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majority charge carriets, 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 chaonsl length. Hence, in
combination with the capability of rapidly creating a conductive channel below the insulating 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
associated therewith the reduction of the channel resistivity, renders the channel fengih a dominant design

criterion for accomplishing an increase in the operating speed of the integrated cireuits,
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Since the continvous size reduction of the critical dimensions, ie., the gate length of the transistors,
necessitates the adaptation and possibly the new development of highly complex process techniques concerning
the above-identified process steps, it has been proposed to alsa enhance the charmel conductivity of the transistor
elements by increasing the charge carrier mobility in the channel region for a given channel length, thereby
offering the potential for achieving a performance improvement that is comparable with the advance to a future
teclmology node, while avoiding or at least postponing many of the above process adaptations associated with
device scating. One efficient mechanism for increasing the charge carrier mobility is the modification of the
lattice structure in the chaunel region, for instance by creating tensile or compressive stress in the vicinity of the
channel region to produce a corresponding strain in the channel region, which results in a modified mobility for
clectrons and holes, respectively. For example, creating tensile strain in the channel region increases the
mobility of electrons, wherein, depending on the magnitude and direction of the tensile straln, an mcrease in
mobility of 50% or more may be obtained, which, in turn, may directly translate into a corresponding increase in
the conductivity. On the other hand, compressive strain in the channel region may increase the mobility of holes,
thereby providing the potential for enhancing the performange of P-type transistors. The introduction of stress or

strain engineering into integrated circuit fabrication is an extremely promising approach for further device
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alternatives falling within the spirit and scope of the invention as defined by the appended claims.
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ac (flﬁglg@ﬁ%ﬁb%ﬂnEHS §£ttl le ulxven%apatunggcrﬂ.laeld Ibﬂc% rI@EI YH%reﬁnpc%n y nopall features
of the present i1nvention. Wil e |nvent|
of s u8BlIEEbbdn@tidnOurd/@Eckiid Sn iKBdbefcﬂﬁCzﬂ&t o Suiaﬁd:m&ict[ﬁ rﬁﬁb&%dat\f!@that in the
fornms, specific enbodinents 25 thereof have been
dﬁ"e??fmﬂhdb‘yy %ﬁly agyfal @3@3‘%@@ “P‘FP“t“h enmwtﬁwetaﬁddeams eyt df pade to
und rsto

aCIIICV?_]&l% 5@\% émq sg 81?1;: ﬁags (5"[‘11011 as oogp hance wﬂg E)yétgm:fxe L&cd élﬂggb(ya 1@F@¥Fg§l chgtmmts

whicR @t vhR 118N dRDmbQuduiaitatio Lblor] IQM@(H&' PRl aﬁptb@latgﬁﬁéi Lug’lpzl Rlelopment
forms disclosed, but on the contrary, the intention is

Gifc’ft Glgmd’v @pmdx| anmmh <fons@atng onswoudquventdlcenteSs roaid undertaking for those of
ternatives falling wwthin the spirit and scope of
O“mﬁﬁgdPHQ%ﬁfW%%g%@mH@FﬁﬁﬁdmﬁVm$he appended clains. WO
2097 AR OSELONS Ay LFTEL IR RS ET . e
systeinfA@ Bdvic@Nreatem 8eSg dpRRdin BR liaWingd th plub&ed RAESLAALN B and so as to not
clarity, not all features of an actual inplenentation
obscigy e grese riivirdidn vith dehvils the prcil kot to thosel skilld ih [the oft. U@mﬂ@bss the

b rec e deve] opnment of any su
st R SRR geoﬁj?““bﬁﬁﬁiﬂ‘g kel tB?ﬁ“?ij‘é’&Yef‘tPé ¥he words
and ]ﬁlﬁﬁa's §§e@ AFeiiTMDtid Q@urﬁ&g&dtagi in \%&:‘!{] ke a@c «It Egﬂngg\éon 18@1?‘?’ the under-
speci fic goals, such as conp iance wth systemre
standBp df Dass vnes srd pithad BOh@O BEted & (Al Sievadh i€ NNoMpkdial ¥efihiVonf o @mrm or

one inplementation to another. Moreover, it will be
Pm“&bbﬁe% ﬁ?é@mﬂﬁﬁ¥ﬂeﬁwﬁﬂ&0@@@@@@&#€Wﬁweﬁm@mmswﬁgﬁwdmemﬁe%ﬂkd
o SRTPLEE A0 (LTSN, Lo e OB 2808
phrast R @eddcly Loh@%'a@ﬁac&dhﬁaxpr%n &f, b toedhrg bl; %}dgihﬁc&lu%§{dgd%y skllled artisans, such
The present invention MA|| now be descri bed
aﬂwméﬁememmeﬂﬂm($Meﬂa&iaﬂhedméugm%amnuvaﬂamm&msﬁﬁﬂﬁmuwﬁﬁqwami
systens and devices are schematically depicted in the
mmePﬁ%WH@@“?%?Wﬁﬁ4%%§@§ﬁb@eewﬁwéﬁﬁF|on onIy and so as to
2?%"“‘\9/\2?'1 M{( Lesexnex%vgr{tltg Sgorsx]l é:m If(vent ahancccw tstme—m(B%mg mcschamsm ﬁay mieans of
strain&bdl'eﬂz_txl?te&cﬁlﬁz&lducIt(h Qtrt_@ﬁlte:aﬁzh@lg adﬁaﬂﬁ%(ﬂg§ 1M® skRGUGR &ifiront tattice
describe and explain illustrative exanples of the
wmmmW@mEﬁ@tdmveﬁhﬁ@mﬁmmhewmﬂrdepaﬂdHWhma8®stmsmmmh@nehmwmmga
ul d be understood and interpreted to have a neaning

f’“a*“iflaﬁﬁiaw SPeY s PR R ARG [?f@“"@‘f ofp e "%@f‘rbﬁ%‘m&ﬁ’dtm device
pmVKsz{n%ﬁﬁx%nthyamt J‘{g§e%ur§gl$éc#ﬂu§gso o cla esp Eén? ga 1}1ané‘e tltxe charoe carrier mobility,
speci al finftion o termor
espec@iBntithih blﬂﬁhet raddos biSigBlly ﬁcfvﬁi@ﬂlOSftfaﬁH‘Elot hRicQr @*heﬂﬁfa}ﬁn@ﬁh@ely on epitaxial
customary neani ng as understood by those skilled in
growth pyeregigst durijegvhich p elrpthedior radnxdieilicapfzhriveduiizyes orstestrant dep@digpeon the
devic org um@n%né ermor phrase herein. To the extent that a
TEPRSY phrase is intended to have a special neaning,
| -Moraoved, 1@&?&[}' a1 qgl&ﬁ{e Jpnﬁﬁl %r@@t‘h t&%&\% ?1 QQ %ee*ﬁydc%ﬁ éd \%ﬁjch may
arti sans, such a special definition w T pé expr@
effectigadst sufipoasd hsxgnﬂ' cdnhBatSipleRpokiti®iath dBRctidkudacle frhiRicticioma |depos:t1ng silicon,
manlier that directly and unequivocally provides the
sxhcor%gﬁ@-@im&: and e il iegasef glicor proilipqurlify wrfaoph rfaseample, if a silicon/germanium
;0Cenerally, the present invention contenplates an
enhanced strai n-i nduci ng ngchani sm by neans of
strained or rel axed sem conductor structures having a
di anond-type lattice structure with a different
| attice spacing conpared to a non-strained silicon
crystal. As previously explained, the nmechani sm of
providing a strained or relaxed silicon/germani um
| ayer within appropriate |ocations of a silicon-based
sem conduct or device provides an efficient strain
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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

vah mheatsdic surfaces, while efficiently depoSictiiudgens/os1559

lay elsik bﬂp%gﬁ’()g ?§g ’fil 1919 Q { %llle [z e ‘s?gn%‘g@g‘ gltaI!? {'?_ibl‘fﬁdl(glgla]%g p%?f,;%%?ﬁ go as to have

subsﬁhtiallﬁ QR ek MBRkU %acr}{p a200L7 :Lgéml E’&TJ 1H§2‘chg{a{g’4 ]sé 5r:%at strained
| ayer is deposited on a crystalline silico yer, the
silicapigeduging dpear i firuedh st e vadisturtay mb@ﬂﬁ&rﬁeﬁl&hﬁ gl ﬂayaﬁwct @ somewhat
ve substantially the sane lattice spacing as the
ent a‘ﬁ%d BIFFSy PAgREC PyBEre 14 et %‘l‘?ﬁ‘f é{yéﬂ s Eihet ﬁ%ietrm@ &t pfipn edoing of a
thcﬁlyﬁlgjln grglgl{r %&éﬁg?% %il%}é %?@)g( ﬁlg_?‘] Tk L}% ucc:,rrmyﬂx’g\%m foncﬁ%tratlcw \} éertgore the amount of
strairS @ERMAAhe SMdoatgetdiulall 08 SRAG AGh.CRARALE %nt:éﬂtrsﬁm;puﬁ.g reviously
silicon crystal. The difference inTattice spaci ng of
e*i’laale‘é |1’*P‘i"ﬁ’<‘! Bnip g‘e*teﬂ‘fb(nwmpltaaylarowaﬁdchaqm, khingonuh gyemivdepentsion may
nnc a e ge %5 |¥g1concentrat|on Therefore, the anount
Bof® StPEPH ETRATEE iR Beber chrsrgarmut tiibayul inp gemanium
congﬂﬁﬁﬁﬂg Svhgh! [ﬂtf;lll}g m%%éiﬂ? Hll alf 'ich%é%Eth@{]& :a?etalnrp ﬁlas reASxatR)E %%’ the mf?ml strained
expl ai ned, however, In currently used epi growt h
smmm@@MMMQUeg, a naxinun1gernan|un1concentrat|on may
range up to approxi mately 25-30% whereas a higher
coficeii atlies ﬁ“eﬁsa'}}’méle‘t B giskoyf dpeees of lettide mispratgfesmbim sirtinay be adjusted
on AP R e iy e P e oY i, wherin,

in sothd Wldst@ibd dhbSdiddls Nad ik Rs bd ﬂhcggﬁl{cg ozl bl 5 41@}5%‘11 s substantially identical
According to the present invention, a desired degree

to siligefn of gerrinipe With sas@ettada @mdknt %htBng&hﬁc&i‘eﬂn mmndaemadwamdmmre. I
.4 basi s _of an, atom c species having a significantly
one IPEPEErmRiRRte i M RAR (YD PR &d-40 6 wrbchi yrmeuinblerteiin goecies.

t ft
For eia[ﬁpl\s, QfiFoy! hLJnM% cE\%Ie re?hu? gblolq ﬁ\ ] tbe bsﬁg in oombu%tgo'?%%{l geélpeflvm having a

atom c speci'es under consi der att o

covaldndl @ttt 6fad. 22140 whirkih, GAMLAKIyIL E&@ﬂ'ah‘;@ﬂu%{t &h 1§1®SIQQEJOL-{JBIQLL@ to create a
coval ent bondi ng structure in a di anond-

‘“‘“%WSP@M@ riféﬂcsmsw@tvlur &ince|the diferenonie CD‘}aIBMS”ECﬁLthbe&n silicon and tin is

avi ng a coval ent radius of 1.40 A

S‘gmﬁﬁ%tyy U R e dFeRR i e speeregemgin @xwr@ounwd

effect %lnl t'hé: g%mlﬂaiyth&gbhﬁu&p\(ﬁb %@t'xclﬁé’%g(l %ﬁh re(ilhoe% numb I (M‘ non blP 0 atoms
in combination wth gernanlun1haV|ng a coval ent di'tg

Conse@fentll, (B2zeanivvh ehehtibionat b kel bdlaw 2riG@Ihad &1 aﬁ)ﬂﬂ!&ﬁ&ly 65% while
tin may be incorporated to create a significantly

an ‘*“"é‘ﬁ?dali“&é epispigiply shay etilkfe slﬁmeéhyad@nm@namh@omt ftier ence i n

| ent radi ﬁ between silicon and tin is

SI arnaelfmocaxﬁ tscfme 1 uqté% ée el 8(%%}Fsesdha,?:bmetyﬁaé uﬁ.‘j fnfc&nlé%@ \i\(lHl tinn, without

addingl 8¢l btSanR 81 WESD pl%{u!{:hgc‘pﬁod@lgtgl &k 5@!& Ufrﬂtt 2 mgaﬁcgtmn with a 10mﬁcant1y
pronounced 20 effect on tﬁe overal | lattice structty

reducedrpynbben! agisiliewethmal Ed eanpeduaad elﬁlhbﬂ*ﬁﬁtﬁs, ins cﬁﬂéhxp‘ﬁalleld kcCidrporate a
atonms. Consequently, the germani um concentration may

certain B@mwb(ﬁ"ttm etther rspigiRe &\gcltﬂa p}[p aptgtioninsplddjdon 9f ¢ '\ltaﬁptp@»(tp ﬂlainedrgmauon of

tin by I%%I@Q\f/ﬂ)ltd( ﬂﬂ)"aigw dg}lﬁ;é a 53 Lgxér tg!l) ﬁoefé%ilg?magplevte ?(/iless s.trrn;t" cant[ey contribute

to a 1atE¢érdtst&ﬁfoHE§>ﬁ atohid SRR askohs| abhSd frad Uy\éﬁ*re u%eﬂltaﬁon t%hl u& Oy be
may be used in conmbination with tin, wthout ad
sufficieginty cxgae mrepmiifieristeainhe pelbyt 1 figvtingli tRgatdve Dgeraie kiyis e @laree of strain
ree of Iattlce nodi fication with a significantly 25
"‘“h“‘"e?l é‘g”ﬁ%}éd SIpfiG el PP RO 1 2 oot lishedt terpigue PeYich ees frp pastorniosh at room
sonme enbodi nents, it is contenplated to incorporate a
certain anmount o ftin by other techniques such as
implantation in addition or alternatively to the
i ncorporation of tin by neans of epitaxial grow h.
Since a reduced nunber of tin atons may neverthel ess
significantly contribute to a lattice distortion, even
atom c concentrations achi evable by currently used
i npl antation techni ques may be sufficient to create a
specified strain or at least to fine tune the lattice
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WO 2007/ 053381PCT/ US2006/ 0411559 tenperature on the
basis of resist masks forned by photolithography, a
correspondi ng i ncorporation of tin may be acconplished
szaawlrﬁsgglnl y efficient and even a highly | ocalctfashbonss
rocess

tcmptt,aatule on fY he [plglso(yéjuanlslngasl qmmc bg ;)P I]]Oilfhfig%(plhye)a( é%%;/)gnduw neorporation of tin may

ev
be ade Qﬁt ih
Qlqu:l 1 gtﬂge %‘fgcflelngagggfgﬁe(i @q’glﬁ%&f;@g&%ﬁg ti;elleﬂ/ p?év%?% agﬂq%x’:al Hexibility in
pmcamfpihamteainﬁ @Ricd @EHNFEUeRple B nctNaddh 6f a@ﬂm&fxzﬁdlﬁl{)é ik, atoms/em®, which
adj ustnment or 5control of strain in a correspondi ng
may 8¢ pEwhe by A emﬂysﬁﬂlkiné%‘rm@‘emWn feehfrifngcp.rnay rey@tcalln |effioient adjustment or
omnn det

oontrgthE é‘tlr%n m a. couespondfng s:hcox me mrsg?mép ?Tganufr%t B/étéﬁfe stéuctu:e

appl theQﬁIovaLn &ta@gd cie:lﬁ?xpti@ﬁ |ztrﬂlﬁir ST e@fto stpgl;ﬁ'u, Qﬁ;ﬁ&%&!’; of the principles of the
|nvent|0n |.e., t he |n00rp0rat|0n of an atom c

presegipweitien i h,alw irgpanioenl arged seowahentan Eedied Sovsion: @8iud 0 as to create
create strain in_a specified crystalline sem conductor
straityig g ppgfied Léf‘“ﬂéll’f‘c‘nfrn&%*éﬁ% pstercl zbelé%be FeyGrenrriowgprghat awyestriction fo
SPGCIF ”el%ﬁiil{lbtﬁg gl:c@gcn%%a%%%g ItSto)¥ I;ﬁ {,tt%xg{g%lsg} T dé\écseg I?x' I%'Sg%}g Ewem(sg mmcclfl gram and
sourch &)gioﬁ!;gmd! e iR 2@ mad ifterROCunkOSQU S&ifl8GLRRS: 3B ‘éxpﬁlaﬁy ded #8 in the
are not intended unless such specific restrictions are

d“”%%b%ﬂ@@%@ym%@wﬂhamﬁhhﬁﬁmmhe detalled descrlptlon as
reference

W,{h reisérrc g oI I égmleapa %g axgﬁ’ dfurglex Lf[ﬁfriltﬁ%?mqoqlqntpg;tolt the prgsgnt invention
will n@m@(ﬂkcﬂﬁ:@ 'insm.o?ef dettalli] eFxéMeelﬁ @ﬂgmaln&\'f?&[) O, ro\(/:&%~I e!:t:ona(l) v1c»i/ fei a semiconductor

described in nore detail. Figure Ia schenatica
devics MO Wsangarlyr M@ 2cRaQ] st:@6 dlhe ‘ddnﬁdMuﬂ@toraleﬁ@rm@ RgHEE Qﬁubﬂﬁy @G Ewhich
100 at an early manufacturing stage. The sem conduct or
maY GRIGPE @7 GOropBItpRIsEws fop cyiyigs trsanieond@Pr Taydi 16k lilralyi on which circuit
elemem? Fs)gcﬁgset{lxh%atoé f (,dadg LPQEGS?E%%%g z%d %ug Ejiga%t %\/\‘;ﬁ%‘[:dhcg{ err\c et the substrate 101
may xeﬂr@ﬂﬁ RtoSik q@l%hluél& stlﬁsﬁ‘ﬂt.s 's§ct1 QL R 5ili&d Q%ﬂratup LS ma)r I%§rlas§1¥t g{yslmulatmg
and the |ike, may be forned. For exanple
substrgg bg;c@1 rea e SQBke payrakepreesand seaichid:idkor 368 ©D rmlyl (Btt @Emed on a buried
trate, such as a silicon substrate, or may
ms““}‘ﬂéplﬂé’g énh)f S}QW)’I) i K S’GT‘%& P @PPSCBFH%‘[‘ thaty élthoggycq}}c dteseyin invention is highly

advané Q;:lmq u{ (}61%%&:% S 151%%%8 scal e&?%[u ; tran; h(ms B erg ttgp?cn\ ufclguu%ed nt ﬁgﬂmd CMOS

or ne ed 1 nsu
teclmo&;l@ﬁél\na udmlg,ﬁral&l@t@zld |11&3{111*QQ AR MhAE bﬁ‘f{)erﬁin Ll dten 14, Q]QQ}HQJ}IGR BEe present
> present invention is highly :0 advant ageous in
inventign ryi Avab¢ wpliehdotidss hitighdpyticsioad sedlatt\mxtsn@n@@t O kigniignt fdkBrmance
. typically fabricated in advanced CMOS technol ogi es
mm%*ﬁ@Yﬁﬂf 4 r ansi stors having a gate | ength of 50 nin
aﬁge @Ml@xﬂzd&ﬁnsﬁym FOE Pg*l ansflf(,&ll R 91 sia‘i!m segncgsdle cgor laycr \x,%ezem(aze term
may al so be app il ess critica T catro
silicontbhead is tf @Mn@¥ioSd ds B Gha@@S LGN SompBisiSl Pibd W1Q1airbtt)llc&§@1ratﬁo(ﬁ r{)m%@atomlc
i ncrease may be achi eved. The sem conductor |ayer 102
S0%.  jlugyativg °§qui11@@h -ff!?a%fefﬁm@kmgps fagtir| Pheas @mmutndfiwetdauhcou layer as is
lLayer mn in 1he 5 silicon-based is to
typical ar i CF fdr h: cogg) e;émﬁ%{?t%q? ﬁ:rgﬁus sgve fmnélﬁfﬂrrﬁlwl?tsnﬁ“bsai gafe ﬁh {Rithegbove
specifidd r&i@d) Q@ﬂﬁtl{eﬂuﬁsgnla@; cx)‘%&lhll@l@}%F 10@‘11%@69‘01 ?19(1/811 tllerl‘ er 102 and mgy represent
illustrative enbodi nents,” the sem cond ductor | l'ayer Fo¥
a S0~ Gafmyouifee{afee sevtich ée dognditle Sl[shmtﬂﬂfiﬂ thi@ iR kord&irkiBn b)aRhEiAE dtdfnic species
used for highly conplex integrated circuits having
such asygerapuipng fipy puddhedivpripyeeragial L ingresgie ellowveprditerforinprion hies saifyiontielly relaxed
specified range, A further substantially crystalline
| ayer 103 may be fornmed ongthe | ayer 102 and nay
represent a so-called buffer layer, in which the
crystalline msmatch and thus the concentration of a
speci fic atom c species Osuch as germanium tin, and
the like may gradually increase to allow for the
formati on of a substantially rel axed



WO 2007/ 053381PCT/ US2006/ 041559 stress i nducing
crystalline layer 104 thereon, which nay conprise at
| east one atomi c species in conbination with silicon
Whav7#a8s1a coval ent radius that is greater tiNamUS2h@Et041559
stresQhdu@ Ry df‘ﬁﬂﬁhhmhyml 14 Bl \/l/illéi‘]%tdgr @(Lﬂp L& dﬁ[‘fﬁ%ﬂd <\rg(§pcts LCFCP% (,ombanallon
stress-inducing |ayer 104 nmay be conprise F
with GiEpmBA basMcaABnt kdds WRQre@k:haa heQNEafdh Al [HQR: infStIatIVg embodlment the
germani um may range fromless than 1%to approximtely

elressng}gmg‘,v]qux d04 “@b ﬁpe Spriged | qﬁ n,ﬂxg:fn t,cmqaxmy and g @vhdgino M cBneentration of
t he

ucrmaqgg{%tgg( xgaa g F o L%ﬁlian ﬁZ)}O §1°§15‘Ft gSE/a \\? del ntgagc\tﬁéxiaixonb)é “be range from
a m%5&ﬁlﬁ®b5%nﬁkaﬂ§ Jednfz e o ' b
P selegted wi t hin ﬁm%ﬁﬁé%t feéﬁ%&%%ﬁh&?@?%ﬂ%g%%f%%%mﬁﬁdmv%/’
for msqnpd II 10@3; helk tenb adicment &, scléche witif 5%e bngueimngioay@t:. kQd other
onprised of silicon and tin substantially
cmbo%nfrﬁ,odl(a sngm@gpﬁﬁﬁqr Af may be comprjgge of diperr afi Qi spipgntially without any
g:emm;;]_lf@dg)lresent a substantially relaxed | ayer having a
anond- | i ke structure according to the crystalline
t eTTEhd@(trQO‘pIﬁ@Mépﬁje@Qt Mbstdnﬁal )l' @Mﬁ:ﬁ Ia}Q%av‘M@ by G rodo-tikee snuctme according to
transferred via the buffer layer 103 into the |ayer
the crys@Hine phesieirovideth ouieers, 102 Wige igtahifeed G pACHuITE I@ér Ib:heto the layer 104,
104 may differ fromthat of the |layer 102
Whe‘eti‘e%oé”ﬁ‘é?f rﬁ]tj’ 128‘??" FIRECU A der 14 Pondigr Ty thyamiitgiavereR depending on the

wmm;n§m§§£%ggngg&h%r device 100 as shown in Figure |la may
forfed I n accordance with the foll om ng processes.

Af?Ihe Berib@Més6H dBGeti teas SRS k8 1184y beWinGNn PBYaLERESE lﬁﬁlowmg
a silicon bulk substrate or an SOT substrate 5 having
procespayy i proMiding tn subkiste || @y hichlGR reptdset 4 flicokintissbshdic athah SO substrate
an_ epitaxial growh process, the

. m adapt ed b
hav‘“ggiau%Fgﬁech’&;}@r‘ﬁyifdé PG {fichesstob P ehgmags e %ﬂﬁptwywawwal sj%\mrhcess the
buffer @arygclgiss% J'llgﬁmmle VS{Q c@ﬁm gr%w&)l I“)mcess[ ?05 nlg Qvlu%l cme %JOIQOFGS ag 5511{:08 species

osited g concentrations
may btﬁ dfbbmtcdlvﬁth bﬂfnﬁ@fondcﬁ%ﬁi}s slant,o fdrline 8% @MYL 103! A ciaglf)lmﬂel i@ hation of
of silicon/germanium buffer |ayers on the basis of
lixcon@gmngqp bmﬁelhlmmod i peGe 4L ghrbyniing hyefld (Gast iabhll shigishcdnd nrmye used
for for #$§ g 1 orm ng the | ayer 103 when no additi onal
g{“& VY pECTER e WHERAL ey sebg, HpEe AP ndebulte
layer Il()f] ltnlgﬁ'zcrtb%fb&ﬁﬁmg 416%9& ia:!ﬁq %03 1& (Jag t%g%on %gmn?nﬁmthm tath%w species
buffer |ayer be for asl's
such af tinr tHermazthHo hﬂc&ﬁnfl"&ﬂl&myq}:ﬁm‘,ﬂm@ b Baridei($her Wb SEuuiT8 Yor BE cpitaxial growth
acconpl i shed by providing tin hydride (Snli4) as a
procesyf) éC‘{EPP@B Fm *yé’rldemleb?éﬁpﬂdtoém ﬂailmlg rff@hwxms progessydis,
wher Y ? q led in a sim/lar
f ag ﬁpproHuaé éy %@%}H&n %xmtcﬁ)}él&[ ) guffcr layer 103, wlrgpﬁﬁ%ﬁaw%ﬂsgw}mm may
mcrcaaﬁi@p @@ﬁﬁe'ﬁ%ﬁh tﬁe@%w‘%t@iﬁﬁe%m})ﬁte o&" h@la@eﬁd& %{ tet] m@gﬁamc § dmu S0 that finally
corresponding lattice structure nmay | ncreasin
the layeleii abethér @endcphedbas hatbstﬁhél@tuﬁ@trlnh&dez 4, @Mbcﬁﬁﬁ1ﬁﬁdu$t$}3ayer with an
l ayer 102 in terns of lattice spacing so that finally
mcrgasgi lfthcé sqngv@?om]ggg;{ tprﬁly oqgrpeﬂatbc@ s@e:pgyg’ ithed@ergld?. gFor this purpose, during the
emmm§ shan J uns e. el axed, sem conduct or
P Btbeflon; 4E) Rl apt PGy omparaamgmim mey b
providel h?coQ{ﬂnegion Qe bndtilid dof. SR agil H&es@lrts él?glajl)lﬂ'yglr thelderial 19 the taver 104,
this purpose, during the epitaxial growth process i&g
After a gdesfl@Shyeetliclans isnthidéd, the epiadtd growih pRES] 108 hay R WsESPREL 40 € further
anmount of germani um may be provided in conbination
epitaxialpro th pppgess py kechfompdise s & tdpropit o aptaidn prgsidlpe sih@p Grictaljove the
of the material in the |layer 104. After a desired
| ayer thickness is achievegl, the epitaxial growh
process 105 may be di scontinued and a further
epi taxial growh process may be perforned so as to
deposit a substantially crystalline silicon Layer
above the WD 2007/ 053381PCT/ US2006/ 041559
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| ayer 104, In other enbodi ments, the epitaxial growth
process 105 nay be nodified to subsequently deposit
silicon, doped or undoped, dependi ng on device
weguwitsmnt s, wherein the substantially rel axadud:aperssy
aycé‘-!@é Achs cﬁ%ciﬁleﬁg gé'&[ allélrlt%wh FgE) SS IO?m%ySg s dpd c%fljet(g%ui)sycmtzlhigge])osn

silicon deposite ereon ave

silic&nAdBPedGk Watad, hép@x@n@ Ly dégagcnggmem‘ém& G BRS s@%@ﬁ“aﬁy 1@Iaxed laye 104 acts as
strained crystalline structure conpared to a natur af

a crygliset tethplaten €osidubngn mhelsgiye depogtaCiicras mbi hee fubyahalld §2 same crystalline
Cbnseﬁuentl a certain degree of tensile strain nay

struefiice, 81@ PR a strained Crysta}hpegsuyc@qu qgmiaEed %p‘u@hqrysytllww igyprsuch as
the fi%/gl%é: Qﬂ?auf.\ u(t’{g aqgt\ém%(%mig&enwﬂ st%un may%e ga,flmeﬁl %V anced

manuf ac Ther
cr y‘%ﬁrahb |sdllﬁneﬁd:a|lljf aRRs haY&icodd8or cl%v1£e01foﬂ%ﬂd lRndr h@va‘m@t}/ﬁgnufdcturmg
104 in accordance with the above-described epitaxia
‘mﬁgﬂbmﬁﬁwv%eﬁn@q&eﬂﬂ@BH@GQWHwﬂwymi@heimdyenmlmﬁnexhumeQMame
bovh. r% |g t ensi | Ftra n, indicated as 107, thereby
LT RO P R ERET GG By 8 St mutugzc e sein
mdicgtgteas ll ! ’ t
e B0 015204 s R LS I o o
electbyb 188 §&dneediatstithalyed M6laayiCsepadHQ therlbR@n @&Ilﬁte @h@aibs @ﬂﬁl@ﬁ.o”&le gate
in conmbination with the gate insulation |ayer 109
electigesr §0R é}scoxgm@ﬁcghw@ ﬂlbr:é‘g pl@ﬂdt@q@ywl(pmeﬁw; hélaxhnalyamn]_l@(ﬁmthm the layer
its the tensile

ai ned,
106, Mtjzch as r}\areia ui dme éB.xh}{? sntiécp tcéng é Hadn 10? dl:;lere- %%1%1%{’%% for tnﬁzéme the mobility

of cld¥R&k bl tt@’ch%s[@éfr%ﬁ? {00 nfbnﬁecﬁheﬁtip %&J&ﬁﬁﬁ% ce Eteagdogggpué&gg transistor element
Consequent |y, "t he per formance of a correspondi ng

mclmmahsaas Elertrod] lefren the cincdeUieliing 1¢ hey GakatiahBehind€ widdn the degree
¢ the channel region 110 X be significantly

° te’ié’n‘ﬂféﬁ% &d maméfff@ie‘ﬁ‘ytaﬁ pted angropnrofied go g bapia ﬁfstil@i cpitagipkazgwh @S 105,
Com%@%ﬁt[)b %y %JML o %Qtsltr%s lngl}Cngtlae 91 ﬁgdmce tmElto s_;ﬁ.}rg crcg‘.lnng mcg’mmsm may be

I's of pi t ax roces
provids0 RS @Eerent Jcr)éalc -JQMH neg @iﬁconbasEﬁ%ensltOG.es s-inducing |ayer
104, an efficient strain-creating nechani sm my be
pr JGW-!‘ dedciforicgle semath ngritoadigid devigt 10@ Immctl:orﬂalﬁch @ith another illustrative

b n- ased | ayer 106. ure
o "i‘&‘ﬁ‘ér‘r‘h‘f AR 31”1*%?“'5%6\&@1 THE gariedh a%‘tﬂgﬁ T,
layer. Afn G %G&Iﬁcnwfchte ue@ﬁ&hﬂﬁi layelr Il(H% agr @(t, h&é&[ %@Baéj on e cx}’lstaflme layer 102,
whi ch conpreéssive strain nmay be gene at
whichsp@CichsiaederpeginoBmifte auriag WS bpahdiat REwE QRFLELOIE Uﬁﬁcﬁ fnay 20 have been
layer. In this enbodi nent, the stress-inducing |ayer
“mmﬂﬁﬁ“ﬁ%Wmﬁ@k@Wﬁ%btW@f@@MWEGm@ﬁm&ﬁbs@wyéh&*hmﬁem*aﬂﬁmkb“mmm
acry stalline tenplate during

t
o e g G g a e P BeBLE+106 Tt ey meW Higereon o
that {HR %@aﬁnepﬁﬁgd gy Fn@ﬁbesa%"émpru&%ly gtrgxﬁedl r@%o%rthe:l'&ﬁ n{o& %%l% n}c]}b:hty of holes,

grown as a substantially ‘strained 1ayer, si’n
whichmagg begekitantip@ous tarfet@ingl £ Bol@finel tasistoaytatie b3 1 ihs cHamBIStant icahd de gate
mai ntai ned within the |ayer 104, thereby reducing its
electrqqen {0 al Iattlce spaC|ng S0 that t he channel region 110
es ed region, there

rmfécr?aﬁer St%‘{i) Orlrno %1e|£3¥1¥e ?C%O cho!110Wﬂ i Eeyre (l,lh Oﬁﬁy F bge le, the forther
manuf&dx\ﬁ@é"h@@@oﬁci@ beNcoh @ HYmA bglsc{t}a!m]%tab‘iigh@p‘?tal:l%qgers @Lnfom% MOS

basis of the channel region 110 and the gate el ectrode
transistb@Bwvhich will be desFhetieadt datajl et artithngerdneaaribhe 26lewi ce 100

as shown in Figure Ib or in Figure Ic, the further

manuf acturi ng process nay be continued on the basis of

wel | - establ i shed teclunques for formng MOS

transi stors, which will begdescri bed in nore detai

later on with reference to Figures 2a-2d. 30
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WO 2007/ 053381PCT/ US2006/ 041559 As previously
expl ained, a noderately | ow concentration of the
atom c species having the increased coval ent radius
ymﬁ&ﬁﬂnce so as to nDdlfy a correspondlngnkﬁﬁ&ﬂ@%mnww
ene

ga ch re

t en 1:w1o§%lyr q mc% ) mo(am 1lel&lo]vgonccn d%on Ith '1[0]311(: FER 851&\{1{& the mueased
au I!E Al , -

COV&E: (& ¥ ng%mlr llicg 8O ¢ J]IF %10(11![}[‘& (}?69‘ ondlllé H&ﬁ ﬂigrha.vcﬁ Ic ?(FOQ rtloe rerﬁafat[on of

a C|t|ona or alternativer y to e eplta
comﬁésﬁ&ﬁ&&enlﬁ&ﬂaiﬂtdﬁe:f edpRBANLIGURS i@ o FursNBQAE, PARAL iaNGud NBstrative
atom c species, such as diffusion and inplantation,
G*Rb‘?ﬁwﬂ%eada%@lly P’orﬂltf@%tm'bl 3 ﬂlarpptrfan'pll anv At ph%c‘é@s typipyques for
orne to | %uce I nst an

incmipcn%t[%g [hﬁ osjuc vecxes,fid; '1s uéxp%ﬂi} miq) Et?lg)gélilaﬁg L)tstquei“or e:\amplc an implantation

ptoc@so [‘nﬁ}e %&Hg{n@cg LOCQ%%I fotahlLth@c %H qtotnb lt‘hﬁ) ﬁlp @L}’{:ll riﬁw ‘a@gby increasing the
strain. Figure Id schematical |y shows an

corresgohdigtepradnirvien axtdodhaedtedistminyhi ch t he sem conduct or

devi ce 100 conprises a first device reglon 150, in

whithre f heehefiette plas ﬁrbéﬁésums ewwm@ré ot ghiffede swowéctou dqvice 100
comyy :ie§§§§9&\bqgee¥%?nﬁlg% ergxlvlgcrﬂ the &at’e elgctmgeclgg] ina Hq)atfon edl w % ina ?econd device

ate
regiok 180, 2\0R616hMA fhBISAEG Qxﬁﬂj b 8WhB @n b 8GbiRANard @Qulﬂﬁy la?e@ 119, wherein the
covered by an inplantation mask 121, which nay be
secongrdergde chgidn 14¢ nahee boradtboin iaplmmﬁmasm&kwhicmﬁe@vrevidedﬁrhae form of a
seni conduct or device 100 is subjected to _an
s SRCATT O S0 Pt Bl %}ﬁbiﬁijﬂdt“i # lq“h‘“@aﬂfab‘&d?o for fatroducing tin
ina L)Eﬁ Eiglgdl;}ﬁgg Xy i Fﬁtﬁl@fﬂ%{;@:ﬁ&?%&@ﬁh ee ﬁ&b n?;,? ?[r%\{\tgt’hb[ayer If&yhas been
form@ily tha iitadial 6 OWhIdce 108 @SSpldifdd witltSleRXP lodign d., Wextaﬂ} providing the layer
reference to Figure | c, thereby providing the |ayer
104 wyiban Antsiiisie FranlOF . nBy ifupihdr dnpdantingi tin iop@ i, theBycirﬁtM pof fh@gate slectrode 108, the
Comsn;gd ntlngtlnlorLsmt e ViCi %/ th
SRR BB PO CEFECRATT hBt 1 S6hBaAt oy disigy™ b
nsed Q%]d\fﬁ@g ﬁ@@ﬁgby h)ﬁ@ Q({dﬁx'ozgd @n@hig.hon%@t??@'!mn% %hn #e la}cQ 1‘(@# tI‘Qc 1|m lantation
may be used to provide a noderately high additional
para 111®®r$03érhb piatchsoln0 oy ba saleddd @B Whatisholf Frelt-d@bllsiay €imuldi@dd moddkr order 1o
| antati on paraneters of the process 120 nay be
obt: “’Sé‘l @fl?{a@ﬂ‘% ﬁ“etgﬁ dorpralsiontiathf doppsfiipg &g tig Brios wited the faei| 18t pisheut unduly
to obtain an inplantation energy for

, de
wmmgﬁgﬁi ;um ¥ @ep05|t|ng the tin ions within the |ayer
10A'ﬂéMl§: h&ﬁ{ﬂehb&ﬂ@-&l‘mﬁnﬁl@xg@&aﬂb{.n:g LR WeTys el =T u'm@)t’a@ Femoved and the
After the conpletion of the inplantation
dwwpﬂ@@esgwmﬁﬁwdmheam@@psﬁmnms«mﬁﬁmnmaymmﬁdmﬁﬁmMEdeaﬁﬁIWHmd&t
the device 100 may be subjected to an anneal process

substigly placing thpdnglirfer s3°Fits Talétﬁ%‘fgéﬁ %e‘ﬁuti? By istttﬁ@mﬂgyvé’ﬁr 194Pue to
the m@l@’god " on%%g’?goﬁl ﬂr d}CaJI | :¥tly Bl’ t%g Ihg Qg%n Irl.liplal}a egf%r*e 111c1eape§ wn%pﬁess%\!:e strain

tice sit tore e stralned
may b|e @M@ﬁtﬁ(ﬂ-t%m, @blﬁ)ytaﬁo $ali@hela Bﬁfe @SB mbdifae Hﬁ@e@ﬁzﬁ'@tc&r% mbBity.
the vicinity of the channel region 110, an even
i nIQFI’edé eglpporiqids hy @bogt degtiibed 2Bhalimelyds gln@railiggrative nature and a
i.n, thereby also causing a nore efficient
vane%%fdl?o i Eia?nis BRY @fcor{sﬂgedc ﬁ‘&rrz&sémc@aiper1}:1@1@1&%&1?%5 )1/20 may be performed prior
to thol b S0 Bl B ABPLECHBLE 1k Bithe LRE 2AROUEE F8°G/ D BY cuire exposea
enmbodinent "1s only of an illustrative natufe and a
portiol @f ihelayer 064 AWCkideive 8t I@RASedTRY cdBLEL ON Sl O Rlustfa®le embodiments, the
i nstance, the inplantation process 120 may be
epltaxtgb EPER EoeEsH 93 gpavths opyifed et pxbppn@pflthnmm@a:p@ted by the implantation
el ectrodes 108 and 118 on the basis of the mask 121,
so that the entire exposedportion of the |ayer 104
may receive the increased tin contents. In still other
illustrative enbodi nents, the 30epitaxial growth
process 105 may be omitted when the tin concentration
i ncorporated by the inplantation
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WO 2007/ 053381PCT/ US2006/ 041559 process 120 is
consi dered sufficient for generating the desired
degree of strain 107. In still other illustrative

vanbodiésrent s, t he epitaxial gromﬁh process 10% ey oio@41539
er mani um and

procagﬁlﬁt) chgﬁ%geﬁ %a%{l'uult 1131r gl 'lstlg“ ti(‘z%sxﬁg ycnﬁgofa% gﬂd] 0? o piilcosyen 'S}ustraiivc
embédtﬁ%ét@?}%%?hagﬁl?ro@& {Eﬁcgs tOE] %g%%é‘g%re Igr?tr1§%ﬁ90f ng%ﬂ gud ﬁ%Tnuum and the
unpl:tnha@onf prdesst 1ARGy &ﬁﬁc@lﬂcdlodiﬂyinﬁ@luc[ce@ b©ORS thdS,prolB8Rg MBYans for fine tuning
resent regions for 5 different transistor types or
the ﬁﬁﬁ o‘;t@fﬂdé@@n mdzixqmp@r Mlstdjtc@cqogg]cgm%lophl SHPE Iayaepresent regions for
er.ent deg& i s required, For instance,

dlﬂclgllt t;ﬂnsm!hrl tyx,% %ns?/ {@Frebent i(l:,rubt 1e rreéﬁpso gvhl&lf %%eflreﬁf (gﬁlﬁ‘@ of strain is required.

For 15E'I:aﬁcreQQYuQQﬁsﬁlﬁfﬁ&ﬁhw&U&t&uﬁﬁ cotlpBl hﬁluﬁ%ﬁr C@R ns SHAORAD LB none or a
significantly reduced strain may be desirable, whi'l'e

mgmfi%mw@‘gﬂn@d graoasy belsghbvlashie, CRdiceenLsucian aitnU e e dlCl(idsed degree of

. ee of stress may be preferable to enhance
s fCSSdEng‘a'eIPfff < BB PR ie TSt BB o SRS, o doeberged e
of th% Ihiﬁ)m%n%gclna% Sg%hﬁzflesf Iﬁlﬁ tg?vezgstée 4 %(c:rg‘%e :Tt!ogzile% 1a Iuse 23§1 t[f?e cqsﬁ@me structure, a
concaiyiSh @hibablEoyShFMGHMRhnidhes kS BNGHT LRI a@[?a I&Q[l}'a@\(@-@!a Ry
i npl antation techni ques nay be appropriate so as to
| o@/&]l [e&czcatdzj tqjlgguxqs ﬁ@st furtzr flostrative embodimitg df die efee@entemesiot @il now be
@ her illustrative enbodi nents of the
desul e 15 glﬁ{e dctﬁl{lté hviulclb% e\MdeerdrfgweB éenbcegdeft?t B@ﬁm}i S fﬁrﬁlfatémdléytnaﬁulnql SOUICe
regtollxsr&f é\/\(t}th%1 QE}neWﬁ&gueadcoﬁgsgoﬁé ﬁkesgaﬁ & '&?e%ﬁﬁ%? 1tan91[l xenlaotne.r i al
formed in drain and source regions transi st or
eI Bpenta embiRadlyciova nCﬁ)l'cfo%SsEbﬂMII NGy §Eeﬁrazlozﬂiuétc5} A& 200 comprising a
adj acent channel region. Figure 2a schematically shows
substipif 2%% berigpsBrmebietrion A b stalifie W osbrprdo 0% t e stemic el @O0cprcsent a
C strate 201 having forned thereon a
ot ERRAB e % AP R o 1 B P 320 1he bR AR
msulaﬂﬁg\’lay&%’cﬁ 2R kbR Biidnks Siluded ﬁ@@ys%hlipus‘tmqnﬁgngucgg 1d§%P20§Grﬁ LS8 nductor
substrate, i.e., the substrate may have for med
layer ¢Remay gepracubu sili@abasaSykat. & nge laﬁaye(r) 1(1&3]&12 iu&h&ﬂm})we&b@mﬂat@ly 50%
which is forned the crystalline sem conductor |ayer
silicoty YOOt e WRHYYE GEHIETR Iat qngynéfr me@gfg:uwa%,btqg@ p@;elseefmne@m and abaove the
ool BT R B e BN el % S5 RR a0 wa
may bb E@ipSics bQiopa ﬁ)ﬁﬁﬁfﬁn 0251@ Aer Bofak |11M£c>1r5@ﬂ&!/f 1@91:0%[1 dNBovs @ Q8 202
may be formed in and above the crystalline
and meyalry seroned ttrefron] gy ente ROPuiod layet 1P S 1t sitoalg 8¢ apareg@dd@hat other approaches
electrpde 208 may be forned above the |ayer 202 and
and trwyorﬁlé: HEBWf)SI’I?ag éIﬁP lﬁfusca 5}3@&1%“61%/%111 ipedbcﬁent )é}yentm;}ym (‘ﬂqqle for example,

the g,a@@ﬁcrtzg&r io%% FE@JS(%[A 1%¢Iac %1 (Q%un%n)p ate r%%%xo ebOV

wh18 ma % % d la
be separate herefto lt ¥ be removed in a later

stage df lﬁﬁhﬂf’ﬁﬁme (llfpul»vaiy & tondde nlaferi$ Maﬁ’ce@@ec@@ﬁ Eﬁ%b@ﬁsﬁg ﬁ'l@%ic electrode
ot her approaches and transistor architectures may al so
208 mtyému@é'ﬁsuilawd dun‘mpma&t sn23fintdreshdative praes eprbenis AYEMEiEOMy bb ftparated

t he gate el ectrode 208
from fh"' e *"”‘*"“ﬁ?ﬂ gl ”p*F*’a?%°8F‘féwf1 B ey de éapé‘l‘l%’é‘if"l‘ 8%@14 (i Py 231

may b@&)\‘npps%d E@H}Dypﬁz@pﬂa{é d%leLtﬂ(t ﬁgteualz g.lt:f?‘%a%ﬁ: itl'l dsnl}'(l:f r? ((J:t u[uﬁe efng silicon

provi de a conductive materi al ance
d:omd@ hvaiciasiyee nst ksas cichlde gigaﬂh&mﬁd e G FB PR ced8d ﬂﬁe)dltahﬁl growth process for
"encapsul ated” by a capping |ayer 230 and respectlve
the forgapyign ég angppgfged it g emicoeineity 19sivy. Bles lizeBat atwedally foned ¢fe material
gate el ectrode 208 by a respective liner 232. For
I nstance, the capping |ayepp 230 and the spacer 231 may
be conprised of any appropriate dielectric material,
such as silicon nitride, silicon oxynitride and
silicon dioxide, which nmay be used as an etch and
gromh mask in an etch process and an epitaxial growh
process for 30the formation of an enbedded strained
sem conductor region. The liner 232 is typically
formed of a material WO 2007/053381PCT/ US2006/ 041559
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silicon nitride for the liner 232 and the spacer 231

may be efficiently used on the basis of

wel | - established etch reci pes. The seni conduct or
“dewhmsxﬁmo as shomn in Figure 2a may be for med/ustosiodrsse
he ég nce he followm ng 5 processes. After
"“H%a i &t W'i"ﬁ’d‘%‘ﬁ ! ISRAESt ?’%ﬁpwz?éi Fojjstanee. reynbingiioh efdigicon dioxide and
suddvanc bond technj ques or other nethods of

%on mﬁ & g‘ ‘éig\,@ﬁf% 4 AP TSI R DR béy@inently psedymthe bpgiseof well-established etch
reci8dDstrates are considered, the gate el ectrode 208 and

the gate insulation |ayer 209 may be forned by

depOsistii@nuaindicase 20Xisdidkvh GNTiduar2a bey 58 g BiR s BRRaR Vit & & ifowing

gate insulation material, followed by the deposition

Pm??fma ﬁﬁ%fplﬁru&ﬁfuri@a e ﬁ‘@t“éc Wl @dich odeinghale edvinadd wafﬁh@m@afﬂmeures or other

vanced | i and, t echni ques__nay
B AR L bR AR e i 1 SRR i rSrie, etesherpi ot ma
the @@a ﬁ]ﬁfa['bntil@%x 205 QG BF FESRVNAiBGich AYEE SxiadibleheBYif 0%
the gate el ectrode 208 and p?hg gate I nsul altjikaonrll i 'Ibd?(%uate gete
insupQ@ mc\m@; fellawed bhuthe degpstitreot paiphepiiitcigle PIEQGCR SiGiteridl. h”ﬁhereafter advanced

G2 % Iaéer 230 may al so be patterned, which may
hegg &P Q’é‘ﬁ‘“’éé’“%ﬁe A5l ip @rPeEq Vi wokerighed ARG © pattem the

corrL:sgtMungg la rshlﬁgrcg) %Bxﬁm%]kha a?e Q)qc 50@ :mdI {1@ egale mN?att;Hd Ia%é;s(l) \818:[3111 during

materi a Be Co déeposi
the }Sﬁtt&&ﬁ@piﬁﬁﬁﬁtﬂ& egdpighiert %'nlay aROke ﬂ@@&@ | i@ Mad RECVR) used as an anti-
foll owed by the deposition of a spacer |ayer, which is
“ﬂWH@ﬁm%@a@@ﬁhéﬁﬂbymahm@MMsmmmbwwwweﬂkh plecessil tihyarebyormally
p e acer 231, 15 Thereafter, the exposed
er PSPyl PEs e RE s it e B eptreion of o
spac@irei\ﬂep Suneefl0s HRY pgfén&iuw 8CL8d. 40 4R p‘ff‘ocea re%g ogtamm Hw spacer 231.
process 233 for form'ng a respective Cavit recedt
Theza:[ﬂfprameﬁbost:d)cdidﬂﬁs eneaps ulahede gabed gkl ast !’h@éﬂz@tc@ﬁa may be subjected (o
%%yre 2b schenmatically shows the sem conductor device
an AigRGORihetEd Frespse T foawaing e ebsnrrivei Faitt arrbasy aditcag &g thnkienmeilaed gate
emm% :%%ess or cavity 234 is formed after the conpletion
e ani sotropic etch process 233. Next, 20 the
de\lﬂi,@l@ 28 Q&ex%yallp ShoSd B %&ﬁ:&ﬂiutst@r a0 Ao8L L %ﬁtixm%r?‘ccj nguufacturuw
preparing the device 200 for a subsequent selective
Sfageeplneteaw redess gr W P3P s CBSiifter@rcorhdSibiadTeR ,ani SRR pRtdes 233, Next,

eani ng processes may be perforned to renove
the dt%ﬁtzg%?“ﬁdﬁt@%ﬁ‘a we’*t%ﬁ@‘ﬁg}‘pi?f@oferdwalﬁlﬁ drmdeicp 8¥eler %Sufrqmﬁtaeve splective
epltaggl é nﬁh ?o\é%sg ESI%gg%tai;I;Q apbtopn'ler grleaﬁam > gnloc%\(l:%bl }{’g}{ ﬁg Ipfiﬁ)rﬂb fo remove
contahﬂsdarhiﬁiuﬂ atch H}%m@mqg)hnr@ﬁb@ed B ARPHLO RIS, %Q&ﬁ&t 4 Qotive epitaxial
at nrosphere nmay be established on the basis of
growtj thrjees A4Gcont @i mvifevgedo wdein, SO pnenifitsedtivabmbodiment, an appxopuate deposition

mani um ontalnlng 95 precursor material, and a
a‘m"%’?‘"’é“ et HeraitgTanT atibht torgipBe ey &WW@ atspr@adgeontaining
precu}@%lczrggggied C% i}/}lg}‘tgs%{] m?lg }ggaglr %%%u:c%ca qgiwg% l?m samcl v@:gncu Ia% silicon and
germOiver hddl &xSibKial kv Quc&ﬁ&b@@dnﬂﬁ:ﬁtradlﬁshn%mgﬁ@lo@ Eclﬁ&uﬁnbine% illustrative

may be created on the basis of tin hydride (Srd-14) to
unboélrn@\y, t{lfedeg)sﬁgsqnp@gt ey rbe ersttedadni tamnbagf oft tinrhyanide tﬁnﬁ@ td@ovide a desired
here of the process 246.

concentra%on of i%]"ﬂl“’eé{%&? w%laatmclsg}lﬁt]e @ tIhT gyoceﬁs ﬁ4 S & ét@‘txquvlé explained, typically, in

sclcotﬁrp Eﬂit@;?fzh @Jow{ﬂ QA%SEES F%Ee%%@ﬁ gﬁatnereg a? %re(,bsa,§re & g‘r%}c type’cartier gases
such as pressure t enper at ur e, pe carri erp gp

and tH8 Oen e felreted dultehat ab@ansal A€ haeiast @ebosttéﬁaah dﬁlwﬁ'&ts&ﬁt:ds AbdnYas surfaces
no material is deposited on dielectric surfaces, such
as surfaces WO 2007105338%?C T/ US2006/ 041559 of t he
capping layer 230 and the spacers 231, while a
deposition i s obtained on exposed surfaces of the
crystalline | ayer 202, thereby using this layer as a
crystalline tenplate, which substantially determ nes
the crystalline structure of the epitaxially grown
material. In this illustrative enbodi nent, the
material grown within at |east a portion of the recess
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5 sane crystalline stncture and, thus, substantially
the sane | attice spacing as the basic tenplate of the
| ayer 202, which results in a highly strained nmateri al
wWEginonssggie to the presence of germani um and pgfushédd@iissy
atom c species having an increased coval ent radi us,
of the crohinglgyet 330 ¢ 'md@@n[g\qum@ th'}k a dgppeitiprgs Qbh@ccbqu@g@ﬁé aurigdes of the
strained crystalline material, a corresponding stra
crystaliineghysh 2@ BEERAIH 1y TBRaPreInslgT BRPERSYE YAl detormines the

CWS%@%G anglgxfehctéglg g haxsd{iye Cc?\*?nsma%tmﬁ fn%s 19\(9§‘¥1lv J?{%Lcyme%?( &L gllitg}gpgrown within

anced covalent radius of tin wt
at [chs€8 PRh of @e Sbeksd 8OR (ARG HAAGE | FRRELM erial, &, @ |ufaicﬁaanbmy exhibit the
reduced anount of non-silicon atons may be sufficient
sam¢ aysatibd sovturaand g, edporidy iy sertedaion sdcigepiie i lreplgp of the layer 202,

material  during the e X1 a rowt h. process
S A Frona RSB | Gl EOREBACP AL PO bl i i

hw:llgnac'ht iFG&E c&daf@ni \Mcﬁup I s@cht':b @n d @&9@"} Jnﬂ}o Ruddh %%E&Eeeof' s@antc@ €rystaliine
range of approximately O. % may be consi dered
mateRpl P Opdspondi@y st is ﬁlEo&&ﬁtbd’iga thheelretpu RTsedbast adiadei.to thavets B
enbodi nents, the deposition atnosphere of the process
246*5@@9"05@ esliat) itshe dheoqﬁhiwé BESTtsdE &ilp e Rty Hiser
| east. on g’v 8‘#‘%% Igr?munta tf nngi[s 1c oc::rls emsé Qea:}(i ﬁ@ grb'io a%hlwe g c?ucSpondmg

"""““?an&‘P EG e stich stanti

straif¥a tsOQLh LM nﬁgiaﬁﬁﬁﬁng@g @}ﬂtﬁ“nﬁ‘ @owthh&(gc@@)éé!@r OMbedheR ), a moderately low
enhanced design flexibility when the influence of a

conc@idgh an for ktaranBunithiothe Gemsirmtuping Y hrecaee n@md@meedﬂy 0.1-10% may

I nappropriate with respect to other electrica
bo cprdlCPRITITIEE oF great%&@rfe%edwté%*k dgeE PP EHE b e Apgsiion stmosphere of

the ﬂlcr)occss Etiﬁomnag Eeg‘erggblg:s g oIl tklekbeams ol?lslluo dtt at Eﬁl ?ﬁlhﬁelr at&{llg%g}es having the

a concentration tin and/ or germani um
incr@QH cdvilbhs ralilis, Skl dsGQ @ub&ﬁﬂtal@@vuﬁdﬁﬂidﬂﬁé 4 derbdmiv@i Yersby providing enhanced
appropriate manner. For exanple, in sone cases, it may
desigpefleaipipty oyber Gt @iltegee|obr abeantidh @mevinhof, apfo%nlﬁumm}ebcdp*églefwnappr opriate
20 to an upper surface of the drain %nd sour ce re% ons.
TR P B ok Mt TRIE 1 % PUPFIoaThe o e g e e Dikin e
epltzﬁspﬂ@\(x}tl 510(:%);3 Zgé E‘coﬁ&mﬂ&%‘f‘ tu‘i Dl % %Qﬁuﬂ mdl thls %ﬂ@é@;ﬂ%% coniroiled in
tenperature processes in the further processing
any %1 obd@ ndlenét. QBr 2kpie, b Bon@ichey it inhy leSb@tidve loendddinment Sipre closely
the tin may be provided in the vicinity of areas in
to anyippeg bprfacervi thafrain il egue ragignse ! e Stye dgpuend! fffeyeﬂf Bifiige bebavior of tin
com;‘l\l\hrég rt(g[:r,egvltmglg usslr;]lgspclgglg gt& nan ma.li eedllilgc?sges ?n the Ellirth{){ ?1()0( ss%lﬁalttpen@vme 200.

yoincr
In ol'i.{(gtdﬁa!stra&e eln&!dgt@nts GR fﬁp%ﬁﬁ p%@d@ i Qe 51@§@Qﬁﬂ&anﬁi vﬂtﬁl{b al silicide is to
hat woul d require a significantly increased 5
be s@@d@mm oG b @irhe Sppificapmeatitcd gmiuet Saaens ampprodidedforeased flexibility
strain, which may, however, inpose significant
in creqing e @gtle@ﬁgldwctzqﬁaxgcgg ﬁé@{cspplﬁimg H@mg U‘B"S‘@ﬁ‘lﬁé?ﬂ"“ a significantly increased
cess her .e

oean}an%%fontex?ttfor creatBF iz s’!mc amounrbo§ ‘;ui,doi_ n:lelc maﬁ h{)mgr 1{11[1?%51?1&&0@“ restrictions

icon ray

w1tlxsigsf>&{ Qe s§ll)s!ac1u&1@ Q{ugﬁ{ JK@FUGMU{ fal sl l)lﬂéf%fnbdarmcﬁtﬁa final silicon layer may be
silicon/tin layer fornmed by the epitaxial growth

formpd @oess th2 4:6ined silicon/germanium/tin layer orfegilic@/tiR &ye Ehegtdet ithe apiqmy'ml arowth
shows the sem conductor device 200 after the

W“%%ﬁﬁletion of the epitaxial 30growth process 236.
Herhgufe ema%call %bO%le {1&11§t§13cleglcg %&qgfs c%‘n[ﬂ@t'iog %@i the epitaxial

2

semond
oroxgloﬁgc/e@ 5363 &ﬂeﬁ’o@T tfaéﬁawﬁé @(ﬂﬁbﬁ@gﬂ reGdééﬁ@ bt@lnkd BRicS e teplb©236 having a
that corresponds to the dianondstructure of the
silicon-based | ayer 202. DUF to the lattice m smatch,
as the natural lattice spac‘ﬁg of the crystalline
structure in the region 236 is larger than a regul ar
silicon spacing, a conpressive strain 207 is generated
in the channel region 235, thereby providing an
enhanced nobility for holes during the operation of
the transistor 250. Moreover, due to the partial or
conplete 5 substitution of germanium by an atom c
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10 For instance, in the enbodi nent shown, a specific
"overgrowt h" nmay have been fornmed to enhance a
subsequent silicidation process, thereby reducing the
weEsut/essg contact resistance. Moreover, an WWﬁﬂmmmmuuiw

region of the epitaxially grown naterlm
cry R et hats OPIBACS Ry IR BIFGUT et SINRY- E‘ﬁedﬁﬂay zPra\Pé‘C @ the lattice

mxsma%ﬂ, %1@ a\gct?rgqupcle légl;ra]m{qg ol ch%)r{ls? alline stc\M}e n athe re mn 2,3nc e%;r ihﬁrga regular

corresp
mhc&nﬁﬁaclhg A cHPREBREEAL PR oS tlﬁ%ﬂmneh@gyiﬁmf ﬁl}@x%ityl Prdvid an enbanced
significantly | ess conpared to a S|I|con/gernan|um
mObﬂlé'gﬁOthi% rdaghachngpetatie o diwetrang®or 59 uivoreafer, St @i the @R or complete
allo enhanced flexibility in selecting
S“bs‘ébtﬁ’f‘ 8@%7“3?‘%‘“ pn%‘l‘”raéoé‘l”os#’i?wﬁ%“t‘”&{% & qogjecd ‘H@@UH&‘M&“@ it i a signifioanty
mcre%éeél %([:de %’ilttﬂc QfkiPr? %ﬁ? Be Obla¥zlcc§(!;]lth.’! Lgmpc?f a%ﬁrf&én%io%ﬁgn-é ﬂ%ﬁ atoms in the
any other appropriate variation In e germani um
regicRl ©dt istwel b&@NL Rt foddoh@dmekib s fré@udlL@tfner236 cdXbtiddE devices,
created during the precedi ng epitaxial growh process.
whenT B dijeh gREHUN LS i e sHRBtenagidrevivestyc qplpmwg thp asyrewmzxs gnd/or tin
ved,BQoss i bl

COI}\CQ;I? ‘Xtmn w1t111n %101% 57 ﬁ11a3hvary d? téle ﬁepg ﬁl&{acg%ﬂ? ggomlptgra |v%ﬁ§b duwﬁ é'ﬁ}uwements

For 155&1@0&319 e Qﬁb%ch%&xl— SR 8 s RO QR Je P nfl MEOSELRSed 0 Eahance a subsequent
obtalnlng 20 the desired | ateral profile, at |east of

sihc@itlpxap:t)qe@f therkley wiugihg thanaultilyecosod rrﬁetaxl‘ceglmﬁ?ﬁve[ lan upgch@pion of the
ses, the spacers 231 and the cappi | ayer 230 may
eplfais’él Yraé%\?@t?f'"éﬁaﬁ $dieBrhve At o Ay bepﬁ“tY s‘f Uéleatvéﬁt&ea Wéwe%@i manium
conc;lgilﬂn'%{og ﬁﬁhe%ﬁﬁ ?{B@dx%g rehégél edsgar‘c%(e?? st% n 5 corresf?ox\{c\ffnﬁ! 111oreas1n$ Hegn concentratlon
whicE @R e viradil ha kigdtcafily hdsh @nfed BE aﬁtﬂcﬁ}gghnm RO G&lucing the same
regi on defined by design rules. Figure 2d
amowgiciehat P08 alhdrepy sy cilhaces editdntd yetcore ﬂdewli@te R @@ratet@nior the
advanced nanufacturln stage, in 25 which the
subbetqpegw&cgettg? PIofiEss: t§ho§1€[ 6% ftpgﬁf:iit%ﬂ t{lestl axpflo[,lilisrg%@rmterﬁqugmn tuﬁlé: germanium
and/o‘;j ﬁl}/&ogc%ntétgoq m&&mg }c§1§s§23§m§j} LQ%V&@J:J x’?‘x{%%g glreceﬁ g (‘I%E"Fx}é{ﬂ%u% précess.
may include a plurality of vl du spacer
eI emmca {ifS @Aes B ghd MY cApPHPREA 2MEnaly bdr@hiced, MMIBONEany ihplantation
drain and source region 239 has a speC|f|ed | at er a
Pm‘-’éﬁbfalrfﬁlmpl@ Sfjujael Splnwa@%@@% dhgacle sl by weorrey QW@Mwbmmmg
R e TR bR R R P
and J%ﬁjmgsﬂyln'@(b g}?y bSeh R 23T R BE! Jr&gsg?eque 0 artap e Qiﬁ“k@ out to form
el ectrode 208. Consequently, the chnmmel region 235 may
spacep den30 @mplhtes’SdlMﬁizﬂﬁaﬁithﬁpm&cﬁhle)bﬁlﬂ;11§ sheieqaiimc&bﬂapla@aelal profiling of
created by the region 236, thereby significantly
““d%ﬁHHﬁ@WﬁgﬁPﬁﬁﬁHﬂPW%ﬁwwwﬁ%oo7/053381PCT/U82006/041559
t he a

Cuﬁl%lg{‘p Ed S?[%Ba%]ﬁad&’ slt10¥.rs re SGIUCON mtmndsé{q?ct at 1{1 1dv*uhc manuﬁg(;a %m%ﬁ%ag" in

Rannel fansi stor.

wimme LR ALY GussREAkeSisRAV| rrmg tgmw&m(ﬁ CRADEs &@ae@mfs@&ccr structure
radius in the region 236, a significant increase of

237, whieh rsty frgiudy 20 aligayf illeidad paew eldnaspanedibt iespective liners. Moreover, a
conventi onal devi ces _includi ng an_enbedded

drain éapq Hroeraen?ea'@}.%H?%Hlpgqudﬁqal dopant profile in accordance with device requirements.

Moreover, metal silicide regions 238 may be formed on the drain and source regions 239 and a corresponding
metal silicide region 239 may be formed in the gate electrode 208. Consequently, the channel region 235 may be

compressively strained due to the strain 207 created by the region 236, thereby significantly eshancing the drive
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Mor eover, by appropriately designing the germani um
and/or tin concentration in the region 236, an 5
enhanced flexibility in formng the netal suicide
weghons:d38 nmay be provided. For exanple, a liajTgsz)(/(m“)
conductive nickel suicide may be fornmed in the region
CW“?gém%yWPbﬁh%Wﬁﬁ”?%@M@@"HﬁHWﬁﬁWégﬁP@ﬁﬁ“%F“W99§¥°Wﬁwﬁﬁ%m°fme
per portion 236A while neverth s pr
stoms st B If s\l el dhdt ’E?aF . nacf’fgé&gﬁﬂh@cr ol jirain 207
may 89 ﬂ%%& &)%EJAH%QO COQBH:%%Q&E%Q&S l!’bél’lldll@g a§ El%h(fea gl%@itf Cg‘l%llﬂﬂl‘n I‘ﬁn’ IOH
perfornmance nay be obtained while neverthe%ess a gh
degieRvafby apngpaitbidsikdiyg td felnacian et itio na@kenpitioc e:sseersgm 236, an
for fanning enbedded silicon/gernani um seni conduct or
eﬂham@d dlewiiidy i Bgnipgiie petenalicile afsivad 23 ey 4 P&Hﬂ*P‘i | 8?1 gfxample, a highly

oond %1ch 1118 e[ b1l{c]>1d{t, ‘g%rbg’g %)1% 0 H%Yeézon %3% l%P/ aﬁd@(}%% thc Dﬁunanmm conlcnl, I’?Iti lﬁast in the

uppep%m@rg@@iéﬁdwlhl@ xlbﬂﬁlLeMgep:$J7§rxgpcﬁxﬁh\ﬂéc§|sﬁ’:ﬁ1 ef c@ﬁﬂfoﬁlﬂfolyaﬁ&easmg the tin
precursor material such as tin hydride (Sal-14), on

conctiratioba Slosseqtntiwhi ddnifigant gappin ppforatie eay e dbtgihadeehile nevertheless a high
i ncorporation of non-silicon atons X be achi eved,
degrSftif (:‘H“pé‘i“’lﬂw}é“%‘f"i“ie’&o%t’m?f’b“ﬁ“t ProfPrgie gl E e e ety peppiconductor

stmc‘? b‘?na? Qe pret: t'mYed andt al?l%HJ 1o(riai ?r@gdbr{;'% F&n%mgh &t%f‘bg o()t%Lédefrop%s purpose, a

ase segrega ion and crysta I ps’In
carre‘é;to'h@hgn@dax&e RoG@NSHIaT Qhy LEG R B3fiude 1D phdv@idh @F Fppropriate precursor
schematically shows a cross-sectional view of a
m'!tes,'d mcc ortid biekidy St roks bBOOL ivkickae amroeratﬁ@ed Wiwﬁinwwralm of non-silicon
er enbodi nents. ge senifqnductQ% e tl% . .
g i GBS h TFF P HAE SEBY SIS0 AR R URG T PPy prpine
sues%@f?ef&%%Qeg@ge&,%n@mg{ulqﬁgs f@a&h%;mqgmmsduga%o%nefs a
crystalliné sem conductor |ayer . Wth respect to
t heighid D Sdnkddien3@Awsaitebsd da@;o&emmn @hﬁ%mugtbxalymc 3B0R pectrti@ce with
same criteria apply as previously e Plalned Wi th
still pthefr ambwdimenty. ol'he ﬁ@u@@ﬁﬁ@rﬁe“qe§0q_@mpnsg_m st prypistgiaf 0 pybsecond transistor
360 F/b nécﬁ §.?0Vf 6?%)8“:%%%& o3 di1gsrz]1%; Ishilme sez11l<|;]o(1:1<§16t’§1ullaye{ 302. W1¥h respect o the

subsBh LRt En‘&%%gﬁ&%ﬁ&day&%ﬂg sd?fglolﬁ&ﬁnﬁplﬂﬁ Bl BbBly explained with reference to
correspondi ng rai sed sem conductor regions 336, 336A

the cbipodnizant, i162, 208 tdeR. vidoreaviroi iremitogimem diustgkd e rans@ioss 350, 360 may
rai sed regions 336, 336A may not be provided and may .
have ﬁ:éia@].ﬂg,teqr g@b‘,reggié% 3(& q%ﬁew&% ﬁd] aéafni fthﬂ"%o rﬁg?néhn{; faﬁ‘éi semicondictor regions

336, §ﬁ6§g Cfn otgeli“é ug 1at1v<, c%be dsmelq%gzot 5hown 1e mhqu rg M 3?6 %Q i ? notall:se provided

for in ac ance w
and 19&@%&@@5&{)&%&1&1;)@1@&1 Adhe l:r?etfmﬁ@ééln(éb&ﬁho&bi des @0’21 bed with
reference to Figures 2a-2b, wherein, however, the
trahsmstWQf@@@wnaﬁﬂwwaynmep¢®s®ﬁw1MQﬁmw%an@Hsmwr%bHMmyash
hat may receive a different naqnltude of str

Pw"’%‘f"ﬁé@""?‘%‘?&’@* oS fodtasres 2y Egrieyet e S i 0 gey s
u'ansxg ors T [ nei recgivoe a [I ﬁ(gén?m;gn%de QPSY[&]E %B&%?c?ﬂan&&o%%@%&p%’sélt sznsmtms at
?#ere conduct|V|ty ype. For exanple, the first
diffolefii AR SHO 13PRNEBY iSRS sRKTred cRdtanngk. Fdi aampls @it transistor
while the transistor 360 may represent an N channel _
350 ppapsicwttor Poi@unksentitntiije thdirisigr 0cmrastsendr ﬁbch@w@ Hransistor.
process for for Ig%fcres%ectlve cavitjes or recesses

Con GO TR A BRHTL O PEGTHLS PAa SEERe Gesommodi
the sgﬂ&Qﬁthgxd\'eﬁgng gﬁsﬁiﬁﬂ ryn E&B&EJ Mecg@}{milagm ﬁ(ﬁ'ﬁ& geva%ﬂev%é QIQ:@ ik I(?t@h process

etch process 30may not require any masks

may 660 PERlie L) MrdGRMEe fo cangetds @ns bie tafsisbitpe, whilhtdpesing XE@ @&ern @imilarty, in
the other. Simlarly, in
2007/053381PCT/U82006/O4155% t he subsequent epitaxia
growt h process, an enhanced degree of uniformty nay
be achi eved across the substrate 301 due to the
reduction of any |l oading effects that may al so be an
i ssue in conventional techniques, in which one
transi stor type is to be conpletely covered white the
ot her type is exposed. During the corresponding
epi taxial growth process for formng the raised
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10 In one illustrative enbodi nent, an inplantation

process 320 nmay be perforned, during which the first

transi stor 350 is exposed while the second transistor
ﬂmnmyﬁhe covered by a resist mask 321. Duwkmgmmh@unsw

N ant at i anted into the regio
e i el hputy r“ﬁﬁ%@ﬁﬁw B REBH b b oGH e BT bsc
301 (\Mc], t(Pth muon%ﬁ%ytlogdl a%&s t[m may a s%][be eae §sueo 1fn cosntwgn onnl techques, in which
he I ncreased covalent ra UyS genera
one irz&tﬁtcﬁr&@»ﬁh ) E&zhp&&lymaﬁﬁede.thﬁlb Gk ent.l t&be xﬁxﬂ&s@! a:)dﬁhgghe corresponding
concentration in terns of inplantation induced
epitagie) GOV PECATS @ﬁ@ﬂmyheb@sed SeBicpreloniir regidns 384 819A gessmall amount of germanium

QRGBSR 038, B PIBLETE, Ol USROS, LALOD. o

mstahcgnh&%fﬁi t'tanﬂ:L& 3(% ﬁ% ﬁﬂHs@ﬂI@ lu%bodi"fmu@ Q}H(%a!ﬂe bgaico 5 s§ §07@¥ons1dertd
be performed to re-crystallize the substant|£

nmmannﬁphw@edmmm@mm@ﬁuaﬁﬁdmnmkmEmbﬂ@nﬁgmﬁm@heacm%aﬁahMMnenomm

nglate 302, therebg formng a highly strained .
case ey KRosifior Pl st e f%@}eéfgqnwr Bt de&cwmlewuemewtw RAM

area, q}h %h Alﬂflé%ky% alrydu eﬁ aezéo%{} of 5%61 1 wl%ﬂﬁ Zm ga%&stor%Sd g %{_)eguahl%%g yc:ease strain,

to e req
g a![xfbnb MudidBe bhRBSES 0 Em&égmon-l;lfb@c[s@ﬁﬁ ‘in@)? be pterh?&mefducfut tm;.evfrhmh the first
20processing for conpletlng the transistors 350
Hanswbﬁwxmeedoﬂm Fom srechd axsnsls@r poevy b sivgteddesaotsxsbe@kk \Mut hDuring the
ference to Fjgures 2a-

ST 4t 8 b"e‘ﬁ"@’nﬂﬁ?dn‘étﬁtﬂ? R Hﬁl{@%ﬂ%ﬁtﬂftwepﬁmo@e%awoherm

wlnclmyy 1@:@1 t@gﬁgsggd%gasWOF rl]IQthu 0 Wc%&%gcygvsz [ 1a 1us o tm enexgt!?lg a lattice
redgi ons 336, when the creation of 1 rain

disto BV AorOdtic@dn e cim{ay a iﬁgiﬁﬁﬁbﬁx&s@ﬁ&n&t e oﬁﬁlpihxﬁa\(@{jm@yadtcb}ﬁentrauons may be
i npl antation 320 i s considered appropriate. For

feq“”@sk awb F@prpmmwhgmz ytogieprg’i of pyprmeleviicoegion 8¢fi maydy substtizligiamorphized

dmm th ) g on the basis of a strained
€ dy BERITET P PP e ity oL e Pl Gt & pp
substdNri &) BRAE izl | | 2 g
chaﬁnef"ﬁ% B B B e Bl LRl % el s o iy
straingdprtstal sgucBird ibl @k re@ian 33 As b epteaRtical theQmiti:He GdeR Gein3D 0 mBPds increzsed
be a I|ed rior to the formati on of any drain and
o a \éabla r3 é\ fioé]g:fc‘g}h gbtanv\ﬁ@ Fegquwd mjopylity rg@n o Hinpiesert350.  Thereafter, the further
pxoces)aa‘,mb fo1 corgqguﬁ% Lhengmusgpsl JI’Tp| an? maarn tcg;%%%ehglﬁgseglgvﬁorgge qc.,bbrﬁled with
mmw&g@ﬁ@gggmgmdopant introduction for formng the drain
and source regions. Consequently, a highly WO
2@@3%1@5@@8@@@%@8&@@ 6041 559ongelcac tiovey parfionamritent a preceding
nprovenent may be achieved with a high degree of
fmﬂﬁ&%&ﬁS SE FBPISiES7 330 Hiea d striRg o fpheotus 74 dbpive gn@@meﬂu‘mm achieved
by the M\Eﬁé@@{t g;?)ls ¥on¥“de‘i (Q Hprc;&s tg Slsor)éxalg{)lta ei{cl: ﬁ%zéﬂg séth:eve Iélév(f‘clg ?Qrﬂ)%! a strain
enginde MR bk ORis POV RIS Sen@Bndu R ANEE mba B A il pf‘lZQC{ foatl‘hﬁlam:el transistors,
formation of strain by nmeans of strained or rel axed
wmbg nﬂéoﬂ@memGwCHBManahOfHMQ&amwammaﬁwmmd%&@@CH&Spssmahnﬂm
hayi ng greater covalent 5 radius conpared to
‘mp‘a‘&éﬁ"?ﬁfﬁ%@%?'?o mftyr?e arpBtRIeee e rsitiPeepRe iy @de?%f%ﬂovﬁ flerein, in
one elﬁﬂohilmglg cl!ﬂ@o%ﬁg REH lgnQaqgn &E%ﬂy 'bér:l mc'hted gsha pre- al?rxu hizatioy implantation to
significantly reducing the rls or stress refi et due
enhandeQheGORGhOMRpAE HORluaRg fok &ﬁ&uhg?tﬁe alah agitsSorcelrdpiohd. | dsgdefudithy VEhighiy
enbodi ments, the atom c species having the increased
coval ent radi us may be incorporated by an epitaxial
growt h process on the basis of an appropriate
precursor material, such ag;tin hydride (Snl1,1).
Mor eover, by incorporating the atom c species by other
techni ques, such as inplantation, a highly localized
strain engi neering 10may be acconplished, thereby
offering high flexibility for process and product
desi gn.
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The particul ar enbodi nents di scl osed above are
illustrative only, as the invention nay be nodified
and practiced in different but equival ent manners
wapparenisito those skilled in the art havi ng pichaiszooso41539
benefit of the teachings herein. For exanple, the
sclccﬁye@etégagangatnép gvepitt mp)d.}etaﬁma%vl@ a h&ﬂ&/d@é[éb (fj’ EPSEgwWityxiging process
imtations are

t(’)(,hﬂ\%l{:b sgl)atan 1a 1y wagﬁué grasélty ggfelctmg g)g (e Cg%lge? Eranbx%zor on or design

herneh [Esﬁtht‘ﬁw csertnb&Ftonth@QesQ§ 1mp;lv5@dq&§;§([uk Re e kndiof strain by means
clains below. It is therefore evident that the

of stpapd praetad seaivhoiditarentega! di B hosedc albowesurays thehaaht e covalent
or nodified and all such variations are considered
xadwwcctxwrtrﬁd {ol,gémgewbé\, %Cﬁworgtm 1'11|iotr6363f:tw8 I(:xé:,[ql H‘Vé’ﬁf{’iﬂéﬁc‘i semmonductor layers,
[hercﬁp Anﬁ@ 110111% pgflﬁg folbsg sto 1{3&\/1%?(:1 0 (,% tImneLaPcm and at%ceads efed f; In illustrative
emdeEztehQ dhe @(Qrﬁ@ﬁpb(ﬁds N@ing the increasell thmerﬂ Qadiuk thaf b€ Mycforkkel IRy epitaxial
sem conductor | ayer conprising silicon, a crystalline
gm“@t rrqgest gn ge drvistol en dparsirigte pfecwiol ngail, swmldasatn Hydals {Sngie Moreover, by
further atom ¢ eci es having a covalent radiuys that =
mcorpcgaua%; Zl(é.’ft%rPlc T%%cﬁ gotléeb{?gllxuéllxﬁzf syel 1l}g[anéafiorb éﬁ%}h Oﬁ‘ﬁ?efi v am engineering
may Qeoa@ctoﬂsﬁshéé" ELJ]Cb} Qf?ex u(ﬁgl" h‘!’g%tﬂ@\]ﬂJllh)p@r p?‘(ﬁg& 58 %Mﬁttd% r:l ayer; and
usi ng said crystalline structure to Create strain in a
f i mBdpasipee bdioaichedisaiiclond dbvesaiithstBewioalQREME fn@ftidn @@ be medified and
. 2. The method of claiml, wherein formng said
Pm“flf’?dy@ tdifferepirast equivplent a\a@me GWFI}‘ dedos piﬂtieéxv el 3y I@‘f*wﬁhﬁ penefit of the

Leachm S pe.mm i’or ekampﬂe the prouess %te f Fe??orth agove éherrfcrmc m a d1fferent order,
SPecies USiNg™s A F7 e & d6nhduet as

Ful[h@img{eot\’ét Ehmltat@)ﬂpllr@tneended :E)b- thel. &%ﬂmtcmgmwn of ld@lﬂmhgmm m% %kh& than as
epitaxially growing said silicon and said at |east one
desctﬂ)@ﬂ nherhatsde Bpeciés dgabdsdd paticular grbedingOitsclosed above may be

rising tin and hydrogen. 4. The nethod of claim
a”@f@é Of\m?é’lﬂ@c} s Sél"hp‘r‘aé‘ﬁ‘lﬁi‘ssﬁ‘? qgaEGnpiitinseu gt T riviH e fhg gvention.
Accoxsdinwlghl%l pm?ecb O%CSjou it 11&‘819 18 as set ’fmtwga%’xe clagns(;go m ng sai d
I'ne structure conprises p05|t|ng sai d
S|I|con and said at Ieast one further atom c species
in a substantially anorphous formand re-crystallizing
said silicon and said at |east one further atomc
species using said crystalline sem conductor |ayer as
a crystalline tenplate. 6. The nethod of claiml,
wherein formng said crystalline structure conprises
i nmplanting said at | east one further atom c species
into a first portion of said crystalline sem conduct or
| ayer and re-crystallizing said portion using said
crystalline sem conductor |ayer as a crystalline
tenpl ate.

18



7. The method of claim6, 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. 8.
The method of claim®6, 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
Whgpieclairhalisr egi on of said crystalline sem conductor
| ayer, said second strain differing fromsaid first
strain. 9. The nethod of claim1l, further conprising
[. forminngha, gabgiwlgect rode above said crystalline
sem conductor |ayer, wherein said crystalline .
st rigERiE e njascr s iegse il eon ductprdpr spmpfifiaesilica, s aivdlabiate
struBh 8L B %asi? sitichi@ndBt Rod oo %l?tlhglj zﬁr(%rg iL s[a&riésgw%(/in o a covalent
conprising formng a recess adjacen 0 sai d gafe
radigh gut squietanihnforovilog radivt et maniparit cenaofvikahdcrystalline
genc‘r(%/ﬁlﬁtvl)!i,n_e_stdructure within said recess. The
S RGO E Wm |, wherein said crystalline
S enisa@nauics- Pial lidy@iuc GBIk &esSstdiniy faf fRk: shadBEd region of said
conprising silicon and at least a first atom c species
SCMAORERCIPHAKE ST | i con. 19. A net hod, conpri si ng:
formng, in a crystalline sem conductor |ayer, a
crystalline structure on the basis of silicon and at
2. | eate nprteod efrddier |, athorvincfospiagiseis chailing structoreadoenptises

I adi that is.greater .th coval ent radi us of. .
opitg LD ol Bt T g QB0 oYL B SpiiFesine said
crysad| g @ns@eduas: lapdras a gfdwigtenpositi on of said
crystalline sem conductor |ayer and re-crystallizing
said portion using said crystalline sem conductor

3. | ay@le Sh GTYdha, WnBeid &Rk ial Loro@M said silicodShf%id H @ast
crystalline structure to create strain in a first

one dpydlest fioguic pregies fs tabedsa dprsenia ondugsiog ik aykhydrd@nA
met hod, conpri sing: formng, in a crystalline
sem conduct or |ayer, a crystalline structure on the

4. baslile nefih@i dfictom 3ante@in darggtcuane if ditphesd @t yaride.
speci es having a covalent radius that is greater than
a coval ent radius of germani um by depositing said

5. Si i oReuRich el l?tvllbl%@!slﬁl'tﬁiﬂg sdid HJ@@JH.@tsgmtﬁre%eﬁﬁtia%

in a substantially anmorphous form’and re-crystallizing
depesafing id §ilbesn and said at least one further atomic species in a substantially

amorphous form and re-crystallizing said siticon and said at least one further atomic

species using said crystaltine semiconductor layer as a crystalline template.

0. 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 crystaliine
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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and said at | east one further atom c species using
said crystalline sem conductor |ayer as a crystal |ine
tenpl ate; and using said crystalline structure
to create strain in a first specified region of said
sem conductor layer. 14. The nethod of claim 13,
further conprising formng a silicon/germani um cryst al
in said structure and inplanting said at |east one

of siant ineniddiromegoispeci es to adj ust the ampunt of strain
in said first region. 15. The nmethod of claim 13,
further conprising inplanting said at |east one

8. furthene@b®pt GaimRe Gl8Rr LéhSidn tsﬁ?&m;ng%lﬁ hORas$ Bn@Birth &
create a second strain in a second specified region of

atorig Porips/Stodl Jeroi! RETincOMd ie pigrieliagemd salndn s swsondispecified
reg Sh o"f“» Ad g%fsifag{n'e @an&?(mﬁ@'i guf lsg ﬁtsc%soiﬁﬁ 21.[15”1 dlf"lC! ing 'ﬁom said first

“transi st evice, conpri
stragonpri si ng silicon; a crystalllne sen1conductor
| ayer in contact with said first [ayer and having a

di anond-1i ke crystalline structure, said crystalline

9. serfleanebst orcldiaye rmmfrwm]ﬁﬁsngo @8k @SSrel UGN ove said
i on being conprised of silicon and a further atomc

Ci‘.‘/‘égﬁge& éfémﬁa\sivﬁ@l s %%m\»aqdems@lb@ Hiupiugein formed ayiid a lateral

offRf WShAl Jaldgecpbisict ure and having a coval ent radi us
t hat |s greater than a coval ent radi us of germaniunm a

gate el ectrode forned above said crystalllne
channel

sem,conauc
IO. n?’l m%l rata(ﬂrs (,Iiasn 13() 1 %\/'i %Oén%fmn@laigitmngg FCQRRF dé‘}bﬁl%é% cad gate
e[c:(Stt)EfeSlSd- ilondhhglan@asﬂ@g)loﬂmml(ﬂ shiQcABE i studli @l itanchis QUESE

r egi on.
[T.  The method of claim 1, wherein said crystalline semiconductor tayer comprises a

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

12, 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 implanting said at lcast 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; and

using said crystalline structure to create strain in a first specified region of said
semiconductor layer.
13. A method, comprising;

forming, in a crystalline semiconductor layer, a crystaliine 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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18. The transistor device of claim 16, wherein said
stress-inducing region is said strai ned sem conduct or
material so as to generate conpressive strain in said
channel region. 19. The transistor device of claim
16, wherein said stress-inducing region conprises tin.
20. The transistor device of claim 19, wherein said
stress-induci ng regi on conprises gernmanium 21. The
anddeidi ac &agifone Ifaiimer 4G mivdyecies nsitheid ¢oysbllihay@iic@aMpPoi Be& as a
er |l ayer conprising silicon and at |east a first

ff
“yié@ﬁ?@”§ﬁgﬁﬁﬁg ot her than silicon

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

semiconductor layer.

14, The method of claim 13, further comprising forming a silicon/germanium crystal
in said structure and implanting said at least one further atomic species to adjust the

amount of strain in said first region.

5. The method of claim 13, further comprising implanting said at [east one further
atomic species into a second portion so as to create a second strain in a second specified
region of said crystalline semiconductor layer, said second strain differing from said first

strain.

16. A transistor device, comprising:

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 silicon 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.

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

a drain and source region.
(8. 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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19. The transistor device of ¢laim 16, wherein said stress-inducing region comprises

tin.

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

2. 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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