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WD 2004/ 107445 PCT/ US2004/ 008397 METHOD FOR
FABRI CATI NG A SELF- ALI GNED BI POLAR TRANSI STOR W TH
WOrkoANARIUZ NG LAYER AND RELATED STRUCTURE 5 BAKIEROAININ0S397
OF THE I NVENTION This application is a continuation in
part of, and clainms benefit of the filing date of, and
WHODB&R&AB&HGAmIW(EyArSEIaFeAddC?NE;BlBiB@LAR
arent application entitled "Method for Fabricatin
ANSsI VEIPH RLANABIZING 404 YRR AND RELA ED
Structure,"” Serial No. 10/218, 527 filed August 13,
2002, and assigned t<§T Iyﬁﬁee of the present
application. This application also hereby incorporates
fully by 10 reference a related United States patent
appl i cation entBACEdROWMOHT(iEﬂ_WENMti ng a

T t
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incorpprafe€fillly bykerad@te, 6,p5;314ngaﬁ%m #pplicadeséngriad Mohdder F&bﬂda@ﬁlgeSelf

stonSpg B 22T g BRBAS P sty SO BT R ST 2 o

assigné b HeGadi gnedofahe }ﬁ@d@ht@@ﬂd:ﬂ@dno IThdapplizetson aleb herebylibcorporates fully by

peci ficall the invention re t fb i0
e SO b PS5 oSS el RSP A

EmltteeaniCBlbélﬁH TeardBiok C&Sall NYC D@¥ABIe3 44 il GINeRemidt 2k £200@ Gdsedisis NS patent
size and pric sen conduct or ﬂuf acturers are

numbeeﬁéﬁf iy Y aﬁ%gf}s? WP%“%‘?R#’EG@PWSW@‘W @yexd, and smal |

1. SFER.D ORTSEINVENTIONr these devices. To nmeet this
chal | enge, sem conductor manufacturers nust accurately
c SR PrEtent iRgsnsen relategioghe fickd efdptticationiof semicopfiyctor devices. More

specifiehliyl th€ BlvbioRfd £Gto thB LbREAHREMARES u@hsistdransi stors on a
sem conductor wafer, such as emtter w dths of
2. bBASKGRAUNMDARIt ors. Furthermore, various parts of the

bm@%a&n%@fwc%w&es Mtsdase iREpcRl WRBY de¥redidgdR 6ige 4a pRBSUr €
that the bipolar transistor neets performance

semlcqr@gﬁprrrwqutgrers p@rch@;@ag‘eﬂ t@Provpﬁ owaGept Righ spserl apdhyanall size transistors
for thegg(&ervlcgss G nh@?tﬁm'cﬁatﬂle@%&t sehicoRd Rk RRRIAMRARLA A stRERSKAY control the
transi stor (HBT) nus properly aligned to prevent
size ofgartaim e e shat @ltlpﬁkyrﬁé‘a@ éieupﬁrf@ra@@ce@égﬁ@tsmé@ a somicpilugipgwafer,
such ag QrﬂlYtgm thE‘é‘H bl[;di’ép Erjar%?sﬁdrp ffu fefhére, SVaIl(ers pQITStHf mlbﬁfolar transistor must
transi stor, such as an HBT, sem conductor
be propafyufignet i ewwe thai the bigolar tfansigier mdsstrererginedequgpmenty. Fopexample,
the empt el Qllaqr) (Ex[ir‘?rﬂ? b§ste9@'pl§ntqm Bét&gjumtgh vaolay\@e]ngl@tonl @IBT) must be properly
enera y referred to as a critical dinension, or
allgned Opréver ag @odenichbfshindrenrmmibasevibiitdncerust be  properly
al i t i.d
B T e T
semlcmducrtmrnmnafaba@e utibigpi aditst pbétomnins théquaplehe ltiptawsliaeiimr s emitter width,
which 1% %eneral?/ re erred to a%g prgncél}/éfgrﬂ%g%gc ?géés t zﬁg&:ﬁgds ho ase rwﬁ%h must be
propeer aligh@l \bthpmé fzmst pho@mgsks s arilized tedeterinime ﬂe@pmamm\@e lheawly doped
extnns{;celéqs%%glgfn e \t/ligatbspollzlrr] rgrlg]:stlslllorr]pr isgiier P : he o?xqer I n?ho(f‘o K - causes, among
other thihgs, €he diveck desarhertitiighase fegion efrth@blpcblﬁr ttah@sta i. EgﬂWEdeIondfetween

the bageheemitttg?uneg&ta%g‘ﬁlsélgt’nnmp gasc(ej re%toar}g %ar??nr a(?lsu%prtegigtaa)lla Palghigrﬁ S§nce there

need be a margin for error in the alignment of the two photomasks, the distance across the link base
region must be increased to account for such misalignment. This results, for example, in an
undesirable increase in base resistance. Additionally, in the two-photomask fabrication process

described above, the first photomask must be accurately controlled to control the emitter width of the
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regi on nust be increased to account for such
m sal i gnment. This results, for exanple, in an
waoesoabl e i ncrease i n base resistance. Addi p¢DOSE0DY008397
in the two-photomask fabrication process 35 described
above, the first photomask nust be accuratel
bipolardBRLGH 1Ay PSRIAERIGH eRE® BRATRAEES CaF BUPE Fungehisable redyggion in
manufz?quﬁ]lé ;‘lei"r&ﬁlcl}?gﬁ/ k32 QA4 LIRB3RAE inchiaRQh Aandiic@lmi S50 -
Al so, m salignnment of the two photomasks can cause an
uREheEfaprigatien Rrerseret 19 oglshav pRASTiSE IruieRgisyq g hagiptiym of
aligning M 1FRYSR afd SAidsRIRRNE IHR ImktREIM@ARRr trihsERAHEAGE. U@l‘lenﬂproach
cost. OQther fabrication processes and tools have been
requires thegige ofrelgetive Apitasy dlenestgihvbe ¥ el Py iBtfeewnesT. Seiclivppiigyy presents a
problertnhr?thlat.I 1p1l§ n@[%§e ?‘%e@ﬁ Blgﬁ] sél&np 8uctibn (th;@m@gﬂcfugt@f de'vfaes Selective
bi pol ar transis devi ces. e approach 5 reqU|res
epitaxyt preseps anagfer pieplemtin (hat selgstiva RBitagiabisgosiiantpceuseoniisen silfcompegions
and not &'ﬁé)ﬁ&ae r§£§ﬁe§rnc§%5§9%ké§§ m@ﬂtotrlﬁé}é dgﬁéeé%ﬁcﬁ @%mng rs@l@&tﬁlmepltaxy
in that 17t Is not currently used in high vo
results iy @w@t@nt@hlosﬁof gepise oAt iesing apallity c Hlse of 3a|instde spager presents a further
probler%ml Ih@?%rl 1l§§ gpén%tté%&tn %rgré%{ep h\laﬁ l(Hith Btht:nﬁéth&iglsg %rﬁ a%curacy in
taxi al deposition occurs only on silicon regions
cmﬂmhﬁ@mn@tW@ﬂﬂekﬁde regions. Since most process
”H]% 1?15}1 qgfehﬁrecg re]seof%'ibo {W cek %9 é&[}éed 1§§|1rﬁ§r<%ia¥tean§ moFeatffﬁflcult to
resu in a su stantla 0SS o process toring
achieve apanbtelcprttgol olgs thegize afireitais fed@res padess tpreagiemtvidtinoff the blh@ar
“mmmép problemin that variability of emtter width is
reater than with other nethods, so sone accuracy in
c@husr there if needhinttheaart fou aifabridation pyedess forbigadadittansgstors eikich does not
rely on tﬁea zgllr%imeier{ I aargte Pot%gz}s S to ucfer%I Eeghg‘nkg{: elré%q/(gnu g%gﬁrrlgsqc t;a?e region, the
base- emmet yuoduoovaad tdt ilplagy thehaahlyoc@ptcaéxmrﬁeaasqrrmn such as the
emtter width of the bipolar transistor. 15 Thus,
there is need in the art for a fabrication process for
bi pol ar transistors which does not rely on the
al i gnnent of separate photomasks to formthe |ink base
region, the intrinsic base region, the base-entter
junction, and to inplant the heavily doped extrinsic
base region. -2 WD 2004/ 107445 PCT/ US2004/ 008397
SUWARY OF THE | NVENTI ON The present invention is
directed to nethod for fabricating a self-aligned
bi pol ar transistor with planarizing | ayer and rel ated
structure. The present invention addresses and
resolves the need in the art for a fabrication
process for bipolar transistors which does not rely on
the alignnment of separate 5 photomasks to formthe
i nk base region, the intrinsic base region, the
base-emtter junction, and to inplant the heavily
doped extrinsic base region of the bipolar transistor.
According to one exenpl ary enbodi nent, a bipol ar
transi stor conprises a base having a top surface. The
bi pol ar transistor further conprises a first link
spacer and a second link spacer situated on
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the top surface of the base. The bipolar transistor
further conprises a sacrificial post situated on the
wd ouaar4sur f ace of the base between the first PETIKS2004/008397
spacer and the second |ink spacer. The first and
second |ink spacers nmay have a height, for exanple,
approxi mately equalgﬁgﬁéﬁgigﬁlﬁﬁggﬁ%&ﬂgmgodinent
s gthspradehd it ehilor i€ 8ifected dmanfBodfbri@fin rgbﬂﬁlfsaﬂgrfeﬂ i)lp@laaﬂranSIstor with
post. According to this exenplary odi ment
planar51n§ &ﬁygrrantj Felted skpgspres G Wfésre"tdﬂ)‘f?ﬂt{"?”sa@greﬁeh%‘ﬁ resolves the need in the art
for a f&bREdtioh pfok @k fdP bRBRF irahkitBrs WY @Idoss dotRtyas t@éjﬁlgnﬁlm of separate
sacrificial post, the first and second |ink spacers,
photorpskp tp fsm theslingscpase regipfie the GHURSIECIP PP ItheasereAR S  igtion, and to
implarlt ﬁ%@lEaVWMogfé@ BRfihsibasd REioS¥BAPbifolarSiahdi@t € gl ass. The
sacrificial planarizing |ayer may have a height, for
eRasnplieg OORREXEMBIagAIIDELMTaL RPipola(RAISIPIFOBPrises  bash baviga top
surfacé€ nﬁ@@ éﬁ@:mransgfo?ﬁ&tﬁgr ct)ntﬂﬁirkeﬁa hel gt &Er 4nh 8 sef;c'oﬁdsﬁnkasﬁger situated on
secon acers bi pol ar ranS|stor may
the topfsyrfedgef the bpper | hebipolgrarapsisgorifurthenepmpyiags atsppgificial post situated on the
top surfftl of@Ebdst b&ivaln i AGaink §;Ba@& ah&%@ "secox‘M‘lﬁ{kesp&che TR ikt BRSecond
an emtter wi ndow opening. In another enbodinent, the
link sppeesgmaythayey/lesightt, dor cxample, perrpoaratehy auah iorir gy arothen emipgliment,
substaf’f} Y RsARSC He ?g%@' RhPQL il p@psi stor. Qher features and
advant ages o he present 1 nvention will beconme nore
r dagdirdipg taplpaw@nvlatybembh@)lg@ntoﬂle bipdiantsangistekurthercpmprises aron-
i L t 65 fid
s LT NI 08,1051k LENEOR 5 0 gy 9368 10t v
base. PETouSE004DO8BO7ing BRIr Efay DEGORE, FIr| eONnIQF: sifieiie DRAVT NGBcrificial
Fi gur u of f
s R el A0 oSS B IR SR FUR)
embodirgens [gpdaiec tibn oheightt of thefist @psemad(m spmcersrrff hebippltr teansistor may

further, clom‘%g?g'ame natsk oFua{efi : a T Fhﬁeén%m acnp ggﬁan rlzkrgr}a eg lil‘!’hgre%he ngg\%asaan

emltteemndxdv q&ntngofn anbberenppdisent the pregent mmmnorFlsgmeéloaﬂnat achieves the
above- S%SI(; Isetg:l?igo ar transm{;)oSétg)x?rgggetlljsrgsgaad aé Iggt\év ea%glgpgelseglﬁnyedn%gn i become
more reamhp apparent to dfosd dferdimvieskill @nhe dri afperr revidBing the didovartgaitaded
d sgjsectlonaIdV|em1 whi ch includes a portion of a
e“”%ﬁ?é? BFPURRYRLraYI0EYr ding to an embodi nent of the

i nvention, corresponding to step 270 of the flowchart

of Figure 2. 10 Figure 3Cillustrates a

cross-sectional view, which includes a portion of a

waf er processed according to an enbodi nent of the

i nvention, corresponding to step 272 of the flowchart

of Figure 2. Figure 3D illustrates a cross-sectional

view, which includes a portion of a wafer processed

according to an enbodi nent of the invention,

corresponding to step 272 of the flowhart of Figure

2. Figure 3E illustrates a cross-sectional view, which

i ncludes a portion of a wafer processed 15 according

to an enbodi nent of the invention, corresponding to

step 274 of the flowhart of Figure 2. Figure 3F

illustrates a cross-sectional view, which includes a

portion of a wafer processed
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according to an enbodi nent of the invention,
corresponding to step 276 of the flowhart of Figure
w@2004f0gus e 3G illustrates a cross-sectional VPEIS2004/008397
whi ch includes a portion of a wafer processed
according to an enbodi ment of the invention,
correspondlngBBHQ%Qgﬁgﬁﬂgﬁgi—gﬂkmﬂﬂéﬁgﬁﬁg§ of Fi gure
2Figald 1RiIGHERs Bdodslsbddishdl Me@Df Sontel PR T&RGES P BRExeMIPBW bipolar
which includes a portion of a wafer processed
transisgor per de ?@llfaéloraﬁf B Hengitakehio igplemp ap ﬁlvléﬁillrpqﬂt]of the present invention.
C@&L%&Rﬁ&ﬁd anﬂbv&cﬂa@ﬂl@ﬁraaﬁé)thggteﬂsrﬂzﬂ(elﬁ OQW?Q%@& aﬁfemgécgr\’lérﬁ of the
Figure 31 illustrates a cross-sectional view,
lﬂﬂﬂmﬁV%ﬁomncludes a portion of a wafer processed
aﬁf\gg{e%%ngusﬁr@teépcr@mggfoﬂﬁ RlewOhhith) ﬁl(:l'u@éé%@)%h@ﬂ of a wafer processed
corresponding to step 282 of the flowchart of Figure
according to @) egppodin®yt qf the jgteptidnes a cr oss- sectional vi ew,
er év;'e 3]5'ﬁlltxytgi?e§ a@ro@éosret:t'ldﬂgl \/?Jw @hWﬁflrﬁ[uder aop%m%q Sfer processed
according to an enbodi ment of the invention,
accordmrw @rsemh@dimmt af shegpveptiggaorisspopias ol ssRehapt th@flowzqhgru picFigure 2.
i guﬁ el A ér&é%&ft@ﬁa@ 516@ Qﬁl%&Clﬁ&%%'an@h oival Srifver processed
i nc u es a portion of a wafer processed
accordg@@@prdqmt@dmnmf therhsdiione parregifonding toj sipp@rit pighe flowchart of Figure 2.
c [ t f
MG A 8o s s eSS PO ¢ R Htessd
accord DESCRI ¢Ttiodine@Pof THYENYeRNENTdrChpoTiag [rstepeifd of ths/@wqh@rm ofi jgure 2.
d!F[ ﬁ%%%qll&sgatgg% J}S’sg sgc?lg afl @llgfv \%’IEH lﬂgu@esﬁghlftlor"flu ag\paqgr proces ed
blﬁo ar transistor th anari zi ng and rel
accord@tgrtel et embedinieheof fhsl lhtmtltﬂg cqjersrtwdlpg too;rﬁpc%ﬁ pfathﬂﬂowqbe@ pif Elgure 2.
I Bf ure ll!lus[}atesp a crés@lsm 1819&1 &19 3ch 1% %@?g&%ﬂl gtn \9 fer pro%essed
Sent I nventi on. W 19
accordltrga@ gnenzl:@dhﬂeat ofttlieen\&np(vresc&reSpqndmg rmts[epﬂ%‘r’afythxbﬁowchart of Figure 2.
s g%ure?anavs?ra es,a crgslj Ssgcgﬁrﬁal g/!egv;:!;lglg%nglgé%ta pgb 18[) of ¥v?f8r rP.rocessed
accordMgrte ﬁl\/ﬁﬁbodmfmﬁe ihteatiap enmeﬁpoodldgto&};tdp§78)bf thdﬂﬂowchart of Figure 2.
E ure strates a not ssdsec neﬁ 1ew }Q{n l%(ries a or ion of a rocessed
t heé Tﬁ enf Sﬁ TRE 18 §eFa"fF S REP éescrlg gp
accordifggo p t&ﬁlﬁ)ﬂtmeaﬂmtlhe()ﬁ\idnﬁkbh afr&smmﬁlhg o stepe80 khﬁmﬂ@xdg@rt off Flgjre 2.
nar The
t ﬁgug:}ég@ﬁt{ategﬁﬁros %f loélﬁll Vé(hw wihr,fgluic uggs %%téw? dvat%r processed
accordd%tt@hrl @fbod@xseat of it iovenadre c&&s;d)lnﬂleg to&dsptZ@Z Bﬁhefkywchart of Figure 2.
exenF Y enbodlnents oL hvent in%ain
et3$ g cERBEgRahY ey W&‘f‘c tPF eﬁi‘/%?’ﬁ"i’"o T E RrogRsEd
accordird@o B érioliMeRsof e ihAtiH, SrRRlondinYy & Hdp@B4 af e A@chart of Figure 2.
Ee0|f|cally described in the  present application and
af BUFOX iEpates ¢ erafsrsgetiond! yisty ‘é{f"é*bl'“Bk‘/‘d‘isl‘i‘é’oﬁ'ro%g?ﬁ”afer processed
accordiHg@Whi@fbodimc@iidrenelin EABNS cR¥SIBRIAE Y6 sEdpr296 bihefId¥XRart of Figure 2.
which is utilized to describe an exenplary enbodi nent
of the present invention. Certain details and features
have been left out of Figure 1, which 15 are apparent
to a person of ordinary skill in the art. Structure
100 includes collector 102 and base 120 for a bi polar
transistor. 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 galliumarsenide, or other
materials. In particular, the present invention
applies to silicon-germani um carbon HBTs where carbon
is used as a diffusion
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20 suppressant. However, the present application nakes
specific reference to a silicon-germanium ("Si Ge")
wWORN4bo@aed ar transistor as an aid to descri be BOT/US2004/008397

enbodi nent of the present invention. In the present

enbodi nent, col | ector 102 is N tvpe single crystal

silicon t hatPELHLER DESCRI LIQL QF O ffusi on

PITRE BB Sent iAvehtiBRAR rdﬁscté@n@mthbmfotr ha@n@dt.hg a bel¥-diiRRediVi % Hhnsistor with

enbaodi nent, base 120 js P-type SiGe single crystal
planarjzinglayges ﬁﬁt’e'btéd VRPYET {188 foé'BthéﬁFséT‘ﬂ’%?" CPN2{ny e BEgmption
pertaiiREDItike Péﬁl@ﬂﬁtldﬂ%@ﬂfé'pt'ésgiﬂmz&tl@n LBk MRTNed I RE §r8 Vil (B Fize that the

120 may B npl anted wi th boron ions to achieve the
Pfese“éf”c‘f?‘é‘ﬁ’é ey B%@w'qmentes} e BBPTY{Tera fremdbat precificgiydiscyssed in the
preser@@ﬁﬁcaln%g Mredldr UBIne 8f BB sgeBRc Adtails 3N e §REMTRN Arel HeP@EURBd in order

collector 102. In the present enbodi nent, base

to not @Eﬁqgrﬁél"te inveptiqng Tﬁ@ FRFE‘F'&} detgi|s|np sgb@smtﬂpﬁd}[res‘qﬁ?pw@anon are within the
knowlBEROBA p&8hn ofBldlnaxisRillliY k@ LPCVD process. Base 120

and base contact 122 connect with each other at

i fhefRymngs inthupreerteplitatiteng g5t decompylyingdgiatied| depanigtion are
dlrectJEBtB ﬁ{aeal ex@rﬂ%aljy Qﬁnb@cﬁé@nt%frﬂ@ lﬁvefaﬁaestq%lmmslﬁ bleRry, oi@S&nbodiments

has a surface 126. seen in Figure 1,
of the wprpt@d w|h;ﬂ) aipe t!n@grmcwlﬁse)ﬁthp gre@qghwwggn 313 nN.qucy‘Fyelly described in the
presen@%pﬁ&tl@h and ar@not sﬁeciféallyrlﬁl.llsﬁ'gtlacy @)J the E’@@W (JI‘Xqu ed N type
, fornmed 1n silicon su stratel in a

nﬁmeerl %ﬂwmemnlatyrﬁ@uctmetloo Ghlich écutiipedsp ﬁksevbel@sxermlgm

embo&x?gﬁ H ﬁgPre&*fnt 1Wen'i1¥rp %&B&Q%éaﬂ‘é and'féa Jr(%r epé/ leﬂ'om‘ HF Og?Ra 1, which
eavl concentrate opants romthe surface

are aprmdadt @c@tr@rsos piedinarg 9811 omart. oStiyatuied 0 iralpdes co@:torBOZ arelcbase 120
for a RS ook P RO B e I bt 1 b R oo
heterofuntteudipobn friresgtor YT 1L Gr a>rad1pt¢othb en';semr inggntikreappli®8o NENeor PNP

R O
preseriDewtibn epptibes silidéh-gandarfiinecatbandiBEs wiscd catuoons usagas(amlﬁfusion

115 i oxi de
suppre(sgnfoﬁlj)we\?e{ %he pr ser?t anq}{:atlon ma‘f(es ecnfec ref%rence to a s1k|con ermamum

are rormed i a manner
(“SiG¢’ heIPHrbﬁpolaDeapnstdr amdrrets d&s]:ﬁbeea’mckrrfbbtﬁhdnt@f(tfﬁ@relsemlnaéntlom In the
presergrt Frgtl)ﬁ%or?ei’r]]g- colleatéé\r]/'?%Zela&q ]éi's? | Cca/ﬁtafjs bcg? &g{ @n %alifrrp %tg a%opant
diffusioR proedss lrowimnerknbWe inathd art. Th tlﬁ,preEdartg bl’ﬁB)dlmB]h(hM& 1120 atP-type SiGe
. structure 100 5 i.ncludes sev feat
S'“g'e%ﬁfﬁlotfﬂaéﬁl‘%ht8%%‘*3"%’%8?%%3'&’ Bi? %“Y Brresst’?ea? %’I"§?'8Ppoéf’epa?s'“°“
(“LPCIADRY Frofidss. OBasé DZOfrﬁd’yrmtmn@llnted)\f/ltlﬁﬂSbrmblﬁstt& acm@lfmfela&edneeﬁodw P-

type pol ycrystall licon above ba 120, Figu
e di B AT ITR T bGE 15 SR eh RPBLant et pgiot Witk Silector

102. me&qfrakmgmb@mmm &Eﬁlﬁdta&ﬂm is@blytipQallify B that hamfepRited
o int roceSS|ng%of a wafer that_ includes structure
ep”a"fﬂb‘” VA Prograt A ass 1 20fad Pss CONask 122 £quns sl eapiupther g ipterface
124 b&@¥echltiRWoha@dt o8 Pstdi it madrRI AR R sidgl BysREMSRRalOBase 120 has a
ordinary skill 1n the art. For 10 exanple, a step may
“msuﬁﬂﬁéﬁgt.of one or nore substeps or may involve
SPEGR!ih Eigtre @OBUrRIRREr 105, wHIEKi £Ednibbsed oaﬁ+|f)g)QWﬁte|n@I tdheis
cart. VWile steps 27 thro h 286 indicate
relatively §GavHa 9o DO REr R 3 f5 feimesddn Hikropadsiraty E07gR@ manner known in the
art. c@ﬁ@@@dgln@mwmsa OfnpPE RIS N o RO R fortHe B digtiRQdbimRALIS

of the invention may utilize stedos di fferent
concentrated dopants from the surface of collector sinker 108 down to buried layer 106. Buried layer

106, along with collector sinker 108, provide a low resistance electrical pathway from collector 102

through buried layer 106 and collector sinker 108 to a collector contact (the collector contact is not
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fromthose shown in flowhart 200. It is noted that
the processing steps shown in flowhart 200 are 15
weeniaeesd on a wafer, which, prior to step 27BCT/US2004/008397
i ncl udes structure 100 shown in Figure 1. In
particular, the wafer includes top surface 126 of base
Show“l‘?ﬁ‘gﬁ'ﬁ LuhPeeR “F"Eﬁhﬁsapzc?ﬁd Hld grideisplptoared Sl &3 angt16\nay be

compotsamﬁ sm@ctm/&wcfet (810,) M&erdl kRO okied if a triak@r RhAAGAN kHE afN Deep
mtter wi ndow opening." Ref errln% now to quure 3A
F? a

trenchgst lrla@[aqurxeéd @9@ 1§ﬁlatpp gecg‘xc@s é]&i %]’ﬁ)@@d H &que@ﬁct&c isolation from other

deviceS bt HGdoH s8R0 107 in afhadbdr &ndwn iBaRertl 28u2 RGuleQRhSW thAGRucture 100
126 of structure 100 are shown in structure 300 as

includpsepgveral fegiuzag @nd FaPPPBERISIISEG iR dRmIBROlar Erapsitar iplAe11age PHgrto formation

of an e%lff@?lcbrﬁﬁr‘syd ofCN GS& Jlﬁfi‘}tskéﬂﬁl% sifitnbée hasigocont act 122,
interface 4, | ector 102, buried |ayer 106,

s ﬂgp@@rﬁhgwmféqwca@réZOPthh deskiahes B Siepsnaceprdimg gy ongegpodiment of the

present fn@&l@lb# $n thd voc@ﬂgg f)i1 £l fer X IRRAESHQNS 1001 AerdihAetalUhd features
116, are not shown in structure 300. Structure 300
have be¢nsft g @hbowdhart B} thit@re appgrem tagaesson Pheriinany sl rothe art. For
{di 0

L e e
materipls, ag gnovalie thelagice |n an en1tter wi ndow openi ng, before

pW@@égﬁo&msgﬁ@%&fndﬁﬁ@ﬁ,qmmgzobqre% ﬁlcremgqésmtongf

the invention shown i n flowchart Figure 2
embodiya¢nt pthe present igyentient, ather 300diglionaf the poertivomapfitilizh eteps dlfferent

SSi .

o 9] S R 252 E VIR0 LA g 0
perfor@7Pen awafer3¥ Ribh, p8Fdto sBF 870, BifBdes380:turg 800 shog@Bin Figyre 1 386

-l lustrate t res f ] [ .30 -
partlcusl’%r,etg% &/ﬁ%’gcl&é}g ’topgﬁ%cte ég%c’)f%ggfslf% %8??& gog??ﬁofgﬁ?# érﬁlggrzcggnprlsed
of N typk pﬁlbroy\na”llaretsnlizé)ﬂis@:f takd ace én 4, “emaspemtiow epepingFor

exanple, structune 370 shaws: 3 ture 300 after

o GBI a5 OB B 2 3D SR g o for 100 o
Figuresit rBasd menc‘B%ﬁ SlafetceitZ& distruqore t@ssd shgwoin stiepre20Qas @320 and
top sui?cF 30% uc?g%ecg\?eg} I UI %Béﬂé{ %&er fea ure?szgc}{frs] !%:sle unrtaectﬁz {n(ElerfébeO124

collecl@DI‘Q?.[ bses layéra 06, csi‘lnfa:t $ubktrand 10§aﬁ)tled’tdreinl§ér 1p® sieep3@Actey 12, and field

R TN SO SR RO ——

of a whrasicltidgy t@ﬁ] surfRdd326an dase 320, of /hich hﬁgﬁnﬁﬁorf afgh emteScbaprised of N

Sacrifici ost 30 be forned b r ni and
type pRlyghialyes! ‘F%[{/)‘é o e Pﬁ% y%"}‘%‘t‘téelr R S ore Rﬁg%sﬂ“%ﬂ‘f‘/ wafer
accordtfy 16l 6RAHIbbEicheME the RS AL M%$hEIeN ih Y @ERaA 40 bfyFl@lh‘e i G&larticular,

va or deposi tion -6 WO 2004/ 10744
struct R T VR R ﬂawaﬁrt%‘)

tmleséerrn‘g&t Biglired 8B hirduigk 8K, sitractuhse@bon mze ARd BAEb oxfi4Emat 378f 380, 382,
i nvention described here, i is manifest that

384, anda%rl"t&fratﬁﬁieé?sp%lp ReFgEMing Ogatr‘tcam 005 g5Ps 24 gf 4 2é4 P IH, 280,

282, ZQ@taﬁ@Eiﬁi'd?ﬂoN&iaﬂQO@of BRRE 2B K-1iOEly. OF d¥@kankphd, BRICRIOZ70 shows
techni ques may be used. The suitable material forns a

stmctt{f@%&?@ftafrwoqe%rstep S 0. sacaresal72a andg 72 hewistrctira P7qritst the

procesg,qgofmum ah§ sebfiRed away prior to fornation of an
emtter at a later step 5 in the _process. To provide

glCenfrwingavtitsten B7Gindiguse aeisevdue R §higuredt sispdy] ¢f|flewchart

200 ccﬁr{?ntsgseﬁﬁe inthtibh ofdRdrificial ﬁjs! KR LLYSaeQRIdE er(304\8|Cto)p shi®EB26 of
3 can be depositing over the |ayer o

base 33Q)| Hase &t wmprises ingiinsicdase rpepils, linkdrtedpgionig S aed prtiirsicdiase
reglonp 98t é%mﬂl E)(Qt ﬂﬁ%zgfrb%?f(’)r%ted b)F }S’c{ttel‘?lﬁl%qp(!l @cchn%a}e@%ﬁﬁolﬁ%tallme

X be co npos ed
silicon, which may be deposited over base oxide layer 304 by chemical vapor deposition (“CVD”), as
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silicon oxynitride. In one enbodi ment, ARC | ayer 306
may not be used. The height of sacrificial post 302
w@24he7445 or exanpl e, between approxi mat el y 508COU$004/008397
3500 0O Angstronms. 10 As seen bel ow, sacrificial post
dth 308 determnes the width of the emtter of the
k“OW"o‘P 5125 Although pplygryitaliingsiison i ysediponegaihpdimant of Hig invention

descritfe@ Gy NER nRhifGt @RS ARG AErid] 8hadR SuiRBIR asHaBRRdte SHitetiM@ using a
present invention, Base oxide |ayer 304 prevents

Photowha@%hqr BAUSENRE (SPGIYERTHGC LFE- Eb%fwtﬁlae walgtial {ymp @ fgmporary layer

of mat&dgikfh&ifRlal PR630230Rich ﬁ@&ﬁeooc?wa? Sn&ra(y Rrmafb ofTWenh@er at a later step
f or med by dep 05|t|n9 a |layer of silicon oxide, ch

in the prggesth el RS areaer pentrg! @E@@hﬁw%@@%a"gft Passtbéﬁrﬁﬁ‘@%(t“iﬁ‘?t% anti-
reflectRF c R n%@WR@i l@}e\‘ 3808in Be H%oﬁ‘lﬁpg s thé Q&er%5p(§%§{]§mllﬁle silliPon before
e

one enbodi ment, base oxi | ayer has a thi ckness
patterryig sagspiictskparadleIwithgiogrepisig Sox %ﬁ@ple 4%0 Bhie S8aB8Y bheastposed of
sﬂnconI dx%tn@@sﬁ oﬁ@gjnwaﬁne%g- lexyeb 8od ﬂn%hn{olt Ye GLOR eﬁmbﬁélghpd? sacrificial post

i mpl antation to reduce or control the resistance of

302 capppforpxarerle. dgiEesaPRIR  mafie>0dho BpRl ahR&steBh dopi ng can

bgs P&k EQB\H%chIeran&hwmhﬁﬁ)ﬁ d@t%llnq@es ltlﬁ%ﬂath 3Pthe eﬁﬂgr M3febipolar

sacrificial post 302 as a mask. It is noted that
transisgn fﬂrmgﬂ a5fthy rp:ﬁlk oh e gequensy phtieps 3(1:9rdprg to prﬁauag]bodlment of the present
mventn%ﬁ.l ﬁas@l 19? ﬁge 3bﬁ]grrevén?s daFn tg 9&‘3 R%H &(}Trln% 'tl{élétcpﬁg gserd%(g#o%s

310 I's define

by si des sacri fici al
sacrifigg 9pst 302, Banoxidiolexer Aot m@etp:e‘ﬂmleé hy tépositing fglﬁwe af silefon gxide, which

L

exampleo I brepzrrﬁ)adimem lﬁs@@m@ 12yea Bt Isis n thidkoese sf pp@ainarety ARBngstroms.

In one fe|'nb0(J nﬂ mE gﬁse r%glons I?}Oorrmﬁ)&? Fg%!)&yé?opgc%/ by dlgltl rrz’[%: %n?a}tlgn gourgiuc% gr

controbthé resmmnoe)of hh?k hase regle33 0.t Elak iov ipla@tion ddpirigahn p@ﬁfoaﬁbz through
n . ox posi t.ed, at

vase o9 AT B0 8 sy B PSR B PR hECsoRinanflig boe

reglonchﬂ)m; Ct}ﬁis sediplgnedteno &i the ddipu(g (H’Eﬁk/ﬁ}ls} regfoa s 89Ss ddfinedbyesides 311

and 313)?:? 3 riti cgaﬂ p%s(t g&g argcgtggahgt 8De$<g$ gglabglélmer?%)? ! 8&({&&@%[( "Ehe result of

step Z’Enﬂl(ﬁleﬁ/&]artIZO@ls iffstrdtbd byl sirokeuis BaC e.rFs.gu’Belle and 316 in
cture 3 ur 3C. F full
888‘:"% o3P éﬁ&’ ‘%% iﬁ'é‘“l”ff? @%u‘%’é‘ﬁ"&b?’g& %P
respece\te(v)h bi3g:p 2R ofcrMcRarnEd0, zi aaﬁ&frmaflaﬁt dfideDIatrRXidhes siuSdnGidd is
fluorine basedﬁﬁgcha nt, % 4/CHF3 etch, Wdth
deposited gvespacfifjpipl Ropt sE‘Hc?é?”éP'% %}C%Prﬂi‘ ds £8n belsPoifipea loyy mperature
and prEk€ir€ LTS ashRRNRABAIEAEMicAIfvagf HEIORISHIE (“PBEBDI)]GRRS 13dre,
iis determ ned b{ control of deposition thickness of
embodirpent, thsfleposited coaformal dayergiisiieon ‘é‘iﬂgr‘s Sitedirasly’ tpjorpppepair of oxide
spacer§l Wk a%dIP MnRpathe3 Bitaal 3 Ped Kiruddlr© S 25 $n FibSre 3CT €8UWxhmplt, 81 link
present invention achieves independent control over
spacerwld‘tqﬂd 3PEcagpe fumed Iy apsotrepirallipptehingithe eanéprmaldayeypfiliforspdde
using é)fflqulll’”E l)aslad é!&a.%P@g %f@m%h"ﬁ aeel Widn sdsap flﬂﬁ‘n@rsﬂﬂcgr@glfi ;hﬁ 316,
base regions 310. Height 319
which Iaismet@pw@é‘hg bcaméaraﬁaexmrewrmiﬁ regions g bt Mem@wbwfml of o
deposnhgheth%ﬁne@sedfgltbtco%mﬁgﬁlbcfn' &id@llayproa%a a@@gy thHErh U o th% etch back
back" process portions of base ‘oxide |ayer 304
procesg u/t\%éi geult, e pregdnf inventiRn aqhice esrindegandent sentm gveq wi lai*?s‘S@f full link
spacer?gﬁ%g 3PVAY jd ek i25\éﬂtglqglﬂ/ %aQZrééﬁ ;ngll $J§gcp&4€/r199|§§tﬁ2wxdltmof link

an alternative enbodi men ep05|ted conf or mal
base rqggyéﬁloofHeghF 30 qulxlmljépchrs B4 adSd6 pax ke approximately equal to the

height of sacrificial post 302. During the “etch back” process portions of base oxide layer 304 outside

of full link spacers 314 and 316 are also etched away.

7-
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to forma pair of recessed oxide spacers, i.e.

"recessed"” link spacers 315 and 317 in structure 372b
wo@boo4foyus e 3D. Recessed |ink spacers 315 and BAWUSEN4/008397

be fornmed by, for exanple, anisotropically etching

the conf or mal er of silicon_oxide usi a fluorine
L t@t“@ﬁﬁﬁ?‘b"“@%‘a‘t the @ﬁ?‘@?ﬁ@f"&‘&]ﬂ”ewf&ﬂ%o‘%@d%s gfiched back”
to fornh Qﬁzﬁﬁ(ﬁe&eisbm&lwﬁé‘cﬁfs& &3 1aceadad 3&7spac‘é@|3¢51 aril 339 in structure 372b of
term nes. the extrinsjic base regl ons

F‘g”re§P2 Repessqddink F‘?‘?F‘Hééil debﬁﬂ“dﬂs fmeiRp S X amare: fHPLIRPEYY etching

the cofbrnta Ry ONSioABkidS idingCifuofidd Sheed ddsnant, 8Nd GH, BAFDYich. tWRIth 327
duration of_the etch back process. As a result, in

of recegygd hnleAsesds Herid Sthahish é‘é‘é?ﬁ‘eri‘“ﬁ\%ﬁ? Pytadary Bf exjrinsic base regions

312, is dé@?rﬁ’iﬁ nted? BF dePbsitdAhickMeion (3 2dnf6mal 86RS 98de lal&Hnd also by
acers 315 and 317. Wdth 327 of recessed |ink

the dU@ iopeefithe etehrbagipiocsssy Agjadesulidp stchicmBliment t Riessnigpventigpachieves

indepeR@S€cdnG 8l RBSwidhB27 drctdaied ik PRderOF15M88 €575 8fidln 32K of recessed link
acers 315 and 317 is determned by the duration of

S
spacerg fil aa¢l ¢l Hepcdeterpinescthe widthmy link haspfseions 319er easi ng t he
dyeghd 20 oPfecdsQ 118k GRARASIS Rl 9PES aetérﬁﬁwdtb§ tHelution of the etch back
correspondi ng decrease in height 321 of recessed |ink
procesg pfés @xagnple] Bicegadnggherduratipnphihg etehbrsliPrasere resHisiigheorgsponding

decreabéSify %é?ﬁ@Zl bmcéﬁé‘ﬁﬁl{ @am 130RF4 37 1h his! e%%dltnlaﬁnhg]ﬁh Bt of
323 of sacrificial post 302. In one enbodi nent

recessqsldin lspacg 31 0nd P& E sdese than height phefesnasifigipbposiitd2 3 Iongagbesiment,
he1ght§2‘p§t{rg&g§e@| Jllyspgéﬁs%lg Qﬁpﬂh’%agt% s%ént@aﬁla%éﬁ llle‘?éh@BZ?)]o? sacrificial

di fference between hel
post 3%cTrhre fdlf@reate l}w@ten Boght dAdofsedrigiial 1312t1306fan¢ bft;@géféldoflwqq*éed link
8
spacers PRIED 81 P B nfl 6 B8 ot Py QI pa s SIS LR
ofsftefotmatipméd falh hiwkespgcedli 4 amti3 1316 FigareBCgu r@em lgnk spacers 315 and
d . . .
317 in F%%?esiﬁjsa Iq,)ét]r h%é%a%%’ %g%%{oli’é 1%%1%20%g<giebyj%% gﬂa%glh?rg{c]ﬁea%gé the resistance of
extrinsiqhpbeanagians 0. Tl ipe thpdantatine dopa usessaa dicof pose32randilldink spacers

SR8 3 TR LTS 8,00 09 3y o
of extrBitig base régiqgns BEZ 3 &Ibalignalc eisealk dapinlg oSpqvo&d sxtBide bmdreSlbﬁs 312is
defme%[)]%!}:w géejgges of?fQI gri pacersso’liét ]@l'-lrcp #% in 9 oBre?%nOé gefc%s%éitlgmlk sPacers 3%5 and
317 meixgmnsm aﬂad(dkres mﬂldepebdtsethe e@m’mst o%@hcbt@masddbm m@ﬂ!anlmynom bieextrinsic
ul | 314 d
base relgéogaglsz T su;;tf W e%vblégggeg %%rgglgntad reg%}s 3% W |h'g5'uef(e gasgﬁeélons 312.
Inmwdme&hmantdﬁﬁ$mduﬂﬂtéhﬁmammgnﬂnﬁpmnﬁlacﬁhﬁ&ﬁﬂnsk I on
| y . b i .
BR800 ) g PR PRSI A e

200, n@XiaErhﬂ‘tSall plabakgNB8ei 3283s &pasitebdvel ARANGeL3UBQME satRifitial o302, full

ink sOBPoH SCh R EIEHG Ot FoE e 7EReF S e 3 il 30 and o

surfacé533'6u)$ bake 828 Tiis inBredr thgtli gurSBE tAlougd ﬁ@re&Z{hxr@fm fhk @Véﬁehhaﬁﬁpllcatlon
non-sacrjficial planarizing
are deiﬂ@?ﬁ%i‘ fetaonipdhe Wﬁ@d'lné?ﬁ)b?f tho"OBVGBPP"s”é‘&‘F'W [ ft'|' aipa‘iféssﬂs shQy in Figure
3C, asloppdsed bitHtlermbp@mEHRtStiBdidg Godssad @péc@rs Fsh@H i Fifere®D. However,
recessed |ink spacers 315 and 317 in Figure 3D, and
referencpfp ful sRargt i dspaboe pigsat gugtion s oply CHOA B herRrgpgRtdayention

and théfrobddf Q449 Ris@fsci @NBWUNEG 200Taph o REQSARPacAI RS waaatslt@rhu%pacers
are described in relation to the enbodi nent of the

As suchrRjgties Brihiorsh K panyl Pay e lustratsg decdpeenticn byHeifRinGerio Ferggefdepacers.

Howevdtras e @08 €5las@ibt AR iSRROMIcBRBYs Wl thd hrédeAhppiBGSSH G6kerence to
spacers shown in Figure 3D. However, reference to

a specifig lexamplps fdlsgacers a@é%‘gﬁdkf%‘ iflpseratignaad AiECUsIRNUAFGIi9N tsFigps SE
exenpl ary since the present invention and the process
steps discussed in flowcharg. 200 apply to recessed
spacers as well as to full spacers.
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As such, Figures 3E through 3K could have illustrated
the invention by reference to recessed spacers. 35
wolomenerss as stated above, to describe the i nvRCIL/US®04/008397
concepts in the present application by reference to a
speci fic exanple, full spacers are utilized for
throughPKystrati on and discussion in relation to Figures 3E

& MORQAAA IR AR, P@Ja&)ﬁ%@@ﬂié%&ﬁ? YayerthB %l&BosSéﬁ usIn@ a spin-on

the present enbodi ment, non-sacrificial planarizing
procesg gyié;]an mrpgsnﬂ@&&qsi elaar@gp%laéergéq exhibifs a p;?la'@gglgg FHeperty by
coatinE @1 fQRARIF SiRichid 378 a6 leﬁﬁlclaﬁlmrﬂ Binwhi ﬁéwﬁgﬁga thicker
exhi bits a "planarizing” property coatin
coating evgf $foBer festures rsctily o 3yfpce éf?cfﬁ nafs—w@a&wlfpiae?r&#ngda@t 328is
SmmmﬁgﬁyﬂhnkPhM“ whi | e prOV|d|ng a thicker 5 coating over
shorter features. such, top surface 329 of
nght.hgareqeplfqnaﬂoglpnepq hfﬁ%h{ B3} qulop w@flclgg)gmprszmg layer 328 can be greater

than hél ém SHCIGRRT Jﬂyspflée?s% 1 Q Bnooi 13N one eﬂlb&hﬁlerﬂrl%?g@npbl of non-sacrificial
rbodi nent, height 331 of non-sacrificial planarizin

planar!l@g dayer328 cesplre dper Oglﬂ@&tyaqual thheighh &l 9gth fulBling spicers 314 andj3aR. The
maxmﬁ&%%t%ﬁ 1f n(ﬂpgc%ilc@rl pllaﬁlarlgﬂg 1@5@9@ 'cmtapprlaﬁlnﬁgty 59860 gfngstroms

non-sacrificiral planharizing’layer
Refercagpp BigureedEethy reseltief step @7l fg:twhm@00$ lllﬂfw'lated |by chmﬁér s

3 o i) IUN-NLIGBF6 7 Fouflf 3F, 27

ngéq@gcﬁw stegP %anar Iiz;lmﬁg gdrer 3128ilg(l:1a at step 276 of flowchart |
200, maghod30d dmosetbqlorﬁmm&a@lfmgmnaomg layqRaL& and; qngttetr wirdiogepening 332 is

!
paterdF bl 36 ke Rl ooty sk s NGHRELs BHlor e fngother
embod27@t, inmesi=B Pumay c@marisg agetherstitable nBRBGial as issingwn &y 8persaatof ordinary
e { S

i inh R 3 B Pl og L B 0P MRS ¥ RO Bl Yoy o
orgamwnmdoa/u sopiearsl an grgaﬁiiQ BARC, cqnaxetdeproni@d over nop:sdcrigdal, pldnlanzulrwayer 328
to act zg ag ta11|t1 refli ive %mg% la n% m%ncl?] caT( reglgc%ngwan edS reﬁecpg)n%rd%rslrlé%s ;%,?ttermng of

an
emnmsumﬂ®EM&nmgBEZ|al as is known by a person of ordinary

il
35'6 Sgscrtltfeg re]lgovF r{oH aquj}]lc1app§arlfarlzr+%lk¥er QE%BVI (?s éll tlt1m éayfr of m Igxt<3r1211 over

sacrifi@l po@ Bgaamdca thigltee fayel of matetidl oas shditeOregiand «f sBMRﬁEe 31353de abent to full

ink spEROR T By Tyl R BAV R GsPing R G B wrefihan epstance

betwedn&ﬁhkﬁﬂldéré‘vﬂ@s]betﬂxllﬂﬂf( ls;ﬁedris ®Isand ard, ng width Bew, RinBgsabrificial post 302

tter As de cri bed above,
and tuff Sk it IR GRL e LR FEr AT Sy e “SoBpreBUR s o Whi
shorterl rai6is o@ﬁmrmltr@:msahu Qé{rﬁt[n protadiéd Hyithd tBickdd Ofkr &%teaalqarcauded by non-
t.hi cker | ayer_of material over shorter regions

sacrifiggl plipgrifing 197763 2§djl'é%'é*r?f“ PYMERH qmitegr |“ﬂﬂd°§Vﬁ%§’E'c‘—!P%W§’ﬂ33§ﬁﬁP be less

than wiit®340] NI $he dfntd 1R%wdbh B QWA Edpe6F Al BikspaB 1 aBndB 6.
greater than the distance _ between the_ outside edges

Oy PIEPRR IS ER s BLACaHifE 4B 4jand 1441 GPHeG SN opening

332 tobk Ki€iRted 3Griffll 1fikabacOS14 RA216,a8gediivéll, sbiakfuf AR §faSer33rk and 316
and 316 will be exposed first durl:ﬁda subsequent

can prefecd Hiemepi Py stEicure idj hepeadhefuld ik spagers Hiaprhdl 6giuriag sufieagngetching

steps. AEQ rdMult ] the FERAINRAGINGQT MehaR)sil BehidvB inkBdsed A@ilitPTn width 338 of
material provided by non- sacrificial planarizin

emitte] windew aEging P2 oS OXPERTIdRERN emErT MindpW RPIREBVhaS w%ewde
suffnanitl?tlznge‘g%% fRtht BRedt®s §dvaﬁtQ§EGusW Shidva4h emlttetewmﬁmopemng that

di St ance betmeen t he out side ‘edges of ful
requ1r§r§ra@|g}a§d1@g_xzploghldmg glggnment accuracy. Inother words, crmcal d1mensnon control of

emitter window opening 332 is relaxed.

Moreover, absent the technique of the present invention, if the center of emitter window
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Thus, the present invention does not require edges 334

and 336 of emtter w ndow opening 332 to be situated
wo@y@r/164k3 | i nk spacers 314 and 316, respecti VECHUSE04/008397

that full |ink spacers 314 and 316 30 can protect the

.region of structure 376 beneath full link spacers 314
Opem%&n”gz 16! RS gligngth ¥k thesentet FﬁCH@“@tPQiSQO . e resulliag iselignment

can créaftQunREBSRO Hevidd PRIPEIEN) wARN adit 8RO MahufacRkink §MRIS For example, absent
i ncreased flexibili tgg in width 338 of emtter w ndow

the pre@vﬁfé mvHﬁloggzechqfﬁlﬂfS misgl nmee)t\ﬂf Eheﬁ@nt%{ﬁ)f SHittes Windey ?mawg 332 and the

center @PRBHIMGal bORABOLAR chBe ERE 834 SWlifd I3b@NErhivted VARESY ofehifig 332 to be
present 1 nvention advantageously achi eves an enitter

stuatelpcdane Bradificy! RHad0? VRigfusap ssaikipieEableHeEhRTBRARS aathepuse

decrea8dd rEHAIR i LK. 28¥wevbM aRbARE YRE gl%sen@irnbédt@l@lthedhmﬁ 3 ErRifter
control of 35 emtter w ndow opening 332 is rel axed.

wmdowp@bﬁgge}% cypkedpgreasersuffisieRiy t@@@commophté a]pgn%@trﬁ'ror between the center
of emilE4ERY enihd 332N8d BRRERE: Placdifihd: 302 NARW the SesPinvention

2004/ 107445 PCT/ US2004/ 008397 opening 332 is not
achievps fyjplanfrangistey e naimpre veh marudgetusgbilgy, vaaghradyangagedusly érsylts in
mcwm%g%mn&ggug BSihd.i ng misalignment can create

un eS|rabIe devi ce properties, which can reduce

b ifox ekingra stficignidy large Fl@rtte@x‘aﬁqyf enenigl Sadih, the pesepripisatjpn achieves
an emllttgrvvgin&dvpébeﬁm%\?vﬁglg g%&%all)r@eﬁ‘ %llérgﬁ% At saggefhc'ieg?osg?ﬂﬁ §h fa@tf, in one
embodiment.i the thickesyd pn- sa@Qﬁ%lmlaeww l@dg%e28373ﬂr setrifisdbrosBE cof be

' ' d 0 ‘

k -
eI e AP RRE Ay k3 ot 8] ST ThRg e B Ghin or
sacrifigjehplaperigiredpyer B38attuaierbvernmagdiciaipest ERgeelched it ot sybsegeent etching

i I t [ ti .
step, tl%/ehrggug\}né{éﬁwgygfélpﬁ\??;gegrn \;\{]s%létgﬁ ngg g\hep %%?gglgl pé)ga}\éﬁg.efn%qher words, in
that embpdineat ecmeskfi§ feqiiedtid gligh theageienwodat @palingyaesatriferat post 302.

) . d
Referr LRGP I R e e bk B B AR i 28
I Qoaimuingrvithaeh 288/ e igurdid polsanctire aTsindligure 3B i sep 278 of flowchart
200, norrlTPac c129 ppa%%fl aq ! ur?Z%'ll r!anXvedV\'hI Cnera“ql\r{(?o% %%gfr)lg %&é’ to expose ARC
r eased manufact uri
layer 3;06 @wd edatemg emltist,l‘ﬁ/fndw emahlng 3Bargen- semftcﬁae plamrmdlg\l'ﬂyexpléﬁ immag be
the present invention achi.eves
remov% WH]MO{)%XSH-{E) gO)il ettchflréts rhrlglél 2 8gﬁm|§}ry cglnfan Célmolr)] glydr\?éern and
fluorir® @€ bthéri apprﬁbndﬂﬂﬂdﬁha&ﬁ)& knbﬂn frad art. | Refarrigy to@idna:cirtietresult bstep

278 o RF RGP 1 T A BOS U Ran be T eouced 1o an

ap:ﬁﬁtﬁﬁ)l’nlga\tlﬂh step i28(ki’r’h&3@re§2]ﬁh strinadire A8Bik Fagiic: 315 anddp 280 @Nflowchart
r Thus,. sjnc he thin,non .15 sacrifici
200, AREHRick 35 900 AR P3DGORIE T BURNIR AR ionrire 3dq expose
base 0id&3045an@ sithetkxtentl SihitteNwiddSERATE SBY. feirekumpge ARCaHer 3088nay be
resulting. emtter wi ndow openi ng i.s sg -al i gned over
remov%lésllqgfal reqcuye l%gtf %@)Z)mglolq sz&:t'lﬂ%l? R%btr'ﬁag a}chlclillﬁ)aft 302 may be

removEdRO Ak RPN, usilOa SRS e bised EEMIInEEREPE 6n Bdsi 80dd 1agr 804, tHeRiiring to
wi ndow openi ngzlsover sacrificial post 302. Referring

Figure 5. fegeahlborstsp 28! frostin 20 Uiusled b it char ¢ 200

i @ohtmulh%tvﬁﬂts%g 2BY inFligucs A& rachGe 360MIF uba ngat Wb E\stdf @Bwchart
ure 2 and structure 378 in

200, tlﬁp@ﬁlog?gba& oxifedaeh a4 situases lﬁefyaaen Al ngégﬁc?rﬁlé Ia%ﬂc%u]l link spacer 316

is rem&Ne@ ARSI ohRYiIBH of2ABiter &/idd8WRY& g 332@RA MbsRI33WMsRERWed. Base
openi ng 332 toeggpose ARC layer 306 and extend
8

oxide lap§rBPLMaPeTaHN hqxﬁ@plgg@lth MG S&ig sughras @ hygrogen fluoride (“HE”) dip.
An th@%ﬂn hRgb SHeodtPNR fhegt%a)f I‘?‘ﬂ:filyl1rm%pacers 314 and 316, which have been roughened

by the previous etching processes used to remove ARC layer 306 and sacrificial post 302. Mask 330

-10-



10

15

20

25

30

35

removed using, for exanple, oxide etchants utilizing a
chem stry conprising carbon, hydrogen, and fluorine
wW®eooatibraus appropri ate etchants as known in thePEr/US2004/008397

Referring to Figure 3G the result of step 278 of

flowchart 200 is illustrated by structure 378. 25
may bSO G5 foR §*aRPen vV Ehecd P a1 efch inm giream pigrow e RIS R 8rosese as
knowr ifl ttel a8tU Refedintg t@Figsle 8P 28uRbr Jidporar I?aﬁfl&wch&@ 860 I‘Q\Rﬁ;stlra?éﬂny

306 and sacrificial post 302 are renoved in emtter
structufg $ffow openi ng 332 to expose base oxide 304 and
f trtrefenﬁ{g &% F@m i€ Righte Qranarvgtmésaw RBAGNFiBGre 382 st5p0184 of flowchart 200,
exanp | ayer 306 renoved usi ng
emittef laygs ﬁﬂ% deReitedion ﬁ°P§P6?f;S|3ﬁé°fd’f§Sf‘s’e?€r*'ﬂ f’T"@Ffa‘Y'“‘Efb‘S‘fPeB'OQ332 over
expose%%ﬁloH &f‘f@lll llﬂps%'éce%@g4 ARY3 18€and 0SEFRBE GacrifiQhl ﬁiﬁm&ayer 328

usi n% | ori ne based etch that stops on base oxide
Emitter fpyery 4%9?4! comefl@rnolyrﬁ@stﬁlbneasdlcpv gtk reayyg depasidedr by (F YD process, as
knowrﬁh% a?tSQn SHCe eHbQ%QrﬁrémngQaylﬂSM'Z lcg pﬁgeeld ikﬂy p&?fr&’s@atlﬁ”e%lllcon

. Continuing with step 282 in Figure
Next, @@s#@éﬂ ifrfernpd pvergmitiegylgyes 342 in agpangerdgovpigi thyf arf |I@W@ [REEPENt
embod%ggn r1t1£§3@pd'omp9§ks‘aﬁot&@§§ f,wngtﬁer eﬂ%s&lm%q mk BYRRSHcomprise
between full T'ink spacer 314 and full I nk spacer f%
another suitaklgmatedaltag isdopph ex epdrion oherdipary gkillémihe agr Magkidd g utilized to
[
form ag %ﬁlﬂﬁg_& %ﬁ%e@ﬂ:ﬁt }{F&%K?.%%Qg )((igfr%s%ﬂ%\él%@ R@%ﬁﬁ% 1&F tg?rlg. gb glyueggsult of
step Z%ﬂsoféIOWyl@rtd’Q@ns iflystrated bpestiuetie'3B4.di p. 35 An HF dip will
t CaLa

SRRRERRENh Ao R ol Jooyd AEERCE By dadbrdBichan 20,

emittee34phs fogmesk poteses nasedifical plermiviog ARE 3|2&yerrerfw@d andimask 344 is

remov%%%rﬂgé(ggg fﬁ%ggr?‘%gﬁ%\ MET? é( ;I;o:l)zt"l:;g)gl\s/ 8&&91 te(:\:/)\?a)ép %é/nl%p co%er?d lH/ mask 344

utilizirgg ol ea:sam c@hmhlmgrfoaexamvxhasdhtoelamrm &Bmm@tqgteagmuormo@ 0®BS
sacrlf1c1§1 é) a]nflrm?g la)Eer gfgcgﬁt P b? eefm%(/{c'i b&t tlgﬁbg almgelflcihfth?Ea in gmbs§ry
compxﬁtrigufot wampBSli&drdgexf edrbom gpdffh)usheap f&%onﬂadﬁnﬁgmk;&arﬁnangjlayer
portio%t(%,g %rthggfg)m sacr flc1alg)lfa{r§2§ﬁ]§ layea gor‘g%rfgt%g Od(r)] jStO (a)lre svycatef'dr adgicent to
full lirk2pacerfs 3base QBGeSchtleEw tdnesp SM'fEnéC'B\Zb ofesd 319. N&ﬁ sacpifieinl planarizing
oy SRS RBHRAR I Mot o SREPIAIoR G Toayr 353, EMiR Vs of
emittel 346a§ suBdanti@Ryequalmp sdca ficifl @byt ovides BEH ih IF@reS]E | Aled) erarmdr 3@\ self-

atgneq fy STDRE MsETT AR SoREBRST B Reisgs  2n i SBR AR wakygadis aiso

removkd, PEmP&H 1y fagksI30) thdsR 84 Binkyl 1dIbe renRXd, forltREHpIS4iding splasma etch ina
f ormed over emtter I%}ier 342 in fa%oma,nner known

downsipgm micOvae PIATRARENESS1 GURNTHSAS SHgh Pl %E&wﬁf&“éﬁﬁﬁb ?%‘ége’ Steps,

can beqiaﬂbra{eeas 1&down liftha B@t iaaémegiaqzﬂguﬁem ,thd8silk oB4dp PEBYOF flowchart 200
rise anagther suitable material as is known by a

is lllusﬁé‘F‘é%St'&‘FwEﬁ@pnary skill in the art. Mask 344 is

Utrhbd, &Efschi@ed d03UETHRPrEMt idvertioh ProRideHDSFAUERY bipolar transistor
processi ng st eP di scussed below. Referring to Figure

havmgggthertfhléorrré%eéﬂeg ipk spa%efseaﬁd gilizingra popsaecifisial plangpzipglayer to

advanfaldoHsi} Ecﬁteegmbﬁéas&g fotkedned Br 3B4lignRRACEO! NGirh QG mdteehy u’%ﬁ;@mg Bsingle
Frgure 2 and structure 386 in Figure 3K at step 2

layer, pf. appygReFfigial PROTIzingdayep 1A achigye inyepsedstolepnerdar mﬁ%ﬂl@ﬁmerﬁ@rror the

presen@fnvmlen E@&ﬁthgeosm)aichmé%ar Al e hiFN S traRdtSBorMabing FBERYEH,
mas
manufacturablllty

Additionally, in the present invention, non-sacrificial planarizing layer portions 348 and 350

are situated between portions of emitter 346 situated over non-sacrificial planarizing layer portions 348
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25

removed. Emtter 346 can be forned by etching portions
of emtter layer 342 not covered by mask 344

waitiokilaismy an et chant conprising, for exanpl e, PChUSINNHES397
and HBr. Unprotected portions of non- sacrificial

Ianarrzrn 8 can th be renoved utili zi
and 33 LB G 2 cABAES J° PESHBITETRG obggpicoust chbves o
self-al BX @A Rar trlaUsﬁHd?QS\nmg SuBidR@Nsep@itthn ol @dér eﬂﬁittércpoftﬁﬁmnd extrinsic base
non-sacrificjal planarizin Iayer 20 portions 348 and

wgwne@d%nmﬁwﬂga%trrreranﬂerawa 55 iy 1e3ke8&Sr portions 348
apGrfRordlifaséhivbaln@dd: Fdheas @it idventidnWkilizihg fRkesSRHGREScers, the
314 and 316, respectively, on top surface 326 of base

inventigy @chiqyghancestiftsr {qPography Shas Fraains ﬁrr@metr'%ﬁﬂér if Sl qeptei e emufigr window

opemr%nﬂno'sg pEHyeulighed Qvithi thedRh@CLFAWRhcrlal pI3B I The PASE it BBH tRNScessed

mtter wwdth 352 of emtter 346 is

link spaegssaraep iskar tg betsaded fnsl Roatialietched awsy apd. ugitthe asyamgtrc etching

away that Q5 SotedBallyVcaf widHhil fifk spR4R id Soiied {herlsing AREss@WlidkWhdcers. Asa
| i nk spacers 314 and 316 to extrinsic base regions

result, 3y the reagssegkligh spagey, empadipenyqthe presegt igeention sdupriteserslygeinpyean

symmdtQc SREY (3 @rapiiBiikt p%ﬁemyre@t@namacr&rm? AMofe@¥er, in the
exanpl e, using a plasma etch in a downstream

embodinent elihY Rren g YRRt WRigng recesstsld ik spasers Shelipishb pf thamiterds reduced
to adv%&%@ﬁfy%edu@@déf@rlden@%f Qﬁ)agrrtra%glﬁ erfor@rﬁﬂcet@\ eRflidr Qélgﬁd as
known I'n the art. Referring t igure 3K, the result

oflt isanpreciaBe by the phaypdpraited d;_selesurft thatjthq ineanfien rgvigsp method for
fabricatioh HE éé[ffar'%%%ﬁb IAHSans@%r LhRGH B M4GufadiltEhiRy 85 Brobidi
arlcElﬁlnventionl ovirdes a sel f-al ﬂ%ﬁ@go bi pol lar %raﬁ§|2? e an
emitte@®infew PReYingireduising fniimalgritigad digegsieh donikl aggh havineggneagased tolerance
for mri’!ﬁ %Anlte%t b aAPPd?Jgﬁ' ﬂ\% rr{vfentﬁ)ln‘ffg depc!ri%grﬁ;!s a?blﬂeg t(g ﬁX?JbriEanon of a bipolar

antageous I eve I ncreased tolerance tor

transrsmr Savillganediy @paremt to Fparsonef erdimary syl inythe it 1pw tp applyitheghention
ina siJnﬁlz?Yl &liuatibn $her@inP8Ved é]]?é’nlmfent(telgj n&laﬂygreld&étlgrg uJ G¥i€l dmgegsron control

achi eve 1ncreased tolerance for m sa I gnment err
is desitahle. present |nvent|on advant ageously achi eves a

ngnu %l ! (% ra;btop {)t% q%) t t‘ an I rﬂt(i)sreivrgiar\t/tlttlt]ag %r%cg %amlqé:es[ can be used
for rmplramemhg cm COTOPLS sfaber préseau rasten}lﬂnamatoutzdepgtnhaycem itopyiel apdh Spirit.
Moreo:sé§1r6wﬁ'ﬁ‘]eﬁrcI at“g)%‘“a’ltr/ }zarS%ﬁ =n esscgger({) Y&h SPSS &0l rlgée%eéu?ent‘;’) c(er::réarr]egrnnt}oﬁlments a
persorfxd btdiranssk3k & the rl w\(d %%&@Mdﬁn@@ﬁaﬂﬁﬁﬂ&ﬁ"/ z&ﬁﬂ@t@ﬁwrthout
depart?t% gro&tg%%?{g a?cﬁ%:é}lh{ Q g’(r:e lrgvca?{s}’tg%;‘ ggeég grlrb);:gi grcnﬁc%z (énts ag‘e ) bte ‘considered
in all rﬁ&plecfts alillgaed eahddt w‘stri‘cﬁ‘a&n Q]h&’eﬂbfe hahﬂung)esmﬂefrd;téndehﬁt the invention is

t|on e en ent ortl ns an ri nsi c base

not 1‘”}‘@8 fot %pa[rtécu 1r8eé1|tﬁ §}:r1 &eén g Sl%Cﬁ@ ]‘f ? erPany rearrangements
modifie&Pas |aﬁca§me§:mar¢ds WRiR Bdartifrgfrdrh erermrpe of thel 1rﬁEhtﬁﬁb0dl ment

of the present .invention uti reces ed |j

Saa%sepgt?loq éfa%rleaﬁ{}%?]fqlf(ﬂlfg%{egmrpé)é N$5LoL ¥t Pléparrzmg layer and related
structdrORRgbetpAysctibat remai ns symmetric even if the center

of emtter window opening is not properly aligned

wth the center of the sacrificial post. The reason is

that the recessed |ink spacers are too short to be

reached and potentially etched away and, thus, the

asymmetric etching away that can potentially occur

with full link spacers is avoi ded when using recessed

link spacers. As a result, in the recessed |ink

spacer enbodi nent, the present invention

advant ageousl y achi eves a
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10 symmetric emtter topography that provides

i ncreased manufacturability. Mreover, in the
weobedoment of the present invention utilizi ngPCEUS®8EES397

i nk spacers, the height of the emtter is reduced to

advant ageousl y reduce depend Qge of bi pol ar transistor

performance on emtter é#&ﬁ&L- i s appreciated by

t he abgv&p(dﬁ&@ﬁgls@dc&hﬁgh@sure that t he invention
provi des nethod for fabrication of a self-aligned

b BB drving 2B ¥t achi evi ng i nproved

Mafikkk AL PhRPhiddi al s¥cdAY 1ipK QMéedbiRGtedBn saldrof Birkde@5f sAldbERW
opening requiring mnimal critical dinmension contro

aR&REGPImgS SHeReaHd 1w ebsatdgiasypatar iyl Rest Bipgpyitated

betwedN said@i@ Nnik ffacdr BNEIALI seddnll Snid@aceri bed as applied to the
fabrication of a bipolar transistor, it wll be

r d&eR-pagrifigiy Rlaasrizingdaysr Sbté?t%‘b‘h"eb%a‘do%ﬁfﬁﬁ‘ﬂ posg Ryifl first apdispid second
link spaédrs, BNafdba@PPl Yy the invention in a simlar situation
where inproved alignnment tol erance and a reduction in
critical dinmension control is desirable. 20 Fromthe
descri gh BiPo1H trah§ifordP @Men 1 BUERK Ies@n o Laid ﬁrstea\ﬁh gﬁ@ﬁec&rﬂﬂtnk spacers
vari ous techniques can be used for inplenmenting the
has a repacepheighipPrrprempiels se tojarhgight of 6d wictifigeltrodtepar t i ng
fromits scope and spirit. Mreover, while the
i nvention has been described with specific reference
t 8 cer Ta¢ Pireatipdsisiera' slainal wherpig erehof sat distrad yaid kecpriddink spacers
e in form
hes o e P R PR R ERTIRERLERET A
scope of the invention. The descri bed enbodi nents are
tq be
and ot e g Ghidr driah L yhASREY Rt phbhnk yer
comprigeschdicgtegaes. t hat the invention is not limted to the
parti cul ar enbodi ments descri bed herein, but is
capabl e of many rearrangenents, nodifications, and
sabst i ffb¢ biprisr tantifioutf cldephwhéreig sdid om-sabrificiad pleearing fayer has a
helghtlapp\/rce) annlatg{)]'regnSI S he1 ENI&%% dft’lfsrézri]r{ac‘jrasglﬁlsgc%%cii Prg( saacgeﬁsldf , 2: g?ggd
structure have been descrlbed -12 WO 2004/107445

PgT/ US%QOL%O %%%s?storafplal]vsl w[11' rein sald Ron s%(r:rlftma? IsénaSFIZl% layer has a

cShpri s bas Top PRPEEFIRK

hdgm%ﬁﬁmemm&mdﬂﬁnSEQ@ﬁﬁﬂhhmkmﬁﬁamémnBMEUﬂied on sald top
surface of said base; 5 a sacrificial post situated on
said top surface of said base, said sacrificial post

bei ng Thi biﬁdiladranhﬁbr\/bﬁelﬁinsaf@théricb&bridiﬂg’ﬂﬁnﬁﬁamafedam said non-
.S, igwseco d Iing sg( a non- sa$r|f|0|al pl anari zi ng
Sac”‘“?@j’ VG REREFVOTE éﬁ“é R SRYIPT Y IR ORSBISE, said first
and said second |ink spacers, and said base. 10 2.
Tge blpola transistor of claiml erelg each of said

rst AnBeRY;fr akarRe Al ‘?ﬂi“"é’ﬁ%f&?é‘i’ saldpghod cPrRirdEstepRe”
heibgbdiing P dcakéi b oy a puaifack 0f @bRei ght of sai d
sacrificial post.
forming a first link spacer and a second link spacer on respectively a first side and a second
side of said sacrificial post;
depositing a non-sacrificial planarizing layer over said first and said second link spacers, said

sacrificial post, and said base.

9. The method of claim 8 wherein each of said first and said second link spacers has a

respective height approximately equal to a height of said sacrificial post.

13-



10

15

20

25

30

35

3. The bipolar transistor of claim1 wherein each of
said first and said second |link spacers has a
wo e@peetie hei ght substantially | ess than a heithOs2004/008397
said sacrificial post. 15 4. The bipolar transistor of
claim 1 wherein said non-sacrificial planarizing |ayer
conprises silicate glass. 5. The bipol ar transistor of
chai m Thyhehed 6F chith § wheRmSa& dffshig Fiadt addl s@ia 38doRd Mtk sha¥Rthas a
has a 20 height approximately equal to a hei ght of
respecile e B SBTEARY SR SREBHEP FICEPAREPE. 6. The
bi pol ar transistor of claiml1l wherein said
non-sacrifici al anari zing |ayer has a helq
gftat edht ﬁstho%ofr?@i '@ﬁt‘”hé‘le‘“s%‘idd‘o’l' pacEticia] pipnarizing layse enfeprises silicate
glass. | i Nk spacers. 25 7. The bipolar transistor of claim1l
further conprising a mask situated over said non-
sacrificial planarizing |layer, said nask having an
et t ey Bl brRRER BRGereRr saﬂsﬂsbmgosﬁtq{g shiaRba- %Hl@&g pﬁmanzmg
bi pol ar transistor, said nethod conprising steps of
layer i pgsforaeskty4§PI-O8 REICFFi ci al post on a top surface of a
base; 30 forming a first |link spacer and a second link
spacer on respectively a first side and a second side
ofid.sai dhemethed ofclatin 8pdiercin sgid posbacrifigjal Rlaneyizingderer has gihaight
appm,@.lna@@u,@ B9 HeANES A fifs 3l ha Wbl infkNglacil d second 1 nk
acers, said” sacrificial post, and said base. 35 9.
The method of claim 8 wherein each of said first and
S"ilh.d Sq\ﬁg{,\g J:)d &lﬁl %’F@%Qém@%ﬁ chﬁﬁcﬁﬁ‘f) an?z Q%)Qpﬂas a height
apprOX|nate y equal to a height said sac icial
greateptbsit a heighBo\AMd 200 4d1 B id4s4®NPITH PYB2H04/ 008397 10. The
met hod of claim8 wherein each of said first and said
second link spacers has a respective height
subst aAthipdldryrahsigs cothprising: hei ght of sai d sacrificial
p . : h thod of claim8 wherein said
ngﬁggg%?%%noglﬁfQEanarl2|ng | ayer conprises silicate
gla $isss linkKlspacet irel amettdn@djnlofpa@lr attme8 omkrid ©p Burkae d sgitidpsenf
SR PRSP e SRR B LBt SR OR A i ot e
first 1N sphder &dvshxersmomd Br&d sdad&on sacrifi CI al planarizing | ayer
£ I«'i?lrs%‘ncglnsagrts‘l’lac_‘,llaé a[ggag‘iglﬁl r%?fgrfﬂ? tg)% grg ear s§31é(9r1f?{10n srzﬁ:gplmalt%ananm?g layer
pornon:hamml &n Mtﬁbﬁk\mfasmfdalﬂ bﬁsesaﬂrfirsft ineri- alcnqﬁxhalp&mrmrrggaylea;peﬁon
being %{Watenil g({] zbce% é% %ahdl t5 rrstqr E%éag(grcatga garpd s%cpn% n%n sac?xFiCIal placrilarflzlmg lgyer portion

being situated adjacent to said second link spacer.

16. The bipolar transistor of claim 15 wherein said first and said second link spacers are

recessed link spacers.

17. The bipolar transistor of claim 15 wherein said first and said second link spacers are

full link spacers.

18. The bipolar transistor of claim 15 wherein said first and said second non-sacrificial

planarizing layer portions comprise silicate glass.

19. The bipolar transistor of claim 15 wherein each of said first and said second non-
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15. A bipolar transistor conprising: a base having a
top surface; a first |link spacer and a second |ink
WG pmaro7433 t uat ed on said top surface of sai d bESBUSD04/008397
an emtter situated on said top surface of said base,
said em tter being situate etween said first |ink
Sacrlflglﬁ%@ﬁrlﬁmagéP%{‘tl%{@é‘lﬁ?ﬁjre[sqeﬁtwegﬁlgetépprogrqa el,yseﬁual to a helght of said first
and saltRcsnaGink ffagdral pl anari zing | ayer portion and a second
non-sacrificial planarizing |ayer portion situated on
said top surface of said base, said first

NQD- saqhi bipSlhatanPbdNAliazh NYwhadi BachOF Sai kst ah@gmsecond non-
situated adjacent to said first |ink spacer and sai

sacrifigialydangrizieglaxes pertiensdpsg refﬂe&tﬁéﬁ‘FlﬁbtﬁgeaFeéV'é? a b@gttt optid fgst and said
Smmn@@m@%m§htuated adj acent to said second |ink spacer.
1 he bi polar transistor of claim15 wherein said
first and said second |link spacers are recessed link
spacers. 30 17. The bipolar transistor of claim?15
wherein said first and said second |link spacers are
full link spacers. 18. The bipolar transistor of claim
15 wherein said first and said second non-sacrificia
pl anarizing | ayer portions conprise silicate glass. 35
19. The bipolar transistor of claim15 wherein each of
said first and said second non- -14 WO 2004/ 107445
PCT/ US2004/ 008397 sacrificial planarizing |ayer
portions has a respective hei ght approxi mtely equa
to a height of said first and said second |ink
spacers. 20. The bipolar transistor of claim15
wherein each of said first and said second non 5
sacrificial planarizing |ayer portions has a
respective height greater than a height of said first
and said second |link spacers. -15
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