WO 03/ 001584 PCT/ US02/ 19789 A NON SELF- ALI GNED Si Ge HETERQJUNCTI ON Bl POLAR
TRANSI STOR 5 Technical Field This invention generally relates to the

fabri cat i wo osfoossem conductor el ectronic integrated circuiPCI/Usapdo78®r €
particularly to a nethod for naking a non-self-aligned heterojunction

bi pol ar transistor (.HBT). 10 Background Art The bipolar transistor is a
basic elenent in integrated circuits because of its high-speed 15
switching capability and current carrying capacity. Consequently, many

i nprovenents have been nmade to reduce the size and conplexity of these
devices while maintaining or even increasing their performance. One type
bi pol ar transistor, known as aANONFSELRALIGNBDpol ar transi stor (HBT),
offers 20 advantages over_conventional junction bipolar transistors by
provi di ng a bandgap QCeAE TEROJUNC REQN #FQ%&T%A&SW r regions. In an
NPN transi stor, this bandgap difference restricts hole flow frombase to
emtter, which, in turn, inproves emtter-injection efficiency and current
gain. The inproved emtter-injection efficiency allows the use of |ow
resistivity base regions and high resistivity emtter regions to create

f ast de\lféégm%t conprom si ng ot her device 25 paraneters. Thus, HBTs
can realize high current gain while sinmultaneously having a | ow base
resistivity and low emtter base junction capacitance. 30 1 WO 03/001584
PCT/ US02/ 197 8Ehis inle¢rtion]generhliyorelapéspio ltise fabrication sf sensic@rdactos ekettronié or med from
group I11-V sem conductor materials. Thi ? because these materials

I C
exhi bi t PegRtes WepitsAndd0re P%ry?u‘%rhﬂtot?e@%tg%‘é Qramakingineihselialigngdt al  gr owt h
t echni q%&ré}ﬁﬁctﬁ)}ﬁﬂéﬂ&gt%n@i?t{?r&ﬁﬁir?. formati on includi ng nol ecul ar beam
ca

epi taxy and "neta rgani ¢ che vapor deposition. Cenerally speaking,
these are two types

Background Art

The bipolar transistor is a basic element in integrated circuits because of its high-speed
15 switching capability and current carrying capacity. Consequently, many improvements have
been made to reduce the size and complexity of these devices while maintaining or even

increasing their performance.

One type bipolar transistor, known as a heterojuncti'on bipolar transistor (HBT), offers
20 advantages over conventional junction bipolar transistors by providing a bandgap difference
between its base and emitter regions. In an NPN transistor, this bandgap difference restricts
hole flow from base to emitter, which, in turn, improves emitter-injection efficiency and current
gain. The improved emitter-injection efficiency allows the use of low resistivity base regions
and high resistivity emitter regions to create fast devices without compromising other device
25 parameters. Thus, HBTs can realize high current gain while simultaneously having a low base

resistivity and low emitter base junction capacitance.

30



5 of heterojunction bipolar transistors. The first type uses w de band gap
materials and is formed by growi ng, for exanple, GP, Si C or anorphous
silicon owotlheotssse. The second type uses narrow band gapCraiserieBs and i s
formed by situating a SiGe all oy base between a silicon collector and a
silicon emtter. 10 The second type of heterojunction bi pol ar transistors
fied as,  either se n-sel f-aligned.

Si Ge HBTs be cl assi ned or

Fgures 10k TRerpndidplardtaorgire sy Foroied i el 14V cemvendcssia
sel f - al hanerisHBis id lb’bcEl!lééliﬁe%e Ma@énalsaé%hfbﬂ'lﬁghaélec?rto‘ﬁl?ndmﬁy Ugﬁ%e&ﬂfsmﬁgﬁan n+
sub col I ector region in a silicon substrate 1. This is followed Dby the

formati ecrlwamteds¢ra$talcgmmlelnclhmqueagrmﬂz(meTos Yhed, foanat@aomlmdmgmlgleculaybaram made
fromn+ nmaterial and an.- sili onI r & Fi r.e ?h(fbg a series of

| ayers SPERP GG R PesirtemsgEyapor s R SR e QWA YA ough

r 395 ons of ﬂ-a%ﬁmlcﬁ&?ﬁr%olaf‘ﬁhﬁ’sqjs@or@ FheSrsd @Ef@ﬁse@ Wﬁﬁ'gﬁﬁtrﬁltéha% 4 &?(H%e% urn

hi ck, an oxide |ayer which is 0.01°to 0.015 urn ick, anitri l'ayer
8 whi chby graving fooe)&nﬁﬂb waP, 810 ckamappalsydicbn oothe tage rTHe setundhypesuses 03 t o

0.06 u second nitri.de | a 10 .whi.ch.is 08 to, 20,0. 15 um,. and a
Lot r aet AYFORPERbEN pdatgl eﬁ%@fwﬁrmwm SR b pgiven Hicon; ck. 1
Fi gure $6ifektorant GSiliebn bA¥RY 12 is forned on top of the TECS |ayer in
alignment with p- typed doped Si Ge base | ayer 6 directly above - region 5.

The TECS and second nitride |ayers are then patterned and etched back to
pol ysilicon 9. Th| results in the formati of 25 stack made of
thad porti onerg¥ sgaead frre® Qﬁ*&rwqﬂpag'm érragﬁﬁﬂﬁégmlﬁ%ﬁmaxwg%s edyer 12.
In Figu e and
15 made et Sneged oF SO SHE RN KiBues TR E IR0, SEHEOF Sl PR OB

f unct i onorasnnask selaligngd HB T dn F@uresub)saqueml stepphchudes $draping avhim*cdabs nvol ves

Thise | OISR GEEORR4 f SPATLSEORTHHE | o1 ° Boleyeft g kBArfoEmAtRy sealies hphe 7
WO 03/0 A é?ﬁg/? gspt?clag:l? lﬁgu%l'Ll'a}'eF r'4OHAde on(i %) ma Hgl a?’l'd%i]\l\egll cofn(?{)mag' ons and

t he TECS e’ renove eby reducing t es ack to onl
und®&rlying nitride layer. In Fi gure 1(f) the polysilicon layer is
converted to_an, oxide using a% known hi
In Figure 1(b), a series of layers are formed over the layer incorporating the STI and
reach-through regions. These layers include a SiGe layer 6 approximately 0.05 to 0.3 um thick,
an oxide layer 7 which is 0.01 to 0.015 um thick, a nitride layer 8 which is 0.08 to 0.03 um
thick, a polysilicon layer 9 which is 0.03 to 0.06 um, a second nitride layer 10 which is 0.08 to

20 0.15 um, and a tetraethyl orthosilicate (TEOS) layer 11 which is 0.2 to 0.4 um thick.

In Figure 1(c), a resist layer 12 is formed on top of the TEOS layer in alignment with p-
typed doped SiGe base layer 6 directly above - region 5. The TEOS and second nitride layers
are then patterned and etched back to polysilicon layer 9. This results in the formation of a

25 stack 13 made of the portions of the TEOS and nitride layers underneath the resist layer 12.

In Figure 1(d), the resist layer is removed and sidewall formations 14 and 15 made of
an oxide are developed on stack 13. These sidewall portions function as masking layers for a
subsequent implant step, which involves implanting a p-type dopant to a depth which includes

30 the SiGe layer 6. These implanted ions form extrinsic p* base implants regions 16 and 17.



5 pressure thermal oxidation techniques. By thermally oxidizing the
polysilicon layer, all of that |ayer except the portion 9 masked by the
nitride iwoasnuessied to silicon dioxide |ayer 18. In Fi gureTi(Ssg)/1978he
nitride layer formng the stack is renoved, and an opening 19 through the
unconverted polysilicon is formed using an oxide |ayer 18 as the etch mask.

10 Subsequent!ly, t under. | vi nitride t he openin tched to
expose. e ol Hemtenfiel MeSadyelioduabions fd ¥ Ty 1nvet e RERYBE thfieBhpl ant 20
for a hkéﬂlhm%-grtﬁiéi‘é(h&eto'o?ﬂyft%ﬁﬁ&ierﬂrﬁ@%ﬂe‘lé?@r p-type SiGe base in n region 5.
Implant 20 iS self-aligned to the emtter opening and extrinsic base

inplant regions and is an n type |rrpl ant. (The variable fT is the cutoff

frequency of .the 15 i.s an i rtant figure of nerjt for
e rey ont PR L s nshsMep SRR LS e Rl & Otias v @ Tiaek: cooency
at whi CPre’éﬁﬁ‘e SRR xRk ibh @dchilesst BG 'tl'ié?hihlﬂy SHAiIZR tthegl%lfblllc%n Yeyet, Wil of bt
cutoff frequency is inversely proportional to the total

emi t t er layer- exgkptagbe portidaOayaskedrey themitride iseconvértedrte slitomdiokide layer 18
i ndi cative of the raw speed which device is capable of operating. To obtain
a higher. ff, the transistor should have a very narrow base, a very narrow

col l ector, aWFJgQW RQ Ql@&ﬁﬁldefié}%?ﬁ)r)mdgﬂhgbt%lf %rémérlzéd afP Shenihgrivel
oxidation is perforne y deposition of polysilicon |ayer 21

whi ch i wreugistdaquemﬂvyrtdbmimmomm ﬁmmad uymepardopdmtayetulSi asgheaetch onask.

ant gtj on LS Ia en covered th a ni r|d 22
F of0 " Rubseaudiipe BF virdssine EE et HERREIE T REA fo weaSihe e 7,
Fi gure 1(]), a series of photoresist and etch steps result in the forrratlon
of a self-aligned, heterojunction bipolar transistor with a collector 20,
extrinsic ba$eFigeg dhy akdllemar pedi@stalamplant 20 fmiadligb%deviagiscﬁmm&ﬂ beagath the

emtter with a.nitride cap.25.. Finall em tter 30 ,base,. and
SOl 1 oot BrtvER s r?ﬁé?ra$~i Ippfant ) i - alEgp rrugte&/@e@glﬂ@@ﬂ@mnsw
PCT/ USO QV

sel f -al ?é%géggp toll; %Hﬁs ﬁ? ﬂ%ﬁﬁprl\éer? Fgﬁﬁb}%ﬁ?ﬁhggﬁtar tr an5| st gllrles IS

conpl i catedstanghdtis ammpm&mnﬁglge off tmesit fos highrfrpaigncgtand mbcrbwlaizetrarmsttdre, Itis
formation of an em tter pedest in the self-aligned process,

I
speci f i 8gfined as thedreqyenaat mh%tﬁgcgp@pg@m% shefr-crent putrateap iRty aThe
self-al hvﬂ%ﬁq‘re%grwyrfﬂn%n@a? Proportional to the total emitter-to-collector delay time t,.. Asa

figure of merit, it is indicative of the raw speed which device is capable of operating. To obtain
a higher f;, the transistor should have a very narrow base, a very narrow collector, and low

20 . capacitances.)

In Figure 1(i), rapid thermal oxidation is performed, followed by deposition of
polysilicon layer 21 which is subsequently doped with an n-type dopant during an ion
implantation process. This layer is then covered with a nitride layer 22 for a short emitter rapid

25 thermal anneal (RTA) process.

Finally, in Figure 1(j), a series of photoresist and etch steps result in the formation of a
self-aligned, heterojunction bipolar transistor with a collector 20, extrinsic base regions 16 and
17, an intrinsic base region 23, and an emitter region 24 with a nitride cap 25. Finally, emitter,

30 base, and collector contacts and metalization will be formed.



5 structure shown in Figure 1(j) requires additional pedestal reactive ion
etching (RIE), spacer deposition and etch, oxide strip, high-pressure

oxi dat i orwOangoessd tt er opening R E steps before the em tPET/UsS0/y9789
deposition step nmay be perfornmed. These steps increase the tine of

manuf acture of the HBT and thus have proven to be very inefficient. 10 A

need t herefore exists fo f maki.n n,.H evi ce ich. s faster
and nore cosf? "é?}f %Ogﬁt{?ﬁﬁlﬁe%gﬁ%éﬁet ?%‘Hg'?tloﬁéfﬁ?g&?gn%OWFﬁhsfﬁ%@P& cally
one whi ﬁflﬁfoﬁ#ﬁwbn t%ﬁ)'ofar nffahslgaﬁds lt:c{?nﬂlﬂﬁteg%ﬁ?hh]le‘éil\i/gdtugﬁn?"q?usaggrg@g?s not
require e formation of an emtter pedestal ods for formng

non- sel attaputahletp ﬂ)@tfemmn@f a emitfep pedestat mghe selftaligsedhprpeedseMord 5 pr oposed.
U. S. Patent 514 | oses one s ich. is.fornmed from
epi t axi MY CQE‘? s REPH aeiﬁﬁta? eiiier B é&%%ﬁ%ﬁgw SPEHPEr m
doped. h@uétme%héﬁwnm ufeRj) S Bqulire§ hddifHRRPEdeSaNe Ve 3di &emh% (RIEEdpatlian t he
concentration of the base, contrary to nore traditional onoj unct i on)

bi pol ar dgpasgionand etchnexide etrip, higihpeespae crx1tiatldrhendjemtt@f omenmg Rifestefsdefortor a

gi ven ase .resi st gnee. and | owers the base-em tter junctiaon capacitance and
ol ot 11 BESPl PoRy PP LRG StepyAS, Ao TEET JLEH P CTECHoE e TG e 8l oo have
dr awbac kgnufaR8rd bt thé HBT aﬁd\%@hav’é'%?&veﬂ&b@@érk%dﬂ%edﬁon sel f-aligned base
contact and nesa i1solations. Consequently, eir performance is limted.

There is, therefore, also a need for a het er oj uncti on bi polar transistor
V\:hi h is formed without contact an i. sol n,in order orealze

nif eased perrBERMbREOTe SSHE armRandotar b ey e MeiiskSsl 88 of ¢ he
pr esent pjoRy e84t Jefiltidn® tlﬁh%h\%u@nd@fehﬁ% fa% gk kﬁ&ntﬁﬂllﬁ&xé\%n@ﬁ Rirdépedi-on

bi pol ar transistor which is faster, sinpler, and nore cost efficient than

convent alggret iméehodgiond! mma@loaﬁm rRﬁdeeLtmﬁirmsﬁ’cﬁgof dntemittergpededtadr obj ect

of the present invention to achieve the aforenentioned object by formng a
non-sel f-aligned emtter without using traditional emtter pedestal and

sel f-al i gnedyéxdd; 'fBlsfo?mp'%%n %El"fgﬁériéﬁ?éte\‘\@]hx?dﬁoﬁ BIPdr ¢Ah&stoAMAGE begnal
sel f-aligned HBT or mat i o
15 proposed. U.S. Patent No. 5,656,514 discloses one such HBT which is formed from epitaxially
grown silicon emitter and base layers which are uniformly doped. In this device, the emitter
dopant concentration is lower than the concentration of the base, contrary to more traditional

(homojunction) bipolar junction transistors. This permits the use of a thinner base for a given

base resistance and lowers the base-emitter junction capacitance and electric field.

20
HBTs of the type disclosed in the ‘514 patent also have drawbacks. Specifically, these
HBTs typically use nén-self-aligned base contact and mesa isolations. Consequently, their
performance is limited. There is, therefore, also a need for a heterojunction bipolar transistor
which is formed without contact and mesa isolation in order to realize increased performance.
25

Disclosure of Invention

It is one object of the present invention to provide a method for making an
30 heterojunction bipolar transistor which is faster, simpler, and more cost efficient than

conventional methods.



and which avoids the formation of contact and nesa isolation structures
which inpair the 5 performance of conventional non-self-aligned HBT
devi ces. WO o3®0E8DOt her object of the present invention toPpr@sozies7sd net hod
for making an HBT transistor having extrinsic base regions which are
aligned with an erri tter polysilicon region but which is not directly
aligned with,an tt I I ng of .the.transistor O It i.s gnother object
of the presehtls cfb???ggﬂfrpg %énvenﬂg? O%Fhfeéﬁ t}f?aq%?rﬁﬁ‘eﬁuo'ﬁgto&%e@hct i on
bi pol ar frfsi ﬁérﬂﬁelﬂ&llgﬁbd BiAfter eﬁms@alstrf Qﬂﬁlitﬂﬂﬁl eemhaﬁseaestsll dntYeIr.an Ql‘%&ﬁ the

a

dopants wused to formthe emtter and base regions, which translates into
much shgxtipapic hasg sﬁaﬁﬁumhlclummgaqsrc@nvqnggnai@ elr&rgd HHThfoa'mntr@nmﬁthnd$, HBT

formati rans tor ruct of .the present
nvent | a1 BB 350n Bty s cobef 09 alef Bp e SfimEhirkE s et e, 1t s
anot her pelp@fahc®bf ddnQemionaaidn- demaﬁgﬁédqmsmeﬁc&fet hod for makl ng a

het er 0] unct ion bipolar transistor which performs |ow thermal-cycle

processi ng, which, |n turn, allows the 20 present nethod to use thin
| owt enper at e formati

col | ector regtr‘gﬂ'g i Eﬁ%rﬁ’r‘i_s 'P‘?ﬂ}g?'& %%’Pv@ﬁég‘é" ‘P‘é‘g‘f% nﬁ%ﬁiﬂgs speed

of the Waﬂs’iﬁbrsﬁa@ingaéi@m51cf5&rsé f@lons WARNSrd ﬁllg%edi QYR Tah Renitedr poRRilieYEFeidn but
t opography of the device, making md-end-of-line (MEOL) processes such as

em t t er whishdenotahictctpaligsed svitheomemder oppeing nfthewransistasi er . 25 The f or egoi ng
g ot her objects of the invention are achieved by providing a nethod for
?ng a non-sel f-aligned, heterojunction bipolar transistor in accordance

with steps tRatandtRé&! iRt BLiMe Prdsbitdnnfibf & prolide a Rk fot GRARingayer over
shal l ow trench regions and a single crystalline SiGe intrinsic base region

over cohttentjwictipe leohu triasistonghiah hasdedeced asassierd\eahanche difiusisn of Bie@opants
ponS|I|conIaer formng.a first nitr

h de |
Bt i ng S TP B CTOHE B At TRRBuGISHER S RS ot e SLATPEA A AP ng ¢ he

em tter dQQﬁQ bR dothparedSsaNEbmeinohhl HB P 'i'om\a%ﬁ 'inetﬂd?i% MY &M aREtter
pedestal fromthe second polysilicon layer and the first nitride |ayer,

ands i nptangstogstacture of thegiresentaigvention imay adentdgeasly bdailéried Sor Highcspeed
pol ysi | bg&gmla%ger with a PFET 5 WD 03/001584 PCT/ US02/ 19789

It is another object of the present invention to a method for making a heterojunction
bipolar transistor which performs low thermal-cycle processing, which, in turn, allows the
20 present method to use thin low-temperature epitaxy (LTE) layers in the formation of base and
collector regions. Use of thin LTE layers for these regions increases speed of the transistor and,
further, leads to a lowering of the overall topography of the device, making mid-end-of-line

(MEOL) processes such as emitter, base, and collector contact opening much easier.

25 The foregoing and other objects of the invention are achieved by providing a method
for making a non-self-aligned, heterojunction bipolar transistor in accordance with steps that
include depositing a first SiGe polysilicon layer over shallow trench regions and a single
crystalline SiGe intrinsic base region over collector region, forming an oxide layer over the first
SiGe polysilicon layer, forming a first nitride layer over the oxide layer, etching an emitter

30 opening through the first nitride layer, filling the emitter opening with a second polysilicon
layer, forming an emitter pedestal from the second polysilicon layer and the first nitride layer,

and implanting source/drain regions into at least the first SiGe polysilicon layer with a PFET

5



source/drain inplant which is conpatible to a Bi CMOS process. These
inplanted SiGe polysilicon regions will be the extrinsic base regions. In
accor dancwowstohis8he i nvention, the emtter pedestal is neda/tsozmmse a

wi dth which is wider than the emtter opening. As a result, the extrinsic
base regions are self-aligned with the second polysilicon layer in the

emtter 5 est.al , but.are not djrect]. i gned h the em tter opening.
Rermovi noHRT R aRAah RS sarmepert SutMB Biokessy tasselBBRERS SIGk ¢ he

em tt er noRRHNYeBhOdNFRSHE SXFhat bé’s‘é‘f@%&ﬁs@ﬁp offah&EWith tlRQhvénkiBn | hESt  Of
which is a substantial reduction i1n the nunper of process steps used to

make t hemitteapsdestabrs.maderte hayex ividtlc which is Widef thanithegemitter dgningnAs elrésult] i gned
HBT of the present invention, fornation of the conplicated and tine

consuni HE B S%E%&PSQFFOFCES@E'EW‘%?‘Y'&*‘ @ss%wélprpa&@?@l ByTVRHESHER y used s
avos dedpeddlfi @faihot Blré/&lgltaﬂg&fdﬁmm_@ ggmetrtr??éniﬁ ack of the invention now

i ncl udes, 1 n one enbodi nme only oxi tride, and TECS | ayers. This
fewer nunber of |ayers reduces process tine, cost, and conplexity. 15

Al so, in-betyween ,LTEh b&lse nd eg%tgt er formati gn the_convgnti onal

sel f - al i gned REMQKiag he depgrdeney okaligpment hebyeesyihe basg regionsnd theSmItss ¢ base
si dewal NS i , i i dart | -.and
o £t or "BASH Fo8es SRl FuatRR, eftolsdlcthe BB BRRRTUR SRkl reAlbo

em t t er insthaekmberafgprodess steph wad enmbkecthe tansistog Mdrkispecifibably) thy deamisg theser ves

t o produce faster 2 nd nore cost-efficient HBT device, Furthernore, the
ext?i psP%“'Bfg%%h&“ﬁ% Ha%ootﬁ% PRRSFRL iRy endomh fernafipr AT hecopelifaied PdfPect

transi SE&{su&fr{éanittgpﬁﬁ&emﬁ@trgfs?'st | iRlARE coﬁ’\‘}'aht?ct}ﬁfl*'&ela% a\fo‘fdéapidc?{éaﬁ%f the
process. To rman even nore efficient device, photo overlay and critical
di nensi five lapérsrtha emitter 2ack sfthetinvehidormmadvh eckidiet, ireongpemlasiimént nenty beide,

controlled,to re that the T-shaped_ polysi]icon layer in the pedestal
has equaatr@eeﬁaf REOSayess Thttepenuitics of layss? §e‘{”F%§rf§P%FtSé§mien‘EQ§t,éﬂ al base
resi Sta@&rﬁ@leﬂ?}ﬂer the emtter, and by mnimzing the width of the pedestal
these resistances may commensurately be minim zed. According to one aspect
of 1he invention, the reach-through <collector, emtter, and extrinsic base
i npl ant regions of the transistor can be contacted md 30 end-of-1line
processes sudfscat-batwaen L TR bassang gmitigsitornatinn. the eonvertienabselialighat pragess

PrOCeSSrequires emitter pedestal formation, extrinsic base sidewall dep/etch, extrinsic base implant,

high pressure oxidation, and emitter opening. In contrast, the present invention includes only an
emitter stack formation and an emitter opening. This advantageously serves to produce a faster

20 and more cost-efficient HBT device. Furthermore, the extrinsic base implant may now be
shared with p-type field effect transistor (PFET) source and drain implant, which further

simplifies the process.

To form an even more efficient device, photo overlay and critical dimension tolerances
25 used to form the emitter pedestal may be controlled to ensure that the T-shaped polysilicon
layer in the pedestal has equal lengths on both of'its sides. This translates into equal base
resistances under the emitter, and by minimizing the width of the pedestal these resistances may
commensurately be minimized. According to one aspect of the invention, the reach-through
collector, emitter, and extrinsic base implant regions of the transistor can be contacted mid-
30 end-of-line processes such as planarization polishing and a contact etch opening process.

Finally, the metalization can be formed on the contacts.



Finally, the netalization can be formed on the contacts. 6 WO 03/001584
PCT/ US02/ 19789 Brief Description of the Drawi ngs Figures 1(a)-(j)

i Il ustratwoa3perssent i onal nmethod for maki ng an HBT devi cePafmiush2/1978¢| udes
the following: 5 Figure 1(a) is a diagramshowi ng the formation of -
region and STl regions on a |ayer containing a sub-collector region;

Fi gure lb dgrg goina&rt 0 h9vvx,i ng the formation of various oxide and 10
sem con&gﬁ%ﬁﬁ@ywucture in Figure 1(a); Figure 1(c) is a

di agram showi ng the formation of a pedestal capped with a resist |ayer on
t he upper-nost oxide layer in Figure 1(b); 15 Figure 1 d%r i s diagram

showi ng af t eFlgurrs I{®s(stlusitate pconviertidngl methpd forgna sngmﬁB " degisamduch on t he
pedest al sho ifrlI Fi.lqu_re 1(c); Figure 1(e) is a diagram show ng the

for mat i SKUSFS BedPINETE pase regions which are self-aligned as a result of
thesnitride | ayer of the spacers of the pedestal; 20 Figure 1(f) is a

di agram showi ng the conversion of polysilicon into an oxide |ayer; Figure
1(g) is a di agranFigueed (ayistardiagram shewiog thef formatimpenfi-rrggioni and $1d regiomson

col l ector_inplant. step;: igure .1(h) is a diagramshow ng the formation of
S i Bb-c eg?,r egi . . h

the col FAYELFONHHRNGAS gt d°8P%) i s a di agram showi ng the step of

filling the opening with polysilicon 30 which is subsequently doped with

n-type dopant; and 7 WO 03/001584 PCT/ US02/ 19789 Figure 1(j) is a diagram
showi ng the final Figeme t(bhissi diagsamghewing ¢ forraaticaraf various oxide and

10 semiconductor layers on the structure in Figure 1(a);

. Figure 1(c) is a diagram showing the formation of a pedestal capped with a

resist layer on the upper-most oxide layer in Figure 1(b);

15 . Figure 1(d) is diagram showing after the resist strip, the formation of sidewall

spacers on the pedestal shown in Figure 1(c),

. Figure 1(e) is a diagram showing the formation of extrinsic base regions which

are self-aligned as a result of the nitride layer of the spacers of the pedestal;

20
. Figure 1(f) is a diagram showing the conversion of polysilicon into an oxide
layer;
. Figure 1(g) is a diagram showing the formation of an opening prior to a
25 collector implant step,
. Figure 1(h) is a diagram showing the formation of the collector implant;
. Figure 1(i) is a diagram showing the step of filling the opening with polysilicon

30 which is subsequently doped with n-type dopant; and



extrinsic base photomaski ng and etching. Figure 2 illustrates steps
included in a preferred enbodi nent of the nmethod of the 5 present

i nvent i orwvowhijoetssd ncl udes the followng: Figure 2(a) is acaisgraamsshow ng
initial steps of a preferred enbodi ment of the present invention,
including the formation of a sub-collector region in a silicon substrate

foll owed by the depositjion of a nunber of ]a i ncl udi a.Si G |ayer and
a masking | ayer oﬁpgui‘b“é) 's @, fagiam § oqlﬂ%a\&fwgtﬁgﬁ'é{msﬁo&a&% enyiffer and o
di agr amestniayit Beketghetdndskiakiafd eRhingn openi ng i n which an emtter of the

transistor will be fornmed; 15 Figure 2(c) is a diagram show ng the
formation of a collector pedestal inplant; Figure 2(d) is a diagram

showi ng the for i.on of doped lysilicon in th gpeni n ich.forns the
o tter b of @uls ¢ Haries fiefne e aapcioned antrifmedeifhe etioySEean
showi ng paRed Mveh86n, RAUiMSIntILE@hORMBS MR} forned in accordance with the
present invention; Figure 2(f) is a diagramshow ng the deposition of a

photoresi st material used as a first step in form ng extrinsic base
regions of the transis ;2 Figure 2(q) ,is a diagramgshqw,ng th

ol antation"of  REVESEE e Soagandhodige el siip? pha BTSNkt ffthe

ni tri deprRpnelerfibs ifdudind e WrnReER of AutRBslicpldP tQYisish alsRicaR sibsifk; Figure
2(h) is a diagram show ng base resistances of a transistor forned in 30

accor dafdlewed tbly thedeposition of a numbertdf tayersandudng\DSTH BYar 584 aPGEkinSR/el 67 89
Fim?‘lt’”e Zgi k isfa] di %g{am showi ng the formation of ms-alignnment between the
entt t er 2pBII3FEI9 it fit he extrinsic base regions, which results in
altering the base resistances. 5 Best Mde for Carrying Qut the Invention
Referring to Figure 2(a), a preferred enbodi nent of the nethod of the
present inventi oRigunc2(®les disgram showing alhe formatidnosfranropesing imtwhichagol | ect or

region 51.in silicon supstrate
9 emitter o?the transistor w1l?ge Fon‘ned;

15 . Figure 2(c) is a diagram showing the formation of a collector pedestal implant;

. Figure 2(d) is a diagram showing the formation of doped polysilicon in the

opening which forms the emitter, along with a nitride layer cap;

20 . Figure 2(e) is a diagram showing an emitter polysilicon pedestal formed in

accordance with the present invention,;

. Figure 2(f) is a diagram showing the deposition of a photoresist material used as

a first step in forming extrinsic base regions of the transistor;

25
. Figure 2(g) is a diagram showing the implantation of the extrinsic base regions
of the transistor using nitride-capped emitter silicon pedestal and photoresists as a mask;
. Figure 2(h) is a diagram showing base resistances of a transistor formed in
30 accordance with the present invention; and



50. A layer 52 is then fornmed over the sub-collector. This layer includes
an - epitaxial layer 53, 10 shallow trench isolation (STI) regions 54, and
an n+ reawb wlossgh regi on 55. Sub-collector |ayer 51 anacramsoni478y ough

| ayer 55 may be formed using known techniques (e.g., n-type ion

i npl antation), and the STI regions nay be fornmed by a process which

i ncl udes a trench etch nch fi | anari zat i ol ishin 15 A

e o 1 b er s Eféra 2inis A ram anvins he siarlon of Jiss B meRLDe a8 o
sili CO”ehﬁbé?bolg%ﬁconTmstﬁe Eﬁ}’iﬁgxébés@%éfgr% @h@h%‘sult?)ﬁea[lteﬁﬁ%me Hasd dBfRtances,

conductivity, base oxi de |ayer antrid layer and a TECS hard
mask | ayer 58. Preferably, the Si Ge | ayer is approximately 0.05-0.3 um
thick, the oxide layer is 0.01 - 0.015 umthick, the nitride layer is 0.04
to 0.07 urn thick and is nade using a rapid thermal chem cal vapor

depgsi t gk N1 5y d 20 chem cal vapor deposition
( PECVD) Bg“ﬂo BEWQ)C {ife ay@?t 's 0.05 to 0.08 urn thick and is nade

by known processes such as | ow pressure chem cal vapor deposition (LPCVD)

| d I PECVI t hi ck
Gi ven above: BFETGRH (P FRRELED b AT STOAING b be ST e PRI art v |
appr eci %s?tf&tlnaadésms SHREASRRTOA AEaf Aol IR 5137 a ol lar( ).

an anti-reflection coating a resist layer are fornmed
on the FE&CSldyar 52 ivabéa foayed oy tiee sibanotientor. diistlayer inchees ag™ qmaklal layeréddi t t er

openi ng 1 is then for at .the |ocation where e em of
O I etstlows tranchGolatpieg 1 egicns Yodh. .rgaqhdﬁwa Fosa § "By sﬁlf@ﬁﬁqﬁg
t hrouah b Bies PERG rautthrdtafl 18P 85 Mg bd FioRell BURE khow R IRAR %-4ypesEA yi ng
nitride a&ayer Whl srer\ges&ygs an se ! e regel‘estﬁléng k #gyers are
t hen simplapetdon)sad thé STTEG®nk a}agrbesfarma’abyas pmeﬂtw}hcmmsllndém trenchetdiient
nitride etch, Preferably the .etch chemstry for the ARC opening is CF4 or
N2/ 02, Heechigl apd)planaria ipppRishig8ch C2F6 and N2 9 WO 03/ 001584
PCT/ USOZ/ 19789 chem stry is used. CH3F/ CO2 nay be used for the nitride
etch. In Figure 2(c), the resist is stripped using a plasma etch process.
Thes TEGCS | ay &rnintber bfapers arcfoasiediohiayet S2pprefdrablpbedr thdre epitdxial siticoralpger usi ng
a CH3F/ CO2 _etching_ process. This
S3. These layers include a SiGe layer 55 of p-type conductivity, a base oxide layer 56, a nitride
layer 57, and a TEOS hard mask layer 58. Preferably, the SiGe layer is approximately 0.05-0.3
um thick, the oxide layer is 0.01 - 0.015 um thick, the nitride layer is 0.04 to 0.07 um thick and
is made using a rapid thermal chemical vapor deposition (RTCVD) or a plasma enhanced
20 chemical vapor deposition (PECVD) process, and the TEOS layer is 0.05 to 0.08 um thick and
is made by known processes such as low-pressure chemical vapor deposition (LPCVD) or
plasma enhanced chemical vapor deposition (PECVD). The thicknesses given above are only
preferred values. As those skilled in the art will appreciate, other thicknesses may be used if
desired.
25
In Figure 2(b), an anti-reflection coating (ARC) layer 59 and a resist layer 60 are
formed on the TEOS hard mask layer by a standard emitter opening mask. An emitter opening
61 is then formed at the location where the emitter of the transistor will be formed. This
opening is formed, first, by etching through the ARC layer and then the TEOS layer to expose
30 the underlying nitride layer which serves as an etch stop. The resist and ARC layers are then
stripped, and the TEOS layer serves as an etch mask for subsequent nitride etch. Preferably, the

etch chemistry for the ARC opening is CF, or N,/O,, and for the TEOS layer etch C,F; and N,
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5 process is preferably perforned at a | ower power to ensure no focus beam
at the edge of emtter opening. The nitride-to-oxide etch selectivity in
CH3F/ CO2 we mwmessnably high. This timed nitride etch stopeTatSor/imgsbhase
oxide | ayer. A pedestal inplant 62 is then fornmed in n-type region 52. The
pedestal inplant is preferably fornmed from n-type dopant and serves as the

collectgy _of the t ' r. The | nt is,self-aligned in the sense that
t he rer‘rﬁila?{?lﬁtgry Bolﬁs?(?'gﬁiﬁéq{)m%gﬁlﬁgpp%%hﬁSHE'?%?tgh‘t he wi dth of the inplant
region. In Figure 2(d), the TECS layer is stripped along with the base

oxide layer using a wet dilute HF process. A layer of polysilicon 63 is
then fornmed &VEgutend(ck dhe resist isbtriphed esing # plasma etgh pracess. The TEMSHayerns t he

openi ng,,61. This pol,ysilicon,l.ayer. be.an j.n-sj -type do .15
byt T b psdSs Rt Tk & 8 R BT it ERLE I efiptotes® fdiss an -
regson phadessib pef&ably ?grf@ﬁnédme a%WdriRivePlo EMitrd MPRhShe@m Rfthd fpeRFesent

i nvention. The polysilicon |ayer nay al so be a furnace polysilicon |ayer

or an RYOUBrepening. | Theantrideyeoxida etchiselectivityrin §&1,BIC8),de teasanpbly high. This f or ned
over the_dqgped-pol ysjlicon using,., for exanple,.a PECYD process. .Preferably,
the. porgenriicah el Slop ACths Basl s e A GERHER ieiprices 1t BB IoTEddn BaYRE 3 i
20 In Firgpies2(Ehe pddestaBinpldnP RPréBRbEabintediPdrh ALpsdspad: Sldcerds ad iR
patterning is perforned _I?\glﬂ'appl ying a photoresist |ayer 65 over the
nitridecd cdtheatrasisstdr. Whe iotpland tsrseljabgnid in thesenstgbatrtbeiremaiting pdrtivhef

emftter, which as sho l.ncl udes. rtions of the underlying nitride |ayer
571 Exp8§%rangpglr’f(i“5%s “f‘ﬂé‘#i er‘f'ﬁ’ganéfe&oé‘ct | ayer 64, polysilicon |ayer 63,
nitride |layer 57 are 25 etched away using reactive ion etching. Finally,

the base oxide |layer 56 is etched away using, for exanple, a wet HF
process. Thi $n pigoxe2(d),ithe PEOSdayxbissstiipped aboagiwithvhé baseexaledayteh esing a et but

2 R e PRe S Bndot  LONER L L e el ot ops @
L
of 1§ he pelysiitorsltygr oo maylbe impladied wiithrep nSipe deprno s foam aamd wegionTthet willsesed
g(c):_rl_'; IU%BE? %ftggt?erpo%lt es tirgrilsfs(t)c?r 0 itl%eprle@rllte {nveSn?io%.r %helx?olym ic%gllagr%} ,?3;‘ also be a
furnace polysilicon layer or an RTCVD polysilicon layer. A thick nitride protect layer 64 is
formed over the doped-polysilicon using, for example, a PECVD process. Preferably, the
polysilicon layer is 0.1-0.2 um and the nitride layer is 0.15-0.3 um.
20
In Figure 2(e), it is lithographically patterned and etched. The patterning is performed
by applying a photoresist layer 65 over the nitride layer at a width which corresponds to a
desired width of the emitter, which as shown includes portions of the underlying nitride layer
57. Exposed portions of the nitride protect layer 64, polysilicon layer 63, nitride layer 57 are
25 etched away using reactive ion etching. Finally, the base oxide layer 56 is etched away using,
for example, a wet HF process. This process is preferable because it will remove the oxide but

leave the nitride, polysilicon, and SiGe layer intact. The etch stops at the SiGe layer, leaving an

emitter pedestal 66.

30 In Figure 2(f), extrinsic base regions of the transistor are formed in accordance with
steps that include coating a photoresist material 67 so that the edges 68 of the resist stop on the

underlying STI regions as shown. The exposed portions of the polysilicon SiGe layer 56 are

10



then renoved with an HBr/ He02 process, |eaving only the portion of the SiCGe
| ayer protected by the photoresist material. In Figure 2(g), the photo
resi st nmawermsab1sBor the PFET source and drain inplants ar@Ci/det/igred and
once again the emtter stack is exposed. Then, resist |ayers 69 are forned
on either side of the emtter pedestal spaced a predeterm ned distance

fromthe renaining. Si I S. The photo, resist. materi is defined by a
St andar TR LR TRy Hihaiess. feabp grvsfepotioRpLite Sgelder woics

bl ocki ngy phaiiREstedisimatdie spaci ng between |ayers 69 and the SiGe |ayers
shoul d %e |'ar ge enough for the base contact to form typically 1.1 - 1.5

um 10 Remaining portions of the SiGe |layers and a portion of the
underlying n-type region 52 are inplante i -type .dopant to form
extr1 ot pr it e 75 3 g i mabsriaing e Al Birce s g B melpds are
advant agemisdland dhéOnach e 'eﬂlﬁtetr!gﬁcllaisterx SR CRRIC FsRiMlaldrS 60 SRk méP o eiffts K -

Preferably, PFET source/drain inplants are used for the extrinsic base

dopi ng side béthetenatterspedstal sgaced taguiedengyingnet distisice foPRRBT raminiag Stelayers.npl ant s
advant ageously saves tine d ne e se, with shared PEET rce/ drain
o ant 0% Hrarb P e 1Al sueined it Sandare YR deyelonipe Brocespdp bite 2880 Pt ¢
base i Mg &l ey isf. | | | 73 jisi ¢
base 1 ooy iy iGN, BroBRSist Ak Ipcle el BTSSR S SIS Bers Bl

i mpl ant bé krgchenengh forisbe basagentactitarfornt, hpicallyit! sbamee/ drai n (extrinsic base)

m’ﬂ) ant. The w dened area is provided as a contact 20 region C. Those
skitfled in the art can appreciate that the contact region may be placed on

he righ ' | 18 | g6t . |
the right sQUkGRIR @irflords@fihd meq%e_%saﬁlﬁ a @lwsﬁthﬁy?@fﬁgﬁggﬁggggﬁ?

i npl ants nay be of the sanme | engt ure 2(

| ayer s 6@ isplantednmttepttyeidopast tp fersmextstsihp rgspimgpdas segiod5/0AThededmplant her e
is perfect alignpent between the enjtter polysjlicon (NP) to emtter
openi ngTeERAre i@?ﬂ@gﬁfﬁw aﬁé"@&ﬁﬂ’ég}‘%ﬂ‘f’ﬂqeé‘iaps%d Sraitter a7k 48 Bosbmsk | or
extrinsj i j . rd, NS AS ' ' to the
emtter Pgecf ys?1 llb{%i;\%ﬁ%ﬂg@tlmﬁg@e&g{%rﬁﬁy&gﬁbg)rﬁ@&tg gaﬂ%%ﬂh%g@%g&ni ng.
Thés al | dedreaned ngtlave Sdsing BFETisouree/dpaii yrpldnt caivastageonsiy tshees tioeeand mgorieg now
dependent on lithography process .tolerance and etch bias. This nax be
expl ai nBerause, d\pt@ép@r,ed é’@%a"espafqe/dégn smplanggan a BICMOS process, there 1s no need for a

separate extrinsic base implant. Intrinsic base region 71 is disposed between the extrinsic base
regions. (In the figure, the left source/drain (extrinsic base) implant is shown to be longer than
the right source/drain (extrinsic base) implant. The widened area is provided as a contact

20 region C. Those skilled in the art can appreciate that the contact region may be placed on the
right source/drain (extrinsic base) implant, if desired, or both implants may be of the same

length).

In Figure 2(h), the photoresist layers 69 are removed using a plasma etching process.
25 As shown, there is perfect alignment between the emitter polysilicon (NP) to emitter opening
(EN). Using nitride capped emitter polysilicon as a mask for extrinsic base implant will
produce extrinsic base regions aligned to the emitter polysilicon, but not necessarily aligned to
the emitter opening. The alignment between the emitter polysilicon and emitter opening is now
dependent on lithography process tolerance and etch bias. This may be explained in greater

30 detail as follows.
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1 WO 03/001584 PCT/US02/ 19789 The conventional self-aligned transistor

has the extrinsic base self-aligned to the emtter opening | evel because
the em ttwo opodisss al sidewal | provides a fixed symmetric ®paaiSoyiesay from
the emtter region. In contrast, the present invention has an extrinsic
base aligned directly to the emtter polysilicon but not necessarily

directly alighed to em tt eni ng .hecau the 5 lithqggraphi verl.ay of
e o o B LR SR 0 b PABARPRA it

lens, anghehif®level beelsk it R GmittEPNSedRbar Sdewall HroVi @R aMixell BYRMEIrRYphdngaRn- sel f
aligned transistor conpared to the conventional self-aligned transi'stor.

In Fig. fpnihe emgeragionndn corpeaste theqpsésentiineention hakean extrinsicchasp aligned Idirectty Rb,
and Rb2tcg}in be 10 ma]de z) ual, as Iogﬁ as ]t hﬁre IS a.%god al i ﬁnment bet ween
emi tter POGLNFPLRIYSUIRG OHT Petdiecessiilh gty pigned 3p gmitf opening Pecalsethe gepends
on yal ugitifgrdfhic VedlayRBRtheRhfither RN stBorPsHdUShiREr EPéning hendVer RIBAIdUB ko wafer,
polysilicon size. By shrinking the emtter polysilicon (NP) size, the

cont ri buerispand tbpladistRitjonaritheRifarec the poesentatieentinmisia momesetflatigneit tednsistos e

resi stance caa b reduce{\d. l15 Flg 2%‘:‘%‘ il lustrates how the extrinsic base
( PFET s&arear F%ﬁ?ﬁcqnﬁﬁ] ionplselflighed ANYSIORt i nvention may be aligned to
the emtter polysilicon but not aligned to the EN emtter opening. This

m s-alignment, which also occurs between the emtter polysilicon and
enm tter openilngig. 269uthesxWinsic base ressthrneg ander lepmtteRipolysilibdrs R, snd Rgesanrbeb| e

because it, negatiyely inpacts the. performance of the transistar. The

oxt1B} meirtadg agan e inedas (RS anad Hinfnen TR SRR PP bSUFTEN S0tE Fh, ray
be cont rpkligd PHe 1di8lHaeSistah&dpBREs OnivahRIRRE Cankl G VRARN AR b RAjhited b

pol ysi | i on éjandethe em tter opeeﬁi ng and can Be r%ﬁce% by sﬁ?elljnilsngythe
em tter thoNpenliiterqolsilzen sitZé By shxinking shecenlitterepalysilicen ENB esize) dler conbrébugiont t er
pol ysilicon_Rh, and 2 shoul d _be de small as possi.bl e by shrinking

t he” eni 19 Ryding & faddie m smafl2gd theriptal Ggos resistanice car be TeriHeed 21 ng the nis-
al i gnment and thus inproving the performance of the transistor. (Both the
emtter opening EN 25 level and emtter polysilicon NP level are aligned to
t hd5pr evi ous Fshali) diustratesbéw e éxenrasic. basd (RFET souadel/dyanpintplires oftha piSedEN | s
the total m.s-alignnent from EN-ST and NP-ST |l evels. To.mnimze the

mi s-al i dRYFBHRN MayBe plgied te &eénaﬁ%@aisﬁaw%b%%abmé toythe BN eputtariogariggied i n

each | ev@gfis his-alignment, which also occurs between the emitter polysilicon and emitter opening,

causes Ry, to be larger than R,,. This is undesirable because it negatively impacts the
performance of the transistor. The extrinsic base resistances under the emitter polysilicon R,

20 and R, may be controlled by tightening the photo tolerance between the emitter polysilicon
and the emitter opening and can be reduced by shrinking the emitter polysilicon size. The
extrinsic base resistance under the emitter polysilicon R;, and Ry, should be made as small as
possible by shrinking the emitter polysilicon (NP) size. This will result in minimizing the mis-
alignment and thus improving the performance of the transistor. (Both the emitter opening EN

25 level and emitter polysilicon NP level are aligned to the previous shallow trench ST level.
The mis-alignment between NP-EN is the total mis-alignment from EN-ST and NP-ST levels.
To minimize the mis-alignment, the photo tolerance and develop bias has to be tightened in

each level )

30 To make transistor run faster, it is desirable to make the emitter, base, and collector
narrower compared to the previous generation. Low-temperature epitaxy (LTE) and emitter

polysilicon thickness may be scaled down from generation to generation.
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30 To make transistor run faster, it is desirable to make the emtter,
base, and collector narrower conpared to the previous generation.

Low t enpewatoanelsepi t axy (LTE) and emitter polysilicon thipchnses19my be
scal ed down from generation to generation. 12 WO 03/001584 PCT/ US02/ 19789
The preferred enbodi nent of the nethod of the present invention may be

nodified in nunber of s. .F exa e.the 0.04 -.0.06 um RT! .nitride
Tayer may be WEAIaGE Hypadiment gt TR G inbBoest PR FEPOLT I f her
reduce hi@berRdf ways! Bor eXithsle 4h00.02 -0.65 & RICWVD Mitkié m;gﬂmégl bdRplatsiesl to
0.04 - 0.06 umafter NP oxide strip to maintain a deSired level of 5

par asi t DOScdh@timdHKeVD THed¢ byerrtotfinther aeduice theemateycley Ehie0.050e- 0.863umt he

dopants_qutdi ffuse. T se 1S nagr r _and thus t.he. base-transit. tinme is
Feduced e ML RushTs ot 4B ARRENF o SRl BT e
present phiavieibhitarRs. ARSIGWeP@E tataPYiBrmal BRIE SR TeSs tAE dbpaECNRdMte. The over
conventional nethods in a nunber of respects. Specifically, the present

met hod passdsisarsower and tharsdhelbase-itansibiipe issneduqed and thempeethofthe transistor is

non- sel Li’ ligned in its extrinsic base areas. As a result, no conplicated

emtter ﬁgﬁrest al , spacer deposition and etch, and hi gh-pressure oxidation

steps are required as is the case with conventional nethods. This further

reduces overall thermal cycle and m nim zes base and coll ector w dths

requi red for Themetfrodsyf¢eeipreseat miventon, asidesenbed labovin vépsesentsamaniptoyemprt net hod
6he resent inventi

f .th tri i b i | | f-alj dt
Ohdd o BUECOBeidng MieeRits if AGuSelOrTRnErS SaTEDs oot mefipd iy 1
Lr ansi Sk QrerdjfrBH bifoli tfandRePwhieh N AGHIINaIBhDRTY ekl ald @EasPR y1 | 1 con

which is not "directly aligned to emtter opening |level. 20 o
modi f i catsulbyrso complicated amittanpedestal spac¢endepusiton and letchbandapglapresture oxidatose

oK s S LU0 L freq ng d sclogure, s, oLl on) . cortair
b SOPR G0k SRS SO GO WA o
I5 '
In the device formed by the method of the present invention, the extrinsic base is no
longer self-aligned to the emitter opening as is the case in the conventional self-aligned
transistor. The extrinsic base is directly aligned the emitter polysilicon which is not directly
aligned to emitter opening level.
20
Other modifications and variations to the invention will be apparent to those skilled in
the art from the foregoing disclosure. Thus, while only certain embodiments of the invention
have been specifically described herein, it will be apparent that numerous modifications may be
made thereto without departing from the spirit and scope of the invention.

25

Industrial Applicability

The present invention applies to, for example, manufacturing heterojunction bipolar

30 transistors for various electronic devices.
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25 Industrial Applicability The present invention applies to, for exanple,
manuf acturing heterojunction bipolar 30 transistors for various electronic
devi ces. W® 003384 001584 PCT/ US02/ 19789 dCdainms 1. A net hedTiuso2/mek ng a
het er oj uncti on bi polar transistor, conprising: (a) depositing a first
polysilicon | ayer (55) over shallow trench regions (54) 5 and a single
crystall 'lne SiGe intrinsic base region over a collector region; (b) formng
an oxi de=#8%er (56) over the first polysilicon layer; (c) forming a first
nitride |layer (57) over the oxide layer; (d) etching an opening (61)
through the first nitride |ayer, said opening corresponding to an emtter
openi ng of said tAamsthed for; making &hetérofunctien ipdldr ansistary coppmingg (61) with a

second polysilicon.layer (63); f) form em tter pedestal .(66) from
the second pol ysi “?)cpn%F%‘S(f@!“)g(aGf‘fét _obﬁg'_c?%g’g?riadgé} oYﬁ’tSE?"gﬁ’g" ir _brre@é%(,s“iai d
em §t er ;pedaaglcnRaminSiGe Midhdt ¥hé FdlidrSowtt debldcRATegighd em tter opening;
and (g) inplanting source/drain inplant regions into at |east the first

polysilicon 15 | &er, foaing soenidelayhr456) aveptherfirstrpedyjisticen lagemg sel f - al i gned
with the second p?l ysi l.i con Iﬁlyer. B{"? saig7 emtter pedestal (66). 2. The
method of ol ai m 1(unefeing hESLEHtdEs (SR PLER M5 Ier63) i s in i he
shape of a T, w re i i i : i L L r] de
Tayer. 20 3. The (Dt noy areal SpRi (C1) BraHaT g MLIRYS, S OBt G

en tt er coreebpendihg {6&) emittecbpmiew ofakid tgnsistoengt h of the first SiGe

pol ysilicon | ayer qn one, side of said.emftter pedestal nd | ength of the
f!ll t Si Ge pol ysi K‘?%con%ﬁ'éﬁé‘f“sﬁﬂ“té‘ﬁ@?ﬁ@f‘g @é.lééy'@fa ?&?’HFW%?]{%P?%@H@%I to be
di fferent |engthsand eyhesLidedhiter fdde§alob) frdd tesecEMPhHydfidon 1RRr 3gd as

base contact.
and the first nitride layer (57), said emitter pedestal having a width which is wider than said
emitter opening; and
(g)  implanting source/drain implant regions into at least the first polysilicon

15 layer, said source/drain implant regions being self-aligned with the second polysilicon layer in

said emitter pedestal (66).

2. The method of claim 1, wherein the second polysilicon layer (63) is in the shape

of a T, with respective portions overlapping the first nitride layer.

20
3. The method of claim 2, wherein said step of forming said emitter pedestal (66)
includes making a length of the first SiGe polysilicon layer on one side of said emitter pedestal
and a length of the first SiGe polysilicon layer on another side of said emitter pedestal to be
different lengths, and wherein the side with large length will be used as base contact.
25
4. The method of claim 1, wherein the first polysilicon layer (55) is an SiGe layer.
5. The method of claim 4, wherein said SiGe layer (55) is less than 0.15 um thick.
30 6. The method of claim 1, wherein said oxide layer (56) is a high-pressure thermal

oxide layer.
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25 4. The nethod of claim 1, wherein the first polysilicon |layer (55) is an
SiGe layer. 5. The nethod of claim4, wherein said Si G |ayer (55) is |less
t han 0. 15womshisek. 30 6. The nmethod of claim 1, whereinpsandorxi7de | ayer
(56) is a high-pressure thermal oxide |layer. 14 WO 03/001584

PCT/ US02/ 19789 7. The nmethod of claim1, wherein sai d coI | ect or regi on is
an - epltaxy egl n b- collec net.hod of
claim b, wnefein LAt Getedt s Jr wistah S Folot BRloa ks s FEEIRT e
maki ng ﬁ)pl(gﬂggljb llettapreppsend polysilicon layer (63)on one side of said
emtter "pedestal (66) at |east substantially equal to a length of the
second polysilicon |ayer (63) on another side of said emtter pedestal

66) , id bst I I th d t h
Cauai base rBo st At Retnbd S 4R 4rartRRsad ieeat e L ARl p8leetd T
em 5 t erincRAEEShBhg a Idgh of?h@séﬁ%h@ﬁgyﬁﬁc&n'l@eﬂ@-&&o%ﬁé il dofaidensiter ce/ drain
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etching through sel ective portions of the ARC | ayer and the TECS | ayer; and

stri ppi pedestab resi st and ARC | ayers, wherel n the TECS | ayer is a hard mask
toloetch the nitride layer to formsaid emtter opening. 15

9. The method of claim 1, wherein said source/drain implant regions are extrinsic

base regions.

10.  The method of claim 1, wherein said step of forming said emitter opening

15 includes:
forming a TEOS layer (58) over the first nitride layer (57);
forming an ARC layer (59) over the TEOS layer;
forming a resist (60) over the ARC layer;
developing the resist layer and forming patterns on the ARC layer;
20 etching through selective portions of the ARC layer and the TEOS layer; and

stripping the resist and ARC layers, wherein the TEOS layer is a hard mask to

etch the nitride layer to form said emitter opening.

15



