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WD 2004/ 102633 PCT/ US2004/ 005506 METHOD FOR
FABRI CATI ON OF SI GE LAYER HAVI NG SMALL POLY GRAI NS AND
WeERLWATIE3STRUCTURE BACKGROUND OF THE | NVENTI ORCB/U$2004/005506
FI ELD OF THE | NVENTI ON The present invention is
. generally in the field of sem conductor fabrication.
More specifically, the inventicon is in the field of

NIEAEEOH KR R ABRIDRITON'OF SIGHEANRRAFAVING SMALL
CMOs (" BP@@"@H@H@Q@LNDmEiﬁmsmmR@ 10

bi pol ar transistors ("HBT") and CMOS transistors are
concurrently fabrlcated |n a single senicondugtor

die. Fabricati n% %1% oﬁ%ﬁﬁ?ﬁ%ﬂﬁl@ﬁm ng, anong
ot her things, i SO on regions and a
L. baé@illﬂilﬁ@lﬂﬂﬂﬁﬁﬂﬁon of a SiG HBT in a Si Ge Bi CMOS
"é\"hl fres Breseft ifdle@on id g%}{&sw i? thg 8PeSE LEBHoRNMEh: kiRl Msd Or

ation regions 'to form respectivel a single

Specéroy]é‘/t B ingpritian isprpdie figlf gf fabrispig SEH! 1%’?39%% %ﬂl\%l%mpféﬁﬁer

2 comy@g&ﬁ@gnnthﬁlngle crystal Si Ge base. i's noted
t hat such 15

" néﬁh%lé(loé é«trp%um %f(}? ebelgrflag% Sy t | %p’@é§ ta«*seﬁ@?logySSlGe heterojunction
bipdl@ Bﬁlﬁistoﬁd“l—ﬂmr”aand"@]@@s &ﬁr@ﬁﬁ)fs\é&"coﬂiﬁﬂﬁﬁﬂ& fdvieftedtih Em@ﬁé ire
sem}cm?tgrsal olfFaIgrg:étHgﬁdGe sr{%qrt]lﬁgstsftgﬁrnililr% :Eflnrl(%ngl I her qtnm fG{la’lactor
isoldidR l‘eglohd’hnﬁ)abisb CD\hr&fg foralat"jdnl’tbgh &Ge HpItiah BIGQQISY/I@ dévay&r SiGe

laye?m g 610518:;5 or E}gg c ector an 1sg§e\1é0n r\e/%ons %f%rn? ﬁé%?eicyxgel}y §'-51§%1%](L,r98%a1 SiGe
basd ad bk atGe(p»nlycr(/Stzgﬁie 1§ye1rcegqagmg the single prestl ReGeSlage It iamased that such
sicg Rl e bﬁ&h"’l%}’ dGL elé ‘??}Ceg’esnRQ%, ¥1a19<re§$ Gé}a a%{)cﬁhé?ﬂn a

hus forne |ca 'y
nomllecrth”erdanﬁ@ oves Itf@c,etltnrp elafacecqﬁ ifrvelest b ﬁ*eﬁ@wﬂﬁfeoféher?g@%layer will

dep &ﬁ%ﬁ R Ima@h@@t 1?@65@51@5 ovel: he pm-ﬁlar,gsﬁ’@lg \f@@cﬁlﬁgeeﬁgﬂayer gl%lwggver

ayers conpri sing 8 %Halns result in areas of
the Meqt@a%@eﬁas %mﬂbrca/eféﬂ% gﬂhé%}e & 2By SRR Rl teagrisolation

(“SEUGedishs VQhAShD 8i0eREB: dohRntiRRIG SRR Y gedobl gifns. _}SJB €188d above, the
areas and non-continuities reduce Iec

ol et Areed ST B e Bt o ﬁgt’ﬁ © gyt Rie base of
the iBem Al so, 25 non-continuities due to exi stence of

L Eg%%ag%%ﬁéggﬁll%;g# ggyggsﬁérﬁgrglgltg tlalnge p[‘cj) d lr'latl:rres Q“eselrll. %tﬁe?&(:t ofqg]cregged
surfadelrol@hnessetd “rdaicbmiguigiest ldidig v@ﬂﬁp&e&&@tar%meld gugirts hTigese areas and

nongolg\{;% ch'[ e e%?c‘?rlcal-rh gc{u%{gr?c%%écause cv%?eggglégﬁrﬁdsa fa& atr:ﬂlﬁd them Also,

ricat ers
nonghminhbities due to existence of the large poly grains result in reduced protection of underlymg

layers, such as the underlying CMOS structures, during etching steps associated with a BICMOS
process.

Therefore, a need exists in the BICMOS technology for fabricating SiGe layers having small
poly grains, which result in increased continuity and decreased surface roughness, which increase
conductivity and decrease potential damage to CMOS structures during etching steps in a BiCMOS

process.
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poly grains, which result in increased continuity and

decreased surface roughness, which increase 30
woaonmord3gi ty and decrease potential danage t oPCHDS2004/005506

structures during etching steps in a BiCMOS process.

-1 WD 2004/ 102633 PCT/ US2004/ 005506 SUMVARY OF THE

| NVENTI ON The present invention is directed to nethod

for fabrication aofuppusRylciyeis havnngsmal | poly

grains and rel ated structure. The invention overcones

the need in the art for SiGe layers that include 5

smahd pr&@rﬁt}(nvgﬂitﬁ)h MSdire¥d 16 bheth8$ 1k faBridation i1 SIG®ASREhaving small poly

conti UIt and decreased surface r
e e LS EBRCE FOTED" B B OHEES TRa SR iy cte
small polpgm shichesults@sinctedsedgniraby ardaltdresed sukee onginag, WIOCh
t he v 0 met
mcr?agas I;:? <¥1v1 ny ang dg;r%lees poten% F(ﬂlmta%en[ %p/l{dﬁ sguctures durm% 1h grl%alflo%

deposirdingg oge epibodigen, tbeu;ﬁrf:sent ifvayteon isgvesthod fcsﬂfftgllcfémg a SiGe layer,
tre SEHR BN d§p§gh TAT A, Blrrcl B3 byer PREaIL &gétaqmqugmgﬁga} Qfeast
one GolAtidnMeEVSt 2 flrs@rese@mprs dhs sqleonshwﬁﬁrl layjgiois gongpupumn ée- cemerrses
smalt D& E y %ém 833 the QM Bast §r@|1£¥a't18}ﬂe£1§19 1190 methBEruPRL: Iﬂ@ﬁldésl%rtnlﬂ%ra
C formn I'i con germani um | ayer over_the
sﬂlcsm $erroashmplayer ever | aylé?on&tlff%i layerch mepepi@sstiFe Vhgih BF elifRe

gen&hluhqgf@r is BI§d JBEMLMIE l. @Mﬁﬁprisé& sARhIBELIE@RA, Bﬂa@u}% at lbasﬁme isolation
conprises snal | oI grains, over t he, at t on

regipng dp Q‘(eﬁﬁlho‘hrfl%ﬁlt?rflmt |pf?ss(51f?és ]é:ﬁﬁlbaal ?ffmd ]frﬁséurf o§texample the first

pres@fr@&ﬁ HE RBssl t§an|oﬁ§c§1alttb1 adprdxi@at<Hesn0mdet 2pd B8 Sddbiel prdsire can be greater
exanple, the fir ssure

nargs e ety T oo ot e B b 8 Bl s e
fabrid@tegiceatiiag toie dbbarmetod eqmad feetttﬂesaquﬂﬁxntxmt o Itlya piént Tigention
e e PP e o L BRA Ry B P g0l Tl goving
mm&thMmdea@mmmﬁnﬁmdwmgwantages of the present invention
wi |l becone nore readily apparent to those of ordinary
skill in the art after review ng the follow ng
descri ption and acconpanyi ng drawi ngs. -2 WO
2004/ 102633 PCT/ US2004/ 005506 BRI EF DESCRI PTI ON OF
THE DRAW NGS Figure 1 shows a cross-sectional view of
sone of the features of an exenplary Si Ge Bi CMOS
structure prior to application of the steps taken to
i mpl ement an enbodi nent of the present invention.

2
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5 Figure 2 shows a flowchart illustrating the steps
taken to inplenent an enbodi nent of the invention.
woOi2004r182635 shows a cross-sectional view of soneCofustdee/005506
features of an exenplary Si Ge HBT after performance
of step 203 of Figure 2, fornmed in accordance with one
enbodi nrent of the invention. 10 Figure 3B shows a
cross-sect i ongdrivF prsciirsioneOrOTHE beAfRGEr es of an
exenplarx Si Ge HBT, after gerf? nce o ste 1Zog.é)f
Gists 1shovsgrepstiser ipnalceed At e RiGHE! wis {“°of
B1CMDS stricivEptor rpplichighnlo€ths fers RkevSto damplErtSis arseabbdimea bf e gregent
of some of the features of an exenplary Si Ge HBT
inveni¥er performance of step 207 of Figure 2, formed in
ac cpndanbevswi fiokvclonellwmbing iharstaps tdfen tohmplilﬁent mvertodigrnt of Be
verD 2004/ 102633 PCT/ US2004/ 005506 DETAI LED DESCRI PTI ON
BE"THE | NVENTI ON The present invention is directed to
mefirod 3Achofsatyriseseciioal visfv Sis@ee ¢f é}ﬂé?aﬂhﬁ@f preexemelhry SistsIHBT
aftergar Q&Hﬁnc@ %pstgpeéOélBPQgé& 3, WSEY & acc-gnﬁncfe %t&l QM@ ddbodiment of the
escription contains specific information pertai ni ng
inveptgpnt he i npl enent ati on of the present invention. One

- sk 'Fkéul%diB' SHOVI’Sth:r(ﬁg Secéﬂﬂnlall vidwes? QO & GhetrBidlrestoh & REBNAPEIGR HBT
I nvention may impl emented in a manner differen

afterneppRMERRg ! gtpe?@? Pf Hgire 5 tgmedineeeifiansg MR an et ot e
inveddpl 1 cation. Moreover, sone of the speC|f|c detalls of
the_ invention are not l%ssedf n order b ary SiGe BT
bR gt g M SPRTI Phedeagbraf FoeHgpr sice
afteliRF6iiriaRRaf ktep 20Mer nglesammacpmlab@&tan@mta foge aphbblimanttohe
knomAedge of a person of ordinary skill in the art.
inveRiL- & drawings in the present application and their
acconpanyi ng detailed description are 10 directed to
nmerely exenplary enbodi nents of the invention. To
mai ntain brevity, other enbodiments of the invention
whi ch use the principles of the present invention are
not specifically described in the present application
and are not specifically illustrated by the present
drawi ngs. Figure 1 shows a cross-sectional view of
various features and conponents of an exenplary SiGe
Bi CMOS structure prior to application of the steps
taken to inplenent an enbodi nent of the 15 present
invention. Certain details and features have been Ieft
out which are apparent to a person of
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ordinary skill in the art. Structure 100 incl udes,

anong ot her things, substrate 102, buried |ayer 104,
woabd4aora3s 106, col |l ector sinker 108, deep treRChas201005506

and 112 and isolation regions 114, 116, and 118.

Buried layer 104 is situated in substrate 102, which

can be forned by inplant doping. Collector sinker 108

i s situated ghpMEED MIECRIPTEONbRGHEWNYENTION | ed | ayer
104. Collector sinker 108 can be 20

fornped b ,
di TThepssst inyentra dnAFgecip AERAL @éﬁa@&a%wgﬁ{@ TP el poly
gralrﬁliﬁé Rked ofuctel. IMaetolbwin) Béﬁa{ptlalo&ndﬁl\t\/ﬁpehﬂc inBiktide pbréaytidg to the
104. Burj ed I%éer 104 6 :*3 ctor i nker

1mp1818?ﬁ52111i0%%f t]ﬁ_lprefs gw&rﬁ]lo%r e aét é reco&mze ghﬁt tge prfsent

mveﬁi@fﬁerdiy bk ﬁnpmeﬂad ®hin@hner Eilﬂféneﬂﬂrohﬁyze spedifidalla rjdcuss:eld |1rehh¢ OEsent
si nke |stance

applks:gtﬂow \r/ecr) rﬁgr(r:l% fjltlgc ec1 ic c}é\%ﬂ% tfge 1r(1:v811tfon are 61?{: Jé%{ﬁ {1 or(der Ot? not

obscﬁmorcmmemcan grhqﬂpedlﬂme:leﬁllgmt dss}ribedm theyoesent iappliFitign pre within the

or over, and is in contact
knovgle?%%o ersongpcir&ﬁ?arféki] gtﬂ%q‘ﬁ% Col | ector 106 conprises N

t y Jbe griawighsan ﬁlpygge&]: dpphatier 4nid gein acophpanhing dakailgg description are

SR R b5 O N BB e

of therinvRitign paich Used@é’p‘“‘ilPlé%fé e PRI B R SRRy Sosgrigrd in he
presler§ Qlil);ﬁt:dtlgﬁ] addGeH ROpeckdily hlfsateaBdind pBscpf WIS, el ectri cal
i solation fromother devices on substrate 102.

e R A R R L P A e e

SIGQ-QZJMG§§3Iuaﬁﬂe @flor té @@h@ﬁ&n i ik, stepsliaken aiehp kb8t ah\:hrh]ﬁﬂ'dm&heof the
ose non

pos TR s o P23 FEHBA A I SURHAT 01 11 TEE PR hgon o
ordigaf L 5RIl ARDE aprr SR@ﬁﬁe B eptudtakermg ber thipgseswbntated A2, buried layer 104,

ljove ntlo Ce in;. ils.
collwéoa?ﬁ%, goqlre]?]toar V51enk gg% egf ienche 18 ]gm ﬂtlg \?\%n%lgo?z%tl%g Ee%log{]ﬁél, 116, and
118FBgirdéay2r 10h atsitaueg inpparen2 tdich cperdamediy ippdnttapiye. Collector
smkerkl O% 1srsnuatetdqgov?él ra‘ild m cgﬁtac% W%hﬁed IdeISIOQp Cgi?extopgﬂé} s ch‘ be

sub-steps or nmy involve specialized
forneeq u;w piffesien & heavit ennpeatrased deparisfennnthy rurfaesef gillectonafikprd 08 down to
burisd ffia‘?e? 1(%9 :hu‘:lgg 19}%9 h)42a99 cﬁl@&%mﬁ(& 162J3 %h@r N+ tg%qnzﬁé'r%l, i.e, relatively

clent to describe one enbodi nent of t

-4 WO
hea@@@lqpeﬂ@&ztggagnml/ Bgdetayen 506 collﬁq,t%@glhfr 108, vEidE 8 Ile resistance

elecgtclé‘lgath@m PERBd S 106 total611dcRY EddtabiQRot BRYnUA ddyioZ e Figﬁtﬁﬁ
different fromthgose shown in_ flowhart 200.

F
3 A3 TR Ol QLS St BRI P B gan BT vyt oo 104
Colleht6r f08adriries NofypeihgexeRTalliaE ylicol wlichtBTbd dapdshddephadiilatisng a

redté:ﬁ%%gq%wg{;ﬁe%gc?lrv{aﬁogtdéggog 13;{{/@%%%’1 Bnﬁgegssg g Sdsgr}lcll? ﬁg ! I'f é)eep trench
strustti@g €19 26d 1 f2abd isdaton Gigicmh oW, Blonad 018 Itrbnedefe@altrmle@laoqﬁn from other
dev*cegssol?}es%bsg (Ia ‘f(ﬁt tl%fnchas@ru F]resnﬂl() Y 11§| %ork‘l@c-lr m%& éH&L Wi ’Isolatlon

accor exe
regibfeel 14, 116, and 118, whlch are composed of non—thermal ox1de can be formed by a STI

process.

Figure 2 shows a flowchart illustrating exemplary process steps taken to implement an
embodiment of the invention. Certain details and features have been left out of flowchart 200 of
Figure 2 that are apparent to a person of ordinary skill in the art. For example, a step may consist of
one or more sub-steps or may involve specialized equipment or materials, as known in the art. While

steps 201 through 209 shown in flowchart 200 are sufficient to describe one embodiment of the

-4-
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present invention. These fabrication stages are
described in greater detail belowin relation to
wohowrloza3s 200 of Figure 2. Referring to Fi gur eeTAsand005506
3A, at step 201 in flowhart 200, a CMOS device, a
buried | ayer, 10 deep trenches (all not shown in
Figure 3A), collector 306 of a bipolar device and
presén$ Qv @iibig BthEegibodimentSdf4heai@ntdh Gnaf ilizk 6t pERIFfdrdht RorfPthose shown in
flowg,ubszg ate (not shown in Figure 3A). Collector 306 and
‘ion regions 314 and 316 in Figure 3A are
an&igogods 3Band 80 iegtcorns-kOmnarvibws stdoait bhthe featgiepofsin #deshplary
SlG%@gT in 1r§er§1f%1ate':|s “e% gfs fgbrggtﬁoglh fn%g\lfnﬁ%c drda)lr(l?eo\lyqﬂﬁt(%&g?rgﬁo%gl]gaﬁp% éhe
invefittn&lksbipteeme@ible sprgeseé Sbricalil dhew same B OB febmysof kresiapfication of
an e%r%g)ﬁr}ﬁélaghﬁT gt%}éﬁfrea Hrljn&ﬁn §écl)1|d§rfag wYéﬁ‘ br%@x&ﬁlﬁar? gnl;]oglment of the

osited epitaxially using a D process. At step
presxQ Svgntion. | Bhagetiaiiricatpo gtages are ﬁ?seﬂbfld éaaﬁeat% Ageiblsioncly ﬁ%@rﬂpg fong

flov@iet 200 otBSur£d. €an” process and an "oxide removal "
process is _perfornmed on structure 303, which renov

an Refere tq %%?S 2(aAb A akHermY Ffasishar0. salﬁl\fi‘a% deviga s b&ﬁ?ﬂi layer,
dee;ﬂfe‘ﬁé}ﬁé' @8 ndiQRovalkh Face 334 Qolfearbr Pt AbipAr d8ERASH fsbldkbn rdgibns

one _enbodi nen t he e renpval
314 ang i pre forgediy R% SERS TR ﬁ%%&w g g&f@@éﬁﬁ@ﬁ&?ﬁﬁﬁg ARy
regl&@ 3Deinde enin AppreGI diBinalb youBHQoltkegr Hﬁ&n@ﬁﬁiﬁﬁ@ﬁ@dﬁs (14GhHY 116 in

Fis L gSRr b ToraRePabar b0 presedsct oy MR bt B o e
fornwtibg hSTarocks. Caistot Mmorampesd\ktym@lqprﬂs&ﬂme giegxne@gh @ be
I ne enbodi rocessing tenperature is
dep%gepd?egﬁﬁx}?aﬂ?léilrﬁ%vg ?‘?Ee)ss C. Referring to Figures 2
ancht 38y 20dtin gcuveqbarﬂw 3 Tpré-dlopnichragess cR@Orising an "G B petslepf grocess

and Iar‘?lyo fae %%i%veil opro ?sgp érftoﬁl%dg}{ @t?ucfu?eojogt h@({lll {ERGLOR o%llélayer (not
ect or an solation re at portlons

sho@g iromsqmsuﬁm 34p@pd Q%arewt@ss‘plefeqe|33%f0yeplfﬂ@aludﬁﬁ>°ﬂ“alt dn Gece

embb@¥Eft, thOSAR kdral p’?b%esg %Mh@:@s@ afbM{etlrhI%rdroQ@{ @Wterr{p&ature rangmg
accordance to the present silicon buff

betegy aapro3nR eGP Fl"?%‘“é% Carigragle ﬁB%’i Wbapaliowgl%ﬁy 196 ‘Eeigi‘i?f'sc é%‘zwed

by 238 ctHaA6n temﬁe!rettllj}@ UghoLQmy @al?ﬁpbt@ﬁlﬁsl Wiich @k @elemhéfl agifraiifsely 700
are formed, o non- t hermal oxj de of shal trencE

degiegs i of PUTETPRYPGT PO CTPEA 1 SR A & P dfelsye
325<eeeam@rtd BigGessd g BB, o€ sty15208kd fiavehsi 200mr¢oxamufﬁ@onayer 825 is

dep%s tfq ogrgrﬁso 1(1: fo&lgllgg ?]Efloco l& qgr 3@% !H?i srozaél(g%%egllorﬂ gl éﬁﬁ Corréf ?% i’»ﬁl and

336dasrpbdmge1§ttce1mtﬁt@ BiGedhyer immtlbmfﬁkssiesclnagddnrﬁ&%elcpvs 1rdaefm®|ntestd the
at first i

present ll}ventlon 51hcone|ﬁlflf(e:rel yep E%SC%ILAE FseJ s?r{allﬁglg Ig}’aﬁlts attdoF[E)né {3% Ellédvnﬁlé,

I'n sl
althbngh tewernpiondly s pgls’{zraan dreg@f@ed!\mechpnah@msllOmsiapfe?ballow trench

1sol£t§)§ Pe%ﬁ)m éllglaXd 318V Sﬁlc&%ffgn@'epﬁ% c%rggs sﬁ@@lctﬁéﬁ{lﬁé ERGH at portion

tion regions and . ‘Depositing silicon
334@9‘1‘ tp gpllepigr lesmaﬁmée Flb’ﬁ*ﬁltmeﬁé’@%ed pressure,

advantaderusd pfesef rH:VBIQiO§ armuﬁlrn%ttépQOS Qichccﬁi HukteQRyeP3B fideposited
&

| ayer 325 to result in snmal glralns over
ata f1rst reduced pressure for a first time interval to form a’small grain “nucleation” layer in silicon

buffer portions 332 and 336 which are situated, respectively, over non-thermal oxide shallow trench
isolation regions 314 and 316. Depositing silicon buffer layer 325, at a first reduced pressure,
advantageously controls nucleation of silicon buffer layer 325 to result in small poly grains over
isolation regions 314 and 316. In one embodiment, the reduced pressure is less than or equal to

approximately 50 Torr which is applied for a time interval of approximately 200 seconds. Silicon
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35 isolation regions 314 and 316. In one enbodi nent,

the reduced pressure is less than or equal to
wappanasat el y 50 Torr which is applied for a PCmS2004/005506

interval of approximtely 200 seconds. Silicon -5 WD

2004/ 102633 PCT/ US2004/ 005506 buffer |ayer 325 can be

deposited at a tenperature of | ess than approxi mately .
bufR) By d Sgr @e e Epoditad greemperrodif enthan pplokicewlyly0d fiegrees C. In one

| grees C.

eml!hog)ﬁ%?tr I’s)lﬁém bﬁffg? grf’o’lezt% %%e;?og %{égp&g)k%&gr] o7 % ge?gpeegé

fl o‘@ﬁfﬁﬁf‘& to fmgres pgy 3§@iif stge POveEin fla*muana?@r sIB@T gprguanium layer 327 is

depd8ROSVet SHc0R Y Eifer Syl 3@9 Bt aRboh®ined RYESres3gorRY se@orﬁ%% nlgerval In
i ncreased pressure for_a second tine interval

othegrpegs. Pipteand prepurecl st 7 py tdghethan the firgipegssuppf s egZ(ﬁ. @rh@}e

emle'dﬁﬂibnt, e sécbﬂicﬁﬁresﬁfr@ﬁ §f&éﬁt&’ tRdn of bRl 1€ Qp"é)roxlrﬁhtépﬁﬁ)O Torr and the second
rrent econd pressure is qr eat er than or

t‘m%alﬁféwa SPPé‘b‘ﬁPacB Y FEI0s1 SO R aa i Pt SRt dlePTiset &

tempérhife\slless tsanappbﬁmatamti(m c}égx@&@i IR 6 eBodibdt,isQebh germanium layer
er ma aver 327 can osited, at a tenperature

3279{? dﬁposuey%{]aéer?y P BT R 56137%@ %%rfﬁﬁg:e I n one
enb%dumeﬂhmmsmﬂm@®ﬁ7gemnmmﬁﬁﬁnhﬁyébmmﬁﬂ%smﬁlﬁﬁpQSMimmmme

o Sy PUELALIES B BORRRY, 2 8, 1 S9LEE Foabfl

depegitigyrof siBepngpmlahiumddygr 3g¥.abifs labadaliad silicdnebuiferdbyler 325 laxe referred
2 b f r

to a9 o%%l{héxﬁlgs gge% %gﬁu& reé%énls g&?ﬁeée ﬁllg% a;_ée d\ic%@{ffre]i?’lg?ea 2550%1?1 SlGe layer

3278@@@% EH Pgls g pmmsplatwrrega@v 314gind314. :Mﬁé? pastwladn @e term

“coﬁﬂlrlub@s@ ) upééifnfl BE pleSEIppIR2Ronab Refdr &f §6L Scﬁly mEtgla@ﬁavmg grams that are
"continuous" over jsolation regions because t

signdfiqaptigmaligitea For]"%ﬁflé?al 81535 pgly @aSP@%fOF‘E";f‘éWef HSQ?THT@%Wl l%)éﬁtlon
regﬁ‘»fﬁl A sup® toyfolgd MaN ol ‘gﬁfn Sl@@llaﬁi Bm atlsf Q@H’bgsﬂ%aﬁ'rblﬁ@fjlay?bl &.
rticul yl "continuous" jis used in

depp Wégﬁtraggsé UG Bﬁe%/st‘rétt‘? fgﬂn f BHCIRY W YL OBP NS ERY PR B afer
isolgonirépgpngraad mSiep D@t stifcen gedhgin lagd Rtdeposisdadldr & stlb@butfer layer
convent i on terials forped over N
ata secomf Cérre%cf pre(:)s)s(l,llreeg) rigpglcc) @H Small po oly &iramﬁ Sogt%le Hucgeawin liysr ?VSI}]Fﬁlauon
regomal | poly grain SiGe Iayer 327, at step 205 a silicon
b uf %tl%(:tu}eg)'o%{]e over 1%?&%8?9 }eélglgs nﬂhe %angle Ve [ &8y seeq‘,il ﬁ pac 385 Snant
to Torma nuc er conpri si ng sSa é )y
polygrainf g/hish @Vantﬁsmsmmsqs egitiowity,andidrdreaes Wecp r@&ﬁneas, which
1nc1§és%§ &Qﬁcg\ﬁ{y@mE 4i8e| p§1¥ %Eua{eﬁ o@? Egﬁﬂl&lqggl(glg 814 ath 1 6Selnli h&Pses

buf fer layér 20 at "a”second I ncreased pressure t
potgndpl|dpmage &0 $MES stsures during sefisedua etshing fieps nﬁ@:qieembpwove

conk@iilal @Mﬁ[quésﬁﬁ)sla@kht%ousfngﬂrr%@e layirs %%H!]@gslarfgé)ﬁdﬂe?algy@ﬂen
i sol ati on regrons | n t he manner above Cog‘grl se

groBR R I HEIF 0X{dh Wloeﬁsa?% isolRHPrCRE g v thtnd g &b UB by present
invénfl6if, SARAS L1 tai goktichy3B AL m@a@aﬁ@%uwoﬁﬁﬁ@s ﬁ%}Mg PRR&Ssmall
which | per ease nductjvity of the
PP G Hth GO S SOF BPTPl TA ST 316 and
decRefas@so Figure 2, at step 209 in flowchart 200, additional components are fabricated to

complete fabrication of the BiCMOS device. For example, an emitter can be formed over SiGe layer
327 of Figure 3C. In sum, forming base structures during SiGe-BiCMOS integration in the manner
described above advantageously forms a SiGe layer comprising small poly grains over isclation
regions as compared to conventional techniques. Thus, increased continuity and decreased surface

roughness is achieved due to the tightly packed small poly grain structure of the SiGe layer over
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25 potential damage to CMOS structures during
subsequent etching steps. As described above,
woaomantdsgnal techni ques di sadvant ageously f or RCEIUS2004/005506

| ayers conprising |large poly grains when grown over

non-t hermal oxide regions such as isolation regions

314 and 316. In the present invention, SiCGe |ayer 327
isola@ibn @O, @ﬂﬁeoS&Zthﬁprelse&?-ﬁIeﬁﬁbmmteagée Glli@ln)germaﬁmrh iles'elS:onductlwty

Rol oves Si Ge

and ?ecg:ases % Icl r(]iam%gﬁ rgc;aéllélog utr élcr:eg dlr.lré ) bse%lerﬁ e%bl er ring

to Fﬁngttw &:02@ desdripidnep th2 @ ention itllmvmlifasrt that2@0ous a@bhqueewaibe used

RbLidp R 1630 MBeover,

o FPUELLR -6y 20 phah el L CAMRIEL Lot Skl
whilf the nmvdntigy &as b@?r@scrlbﬁyﬁe’flth SB@WCGﬁerFng Lﬂ*@rt%@mbq‘ii@ﬂm a person of
ordi{wg{ g%%f]g t&%ﬁ%@&ﬁ &Gén% @it gluﬁéep&n Bi (RaeBh folnd 8 H@Ld: ON

e manner descri bed above advant ageously forns a
depaslintséromy@sfplre ok ssprsgf ainventiont Yhegessribed ephedimenisgredp Pon

condiRHIMS] 18P SORPRERA VS MdGONVEINHILQ NBhod1€ 8k HeGH@Sstool MdSthe
i ncreased continuity and decreased surface 35

invepgnpghpns Bwitgddo the pericilag ergpdmpegts dpssriked GreipyPubis capable efraany
rearPBdeyhe @, &Hoﬂlfﬁitlbhb@ Eddlrsﬁosﬂiﬁltlédﬁ a/ltﬁ'b@ephraygfrorﬁ)‘the Beope 6 tMhvention.
20 4/102 %ﬁ’ /USZO |so@atlon regio B4 struct
Moriedy BFthod gt E'Cétéoé* ""é(ﬁ‘t %’Hg YL PRIy s 3 TERiS structure
mW@m%mmﬁumﬁilayer conduct|V|ty and decreases potentia
damage to CMOS structures during subsequent etching
steps. From the above description of the invention it
is mani fest that various techniques can be used for
i mpl enmenting the concepts of the present invention
wi t hout departing fromits scope. Mdrreover, 5 while
the invention has been described with specific
reference to(certain enbodi nents, a person of
ordinary skill in the art would recognize that changes
can be made in formand detail w thout departing from
the spirit and the scope of the invention. The
descri bed enbodi nents are to be considered in al
respects as illustrative and not restrictive. It
shoul d al so be understood that the invention is not
limted to the particul ar enbodi nents descri bed
herein, but is capable of many 10 rearrangenents,
nodi fications, and substitutions w thout departing
fromthe scope of the invention. Thus, nethod for
fabrication of SiGe |ayer having snmall poly grains and
rel ated structure have been described. -7 WO
2004/ 102633 PCT/ US2004/ 005506 CLAI M5
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1. A nethod for fabricating a structure in a

sem conduct or die, said nethod conprising steps of:
wdepnsioed3ng a silicon buffer |ayer over a singPeT/US2004/005506

crystalline region and at | east one isolation 5

region at a first pressure, wherein said silicon

buffer |layer is continuous over said at |east one

i sol ation region; form ngyangk! i con germani um | ayer

over said silicon buffer Tayer at a second pressure,

whér ei nAgwihgd &r FabEepngbitiveliic it 1eaNFapdupier ¢ty AetBefscomprising
stepf¥er said at |east one isolation region. 10 2. The

net hod of claim 1, wherein said tep of d SR itin

s aidePosting asgisompitteblayer QY8 P SINGH YR E@ge%@éﬁi tg?ast one izolation
regidt f Qfsf@r&gira V\ﬂhé@m@hl& Sillcdahote $Fedfcodn@usSivaghd at least one

crystalline region and said at |east one isolation
”d¥@@F@HJ depositing said silicon buffer |ayer over said

si rﬂ@h&lg@l‘sijﬁsdnégehﬂldﬂﬁrrﬂ@@t orr afdilisai hffat lajeeastseconkprdssure,
whei e Bl U PR pier  paaiht Mo BT B e KFO R

one isolation region. 3. The nethod of cIa|n11 wherein

sai d fi :l:lf?e meQﬂoﬁ%? 4 1I %hérgﬁ §a1%\£e§%f§ IOgtl nglgﬂccm‘b%ﬁéqe[ygr

20 4 T od of ¢laim1l rei Tirst
compriesgepsef:i s | ess than or equal to apprOX|nater 50

TOT L forming 1BR-18h BCksOdn Gladind lrymgﬁeereg;m%u ¢hi$ R EQAGne isolation
pr@ssure IS greater than or equal to approximtely

regid0 Torr. 25 6. The method of claim 1, wherein said

st %@po@l&n?&%ﬁl@ﬁicl)ﬂ Mﬁfelslaﬂreg oﬁzk &aﬁ&ﬂ@leQstaEﬁle fe'g‘li)éﬁ End@@id at 1831 dhe
ste ormn said sili Con ger n'%nl Um a
50l 8R 18T {154 e HiS oY T S0P LR RS Y5F 1 GOt rer seid atLeast

one &pRAGXEd®L el y 700 degrees C. 30 7. The nethod of claim
1, wherein said step of depositing said silicon buffer
| ayer and said step of form ng said silicon gernmani um
| ayser afee paehddar peth Avhedeil @iifest atessue ielgesahantsgd second pressure.
approximately 670 degrees C. 8. The nethod of claim1,
wherein said step of depositing said silicon buffer
| ayler oWbe metB! cd clginnyiieerair a8t fadtpreparerielgisaimn anejualtto

120G S0l ation region at a first pressure is
%mmxmée? 3‘%or atine

5. The method of claim 1 wherein said second pressure is greater than or equal to

approximately 100 Torr.

6. The method of claim 1, wherein said step of depositing said silicon buffer layer and
said step of forming said silicon germanium layer are performed at a temperature less than or equal to

approximately 700 degrees C.

7. The method of claim 1, wherein said step of depositing said silicon buffer layer and
said step of forming said silicon germanium layer are performed at a temperature equal to

approximately 670 degrees C.

8. The method of claim 1, wherein said step of depositing said silicon buffer layer over
a single crystalline region and at least one isolation region at a first pressure is performed for a time

interval equal to approximately 200 seconds.
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interval equal to approximtely 200 seconds. -8 WO

2004/ 102633 PCT/ US2004/ 005506 9. The met hod of claim
wa20mherssn said step of formng said silicon geTnBmIOWINS506

| ayer over said silicon buffer |ayer at a second

pressure is perfornmed for a tine interval equal to

approxi mately 600 seconds. 5 10. A nethod for

fabricating a structure in a sem conductor die, said

met hod S st eps of erformn re-clean
pr C?C ess %%ggl g4 f{} %]ﬁ]én la v@?rfelp é%‘ﬁﬁ %anggV%FlPW é?rmgmum layer

ovessaiaighﬁorcwuyfsﬁ layel htRQecoRDPraBurai GerbdrmbdEtand tidigtetvalakad toon
first pressure, wherein said silicon

10. re
“WBQPP585ﬁ§§6P’ deposited above said at |east one
isolation region is, continuous; formng a silicon

ger '63”' lA tﬁ%ﬁgr fa \{%m truct?llrelll Coerllnlcl:%u(fihfc%r dile,as){ig eﬁlo? comprising
second pr essure el n Sal I rs pressure IS 51‘3

steps hfan sai d second pressure, and wherein said silicon

gerIRMIMD 2 hBYEh ploRdsired above said at |east one
iséﬂgtlon #%glon Psscontlnuous 15 11. The net hod of

cl alepasitiog oo Prifes Fver or¢ragingle cergiallineaegian 4nd gideastpap ispation

reg 1@19éialﬁr§t gess@@p\flﬂﬁr{@fd%h]}éom&g_ﬂﬁ}rer depésited BBV I ROEasPdne isolation
cl ai m 10 wherein said second pressure is greater than

regig ISG{AYOU0 20 approxinately 100 Torr. 13. The nethod

of fEin@hdW sion YWAGIRINMaFabEr Slddicoh btdﬁpﬁﬁdr bl aNGeofi@pr@ssure,
si.licon buffer Ga yer and said ste sai d

wheggip S QEFTHERHT T hagyae S5 PREY P eﬁt“ Sélg]ﬁé‘ SFIPE

laydr @fi@ed dbavt soitl aiefistdne isOlaticpgyiaxs soatigloys. 700 degrees C. 25
14. The method of claim 10, wherein said step of
depositing said silicon buffer layer and said step of
f orimi ng Thamethsd df icleiom] Og@rervirsaidiirdt argespredy less pren biogna b at

imp%x%%ggg%ngye equal to approximately 670 degrees C.

12. The method of claim 10 wherein said second pressure is greater than or equal to

approximately 100 Torr.

13. The method of claim 10, wherein said step of depositing said silicon buffer layer and
said step of forming said silicon germanium layer are performed at a tempefature less than or equal to
approximately 700 degrees C. '

14. The method of claim 10, wherein said step of depositing said silicon buffer layer and
said step of forming said silicon germanium layer are performed at a temperature equal to
approximately 670 degrees C.

-

15. The method of claim 10, wherein said at least one isolation region is a STI region.

16. A structure in a semiconductor die comprising:
a single crystalline region;

at least one isolation region situated adjacent to said single crystalline region;
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15

30 15. The nethod of claim 10, wherein said at |east
one isolation regionis a STl region. 16. A structure
wono@/19z38 conduct or di e conprising: a single PCT/US2004/005506
crystalline region; at |east one isolation region
situated adjacent to said single crystalline region;
-9 WD 2004/ 102633 PCT/ US2004/ 005506 a silicon buffer
| ay ?i[mo%lb[nlﬂétla?gr ARpvEpSRIsHd Alleaki@AS oINS rdHRl A LR bingle
region and said single crystalline region, wherein
crysglipgiregipy. iPbeAin Bid Filkgon Paljes fayprs CBRRUPY S ES I8 9iPask el dpolation
regidn€ast one isolation region; a S|I|con ger mani um | ayer
si tuated above said silicon g Lfer er, wherein, said
si PPIBERT semnapium iy SRR Y SHE SILGREE ﬁ‘“ﬁ & Sl @4 Sé“°8‘€
gernlafi@mllayeniecdnGlodd dversaid@gle@hone Isblatidregiat. r uct ure of ‘claim
16 wherein said at |east one isolation region is a STI
region. 18. The structure of claim 16 wherein said at
| east oNie sir8@krabi oiim & ghoein cxddy tedag @8e isdation d@ion fiver YT Fegion.
oxi de. 19. The structure of claim 16 wherein said
single crystalline region conprises single
cry&talThnﬁusmbbbmnm1&5*@@nSﬂm@h@ﬁPW%@ﬂﬂ@nG%ka@mﬁﬁ¥6wn
ma%ﬁ%ﬁﬁén said single crystalline region conprises a
ector. -10

19. The structure of claim 16 wherein said single crystalline region comprises single

crystalline silicon.

20. The structure of claim 16 wherein said single crystalline region comprises a

collector.

-10-



