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drain region and the source region.

‘The conductivity of the channel region, i.e., the drive current capability of the conductive channel, is
controlled by a gate electrode formed above the chaonef region and separated therefrom by a thin msulating
layer. The conductivity of the channel region upon formation of a conductive channel, due (o the application of
an appropriate conirol voltage to the gate electrode, depends on the dopant concentration, the mobility of the
majority charge catriers, and, for a given extension of the channel region in the transistor width direction, on the
distance between the source and drain regions, which is also referred to as channel length. Hence, in
combination with the capability of rapidly creating a conductive channel below the Insufating layer upon
application of the control- voltage to the gate electrode, the overall conductivity of the channel region
substantially determines the performance of MOS transistors. Thus, the reduction of the channel length, and
agsociated therewith the reduction of the channel resistivity, renders the charmnel length a dominant design

criterion for accomplishing an increase in the operating speed of the integrated cirenits.
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Figures la-1d schematically show cross-sectional views of a semiconductor device during various
manufactoring stages in forming a strained region in a crystalline semiconductor layer on the basis of silicon and
a further species that may be built into the diamond structure of silicon and has an increased covalent radius
compared to germanium, according to illustrative embodiments of the present invention;

Figures 2a-2d schematically show cross-sectional views during various manufacturing stages in forming
4 transistor device receiving an embedded strained semiconductor region for creating compressive strain in a
respective channel region in accordance with further illustrative embodiments of the present invention; and

Figure 3 schematically illustrates a cross-sectional visw of a semiconductor device comprising different
transistor clements that receive a different amount of tin for creating a different magnitude of strain in
accordance with still another illustrative embodiment of the present invention.

While the invention is susceptible to various modifications and alternative forms, specific embodiments
thereof have been shown by way of example in the drawings and are herein described in detail. It should be
understood, however, that the description herein of specific embodiments is not intended to limit the invention lo
the particular forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and

alternatives falling within the spirit and scope of the invention as defined by the appended claims.
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specific goals, such as conpliance wt systen}re
systeBi 6hd ldtiSb ¥eSEieh ekl egicRONIHe HAKRESH: plbsedbf Wiplahatidpahly arfdrs@mto not
one inplenentation to another. Mreover, it wll be
obscige i ez%?@att%mf)h &ith datpdl they d&evélkewweﬂn tthoeﬂf idipct in e gt waertheless the
ert hel ess

attac é_bg :JEWT%S are mci tl g I;otdgsignbﬁ 612{” 6;139291% ‘H‘&?& %tw%?xatagg E %}escglf( nTePtLoP n'l he words

and ]Eht'la@es kel ht}éﬁ'[ kH3Bd %‘b@ndgﬁ&ﬁfahci mgxfpretealtosha% §91|6591§1U Ecﬁmstent with the under-
The present invention will now be described with

standrnefoé then eerds endtpheseabit @esh edlefl ingitic @RvanlVat | Ugecht Bdiitidtl @S term or
ystenms and devi ces are schematically depicted in the

Pyt i fration gt lb{aﬁf@&a&f@g “e?ford@wa|awmn@w thg appdersqd Bghospsllled
in thcna%t is1 p?c%cy{( %e um hF’ed %}rr %%ﬁselsrt]etnt us | 5 der;ln ﬁr thf‘laée 1§1F3f1.jml“o rﬁe exter%ghat a term or

ose s
phrasN@VrQJn;&tzlﬂ@d RS bp&ﬁﬁuﬁ_ﬁtiuﬁg@&h @ %eﬂ[n@ﬂhﬁ@ﬁn ﬁiﬁt%ndeﬂgbd)d;@glleh Qrtisans, such
describe and explain illustrative exanples of the
a spepipleiantton jwill/eerxpressly seT kveth wothel spedivalliqphin agemitiugbdanhetiei directly and
shoul d be understood and interpreted to have a neani ng
“mm%ﬁﬁngTEﬁ?m&??ﬁ“#ﬂ@mﬁﬁagngﬁﬂd’%ﬁ of those words and
phf}é@;@ ?/ ng xtegfﬂ%gvex‘?tlgh Hn%gl IL\th J\l@%har;\%!i %}{I %%dug[l%[ mecm%sm by means of
special” definition of a Perm or rase e., a
straingl@d rethsed @midoliRdtori sSucthieh hdkng nt didﬁl{b&ﬂﬁyﬁmn&rsﬁh(ﬂ@r Vithe@iforent lattice
customary neani ng as understood by those skilled in
spacipgrempprad 1o p gonkshitieed didiebn tcrystide As wpsivioety doplainediibd seckmibm laéag‘eﬁing a
‘_.q{ %$ hrase herein.. To the extent that
e R R R R S T T R TR
provifies ?nc offi o@nﬂ@ﬁﬁ‘én]geegﬁgh«%ﬁm&ug @U‘as 'iJL%PrebHJEQ'&;!i%n%Qe tpeych%l!% c.annqulobﬂlty,
artisans, such a special definition will be expressly
especBt withdrchdinel fagito € hPe 6dvhnc@ENIO DI ndistor devitef rﬂ%ad tbeBRI@dks rely on epitaxial
manner that directly and unequivocally provides the
growig pragepse dugfed Virghrisrined o relyprosilicayanippivp kv gy beamet dgpinging on the
devmmm@{{ssent i nvention contenpl ates an enhanced
t1ain- |ndu0|ng mechani sm by neans of strained or
r e:l,f@&ﬁg SEMIC QA USL BT ShibsHE %mv@istemMaep UaR L Red ¥RG may
| attice structure with a different lattice spacing
effectydnparreda tigifgann omerdt depdsiiethonSiicleb @O R fEdky Shitl efficibBly depositing silicon,
previ ousl y expl ai ned, the mechani smof providing a
Sﬂmg%%aruwa 6“%’1‘“" "n“%‘l’“a?i&@éedéli'lfﬂfl elovieejeleremmiaggim Hongrapleife piligg/gormanium
appropriate |locations of a silicon-based sem conduct or
devi ce provides an efficient strain engineering
techni que so as to correspondi ngly enhance the charge
carrier nobility, especially within channel regions of
hi ghl y advanced MOS transi stor devices. These
techniques rely on epitaxial growth processes, during
whi ch a strained or relaxed silicon/gernmanium | ayer
may be formed, depending on the device requirenents.
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Moreover, recently, |local selective epitaxial growth

t echni ques have been devel oped which may effectively
suppress a significant naterial deposition on

wib glogaissiic surfaces, while efficiently deposknwmgmmmusw

Idyelsﬁé I{iéiﬂ&&@\%on@%@&%iﬁl@@lhgﬁ rlz{%/m‘ n@ﬁ%‘#g@%g"tﬂg%& Fmtg_ﬂ%g?ﬁr;' X pga]?tgdaso as to have

T con or i con
subsﬁhtlallyﬁ aR/ gk NaiakL Racif¥O ad 0Q 1,08 %1 Bg{z{IlH@ZQeQQ{aQA I3 5t%a1 a strained
| ayer is deposited on a crystalline silicone |ayer,
silicqufgarmgiiym dagen/igy érmeeniinemamabdiyicad sifi@y/zdpeantiepoBiat R6) BOe aSomewhat
lto Eave sybstantially the same lattice spacing as the
enlasg iy 8PS PG F‘S??i”’&q 9 ﬁepu“at Bepr avdel Bt fisfrenge gy fefiicnedoing of a
Slllc%gl?nglgﬁé %%Fdﬂg? El%'ll%né E‘??é{ ?rt{é_j?]?n J?nrgggngmum Tonceetra?(ﬁl Theregore the amount of
strai:s QEEdhathe eiﬁdoa@@lﬁﬁmhna&}tei‘ ey c&i@aﬂ&'dﬂghe%ﬁm&ﬁr@%nt:éﬂtrﬁopuﬁg ceviously
silicon crystal. The difference in lattice spacing oF
expiaamd doggver aeewegtérrtﬁqgiﬁp@ﬁlﬁu sxyrdy te@michon 2 giatilgo perhanper concentration may

de er mani um concentration. Therefore, the

ane B TPV STRATY ATk BB LA HEECBH SR Wl 2 swmani

conglo@Y@on, 34heR indER %E‘pl%su@ﬂl AT c@&g a%@n&ﬁ&qg{l tfoﬁtof gcpmmﬁ% strained
previ ously expl ai ned, however, in current

silisogfgérinamingbyegr owt h techniques a naxinun1gernan|um

concentration may range up to approxi mately 25-30%
whéfoayie &g thy P@f?étrm‘fe%*ﬁfb é ﬁ*tsrﬁaitdpg@% Oﬁﬁyce aveﬁtneraﬂ 4o/ thpsessm mayu bp adjusted

Qn O ner. urn
on th@bagiggilmg!)r%m gcma gea/ a0 SIFHI%- ca[?]g laégﬁxdcmfaﬁnt éad}ué Ff’g’iﬁfﬁy t& enaarmuph\éherem

In an 1 ncre

in sorhditldstedild dbSdiharls RO albR2S bi the%%ﬂx{cgﬁeﬁgs&ﬂhey Bodi @B i substantially identical
According to t he present invention, a desired degree

to siliga of aftrrmnez@ with ssmEttaha anmedent PuSnestrcaiein mayndaeliadjyasitiedmn@fre, In
4 asis. of an atom c species having a significantly

one “5tfa§‘éc R Gl ﬁ@’“&‘lﬁ ﬁ“ﬁl’abr ‘éd 49 6, ’@‘é( H’Pra‘ﬁ‘il %fmswwaﬂe Ft@tiuﬁ species.

| ence

For eia&pé %H@onl hlaxlmit'f%tcgﬁkgt\{rﬁimg Igplog maé't I hse& in combl atlotn Wﬁt{l igeéinTmum having a

atom ¢ speci es under consi der on1s su
covaléngl @dind 6@1.22t50 whibrkih Cﬁdﬂncﬁﬁllyg@rc&ﬁiﬁlahhmn%ft th L8SREEdrbQe@ to create a
coval ent bonding structure in a dianond-Iike
mgmf{gfn)l}gtugqtrgep ﬁi@lcgwsa@@ur gince| the diffGengmie cptalenfsbdivmtbitween silicon and tin is
mwmeygygll a coval ent_radius of 1.40 A
Ll %"8‘8“%‘ 3‘“ Eﬁe?’éf% Bt SrreEn hwe ”eﬂwvm’e%a%wwunwd
effcctsdnl ihe QU&A]aMt'n&gb{éct&Q\ﬁatk(%t acki@dd Usn Qlf codtioah /b BV x%n s1 con atoms
in conbination W th gérmani um having a coval ent
Conscqifently, (B@geAyaniwh emeinmtioaddivt kepnall bylow 2rigQrhaé &1 a;ﬁaﬂﬂh&ﬁkly@g% while
tin nmay be incorporated to create a significantly
an “‘mé‘??Fddi"‘@‘éd‘“bF“attﬂt hayetihiesbrpined iy ﬂd@lﬂmt@mlfwo'mt @ﬂ‘tler ence in

ent radi con an
Siq“grn Ic llao(r:eairr]l ts mc ﬁusp %ve el %8% anrts sdhctnbmztyﬂ)é uﬁfiﬁc&n@ﬁag%n Y\nﬁ: tin, without

adding A0 kddSanRal M@@b@ pz%b:lilhé’@ﬁlocéﬂgl 9&h H&QE Mttm@ m'&EH‘ &ition with a significantly
pronounced 20 effect on tﬁe overal | - tice

fedqu’Q pymfet aimen-sifagn dyms aBhriceweld, inkdnta eﬂbcfdﬁﬂlhli; ﬁ(k ddhtﬂ’*i}ﬂiited&f ncorporate a
on-silicon atons. Consequently, the gernmani um
certamé:taiﬁtelé?ﬂnp by cfﬂgﬁte%uebgc}kaé mlplfwéqaqn UéidaR onelepdtiveie ia the yngdrppeation of
0
tin by I%I:agbarfg Q%t%?ﬂl %&qﬁl é’lﬁ%gf é’dt\{\émbx%uglbc% g qu%re]ulgms zafg nﬁVgarahae}ess é.llg? gﬁaﬁtiy contribute
to a latalimixbfb'frtmﬁ)fev&laﬁmxc concentrationd HKSVRBS HIREBenly WBedIMMEntation techniques may be
illustrative enbodi nents, silicon may be used in
suffi cz@bmgrcppap pratifiedistdin qr|anleast/\jptﬁtmtulte ﬂaadduqa Ghisaayh g tHWE b Uékree of strain
noder at el h degree of lattice

achxwed tg@ °$¥ nggc{eg%l %gﬁanan Bj g“Fﬁ“fefﬁ&]g f %n:que which may be performed at room

7



{0

25 reduced nunber of non-silicon atons. For exanple,

in some enbodi nents, it is contenplated to incorporate

a certain amount of tin by other techniques such as

W(Drpﬂ()amsaetu on in addition or aI ter natively t(]’(I’IV[EZ()()(/(MH%)
emCOLROration of tin by me @W@ i taxi al %4

R R Pt SPGB o e YRY 18U ‘?Cﬂ’@?l@% of tin may
be a&brg[ﬂ‘llsife!i Qﬂﬂtgluy eﬁ@&t fob UL ?hlElﬂ)y @cal éghtoh QI%rcg}!z 1§$v@cﬁr&|amzo: EU&ER ity in

atom c concentrations achrevable by currently used
proceserpéhaintcadnd 0vict aiBnirfguesnpipycolentatidniof Spertiattlp10CTie abes/om’, which

specified strain or at least to fine tune the lattice
mayr‘f? sl bamerrhusiTe! gl @Phnélthsaw ‘?S‘E’chﬁl offipisp} adjustment or
cont{og)%ﬁr%pl){riac§r[%)§dulﬁosirﬂicolx tify oraﬁﬁgoamt ermam dl% x%crystal u1es %abl i shed

or me
20@7&1@5&3&& H%{G&MQ@A Qldrﬁasr? 5(91 ofel @D Sl @b Ricibns P8 RASHS of the
of resist mask formed by photolithography, a
pmﬁ@bﬁﬁé@ﬂondmmgMﬂn@@mpbma@mwmmm@ﬂmwmym&wmb@caab@wﬂhﬁ@hedcwMe
a2 MLy efficient and even | ocal fashi on,
s 8 g P RUGT T BRalt SPHBRT BRIy FHOBH Beagirron o
spec:'h@ EQQLt&lﬁﬁ:ﬁtte@tﬁ}gs gl@ﬁlﬁscﬁ%l Q&Sﬂags% orsFQ{Sk &5@!@4’&51&0@ having raised drain and
concentration of approxi mat ef tin atoms/ cm
sourdﬁlhdzﬂﬁbhs 1 yhelige, ae:hdoe Mahle @ uldygs p;me@eaﬂ;d Wsti@brk Qfe R Micitly set forth in the
i npl antati on techni ques, may enable an efficient
d“mﬁﬁ%ﬁ§@W%ﬁ%W%PHS@@%WW@ﬂ°%$mstraln in a correspondlng

::: Hjtgo e/retnce guress’ IlElt dr %%d% B;Tglrt 1365(; %ratpva lltmgrlasl of the present invention
will BR%6 ﬁés@ﬁ)édq{ﬂ mork betBY¥ieRE14 s@&ﬁgtfﬁﬁg sho@s SRES 'scfc fidhat view of a semiconductor
applications of the principles of the present
device hemtn @y manuctyring hige.l Nectponationtviod 1@ RoAIRk CGubstrate 101, which
speci es haV|ng an enl arged covalent radius so as to
may &P’@ﬁtﬂ A PP Wb%fa% &ééﬁ!ﬁﬂ@oﬁ wepipanduguri lyer @émmﬁeﬁ e Ehigy cireuit
elemdnfs gsluglrlis anglstérh %&fn!ac OIS refm pr rned(ihequcgtgﬂoyr/ L]eol%\ﬁ g For xampe S%e%’uba;}mte 101

restriction fransi ar Chi t €C
may PPresofd - ﬂulkke;@mitzcﬁﬂla@} SHQES, subdls ki dew &?@sﬁate,t& iy 're%xtegﬁtsany insulating
havi ng rai sed drain and LGOsource regions and the |ike,
substigie.esupfots 4 FOEHdethstam eBscis lic erspeditbi lgyer €8t mdy bk ifoms! @raeburied

. explicitly set forth in the detailed description as
msulc\}@f) ayeé S(mft rishvawé étp H@Ha éua aeirr%ﬂaﬁ—é that, although tlwqxcﬁenlt AFgtigln is ghighly
advan'%ageo@ Ig wnﬁﬁlatpoﬁ ;ldgl hg&ca?eq N@%Qm%tstotslélg 51@8&6‘;: ll}» kaHr?cSt cg‘B a(%ancbd CMOS
rbodi ment’s of t he present 1 nvent i
technd@e@ fidch@th wansismmy 1aviched gird tenghi 0@ 96 6m |ana'i (Sx@rh@.ﬁ,&tld SALDIE of the present
- shows a cross-sectional view of a sem conductor device
inventjqn@ay tlsoghy abigd] lylesraritioft apptiatinng tot dgexisifhéssignm seohdupt@rnance
. device OO conprises a substrate 101, which may
“wm$e%$@ Rt°4ny appropriate substrate for carrying a
Seffi Q&ﬂghb‘ﬁ&g}rlay!n qyzenﬁayjog gs:héox@ ba@é&% chQIuYMgéxﬁtbn&fctBrclwext wherem the term
el enents, such as transistors, capacitors, resistors
silicoraliekdtiie bé wnk@stoofrBya e 1ﬁ10£yE(E}dmplEm§ siB6A R € conteh@tion of at least atomic
substrate 101 may represent a bul k sem conduct or
30%. shi¥rativesmbedintitsage @WW@W&%H@W&@%@? a ﬁwyd silicon layer as is
rate,

typwagyd?s cie t%ﬁhtgh gr CBIY IiltlzxqStgfra?é\lﬁlécrglésﬁ*aavu%&htmns,ésg)r elu%cnta l‘j"&f '3 Fate] Iggtg fu the above

spocifib@Rnd¥BY ARGer bQLIRLLy ORstdidd Whd: 868 ha) SLkator 80ml BY:Elo2 Qrﬁl%ay represent
shown). It should be appreciated that, although t

a so-cpledigdimtiayerniv ehith thstslIuhmgﬂniayh angt @matda/@meagenm%a dptrific atomm species
conbipation with highly scaled MOS transistors as are

such ag %”‘ﬁ'l‘"”t%ﬂ“l - §14 B fikearae é‘“a‘luﬂlyéféff{?éﬁﬁ &eiocile ParHor byPwygtially relaxed
including transistors having a gate length of 50 nm
and even |l ess, the principkes of the present invention
may al so be applied to less critical applications so
that, for existing designs, a significant performance
i ncrease may be achi eved.



The sem conductor |ayer 102 may be a silicon-based
crystalline sem conductor |ayer, wherein the term 5
silicon-based is to be understood as a material |ayer
WOAHYI813%y silicon with a concentration of aPCIl/B$906/041559

Stresgﬁéx%mch% lﬁ%ﬁ%@%ugjrl@frggt t‘l{&LOrn?\LIluz\fSn ?g%ﬂ)gksegﬁﬁ {Hlsgo a!?)ml s%ccxles. in (,?]mbmatmn
with Islauy)e thatgss 4 @valeyradda lhheys gﬂ&&dthsfnai[at dig@hinynC Q{Hﬂk &Xstratwa embodlmc,nt the
|n%e grated circuits having transistor elements with
stresblg uging éaﬁﬁjt W4 mﬁytqqé;oxgyéqﬁeofsp@gq, faerendniyma pggletin, Avhfrein tah@ncentration of
ccm?r#tgx? ngs);%srg"él {XJB% Ie(s:srt %tl% tQ pgoeq;(!ggé&tly} vglae %gqnfegtaifti%{ﬁr{gg f.llgyn range from
apprdxana@ly, 0. 133 YoM s!é!ﬂx, &ulfh%chﬁgry Sﬁlglgelnhéﬂﬁm%m&me Q[&geci tp Eeswe}llhsglow 25%,
concentration of a specific atom c species Osu
for ingfatteprbrhi e rwhilet theriin canregk nfal e defed@ wirtiyt a R GLtAbbYmiICT ERSE It @il other
|low for the formation of a substantially relaxed WO
embcgmjpﬁ d@ﬁgﬁiﬁéﬂe}n@@@b@f Oy 55 gompeiped @ gliqop gnpjlcqnnsgbstantlally without any
sermGfist al line layer 104 thereon, which may conprise at
| east one atom c species in conblnatlon with silicon
t hate 1has! Oamﬁyﬂ‘dfﬂf{sﬁﬂi suBs?éilhdﬂ? 1e‘iakﬂ@tlayb@a\gﬁgea@gaﬁlﬁndhﬁl@gmEtmQgccordmg to
of germanium In one illustrative enbodi nent,
ﬂwc@$¥@§§m@ﬁgg@wﬁgby@y@wrm@@hmaymbﬁM®®mme&@ﬁ1@£rwﬁhmm&mmﬂUM
wherd€ 'Boweve R%Iand tin, wherein a concentration of
G rraniUiR S SPsRee therians | Oé Sy fiffegrfonghat of tedpyrolop deveuing on the
Comg@%n ngénlngmﬂl Lepcentration of tin may range from5
approximately 0.1-25% In sone enbodi nents, the
geThramiiuiheontert 00MR ¥hdaa iS8lach edy :0ohsd M@Jc!)rdﬂ@el WY the following
25% for instance 1-10% while the tin content may be
processes| él’(;ﬁf'ré’ﬂw\‘ﬂ*r% Hie pubgirajed g evhio mayppreset areitoeh yuliOmst2O80an BOI substrate
t he stress-inducing | ayer 104

“a"m%ia““e éhe"é%“ s FEOR G TP rab LT RS e prypths process, the

buffer%y%h@gha@Wforg@J S?iarrl' %”Bual growth 08 165 Ay Gl O pae or ere on- silicon species
represent a substantially rel axed [ayer havi

may bgl pi@mnﬂdwthl vieging dohddBrtatidn® o6 GAEEH IRGufid laldd €03C ["M-%Ia@ﬂ'p ie | thCormation of
npl at e grOV|ded by the |l ayer 102 which is
sﬂmoxl/@exgﬁgtfué Py glexprson the Basiy gf Lfbgupdnip;aymnde]_(g@{w ntvell ¢shigished yreirmay be used
he | f the
for forl’tlh(i)né ‘the ajtr&r 4!% wl’xen do %’gg é “f*‘fafof{ﬂﬁespﬁg% ts%fa: ae%tﬁgteé:olgn feg 1@%}pnate in the buffer
layer Q€. pf:hrb@ie:nagqbgcnméng ShLRRG QJ}E 1@5 anJ‘beQ&m&PJnr{PerU My Qla,ldth raBinic gpecies
The semiconductor device 100 as shown i n Figure Ta nay
such ab@l oirined b accangtigedanesidse tihhidhe (§:01,) 0Wp B @ sRITQURS SRSl growth
ter providing the substrate 101, which may represent
Pmcesawé i TP R Bdride My brcheydise én aimilarfasil o5 subsimd@ide. 5 havi ng
g%gopé%gy egcgmb%/t%a matéé/%{ %fitg?% tifer g?céfmr}wlhg %ﬂg%%g.gg la%,t\il?%%goture may
mcreabhiglfyfdevﬁdté fRAVRhe bhGry RN ncdEnpl B o‘Fﬁ@'thy 13 SRl Bf?}é zc@ 10 1a£ finally
process 105, in which one or nore non-silicon spét
the Iaynfa:tal5,@4 byey d’elpbfsdlepfenbdws t bubwaniyly ngsuaiaeic e4) tglatd, @ﬂﬁcoﬁdﬁct&aa)feﬁ)wnh an
rmthe buffer l|ayer 103. For exanple, the formation
mc““as‘?:ﬂ‘ 1‘“&?‘*1 Si"’t‘f‘ﬁﬂf‘ﬁ@ﬁﬁ’a‘ﬁ G Asaat ‘P‘é?‘* spaaye?fghedwext W2 Tyagisgupdse, during the
est abl i shed and may

cpiaxi ¢ [ CSILC neothit o n and
P e e T e ity S o atter e i o

USG

prowdaﬁtx@ﬁﬂnﬁm&{éﬁ&htﬁ&m sifithe i shitk R: dess GORSLASTAL ARRLO
in the buffer O Iayer fés pmﬁ %t e?leﬁbodlneﬁgsghmqég104

After a@@pﬁx fddipyet thigiapss EGSigraly thb epithodat @ Elth Pcds®Ss BasheSisetied and a further
) ther atom c species such as tin, which nay be
°pi amé&?%ﬁ}?f‘ic"s"ﬁ B B\PORRBRA AR ERoRt hybhi iy prgilling yilioes lager above the
precursor for the epitaxial growth process 105,
wherein tin hydride may beghandled in a simlar
fashi on as germani um hydri de.
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By appropriately depositing the material of the buffer

| ayer 103, a corresponding lattice structure nmay

i ncreasingly deviate fromthe basic crystalline
W@mﬂmatseslof the layer 102 in terms of | atti cECTBEAGcNg 5359

Layt-:?ﬁ:ﬂ)ﬁmﬁ t!ﬁl%t nrtlaa?tmgqtﬁ' §| %ﬂqtgx“] té arocess HB )z/na;r Eeie ’g%&% 90eset?s§qlugng)g deposit

q111c&19mpm§’ddgﬁe@ Gep'erﬁ)ﬁg bn d%xgeheqlaﬁlﬂeﬁg %ﬁ@éﬁge u@ta‘qt%aﬁye e&ﬁﬁﬁi&p D acts as
conpared to the original lattice spacing o {he ayer

a crb@line Prgrlated Wlossequentip oigailical deposigd thdren epy bax hudtan@iQwh Bame crystalline
process 105, a desired anount of tin and, if desired,

swdiny WA SRS TP 2 e eligResdioqnrayer, such as
the !%ﬁgﬁ rt,%muc%cntl athrtaf‘x?IAegrec o% tensﬁ% st*fauy\@aty p ge?tcgrét IdI represents

he maj ori ayer 104. After a
d egighedb |s@1yxﬁsft1csllllﬁ kIGknes §uﬂx@n@&ﬂ| R¥edioo tuh € BBt k@l manufacturi ing
growt h process 105 may be discontinued and a further
stage phat st e, ag‘rrr@;wtcrvstpjh@oélsc@ laveryl 0B & fpreed priwEdes 94 dsactogiance with the

tantial | t al I | a
o STB0 RSB Sk S S S e e

indicht8d Qstlb}fsElleﬁm@fglemr}ﬁo&fﬁ@%e%pdr%eacétjng'l mogl*hé?x"‘ﬁ ne FAFGQQ@GS %\/I ;T:g?er a gate
fied to subsequently deposit silicon &
electr]a[ie VA ddpad, abde pe nghr NG aads dzﬁm‘dtdaehefeeﬁthl by IR s SatioNARF ﬂ)|9 nThe gate
the substantially relaxed | ayer 104 acts as a
dectts’f‘fy@tg &l qovlheﬁtlﬁrewﬁll bt te ISgtiisR fbre AR dpfinct | ebawrie] fegiont 10 within the layer
106, w%@hg%ss é)}fﬁ%gus} u;ép{lafxlﬁ% tegl?%ts t?%ns:& Ssga:?uz ? téeg%*r glgxgtbgf Ifozgtﬁgtae the mobility
of el€lirdS tirfhd éhﬁ‘r@xelsgg’fdfl Gy r@n&@ﬂﬂ@r £pet e Bt é"cgoﬁlaspondmﬂ transistor eletent
crystalline silicon |ayer, suc% as 5the layer 102.
inclu@(g]tg@gtgehtdoye Ioaalldelretchunﬁbl degr i8¢ mef betsgmgiab® cgliabn@i, ivbErAY the degree
be %enerate gure 1b schematically shows
L R R e ﬁehe cmvamsceda process 105.
Consgmg}tld{r atigrltr%flshxlxesncg i ?It s?%s% 11-1dt'ﬁ‘:§néllz§yisg)g fECﬁeﬁlg atram Cref’!tﬁlé nite%hmétsrm may be
pmvﬂ(ﬁlfor kferAGE Rhfanee mVMLetszchnlﬁﬁse{ﬁQQN ﬁﬁ.d escribed epitaxial
growm h techni que. Consequently, the layer 106 exhibits
i nfigirn & schemgtjaly| skovws the apmcondunidi @aiteid0 asacdddnce twie pi@lyr illustrative

iciently nodifying the charge carrier inability in
"““b"g‘ﬂ‘é’“"l by TR KU EReet B RIS P G sgmiconducior
f ! 0
hycrbslr tg?ggﬁtaggxi\ﬁtﬁ Stﬁlf:lg?l %%u% 1ga )ﬂ;.ge)cr@ I@ﬂgay b%_ﬁx?e@ m%eg ?ue t%?%nésglrehne% r 102,
whicil 43216 ook B adyititie Whiblhte thh‘ﬁg @at@adid SobAlplodRs |BY@hich AP now have been
defines a channel region 110 within the |ayer 106,
confighpid ggh thﬁéhﬂﬁﬂrye\) Phia §ielf ziexpisaisvhetehtialbnetriityi fagertshnee themsilie structire
ereb i nstance, the

t f
oo 3 S A s B B LE B i
that teQRSSM H:%Grt l])é’magr cha &%Jﬂ@fvwgﬁﬁecﬂ%[& @185@%7%9%% éiﬁglﬁdg étty of holes,

transi stor el enent including the gate el ectr
whictanngl bt demneRan irabming g P omndeLhndiBoy oBe 15T kiladRt kdlon 110 and the gate
enhanced, wherein the degree 15 of tensile strain 107
electrpgg {08 o eff|C|entIy adjusted and controlled on the
CortbBety b BBy Raife BB POBEy MRk iin gy ey te e
manuidding 3Rcc fubsC b BniSbd 8l B GLEALA NG egtﬁﬁigéﬁl 'téﬁﬁxcﬂ@yfop Srming MOS
provi ded for generating tensile strain in the
transisiyird, Wigeuvilbizsieckibtlediy @ore 806 later on with referbric@id FRukC2a-2d.
schematically shows the sem conductor device 100 in
accordance with another illustrative enbodi nent, in
whi ch conpressive strain may be generated in a
specified region of a cryst@lline sem conductor 20
| ayer. In this enbodi ment, the stress-inducing |ayer
104 may be directly forned on the crystalline |ayer
102, which again acts as a crystalline tenplate during
the epitaxial growth process 105, which may now have
been configured such that the layer 104 is itself
grown as a substantially strained |ayer, since the
crystalline structure of the layer 102 is
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Thereafter, starting fromthe device 100 as shown in

Figure Ib or in Figure 1c, the further manufacturing

process may be continued on the basis of

\M%BWH@%W%inshed techniques for forning MOS PCT/US2006/041359
in nore detail

| eSS et ey B ratiried oot DA sos e e nesed
cova%gprz&\gsx?h?’ SHE cg—gé 1&@%9)@%/ p Abilrésgc%dmf, lattice nns:!%i%ch pJq@i}éH 9&1‘%1{uybenerauon of
expl ai ned, a noderately | ow concentration of th
mmaﬁmmaatsp@xm@@ hawmmgm&hem1ﬁ&ﬁsﬁseﬁgmewahenﬂmmaﬂmm@eumamnm
suffice so as to nodify a corresEondlng lattice
mnb?ﬂ“g%’t eiipratiuiof stFrREYelt e thg ehiEial BT ofrooesd nlﬁf e@@er \ieshigsues  for
mcmégrgtﬁll h@ at?l}uc %Ieﬁ&,_lsﬁi aé Beal fﬁlSlO dn@lmp agIIat\xlgntma [)e usc% E nﬁxaalf)le 2519 {ng)[ant'mon

in some iTlTustrative e
procéél ﬁiaﬁ bOpRbkngd @ m@ddtxc%r RAkkMBS, Yin 2@t i &P la&él)ﬁbéaltheﬁﬁyp}ﬁ@r&smv the
process 105, other technlques for 5 incorporating the

w“%M@ﬁwwmgﬁ@@wegﬂﬂyu@hmésawviﬁu5|on and i npl ant ati on,
an i npl antation process nm

S r _exanp
Do 58 A PREEEDY PRET SUUGUT PO DHERANCE BF froioBEer v 109
comﬁgésq fi 'ish&%vxl:ea:)éﬁcgn 1%9 411 wﬁlgllSEeegQ% efegprgcﬁee@§ Jnﬂ;goe thllSed while, in a second device
correspondi ng concentration hus "t he 1 nduc d
regic@t16@iaRgeond gate electrolid D@y bél fostdl @A tsbot@l daty (1BNAWBS 128 119, wherein the
illustrative enbodi nent in which the sem conduct or
qccowé*e‘ri@éeg@@ Eﬁﬂe@n’m@% baawiinpimati@hsmsit@trvé'gh vy bE BOYided fn the form of a
sl 1% 001 5L L 02 108 TR E 8 EE 1 1 ks
in a ﬁ)lccf? @Jslﬁ&id Q*‘orlelcgmﬂmﬁ t@ceerﬁbgﬁlﬂgg 5100, & RSN AR B! me layer 104 has been
insul ati on layer 119, wherein the second device region
formdd@® tlnayld‘*m groed epesk 10y aarplaing vankatene r Firas ke, hadyy pwhikdgfie tayer
may provided in the formof a resist nmask.
104 ‘N)H’raéd%’i‘“" siapfiel O e Ry &g denlasinediaine & teaeinit O%f&bga@@éee@de é)08 the

corre rt;n nlgg% Ic lgrartlxtgr?(zgg e lrgér%gse w 1cr{|*,up g ghgyo%c% %gh hgmmJnIO ions c, may be

used klﬁ:rcaﬁls MBSt Raln B([H@mxlaﬁ%@creniga% PasaReeMnh 0k HRd 1y TBJ‘i@lplanhtmn
epitaxial growth process 105, as explained with
IJaranFeéfse’nf é=n ercetsol 2fFimgubesckasd ob hisbelbyol pribssiadising mmhiazoh aygéds in order to
with an intrinsjc strain 107. By furth
oy Ffbmﬁff?*ﬁ@ SReTEK G freesyie b o wnbfwﬂtﬂh@e &éftféo“ without unduly
dmu%hﬁﬁéﬁﬁﬁﬁmégﬁawﬁhe corresponding tin concentrati on may
e i ncreased, wherein a high dose, such as 1016 to 10"
| OASd aRRonByio& thiSiRpladtaBioitdds Ao, @he MRBBAAE €1 bgRmoved and the
addi ti onal concentration of tin atons wthin the |ayer
devicq { maﬂ'??é“‘?ﬂﬁfﬁﬁ Bt atnpaémocparfqmaeia@zrm‘ dam#ﬂed mtmuﬁes@te R 104 and for
my, ected | - establish
substa %frmp ctmg CSI}? uﬁ%zaigafi §pcf1ﬁ abllatagrbxtcts bo T 8%{1%?1?1%15%@ I%F ﬁﬁtcéa[yf)folﬁd' Pue to
the m@r@z@édgﬁ chifdntr t l !
RN DAL ALY 0910 el Bl gt
may Bt p@ambdbeeeil, twytelty'alsd @ding a more efficienffnbdeficatioh 8f QIR ©4riidd Ao Bfity.
the inplantation process 120, the resist mask 121 may
be't rhé%%@vrawdt% the) apivdssogitrd eﬁ’a‘yﬁ“‘@@ isepb] Eor Bldsteteye apture and a

vanetr anNg 0 nf“ ica cglg glr%s tfsfdg_n?{denaﬁ fF 8rr1Xs§au lr.e :myt)l tl?rgpq%igggo ﬁ]‘é; {:ed)éﬂouned prior

to thel f&ﬁhtﬁaﬂ%ﬁtﬂe SREGdRRlesA0s hAt 13 6LmSbhS St OmbsLPHI Ldnd BE entire exposed
strained lattice in the layer 104. Due to the

portiop g the &ge d04 ey re@ive daticaistdm dontertidn eln SHIC btk UMsu@live tehBodiments, the

channel region 110, an even increased conpressive
ep1tax§{ gra'?vth process 105 may be omitied when the tin concentration incorporated by the implantation

11
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25may be generated therein, thereby also causing a

nore efficient nodification of the charge carrier
nmobility. It should be appreciated that the
vabowesgssicri bed enbodi nent is only of an illmsmggﬂmamn;w

, ety of nodifications my
.ptocp Q Flg& g g?n lguc%[gy bufhﬁé)%/ %lcﬂcé%tmg, flﬁ gesrrwegfﬁuglstfawoar Blc‘,é% gthey difystrative

consi
embBBNMerREnPS I Qr 1 LOTosh0y bE :
eleétrgﬁgsxlﬁﬁﬁgﬁghf18 on’ |“drﬁéggﬁggﬂmﬁ%ﬂﬁggwgfﬁfmmnmdmﬂ
mnplggativhatcetsl 20 @bt fised ©XPOS @trofed dnl a@hs, AlerebiN@ovidty @me kR 4or fine tuning
receive the increased tin contents. In still other

e PR BEPSve EnouTnBATS! o e et egted £, 1 OWL ot g
ditrdPInPEES o g‘ aXr rtipﬁ,bentrgl[{'er dtm 6{%%1108?1 in &6%&1 a glffgrgnrg e%wc:a .!.‘)fai;ttreliiuoig required.

I ncor por
For AR, 05358 wmé M@@Jﬂ@Qf]céﬁﬁexrﬂ{zé?cﬁ)%&ogszxgctﬂ S EORAMARLEL e or o

sufficient for generating the desired degree of strarn
S‘gmi@'ﬂt Y tpfycasirdin maytoh dasirable,| wigie, ieibdio/@cag mlab 6k BNt Bre, dnfi@reased degree of

taxial growth process 105 ma erformed on the

strcsB g@x b§ pngaeraglg folg,%hasﬁe %{i’?ﬂ“@é}’%?ﬁt@rﬁ)éﬁﬁe 1 seﬂtﬁ?ﬂya}qg Qttlpe(yﬂhanced effect
Of [fgr {g&ntg§ §;%eg1§? éuglg){sp ?[g v H@I%ﬁ g‘lE gnc egsgcﬁ COV Ielllt rl']%jiru% go%ftﬁ% Grﬁf‘éallfnﬁ éstructure a
conchrittiioh bapic @Bl &y tﬂxﬁlﬁhte&tbz[ edhiique 04y b@éﬁﬁﬂ'ﬂ){aﬁ so dsRBodallyr st 80 Chrain.

second devi ce regions 150, 160 nmay represent regions

f orWitg ﬁq::efnp%tp @tgr@mstzp«éqh @r@qrdh;sttay\p@gbcdpnemyf {regps@si@vihtion will now be
descri e(fl]:nmorcceta ?gx J nanich a d'l Tfer'ent de%ree'Of

Joed e t é} ‘iﬁlfc Hem &lg? ﬁtrﬁlg(‘tdgﬂlél%)ndulctﬂl rl‘ﬁteﬂﬁll 1i,fo§1§ & c{rquvzéxd source
rengé?df'a Qﬁxszgt&gkﬁ&&o Qltiucg Qémlssgaﬂdlﬂé 5‘1\1{:8 le l?e%g §c§19 %ﬁnnels ru ci:olrr]u as

static RAM areas, none or a signi i‘cant y reduced

st Fairp zmealbe:ameﬁmab la&xrossrdadtib@] vibvh a ls@GdoBdudbLRSice S Ghnprising a

a CPU core, an increased degree of stress may be

S“bS*ﬁPéP By @“%66 théfﬁﬁalﬁaétalbrﬁéwvaw@gtonslm@e?@z ofhetsietraGPUl warrepresent a

bulk gﬂ&%%ﬁﬂé te ory S%IIIFI 76, substr%e ze egaltcﬁ%fglfl glgg élgjec%r\t}%i[ g’ﬁﬂ_@o“ a buried

speci es, sUC

insu zﬁ@,@lh%ﬁ(,not@lﬁb%)ﬁ@ov@ GVM Stiddohibed @m &9&1“1‘!91@ WhRondflsor fayer 202, The semiconductor
10concentration achi evabl e by inplantation techniques

layer ﬁﬁ@mbereggprt opitifcabecdsiayeas. el Be lape abd yayad jleus todiphi® Hbahdlly 50%
th reference to Figures 2a-2d, further illustrative

sﬂicog n%{ga?v%hfrgls%?r SRt SV BhErY MeBiEitHE stege Inay boofymiss in and above the
58 SholcDe et By a8 d,Stralne

e conduct of nétggﬁ%%%?" K@@m’ezaﬂgpalﬁm‘ﬁé‘g%@F gr%mam

may Ye@Ghaisd oOdop@ pbiysaid&I, Slaflf ot SABMateleRtelidd gﬁx‘ycl% pfbvided above the layer 202
corresponding strain in the adjacent channel region.

and nEy bﬁlﬂe@fﬁ@é therefventartai seta krbyjatishowes 209N ltahcok bs greeatd tmn ather approaches
sem conduct or devi ce 200 conprising a
and “’5‘“3‘6‘“ afG&tte§*1‘”2b’iaYﬁ§?/?%@edf%?%aﬁioh é{i“é‘%i"ﬁe‘t& rny@t% i “ﬁéh for example,
the ga%zg&%gé;%? Q%Pz eprl:séﬁ( 3 FeFllgcgélg]nt glhlg ae?eeaqe%%ogea rx]vpié‘}bn_ﬁayybe removed in a later
stage Sunpsitiicatedy prbvide a ,contluh:&veSrwbﬁil b BdnRin0 YedRY chd@ristiQr Ffﬁcdvate electrade
thereon a buried insulating |layer (not shown) above
208 mggppec ﬁ’cﬂlpéuif\“eér regaphelier S’f@taacl teipprévesrgir clonahis @8 o Whiblary@be separated
fom B0%ie o84S cogdg&%g{ :%Xef 202 may represent a
siTlcon- ase YT 1% %é“?%?@?cﬁﬁﬁgHﬁ?zﬁim¥§%§?“r%1
may be @d}nﬁuﬁéeg er AP Wp%ﬂ:a@ﬁeﬁ’e’ctﬁc AR5 kil G sﬂrcon’%’tﬁ% Yifha 0d mmd and sxl:con
transi stor elenment 250 at an early manu Actur iR ?
dioxidgygppicly@ayf tlomive e an kiclaamd g@lBO\@sit iR s etch process and an epitaxial «rrowth process for

the formation of an embedded strained semiconductor region. The liner 232 is typically formed of a material

12
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20 crystalline sem conductor layer 202. In this stage,
a gate el ectrode 208 may be forned above the |ayer 202
and may be conprised of doped polysilicon, or any
Voo berogEppropri ate material may be provi ded almwe2tdb@sisse
‘ Iﬁygr Zpglanduqaz be separated therefromby a gate
“h‘f“hédirﬁé#ﬁoﬁf&'tﬂ’iﬁ%ﬁ ot ¢ e whouddd Beinspps echaheitn trfhaton dmm@ and
i stor _architectures may

nd tr
R R T Tt Rerpraant o vt HoR- St ot

red ch, for exanple, the gate el ectrode 208 may
represent a replacenent or dummy gate el ectrode, which
may Tipsemiemmyedderine 20 katem in Bhursiage beabnmbdin bieagintt @th @ following
vide a conductive material of enhanced el ectrica

ro
POEHEY EPEPTEtIEEs hetbsigat. Widery @de&lczwopﬁa‘w@oéond techniques or other
Sl t i n ia p 1ca stratos gecg'n
m tl&@gg{gg‘rh& g% b@x‘?ei Igglgtﬁ Felx\«’ﬂ tﬁg 1|k %Et tes a 1 i%gaiealggqjﬁ ‘ilq‘ité(’de 208 and

spacer el enent e sep
the @att @sudhi@ChyO0® @ %e Byma Hyeisﬁﬁ%| M&or 0!\(1@&%511 %S%rmxfgoefn approprxate gate
i nstance, the capping layer 230 and the spacer 231 nay
’ns%aé‘o%@‘ﬁ‘ﬁ'iall: %’W cdby hnjerapior opn patopria et eletivdegnarile I’flx@laﬁcr advanced
g{mget con nitride, sjlicon oxynitride and

hth%);’ilﬁp nyand elos (t)exlrn&]gcs ib& ﬁpqlgﬁcg,m*fécotfglga willx wglhes@lfhélﬁd &jsiges o patiem the
conggp@%@ 1alkBS lﬁerl& f@mlmgﬁhg Qatpfﬁeggo%g' ?OS%Radtheﬁgg glg dton {ai{er Z&r W, 131691, during

process for 30the fornmation of an e
the p@mDO PEtest OF capigi Byer 230Nyl alsh 8F paldded)] Shidh YRl Gk |b¥en used as an anti-

formed of a material WO
el b rrrios 8381 PeeiTy Easiz@%/la@@tlassge Kigev i Vet @ liei glbtel@t @y be conformally

RYA ect to
dept?sﬁéd%ﬁ Ehc gas:s Xf p\{\gsm enﬁm co)iﬁzmb I v§qor %E%E\mb@%(;(\{% éollawﬁl bg th ri@&stxf,[on ofa

I nstance, a co

spaddd lafdr, OhidhO aleh %at'tehl@cﬁ by gx?’%mé%@&!nct be ]ﬁ&@b@ etﬂerg:gl g be It Spioer 231.
i'S

efficiently used on the basis of well-esta
The’rcefm e sxposthesiGalbOoTiger b Diaythe vt ed 20 0heRGe Sd"}{aWI}Olnﬁy be subjected to
ure 2a may be formed in accordance with the
an af"é ngtﬁgpmosqs&ﬁ%g% dumiag a apypegiive SRR PraeaCts raflipqgnittp ghe encapsulated gate
clecSdAPSHr at e 201, which may include advanced wafer bond
techni ques or other methods of formng a buried
| NSpuR2b QthehAY A shdwk 1BQdmnitbdnliRios MRSL BRLES #MLE advanced manufacturing
consi dered, the gate electrode 208 and the gate
stagg, W@UT“B?E YegyFs of @y@r%Q G:Fornredyaftorghef comptaidn hlyhedepmsplct dtddprocess 233, Next,
me £NA/ A oxi dation for formng an appropriate gate
SR Q\ ﬁﬁ § o5y PrEtERiMERiE rwaftnﬁ e deiss 204 fgwubsfsqvaﬁ selective
epita PP | g 98£ iRlRG! LGB hereaite
P advance Ilghogrébﬁy aﬁ% g#bh1g$m%ﬁmmﬁ%%nh§bcﬂa%”mﬂ o remove
contafiahts @ cich bACLIORCRRACE sk drrasg! Jf mea&@@ béos h@lsi»eam@% R&Stivk Opitaxial
pattern the 10 correspondi ng |ayers, thereby forn1ng
gm"“fhhh‘éOC@%\tZét3 Biveka redeeeR 08eraindn preillgatiee bmistinat.i @rphayies doposition

)9 1 es " att erni ng process, t he
atmozp? & EH' e ?abp s’l dgngdhe:%gv Zf conb &onﬁﬁtng By ma‘tﬁﬁql,@rge%&\um containing
preclh)ﬂa[v %’u%ﬁ r&nd'@%g:mﬁ‘s%r @R b Legfil %%E i: Vlgne D %el)?{}x% %ﬁﬁg%aé rsxhcon and

| ayer, a hard mask | ayer and the
gemmre pidatxhivbiye e @oako eolchtyrad@pasipired ofrhddBmPas! SneOfilustrative
asma enhanced chem cal vapor deposition (PECVD)
em‘mfhaFfFo‘%AS‘eféprmt ﬁ@l%ﬁ@fsqetcre@ﬁi of thfabagpafd@rhwﬂtdy ESnHL) Wh prettide asdesired

conce‘ﬁ a%gn cﬁ ‘?1:1] g%%: ht‘ﬁe %e «ys&tlgn atxﬁ?);.ﬁm_l%%toﬁgg HROST égﬁp tAgErg&%%uglz e’é’g@g‘g{z, gfatcaily in
selcct[ve$ﬂbiﬂﬂﬂ|g§)w@1fprc§c51;€cs tlaen&tgcesg %%arﬁ@% 'Qigl & %m}{é d[en%ﬁgtuﬁc @]’% ctaxj;} & gases
devi ce 200 may be subjected to an ani sotropic et N
and thylilsg exs sele@@Bsuftohat fubpmtialy nampteRPE Gdpbsit@! o8 dMledtjt sOfacdsPB@SS surfaces
adj acent to the encapsul ated gate el ectrode 208.
Figure 2b schematically shgys the sem conductor device
200 in a further advanced manufacturing stage, wherein

a recess or cavity 234 is fornmed after the conpletion
of the anisotropic etch process 233. Next,
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20 the device 200 nmay be subjected to any

pretreatnments for preparing the device 200 for a

subsequent sel ective epitaxial growth process. For

wageoansiest appropri ate cl eani ng processes mayPdrrRUS2006/041559
performed to renove contam nants and etch byproducts

it (oLl il aves: oF. v *dew e BOBITier e ticyicy of i

nysﬁi@]}](? % ﬁé ]t@/?é%nglthlﬁg%%\gﬁﬁsg Qaﬁ et* ?emf)llat\?,evﬁg sglgta%l rft dctermmcs the

crysBRRL QR r@Jf She gﬁt@}@ﬁl&( Exlomm@ttrnﬁm ﬁm&ﬁ%trzﬁﬁy cold6diS S, lrdat%t}fbegown within

on the basis of a silicon-containing precursor

m1mmhﬁﬁhabfmangswnmnnmmhmﬁm&aﬁnﬁmgw©ma@ur&anma&eﬂHaMﬂmm%ﬂﬂm
and a precursor including an atom c species having

sng g lpatiariepardshe |°qu‘é‘29ﬁllyélﬁda“§é?‘?fﬁ Feci a1 K FBE Pﬁk’f e 202,

wiugl :caulp |u1 ael%%%PdirameX matce I?l%rc: mn(Auel“@ & ﬁ@%g epgex.tngnngn L8 lﬁlttHglatmjmc 5peCics

Ive e eposition anbi ent
hawH@hh Qﬁea@cﬁ%@&a@ﬁ’c st D& zb&&.l Sox@équintlﬁ dby @rthedesénSN H’%)ralﬁeﬂ crystalline
provi de a desired concentration of tin within the
matdielpmh@bcmdinmrmspllsﬁsm@fed)ih a tlh@elmg@e é@s‘isloczm@ldjaﬁst to the recess 234.
previ ousl | ai ned, ct ve s
epi 45&3{?@@@@ PBRECA- 0P bbbl ﬁé"ak%?‘ e ﬁ‘ar‘%ﬁe‘ﬁ*@?"% 10 sifioon and
A%, RESISMEEed EIPE AL W8 0l RBy SRLFRE: (ARES di
gemégl nd gﬁg i §)§M ¢ ealrae sel ect eé saljch tﬁat buSl(jbstt antll alﬁllcglrmpOn e
straii SSRt@MIcal mhtanad epas ikt eglton gehivel Rekdki286. SUsik@cady, 2 Swddately low
as surfaces WO 2007/ 053381PCT/ US2006/ 041559 of the
con@:ﬁ@@q‘nm@ fyr gyfell:(}e 28 @itk e q_{eh@itigrpage@pl@rezgtie raggh iof a@prax:mately 0.1-10% may
aces

J L1 on, obt ai hed on he
be cer}s %rf ﬁp?fpl'ﬁiéte §Oé )fgartmgzgezrequfrﬁ{ Straug% otglex em';(icihnents,lthe deep()31£zon aténosphera of

ere usin
the frhc¥s3 b nlxaly BEest:BIRE 3L e bW rGHlccR ld;hﬁ&@@ Ie&s%nb Yor Q8L 8L ER8S having the
the crystalline structure of the epitaxially grown
incréwget! @dvihladt radibia) suendssinl shtlstsbltyatihangadgdinp o igeremtiym, thixeby providing enhanced
material grown within at |east a portion of the recess
designgfiexipiditytvenige Bifeaiqed subgantal appuai ¢ SErARie prae copsidgred inappropriate

with r%aPecp{? otﬁez elactl al L?%ac%tisﬁx ESIDHQI as lct(!\agel cuéenﬁ%% é&ﬂf)%% a%d h‘zﬂ ﬁl% During the

stant
epmt&ﬁﬂtﬁé‘ﬂlgpr@e%ssbh@ BAS Gatibi LR @liBc @fmahhﬁ abBWR ot 8219,211 méMbb €dirolied in
results in a highly strained material region due to
any bip@pipreeg@Rc 6 cofagds imamiosreal masdvefam@h@v to @@Ml@:ti@pwe jners closely
havi ng_an i ncreased coval ent i us, as &;n, ) ,
to agrypR élafa@ﬁ){ ‘h§/ drana Ef@ SQuFe fel%[énsﬁ?lb"g 8?] gnegflueé(f 3 ggffcﬁ(gxb fusion behavior of tin
com ace\é%; & ‘!unﬂt% T8 s% uerﬁ liu h énu%pa[ﬁlq &Qs@eg e éItﬁc@bx@c&s& t§eodev1ce 200.
g
reated 1n a c regl on | ocat ed adjacen%
mom&am&aaﬁﬁﬁm%&ém&ﬁaupm%mmgmﬁhghﬁm@hamﬁﬁdmwdmemmmamhasmmaﬁsw
enhanced coval ent radius of tin with respect to. o
be seppdqiegibriormpd whet@o t@@q&mﬁipﬁnwdu@d srtlglnti of firpagmts gy ?re‘ddfcréaﬂsed flexibility
amount of non- S|I|g§ suffﬁple

i 0 By 01 CUBBRAD A SP AR L S A T ATIGT o sy e

O’GHI{XBEIE Edn@ht fgl&ehtﬁg tl}g E‘a%.e %Qéuhﬁo&‘ Lﬂ%ll’l \Q‘E(Q\Map hg@é%&‘elﬁﬁosg ﬁ@ﬁﬁcant restrictions
Consequent |y, a noderately | ow concentration of,

withl rEpdc0a GiR, su[ﬁsbcjﬂerWMhd’Hafbntphﬁesﬂ elnGsl bthed RmBdlnes hahe snhnont Hr}er may be
range of approximately 0.1-10% may be consi dered
formghesterpf fha teninpdplicpry asamapinig it st ol silipastiin deyr Zirped by e gititpyy! growth
n%%dlnents the deposition atnosphere of the process
Prot336 ey be established on the basis of silicon and the
at ph8ast ARGkl LRGE 1R tAEdSHERVES200aMNE: doRBletiod It the epitaxial
i ncreased coval ent radius, such as tin, substantially
grovll firbveds 23 @ dtbhaagthadeyickdP namiisy retowed e&aycdpmomnductmgregmn 236 having a
enhanced design flexibility when the influence of a
substantial anpunt of germapi um may be considered
i nappropriate with respect to other electrica
characteristics, such as | eakage current of PN
junctions and the like. During the epitaxial growh
process 236, a concentration of tin and/or gernmani um
and thus of silicon nmay be controlled in any
appropriate manner. For exanple, in sone cases, it nmay
be appropriate to locate the tin atons nore closely
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30growt h process 236. Hence, the device 200 conprises
a recessed strai ned sem conductor region 236 having a
WO 2007/ 053381PC / US2006/ 041559 crystalline structure
Whaw7/gdssesponds to the dianond-structure oﬂmﬁhsxmw&usw
silicon-based |ayer 202. Due to the |attice m sma
orys G HRUFAE PR PPt oithe dinepdsingosf the fikeorpaedfae 2P é’uc 5t o
t ha
iRl o A LEGLN, SRR BLOR AN, Ao LI o oo
btl1cbrn‘paidﬁ§ aChugpragle stRQI00 R p23bied ke byt @gxﬁl\/lﬁj ItH3@oybviding an enhanced
enhanced nobility for holes during the operation of
mobilifygfog P"c&ﬁ é‘Plﬁ’lgdlw oRption\irtecoipatisor Foe  Myreptse dmafﬂt ti“al?altef or complete

oo SRRy Sk PG BOAPRRL ST B2 b s

mcr&ldeﬂ] va[t@ f6¥ g @ﬂrcf:d ﬁbama& ¥e dbREE LSRN MY Cod Qlrado16r S5 glﬂ':blp atoms in the
207 may be obtained on the basis of a concentration of

regiqn@Pe Gat isiveld belat olmsit foncotidieneraggi ans 23 Guilhatount@edi bdnvdagdndievices,
alimt for congloneration, as is previously

whens i gl perEEYR P eVt i Byspen s iriassty %ﬁfé*ﬁedathmggwamum and/or tin

concgl(?rgt lel H.r[nl‘lé: gﬂgéneﬂk ma vaHf 1? ﬁllé: dca V(ﬁec on 'to accouﬁ)trfcg\\/rénc())%s dg% ce reguirements,

alned nrum a I'n concentra
For Mdtah&l Amt Bﬁaoﬂi@.@it aiawas@emy o%f"gﬁdviﬂ’ Phat € & 0Pbdhedtb EBGEL Dfbsequent
to account for various device requirenents. 10 For
siliciflatiart prprees, therebyt dydiciemibo désntenst cogthpd wsistarge. s pepfel, gn upper region of the
.tﬂqvq; romﬁh"zq?y have been forned,to enhance a _
epitagiy Bgé%a S A U B A° P RV FEBY PR gt pgrmanium
conc£n§§fdh (vhﬁgtxlpﬁmcﬁfgta i g%%la {e%@ gtx%m bb@cfn%%&%fnglr %re:mﬂg ﬁlg tin concentration,
regi on of e epitaxia grown mater
which mdy, bateed, 8B b2 Q@ﬁﬁoaﬂmyesbﬁnnpd'r@l\/tb d@ﬂigmﬂéﬂlﬂ@rﬂﬂﬂﬁ@bnﬁﬁdﬂﬁcu@ the same
reduced germani um concentration while still providing
amat HHisgh ngt“e@y gflowgerealiapred 9exé>dw legﬁf@wm ansgwatr rvéqm@aswﬁ@s for the
conce

{1
subbesc}ucnt sxlzlplgat %r?cess1 éahoulgg%ﬁg?c %taély § hfr a&deixa%Yaﬁfﬁiﬁ? Ume germanium

and/dr BQoRBnRER d.r'rlﬁh RYrehib238 AFve crkaedATRY AL px@éedaﬁf,l Jpﬁlalx@l %QZH process.
thereby all owi ng enhanced flexibility in selectlng

ap pPrecepiict, &t epateasf 25 ot Or yappied lades230 oy tehensubmesthiiatts any implantation

silicidation process. It should be appreciated that
PrOCeSYOSPHER i ﬂ?dd’ﬁ‘f*?eé‘fgémir Hhan dheivrsrp Al Yeterreeiia Aimgitions for obtaining
the d@ﬂgi/ Iggra %taﬂe %PPB(.:SF # of%n \r%ntan tﬂe to!?rge r(a egls 0 HV\EF{ cases Mw g:awrs 231

create urin prece I'ng epitaxia
and tH@sp@afderso 5155%&&&%@!‘ d 2 3hvalGall iRese @Qt@hd@ Qhair ay &[uu?g\@ to form
may be renoved, possibly after any inplantation
bpacep tlogels s'@gntﬁlwdmft@wiamgmpraqeneba’m dbigiouy Berequigl congex laudie profiling of
he spacers 231 have appropriate di mensions for
ﬂmd%%?ﬁ REoptitneY (881 Hed | ateral profile, at |east of
a ﬂgﬁé Zd%&m‘hﬁ‘@alﬁ rsﬁ)lwg th@@é#rugogo%ctﬁ odlé\;x&%()(g 19%1 ?cﬂ/??nccd }chlgrra stage, in
cases, e spacers 231 and the cappl ng ayer naf
whicthiBe 2830 esh i nGstdin® IveR.i ma,lzhem&ﬁ&@soscosr@ﬂyetemcﬁwmxacmmmm
carried out to form spacer elenments with internedi ate
237, Wlﬁiﬂlr@minaweoirphmﬁac@é@!é@iu@ oacep Bergani isymepattdhley reseqgiidieriies. Moreover, a
of the drain %nd squrce

in
drain anc{qc)) rﬁe ra%?nl ?%8 31asb§ spacééed dﬁc%i,l lﬁiPpélgt prcExllcha AEsoHIce with device requirements,
More&@h ﬁ&ﬁtsﬂh&@l r!e,)(on§ 5‘3@"}&3/ B.b@m%@ U& &0 MH QJdQEm Qﬁé’o&oﬁﬁj@ Qin aac'énugﬁmdmg

advanced manufacturing stage, in whi ch t
metal ifi@deSdgdh 2A9 nBHG: tblﬁle&luhﬁtgﬁﬂldcﬁidh yosf Cﬁbeﬁﬁkﬁ@ thel ¢ chhhlﬁu:l rdeld£235 may be
devi ce 200 conprlses a sidewal |l spacer structure 237,
compigiivelysiiast dpae P deringOpireifed by thyreggn 43% diessbicipaificasyekancing the drive
el ements separated by respective liners. Mreover, a
drain and source region 239shas a specified Iatera
dopant profile in accordance with device requirenents.
Mor eover, mnetal silicide regions 238 nay be formed on
the drain and source regions 239 and a correspondi ng
nmetal silicide region 239 may be forned in the gate
el ectrode 208. Consequently, the channel region 235
may be
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30conpressively strained due to the strain 207 created

by the region 236, thereby significantly enhancing the

drive WO 2007/053381PCT/ US2006/ 041559 current

wapabisizgly or the transi stor 250, which My FEPULE’BNL 1359

a P-channel transistor. Due to the provision of the
wvrawaw%sog émr@siéfﬁ%%w bjolt i repiesp s dErnd Gaiien tD“F @dlrewsovwﬂn of the

aionﬁbs};echggavbng thg Cuﬁ:reésed cé)vagcg n:p%rs eua!h% TCQICI‘[O %\%Zﬁ?%llg ﬁzgxlt m&réase cﬂ" the strain 207
may'bg&hﬂe‘@l}l BGhp@tt 8 FRAIESH aSichslie RIMADR LR AU Mido & géngznmm region.

Mor eover, by appropriately designing the gernmani um

an (MC(DLTOVQT,I by agenciery daiionhd gtahien raec@qr din c@BGyratmn in tﬁe region 236, an

enhanced flexibility in form ng metal silicid
L,nhaln%aalﬂaﬁ@ht%glg fcﬁsa%}g Be “ﬁPbV)iIC(’f@ dugto%?BSelﬁaé(n]iﬂ [govxdﬁd hif @-hqxg)nple a highly
oonc%%@g tégktei sylgldg Iucmgi\ykbel f?]rr?fmcj ﬁle 90%105‘93\{3 b? ?edflc%rgqﬁdﬂ xll(rgamt m @Q;}[&%QLBHt in the
y reducing the gernanlun1content at” | east
uppdd [pR&6n POl WP Rafmlwhbcbeliesphichalas Sy Roaviofdidg increasing the tin
enhanced strain by correspondingly increasing the tin
concegagrentdomeqionly, Comdlegliert nperfoamagiegrdyflie ohhiredguiilp ngvertheless a bigh

erfor be. o talned |Ie n rt hi gh
o BN LN BIPTY E L G RO BHAT SR Db tondcc
strudal®s ol b AGRARRAdeds k) IsCQR %QEJ%QWH&;»S&%QQ&‘J' UG @& purpose, a
10 structures may be nmi ntai ned and an "addi ti onal
corrdspoa@iahO Epithainl lethdesksy ey adagedobotigilude the ph@fsioh F Sppropriate precursor
purpose, a corresponding epitaxial growh process nmay
maw&é ﬂ&é abﬁt“ébdf il Sttht Pw&a%%wg@@v Fpé’foéfﬁ“"éﬂd Pt Bpriotien of non-silicon
aLon-E maY He ascgev\ﬁﬂa tlnre%ﬁ al%ws esf (x:cl;]:t C%Isltroi ofrlhchcgf% Q_Lam(qg;stl;r'ﬁ)aﬂy w1ploutt créating any

an appropriate an
stres 6P Eﬂﬁlﬁs@gég@@h&fapd'@ﬁfhﬁhﬂwshrﬁﬁ&h@gnﬂf@ sdBdbndSoaEneyEed ,
which allows efficient control of the created strain
s u wsstuaﬁmhahdnyﬂﬂy\dshbmﬁosm@artal Ty @A yergdondgs deadei3ed in hopordance with
hase segregation and crystal slips inside the

stitl gt{mrr é?1Wé8101§% ITT he 6??&3%6? dF‘é(‘@I.’S%q,]co?gr@es a fig trg:ilstjlm. %‘503nd second transistor
r 1 a 5
360 gogr{?ﬁ%gg)ﬁ{é %%{bg%{xteggl\e?c ée §% &%%wgggngrs%gﬁogcg ot 1\6\%9507 \Ylth respect fo the
subs@ld BOF a2 QEhiid¥RANE (5r- Iaydi 62, 810 B OMteHd GHpBY as §RMEIR ex3Bhcd with reference to
conprises a first transistor 350 and second transistor
the WnMrlﬁde%ﬁb\mi Q2. sMbystverait dhe 3@ digpet ilhgiralyd gliegragsfstoyg 350, 360 may
ystal | i ne. sem ¢conduct or er 302. Wth res ect
e U P R o5 S b TR B BRI PRI PR T e gresion

336, SHIE £ Stllgr ﬁfuétﬁtw@ Qﬂbcﬁm@rﬁs (’ﬂgt%f{duﬂ)u t?hle yams@c?(@bﬁ{s @ﬁ)d 33WAth not be provided
reference to the conponents 101, 201 and 5

and DMLY Epesdnih pbiien ceni‘ec}ghtalmmamicd)ddw l‘aﬁi‘ s, the
transi stors 350, 360 nm 20 have encapsul ated gate
e| &bt feyide 039 shoxp dr Figy alajahﬁ' fqpgef in gcﬁgqlagqedvith a process strategy as is
ductor

prev1f) {y IQDO(ET gfitlnzg%{en? I o%d umse r’?‘bo df\ Srein howczver ?16 iy nsistor ?30 %§ nay represent

transfsiBds %@ﬂmxy@we@w d1§§§1¢ mapafe HEaif) Qltweb@smagyacmﬁ%smmms at
nerely represent a portion of the crystalline

differS@ AicC@REMLE hidy reprasyi® ranBB&@s of different condilv@vigexpl: Cor 3@0pl@ she first transistor
shown in Figure 3 may be forned in accordance with a
350 b‘i%f?@"é%“ts“t F-apugltragdstdr é"’hﬁ“r R 358é§’dr‘”?ﬂ5%ﬁ“ Wi Nrfhmmel transistor.

Consi:qrucn?lg Qrcw% rag:grgp%% r{%%%h fﬁ% >c/ass?der formeué} refpedtlﬁ }0@%5 r?é feg?sgs to accommodate

the b$ﬂh@¥1du&§6/rag{1c§x§ ﬁﬁvﬁ&a afl bxﬁlﬁrﬁﬁdq:mcesmﬂﬂnﬁty gey &faciﬁévécﬁduﬁe the etch process
since these transistors may repr esent transistors at

may ghit fefrde emthad ingsks @ girmirslyepvenmy tregiperapenthils eams § ohg. Sifvilarly, in
di fferent conductivity type. For exanple, the first
transi stor 350 may represent a P-channel transistor
whil e-the transistor 360 may represent an N channe
transi stor. Consequently, during a corresponding etch
process for formng respective cavities or recesses to
accommodat e t he sem conductor regions 336, 336A, an
enhanced process uniformty may be achi eved since the
etch process
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30may not require any hard nmasks to conpletely cover
one transistor type, while exposing the other.
Simlarly, in W 2007/ 053381PCT/ US2006/ 041559 t he
wob®egisent epitaxial grow h process, an enhana@éoos/ni1559
niformty may be achi eved across the

. degree of 1, 0F Fori
Hhe %ﬁ%@%@wi 81 tlacepsornepfiancediveret 97 SPOBHLY 1y O aehintidragross the substrate

3G1 tgLfle{tﬁ %IE %lcjhlecgt’ﬁitalf hEE%X a?llggi&foecﬁsg thrfq :1}134\;' eE:’L?SoSt% oa1!I; [s]iug gng:?o/rl%ggtil n%ﬂgclémiques, in which
one e'ﬁlﬂf_ﬁtbret&;@ iy toQﬁ\berﬁ;ﬂ@dM!vér@i J}[fil_@ th@to_hl@lr tydeYiP BpbsSd, EXRAS ed vorresponding
During the correspondi ng epitaxial growh process for

ep itaf%ll’&‘ﬁ“ﬁg’r?chsé for fprnaieiheyaiseil ccovrdudiott@resipegit6 A A386qali FBGHA of @rmanium
amﬁ%%%%k aﬁgunt_oft erGHnLunL 5 and/or tin may be

I'ncor por a“f"g’a‘_a{e% O%FOB F o a8 S1is10¢ aSE FRIPHIPS 0D R ggrtoprgnee of, for
instaﬁc@m@&aéom @anﬂt&rh&i hﬁ 0t8§ ril{uggagmﬁfﬁgod?{e ts,fugugn L%lmgt(,a&%% ’307t ils:] ceonsidered

second transistor 360. In other ustrative
inappriviael iaverendingrenty tikteanl a sibeqshtlegiaftal 3D ki BocG&ORSI 1WEHREH. Mm other
I nappropriate, a corresponding cavity etch and a
casely (i SHGHRMC0 BT TRICEAP P gheanst Fnpvieo desaitismhgeviercem tupled a sty RAM
area,%{hlcgﬁé%y%%?ﬁ%s etr rg&rlizgel% gtt mrou;} r!)?elﬁéti:% %&, \%ISLIQ glg?;/na\rtﬁ)effggtgﬁz}eyget@n%ﬁn iug'?jx&q;} strain.
as Ifons tadid e RADIRER B i MWHnGEon FRYesd ©6 §la i
anmount of strain 307, W e trigﬁﬁeé tr aﬁls%lgcf%?f&%%g&ﬁggywmh the first
transisiet 0 rieexpged witle da s@ohdStarsiion360 ok bé roverbbyi d dedik® ksRIR NV EDuring the
, lenboggﬁgnt, Sn,inplantation process 320_nq% be . .
mPRIPG A MeY OF FRERIhTe Keerren PG dereby iagieping Bt timereptagtion therein,
whic . ' ‘ , t sistor 360 e covered,
CyR0RBL LD s SR AUSRRLL PR, IR 5 SN
distonmymbeetiidgalia rtieea higf OndR@tdh 80k@ 0S3B1anidiBehH&RM concentrations may be
increasing the tin concentration therein, which may
requifed Agph porparodinatly & atome'ere s evenfrors ttreakeipn @ Bemdyde bu@antially amorphized
queink MG 8564, caoyalent radius of tin generating a lattice.
di st orp?“l] oR” %r‘ e BPFTEant) §o'SPite Bihbgppriommed to re-crystallize the
substf081G QRLHRtch Qb I ! i L. 7 =10 RIS :
oG anty o Snabeit SR ol o T8 BTk R oy i « iy
straingioqpysebstrrateh yhe 1QB03 8! QNS LoaikBieME, tRMAINPERy: skdE307 B R Micreased
336 _may be substantially amphi zed during the
© 2 yaipp PUHY 4ttheEhy SO hesreee mebitity wain dnthe mreighr 399 o Elesssfiealye further
e perforned to re-crystallize the substantiall : :
oo Qe B BRSO R poeE e e iyt i
referch@Pqli@kee2.3Q2, thereby formng a highly strained
crystal structure in the region 336. As a consequence,
t hle ofwiittuptatiteyemprdasen the St aiafionIDéestriyY nhebd RgdeaSedout Dpreveding
val ue 307A to thereby obtain the required nobility
formaiogy oh p ffeipe ¢ ﬁ%ﬁﬁ‘s?"@f‘ﬁ‘ﬁ crguion of figairaiinTOf & pbiaineh 8 £ gpqeifiation achieved
by AR T sl AR R G B ReBir ditr G, » v
engindeBig@h @B BRIs b0 sfrdifghl EeRiSeondtero? Chaterial may not be kRl 8 for N-channel transistors,
illustrative enbodi ments, the inplantation process 320
while ggypilfesupirif the vhainehisgho of PHMOP resiecs mgy bo dadtbleonn afis fitkion, the
1.mlare.gli(l)ens 3?6, 336A, when the creation of the strain o
PR NG BIE P et By *RUCaHeh o Sopager A eRf Evwend§3pce Frgions, wherein, in
one e1hm1naﬁ',ta@&iﬂiogﬂiyj?fl‘?eme)lzchtaﬁ(er@b ﬂ&‘ﬁ @ed FRRLLR ?et-axerfmpﬁgaliim implanfation to
exarmple, in highly sensitive device regions: a straih
enhand SheaulGiqR@eddpihf in@dtiudtBefoD AGi% RS drtn Hkils@kdd @ions. Consequently, a highly
sem conductor material nay not be inappropriate for
N-channel transistors, while a "mld" strain in the
channel region of PMOS transistors may be desirable.
In this situation, the inp{antation sequence 320 may
be applied prior to the formati on of any drain and
source regions, wherein, in one enbodinent,
additionally the inplantation 320 may be perfornmed as
a pre-anorphization inplantation to enhance the
subsequent dopant introduction for formng the drain
and source regions. Consequently, a highly
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performance i nprovenent nay be achieved with a high
degree of conpatibility with existing process
weehnbipeas substantially w thout gr ossl y af freatusn@shgse
N- channel transistors. a result, the

Seleel P REPTr AR PNt 1w By rcbiesd wi 4 *hqﬁirdaaf@d’f poutepiviliy pth giting process
trained or

o e b G e P BT B 2 "2t o
SpeGiz@Sult, i 6lscASnvhdtitn prthlﬁh!d an %ﬁv&ﬂ%&ﬁq&@&&ﬂe%ﬁlatmﬁof strain by means
radi us conpared to germaniumis incorporated into

of Si‘ﬂ%‘b ek S@F‘V’B@&Pﬂ matpgial 4 fhit o Avbasedes ek eomdircing greater covalent

m¢“C&1 there % %plf i cant | reducHgﬁ the risk fo I votor Taver

if epg %efnéafnu gl B)O%ta?] blio SHEFUE CEe dﬁx[:og.th(asle% gzmwonc uctor layers,

theréﬂ? § Qﬁftc&tlr} l:eﬁuclmlg tl{é%%lg @t s'tré‘s?reﬁéf‘ E\%% &ﬁ gn?bratt& hﬁﬁ ﬁxtugmeﬁct In illustrative
speci es having the increased cova ent I us nay

embpdiveos,pby abrid sipyiesaavigphd Btkaddd coraRItritlive Mg @6 &c@fbr&tdﬂ&)y an epilaxial
basis of an appropriate precursor material, such as

erovitl} PO G ithy é’ascssﬁ mypwowre@a@mor mbﬁgzml s F*p@’r ygliide §SniRe Moreover, by

mcoz%grgtmgﬁle %t mlc s ecxesk'?.% ot‘ﬁ?g' lteehnlqltcs srcﬂ a8 Ir 1plsx%tat10n, 2 hi ﬂé loﬁahgd Is,f.lr,%i& engineering

oca rai’n
may @@ammpmeda@&miférﬁmg Aediliey @J%c@sé fRhbiong: Righ
flexibility for process and product design. The

paﬁhnaukdﬂeehbmdmnbwbsddmsaho@@duabdvem&b@wmmmnmybemmumdmm
| lustrative onllyq:EI as the invention may be nod
[

protiiy R QNPT SRSt e VRS B P benet of e
parent hes e aLt .bhavin
teao}fgrgne f?t ot%r e}.%] et gzg ICAr%Jg § él{] é’(%ré]l.ab% maé )%a ﬁpr%tmela uha different order.
FurllphEe 65188 ad Glienldalid il 2ROVE BRYuchd 9 Qb NEBA stion, Bther than as
different order. Furthernore, no limtations are
deseribyad élrﬁleféémtSé’clpheft dhetberifdresevigtnt g nisteptiofsr orbodirentedisclgyd above may be

e L P T T oae ¢ SPTR P RE® (HE: e of e vention
Acco%ﬂfy, tﬁéﬂl@&tuﬁ ﬁjtlhgagts% s ImQﬁbech@@Qé/@ may be altered

or nodified and all such variations are consi dered

wi thin the scope and spirit of the invention.

Accordingly, the protection sought herein is as set

forth in the clains below Wat is clained is: 1. A

nmet hod, conpri sing:
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formng, in a crystalline sem conductor |ayer
conprising silicon, a crystalline structure on the
basis of silicon and at |east one further atomc
speci es having a covalent radius that is greater than
a covalent radius of germaniumin contact with the
crystalline sem conductor |ayer; and using said
crystalline structure to create strain in a first
Whepeeidimedisr egi on of said sem conductor layer. 2. The
method of claiml, wherein form ng said crystalline
structure conprises epitaxially growing said silicon
I. andAswdtishdatorhg@@sitg: one further atonic species using
said crystalline sem conductor |ayer as a _growth
t enlgf"ﬁ{“éz in asc_rysfaﬁ@ensgtm%@dbqtorclpg;r ﬁ%lizpt'lms‘rlgc?%, a crystalline
stru@Rird 8 ilbhMs 8F SMIRAng al Bagbhd ﬁlgtrﬂe:aﬁQn Rah&i@lnal KBS ko PNEn

further atom c species is based on a precursor

rad iyt Fssdrergertthan agrakeyidrdigenl gerdanimingn pesttdno o itbfthedrastatline
rein..sal recursor is conprised of tin hydride.
Ewnggnﬁﬂggﬁgpﬁbakgfpclain11, mhererﬁ formng said
cr ysta) daidneysil iuciucerconpacesidapdsitspagfiaaiegion of said
_silicon and said at |east one further atom c species
semigpndudi@¥Snt i al | y amor phous form and re-crystal lizing
said silicon and said at |east one further atomc
speci es using said crystalline sem conductor |ayer as
2. a cHigsneihed pieclaimnip vdieegin fogminglyelidreptskidithestruethig oempyises
. . - Ng;:said cr. 1.necshr U com €S
el U s R R e g L e
crystaitioe senficarsitictpolay¢ran agtoveditengagst al | i ne sem conduct or
| ayer and re-crystallizing said portion using said
crystalline sem conductor |ayer as a crystalline
3. tenmeah@hod dfclabine, MBkRACe kX G RLIMWg Jalf ilf@h and said at least
conprising formng a silicon/germaniumcrystal in said
onedithis IRTEC apfdics Hphasst amyPISaiEPrapmpEssg tnaed Rysredser
atom c species to adjust the amount of strain in said
first region. 8. The nmethod of claim®6, further
4. congrirsdtngd ofrmbliant, vhgresadad! mtedrana st coompeisédusitimerydatiam c
species into a second portion so as to create a second
strain in a second specified region of said
5. Cr yEicahdthdio (S A0 RAUGt O rth &Y 8hid cBaiali e8GR Tbhdtifes
differing fromsaid first strain. o )
depositing said stlicon and said at least one further atomic species in a substantially
amorphous form and re-crystallizing said silicon and said at least one further atomic

species using said crystalline semiconductor layer as a crystalline template.

6. The method of claim 1, wherein forming said crystalline structure comprises
implanting said at least one further atomic species into a first portion of said crystalline
semiconductor layer and re-crystallizing said portion using said crystalline semiconductor

layer as a crystalline template.

7. The method of claim 6, further comprising forming a silicon/germanium crystal in

said structure and implanting said at least one further atomic species to adjust the amount
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9. The nmethod of claim1, further conprising formng a
gate el ectrode above said crystalline sem conductor
| ayer, wherein said crystalline structure is forned
with a lateral offset to said gate electrode. 10. The
met hod of claim9, further conprising formng a recess
adj acent to said gate electrode and formng at |east a
portion of said crystalline structure within said

of tmoeissaid fitd regitve net hod of claim 1, wherein said
crystalline sem conductor |ayer conprises a buffer
| ayer conprising silicon and at least a first atomc

8. speth@schbdercldima) fgtter 68MprisinkdimpMniBE Bad at ]@é’s‘f@r’id Sikng:
formng, in a crystalline sem conductor layer,

ARG DEHPY infoen @P?iﬁiﬁ{%ﬁ“@ Vristhercyagisecost skiip rua:cbrsrcawtrsrm:limd

1cwloﬁ3§t§a19 Eﬁs[dH{ﬂL RERicBI QM F Ecg/&e%&?cc'lﬁé( L[];lcgn gifterih BiRPHak @P}t said first

ius t Is greater th coval ent

stragier mani um by i npl anting said at |east one further
atom c species into a first portion of said
crystalline sem conductor |ayer and re-crystallizing

9. Sal ‘ThePoEthd DT dlksinnig figBleedhiptatal hinfia g 8 @AceRREYSE Move said

qyer as a crystalline tenpl ate; and using said
crydplyet %ﬂ“}‘?‘?tté“%lt’*r lrgruwBerely saidentselitersgpturays frmmed s‘tllh a lateral

offRPRGh{d A digaLeN of said sem conductor layer. 13. A
nmet hod,” conpri si ng: formng, in a crystalline

sem conductor |ayer, a crystallrne structure on the
basj t
025583l 590 L0l SRRl IR BLRTS e

elearodovial ferhingadicus agbreparofasii ldmsﬁ]/ln{é%ﬂ@éihiel Withi$ i recess.
silicon and said at |east one further atom c species
in a substantially anorphous formand re-crystallizing

11.SaitheShdth&IF cl@nd, SAbdiak; cﬂ@?&ﬂil:@s%aﬁlwntdna& l@%@%l‘ﬁpuscs a

species using said crystalline sem conductor 1ayer as
bultgr @g/yrgtogmr i Stlieptp rect @ leagiadfirst atomtcu:@pmgs & hgrdhan silicon.
crystalline structure to create strain in a first
specified region of said sem conductor |ayer.
12 A method, comprising:

forming, in a crystalline semiconductor fayer, a crystalline structure on the basis
of silicon and at least one further atomic species having a covalent radius that is greater
than a covalent radius of germanium by implanting said at feast one further atomic
species into a first portion of said crystalline semiconductor layer and re-crystallizing said
portion using said crystafline semiconductor layer as a crystalline template; and

using said crystalline structure to create strain in a first specitied region of said

semiconductor layer.

13. A method, comprising:

forming, in a crystalline semiconductor layer, a crystalline structure on the basis
of silicon and at least one further atomic species having a covalent radius that is greater
than a covalent radius of germanium by depositing said silicon and said at least one

further atomic species in a substantially amorphous form and re-crystallizing said silicon
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The method of claim 13, further conprising formng a

silicon/germaniumcrystal in said structure and

i mplanting said at | east one further atom c species to

adj ust the amount of strain in said first region. 15.

The method of claim 13, further conprising inplanting

said at | east one further atom c species into a second

portion so as to create a second strain in a second
mK@pé@ﬂmmadmnégMnmammﬁsamdwsnysgaﬁdhmﬂdﬁeaﬁmﬁnﬁwouoﬂawnasa
- ﬁ?%neen;? dn%cond strain differing fromsaid first

Y ) transi stor device, conprising: a first

| ay@tngcampilSalnge Shukiued®;create straidin@ristspédifidiegion of said

sen1conductor | ayer in contact with said first |ayer
SeUFRIRCLDY MYeTa di anond-1i ke crystal line structure, said

crystalline sem conductor |ayer conprising a

stress-induci ng regi on being conprised of silicon and
4.a fuh@h@ﬂmépédﬂm1épébm@schapmngpmmBu@amﬁuma@emumumsmqu

CQ truct \ Y
i B P b PR L P G R TS0 e
ama@int germaninwnid fastgagien.el ectrode forned above said

crystalline sem conductor |ayer; and a strained
channel region. 17. The transistor device of claim

5. 16, THohRSRE o 1SBIiM 1St ReSSr c,(ﬂq:h'%h jrgmmgelmas@dlﬁ@!@am e

drain and source region. he transi stor device o
atomgicgperidsgntowHee@idrposiaingoss rtfegsalp pderond gfraie gi mwcoim watificd

icgjiﬁﬂ AL, yﬁgmn? Q(ﬂ‘gl%& a?tctomggl A ﬁaa} | s¢ gmﬂe‘ g’tzdu? dl%i mu om.ISﬁzéi first

npressirve s
suamran5|stor deV|ce or claim 16, mhereln sald

stress-inducing region conprises tin. 20. The
transi stor device of claim 19, wherein said

16. St &8s MU RE, RGHIRgCONPri ses ger mani um

a first layer comprising silicon;

a crystalline semiconductor layer in contact with said first layer and having a
diamond-like crystalline structure, said crystalline semiconductor layer comprising a
stress-inducing region being comprised of silicon and a further atomic species having the
same valence as stlicon in said crystalline structure and having a covalent radius that is
greater than a covalent radius of germanium;

a gate electrode formed above said crystalline semiconductor layer; and

a strained channel region.

[7. The transistor device of claim 16, wherein said stress-inducing region is formed in

a drain and source region.
18, The transistor device of claim 16, wherein said stress-inducing region is said

strained semiconductor material so as to generate compressive strain in said channel

region.
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21. The device of claim 16, wherein the first |ayer
conprises a buffer layer conprising silicon and at
| east a first atom c species other than silicon.

19. The transistor device of claim 16, wherein said stress-inducing region comprises
tin,

20. The transistor device of claim 19, wherein said stress-inducing region comprises
germanium,

21, The device of claim 16, wherein the first layer comprises a buffer layer

comprising silicon and at least a first atomic species other than silicon.
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