 Hbes IRAifidApsd IO aSPAGR! % isScfed that
and 316 as a_mask. Thus, doping of extrinsic base

doping ?fé'gk B regiops 310 s, by pelfzAligpidettat isithrcloping of bnkiestgegigns 310 is

defined emes@% &&&hh&%l Post>83 Ganll B&Hs (F\Btsdegélr% oh SheBEARGH ofWphbdfask. The
acers 314 and and does not depen

(0]
result oféﬁptzﬁ%%ﬂlqwgchﬁré 0 ig fllugirgind by steasiee 3Y%in Figwse ¥ht at i on of
memn@% GePBR6n PRI %%meml ih Fighft Fee a\étebm?&%@cﬁn 200,

| anted regions 318 within extrinsic base’ regions
a conforsm ayer Af @electantyslipriliven oxifiels depsaited ouerserrifiiaf pasti02. For

f
oy TR RS 31 SR8y L P By

depositef] cpnfermahlapad Obgﬂh@mromdt: isr etc@ADack’ 0o Pomaipain phayideispdeerstieplink

spacers ?1 4A5n!1 glfi Ig\#”r%t@e % ?ctkr grg%éig Eor?' % grolrfrg sg é%?% 504e?utméd§é>f link

spacers 3181 adéﬁtr’sanrt eido evted aARC Hoayﬂmp&OBnlmpaaa;cmeamct.’. lalcarpﬁbs‘brmed by

ssonog B RERSET R 93y S A LB B0,

CF,/CHEj ekdhC Ghe edgeqbesnhons odmp@;sa&:emn finde3 116 \gphc}dﬂﬂfdeteymﬁé & BBundaries
m cal gp.? are deg(r)n% by corgtrowgp&a\;{osu) 1on thlclln%.ps olf fc’he %(l)nsfgrmal

of extrin?igE%sF Fegipns

silicon oxide layer prior to etch back. The height of link spacers 314 and 316 may be controlled, for

8-
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as "HDPCVD oxi de" in the present application. Initia
t hi ckness 323 of confornmal oxide |ayer 322 can 15 be
WABPHOWRTH8t el y 430.0 Angstrons, for exanpl e. ByPCT/US2004/008051
utilizing HDPCVD oxide to form confornmal oxide |ayer
exampé by thlhEisfl GIERcl WEMUp0N acTi eves a dense layer of
reater resistance to a

S u*f&eqmesmcqwﬁliemi Btéeare fI)InBﬂheM&ﬁsucﬁﬁa@dﬂreﬁlbeB 12 are doped by ion
rising PECVD

nmplar():tgtPoa 3 Fe:dl?c%e}‘)e resngfncg nPe trg{))éllrc gﬁflr‘fgy RZ? nf’éeslg’htmm?{%'ﬁ? peping uses
sacnﬁaﬁl'po@t\/lés afd Bl sfpa(&Psl el Dicpeh atask. 'BHIS, AL @XM base regions
312 q¥qnt%ges tmat are di scussed in detail _bel ow
SRet 318y o EF%?%" FEPOsthiR NS Bpse regions A ispipfinagiby sty edge of
link spab@y\&Nant 326)And Goek hbtléepend b the ANgrdtdnbiGilalPhBromask. Ion implantation of
Continuing. with step 276 in Figure 2 and structure 376
extringi,bs¢ £5B10RS P 3ig resylts ey Ty foped P - T hfeBionp I, within extrinsic base

region§ 3F2, i1h bd @hboRInRARtHe ZbpGt hsRY %rfoﬁzﬂhﬂlﬁtééq &{St?’?rg C'Q\\{)%rboron
confornmal oxide I%yer 322. In the presen odi ment

Referring i Figyre 35} the resplsefistep 962 Pfa(whaszapou '%l”@l&fmﬁélbl}'eduquveﬁﬁ
c @Bﬁtﬂu[@lwﬁ){skeﬁQﬂt WG LurS2 gnd%?rh&@re%?lz )‘(?Llﬂ%urg ADPLi Y&F 574 of flowchart

Sacrificial anarizing | ayer
200, confpranabaxidsi 'mgr 3%ripferosited byer@c?& layeg 390G saf:refatlaj pes 3®%5 liok spacers

314 angggil ceéfr'nﬁsjfo f%r?%ﬁ é?%ﬁf%a&t%ﬁﬁ ﬁFBr’lfy\Rﬁﬁ @Idé)’rg%?\r) 3 2anacgrgpn&e snlfcon oxide

depositefjirckkigh denaity plggmafchereitad wmk dWShOId@ED@CVDéBMMOGSS atdoosferred to

as Hlﬁg‘t\ﬁf‘g)ﬂbg ucflhgl heQQ\(%}pé)zga%ggnﬁm mkckg’ s? gg dcf cor%lf g?’i %%ﬁyjr 322 can

exanpl e, S sacriticial
be applogipeate\3939.CoAmegstraras Farfekapipdd. fposruxz-ag)Eumvcb@udebetfmeanformal

. stro 2500. 0
oxide lﬁepg?%( ghg?'eg% d mggr% on ag}levei ih enfeh aye ﬁfo ogé(ﬁe ga §§}B¥fsfgiree eéTesmtance to
a subsquam preiepiitteg clean/ et e@h haov eonvelﬁ@pﬂ fcoffeball bede Rfer compnsm g PECVD

. h
oxide, §otr ﬁ%}ﬂe %\sgﬁ §§ult tHg%ras%ﬁanelnu q(a%lnﬁveéélrsglpal(%ﬁﬁkngolar transnstor having

sacrifrei al post
advant@ggpm@barmtceksyd 0ftad btiow3 BeforrDg AnEigiire GDBthe FesuledfBiep 274 of
t.e e di e height of sacrificial post
ﬂowm%bg&) T '”ug al?e%% é{s'l'gtrt} %%odi nment, the above
@nbrmnang with gep preap €igube 2e0B staictued3 18yin FiGrel 38, Gd s&b 276 of flowchart
324 oc gﬁrs as_a result of_th

200, saE)rnfaCIfﬁl Tnanzglééz}yx?e 24. 'sa‘fepfﬂ" N %nﬁ)gnlalévéi[e l@gr‘ngmlﬁ)(lhf Rrgsent

embodmdt tdaef«éizp Iplhnﬁh‘kn’gr 1DRESB! |H&dpb§lt§@dvefr Gorfi@RfABdAide layer 322 using a spin-

I.C iLn er, 324. For exanple, the
on proc s SPirR DA PNE Rt 38 S 5 Pl B, bropns By RAinG B feaures
of strudtﬂiSB7d’1a)éB aﬁﬁcﬂlc&uﬁﬁdt 024wt ik $pavery3 SIGAS 316/ iRy, AR bRviding a
erial to fIOM/durln the spi n-on_process

thickerGEINE DG BSPUPET ey FF 588 TS 107 g higpesers 314 and
316. FedAampl® tMERR QB8 SOLAGR P QIAaH%%Q %ér@@a Qoek sacﬁﬂEIEI' Jokt%b?l:an be

Ianar|2|n8 | ayer 324 can be an organic materi al

betwee%eﬁpﬁxrrgqt Of@gstmﬁm @prqgapq%hZSOO%Vmgél@@pﬁ I@);((yng-gqt} the

thickne & s&ﬂﬁ@al%@a‘ﬂ%ﬁg lay'ep3%eled1p&gl‘e%% of AL j?ﬁ | @ as the regions
pl anari zing | ayer 324 can conprise an organic

outside ghthe pachificial pagtiandite link waessmtan me(toxnmnteMQO B tEHAP fremggstroms or
&A% Hbdeh@ihgb

e o SR B S0P S TR v

“planarizigg eprogywy exlybisedtby sacrifipial phananiing. laxsf Btaccwe aa:a)raiultmg the material

ificta P&
sacrific agﬁfye rarlzdéé"lagégﬁzlgmgﬂns%?g% trll]le gﬁ:‘? méllt] rlogés?ln ﬁgc?fg?rlrﬁglosb éa%nflcml
planarizggdeysi $24d Foyexamplevthpwnatatial mnmwmsuzmma)&u&m comprises must have
e ok gapi C nater | e .
a suffic %@qg\b OFEg}Sg% {ﬁ)ggabq lﬁg gh?tterg % Itoctr cgrva ?unng atle spin c*nlp(s%e%&ﬁty)ze? joffeposit
sacrificipli pdgnafizeg layee824f structure 376
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and collect in deeper regions of structure 376.
Referring to Figure 3E the result of step 276 of
““?F@ﬁ%ﬂﬂ?? 200 is illustrated by structure 376FPCH{US2004/008051
Cbntan|ng with step 278 |n Flgure 2 and structure 378

gac&uélgfééﬁ%n% 2m%}a§%rc3r%lgf nclfe aIn Ofﬁaglﬁg}a e£||a| cgnnpgvgg; q%féaraﬂa carbon,
hydrogm ctxygﬂh amdrsd@mﬂmaetﬁl figond 8Abédimerd BhdrFicREMandniz iR 34e3HA.can
330 conpr i ses

comprishat GRS BT S e Erer BARh A PHTHOCL RSBl e narizing
layer 3CORRY tEranat (hgzi’méruhtbr&b |tlﬁt mwhe Edcﬁhc:ﬂ%ldn&a%ﬁ?!‘é&br BY4 @ act as an
Qerson of ordi %%% in the art. As described
anti-reilgc¥ecoalngdpyeri iogF eBPARMt ARsiticl bR uarigng laypro\g gesbesn organic
materidl fHahmhplyedep & tedTBbt &1 dvaporatiba pR&k. AGEH dnholiRhenP ‘H?etde%ged organic
and a thicker layer of material over deeper regions of
material may, bt Pagsd Srgusdfacietic marerl fdlaypawafonshigh feares obstructure 376
d col ldaLiR.de&pa} febiBhs JHsHELQWYe OPE RAG,
o COt han teﬁjeg} dlklstsancse bgtvveen thli{ag [glﬁhgl‘?%% g%g%;s%ﬁo?gtﬁﬁﬁ
flowcharpd{0dp dlugmsedddtractge 3y6.e. wi dt h 340, since sacrificia
4 , i osed
PO, s MK SRREELR 20 FLRILIY (1 RO RS
200, mepk Speis depastiedomssagsificial plavariaing 1373 2diand emigeravindqv oeeint; 830 is

patternQiym Sk ﬁ'@)' cfrl)(gxa pl' ?Q/n?{emggdqugﬁ %als@h rﬁﬁ]\{)lrlggg)hgée{resisl. In another

sacrificial pl'anarizing 'l'aye
embodigrehip duasmﬁﬂ Mag gPproprése angtil @wtablp emlengl agistknbwB8 8B a patona ordinary

skill in h%Sdﬁ 6 }gféegtag?vers#a%ﬂﬁclsié] g&ag?nszl ?%'er Cpgtivb .ets \.%ﬁ'ﬁlg !agu‘l;r%ématerial
over sacprfesiépmt B(]Mdhlddckedlaﬁs oﬁ(mhtell’ 2 quslr H&p&d@@'&nsﬁ’zﬁﬁn&iﬂﬂe 3B%adjacent to

tt i.ndow . b t uat ed
i S STLIL B BSCAESL B 2055 L Ol e

betweerS(haﬁﬂﬁlﬁe aipés amik 3Bers am arﬂm& Q6! witihe3 40 e;gic@ BacBficial post 302 and
s 314 and 316 during

link spa%ér}sjkl ié{] ad\g %tlg’ zv%l l?eeeggc?stg{i] gﬁgdun?g tﬁ)siqx‘lgntﬁ}cggng Rfocess. while deeper
regions efidmdiurel T8 wﬂihﬁantahi prieasbbydRSthidkersaer dffnha&irlai provuded by sacrificial

lana {) narééJQ% r 324 is.decreased to a
prananang e PreTpP R BT 1 ‘b°Pﬁ\H'g§tWr"8'Fr§38 %ﬁﬂé?e less than width
340, i.eph€dieaice bavwead meamadyaigtﬁgmugiayermhlaﬁ& @g. i ncreased
%JeX|b|I|t in the width of emtter w ndow openjng
445, thepprrsent jinyention dogs Nah regpiresdgds Séf and g3q e&vmsrewmﬁfgv opening

332 to teRadate@@dNe Rk Fpdders SU 4dC316EdpYeciv@l, 36 chat h‘ﬁ( s?ﬁc%?seﬁh and 316 can
i nvention advantageousk¥ achi eves an ter w ndow
protect (5 EgloR §f Bvature Y bereath link spaeir SH wd e e Selpguent eiching steps

In the pRbdnYERIAIMEAE GHIhR&kNess BB &tskl'?l?lcn‘é\ﬂﬁﬂ§n|2|@a§él} k34 i@ﬁl&creased toa
di mensi on control of emtter wi ndow opening 3

minimal thickpeaspf apPreximaelyrl 0G0 deswronsehs presend lmennore@santgeously achieves
increaseb MIEXiSABSH theMAGS %V@rﬁmera\pnﬁm oﬁenﬁ §§ZC hﬁ)'ug R)fv d';%gm emitter

present i nventi on, i f the cente of emt
WlndOW@p@m&fgatsazbq @aqq@vfﬂpneatbelprlgy tlzel firgeres dn v tion atimtagemsle achidves an

emitter éﬁ\{i&b Bﬂ)e?nln thaP gglre%q%mnﬁhcﬂmgr%%“!\ltah&]g grnn v\ﬂl %lpa@gﬂ[nrot e évgrds

create undesir evice propertie
critical dimensfoaconirol aigenyiiter|vdndoRorpesrg@di2) igtelaaikapinit®b wirdew opening width
338 is ikleSagnt i nvention's technique, msalignnment of the
s e%er of emtter w ndow opening 332 and the center

Morepagr dbbént ihaltecpuigte GO ramt datsenadge cads oOémﬂ@kgﬁnaﬁﬁ

. miter do nin
ovening 30 F lrisg spPeIBBR 0e08 o e v tgmsipg nisenmen
can createlvedairaide diyv propardd, fvhizh ain raﬁfﬁ& maidiZactuiinf $181dC For &xa@ple Sabsent
undesi .rabl e devi ce prgpert
the present lnventlon s technique, misalignmient of the center of emitter window opening 332 and the

center of sacrificial post 302 can cause edge 334 or edge 336 of emitter window opening 332 to be
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and cause decreased manufacturing yield. However,
according to the present invention, the wdth of
woerneyw7408 ndow openi ng 332 can be increased  PCT/US2004/008051
sufficiently to accormodate alignnment error between
the center of emtter w ndow opening 332 and the
situateddnp glpsedp the Jep 2pqe Sagrifigigkrosstyd, whiplcan craqte updasiselrie deyice properties

-and cénﬁé’@&?e‘a% AR YiSS: ﬁel@' ﬂ@\l‘/@%r ta&%ﬂﬁr‘gstg He phéé[rh r}g/entlon the width of

i mproved manuf acturability, which advantageously
emittar adRdowPPEHNG ?ﬁ?rcé'ab@cﬂ”ﬁ@ﬁdjM@ftlaﬁiynfgaoypremadatﬁy'gnmem error between the
centemf@hmeﬂvnlgo&lg lﬁ{ﬂécr : (?’c?f%e ?gnté %Fga %ﬂé&ilﬁéﬂ Bb?nﬁ Zthen;gresent

| ayer 324 ove |C|a rOV|d
mventwfafch'evee Atbipplay mrgétoemvnrtgempwvcrﬂmwmembrdgy wmmivatnkageously

,esu;tp,ht?,?c?g},gedl,,I;L,\/,gfg];tb,q,(% @QQI eves an emtter w ndow opening

I'S practica sel f-aligning over sacrificial
pd¥ytmiB@Hzing hickmess 82fbddaanéipial pldr@ritihg bkerd84 0 @2 Saceificial post 302 and
.sacritdcial [ r3 ve crificial .
prowd?)%s{éugfg: enC)élr?P & ﬂéeaucnggw O%XH?I}F Wl%z}lpﬁlo Fels%?lnv%rﬁloe ﬁﬁ\éeg/gs an emitter
windosunpbnit et tméﬂcal&()self@lgmmg wveqmtmfecahl pb:m 3821dh one embodxment

mickn 38 R e Mo O Ryt s e ToperTERLRo= TSR s e an

appro;trhlenhlsla&lﬁsl sﬁtmdhmmdsl 3318k ndti reqhired. _In.sudhBodidhéht, ﬁlid{h’éﬁ 818, for

, ver acriflciﬂl 82% 302 is etghed first in
eXampst BEL BRI ETEHY h@ YO RECTSe UMt FIAG ‘h%'ﬁﬂ"tsf’%‘ff icif plaraRizing
layer 32[3 @iﬁlal’b@ ové&r sS@if'EraB{Ldsg:ﬂEds AMRA iSRG d Sub@h@hnt AQidg BP2ehe kulting

er words, no mask is required 15 to align the
em'“%?ﬁ“f’?‘é PPSRI AR senst Ry st iciabrast 302c impthgs geofdsgpmask is required

to athﬁ\feQﬁitteﬂgerSW EbQﬁHgQ)vngs,acﬂm:ﬂil p&B 80X I@i’en%gqg F%Zl% 32 the result of step
art 200 1s illustrated by structure 3

278 °f(ﬂ9ﬁf§‘aﬁiﬁoﬂg§ '\M‘ﬁ"ﬁ‘egf’éﬁfr”%’(')e? B Figure 2 and structure 380

| @omir@ iz &viGep 280 MFGRre B ddrubiQBH B figurd 98 at step 280 of flowchart
sacr.i fici al Fanar|2|ng | ayer 324 is renoved in
200, Saéﬁf“f‘?‘é’nla“%‘zr‘ftﬁdwebé%ﬁ Fifegsbineitiex pingdew atiing Halto expgiedenformal

oxide lafey 822 shd2x@RdleittONHdRNbJehiR 399, 'SE@WCQP@EHaHBng’%;er 324 may be
Sacr|f|C|aI glanar|2|ng | ayer 324 may be 20 tenoved

removegyising, fof amalecapirsena eschpie 48 aeﬂtutfw'm\getawap@pesawéwhmrsﬂecnve to

conforif@itox e Gy e?320C ﬁ%ﬁrrmg'l&hg@t@ 8GS@k ?&Lli é/f%te% 280 GHEU“QBJWJ;'OO is
oxi de | ayer 322. Referring to Figure 3G the result of

lustraged by stogstire$80 | owchart 200 is i illustrated by
SEbMinbing %R SEp Z@Htﬁxéﬂjw ?&d%r&&ur@@@?m% rd %&Fl :?H)ré%Z%f flowchart

and structure 382 in Figure 3H, at ste
200, confespelpxide layeid2 aefbﬁRGrlmr 3Q§>@m@mm¢e¢ erBiRer endbwARENing 332 to

expose s%fﬁ cna%@t ﬁ)ﬁe‘mé ﬁxrrmcyr%?teh@erﬁlmll\Llﬁéowﬂ%qq{%\%?g elﬂ)l ?x% % conPormal

5 expose sacrificial post 302 and further ex
oxide l@)m $22eand ViRGHlaxer S@eminhies réBVed Being ®scastivk @n egb noppingdn sacrificial

post 309)( kgérrt ?X@F‘ i %%Ha{ﬂg réo\ﬁpofl ?eﬁ%z §pf§ownﬁ¥ ﬁlm%rateg tbuSI ngxre 382.

react on etc g on SaCI‘I
R@cﬁr@nummgnh stepFZ&gtun @lg@fd 2 atnu etrucage B4 mﬂ?ngsteen aP8& 184 of f]owchart

har .0 11l us rat str ure 382. .
200, sago cW‘f 93 502215 93 ove m e %r win owgoéelwn& %giﬂqed‘pgsf:gﬁfétoﬁ‘ﬂé '%‘%’4304-
Sacrifidial pEe.t QQIZ ma)Bﬂc, rembveﬂt fepexﬁ&éleofsufgla(lmhad’ BasetHbh that (sjtops on base oxide
W ndow
oyer 338 Aoy A 5B o el RS BTl P A Gl by smcure 386,
Sammiimgwmh SHYOER6 nseiguﬁwanbanrcem@mdm FigOfe 38048 286 of flowchart
usi chl.ori ne .based t hat, s ops_on base oxi de
200, mjsh 380 ar simaipiag BOTHOTY oGP 598 Iy rg2f e (Amovest, Mess30 and
sacrificeBdlakizing Owe&r3a8 bre286bvies in 4 IIWUSIeb ploBads. biv s&p b deke333$:4a§

ﬁb tinuing with step 286 in Figure 2 and structure 3
remove T{Qrﬁxglﬂplé us Jlg a plaspg %tﬁh micgloypstrery Migfav3ve plasma process as known in

the art. The plasma etch used in step one also removes sacrificial planarizing layer 324. In step two,
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35

200, mask 330 and remai ning portion of sacrificial
pl anari zing | ayer 324 are renoved. Mask 330 and
wazBHH/7ePal pl anari zing | ayer 324 are renoved POT/ASINA008051
step process In step one, mask 330 may be 35 renoved,
for, K exa using a pl.asma etch in a downstream
any repaiR{ng, ARy 'C‘ﬁf RUREZBE Bra S materis Gohbs wmoYadefon prampieasing a sulfuric
acid wiel @Wo@s@ﬁ kH&@elinithe S Segfce t@lF%rerﬁnmy ?e%ul?étcsliépf%@ bAflowchart
planarizing layer 324. In step two, -
200 'Sﬂbea?'i‘b'-‘wmctweﬁﬁ@szom/ 008051 any remal n| ng

S Refetrfd 5% abp PsamBfgliziNGd StRire ?&"84.1 FRRS Irely &%%8%% flowchart 200,
renove for exanple, using a sulfuric acid wet I p

the pogsiop eblase axidadasnA04 situatpbeayeen lire srageri3hyanddinki ngmeeﬂiéls removed to
h§lok efitesit
canp PRSPl SR 2% B LSRR Py
openingi3gr Basg oxidellagar B0 tnay lee 8B8veidnin Fp@mta’s KLearaproeatssetpma&g for
iho
oy (Y8120 080 POLEL 0 SRR IS o
of link 3d4#8eris § 14 anig\ &,dviich hacobgeh edughdned bthi ﬂfevmﬁs amuﬁg ;ﬁbcesses used to

s TR WA NN TN T

pre-emiler Clea‘m)!ﬁdssl fartter Huges @nddsiraile @bsiraibf [ﬁérﬁﬁrﬂ&ﬁoﬂﬂd layef BZ\Q Mhlch

for t st c drogen fluori
reducey (e pFRGE oPconforf oy Iyl B2 i gt B canfrumelpsdecprer 322
after the HFKJi® e/ Br Sdrhpla idtwktB apprblititel 35@0 RRRIkoRR Hﬂd"mQﬁArbg\étroms
reviouys etching processes used to 10 reno

Thus, SR BPHAT AU HEY 3 erioas n AREnISagLhonuDe] cxia er 322 of for

examplS Ak deh appadxiRQall 58.0 Angstidehs i fipRoxithdidiy 880 AnBstloRiB, i.c. from initial
re-emitter clean process further causes undesirabie

th'Ck"eésr Yo APREPXIE P HaAneRPAR Pty the BFAip ifinahthicknesy 346 of between
approxint¥@ely S500KARSSorR an8 ApHrOiRkEk1y 30, d@m%ﬁﬁbﬁ'fs aggrg{F &l F nal

t hi ckness 346 of confornal “oxi de l'ayer ter the
HE coRtisieigr cpaventiopal Fé%?ﬁp{"é“"bé?fv%@ﬂp'&d’w@ PPitiee wfpich is less

dense aA®Rasth HEHIS L& QAR rANBaPHPPOVONSRIe! BTEm confdHsal ogulaglaéer 322, fmal

present invention achi eves a reduction in thi cknéss of
thicknepsoi4p of saaformaliagide laygret22 3grpbegndesiralply neguesd smgripeoxirhase neEH0
Angstr@n%q{yQKé ﬁﬁgtﬁb yTIﬁQ th u’ﬁn%é HB%VMl@Q@fO%' %ﬁrka%’ 0)§9€ lgyer 322, the
troms, 1.e. frominitial thickness 3
presentamsntm apfrie veh ¢ sigrg Ocapt ragusgon wreeosioniop eonfagmplnexideffaydi 322tcompared to
f, k e |
scom L0 LIS 43, SRSl BRI T s v
layer 3%di p. In contrast, in a conventlonal process utilizing,

18, SR B BN S IOV o B3P
320 in epvgidrovindiv cwxmdeﬂZayreone32®pdnhnmaémurté’rcx4ﬂ barcdongsise 134fpe Of
polycry%gpneosrll%aon r)'r(llttge Jdgr?__:ﬁr 6?’22’&&%2 I'FBSUE n?slbr abl Ig? ﬁggycuﬁ post width

roxi na gstr

308 in Frgms;sB bwsutem.mez Bmg.s HEIP(DgDed:byl Iché@ sﬁa@erfs Or4mndené e éxerinsic base
ntJon achi eves a

regions 3% ipr QU P BLER BTG Qi B B B it plispether ses,

cmﬂm;kﬁymkd3eﬂuﬂmﬁmaéed to a conventlonal process
such as PECVD oxi de,

lizing.a | ower it Xi
15&6 deS‘r‘SFﬁ"éBﬁ‘feo'Perﬁi“z'aﬁ ?@’é’d@ D %ﬁ?@ tg fosm CQ%fOMP“d%HW $&3 the
present ﬁﬁé’ntioﬁ adhadveRskigficdRpediclidnng eRRSby 6 hforthdl bXie Rldri38PhnYared to
p surface 326 of base 320 in emtter w ndow opening

a converyipal e B AN AT . e B, 42197 S feroibaidsaiver 322 Thus,
erosion BF doMfdfmal oxide layer portions 348 and 350 situated adjacent to link spacers 314 and 316,

respectively, is significantly reduced.

By way of background, the thickness of conformal oxide layer portions 348 and 350 affects
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25

pol ycrystalline silicon. Emtter width 344 of emtter

342 is substantially equal to sacrificial post wi dth
WOFSM/W%ure 3B. Also, emitter 342 is self-al PGH&E209y/008051

i nk spacers 314 and 316 to extrinsic base regions

undeSfr%lge current?on tuat cgn &cv\&efw&%@‘é‘rﬁ{ug}ép tgﬁtgé z?boggé%]&ﬁmﬁlé)mde layer
pomopSBlfSCHhHBﬁD anl rkspentine portidi3ef bast 32066tu€lb(55d.l($\.6 G&f&hﬁl/@mdebyyer
.ut%&izigg) DP E oxi de to form confornmal oxide |aye
portiog 8 2} E'P UE SRR DS AO TS es hegageh emitter poly
situatdde@onetcbRBrrhdl o HOR @ Po@ibnCINBTaAd B8 an@XiedBspk@)8 horder of base 320
ared to_ a conventional process utilizing PECVD

stuatggiclpd, OPGmAL R |oLe” POBORT BTG P T R peien g erosion of

conforhfW8xide 18¥eP pbrabnsBU8 6T 18 luri R34 EDP VB oxRRIS & grnﬁcaﬁﬁ reduce
and 350 situated adjacent to |ink spacers 314 and

erosiongf qoalopadl CKifle fayer rogioss i and éath theyprosen ivgerionpylv mecarsly achieves
1-BRGEOEPYRrandif6: Halhg KNGS Qfredt RAERE BRI eQXIHIR

e e e St BB Shuated above
conforpEirpissBGaP@HBH518 aqﬂrﬁeém wehrlegtive pertient of| basgdRg eitdakedtbelow
confomno@&qwerp&m@%smstsber poly situated above

conformal oxide |ayer portions 348 and 350 and

r dgpanpteciated hp theiabervs dothildsiadislogRe thei the aiverdiob etagides method for

I . n

GR35 P G RPLOR 90, AR sbl oo o
emittepeindeve ppesmigtréqeiTing mnylmabdr'ttiuati'embna'bromtromﬂ davieg mcmaschtolerance

ol O R0 PRI R D PR B 032

Althoygbnitei |Mst103\48d®crcbe3 50appiat e a&eabndau@ntoﬂa bipelastbsian liti valt be
r mal e ons 348. an
a8 Dherron gl wa vt B BTl BPlyipe Paiory Sofpe s

where GfuﬁS\red aligimeannleaneeednd @xeddanoln aryﬁi‘m,p](li‘mér@l’cbﬁ codtdl amlds.r%l@

ent i nvention ady 0
o BT RS oo DA 8% PEBRL ROt ol Rl s an e wse
for .mmeadmg@thb ectnmmfelm firésert |mhl}bn3vlﬂm&ttdédarﬁt|ig]\’c&n itCRBpeINEBpirit.
ay. ortions 348 res
woreoldy s P afen U 855 B n i B Bl e e o i
personloayrernaupekms onBe Sd8odddec@nle that chafged padEia iféhemd aytail RRhout
he_ i nventjon provides

oGRS oL e L AR Lt on poldes
in all r&sb&ﬁk?ds Hudkatiae Ridenot REritiver TN@efoRBiNHoaktbd LAt tdddXhdohe invention is
em tter wi ndow opening requiring mninm

not limleg P."Lﬁaﬂaga}”ﬁ'emoewees HF%‘B'I’edéﬁﬁ'“h'é‘{h‘srfg‘P?brﬁec‘?fé%f@é grarrangements,

modifiéaAb@y #AGEbstifu@bnsWithdlid dIPIRR frodf thOEcop8k thYinWribh.Z1 NY
HDPCVD oxi de to significantly reduce current |eakage.

15hua et e frbrisaiinpretittplisned ibelacerripethasise dpspiesedd t o
manufdcR@abllRPINdGAh P BrBhiredhabd NERH Adschdegnsi stor, it will be
readi |y apparent to a person of ordlnary skill in the
art howto apply the invention in a simlar situation
where i nproved alignnment tol erance and a reduction in
critical dinension control is desirable. Fromthe
description of the above invention it is evident that
vari ous techni ques can be used for inplenenting the
concepts of the present invention w thout departing
fromits scope and spirit. 20 Mreover, while the
i nvention has been described with specific reference
to certain enbodi nents, a

13-



person of ordinary skills in the art woul d recogni ze
t hat changes made in formand detail wthout
WO IYHY fromthe spirit and scope of the i nv&&HYE004/008051
The descri bed enbodi nents are to be considered in all
respects as illustrative restrictive.
Therefore, it should be ugﬂ%lg’good that the invention
is not limted to the particul ar enbodi nents
descri bed herein, but is capable of many _
rearrangenents, 25 nodifications, and substitutions
wi t hout deparadiga@hr frinebotompissgpe of the invention.
Thus, nethod for fabricating a self-aligned bipolar
transi stavasehaxigigop sagiceased manufacturability and
rel ated structure have been described. -13 WO
2004/ 10a4Q08 okiddihidbSa0Ndd DR8O b surGLaAIf Mul thseA bi pol ar
transi stor conprising: a base having a top surface; a
base oxiaderilidylgost siuttehdnesaid bne @adedayeop sur face of said
base; 5 a sacrificial post situated on said base
oxi de | ayenformal lyersitotadmber bad/serifgiat pos tamthsaid vaprsurfagg of said base, said
sacrificial post and said top surface of said base,
sai ainforywhipxsr kasing k dspeity greatgl thay aalembenefisti baye exdde dayert Wigrving wet etch rate
density of said base oxide |ayer, wherein a wet etch
r atof saidifascoxide laprs dsceregled tham o veplieh rptg ofpid aanéyrmal frsien & wet
etch rate of said confornmal |ayer; a sacrificial
pl anar i 2 Pagfigihpiatarizing lavet datesh Ay said prlophiasmal | ayer .
10 2. The bipolar transistor of claiml wherein said
1% onf or mal | ayer conprises HDPCVD oxide. 3. The
bi pol ar 2t r arkie $ip6lar tirhsistdr af dRith 1 WREEIR sdld @nfoRbal BfcE O mpAdeEHDPCVD
- of s.gi d base oxide layer is 15 greater than a wet
et % ate of said conformal layer. 4. The bipolar
transistor of claiml wherein said base oxide |ayer
conprises P ' 3 :bi pal ransid,stor. .
of el ai i 1 viioeipoRpr S ) WGl BB R Bl oers
15h e igetenihanja wet etch gatelofseid eméprrhal ikerspacer s on sai d base
oxi de layer. 6. The bipolar transistor of claim!]l
wherein said sacrifi‘cial planarizing |ayer conprises
an or gahi c it Bipelaytransityr ﬁlaTméwmrwaairbaﬁcwaﬁgiam empgfes PECVD
cl aliga | wherein said sacrificial planarizing | ayer has
a thickness over said sacrificial post of between
approximately 0.0 Angstrons and approxi mately 2500.0

20 5. The bipolar transistor of claim | wherein said sacrificial post is situated between first

and second link spacers on said basc oxide layer.

6. The bipolar transistor of claim 1 whercin said sacrificial planarizing layer comprises

an organic material.

25
7. The bipolar transistor of claim 1 wherein said sacrificial planarizing layer has a
thickness over said sacrificial post of between approximately 0.0 Angstroms and approximately 2500.0
Angstroms.
30 8. The bipolar transistor of claim 6 whercin said organic material is an organic BARC.
9. The bipolar transistor of claim 5 further comprising a first region between said first

and second link spacers, and a second region outside of said first and second link spacers, said

-14-



10

Angstrons. 30 8. The bipolar transistor of claim®6

wherein said organic material is an organic BARC. 9.

WReGH19310ar transi stor of claim5 further conprpPSTUG24/008051

first region between said first and second |ink

spacers, and a second region outside of said first and

second |ink spacers, said -14 WD 2004/ 107- 109

PQZE( h@@g&%?%ggmﬁgg m*sf lhx@l’m@ls 1rpslaf'ari'§§i l’cé*oﬁ]&dlaa%gt(d lhlckncss in said
having a |rs hi ckness in said first on and a

s éomdeati whorisgidiserordthigkness ésamigr ‘F@gﬁléﬁrst gﬁ‘éﬁ%. n said

second thickness is greater than said first thickness.

10. The bipolar transistor of claim9 wherein sajd

second!® hi cKifdipslar GHdenREdHm I5vherpin sd serane Brignaspbeyween

ARGSIx Ry 5800 ARRREAXAnI BRI IMagRGB00 ARGsdntsons. H. The

bi pol ar transistor of claim| wherein said bipolar

transistor is a silicon-germani ym heterojunction

bi pol an.tr %Sb@&lﬂﬁmnsﬂs@r 3f21ainfN WE&J}DﬁxdWolaf ki@ add sigorBgermanium
E ol.ar tran i stor, said nmethod conprising steps of.

d %%@PTT%’“Q BHELESBy i de | ayer on a top surface of a

base; fabrlcatlng a sacr|f|C|aI post on sai d base

oxi de | aye @o%%r?% %t"g%a poﬁagg?nmf 1y saldrP] hod compln(sjmg steps of:

sacri fifci af* ayer having

dens! lees BhES agcfox%dhggemng%p%&axe {8 d base oxi de

sald base oxi de

| ayer fab%caug,ga QSR g ost ) d Bhsdide %&&h rate of said

conf or mal ositing a sacrificial planarizing
| ayer s a%&lf&’m&ﬂ%ﬁv&%hd La@b{ﬂal ﬁd?,{j sa?’cﬁ!o%o%fsl@ycr l;la$mg IB&]sxty

' _nethod of claim 12 ‘wherein said conformal |ayer

15

20

25

30

LR Ihafde Q‘/Qd%e qﬁde l%Qr Mcmx;l_;' QellTRh a¥ole N Qefld &L@Uxmc ilagcr Is
erein a wet etch rate of said base oxide |ayer is

Yr&et @hin 4 L@bich AeWelaid@b@bmbakyer; of said conformal [ayer.
15. The nethod of claim12 wherein said base oxide

| ayer degsiig 58S iBEHGARa g theer 02db saldconfbhtal ARt hddaidbase.
claim12 further conprising a step of fabricating
first and second link spacers on, respectively, first

an.d S 2? on dTlfc u? Hod QF clatfy Il gwﬁ‘c%ﬂ .J)a{d Cglllfgr}ﬂ ﬁgﬁ; ooglgxlisgg HIEH%VD oxide.

said ep o ormng sard confornma
met hod of claim 12 further conprising steps of

depos 'ltt in Oriid xmg ofY4h 1?@1’;%@9\9& L)t@lln ﬁic%k saﬂlbgég%{lhczl'a%gls greater than

| ayer; patterning an emtter w ndow opening In sa
matsketchyge of pid confermaldeye cl ai m 12 wherei n sai d
sacrificial planarizing |layer conprises an organic

material. -15 : . o ) ) )
15. The method of claim 12 wherein said base oxide layer comprises PECVD oxide.

16. The method of claim 12 further comprising a step of fabricating first and second link
spacers on, respectively, first and second sides of said sacrificial post prior to said step of forming said

conformal layer.

17. The method of claim 12 further comprising steps of:
depositing a mask over said sacrificial planarizing layer;

patterning an emitter window opening in said mask.

18. The method of claim 12 wherein said sacrificial planarizing layer comprises an organic

material.
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WD 2001/ 107409 PCT/ US2004/008051 19. The net hod of
claim 18 further conprising a step of renoving said

wo004/f07¢49al pl anari zing | ayer by a process sel @cags2004/008051

fromthe group consisting of a plasma etch and a

sul furic wet etch. 5 20. The nethod of claim 18

wherein said organic material is an organic BARC. 21.

The net h%d of claim 12 wherejn said sacrificial

pl anari Zr'ng &5/l & Chirp b8tk cqrappipipg wstep epiero g said sacrificial

pr ogi@sszinglfede a plob&s fERtbRbnDhie GbupicHsibihg WhepIRHA eiS1Rdnd a sulfuric wet
emtter w ndow opening has a wdth greater than a

wi d¥fA" of said sacrificial post. 23. The nethod of

£laim17 vvher ein said em tter wi ndow openi ng has a

wi dt h s Ie sai.d sac ci al

post e el i L e 9 kBl e o g PARC

Wi ndow openl ng has a width approxinmately equal to a

o S5 22 PRIl Aoy 80 TR TR st v
emispiben piggesdow  opening in said sacrificial

yol anari zing layer. 26. The nmethod of claim 12 wherein

15

20

said bipolar transistor is a silicon-germani um
het er oj éfct i 8 mﬁqhgbcpf sl Yarheieinsag emittey gindow opening has a width greater than

a width of said sacrificial post.

23. The method of claim 17 wherein said emitter window opening has a width smaller

than a width of said sacrificial post.

24, The method of claim 17 wherein said emitter window opening has a width

approximately equal (o a width of said sacrificial post.

25. The method of claim 12 further comprising a step of elching an emitter window

opening in said sacrificial planarizing layer.

26. The method of claim 12 wherein said bipolar transistor is a silicon-germanium

heterojunction bipolar trausistor.
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