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WD 2004/ 061920 PCT/ US2003/ 034673 METHOD OF FORM NG A

THI CK STRAI NED SI LI CON LAYER AND SEM CONDUCTOR
WGITRWOTIIRES | NCORPORATI NG A THI CK STRAI NED SI RCTZOB2003/034673

LAYER 5 BACKGROUND OF THE INVENTION 1. Field of the

I nvention The present invention relates to

sem condMETHODI OF BOQRYING| A JIHACKIiSTRATERISILICQN LAYER| ar

to sem coANPEMICONDHIEOR STRMCTURESANGOBRPERATING ned

silicon. 10 2. RAMTHIEE STRARV YHICOMEAYBRL i nuous

demand for inproved performance in electronic devices

BAbn@RdjeNnoadmaeﬁsmrmNr ough advances in silicon
cessg;g;doﬁq’? devi ce technol ogi es directed toward
ucti REUPY o of i ndividual sem conduct or
CI rcuit Thoprpeméntsion telataete eemicoadoninicgratadircyts)yagd p@hrticular to
semiGRBRICF BhidksingP CorfiRI Bl Gldhnued  reduction of devi ce
sizes nmore diff t, and so alternative solutions are
bei?ng sd"tﬁ&ﬁtﬂfcén%gb’ow i ncreases in 15 device
pe n;h@wmma@ dbifang Qiﬂ%:niép_?_di'ai_ pefEit@aP tnl e(b@trcfn@rde\hd'é@ﬁae a&h R@rebd@through
er f or.mance s.is to.e ce the car
savaff i PR st PRy enaladd QA (e ay GF M G pfrevidua
semigroiusior gonswmponenn Rovevetr, econemus adpbysigalicorstragniy aremdking continued
reducfm%ﬁ W&%lzéﬁ%@ﬁﬁ@ul@&q SQ ARG5AL éo‘ﬂgim%%%gmg éugﬁ'?{o Qﬁ)&\iN 19<1freases in
enhancing carrier nobility that has becone a focus of
deviGe@erfpang P &9i%n is the use of silicon material to
whicab Opalofl R BiteRing the BdridrniaiicedPRDSEELS is tSbihaicO @6l Carrfel inbtﬁlayl of silicon

) asr{a%éduce res18ance gxd waeg cr:O%Wi r]lgon anA t% crease]c 1\%9:ur§elnl & %an res onse and
ger man Pun1su%mPrate e Silicon ger Y &
operjting speede A nseﬂ@é pleemizginging caipranojlitiehay has bepomela fobra nf rgcentgiigngion is the use

of 311§:blll &80 bohich £ Rn@Sst@in 1sed§MJe§ QfraihddesiloR ﬁ%ﬂﬁ:@mﬁgd ﬂy@?owmg a layer of
r germaniumatons in the lattjce. Because th

s111c0£t06 %,%111008 gerfnﬁéu%siu]os‘trat&nﬂ]e élélfqn égmérrulmg ]ﬁtt]ﬁﬁ i gpnfrﬁlgf ni%ervgdely spaced than a
pure vliche llaytlcs e agéstit Gﬂtﬂnel poeSdCe HWeﬂgmha’ﬁﬁltm atbﬁl,s mahetlﬂmﬁl Beause the atoms

of the gﬂlcglll ﬂttme Alifh \gﬁlt C% %1 Wldél{l %fe%& s1hc%r? %etrm% lattlce en%ﬂe shguq 1S created in

are essen ed apa rom one anot
the Srhmd} 1%(% (he silispn ftt@mrq eese@tallwuﬂed aa?gpﬂrqnedle pnytheih dhegnpquet ghtensile strain

apphla(ﬁtt)tHe@iiﬁcdnrl‘aﬁt[c@ﬂlﬁ@@esv\ﬂﬂllﬂletprbﬁorﬂcgm rhnhr@h 19 the &ﬁ&dﬁ%&hb&ﬁﬂxﬁ Rtice.
Sl

er na ttic xed silic
&SRB O AR Ab ST Pt AR 1 A1 PR OF oo atice
causes fquapfnhet valetich fangs t incease inahd:rgycaed two afitbemleh@bendg fo dedrense in energy. As
aresM@tJf ﬂlﬂlﬁﬁmkéﬂ” % elécgoﬂé %Jc%@%ve gﬁ‘ 3@&%g¥essa\9tgn Eé’é@ngqgrmfghﬁlg%ower energy

val ence ecrease I n energy. resu

banda UhHY Wgﬂp@é&y@%dé P lepsapsistapcp f@éqc}rqpé}oy Mdeﬁorggectrons encounter less

vibran@fareaagy ﬁr&@ﬁe hMaEﬁ!; oP@S §1iddg atbﬂrvmwg Bautdd @redn @/‘ﬁz[tteﬁdﬂ EFa@)of 500 to 1000
e 04 5 5 ST PO Bty G i sion s
compered bueltred sili@s.offennigla pettntidimicase iremaplitf ¢f 3% tHreornfecéletrens @fid 20% or

more 890184, Iing QB AL fﬁﬁﬁobfﬁ@ 'h%%e&%lﬁ@ﬁ) p%ﬂ?%ﬁc&re%?@eﬁ&s of up% 1.8
rate of 500 t times | ess than i n rel axed

megag?lts/celaweter/xéfhﬁe fa@gra e behew o eablerpsigyies spapd fnresp of Ao véthguyt {prther
redudtiBiCsf@ag@aizt, Br £157bdueribn i ﬂoi;vé‘r@ﬂns&ﬁptmﬁ: @lifpar e etutidn [nQJeﬂdfﬁﬁhce

g I()!ﬁ>cl, 8 (r)aI’I}_lI,IT)%}OID f ]g ﬂ'-_gq usm? 2 gll'eall;]l!c: sah&orlél%g% 58 So§vn Enrl-’ egufebl The ]%OQEET is
fabricpieé o meybstals eommlsmgfimﬂicprt gﬁmltﬂalgmﬂ,@e'riopm mgh it forrprdras pptaxiel Gwer of

straife@§ii @R 2. Fine MdSEOf usla’sQ:oﬁ\@nn%na'i’ Mdﬁ?ﬁf“é’tﬁlktﬁr@f ﬁﬁﬂﬂdgq@blp@(gmce and drain
These factors are believed to enab a devi ce speed

regiops,|dy shajlow sgjprceandArdip pratins 44 F‘ﬁﬁ%?”deﬂaé/ﬁ‘déﬁ £8i 26 furrgangydchy spacers 22,
24, sifitideespurtd and didin Yorted O t kil¢ide gate pmwzsmm SHANGH tre@th Ml B0, The

channel reffr]lgn o%‘ihe%b§FET P%lrug ¥hn'aun G d sﬂlcon ma erls (\)N%!l Provu?fs anl’lll?%éc?g;:lazr-rrier

a stralned siTicon fayer 1s Wwn
memwéﬂN@SmEﬁwqwmﬁ@mnlcated on a substrate conprising a
silicon germanium | ayer 10 on which is fornmed an
epi taxi al |ayer of
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strained silicon 12. The MOSFET uses conventi ona

MOSFET structures including deep source and drain
w0 e@oe204, shal | ow source and drai n extensi oPGI/LIB2003034673

gate oxide | ayer 18, a gate 20 surrounded by spacers

silicide source and_drain contacts 26, a

s i | | Wik eéhs thsopeieal ad Hnizecs obstained §iicasREs| raSRistey Bibrication and processing of
straihe8l Giliedh ipREats 3 QumbEhe pfb@leﬁh @ﬁdﬂlﬁbbldne@ k10 for@dtioh Bfe‘nﬂﬁﬁﬁsﬁ;gaUOns in the
sual RS o AL bl dooet” e Rl R oGl B e S e
that effeglivaly rel@e2@3 110 §DBR0 RSTICHISRBO3/MIH BiFl8catidi ate erimdridy caused by
nusrﬁalﬂzﬁ ‘Bgt\%eh %Etra'ﬁ{@é( Q%ﬂﬁﬁée Qlﬁ the ia'f:t@é 5}‘%1% uﬁ&elrlkrlﬁé){]hc?{ germamum supporting

promsing, the fabrication and processing of Strain ed’
layex jThg @emntﬁ? ee@rﬁsecaalommeqmn@fsﬂmrdmew incgga apibeissuief fhggmal
factdrsh Q)né mEtHﬂB& inQRich fmsﬁfﬂm&fohﬁonﬁha? IbO€addet O EermhiTactoRas dunng cooling after

as, the .result of t rat ure changes.
R R A B e B A L
expdsig¢ toihigk tempdrattres §.£.6 640 degbey Cragd leghee such® dgtingdormatiyp pf shgldw trench
1sola§1&1st ﬁﬁh ﬁkﬂ t‘el‘ﬁﬁipatl.lréta{e le?evedIY(l) (.Satlée'ﬂeggétl&ln mtglm%ﬂﬁurﬂ Eatent of the silicon

rII’THrI ?/ caused m snat et ween e stral ne
e e pAE falmathnwémls%ttdeioeewefm th eveﬂﬂwmwdﬁ@con The rate of
forn@tidni |oelaﬂ@ﬁtgeromemsuﬁas SxHORAGY RBh inrSK&in tehftanadrount  of
m Ihas bee1|1 (§ locat Itl(n) NS Iaune thsc?r{]lgy phea(F:l a grltljg%?gclkgess, é?ée \%éﬁ misfit

~increase R rna
dislocatigpsdpeme SIEmﬁohntb'hmom lskﬁly to od¢us | The adtiticalriigckmgsy ddpendeenibeahotmy of tensile

straih Hﬁﬁé&% thé é‘lﬁet)ﬁ’faﬁcé %d%g bIDLQe éég'l@alrduﬂlgoﬁént &the u9&99§é Jlﬁcgrpgeghflamum

a_strained silicon nﬁ% Anot her 1 nstance I h whi
layer {Farexqmplfy & has befnidgpringdihatd silignn epraaniy jeprg having meete%y@%
gernfanigrth cdneAfeed ﬁb};b.d)fta%ntlcﬁl tBicknds® OQptegn 5200 AaptoRd @it the risk of
signjlﬁ%g{]gj%? gﬁlggah(%g vr]hg reartgaatsfh?orr]l orfénrarzl u#a %ﬂ%\‘/}né a;g)e?ximéagel 030% ogermamum
contenhi¢ss AIPBIA Celﬂ%ﬂ?waesswheﬂsge@prnfamtdwﬁ(t@mw of the

Si |'I|h§r@f6re ﬂﬂ%ﬁﬂiﬁa\’h‘oﬁjm c&k@ﬁ%@éd%ﬂménqu‘:gﬂoﬁ&y Eo%(ﬁ@i%ﬁﬁgsﬁ;{ﬂns Halfnpered by

di sl.ocation e overlying strained silicon.
°°“f%‘&g Jffagongfin ‘%?té?"r‘fﬁg F"dﬁ’?“ Wleﬁingtr‘ﬁ“i’ Is gpigpcse bt n dqeeese infhgeermanium
cont@k gfdtrenderlgihd lgyeniyét theicti-nlobickesss bithetsepd siditdiicredubdd bj asincrease of the

gerrrgﬁﬁﬁl cﬂ% t%%{i:flé u grl}’lt%% (! c\%}%ﬁkagm&e S agt%nl hﬁﬁ% nshﬁ‘f%cuﬁ to achieve.

critica nes above ocat
For e hasibesaidpteranined prypinipgHiseihat PtR@Ftypnr@u@éqbu?O Angiggms of szaned silcon

are r€finirddi t@ﬁbvﬂeﬁl ni‘ekxﬁ@fﬁﬁ uﬁiﬁcﬁ@xﬁéﬁﬁm MDgPB’E EivRbHte. %w&v&n il oLc@r to account
con.latti

a
for c?rﬁumpttlon of 1{1}1{:(81%urén§ r?foé?f’fm‘%? la{[eﬁ 8% zﬁ]ﬁ'a)grtnfttg)y ﬂcaxglg t%gﬂless must Ee formed
initiafjm ranr’sm oI thisfit dislocafgrin e Jagarpf sech thitknéss shelgemmniahe taten ofi thel underlying
layextnmj@ttbe ?eshsﬂ:t!ed 1 %r&ﬁﬁamb%ml‘il@){s%ihng@r\ﬂn gﬁ)h@cptg tQ étir:fl@& S icbn layer has

%er mani um cont ént can suppor t avcritica
beentpr%‘w B &egelulips Glerttbds HobAe ansibraroroivis diffiqul ipuprovids @ meaningful
apphbauSrkof@ifralneS biG¢vin fir ICMXDH deic&f Th dditiof LoQEeaFbriegoiy condlderit®as tha tensile strain

of th%J strame sﬁlc%elerlyrgraapnlfi entce 1 %gr;lerr}na()gjhp %ag B«p 1513[%“ gea ta&e{dﬁlfrg’q%oh glg gor%%tlon of
nusﬁbqhqalgpatappqags,@qi braltodt tgoe 1g@eam g'gtthe@lncgeaseg Or tThperatufeghag are fypically encountered

ﬁt:ésﬁ@t éu@fnas ‘aflrm% Yok sk oﬁ;ﬁaﬁl@% @r@ﬂih ﬁblhﬁoﬁp Pfh[er@[gllg n\9(]119 N 111§1Bng factors
T design 1S hanpered by conflicting limtations,

of S“F“Hedtsﬂlé?n e 6 Ve PRATEGH TP Ve BB P ) ovaprAs e
applibifior@)cuiré 1t teelMslBgyl ddestnbid ey vﬂi&ﬁi itapart eﬁ@igh efin t@ﬁrodub@lgmﬁcant carrier
mobiHi? (rglg}réll#e%&gw*th%}ét (?st m)ée&uc%gnelo gr 1 !iu%lang der%”%cﬁs eang s?raln ]:e?atx?]tlon
ger mani um content of the underlylng | ayer. These
conflicts make practical applications difficult to
achi eve. For exanple, it has been determ ned
enpirically that at |east approximately 70 Angstroms
of strained silicon 25 are rzquired to provide a
meani ngf ul i nprovenent in MOSFET performance. However,
in order to account for consunption of silicon during
processing, a |ayer of approxi mately doubl e that
t hi ckness nust be fornmed initially, and to avoid
n1sf|t dlslocatlon in a Iayer of such thlckness the

. o a1 o,
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of the strained silicon |layer and hence its carrier

nmobility may be further degraded through the fornmation
wo@Roo406®00 t di sl ocati ons caused by both the i nPCHESHS3/034673

and the decreases in tenperature that are typically

encountered during processing, such as during

formati on of shallow trench isolations. Therefore,

SUNmmhheoFmHEhhnhmﬁ@g factors of strained silicon

te 0 bal anced to achi )
o T B S AR R er R G S ot Fee Q™ 5 s ks
greaiblehdnmhplcotg'ynhduabcsmmb tluodsﬁeé@ret &t hagiyg mloe_umqlrmaf tnis@trigslogdiions that are
charéte ﬁfc B¢ Jsgalmdgﬂ%ﬁlqaygﬂ hg{lhgf d tﬁi@&gss gégté’r lifah the g&xpénlnéﬂa critjcal thickness.
ancenment w thout al so Introducin reduci ng
d efI@& wgtherobjeds plrthg nresens inysagier t arovige SiFT 40 ee 1ty eorporates a strained
5111c<iﬁﬁ-§%1lﬂf§2%%é’s§ Ex@at?rmg%v&:ﬁonﬂ‘éﬁudamm%sm It is
refore an obj ect of i nvention
or dU FaE ST S HBPeat P b P oPlAm T PR g n sion
germgriga fager ptidn @rpravitieof@ emaret silion &lyeron iht sib@h gérindnphrie®s Spskquently, a
straine@ Elh&ﬁYalyQ% fgtpigat&m#ﬂgtlay& of H]!ic%g %]s }uﬁ'll ¥ el:o(ﬁ{i] ﬁllﬁﬁ ?&rmﬁ]rnﬁn layer is

araCteristic of a“stral ne I con | ayer
formﬁc}ﬂve%wé@@r G Feipedilicomig single CQ?@’?W@H’! 11t Agposidqniprdcesal This Construction

eﬁechMﬁf&&ﬁﬁduﬂ' stibstrafes ANMIHNETacQR) BE Etraﬁi_@d dileen lﬂfeﬁfﬁﬁﬁ&ntalmng the tensile

ent i ET.deyice that. in
soa SRR R S i by By o dng AR nC Cp By B3 aiocs
of sﬂ[ahmllichethag o be growowmiddoutgysilisiagtaml risk bi sedcengibidity td significant misfit dislocations
as th@l%ﬁl‘ﬁ gﬁﬂs‘é&eﬂi"h&aﬁngea‘m 9(%15@9 gf@ctgrgly h&l@leﬁ R)YQ Qt/én%@nnarﬁm Ldn&%}{\! of the

trench 1solations are fornmed in a silicon “gernmani um
siticqngeranipp japrs. (hpdgitienne fematian efshalpy éaw%is?l?t@wmafy growef the
straifel €ili®h lalyeﬁ* @mdg arbjmmg ltlmsﬂraﬂﬁé& Kilico U @O Rdrin}l cyoke of 3llow trench
1sola§c1): rg%wtrh ere ore r}thlera gects the sIral abri Is1ﬁ at ?d on the |ayer of

si& con erna 15 diestangd 1°¢Bn ger mani um | ayer

i s If @Fm@dcedvté Pneteh@dnagnwf tl@ﬁnvsmuoalamweé piliGog byer jisforaned between dual
silicodlgBYeaBurk Qﬂaﬁ ﬂiﬁ@l‘l&sa shibbirs fleng gRNS J&nl SRR QG HRFum i§ JoSided. A layer of
nstructi ectively provides dual substra es. at

sraing plicog ey g’é‘%edé?f‘ te et e S ieet SRR B Hjeand faye of silicon germanium
is fored ot the srhingy silibvd 1dyexris b biggle ®hthacud in0ftu dop@itsh prﬁd:eﬁl:ﬁ'dhe first and second

silico i ngngl‘gllﬂTl 1a9e¥sq1§a1 r}nqher tgf?'s lié {‘(Ir'urr] g{t& S%fuﬁ ntelszgy@r a ?remft%he f(grmatlon of

t1ons.
nusﬁé‘mkpce@ﬁs {uripg Suhsawelﬁ éoq}w@%ﬁ h%mm the stamsdm@prahrqr al risk

of 1sdtes@Rdeivith b futrtHer telaboﬁinm JF the BdntidH, & &hﬁcoghua&q&@&dr@iﬁaudes a first
layer ? 125 the result of g%uent heg lﬁfﬁ‘ﬁ ooling is
YOIt ¥ ECY FVRTY b BT c? ?“be SYCOREPER O BT HETPER! SHshP eFEat™ b and a

secortdigyer o€ bilidog mugdmrgrewnimtheatyaies silidon lagetdTle fio andtsk@nd silicon germanium

layerg Qlf)}%mttlllqumfé tra%rh ltllegf}{%lgeﬁ @iﬂfoﬁ Jggfghcﬁgglsg)f&ﬁnﬁgﬂ & rrmstf Pdlﬁgcﬁt\ﬂgnpm the
he strailne Icon la avol ds subjecting t

straingd piligop B¥ersi | i con | ayer to the thermal cycle of shallow

tr kardah@@dltﬁtﬁdoﬂlﬁr e@ib@d&cﬁl&t ek 115\]8@{0@ faQén@cdniiticlon@vice comprising a thick
|.n._accordance

C r.
strmrp (5 %1{i100n a%er g dit iﬂ%ﬁﬁ gs[trﬁtg ﬁe}vwg & ﬁ.{ el ﬁr of élhgo[nrggrlnﬁrg&m 1s provided.
Shallgw trqcnglmqolemags@re forged iothedidst hedr wedicorcgataniu@ ) A d4yeri of sirained silicon is then
form&ifh %'ﬁks@ﬁ}el‘ é}ﬁéﬁ[ﬁ(ﬁl gexlnﬂhﬁuh aalnél ¥sefond M?e? bf s"'ﬂfc@n é@ alnﬂgl 1safox$rleﬁ St the

| ayer of ['icon germaniumis provid ayer o
siraingq %ﬂéﬁ%]ézser gnamn&le FP“? TRUOYSH FIUdERORHIRR PERGESE w%h ‘P? firgined sgfipeny laygy. The first
and s&dohd $ili2bn GHiaABIRA |1aym su@ﬁtﬁlt the tERilefaln biabea&alﬁa‘d siibdnll4y6xhnd resist formation
of mlgﬁ dlnla +ons n tirlletstr%ulljegglgccingayer urelngiftl:elb%eg IuQ <09 r1]n . (gﬁg gtérga¥$ﬁstramed silicon
layerf Th%ccomwes@ ciberd gergiptliyne iy nubgﬁenmmemmeﬂ, aybr MOBRETIvomprising the layer
of strhit sfHBRS thiheSbdivtleNihOEhali el i@lAGY. Si1icon layer and

resist the formation of msfit dislocations during

subsequent cooling and heating of the strained silicon

| ayer. 25 In accordance witiB a further enbodi ment of

the invention, a sem conductor structure includes a

first layer of silicon germanium a |ayer of strained

silicon grown on the first layer of silicon gernmani um

and a second | ayer of silicon germani umgrown on the

stralned S|I|con Iayer The first and second S|I|con

o s s o, T o . o a1
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30 I n accordance wth another enbodi nent of the
i nvention, a sem conductor device conprising a thick
W@ Re0aioemao si |l i con layer is formed. Initially aPCT/US2003/034673
substrate having a first layer of silicon germaniumis
provided. Shallow trench isolations are forned in the
fi rlspceprdapes Withranether prehggimems phiaginYeRtions VIGHRET copprisesiaghasad region, a
gate Skdl4t6 @8 mbSovb iR tharhQ FeFRE, a@Re fdi’(ﬁedf ol it leath ﬂ%ﬁ'ﬁor,@fld ®hikd £08rain

.germani u and. a C rer si]icon
s bR b pore e oGy B F ABtpeL PR Ry el St Rifhebb i
compyizet c?f A lapar of straing stlidonche s tmclmewss rriocgseer Whit drritiknbthickness determined in
accoﬁitaIFc‘gl Wi ggeﬁh&lnluﬁﬂ:@nté g¥& 1hco-l;g ﬁl{uﬁ ¥a %gn @ﬁgl tﬁ Qﬁlaq sﬂlcon layer is
I con gernanluwﬁlayers upport {he"tensile strain of
formehe strained silicon layer and resist formation of
msfit dislocations in the strained silicon |ayer
' ol ing and heating of the strained
Iﬁﬁggﬁﬁﬂ%ﬁaﬂﬁgggﬁggéﬂégsecond | ayer of silicon gernmani um
isIkwbsmqmemﬂ$ywﬂmmnmsﬂwﬁamduammmﬁﬁﬁmmamﬁmmME@u@wmgemwhmm
Qfordls LSl SR th conven
S5y B RO PES bl b B PR B S5 RAAS vt conventons
P“”PEW?U52003/034673 ~I'n accordance with another
ey by, ch 24,he 2f Dy enbi, @jnZk Ad MXRE e QRPfotn®8 Qurfhg production of a

nne syl at or forned over the

Moﬁgﬁ%aégfor a%% "8 aﬁﬁt‘g%‘fr?df’rgl?’ Hrgﬁmd)ﬁmf 1Endd¢ e i nsul at or,

a n FigyoBrsbevs anmhicgredormed in egbrdmse m::aatahaﬂnaove eop@iisantIg

f

- cor oI o R R RS e B BP0 hid B AR macve
embedinenisii8d si | i con having a thickness that is greater

th :ﬂiguﬂ 5Ghdvis ia @dbest MivCEvRHSsiflehEfitiph@ghed Entodid6E MR EMve
a germani um content of a silicon germanium | ayer
ich the strained silicon |ayer is forned.
DESCRI PTI ON OF THE DRAW NGS Enbodi nents of the

DESCRIPGIUN OFPREFBRAES EMBOBEAVEIGTLONj Unction with the
fol |l owi ng draw ngs, in which: 10 Figure 1 shows

VOSSP #si2h o sfraipass fosmedduring fahsigatiop phaskpined gfise MQSHET in
accod@co witladg efervid bbddRR@Nihe DiRation. [FigdR Qs SoR strudnir@tbbpPSsinday, silicon

germgrgum gl?e’r 4(? th glﬁdon ggnaang %p 40 opgf!-fér%b%ohﬁs a ?omgosg."%%’b?% where xis

tructures forme

apprwsdh?n el iygerh geaerﬁliyrﬂs'ﬂw mg@fOé@ t o4 Mﬁcmam@mmﬂmr 40is

typlchll'jl\lgﬁﬁtlﬂoﬁ Bid sipSidd®y SsifdaR W@fe@n& tHoWRE Whorf g@ﬁrﬁﬁﬁlm By be grown, for

. %cor nce wth anat% ve e odlmsnt ure 4th
xamp BRE SO PR 312—545 %‘fehij‘ e (ﬁ‘?r'i‘%“ﬁ)ﬁﬁ?"élfc PRy ™ith 2

subsmmmarmmd 600d 960 degressdl, b SigH, peditd @cbssoeof 30 mRanald kGgilrpertisl pressure

of 60%1%\’\@11& (sﬁa(ng) $e {;SL@IWaI%%m%%g’S 4 gG;OOlﬁl off s %%coﬁ) Ee%%u';nelgyer 40 may

di mrent ‘an ternative

be 1%@@}@#@@% OPETHREEthe MWF\H@% Fjeirhe graguglly ingrgased
beguﬁahh@ ‘ﬁ/oﬁita [ddv@xt plds&se Ir chrdﬂﬁéksﬂéiﬁ) if6a afgﬂibfeﬁt‘é&ﬁﬂoﬁfﬂon(hﬁw@ the desired

oraan
s R LA bAB T Brpre: PR GRien iR Siped eagd sion
1ayera structure conprising a silicon germanium |ayer 40.

Th @m%fetll 6&9&1&&{ é@ﬁﬁh‘nﬂﬂ] vdf{é}% s aAbQ la9arr ﬁ&&ﬁa@p tﬁﬂctﬂ@?on%nm% a bottom

nPOSItlon Si1 ere appFOXInH e
hardigggayes 4%6?@6@@%? aia| thW“F‘ﬁ%ecP‘ffﬁ@%m%ﬁ‘BA@Cl angn oy sk ayer
44. Bie bmmalrhazgmﬁsﬁwydarums leyiery s#iGonl oxide fe.gt §iPh) @R the/upSdr ¥MImABayer 44 is

uppor ted by.a silicon wafer (not shown). Silicon
typmg@ s1hcon nﬁn er(na%/ Sﬁr\g“) grown, for exanple, by chenical
\ aﬁtglﬂre @@@9@& th¢ shmctys Oflf@uSiZQ B patersing efitie)siliaoncke@ahidm layer 40 using the
bi- laﬁgﬁf%rﬁgcs%’l £02§ g%%g %a&ﬁ%ﬁ&red@d&%ﬂ@ Flg%l-é% tsﬂo@g fe structure of Figure 2b

egrees (, arti al
after EP@%‘% et btayos bardrmak majerigls &"’Egﬁdﬂlb%rgﬁfl“ﬁl“‘“b feees é‘g fdlowed by formation
4
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of 60 nmPa. SiH4 (silane) may be used in alternative
processes. Gowmh of the silicon germanium /| ayer 40
worey4/061920 ni ti at ed usi ng these ratios, or altePOBEHUSW68/§34673
the partial pressure of GeH4 may be gradually
i ncreased 30 beginning froma | ower pressure or zero
of shglleveteepghdsofagions 43 vhﬂ&tfg o ‘B ehallnirad ibdlagipnsimay Poigref by performing a
briefdRShd] 6GdatiGHedt E@&h&%gé‘rﬁ@lﬁlﬁﬁ] Follo@ed®y dé’p@%on@t a Bir B3B8 on oxide to a

thlclgx?sF &lfltﬁs sa%ﬁglexrt toV\f Lt e tfeg(gpg%, glcllln:% gg%%/%geﬁs\{\ln{e:‘éél ]iﬁ[%?%lgﬁTgOoSrogEt%ospheﬂc
Presgesopeun H‘E% § ﬁy@mcod(bmdcsla}m isther deyfied lal pdimarivkd Sith a3y chemical
mecl%gigzﬁ E&lﬁl‘uﬁé%t r&n Q&tbg&rproc%? rlézm?gséﬁaﬂo@(rgﬁch Asgk(atéoi%tha[t glfe ggpl;o?(gnately level

tomantirefliective coati ng
W“hl!z*ﬁﬁ‘éfwﬁéfl’d RiH%R epragraym lags 4 Ahe typieal progessimityalvefhia Srmation efthe

shalldw trbsSh IsMQloﬁﬁiS'rﬂéy 8tilizé @ﬁﬁbréﬁifés@ﬁex‘;&s o 10(5I dggaes andy folﬂﬁng tge shallow
lcon nitri

mas ty
“e““? 5“0%?%&&5 o 5%%%? o Sl @%gmg%dﬁﬁlew WL yPregipdp gh
temp@atua:ﬁ g thepértrd shlloivignob fisolhive poidssigoneligpdmad ad apdichtay@rcedd misfit
dlsloUﬁﬂ fg the bi-layer hardmask to formtrenches 46
havi ng tapered sidewalls. Figure 2c shows the
st riigeds ghogs theptiyeipts obfsurederlir perforraigsin césh back gropyiss tp gppreye material
from RS sGURS I (H¥RTLiEd g@ﬂnﬁmﬁrﬁ Q@értldﬂ €Fifukd Je GIQWs B8 Etﬂﬁlﬁfe%ﬁﬁhtﬁé’ il after formation

rmation 4,
of o (e o I T3 95 o AT P P IR Dt S PBe vy ifon
germipiiem §2 eedirgshe layhoof sthraed dlwot 502 Todetéhdbatkabat pirigs tm%ytudnl?e of Figure 2d is
perfc]‘nggdrgg gs tp Yerld$d af pgftl% nghe%lhcaxréel% amtug ﬁ&éﬁb toqzﬁl/eg @1%; ll]%@tl sgtffacé gﬁhe silicon

|con er mani um f ol eposition o ayer
gem’alrm% Jayer é@ﬁlawu tQje %P@erém'fam |°E&%%§@thmf#1 igolatiang #§, pocthas ﬁx@ ugpgr surfaces
of thé i;Halllowttféﬁchﬁsl‘oBﬁ&b @Sare @‘pﬁ)hmﬁﬁly hbyel ntithp peSsufiae 61\he 1té:PEMEY upper
s1hcon 5 am E‘i rngc;pfl_ﬂ relecr:thpagngﬁc’ G zone TEQS. The silicon
flale \mé &F “1's T hen gensy rmve A B17a%4r i zed such as
by T@h@mnectaﬁlhcgl lmcﬁhﬂprefadablpgrbwrsw seleptivy epamaégrgwh Bewkh a chemical
vapopﬁe‘ﬁgsﬁ%§ (C\}]ﬁ ?M)kégg for Q}@ll’nb@ \ﬁélrtgr s%ﬁ?il a sociﬁ’ée%‘élé \ﬂﬁllsa pé’x%al‘i)ré?shre 3 DmPa and

pr oxi mat e level  wt he surface of the silicon
a s STRPRe TS %wfo’ﬂwelywéﬂ%t%9%46§ra?s Gribe %@@PWCPWW 3fegd the upper
silicdn@ematiirohydb2 frbgowsin akingyeohine h sit ploedkd, frBrallB wﬂl&)ﬁnnnal cooling
or he#rﬁrfrg of lﬁgstrtaxﬁgpsgia{l yeleﬁ) r etﬁ %(? al%glb fk{e%gq%gsdicgg %e%%g’mun}lagreyﬁ This
may perichigiie @ﬁmmducsltgra@m@@urs pauice gng (¢-2 gramaneipfp fhe depojifidnehambergfter a
desnwucﬁ%bﬂ@&ﬁéjl stiiGontdien rSHRLEAS Wtﬁegchﬁ'rl?;g tht BRERLi@®nSf the depos1ted
tre chlsolatlon processing s elimnpated as

e i < P L GO e 6 o Pl G e iy lerng
the tesdperaisre ofibe snamursﬂmmﬂawf Ithiagalsocbe desiratld te grafiroin§ chatgeddf te@erature

=) I f
20 BN REORAES Ll TN G112 AL Do e
temperpipig #t 4 fragned fhatptakgi ipte agrgung e @wlﬂie@froﬁﬁleq% germpfunpgrovnoa the gifained

mhco‘ﬁllaﬁ/éi'l 561 ﬂhﬁi ah hﬂptd@ﬁzﬂe 2uRRf iRken §ehhdnﬁlﬁris Iﬁ&ﬁﬂfﬁﬂh&ﬁﬁp&@u@a@ﬁof the strained
i on, of er of silicon ger mani u

52 s
sicop T e ReceF ) B St Rt Lier e e g b poor sion
germpygupklayehsg is gf)n@dddrshat/dftée wing geohaniuen coftenE-(eguapproRichately 30%) at its junction
with {B€ Etfafﬁgcfgﬂgorﬁgye@% ats Bhe 'io%ﬂps\ﬁﬁox?geﬂlgaﬂﬁﬁl(?e@erq& s& gﬁo ﬁ'b&l&e%%%ﬁmm support of

germani um | ayer 40 to | ower er surface o
the te§§ﬂ'e p%ndu@eéa%ﬁqtra]ﬁ?q Sé&‘/‘%‘}’laY&’OSOr l&t QW t caftey be gaded gfﬂéﬁued The thickness
of thSippdr SiGEH ga“fnaﬁnhﬁlaﬁeh 6d hBWe HE@RRE ih S6bradncOnth tﬂ&mtﬁﬂaﬂaﬁﬁﬂ:aﬁon '
E‘rg%g rJe%Ja aa ov?a t’l?.:(sﬂl%ocnte g%ﬁmamflm'ia Ter hgvli]ri% lre]ql)q?(\f/{v(érg ! g}b&? %ﬁl?a]ltugl‘é éonée'nt is capable
of suppiqesing astuémecfsdxcqelgbleugpmrommtdly Odmegremsmwithioutrthel rialy efisighificant misfit
dislodd0NB g cJoﬁl?g o?gﬂgkéa&en{ tﬁémé‘[ 91@06@% Iﬁleco}ﬁ?agtl ﬁgstral-ﬁ&?slhcon layer 50 of the
strained sjilicon_ layer referably grown
prefegred embedinent i pApposied %ﬂbotﬁ P%l(fmsﬁfafq% Bb%hwgr ae%@mréélponzem%m Jayers 40,
deposition (CVD) process, fof exanple using Si2H6 as a
source gas wth a partial pressure of 30nPa and a
substrate tenperature of approxinmately 600 to 900
degrees C. The strained silicon |layer 50 and the upper
silicon germanium | ayer 52 are grown in a single
contlnuous in situ process, preferably with m ni mal
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or heating of the strained silicon layer 50 prior to
formation of the upper silicon germanium | ayer 52.
wahbdiog/o6rvay be achi eved by introduci ng a ger manPCmsS2003/034673
source gas (e.g. germane) into the deposition chanber
after a 25 desired thickness of strained silicon has
52 eggh By ing PRARYITAR YO Besermppyup pateat aHgEopT ke sERRid i leyar I9fmay be

fornkd@ hek@ @Qﬁdkﬁe@siibf gﬁﬂ&r@ﬁah Qﬂprcfxfnﬁfély&b |Aln €06k, §piSdlll inCeRdss of approxunately

t
T A I R U P .
dislesdtions dodxg cedling agubséqagne thermhltpravesyingl so be desirabl e to
gr 366 ..2p Mlo&{lﬁc{:‘sgﬁ&ugé’ b rﬁ {EE@ L e val BRIMES %,féieﬁ%&dn@@mamum

strai ned si t1on tenperat ure an
follogyps byl forgiption ebigverpe ianeamf differgelptsrials: g uRPeT i prage iU fayey may be

remﬁ&fﬁ}%rseléchﬂ:twet @&h&ﬁat hddb Qer?ﬁgpéﬂdﬁtsel&ohﬁtytf&|sﬂ?ikd'h%§r§1aﬂflm compared to silicon.
con

r mani.um gr own, on i ned
e S AP G i OB Y B QR BYfiSs hcess, sch
usingfi@t stgemi fohovied byrews@hit aloHF tohgon (Tihepresure bibeuppdr siliétd germanium layer
dunr%tcf)tﬁ'fnggrg)r to; hErSpQ&fsjsﬁée/ [rﬁ{m&eg ad%[ugﬁ/all gﬁstﬁlg %%Bsrt mIsﬁtr dlS‘i(JEﬁlOn formation

straln enpera ure anges occu
duringigeoling ke lag‘?rq of engfsrial @@?%’fﬁm@mnpla%ﬁ@rgats psylaging %Y%é”dth‘!téﬁ formed on the
stradibdmﬁcdh h'b@erS a.NMhe GQRE ﬁﬁﬂ‘duh@hﬁ:@ﬁ ieQbicdl¢ siffleon aﬂw Hﬂ?(ﬁlﬁﬂk @rlo}her material

NN R AR CNE 7 -

or mpy kg erdeitedrbxiheriral sappiptopdsitiof. Fotuied oteeths pdteinglatinglayei S4dircst
cond'u&lv«t, ﬁf‘er r’I‘ﬁé gb‘?edcoﬁul:tlvg ﬁ?_er I5 @Mfﬁgaﬂg Qompgkgs g(ﬂ?s)ﬁc&rh)%{ rﬁzgffattgﬁauvely

e graded if desired ness
C°m1§18? e TgisFHash aRolvaleoR Mppaniss yitheerRe ey Vet o e conductiv Iaer
56 isadbG Ry adamsmtﬁlmré boopPaiidd tﬁtﬂdnﬁl[anﬂﬁﬁd lhye:edsi 493 refAﬁe_d B0k € Bottom
anﬁr%%{%l:(/g boai;rézl ARC Ceglld] r? 15 rrearI a ldr(r:%skcg ?r 60 rﬂ\élbgg)bnqga}% ﬁgar}r;g'r%g Iis%ypically
silicaptoridé (geadSiQd) hndéwnlppeay%qhm@lf 1aiffpﬁﬂ’1§)WPln@W slligon S@IdAmﬁ SisNbirs
W' trmafetzg Ea@s thé ScrHb ofii gl r bk telmn§ Bﬂ the gafd boHaRBAL lhﬁpa%d gate

ring cooling or subsequent thernal oceSS|n9
ms“lEtB‘ﬁ {gy ‘?ié"t me’c A OF pugi aﬁ%lfia@f“idlg&tﬁ qulaé‘i? &t @ﬁerﬂi‘f‘g B RE Ormed using a series of
anisquo@t @cheettat pabadinerigpér haSimsd ppafutitch fbtold@dt haghfas antefeh mask, then

e 3l BB AP 95 TN s o
gate Pfa@lrcwg lypysinahereetierned Iapbayimeddayersnat oeit mask. shen Iitenethogats

msumthlglagsrmaﬁgn&cga@lsb hsG@Brdlna¥er 50 may be forned to have a
reater r oxi mat el str

thlckn .han a

L TR Srof e e s BT o iy A S s A round te
gate 6dvald pad iesutaioabd. Yhainrfist Pataspacaqiorigxéferetiyeionmed Bdeposition of a conformal
layel'%@g t%cgl%;matéﬁaf d B}ha%ls d’oﬁ% efalfungstb Eamé)rféu eﬁ{?étecm%dtf{rlal from the non-

ocatl ons durl ng COO
Vertlﬁl} %‘Ef@?é%tP ave tis typ @ratrgéte SHaces ﬁ%fﬁsnefi H@u@tﬂre@é&e 6% edgpte npudptgr §4. The thin
first gag spnagﬁfzsﬁ lsrpwfeaaw forgibd sRBicH@aANEH siha()heﬁtrrl]&f f S IS Iel g <r3 n
| a;lf wie 21 vasl ﬂfe %? guﬁet oq ﬁﬁrg%{]g eglmp[%ﬁ tloa ijcgpangﬁo?ﬁ?rgl 5 llow source and
drmngetpmm dﬁm thaymemedrsiigotayer F0amroppeshglidesaf the blewtel ipgionagtalo regions (not
showﬁf rﬁ':l} bk %ﬁan@@ﬁm@to\f lé{nte!ablg& ﬂﬁtsﬁ:alﬂo@ ﬁ)lm%g' Md%fain?@xt(e&{on? 'ﬁaiocrg}f]ons are

ger mani um conpar e to silicon. Al terna Y,
reciogy e HOPQ%WH‘Pa%ﬂ"mﬁ thaly® BRPSHRR EANGUCHYIN It R ApRanhOf theghRiprgp and drain
extenGiomtoB OTHeRIb Qg0d 1R td QPprEdk ME &S chabildC: Ipuraﬁthrowgasﬂ’ Ef@clhi?tshortemng the

deple‘?lon re%l%ns atq{l em¥veogthe yource an \{iaa!m ex{énsmns &F Tﬁeoha&J tr(la(%/)orr]ls ari Breferably implanted

COR ger mant Ut
usmgchdw gIer @@Ismfﬂlgangic tocbhre stuzﬁaw ertlteh@strem wdesths nly repioy exted beneath the
gate @qg béybﬂﬁ%l anﬁcﬁﬁﬂe@fo@ﬁ% RS E s fidelandHrsih QERLOR8S after annealing.

formation during cooling. The layers of nmaterial that
are fornmed include a gate insulating layer 54 that is
formed on the strained sili€on |ayer 50. The gate
insulating layer 54 is typically silicon oxide but may
be another material such as oxide-nitride-oxide
(ONO). An oxide may be grown by thermal oxidation of
the strained silicon layer, or may be deposited by
chem cal vapor deposition. Forned over the gate
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antireflective coating (BARC), and an upper hardmask

| ayer 60. The bottom hardmask |ayer 58 is typically
W@ Rltoer2oxi de (e.g. SiR2) and the upper har dnBSRUBEYE034673

60 is typically silicon nitride (e.g. Si3N4). 20

Fi gure 2g shows the structure of Figure 2f after
Like ﬁ‘ﬁls‘?"@ﬁe ARG Al X tepgiens 68afhé hz&wgg@ta;e\fgmpcg%p élypo%lrgcfld@s;ﬁf ¢ghe channel region
and dxR8dMoRdrd he cHamiéBgidn®efond Kk &dgéﬁt& s6Zceafiddran &@nfiord kd 1@ R Bled.

| at 64. Patternin er.for

gate ins r d usj a

o RO R R st ol G e Rad ShARrEF ats il orfa e seee o2
and theshid fiiessdpadensdefolloreil hgn@lamht@h of dpansto famadkepasra tancbtrzgirtnegions 72 in the
s f OG0 G AR DAY ARy s i
implangpgion qf He desp AR st dwgraqe@m@ Bt defiie ths ppsitipe pf tipsPyep anfhdrain regions 72

re1aupa{o:t&rcmget1 %@M@éf tmg@bms $le:1ea1¥ oﬁﬁe R s&h@'&n&@?ﬁ regfoﬁbteiﬂ extends
erns I NSul at | usi ng € gate
beyog‘gh%\?a‘ﬁ drféH‘?J‘hl%'&% i Eg er?ﬂlc%‘hg% "*i(‘ﬁi“y b ‘ucture of

Fi dipue 2R gpoaﬁ thestruétar nEfigue?j affer perfolniing ripid tBdrmg) atneal® ERIA) to anneal

the s a@nea Elﬁ&)ﬂ ér%@ andgf’i‘iI:ogl &@r%laﬁagl %2%2 %r{d @é#h\%{e% dgjil nts ;I;xtb?anIeH {othe

I rst gat spacer
shalleppjogisp erid drpingktersiopyf$fapt timqleep foppend 6falnaegpwb¥?e Syigeannealing some

dlffuﬂai &lhh;ﬁdnteﬁ 0épaf 08drs th@s&mﬁéatsm@&ﬂ 1@@0&511 thdkillcon FeBAMRMNE 1zty91e10
sur

fec terla omth vertica ces
P el ph i S e o HEA R A Pash St RBtrRRG (A TisiSoo ana
draingedians B2and framayiat € aisilisidd @btadt 7Geh theldae 62. Hl‘he siBEdd dontgdts agrafbimed of an
comp%&%@&pr@ﬁig la§enﬁ)cro§c{u %Blé}palteylalfagcf A"ﬁgaloﬁ‘¥p al aCnQeEhl %ﬁ Q%olﬁft (Co) is used,

['icon nrtri ure e 'structure
howq!?rg’meremez%s syfhrag Plclieh@%éfﬁv &fq t@ﬁmalpyeéoyzfﬁ#w%wfwsfﬁr%ﬁa@}efi By
depoSﬁJrLgranﬁn S brmaAll Taddr Bf tRche®i SVeORS suﬁs%raﬂe,ﬂm& {hén sabdaigh@stomote silicide
formgtlon atq_l?enpoiglg?ég contacQ bgween ?1n %?tlal ag%g’nl des fymlgﬁei/nn%)n(?uctﬁplpaterialé &ollowed by

'ons
remomipbpsutu@lmembl ant ation of the shallow source and drain

eXtA%QﬁénQaﬂ% to {ﬂ@lerﬁ’ooﬁiﬁgﬁt Qf]lsigl.@é's@a fLQ' §h99§1ntFtk§1te 3affe qu&@rqent of Figure
ant at is opposite in conductivity to

3 diffys &aﬁﬁheﬁfnquﬁgen% Flets it o S tBSHReE phReed gl sion
germbréilndlaye of Rim'& Jdaed yeld the Sriighyaé QESgufehﬂ iss@rtetl. A‘,MEHﬁKBJthe upper surface of

the Ic;rlwgggl?lgcﬁé Qegrqan H‘l layg 43§sca%?rg)¥1ﬁﬁc’[gg feve? w1thn e 1}1:})%% surgage% loF [y e S%Qllow trench

I'n ext
isolagygs 437 prdl thecfrained @QM tpgergp thatds @b@ﬁk&hﬁwoxmnfmyaﬂmw grwg‘—h wgfh%tsﬂlcon
germh@h BILE@teds aBovs B pedBigdc of @1e thgovwsithdnaeRes 48. h?ecause a selective
ubstrate S0 t hat .t he haLlo re ns ext e ({1 lf‘?ﬁeneat t1
arow AR 3 v PO AP EHEE-SAE P oR GHH<BRa OIU G P glatons 45
Theregford the 0{g10h%0\$dlmhaﬁ0\amﬂddlmﬂamnselx treenieopts aGBredfledin later processing
wherf &&qujer e [ 063920 PCT/ US2003/ 034673 Li ke
sour ce an draln Xtensi ons 68, the hal o regions

ar @eflﬁ?rcﬁﬁsﬁu%l?n ipppreisteng Lstiterkte thgfemibqgismcatrps Figusps %P e dly-dfigure 4 shows a

proce@d’ﬁ%w&)ﬂﬁ fBiiEhgla@itvaie silidd® lgdr aRN@bontpREds @R pREYENEhbblifer BlSgures 2a -

ource an n ex sions.to r d. . .
2L, tlE 6orerrréent§)ne<{ %ﬁt%r&%w? %rg) (ﬁ]’ln?rm:@%?t er Iferrﬁl\@sj rIgltl%{y a él?[)?béa];e is provided (80).
The shigtrata tnclodes o firsidaysied sifichn ggaedum. Zlaper o strainetd lsigicog dt teen Gzmed on the first
layer %f]ghctnh Eerﬁ:ﬁiuﬂl (gi) r ’f'ﬁeé%g%@ ﬁlram@(ﬁsﬂlct)l‘x)l!) tgrr Qham( thicmgsqg E)@ésls anhe

0 ant to forn1 eép source an aln regions
ConV%nH%nal ey s STIICe BricsanA sy S%‘B%““@‘é?%ﬁ?fd‘?ﬁ ﬁm laer of
s1hcoh @Mﬁﬁlﬁum Th @ccsle G0 df FRACRFMafRmSEhAESmESona 1hydff Sbined8E6n in a

sing it o 3o PRe b MR PR SR R sl e gieon
germdman lpyersagpingmsthenghsilersgrhim bf thesstrbigedtsitieonddyemrandtesist éhg ifapmatiof of misfit
disloctaﬁcﬁls Mﬁ% sglned-gngonq:glgtebenqghm]é Iﬁl% s@a@r@@ sif@BH fa?& hgqth&ﬁéf #] excess of the
r egi ons ext end beyond the strained silicon |ayer
criticg] $igkpgsy the | ower silicon germanium |l ayer 40. Figure
2k shows the structure of Figure 2] after performng
rapi d thermal annealing (RTA) to anneal 10 the
strained silicon |ayer 50 and silicon germani um | ayer
40 and to activate the dopants inplanted in the
shal | ow source and drain extensions 68 and t he deep
source and dra| n regions 72. Duri ng anneal i ng sone

T | . a o ' .
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drain regions 72 and formation of a silicide contact

76 on the gate 62. The silicide contacts are forned of
w@roo40&19e@nmpound conpri sing a sem conduct or NaEPET/U82003/034673

and a netal. Typically a netal such as cobalt (Co) is

used, however other netals such as nickel (N) may

al Figursd shaws kR oypesss flopHer femije @isericasdistondsyise tatenchupasistihpgreferred

embSHRRASIS Figﬁl@s A -bhie LeRkied di’@l)dulnﬁly &TF@ﬂfe 3t he oﬁ&taﬁérnalgVeeeEnbodlments.
pronote silicid

ubstrate annea
i g S ERBO bGP B PEDYIE ACKE Bt YU EHEHHEL analow trench
isolagi¢nd arel thehefolnyeld gphessiifvbic@mebio dayer(8R) e A lagdrof stbintd siv@ds fhsh formed on

the fﬁsﬁgxgg @11 sih%f)n ge blqlldgé4é qﬁcgaagemn%%y {1$n\%%rrﬁ1az‘i¥11lu:\éles tltleg fotnge% on the layer
of strijed Sémbld P ﬁe&h coeﬁnums gusitedepgitigh f)ﬂoeqsssmfhﬁwmtvé sxhcon layer (96). An etch

‘ back%@&@nlf@@berﬂfrm&!ﬁ' ol e @it iRor geg'lianiuﬂl Iiygﬁinmt th ﬁ)rtﬁéti@ﬁ]of%%&er of strained

r gcessi ornmed on the silicon ermani um | ayer
ey, P gl 2 ey gt Rt o0 QR g the saned
silicaiayttiefdrmeAbetaeen emlidvi l;centH‘i&laﬂplpel()O)surf ace of the I ower
Si 'm &Q&daqermgmgpeh@gﬁ{; 29 nLgF R0 XLRLEh Y JaG¥iSla f%'as Tn one
t h a fe s ati’o

€ upper sur ces O enc 1 SO
embogignent | oxideeor Stidecpitridecpxisle gat@ewlatngyefpr i5@plded itl ascrystalhne hlgh -k

dleleStH@Iiﬁﬂ Behd Mafi@HREAMAL 1§ EInPehiblYE tal e rbv@f‘sxﬁcb@ge%hflniuﬁl%}er and

um er 40 extends above the upper surfac
AR YN DM A
silic@ebetinn Ryer,greainul pingloes sf crystalliscdlScd4 df GhROPprovides a suitable lattice.
Suchschstlalg Bﬁ‘y &rg%% Ry 8819&&[a§be eﬁlﬁ;lgy (§/iBJE5 9 fu%érgﬁbo%ﬁx?eb e%%staﬁine high-k
trench 7 sol ations fo e regions a
dielegtHeJayep et teaprd As 4 fge?cmcuwhﬁ%at%sa %ﬂemprrﬂnehm gongifyerionragd may also be

usedﬁéaléa%ﬁhshlﬁhnh&htelﬁal mrs@@lee&isﬁguOnmhen a protective |ayer
ce.construction i.s

su a i ed.. De

© bl B Boarc iR Rt P RO RAE o SRR dhesgore
processe pre nd€ peggensailyexglimiveof her @tks,prioaths shaf fluther thefys mfyde icergorated into the
above El{)@:ks@sqg a&brlién‘é@\ﬁthl tl?e)/p‘:a‘lrtlmhi? @&ucﬁﬁg QIB'Q m&s F&Q@anﬂﬁe &Eﬁr{egigte

nbodi ment of Figures 2a - 2L, the aforenentioned )
proceIREIRERH TS foeﬁaéleﬁ?%%ﬁ%al SFFEFSTHPR VST PRI bebveen pocessing
tasks) fatniaticl ahey reﬂoﬁu&fﬁ)hd'tﬁésﬁt hSkdAbOMheil @Bsk(n8 Byers, dIPM abid dGdrAbEng,
clealflnfgcpllaiillgrgz%h e d ot er tasksyrgaé/ b{: P]ert%%nl%eld (a:lgrlp vgglrthm%%ﬁks sPec1f1%%l %?scnbed above.
Furthgf, thg P110¢ee&medg\9tf mqumd(oezr) entifftyebsiraig/sueh ag fn entiregyiafen Hut rather may be
perfofrhddi sS1Q8velRf ﬁfs&:'h@rﬁ lo¥thd\@Bstrate t THE kRS Ee dulbo@XGRS BusPliedtihBe figures and
onventional cri %ﬁcal t hi ckness determ ned jn

cescibe BRI Y RS AR e s PRy g ifered by way of

exampla paly. Toé in@tiei if noC Iil’ﬁlteg &r datticulaembodeanhd edtayabd vaious modifications,

comb?ﬂa{léng Qt %Qﬁs% faﬁ wfﬂﬁ?tﬂe sfc?ﬂ’e%?ﬁie ggm&h gve!ﬂi%? e{nd ?-ﬁir equivalents.
straine Icon In contl nuous
dep03|t|on process mnth the strai ned S|I|con (84). The
first and second silicon germaniumlayers maintain
the tensile strain of the strained silicon |ayer and
resist the formation of msfit dislocations in the
strained silicon | ayer even where the strained silicon
| ayer has a thickness in excess of the critica
t hi ckness. 7 WD 2004/ 061920 PCT/ US2003/ 034673 Fi gure
5 .shows a process flow for formng a sem conduct or
devi ce that enconpasses the preferred enbodi nent of
Figures 2a - 2L, the alternative enbodi nent of Figure
3, and other alternative enbodinments. Initially a
substrate is provided (90). The substrate includes a
first layer of silicon germanium Shallow trench
isolations are then fornmed in the silicon gernmani um
| ayer (92). A layer of strained silicon is then forned
on 5 the first layer of siligon germanium (94), and a
second | ayer of silicon germaniumis then forned on
the layer of strained silicon in a single continuous
in situ deposition process with the strained silicon
layer (96). An etch back process may be performed on
t he flrst S|I|con gernanlun1layer prlor to fornatlon

o a1 . — o Y
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silicon layer is forned between shallow trench

i solations (100). 10 In accordance with further
weoriadorvent s it may be desirable to inplenment PCT/US2003/034673

additional features. In one enbodinment, the oxide or

oxi de-njitride-oxide gate insulating Iayer is replaced
Em%wﬁﬁm%i%+ystalllne high-k dielectric layer that has a

| atti ce constant that |s conparable to that of the

| ower S|I|&€gﬁ%§rnan @X n t her ef ore provi des

addi ti onal SUpp meFSFETﬁ teh $?§m¥¥?%$n in the

stnawdw@agmwmﬁanm@aweaﬁmﬁ&muémanpmepmmmn@m)2096

si | i@kl .

St yfgrtﬁ]gl = gserraggyyaﬂéﬁ myﬂ%@) Aud ﬂ?ﬁ%{‘%‘éﬁ all gglg}amg D) fa

| atfprming 2 sependdgyerpt @Fspg g@m@%@ )58 thy F‘ﬁ\md Hlicoptsyes €19) g single
conta@RAn S de@%iﬁox( B with e aayér uf dubkligdd sgigdqsiyyrent , a

8|r )e/vT %r%llp I;he glrst G@galng %{:cglg (5% e?ctgliﬁ ge?raagw gﬁ'eﬁs ﬁlé)g(l)réa[ t8r}s§e strain ota the strained
silicendaysit (FQ) etd resist the fedmatiany of aligiodifiesationsie the agaigd gjtidoe layer (50).

insulating material in such a construction. It will be

apparent _to those having ordinary skill in the art

t hat thebe ek clpimed in gpi 1 wheeiy dhe Zisbijiicon prrmpragdeyst 49)das a
comptSition 82,68 Swtfetel x\is @M@ Irdagd of@.1@f 0.0t her tasks, but rather

that further tasks may be incorporated into the 20

above processes in accordance with the particul ar

st Buct urlssmetbodsininfed invsiin 1,Fdwereie da iqyéref stiaintdxiliverdiSelthes a thickness in
exceRIoPEERIS ﬁlﬂ:kﬁe?ssdé§m§ﬁé§ bh BSrdaRe Wﬁﬂ b &911129@191 ofiRYhe fgit layer of silicon

passi vation layers or protective |ayers between

gm“ﬁ?ﬁ%%@%lng tasks, formation and renoval of

phot or esi st masks and ot her nasking | ayers, doping and

t aga; er- drge[?]:gag gdr fon];u eg‘ Qel ncgll'lduaoradgg{e &%‘ﬁrl ol{ngas Egd ot her
sp@éWﬂméaﬂwym@égmwwbedﬁﬁﬁavgﬁmmﬁuE@h@mnn@ﬁb process

ne Q&mﬁlg thald&v RAEH Qi AEH (4;851 m"’ﬂ{l fiedt Ia&err @f sﬁfé&f’éeﬁﬁhﬁm%ﬂﬁ h as
but rat per f or.med

anfen %ﬁ y
sel %%l[“fée a‘§"éiét1‘1°?5’r{§0) ot thf s I%Yalb@fl}waemwm%fmmq e

t hdorainhe @hcmﬂuy& off $ilicas petr@dnineh (52) ot the stfaingddiledn BE (50) in a single

dessih khed .ah it should be
contlun érgtggg ﬁggmgigmg&gﬁggghﬁgﬁ?gﬁgréﬁgffered by way

of Whesiakp Fﬂét G912yd sequne (SR eilisert depmpnium layers suppayd & tengiletsipaimof the strained
silicd@dykrl (S0) hiilresRMAORIRBEM of midet difochtRRGS thb Qradd LdS layer (50).

nodi fi cations, conbinations, and pernutations that

fall within the scope of the clained inventions and

their edbé wathadntagned 8 A 200440 6.2 BEH oPREThISROGISQ 3G fBckness in
exces\é\hﬁl cr1h§.11 ﬂcﬁlegﬁgteﬁ&ned 1]n ach‘rd%E Qﬁ?tga gegﬂan{uﬁ)l &h Oﬁle%g’t ﬂ&é] gglhcon

|con 'ayer, conprising: providing a su

gﬂm@&ﬁﬁ% sing a first layer of silicon gernanlun1(40) 5

formng a |layer of strained silicon (50) on the first

| ayer o SI|I Q and formng a second

Iaéer o§h5|?|goﬁmggrg%%“%ﬁ%%gﬁ§m%ﬁm¥he st rai ned

si Fimowing thaspeqnd [25@ pf silivormgegnanigngS2);eaht i nuous in situ

de rmfng 3 ﬁaalram%ﬁ&oﬁ%&a ftﬂh @ffécayaﬁilst& f(MébﬂEﬁ% a;i&gnghg théidr of

i %ﬁ t he 40) second [ con
Straing F g 59)rﬁeTW§(§f’etPesSh§]8}3 ;%‘PF lsﬁlatt"éﬁ§§)l e strain of the

strai ned S|I|con Iayer (50) and resist the fornation

( 56)m sf BB thr)ﬁ Ol%lme{l o Slai B m avk?rr%ra o%’rr%u? | t eg S faﬁ%?l s&h%o ?yér %(?)tlsnpéeceded
by refpyingta paitipi & figresikram gqarmniuaymer (@ @) lowearsn sppercouipeosfi thei figy silicon
germﬁhu%rl }@@ﬁ@) réﬂﬂﬁlé ® uﬁpek Surthdds $Hﬁﬁ shaBb\d @en@ﬁ 1sgiatr‘!:>nsI (@8)0 4. 3.

The nmethod clainmed in claim1l, wherein the l'ayer of

strained silicon (50) has a thickness in 15 excess of

a critical thickness determaned in accordance with a

germani um content of the first layer of silicon

ger mani um (40).
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4. A method for form ng a sem conductor devi ce,
conprising: providing a substrate conprising a first

WO 2308061920 si | i con ger mani um (40); 20 form ng sPel/U8003/034673
trench isolations (48) in the first layer of silicon
gernanlun1(40) formng a | ayer of strained silicon
(508 on FP@“"PP‘?”%@”FWE‘?COSP“%’}& icon gernmani um (40); and
forﬂmﬁgw&mﬁﬁmﬁmgy&@mﬁw@@f silicon gernanlun1(52) on

| R SRR s EOp PRl Sl tiprne iy A dr SR Mb o
si | 4 sond @2E0Y silinregeianiuin () formed fon (hd pinechdlicselaywn (50), 52)
si | \lvlﬁgzﬂl t&%%@%&ﬁ%éc@ﬁqgﬁ 13498 91'11%0n ggrl'ngr[ﬁgﬁ éugpot?‘tt rtél'slﬁ: sQLn in the

t he strained I con Fayer
straipegysiigqnleyer () apA resist forrgtian of ertif Giesations i e siained pikicod layer (50.
silicon | ayer (50). 5. The nmet hod clained in claim4,

N T TR T
excegedf @ cuifical ddekhass ¢oninglamgeorddntelwith a gemmaum comeg ofthefkt 1ger of silicon
gﬂﬁgmhjlrst | ayer of silicon germanium (40). 30 6. The

nmethod clained in claim4, further conpri sing:

renmovi ng the second | ayer of silicon germanium (52);

an dl Of 0 I' NTHR GendcolBEBE su@thr6l Blai8h &Qiﬁmﬁﬁftﬁ& cdcnipﬁ!nﬁ& sﬁﬁfo@%meh isolations

stor C risin yer of

(49 el PRES P s B LR (0 R Tp € AP GRutiss (50) an

into ¢h4 Gyst la@of Eilicoflgermagtth &@).cl ai med in claim 4, wherein
formng the strained silicon layer (50) is preceded
by renoving a portion of the first silicon gernmani um
| ayer (40) to lower an upper surface of the first
silicon germanium | ayer (40) relative to upper
surfaces of the shallow trench isolations (48). 9 WD
2004/ 061920 PCT/ US2003/ 034673 8. A sem conduct or
structure conprising: a first layer of silicon
germani um (40); a layer of strained silicon (50)
formed on the first layer of silicon germani um (40);
and a second |ayer of silicon germanium (52) forned
on the strained silicon layer (50), 5 wherein the
first (40) and second (52) | ayers of silicon germani um
support a tensile strain in the strained silicon
| ayer (50) and resist formation of msfit dislocations
in the strained silicon layer (50. 9. The structure
claimed in claim8, wherein the |ayer of strained
silicon has a thickness in excess of a critica
t hi ckness determ ned in accordance with a gernmani um
content of the first layer of silicon 10 gernani um
10. The sem conductor structure clainmed in claimS§,
further conprising shallow trench isolations (48)
extendi ng through the second | ayer of silicon
germani um (52) and the | ayer of strained silicon (50)
and into the first layer of silicon germani um (40).
15 10
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