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WO 2004/ 107409 PCT/ US2004/ 008051 METHOD FOR
FABRI CATI NG A SELF- ALI GNED BI POLAR TRANSI STOR HAVI NG
wo DioREASED MANUFACTURABI LI TY AND RELATED STRUBTT/BE2084/008051
BACKGROUND OF THE | NVENTION This application is a
continuation in part of, and clains benefit of the
fMETHOR FOR, FABRIEAGING ACSEhdt-AleEGNEDYBEROLAR
ref erence, the pendin arent application entitled
TRANSISTORHAWINCRINGREASED. MANJAEA GTEER ABILITY AND
Transi stor and Rel ated Structure " Serial No.
10/ 218,527 filed Bﬁdué B@Jﬁc AME assi gned to the
assi gnee of the present appl ication. This application
al so hereby incorporates fully by 10 reference a
rel ated United BASKERQINIEOF THRINVENTION entitl ed
o Bk TS SR 9555 e b Pofard e

incorpblaiee fitig by 22erend©0Rs pendisgl pdera Spplicbion p@itied t Methodide Fabricating a Self-

vl B e TR e e TR TR PR el 5 3002, and

assignedte @it asdghet &f cad @Ssehﬂapbhﬁtlcﬁri elfhds z@f;hcfaﬁtbi’ dls@&kieﬁﬁm&ﬁrporates fully by
sem r.. devices
fefereTrCﬁeéeﬁit?dg‘ﬁ"'feg SuieR GER SppaspH \%Mfor @?bﬁéﬁ%{\g a Self-Aligned
Emittér ired Bip&lhiOTrénsistor” SNGKGEROMUMR , ATl ABN SR8 Er 22220801 iEsQRd 45 U.S. patent
ices increase in speed whil e decreasjing in size and

d
““mb%r%?élé‘é%z aukasuantd (o psigRen ol dE e 8PPEFRIoRhal | enged to

1. protigler rawiNeENTIONgh speed, and smal | size
transistors for these devices, To neet this

c B Pressginveation elatea tnchotieldvaffalricatiqnob semicapdyctordevirest Moge

specif @M thetnvEhiRn 20ar&i 18 the ®oricfioh af BlpdifAakdiRSs.t hat

criticall é affect the performance of transistors on a

S fer, such as emtter w dths of

DiAR Bk leBRSS Se PSS indrltd ,la%éz@ WRile Yedfch @iSin BRE bkt e t NE

bi pol ar transistor nust be properly aligned to ensure ,
semlcqqqaqtortrpp@uﬁ@ptb@rsgfe ¢hpllgrgsdse grovide gztw\gcqgtehkgb preath @ad small size transistors
for therse,ercEse me%t thfs Qflal@ﬁ&n&lnﬁcond\tcnﬁ nfaRbhdebrs AAG au:']ﬁately control the

extrinsic aseerEﬁ“é in a heterojunction bipolar
size oftceriia fegiuess thaHpripalnafectthe nsriemandeyet treflsisihedh asgmispedusir wafer,
such a@&ni%@ld@ﬁihg 9@1&015”@&5%? Fhlqhebrﬁér@ vraﬁ&s%tc\m ®he bipolar transistor must

Furthermore, to reduce costs, 25 sem conductor
be propgily afigned (e ensure Hapthe hvaplla'etr?g@@wlt rpectpepstiorgaserreqtingingys. dior example,
thee Rt{e@ tﬁé Q&rlrgﬁzrbfa&r fGGn a fl&%}'uﬁ&gﬁ G@%lam&@mﬁ @'Bf’[") Gkd ng;roperly
I pol ar transistor avi ng increas
alignedrtorpuévanttan npdsisiribleyincrease mrbasecenyanng. i luhérmprehioi reduce emts,
semlcé:?lrd9&(%21?1 8L1%¥tgr?rs%%¥cﬁ+l%’n§%d; tglgiéétzlleél?{efi lz)%glgpt{a%gst%ppeﬁge;noaﬁg% K
requir¢ngentsoritile fdbritdtiog bipplet Eamsistorhavisg loqrrbfse@mmrfaeturamm. h,
' i eneral | v.refer t

R e T T o
semiccﬂﬂgmromnﬁayturarsilgﬁaada fivsttphotbineskftd ccmtrolphﬂ)mmstepsnstg s emitter width,
which Est o%lgéd”azl?y r)e(fterrreaﬁ tg)tass 2rl grlltlréel J’lmensg)ﬁgorr] g?blt Exzseﬁond &lﬂgtorlg\gs wLiXh must be
propemyraaigsadsmmrthe filsgdhbiogaske rstuumfed tddzetdrmime phdobarrmséss)f ﬂﬁtheﬁ‘/ﬂy doped
extrmﬁj téasgrﬁng?s :gtéetbgp:zogagfr ns'is?o? algllésla Se}ipncegt o?%eot»%%‘c)’ R!térg?er%% cr'ﬁluses among
other thiapa)eeistance 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
region, to vary in an unpredictable fashion. Because
wo beneoide al ways a margin of error in the ali graEn$2004/008051

the two photomasks, the distance across the link 35

base regi on nust be increased to account for the
undesifgblednqregsfmia hese resiffages: @dditionallys igthedyarmpptamask fabgigation propgss
descnb%@ Qe QKSR ﬁ%@&%@%ﬂ@&&g%y c&ﬂ%ﬁ@d HaBRI | m@ %ﬁ@ﬁ@m&ﬁbf the

base resistance. Additionall y, in the two-phot onask

bipola tggapipten tlem mivlbgesat of thedwp Pb(é@maabwe caysygn yridesirpble reduction in

manufRRRIE ma&kwnaaﬁtcantb@us@%u&@;})&hmgq&%geqh Inﬁqufsaurﬁ@%;tol the
emttéer width of the bipolar transistor.

88T fabrigrEeR Prefestehendiionds ke Peshiriiddn attempsde scévea*hre problem of
alignirgMELOR bR aRd EREMGL a0 kR eI RS bl AheoF S)is. B Shroach
can cause a corr espondl ng i ncrease i n manufacturin
requirgs detuse of scletiive epitsy leag Vignthp psebasiasidapdcer.obslestivroapéiaxy presents a
probleplqg ﬁjag it fs %gt dunerﬁfytugémﬂ fii gf\ QolﬁﬁL Fr%dugclf'ign sgmcgmuglfohdewces Selective
altgning the link base~and rinsic base
epitaxppresente pndther pioplsingp tmtsahstlvsteeltaxaédﬁpgsetson aCpuss erpiperoalddan regions
and nof &%J&égl&lge suégmesft pRELER hv&mg RI dofiXdh &1 mstéale&n% epitaxy
an i nside spacer Ive epltaxy resents
resultsprp @b{b@tmuahlosshépropqss monitpsing capabibiyt Uge ofsadnsidg spﬁcgtpresents a further

' proble%%x ngp\/aﬂgtﬁ gSF én‘ﬁﬂerQ&tld %J"Qrga?é? %"Aﬁ 'iv‘PtE o&llg Al&ﬁ(?d's S§§(lt)lﬁ§ Jg:icLYrgcy in

taxy presents ano emin t at selec
cmﬂmbﬁwmﬁkramﬂdep@sltlon occurs only on silicon regions 10
and .. [.QE
n%ﬁ?lpgga“g Quﬁ@ﬂt% gél’%‘g%i th Sé féeg,l tgiﬁé%llypn ? gfsp%l crystallme 511)1/con
(“poly r)e@ldItlteﬁbaserregorsubeateainmdaheaﬂuissemiftermotyo‘es‘ﬁecmi) hy the rhlcrkgess of an
oxide la¥ep g’Fua ed Lé{twe%fiﬁe ?/nélfte?r aﬂgiy ? gase %(r:lse éf tR{ bela%qu]{tsanS?StOT [l‘F\e t%lckness
of the @nma)cer situlaigdh bwwedn eotitiee pol yrmtdtmsisr,eglem ai m:;&tac miras;m Isrundesirably

decreaseg b?l efgr exram[élg erosqu C]'g.lt\ll\é(g W atﬁécl lCR {l{ (Ij m zin emltéeépie }f’leﬁﬁargcegf which
can respbIlrymm‘yaéca&drrlemeea‘kagelb@m&en the etﬁlhpqtdyy a)nd tlw‘tdsetrhﬁorba&e a result, the

rneath the em

pectorty e PR o R B7ier CEbAe Ehss P et e
behwedere isreediiitid 24 foml effeaively babsieatddgpdddi Sratsistdrhe
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 the base.

The base oxide |l ayer may be, for exanple, PECVD
w@z200da0740he bi pol ar transistor further conpri SBST/ES2004/008051
sacrificial post situated on the base oxide |layer. The

sacrificial post may be situated between first and

second |ink spacer sSYMMARY QEJHENVENTIQNer  f or

e’f‘ﬁgﬂjeﬁent J&%H@d @Qiréﬁedttcg ﬁ\@tﬁb@%@fﬁbrﬁé&ﬂﬁg‘aﬁelfcﬂm'bﬁﬁﬁar ﬂansxstor

conformal |ayer situated over the sacrificral post
havingipefeas¢remanyfreyiiabilifcand oglatedgrupsge Acgiiding tordne exeoiplaay mnod'mem a
bnpolal @%@Eto%%pﬁsqulﬂ%eth)(vngg ?@b @Jrfau,n aﬂ]e%lﬁﬁap §hr¥s}ét09tna% B@ for example, a

base oxi de layer. The conformal |ayer b

oxide layeasitHated OH@P@DUSW% the Rasge {Thebashioxids layenay b forba@aﬂe PECVD
oxi de | ayer may be, for exanple, greater than a wet
etch rate of the conformal |ayer. According to this
eiéﬂ@b@ﬁryrae%@rdvrrﬁIEmommﬁ@ asrqabicial post sitnapdsengthe bage oridg layer. The
sacrifiaggggtln'ﬁﬁ%e SRkl U:ttvk% fﬁ t ampée@mrﬂnps erL 8y ﬁ.[a b?se'i)k'lﬁ& faf er for

oV e conformal layer. The sacrificla anari z
examplleayldse bipalyr tcanpiprioi fogthereempris¢sa eonrtenpil éayeraqtfuathcg(a/m the sacrlﬂclal post

h h

and th% ?tgr:fag% ?@g?&\?g%é%gttﬁ%n%ﬁ;&&afwgé 3 ¢ g) El{gl %ﬂﬁater han a densn)hof the
base Oklaybyernﬁye mma 14yl miyriesior enamplet HEPé‘dBmfdlec Aaz#et postate of the

base 0x1de Béer ag rt])e for ex?n%ﬁ%%%%bthﬁg &%t%)t(clh%g crjl e congorénlqg ! r oms

oxide.

Xr'mat e he sacri
plAamchnglonlgs h)@yerary dnat®dianeht, thstonpblar tndmnetssfurtheraorhpmssi a sacrificial
plananzmg la%gr s?tﬁfgte Oﬁ’é"é ti)e 9onformal la f %eszgcglﬁglﬁf p(%il anz@@%g‘{r%}aﬁcompnse for

example, arsdsrgzmndn&emdmdh las ni@rgn&;(m’dy; (“hbt&memnheﬂesewoehng ). The

Lhickness s r al
sacnﬁ%lﬂi pgal?ﬁrézggg la)LFh aglg dvea HX%kHeSEE s%l 1016 epostfo(? Ibetwe%{\n% r gxample
approX@iteig 010 AafRFoBs| ahﬁb;ﬁjr()&umﬁﬂs}) Zﬁbomgstﬁ'@ﬁﬂs Tha dacaﬁﬂﬁl panarizing layer

has a fﬁ?{glaﬂ?\ sahn ?érstare E%‘Heen tlheaftrstggﬂf,eéwg n{(ﬁ%acers and a second thickness in

a secomir@yien d&ﬁ&r¢fb|eaohrknap@keadsndt1rnanﬁacer‘s G\fhere(ilid‘kfé&onﬂ SHAtHAER Ss @hdlally

sracef iR GG st e BDROBIE b Bl gkl P e R el

500.0 Ahgs@bms £1di 3500.0 @ nkdtems.f Dl ahewrrgbo@mait] tReprd@acihvdatidrOif a method

nd acc dr awi ngs WO 2004/ 107409
that ey CREATONP SR\ R g P RN e g sesngihicatesent
inventioh Gl Becdmé bkeStdday @HaniQb 0>Se F OfdidaBNekil iM iRWrtQfte SOBYIAE the
the features of an exenplary bipolar transistor prior

ﬂmowﬂﬁdgﬁﬁwﬁ@ﬁTwwﬁ”ﬁﬁa?ﬁ@P§WE§§”W@¥%n to inplenent 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 according to
wa@amooentoaod ment of the invention, correspondi ngpeDUS2004/008051
certain step of the flowchart of Figure 2. 15 Figure
3Dillustrates a cross- sectlonal V|em1 whi ch i ncl udes
a portion of BRUZFRESGRIB THE NiINGS
91%'1rmtmrat95f Jr&@ sé&‘i\ﬂﬁﬁ“e&r&f so%@:ro‘f %I@@dﬂﬂés%@ ah Qxeﬁmlary bipolar
tain step of the flowhart of Figure 2. gure 3E
tranSlstolr prigstiq 2pplieatign @frtb%sge% daken igrimplemprs qn erapridgrnent ?fdhmre@nfanvent'on.
pgfgﬁxlé(%rlh&ffs aaﬂd%%ﬁﬁf lllggtlgﬁﬁgstﬁ?gepsQﬁ(@ﬁ){oqfnﬂﬂmgrg aﬁ@mbodlment of the
e i ment of the invention, corresponding t
presentigrangipm step of the fl owchart of Fi gure 20 2 F| gure
SE i lule 3%54155"5}%!@5% o&!sO3Rnal %fét;v' \9@@11: 1n¥l'u§é§’ pwni'oﬁ Bf 4 \ngtrupggc%ssed
5 lon of a wafer processe accor d to an
accordmb@tm embredimght of e ipvepdon; tarespopding @sap@ﬁfdn ﬁg) efgheflowchart of Figure
certain step of the flowhart of Figure 2. Figure 3G
illustrates a cross-sectional view, which includes a
pBigtic OB ithdstratesdress- smtigmaésisefdwfz@ iacladss dipagyion of aawafer processed
& R
accordtl:nch? galri %FDS %hér%tlto f{\fe 1})\% kc&x@r;%oﬁ&) Fé E?agcg%gh E}% 6fgheaﬂowcha3r}_f>f Figure
2. illustrates a cross- sectlonal vi ew, which |ncludes a
eﬁ‘ggr&%% 181{5&9?5 zi rggs chugC ?%%\%dwfg%? I es(gelcs)ﬁ ortngn ?{;a \»élafer processed
accordgnd & émisti@eniodf t}tehevehtummcdmsﬁondlf\g fei agant@n stQp of30e favghareof Figure
5 31 illustrates a cross-sectional view, which includes
" a portion of a wafer processed according to an
eFlodi3MEtstraks 4 hessismt'emztl view, wbi@li fnelsﬂm Iaqbbn'@n tha wafer processed
secordi, § potpEealRg isoS <ol FearonGie it i b Sl dor s

2. portion of a wafer processed according to an

egpbodi t of the invention, cqrresponding to a
C Bl o oot o SRR YRt iR o b5 e prpegsed
accord@i tb hrl enstiotidieRSof aheGih @aforS Edtick@Ndihg W dbktailvbtes bF thedwbtl@sof Figure
a portion of a wafer processed -4 WO 2004/107409
2. PCT/ US2004/ 008051 accor di ng to an enbodi nent of the

| PMBRIIFONusr A6y & cﬁ@s&@&dbr&gv&@ whigieihéladed a pbi@ipn 6fa wdl& processed
fl ovvchart of F| ure . -5 WD 2004/ 107409

accordimgt9 IS, mventlon corresponding to a certain 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

4-



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present
invention is directed to nethod for fabricating a
weedoAed40gned bi pol ar transi stor havi ng i ncr eBGSEUS2004/008051
manufacturability and related structure. The foll ow ng
description contains specific information pertaining
according t¢ preerphogimeretitheinRtign carfeapopiag orircert#y atar pighe flayrdart of Figure
> 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. 09/721, 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
-5-
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contact 122 connect with each other at interface 124
bet ween the contact polycrystalline material and the
whame/1ei4ogl e crystal material. Base 120 has a POPUS2004/008051
surface 126. 35 As seen in Figure 1, buried |layer 106,
which is co oosed of NH t oe naterlal i.e. it is
rel atively BEIAILED DESE INVENTIONS f or med i n
Sirhd &%nﬁh’m{n&ﬁ‘é @uemz td metﬁomm@&cahﬁgomlflan rteh%.poraﬁtr%smr
2004/ 107409 PCT/ US2004/ 008051 art. %or Si nker
havingjipgeaseg @@u@@ﬁﬁpll@fe@d éqlatpqhstq:g,tp@ ag @}lp\aqng dqasgn;ft@p ﬁ@uatwpemﬁc
inform@didn ﬂéﬁél@iﬂ %fthe!']%\/e'rrle}{tan&%%rﬁrés@ﬁt@rq'eﬁj[%a@h§skfllﬁe‘aml B Grt will
surface o% | ector sinker 108 down to buried | ayer
recognizg ghat ag Pteéﬁat 1na§nér>n maye: impleagaieduintamanner diffarent frainrilhag specifically
discussbd tnP ,gyénﬂag) ﬁca i MiGesb3t, %m@oﬁhees%&f.&@eltanp@i tnaﬂweriaepg@e not
~colle 5 hrough buried l'ayer 106 and col | ector
discussgfl mk@ﬁerl@wtpbﬁcare@@l ineptiawr Thepreaific d¢tpilsaotdsisiribed mrthe present
o BRLAGk S OowRaB00 Whelsbn & Ah sy gy i, L r enches 112
spplicERRLAH AN Rt el regi iy 11‘&’%14%% and 116
rrEEJe @erngwn”ﬁ@swerﬁfaméMtloe end @Ploquelrepa(nﬂnmétaiirétdeﬁcrlaﬁon are
[ I .
cirecrfAEmBES SORBRE shBpdtuPRCS e S0 b bR o e embodiments
of the iht&tiommbiicll 48 thr wincigles ef thepreseptihvantial @t n® npdctfmﬂycdetceibed in the
presen{j %\éh%ﬁ?n é)r@ﬁﬁesrlolt %I%gggazlgil”‘sﬁ h& b%fqg aérgse A ﬁ&ﬁ%r %%govf@ of Some of
the matenigls aatego®eseedisdusskd ot thig B'ssemwplmmpmnem@osusﬁd peadifignelated

United%tgcieasﬁ)%le%ra{)%ﬂc%p Gc’n eShE Qed %ofthof’%?\ﬁ%g”‘%['%? Setlfo All Sgtn (F’%tnhgep in]éq:.’aipolar

Transigor”i Seonl Nibﬁ@/éz Wdll&(ﬂ@oveﬁbgnHZGZ(R)OSlm%asf UI Svalear ltunibem 534,372,
whi ch descr | e r dj 0 nt
and assd¥ne§ I%oetﬂe ebssnénee o? the I;fresen% [P %banlon ?}ﬁe (JISC 8ur8 in tnaq app Fatlon is hereby

sen ssin
incorpwan‘eeruuwbmefermb un:tenge piesenCipplientidD 0. Cert ain det ails and

h | ef hart . 200 t hat
BRI oy ampias Sthrebt ook whia BT HsirE R s iion.
Certairededip h@] fe@tursd R e by laomfs biSRiguré 1,0techCire xppmentsmjbﬁérms)f Ordinary

st g Yoot d O el BBl ST ENFgRD 5 bRl i T presen

mvent'Bh QM;EIB@H ged€16), rafy Bipblhi teinefbr, Includiag & heth8jufdtdn bipolar transistor

s 8L ok P ik N P TG i sicon,
sxhcon%efrﬁa@ﬁﬁﬂkalf:&rﬁ-ﬁn‘rsérlm@r S@Waterihl Ifn|p@rW§lh§{ the gREbnt dnbenktiSn applies to
not ed t hat th%%ﬁroce55|ng steps shown in flowhart 200

s111con&egna}5xéllnf cAheadd where, cagoa is u\?ﬁ‘ha& A d‘ffb‘F‘P‘b?“PP’BSSéTte%OWB" the

present 4pplidhllES maitek bebidit Pofekbi2e RIUOMRE JgerFﬂagiUan SkiGeh NPN blpolar transistor as
particul ar, the wafer 20 includes top surface 126 of

an aid [-deseripo pn eppogimentO i RIESERtGRY epffona i BRPieteat ephoristent eqliegspr 102 is
N- typegmglé%))éﬁﬂ i Jo'n Rt caRibke | 'f&ﬁl@d us@rlgsachlpbﬁi‘t @7ffuSin b@c@$in a manner known in

Eﬁ$ icon" or sinp B is to take place in an

the art: lyfhe Wéiemvﬁ'ﬂ?%‘Wemolﬁ?éﬁi%g RESEG Siney vl the! righ hedemaited

epitaxigiy iH G- Eregéggz cﬂémnEAIQWo‘? d%sx%“i&p(v\@P@V S0I Hc@é@ Bfise 120 may be
structure Figure 1. Base 120 an top surface

lmplaniezwtbfbogmri%ttm?célemme afioeemepiénned P-typs deRieg: (ksee® 00 Figgre 1, base 120

is sxtuabé?lsoﬁ tgt?rg :ﬁlﬁ%rm‘g§ jJnQ!PonS\HM @&@ct&zﬁ)z frﬁtﬁpﬁr‘?:;ehlve%b\ﬂde Qtr base contact

l'tcity, other features such as base contact
122 s p@it/fémtaéw@ SiGegthat ety be denosited Gpitaxially ineed-RCGKRprogess, Base 120 and base
contaclsi éZ'cS%ctS\HRSetaghaétﬁa %QZterfﬁ:cQllb?ﬁ&@genﬁﬁ%%ct:l)g@crygﬁﬁﬂe material and

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

4

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



10

15

20

25

30

35

oxi de regions 114, 115, and 116, are not shown in

structure 300. Structure 300 thus shows the portion
wobooa/1omber including top surface 326 of base BROUSDN4/008051

whi ch the formation of an emtter conprised of N type

pol ycrystalline silicon is to take place in an emtter
art. Cweﬁtewliﬁbm #Hep copwrizsdef P Gxpe @ieral siiermpapygiffugion of heavily

concerﬁ.qfee @Q;sang flof RNGIrSEERP AhIKEBE sifker 108R1WA ERUric@ By &NOYNB AR layer
| omchart 200 of Figure 2. In particular, stfucture

106, alsm@wglheﬁ»gctar sistken 108 rpreyide Hew ipistancariiciical Rethyar e sglector 102
througﬁ B&ﬁkd&iﬁr Hf6 ahll EORhBN stmkgloﬂ)S t(R@&ﬁl@&brr&nttaQ (fk B11e88r hvact is not
3C 3E, 3F, 3G 31, 3J, 3K, structures
showngryﬁl,gurg-)k chfpgfrenchgsﬂéz agd;@eld 8’8@9 1sgjgg)n r%qps 1343615 and 1 ¥gaay be
compokséd HSHibGH BoidkQ SIS Sithebriad@ hndR folthd® iRY malibr RAJWHGH HeGie3 Bep
steps 270, 272, 274, 276, 278, 280, 282, 284, 286,
trenchesrld 2 a@Bfield ofidegspistian regno 1l 115 gigy 1d 6 provideglseteiedl iselagion from other
devicef ?r( snl??én @MHBL €67 1§tarnﬁgﬁérl &ﬁov@?g t}%@ﬂv\f{‘h&t F%Gtteqr ﬁovgsotgat structure 100
ter processing step 270, structure 3
includestseyeeal {patres 3Tdcoaipoegnistusest tp Fasmadiniotay trasisir efp PR prigrriel formation
fi 08051
oo B Bl VLRI SR 0SS
ﬁlgﬁte@wh@wg@WCQ%ré%DONGiclmﬁescrib@@\rbh aleps, 2Qordme periesabodiment of the
presenF 864?’1%.13 8J‘th9 roﬁgg} B%%flrafcslélagéer tl%ginrcluge(g%ggc\sﬁgrg é@ﬁs@%g‘?gg% és and features
have bc@dﬁt o efsflcpwrtham aw thatbespparey tcorpeBO of drilinkry bisil & thegi. divs
1 | . chifi cial t
cxampt Do R B Bl SRR AR A P R S e O
materigg lay knopatiatheiane 5 silicon, which may be deposited over
b%%%ﬁé'ﬂg Z sglhazl\ég End%gt%d lr%/fhowc%ﬂ f()% '&re;/ sﬁﬁmeﬁg t% raescnée oong embodiment of
the prep@lt yx_@ery@h ajtﬂer embcsinhane@m theSnvleSteldlnhay uom s&ﬁbd)ﬁfemrftonﬂhose shown
oo R B 08 RS R 6Pt oL B
wafer, pmtchep‘rmr Gstap2A70.gndudephmt O rea SR s}mwmﬁ Egnrepathﬁ @arrmung, the wafer
mcludcis é{fpgsgll yl%P g&lése ?Zé)fonrwrgvcéz}?rgranorf of &n eg'ngg:? f%p&lfeéil of B%l&rystallme
silicon38sd, refehitdCio ab SpoBsitibad oamplyPpolar istte takeplagtin o eafitte@indow
enitter at a later step 10 in the process. To provide
openingreater control and to achieve the small est possible
eRbt%IrﬁE n¥d @) Figura BA | strutbre|36€ b1 Rigur€ BALKING a(poAiBEo) sthudRr100 of

306 can _be dep over t | ayer of
Figureo gt LI0AR! 17 AETEE RS AMBRrOID oo i e 309 pytogs 320 and
top surPRSs 3263 Q2pastitdly. Ho@kimpB&HySdther Ffur&X%adhRk Base AE%(Eaclt aa/zerme?afe& 124,
nposed of silicon_oxynitrjde.

collectgrréadl?%ﬁ!]{ayer A% slhé%siub%(@@ Irq.a,y:o gsfor Blékeiﬁgg% deepﬁgnﬁwﬁ b‘r‘?t and field

oxide @Eloﬁsaﬁw f1i5Cinal119 a8t not H%n GdirubiBre 300 SRR, ihR8RWRER: portion
prOX|nateI 500.0 to 3500.0 Angstrons. 15 As seen

ofa Wﬁ@vwd'@gdere furfﬁaeq 36 opbrse 35 a7 whigh Bre darmation 4 ag epifer qamafispd of N-

type p<9 cr§s'fhﬁm@ @?llE&ﬁE toqgketﬂﬂa%e Bi aﬂQhﬂfer wind80 Shi ! bdrQk PRELs@Rg the wafer
e result of the sequence of steps according to one

accordmmerfw@dlwmtoﬁ the ppvertionshowny dayehar 20BakiEsws 2.k Ragigear,

stmctu%ogﬁ@%%ﬁlo‘;l%mg evatepbeb&% smée%gn%uéa M9 Jr RewsharBbOY

used form sacrificial Base oxide | ayer

38qfeema tclaey He 38i 3¢ éé’n-"%x”le%_ﬁ ShBE R ﬂ%fi/-”l‘éétfﬂfé*ﬁé“sfﬂf’e’dz 374,

376, 314) 3.3 3@1 %§Ef%8§f&h@@§8%ﬂus%t%@ﬂec‘r@§un P]Pe%nﬁ'.ﬁg%%'s&uc%e 300, steps 270,
rocess;%a so referred to as "PECVD oxi de

272,2 27c’n 2%@8&2@@@.&6 fand 388 9f dleyvchart00 ek BigyE 8. reqmctrmle For
exampRTRRIILFRITH shRRSGuQRNE 960 drRY Rbcesshtz 99278 stlliK BES o structure

370 after the processing of step 272, and so forth.
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approxi mately 80.0 Angstrons. In one enbodi nent, |ink
base regions 310 may be |ightly doped by ion

w0 ppiaoi4ed i on to reduce or control the resi st aPcEUS1004/008051
| ink base regions 310. The ion inplantation doplng
can be perforned t hrough base oxide | ayer_ 304,

uS@YINYIgE pithsiep 310 ig Giguroxpnd seucrerddin Figur 3B. gk é?eil) qf gy chart

200 cotPRieR theFbrmatisikofR@asiBiciaB@kiB0S oRk Base Sxidt RY&304 on top surface 324 of
self-aligned; that is, the dogd % of |ink _base regions
fn

base 3%,%63%3295%@8?%% NSl bpssEeEIN 0O Jink basereaions 33): apdeiringypase

region@fIA. GA@FicRPosOIRRRN be E"brﬁl@&bﬂiah&ﬂﬂ? Bhd Qénify PBRE QFB%)‘fylérystalllne
The result of step 270 of flowchart 200 1s

silicon; Whighsmpiglecigpppiiedsve]pase praded st 304 by c@mléalss)or erpgtien (gVD"),
knownliR the bR P AZKigh golﬂr?sltml%e%ﬂ@&dxs Sieb WEbndlefrbadideht!ds frk GHERion
3C, at step flowmchart 200, a conformal |ayer
describgfl hefp. ‘é&taf“feé‘ thifany larer of materdah thats enitable foyapryEite Ragerdipg psing a
photon%@l@ b1l Jithe bHerdStchAiddes i foe uGUATRY Kiitasié Ih€R4 1%k g?errﬁ)@ﬂry layer
deposited at_| ow tenperature and g;essure usi ng
of mawetw) spirisasrost SeViych ig slsbes avay PEs e ormation péwrml@q‘r ata later step
in the Stbdeb< AR p%megréa&r c&ﬁrshﬁq iPREHKEve &@smn@ gassm?e dmidr wa@h Afi-
spacers, 1.e€. gacers 314 and During th
reﬂectrvemhngaé\éﬁc b'me é@éscap £ ﬂ¢p@ﬁ§nwelbtasby@>@f PRy drysiadine 31@@1@“ before
t %ﬁc
pattern% ssd.rg@lgfr)&é ngﬂ&uh%ﬂ%%i §ts %é‘ré%é?fﬁﬂ% i a% ???% ﬁlgy fd ﬁ)lﬂ%gsed of
sﬂlconfoesrrrmde by omaﬂnl@@tmeop iARS] 1F13§ﬁf dchiymgt bdwsed obtfedeighll of bagyifigial post
hant, e.g.
302 cagfoe %r d %njg%,%m% @oagna@e dg&ﬁggglbtagogggﬁggf%@hﬁk Cbcer o
Smseam belgy, 6acrxﬁhlatw7psa\lv1§tb g8 detemmiinee thetvadth ofithe amitiesof 3% bafolar
transm%ﬁo@ﬂg&z&g %ﬁqgs?{ﬁt f] sl g§1§§ éifzs’tetpﬁéc%grgﬁ\%gcg Er%lréﬁ%o@?ﬁe&%? e Blesent
invention.i Blaee baijelayq 6D®pretantseibmhgeb@bdse 3 hduringihgletchiof ued mdform

GR35 S B RS DB R0 el

plasmaeffnh&aect ¢kf6mmah\lap@03posB©ﬁ (“PBEVEY") lbrpcnaks ('a}sauaéars:d m ‘BRAVD oxide”
in the %resent aﬁghcalo cg or ex?r)r(nélgl {rllsolng e bﬁaosdlem ! ﬁ Ias%r(])%dg er‘%ﬁ? h?s eptgigkness of
ant a O reduce e resit s nce

approx@dtely RGO emb&wms r ;gino arsbdsiir@ent, Tnhle bise regionpB BWnh@tbe dightly doped by ion

1mplan§gg %%%AJ gggr coPr(él rl{efrlﬁﬁ?]shaglce c%?f%% n%sgzeig?n M %Ie & t5r5|g]antatlonﬂaopmg
can be lpe@irmBd thtougt Bast sxiselafer 404, gﬁt&d;ﬁs ﬁtrﬁfﬂ:&l de};E3GdZCm lamgslofIt is noted that

. exposed extr Cc base.re def.in by the, .
dopingBiRR e FEom DG bR ot it 2 e i LB Rt Teaiohoug i
define®@by thfl@dgalof GbMidid! p&di 362, pitDdoddTEs Mepehddh thepligafiemtof @ Phdddmask. The

eslt 5 S0 BN Rt Y Biery AL ESadh r ogl ans

3ﬁa°err1|n§1 tND zez‘mdglire Rand &dnaufégpanmgtﬁesictaost&ozmof flowchart 200,
oron Ref erri ng

| ant ed r%% i ons ? caggg
aCO“f?fI“@‘d?yér diclicfie sPsaiisticgr ot dy epgstedpvey FQG(AE%%{PP“Q% Fog
examplel dilitdh b€ canlby dé;sorsmtauroe/ tSfperatck® add0ipésk el idiel APRAWV IS bRBess. The
274 in Figure 2 and structure 374 in Figure 3D, at
deposited gpnformal lgyer pf GO G¥ite is Sgiened bkt bRt 2 B f@xidg sharers e link

spacerd 14080 9. tIRAin® MRI“ctiRback BYBEs I AR oSS dxfideQhyd} 30AVBside of link
302, link spacers 314 and 316, and top surface 326 of

spacerpy3de@nd 31 arexipe Sihea Ve Faee pmplerlin spacers 414K &2 be formed by

amsotr@% itdig Qi&hlﬁé td QonfeBRPRId: 8fsiliddn %xnhé QJh frihY bREASMRNL, e.g. a
em cal vapor deposition ("H which is al so

CF./CHEsetghy dje edge pasitionspiBimlsrassss éb‘* aqdr}l@ H’@ cﬁlraésgéiﬁtprmme the boundaries

of extrfAB bhs ?Jf'ld?@ 313, Bleldb@Imihddi vy KBRP o3 BosRon GRENES BRihe Bt SHRal
ayer
silicon oxn){ie layer prior to etch back. The height of link spacers 314 and 316 may be controlled, for

-8-
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15 be approximately 430.0 Angstrons, for exanple. By
utilizing HDPCVD oxide to formconformal oxide |ayer
wW@2@4/1013e present invention achi eves a dense | BGEUSDN4/008051
oxi de that exhibits greater resistance to a
subsequent pre-emtter clean wet etch than a
ex““%%ﬁh@ﬁ??@ﬁgf“EBWF%PﬁﬁpO%Xlde | ayer conprising PECVD
0N @Elinkl sPhceBSUNMIE3 16 AR f8rnfe %Bllrtnsw bAAE rdYiRS 81T ack BOHRMLY BR
, achieves a self-ali %ned bi pol ar transi stor having
implardaien it rg@té;g thepesistagpeso! gx &iptic Rase regignygdi2a The i9ajigplantation doping uses

sacnf18§lfp%§tr30@ Bnd Ik shA2s 8154hd 3188s 4 A trn@f d(ﬁ)‘ir%p)f %Mn&f ba€lregions
flowchart 200 1s illustrated by structure

312 iscglhelisnedl. pigeaine drrdeop exppeedichirimriggbase regiogndl 29@ M@@ch!ryehgme of
link spalerd3 19‘&5@ Bfézandat;oessﬁo@ er%Z@orpti]e gl?ﬂ%m%ﬂz phct&fask. lon implantation of

sacrificial p anari zi ng a er 1S dep03|ted over
extringgppoieaans JRiresalty layéﬂwﬂssz@ed Phinentqgrregienst318 withio gkireie base
regions 3. ith b @%bogllnfénla{h'e %b;ﬂgt Js@&’t%rforﬁgéhplaﬁteg ?e%%%é gﬁdcamg@tgoron

confornal oxide [ayer 322 using a sSpln- on process.
Referrig ¢ Figgrg |3§I thpreatﬁmfusaep ARG ¢faf$¢é’lch33122470 ésxiHisdriated bystructure 372.

g ZdifiGtep B PR !

e e A

200, csrﬁavef@(@llaweam igdepositelh iovdr pWRGaRyer éOerr@adeCiagp@t 302, link spacers
I
314 aJdgylgl;agé 1o ?)I‘Ef;i}ffégﬁ gzcgéft 190! & 8bat ontSHE] ;ﬁ&q Ber %fzgc ﬂ%’&ﬁ%s&%ﬁ%ﬁ oxide
deposiFedrin & Righpéneity nlaﬂn@khwsal Smr @efposam(l‘ HDBCMD Yo Waish ksi alsio meferred to
r I

as H%%?% )c(»l:()> ﬁeatlg ?11% 6e§%'? %{’hcﬁog‘%ﬂ%ﬁ lcgrgeé? ?)%I e ?r%%g(ﬁ%%qﬁfer 322 can
be apngBetﬂﬂn@ 0 Angstromi lf(HSt(é}mlﬂfh Bit tilicikp @HPCHD mw:rto fdrmicadformal
oxide l%%ler ?% n%e?lg eerqtlﬂi’lz ov;(/aﬁ ! d%gegllgge% gI (%zl'{%as texhob grefate{ zﬁststance to
a subsemlerltlpfel Qnmad:r cjzars tvetand) thane chavekticpplaoafiosnal ogile ger comprising PECVD
oxide, %’r RE %)n)\( maepen%ﬁt tg\e 8resetnhxé|vei;|190n %chleg?s a sgg?dll%ne bngi\)/lgrgt{)agfistor having
advant3§l‘2 that #re Hisalsﬁﬂ esmm Letoho (Refmﬁttg to Figere3DOhe result of step 274 of

" pl z ro exhi bited by sacrificial
ﬂowcrﬁﬁ&ﬁgl’sl'% kﬁgq b ysérf"g)t %‘%ccurs as a result of the
mabetinualy wikaep 2f6 oifdurg? anaticiragrd la)FEig’ure?J% aCRIPIR76 SLFowchart
and .t he spi.n-on ss utilized to, depo
200, <38 iTAST B BB SR S E T PO BT dn e gsen
embodiéng,IshaificaBlirafitifg ayerplzzars AEPoRitddBverdP Aol 6xi8ORTPT BSESsing a spin-
nust _ hayve a suffic tly. low viscosity to enabl e
on profs. SeRR T A1 MDA 170 ‘Héltstah @128y RIOBFECRsgatng fall features
of strublthlre| 378.80cH B s&beifeisl jost 392aHd iikGpatkrs Bl AnAIr3138] thiglyl amrprowdmg a
-9 WD 2004/ 107409 PCT/ US2004/ 008051 Sacrifici al
thlckerpqoamf maﬁga”ogg;@ﬁepgg@at&gﬁclﬁ@ t%ﬁlcgiimg%{ﬁp% 3%Qngrlinsppacers 314 and
316. mmmp&l hebknds© 52800 350RkiBlal pmam laydy S OGN sacRCYD B8k 363NGn be
sone dopants. In one enbodi nent, sacrificial
betwegg aﬁPF&i“FEFeHgO 9 é?%SFTO’B?%I‘d@BPfOX‘E’GWr459%O ARsHPEENnincontrast, the

thlckné'@t)ﬁ{abrmcml ?l'd\@ei?lzﬁ@ 16 4 G dCepBARSured &F sﬁ’!ﬂ&ur@ BPN dicAB e regions
sacrificial planarizing Ilayer 324 may conprise an

outsidgpfdhaiaerifipial Best 201d therlink spACPiSVEEN BaRpPToPirRdtely 5?9 HiRaPP%e Aggstroms or
even gteabéfsaep&%%gtda tﬁ&ﬁe.g@sﬁo@acr@camc;srio@f hBHE péEenCOMobifnt, the above
I n one enbodi nent, sacrificial planarizing
planarlalyé rpr@zﬂy exirbilsd burreniicial Rlaparizingtlayes 344 cepyat asipegsuls ef the material
sacrlflgﬁl%%hrliz@r% l@ér Y c%}ﬁﬁf?&eg Qﬁd tﬂ@spm &ﬁﬁﬁéss Jtﬂz&“@ |aeposu sacrificial
mbodi nent,” the deposited organic material_ may be

planarﬁeatlae/@r 324- Earwg@nmlhéhw@@mi sacmfigiad plapdrizing l4yepty4anmprises ppyt have
a sufﬁakrg@ l<§v@@1§,66§1%5to Qﬁab?ettﬁéjrﬂstMa‘F to%?o@ du@i'ﬂg the 9{)1‘1 Sk E)roh%s QQ?IQ@{O deposit

regirons of structure . Referring to Figure 3E,
SaCflfl%ls)Jﬂntlr'ng layer 4276 of



10

15

20

25

30

35

flowmhart 200 is illustrated by structure 376. 10
Continuing with step 278 in Figure 2 and structure 378
w0 molilguoe 3F, at step 278 of flowchart 200, PeEEkSB80008051
is deposited on sacrificial planarizing |ayer 324 and
emtter window opening 332 is patterned in nmask 330.
| Ragrifisiappleneaping Brtsdt pamrbe an paganic B3Erid sppprisigsfor example, carbon,
hydro@no(;)@éeﬁlsélﬁtsomé BopARe! fﬁ%e e:ﬁﬁ&ﬂﬁénﬁﬁm‘ﬁcﬁpﬁ%aﬁ?& 324 can
nprise another suitable material as iI's known by a
comprp’e F"S@rﬁa'b‘f mgleriflseghyas agRigeric BARChn enetembadimgetssapiifisel planarizing
layer 3@9 %? cor§;§85 hrt J)r%zﬁnaé mﬂler@en ﬁ(a% ﬂl'oagsalcﬁéf&{l ﬁgﬁ‘hzﬂ{gqy ep?ﬁ! t@act as an
layer of material 15 over sacr|F|C|a pos
anti- reﬂm!wacqahn&:hwr Inppe embgdiment. epdrificiaplenariclegiorar 3?—‘éganc§>ﬂ gn orfganic
materigihd iy b&depbSed A& BorkiBn pwc&k ﬁ.@@&%n%oﬁan% PHQ dggoﬁted organic
emtter window opening w d can be gr
maten@lhmx ‘be heatedi te pauseihe otganiquatsrial Ifreﬂ@mmyd@rreldg}efsatgrfes pfi serlcture 376
H0AGRdeSped 1ehicROGk stiGare ' '
ond o HOFFRUT KRN shfarcbr8 R o bt B IS B el
ﬂowdﬁﬁﬂé@wdwﬁhﬁgimﬁﬁu@y@é@@nt etching process, while
d I edi r in pr
b?%?tﬁ-émtg ﬁﬁ%l{%{eép %ré){n Pﬁéd’r#‘f %rgitsg'u%;r? 3%" %VE%\%J?% f}t srt)ep%t7§ & f?oq’vchart
200, neglc330fi§ deipadite@On pkzlamzrl |pk1nﬂgldgagyelr32334d erhitteromiedow Opemng 332is
patterr]%mi)norq E%% Ingl?%{)trés%& 6%&9%}%0 &R a %ov%ﬁ)gltserg lgﬁ(?t(%reglsq %rhanother
embodimtrs,i nokgk &3yesy qofnphserdnothgac@bk rﬁ%aleﬁxalaasds Bb6n b'ﬂa lpersortdﬁ erdinary
skill i t¥1 eéc'r?n%%&escn%né a 80\?\/6 ggc% 01al anrér:eézgrlljgtl Oyeﬁgfj T v1§ S a Cflhl \‘]:}aéérsr%?material
over sdcrifibialpoaSOL Snd%a]lﬂtc@hdhy&lcﬁ ,mal’eeslmetdemf &gmﬁﬂoftshﬁtiturh BTHadjacent to
can rot ec
i e 1 G T M AR P O R er bR S8 S R s e s gance
betweaUhs@apidzret g3 tof hmma@tsaos and?¥ 6) ite. hteh paoesiedetsacrificial post 302 and
link spg?rggsgg agqp %]'96 3)?8 EXPSE }r% darérfgrags&gs%%?eg%et@mgrﬁr?ﬁeffa}vhlle deeper
region} bfi serldcr@s 878)fwlaﬁl}ﬁﬁlﬁprdmte& by thé @icker 149 8 maemal pioRided by sacrificial

resent entio dvant ageous| achi eve ncre )
planarP{eg TG 121 T <Pl G T O SR B MR B e than widih
340, .83 dlsThwstBetbgengmabmsﬁemggeaef llﬁﬂﬂsf){(ce:rs 31%hkdddw, openi ng
t hat can be made sufficient esent )
[ ES‘?ng‘F B‘r?se&&\'/‘é‘?ﬂ“a‘é 58 §‘P‘;f‘3‘&'5 f F@G%@g‘é‘ﬁd gé‘?ﬁfp%?er Wirdayppening

332 to®P EiRlialg ol i &hik EREHH JRSNEB Y, P@{becme RSth@N@k spuaéls 314 and 316 can
al i gnnent accurac I n ot her wor 30 critical

proteciiic, ST bR GHE P DETABHTY ipé?ﬂwlﬁaawl&féﬁpa gbgegpent giching steps.

In the prédeReithoditneRiThd thidkne¥d 328 QY aCREIMI BBndM g ayeP3G id Gecreased to a
I ncr eased. Moreover, absent the technique of the

minimgthigaists of ARASATETRFY 1040 ARgstremp therpresent éyentioaradyianiaessly achieves
increa®B BBLiRiTty 3 the iw3dtR 8F erRQRBRdW PAISNSR. %&JM hevidRpLEEmksr

sacrificial post 302, the resulting m sallgnnen can
window opening tha dersheraase suftigigntlydargs: S dresend g1vengien edvapiggeopByiarbisves an
emltten@ﬂ%\@gﬂewnh At Béhtﬁ#eg mirli ﬂﬁl cﬁrﬁ@h@ﬁl\iﬁ an@g%ﬁggnt §é:u¥a@3€ In other words,

resent invention's technique, msalignment of
criticalcimension @@nt@hvfteﬂ@&terw"rd@wwpgp@ﬁ%gs g3 edzg dmtthewmé@npmmng width
338 ,ngcregégrl ficial post 302 can cause edge 334 or edge 336
emtter wi ndow opening 332 to be -10 WO
2@@4901@7@@@ PET/CUSREEE HePs81 inveitiondf bel cantrn otdrptier Window
Gy [

opening 132 Brb Y Ures %ﬁ%;gé?"s?@é’%"% R oL itk fanmen
can cragterinfiestrahle davige progprties, Mbigl vasrredugemanudiichiging piekdh Eopxempiptabsent

the preisé‘h\( %Eﬁtlﬁﬁ"s tetcf\]rﬁqtygi, g‘sghg‘?utnent 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

-10-
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em tter w ndow opening 332 can be increased
sufficiently to acconmopdate al i gnnment error between
wo b@4/1capg er of emitter wi ndow openi ng 332 andp¢es2004/008051
center of sacrificial post 302. Thus, the present 5
i nvention achieves a_bipolar transistor havin

situated mqﬁ;@@ theear ages(el‘ﬁagmc’all %;;t 3Q8nwhigh %ﬁﬂl\paqq{ea@%u%l%,device properties
and caﬁ@aiél:rtez%ed ﬂaﬂu’f%f\ﬁﬂ§ gdidmpubas taUJo'rcﬂlQ’, ! ;ﬁleserQanentlon the width of
m ni m zing thickness 328 of sacrificial planar|2|ng
emittef ¥ipdew QpeRing fé¢ capE increagadapffigisatty 1gacrommgdatgdligpment segorspetween the
center & rhikt& vARddWopeAih g 83 224l iteQEntWy dﬁ@l&mamepegt@@z Wil he $rB&nt
present invention achieves an emtter w ndow openi ng
inventon 4ehigves pHbipRlen itaatistyr hewing inafireygA Mg fenpuabikticwhieh adiveqtageously
resultsm?ﬁltcreg’sgg mahlﬁa@tﬂﬁ] g§hpdi ment, 10 thickness 328 of
sacrificial planar|2|ng Iayer 324 over sacrifici al
p&y migpingdhicknesy B4 ot wariicn! alanariipglaypr 124tozertseirifikiabrpst 302 and
prov1d§%%@u¥f@@ﬁtlmx%g erﬁ@l@r »b;%d&b@%pehﬁg 'vaJtﬁ Qhe ﬂr&eﬁqmntlon achieves an emitter
nbodi ment’, thickness , for exanple, may be
Wmdowp?rwaa thﬁﬂserrwlw,v@elfs@ﬂwmg@ﬁ@ seprificiglkpost 3pRun onsjembedimens
tthknEJS] kiR &%Q&fﬁtﬂa%lﬁlanﬁh%ﬁ?&'3§Jl Loy salcﬁﬁl'&d'l p§s%§o§éah lﬁ@?e%gceg\((%’n

sacrificial is etched first 1 n a subsequent
appropsiateiihi ﬁglegtseqél that irask B9us ndt reguirediniln sush empaiiosst. s emiessg28.dor
by & 4 sP
examp\?%r 5%,94 %ﬁ)gfbgg%a%\{ffs() (fgﬁ% lﬁr %J)r?é; 1 'gﬁé.h s%%% thteﬁll;e}n ga}%ﬂﬁ&allp]ananzmg
layer 324 mitiaied ope vhonifjciahpost 3§&o§re|t¢1ﬁ<tiua1 inp @l&hse@@rz etcRiaE etep.itimgresubiing
.. Fi r
emitef RO ortbing \Sirafpl br @i R ool 2 D LAPUBAE b 20y e
to align theEmgjtgr wingowanpengtgrouertsenrdicBBiysi 392 FRefarmg 3G igat 3Etthzep'esult of step
ificial planarizing |ayer
278m§§§mﬁéﬁ&é%§®%; tte%byegr%gmtugar%’\%nndowopemng 332 to expose
c @nftouimglwithesep 80 1nafygure Bﬂﬁl s&ﬂdureﬁ%(hmd’ngnm 3G, er stapi 280 offlowchart
200, s%gﬁcml rg%an%ﬁz%&l%%? 5ié{ i ?&:Img))\(/% in em%{er WIFSIP oW lngg%enlg 3%2 ﬁ)ger{gééaik:)(gnlformal
oxide Bya BIZZ arrdi e@tembtmnetrohnqhmomesmg m Sirrificiel ;ﬂaiaﬁﬂtg hger 824 may be
322. Refe
removgE Bl oGPl RGN E SR B0 & PP Pt g efpive o
conforgrtal akédeUsyer R0 RefSafiiziteBigng 364 thh restilegf s2B3280 of flowghire20D is
an ruct ure 382 in Figure 3H, at step 282 of
'm””¥T§VEh% ¢3 conformal oxide layer 322 and ARC
| Ey&ﬁl’nuﬂ@&ntars&p Q&Zﬁﬂ\l@@ré Darﬁll’lﬁirbdttﬁé 389 indRirOFIE At d’ﬂ@ 2332# fl®vchart

sac 302 and further ext
200, el B B AR g D30 o By PR CERADY fging 33210
ex;;os@s)ﬁtrﬁmlall pc}sezoz&aa fukiher ARG larame:rwﬁ&lﬁv SRMinp 837, EFER ¥LEhpUS EdhEbrmal
reactive on eégh sto on sacrijficial post 302.

oxide ]Réqfég% ?nﬁlgﬂ\ lay_qra @a%w e{nﬂ\é@ MSIBg, f feagifve éﬁné&hg@gpngg on sacrificial

post 363. Qi to B}0rel 38, tHlelrésGl bR YT BdwcHEt 2008s Brated by structure 382,
Continuing with step 284 in Figure 2 and structure

ﬁo?if"g[ﬁ‘ﬁé"lt@ ftep A84 &; wr%wdafmqtqrg%gﬂgum at step 284 of?]%éfchart

200, s&ﬁﬁélhlfﬁoﬁBaﬁ isP@Rdved Arentifer WANIBW QFerikly Btd ¢ BSeVHaEbdﬁWe layer 304.
openi 332 to expose base oxide | ayer 304.
SacrifiGgRopt 02 st bpyts8tovesioor Pl v A Pkagine based @%%IS@PS on base oxide

layer 303] R&Fe@ing B f%édré‘@l hasatt: 6tsth 288t fIcMRRE200Ns MBS Bre@B) Sicture 384.
| ayer 304. Referring to Figure 31, the result of

28ANtEINg NIREISA L8O DGlEUTe? ndisirestyr BRLinbeusy T sigp éS%fgzﬂgwchart
200, rrf;gm;oraua RehaWfidetpofioR Br s%&fﬁnaw thQHan na%emq a%rw&leur ﬁla§<83@o and
Figure 3J, at step 2 F | onchart 200,
sacr'f*@ﬁwlan@vm&#?mg3%j‘we re@ﬁ%éfm sa*cqﬁtemupmcaqs Bl apeanp; z”i‘%ﬁb 3$%'v%yrbe
remové?%r%ﬁa@n I@U!?Ngeéj la%%kch%ngtreaﬁﬁﬁirc}owa% ;ﬂ!}smql ?&@Js'a?kr[&gm n
P P

er 324 are renoved in a two step process. In step
the artoﬁ plm;@to@g@ednﬁyem@le also removes sacrificial planarizing layer 324. In step two,
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35 renoved, for exanple, using a plasma etch in a
downstream m crowave plasnma process as known in the
W@ea04/1T1ae pl asma etch used in step one al SO r ePOWES2004/008051
sacrificial planarizing layer 324. In step two, -11
WO 2004/ 107409 PCT/ US2004/ 008051 any renalnlng
any reygiping facefica! pisnaiiringlgends 4 reapesiel @8 be moxed r cxtplgesing a sulfuric
acid wEEQIRSbessfad kno%ame%n R@i‘eﬂglg@o ﬁg&é 91, ke res@ft blstBAs6 B flbWehart
process as known in the art. erring to Figure 3J,
200 is flyetraidhy|strucpire 33%p 286 of flowchart 200 is

' kw%g@é&a) RY irSEikHE b WhPstrdBre IBEIEFiEdDIK R st%;S %s &%%wmn 200,
Figure 2 and structure 388 in Figure 3K, at

the pogsipn pf ksshidetlayp 094 sitgatedrhstysen titkomacst 3 Hzpsd e Ehfylé Femoved to
complé’fo’o”ﬁMoH o &ﬂkus}%mﬂemngsﬁp HImidt 4421 GhehirdHqed RAGRer window
I's renoved to comﬂetefonmtum of emtter
opentﬁaong peif lagpr 3®Pmayghegermened ineg prggmitiescleandrocess upging, fer
exampgegll WE&kri "!'351{3'&‘%[ hy(@rB fﬂlgn&s(zHF %gln Ac}%}'ll“j @iplvﬁly &k %%thwthe top

reno In a pre-emtter cle process ut|I|Z|ng,
of linkfspacers ¥ &dhide} 1 6.avhight hage beep ravelednedley the prydewgeahing|persessesaised to

remov§ ;‘Aﬂgéanal(ﬁxrae 149%3?% /9%@ Ll o6 %&gacﬁfmtpust%é mqﬁt agam d in the

spacers whi ¢ ave been rougnen
pre-entittpe clperrevomsiuréltec bAupey Updagt:éé@,@wqmsé donfegrmaoxideriayee322, whlch

reduce§ 9\@&!9{!&@45 or)agnos : Ll%gi[a la?ﬁrzﬂﬁlé al tﬁiylglre %gg 8f c.aogl%rrﬁal oxide layer 322

sacrificla utilize
after thprHE ﬁntantterfocéwmpleptvms spp‘rwrtnﬁely 3eB Sesstrums sl 388101 Amgstroms.
Thus, glﬁ grséfe%p lnkgnélé Spc:}; (I.Taa r or rm éf(ﬁgss %2 gohfo\l\@a%aldéaﬁgr%%‘g %f for

exampiehb«:kmsaspra:a&atew SOQnﬂfrtgstrmis aock amlneoﬂlraqu 832 Angsrbineri.et fingm initial
thickn!és'g 8%0(& '&ﬁ;grg)flmat’el 496 8%3§g;% § Rﬁorqt W% ;P {?.)rflon)a(\f tH‘t% nessy 346 of between

appromﬁslg A%0.0 AV@nbmsmdaspbnoe:m&lycBSr) @dtngktrm after Hhdlip. k ness of

o B R £ B Rt e RE R G B BB s

dense AR & Digher wet @ch rfitﬁe(ﬂﬂih IHDPtOV&} oxidehtofkmesafcdda o@fde layer 322, final

teI ons, prior to the HF.di
hickn R o e et s 12 biats B aed o Fuar iy g .0
Angswaﬁhg 5§ he™F salpd Tapy bpx&lﬁﬁigeimﬁaﬂoﬂdftﬁg&hfdaﬁﬁ)rrﬁeﬂ blﬁﬂe lalfer 322, the
. ontrast, in a convention roc ti
present ergQiBRRS: PR B RGO TETOT € PUeE SR BiE Hilgerd to
a convantldhg BeJcesdatiliAtgCdowéldensith axid&IRREMPPRE VD& xide, Qo fdvm¥onformal oxide
conformal oxide layer 322, final 20 thickness 346 of
layer 3¢4nf or mal oxi de | ayer 322 can be undesirably reduced
t @Ieﬂp@ﬁlﬂé‘rlmts%t}’nea BY d&pohngSpdlRABtallyie tili@ntdh téptsutfibe 326 of base

Thus, ut|I|Z|n? HDPCVD oxi de to form confornal
320 mmt&éwrng% PPesins 33¢hlp onp FEReTert. SIS PErraacHTRsFe s tape

polycrfdtdiftelsl1ie AN EMiRL WA 8B4 bbnRiP SLDR s@staf@IN SGUIRl sRXiiEIR1 post width
ayer 322 conpared to a conventional process

308 mlfuaurq 3B rysq eniired42detelialigned by dak spaefeh’ 14 enbitp eysingebase

reglonE 912‘C R HReqnf SQJP%% pa@{gﬂngﬁ emkt@yg’tfz &dorndry JdaKls, af Wleltl L&dther steps,
is formed epositing polycrystalline silicon on

Cm1NMEﬁm§@¢ﬂd§@WBEG¥®WTbase 320 in emtter window opening

332 distdsedNBove WﬂhgﬁQHDP@W&ﬁfe t3fofm eéHiorANEH deﬁ%er 322, the
N-type polycrystalline silicon. Emtter wi

presenginy ¢rtien achipgesiassianifisant apduption| iy cragienedf w@w&:wﬁ lexeaﬁ?ﬁ@gwared to
a conv\%tﬁ%m grc;égs% ulifii ng' 191‘5\% 38de, ﬁir%&’a éntothﬁﬁ conftzmhiSxide layer 322. Thus,

l'i gned 1 nk spacers 4 and 316 to extrinsic
erosiopgfgenformal oxide layer portions 348 and 350 sntuated 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

-12-



10

15

20

25

regions 312. Subsequent steps of patterning emtter

342, and form ng contacts, as well as other steps, 30
w@ a0v4he74per f ormed as known in the art. As di SCREEES2004/008051

above, by utilizing HDPCVD oxide to form confornal

oxi de Iaéer 322, the resent i nvention achi eves a
undesiggb e leakage Balrap Pesir batwesp 6BItSHPUY Siwaied shoaponfprmalexide layer
pomorlsaswg hnd3%8 AR @FRBRESA p%ﬁmn%f%%‘é@@&hﬁ(é@bel% @& RS hal oxide layer
utilizing PECVD oxide, for exanple, to form conforna
portions,3i8 and 3 e fn tBogbsentp ghthe presegkinftion cET I§7k3aq babxged emitter poly
sxtuateh ek cm&ﬁ\laﬂﬁﬁie3§/§ (%?l%ng 5@3 a$1'dt3§@£rﬁﬂhs,a&!§p%@tﬁ/@tporttlgn§ df 'Bgse 320
spacers 314 and 35 respectively,
situated pejay £ordermel %I“qeé%bwlonBﬁ“&/\mﬁ 38¢ “ﬁ@éﬁl@@?‘@dﬁ the sglystantial erosion of
confortnlaf cﬁm%%ér %l&?@jﬂn%ko oﬁ} Qﬁlz’ngﬁl’m &ﬂn&t@ sngﬁ’ﬁceﬁzﬂg reduce
affects -12 WO 2004/107409 PCT/ US2004/ 008051
eromomﬁdesfpmﬁbped%lerqr eertionsci4Rk arfe3 0hthe present igrantion s enirgspusly achieves
a self-eﬁ%}léélﬁﬁolﬁ%%lsﬁirh%ﬁlﬂmm&ﬁreﬁp@&qgmltw&% egﬁtenl [ﬁ;{)e ituated above
portions 34 respective portions of base
conforg@lpxéetayar padtidne B4fiand AP andmedpeasin® plstioraypebasp 4@ sitaried (Zhay
conforﬂﬁldoxﬁi%‘?aye eﬂbnﬁd}lﬁ 5@n§e of the present invention,
rent etween emtter poly situated above
C hné @prvallated)ky dile abory detaifed idistlosuse BABheaincenB&Opravidesmivghod for

fabncatlgr‘? 518 seif- ﬁ%rgg ééblﬁgéaen?lfstogé;%fiﬁ%\élﬁé Q?i%v%g %ﬁ\ggcgur?oﬁ%tywiégmwdmg an

emlttedwedcbvooptehmg sagbsing mmlahl cencﬂs diorengdn coporifand mayingandredeed tolerance
or
for m:ia?gnmenp er¥o!;r lu&ﬂ%n@ﬁggéég%% t(ygl r%llllczahtﬁgreﬂgppl P%ékqge
Althodgaylerm\pomdnl mdmcrﬁ)é& asaapdhéslﬁé);hetfztbelcmoesémbpoIWEmlst@nlt will be
vant ageous hi ev S e
readll)i arpg?{gntgc?ao?erst%)g%f orﬁln'ﬁ]ynﬁrmrr t%% ar? Loev\h ? alpglgk ée 1réveEt1c%n n a rs]lmllar situation
where @fiprbied ali eyt teletauaataed a addlou®n iconicd rdnménsxox tehgrol 1aye.;rrable
pgt?"gtg‘f éegi;rggnoxbg thSDO 66‘? @g?{‘fr“g'? Cetv{d\énet a?rz}él&(/)gsn t%chm ues can be used

pOIYFoRs
for impéBendingl thd béhceptt ofitle [ﬁﬁmﬁteﬁ,\leaﬁicmdmbmmtd&ﬁarﬁttgfmn Mcépel a8dl spirit.

re that t [ s net ho
Mo B0 B0 0 SEPOPT DB Br o S R er B podimens
personaut Bidenatyngills fﬁlh@MGdoMFﬂd«ﬁgﬁlﬁe ttabudtiahgek ynaliyin Borovandidagil @hhout

depan G ORGSR 6T O A E0F Ry TP e A bR o b gpnsidered

in all BIpS@d dsGMRBRIve @Hd re@ifﬂldtl\by 'IH&‘eﬂoketh SiguldDRGWER rxdddRat €@ invention is
nificantly reduce current | eakage. 15 Although the

not "”M‘?g kibs B"ﬁ“‘i”&?r S‘E‘%‘tfif’P%‘ésdje%fé,‘b%dp‘ﬁﬁ"eB“E‘Bcatpﬁtée PEABAY EREPUHMENS,
modlfleitloﬁs RhdPRbatutlohaRBost @partihd frivh ke s@Pe of BaMvbitioRPPar ent
a person of ord|r1qﬁahsk|ll in the art how to apply

t ﬁé“ﬁ metapd fopfabigating &5 gred dinolga frangftor U\?r‘(é‘rgé"‘i"f?ﬁdoved
manuf@dukrSt1 i Ahd feRle8kRANGRe RNVE beenldBRHEdd ON in critica

di mension control is desirable. Fromthe description

of the above invention it is evident that various

techni ques can be used for inplenenting the concepts

of the present invention without departing fromits

scope and spirit. 20 Moreover, while the invention

has been described with specific reference to certain

enbodi nents, a person of ordinary skills in the art

woul d recogni ze that changes made in form and det ai

W thout departing fromthe spirit and scope of the

i nvention. The described enbodi ments are to be

consi dered
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in all respects as illustrative and not restrictive.
Therefore, it should be understood that the invention
WO s004n@i40d i mted to the particul ar enbodi ment SPCT/US2004/008051
descri bed herein, but is capable of many
rearrangenents, 25 nodifications, and substitutions
‘Wi t hout departing fromtHdLAMSpe of the invention.
Thus, gﬁh&ggug%%ugagﬁﬁga&rng a sel f-aligned bipolar
transistor having increased manufacturability and
r @ base daving ¥ top surfees; have been described. -13 WO
2004 L0705 BCHLSO0HHIBRLor SRS 1. A DI pol ar
transi stor” conprisin ase having a top surface; a
ba§@ﬂbwﬂdeﬂbay€ﬁOsﬁvmhuedMéﬁhﬂatd top surface of said
b§§§1’fo ] lgye§ Q&Qt’eg b&ér Q'clrd f&@ﬁ%crzﬁ let’ Qlltaesqmct{)}) s%ﬁia% o@@:ﬁg base, said
e ayer a conform aye tuated over sal
conformaldayef hayirgla deusity geenidr B adengy of said baseoxide lgwid bas e,
SELlinGAR AR LAY SLalRYI PGP ERRUY Or eat ef than
ensi t Sal & Dase oxi de ayer ¢rificial
pIanarlzrng | ayer situated over said conformal |ayer.
10 2. ' i N._.sai
5 Qn for ﬂ?eb F&BQ aﬁglsttgr O?ngrlm:{ QBFI’%E‘/B&% gd)??gé%lal\q'%%tr %ﬁn@)r@e% I'H)PCVD
oﬂdabrpolar transrstor of claiml wherein a wet etch rate
of said base oxide layer is greater than a wet etch
rate of said conformal layer. 15 4. The bi pol ar
t Bansi $hobip@ir tahsdtenol clainel eheteis aindt ddcdhgete okiaitibakeyxdde layer is
C ri ses, PECYD. oxide., 5. The bi pol ar transi stor of
greaterctﬁ%?ﬁﬁ‘% © éaFeg‘tYﬁa‘%?“é"fg‘g "B cial post is situated
between first 20 and second |ink spacers on said base
oxi de r trans tor.
or oi ARLSpdsrdianiir L PR DviirEP R0 Ry puffelvec S tedECyD
oxide.an organic material. 25 7. The bipolar transistor of
claim1 wherein said sacrificial planarizing | ayer has
a thickness over said sacrificial post of between
appr oximartlatlyr trQnstt@q&m)Q SlaidNMha el saP Pk aidiarpb isysitddibeBveen first
he oIar transi stor of claimé
and Se%ﬁ‘grl‘@'f #pacess ‘l’!‘ Sétdd’éﬁ"é‘ f#VErial is an organic BARC. 30
9. The bipolar transistor of claimb5 further

conprrsrn% a first region between said firs
The bipolar transistor of claim 1 wherein said sacrificial plananzmg layer comprises

an organic material.

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.
8. The bipolar transistor of claim 6 wherein 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
sacrificial planarizing layer having a first thickness in said first region and a second thickness in said

second region, wherein said second thickness is greater than said first thickness.

10. The bipolar transistor of claim 9 wherein said second thickness is between
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and second |link spacers, and a second regi on outside
of said first and second |ink spacers, said
w@e amritbised al pl anari zing |ayer having a first pd¢i/oknesersost
in said first region and a second t hi ckness in said
' kness is

apmoﬁﬁéé?g96§ﬂgg f&?@%ﬁ? nggggg%§h§0 The bi pol ar

transi stor of cIa|n19 mhereln sai d second thickness is

bet wee 4 e

it o Rt By EhET YRR RIS TERR DR  ssepgpegrantm
heterojingf®in bpakr trd_rﬁlstoﬂ'he bi poI ar transistor of claiml

wherein said bipolar transistor is a silicon-gernmani um

het eroj unction bipolar transistor. 5 12. A nethod for

fabri castrhﬂk}pdefoxtfalpr'cdaMg & bripoieg itretsistqr, ssidingkthodtchroprising steps of:

cgq%mln I Sggg aer %@@ %tl 2 .base oxi de | ayer on
top St " 8ase FabF Pcatt |hg a sacrificial

pﬁ&hamngsamdﬁhasnmoxsdebﬁayadqmﬁmxn1ng a confornma

er over sacl | cia ) con
hg%/rmmé a corgorma ?1§;er B salcri Sagfill 11‘101 tpﬁSt sald 8réfrc]>rsnln fayer?::avm% %Xensuy

gmawbaseu&mm@®f&aymmemdaﬂaﬁrt|ng a sacr|f|C|aI planar|2|ng

RO et i B e Ree it BBRral b ragu e |

conpri ses HDPCVD oxi de. 14. The nethod of claim 12

wh [ t of d.b de |
ot gt ot R i B FaPnt e BR al e D oxide

| ayer . ThdmethbiofreRirh 02l whéreid laatentd2raittoe sd BasSaidk IBRS B greater than
i de | ayer rlses PECVD oxi de. 16. The net hod of
a“@tﬁéﬁ?ﬁfi?“F@P Bt ¥8nprising a step of fabricating
first and second link 20 spacers on, respectively,
first and second sides of said sacr|f|C|aI post_prior
t d>-sai dNSPEROLI ctap A iherein;syd bessA¥idT yar C?’BV&FS PE{%’D THee:
nmet hod of claim 12 further conprising steps of:

depositing a mask over said sacrificial planarizing
| &rer ; ThsMphed fcHim g2 Brthenfrmprtingd v bHeatPa st ?‘Fd§%‘ioﬁd link

spacer®BiS fespekvelyl Migst BRE BQMd GiflesCdt 3dilMsabAfidM Bb& bRorS@bdld step of forming said
sacrificial pl anari zi ng | ayer conprises an organic

conforfpgl layer-al . 30 19. The nethod of claim 18 further
conprising a step of renoving said sacrificial
pl anari zing | ayer by a process selected fromthe group
codnsi sThagebed of chimdfurderchmandnestepsPf uri ¢ wet et ch.

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.

19. The method of claim 18 further comprising a step of removing said sacrificial
planarizing layer by a process selected from the group consisting of a plasma etch and a sulfuric wet
etch.

20. The method of claim 18 wherein said organic material is an organic BARC.

21. The method of claim 12 wherein said sacrificial planarizing layer is deposited using a
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20. The nethod of claim 18 wherein said organic
material is an organic BARC. 35 21. The nethod of
webaism7k® wherei n said sacrificial planarizi ngpdEBYS004/68051
deposited using a -15 WD 2004/ 107409
PCT/ US2004/ 008051 spi n-on process. 22. The net hod of
Spin-oB PIgre#s-17 wherein said enmitter w ndow opening has a
width greater than a width of said sacrificial post.
5 23. The nethod of claim 17 wherein said emtter
wEhdowTBpethethefickim 47 WhereiR saitamitisy windeysppeginghef wigth greater than
a“mnﬁghgmgggﬁkglﬁkal post. 24. The nethod of claim17
wherein said emtter wi ndow opening has a width 10
approximately equal to a width of said sacrificial
POSt. 2Re mdthi&d SRINAH7 Rherbih @élmer;gteﬂ‘ MEHJ@SpeﬁQQﬂEé asxblﬁgl sthaller
step of etching an enmitter wi ndow opening I'n sa
than a guidth pfsaidjsagrifiglabpeak i zi ng | ayer. 15 26. The net hod of
claim12 wherein said bipolar transistor is a

silicon-gernmani um heterojunction bipolar transistor.
- 26 The method of claim 17 wherein said emitter window opening has a width

approximately equal to a width of said sacrificial post.

25. The method of claim 12 further comprising a step of etching 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 transistor.
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