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According to one illustrative enbodi ment di scl osed
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second recesses are filled wwth a second
sen1conductor alloy that is defined by the two atomc
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According to another illustrative embodiment disclosed herein, a method comprises forming a
semiconductor alloy in a first active region and a second active region of a semiconductor device.
Furthermore, a part of the semiconductor alloy is selectively removed in the second active region to define a
central region formed between a first portion and a second portion of the semiconductor alloy. The method
further comprises forming a layer of semiconductor material on at least a portion of the first active region and

filling the central region with the semiconductor material.
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The di scl osure may be understood by reference to the
follow ng description taken in conjunction with the
acconpanyi ng drawi ngs, in which like reference
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Figures a- |j schematically illustrate cross-sectiona
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thagebmtissy @ 1aae bf theding @gicomiscior Wh@r Bie et fup@bmprises forming a first and a
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of a sem conductor device during various manufacturing

stages for formng differently strained active regions
and res-ectlve oate el ectrodes, wherein the gate _
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the subject matter disclosed herein is susceptlble to

various nodifications and alternative
Figures fa-1j schematically illustrate cross-sectional views of a semiconductor device during

various manufacturing stages in forming differently strained active regions on the basis of a semiconductor

A
alloy according to illustrative embodiments disclosed herein;

Figures 2a-2f schematically illustrate cross-sectional views of a semiconductor device during
various manufacturing stages in forming differently strained active regions, wherein an upper semiconductor
layer is formed in one active region and subsequently a centsal portion of semiconductor material is formed

in the other type of active region according to illustrative embodiments;

Figures 3a-3g schematically illustrate cross-sectional views of a semiconductor device during
various manufacturing stages for forming differently strained active regions and respective gate electrodes,
wherein the gate electrodes are formed on the basis of a mask layer in accordance with yet other illustrative

embodiments; and

Figures 4a-de schematically illustrate cross-sectional views of a semiconductor device during

various manufacturing stages in forming differently strained active regions, wherein a respective
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by way of exanple in the drawings and are herein

described in detail. It should be understood, however,
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the i nvention as defined by the appended cl ai ns.
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ti me-consum ng, but woul d neverthel ess be a routine

pEFNEED bRk TidN lt”ﬁ%ﬁﬂgm%lg' nary skill in the art
““#*VTﬁg“T%E“%ﬁﬁé%r i scl osure. The
Pr eSLiBis ilf{iv8 GhbolRHed 8 1WhhdniidAQW B8 1EBSGHT Red uWretstQ)f ¢larity, not
reference to the attached figures. Various structures,
al} fsqu efe agtped| indhsnireagisn @ descsiodd it ipecifichtign. die pinet edrst ke ablhe;aated
aw ngs for purposes of explanation only and so as to
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Never t Ache ngs ar
cond@IRE, Mhb[&w;ﬂ Klzﬁly Wn@lnﬁ)lehlﬂltd&l&lﬁ Q}Bl‘héf eMEXRIN! £F beoaqurtt,cﬂ@d that such a
present disclosure. The words and phrases used herein
devaddpoen effopenighnderstioad @meodsmbiay, Pt @bu@theteahet@\be a Bouliie amiei@ing
consj stent. with the understandi ng of those words and
m”gﬁ?§§@§“bVﬂVﬁHgﬁ“EWWFF%ﬁ“ﬁ%”Wﬁ@WF@F%vant art. No
special definition of a termor phrase, i.e., a
definition that is different fromthe ordinary and
C USIhe préde sﬁbﬁ&ﬂﬂmﬁ@ valp noU\nQ@Es@rﬁb@@dlthk}yfergrlaé)%QhesﬂmcllédQféur!:sn Various
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struchfr E*ISM%E@'HS endrieiges ﬁhww@tm@r@wlmd inipe drévénge jot @miose badkpl@ation only
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consERO 84D B4 GRS PEThUS 206 AWoRR 2@Phrases by those skilled in the re!ev*mt art. No special

definition of a term or phrase, i.e., a definition that is different from the ordinary and customary meaning as
understood by those skilled in the art, is intended to be implied by consistent usage of the term or phrase
herein. To the extent that a term or phrase is intended to have a special meaning, i.e., a meaning other than
that understood by skilled artisans, such a special definition will be expressly set forth in the specification in

2 definitional manner that directly and unequivocally provides the special definition for the term or phrase.
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General ly, the subject matter disclosed herein relates
to a technique for creating different types of strain
in different active regions on the basis of an
vaprhaglegissen conductor alloy in order to ingevidiadYeso
enhance transi stor performance of different transistor
types. As previously explained, silicon/germni um
nat%rlal whi ch represents a frequently used

s e e B‘Ple%il"la%dlfca)r‘edﬁﬁ&o rea*ff:ﬁg adgcpup for ﬁeama:%féﬁrm@wes of
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btalning a respective strain
enlﬁﬁc&ﬂ&isx&&q&ﬁorﬁﬁlcé SatitclR | dansBSE SRk ﬁbﬁ&lw@:@l?@ﬁ)ﬁﬁed silicon/germanium
t echni ques devel oped for P-channel transistors may be
magfidl.i elidnteprsentrs @ drefuonly entianicngucton @ilgh@r g@vitiay Kl in P-channel
nmobility in N-channel transistors, Thus, in sone
P PPEY A et TS s THelPi W laini 2 ensEitipiBdinden- @emel ietsigiprs so that
)k .0 0 um nay
welZ%sltag}é}gg gbg;rc%lg teé:QC ufhsf %eécﬁo ec{ I‘f‘o(r) nr}/cg%mem%ra?s:storsnxa %{H ?eéﬂs ﬁe% for
enhSdcaly bhe cidfge b@AB oty BN-HPRE fraR Q54 1 Bs, Bf sofe iﬁ]@ﬁﬁl@&&ﬂb&ﬁments an
channel region of the N-channel transistor, while, on
emietizd gpmivendudta ritdy inghe f@is pladitdriger meng $6 isvin &iﬁb[ﬁtﬁpﬂatmyﬁ gd&ion
created in the channel region of the P-channe
% Brafidist Bisie fa. 1HRas fers @prst rostion piioispesErerpbaniicl repion of the N-channel
tran\éﬁl)xj Beéb)gg‘ Iaeﬁ%%gﬁ%gresﬁe%{nie\oétﬁmp? I ; %@a@%gégyﬁggﬁﬁiﬁgﬁhel Hage“?n of
the ﬁ&ﬁinﬂ@%arls@topr fAehe taQ AT NS b, S«z@mes‘?agﬂ%c&@rﬁweaépu.ﬁ}ﬁl wth
an appropriate configuration for inducing the desire
teckinigre ol st wsad in winiblngioal @b Gvapred haliinggregimbti Ghordhe gF @RvieS e
process conpatibility with conventional process
SRR iRs™ 4p dPRrRTiYe Poatdigyertn, fof idusiogree jdpsiregs peaafisyan while also

R AR TR A e L
sonke NEEQRE b@Fodimedls, 8P &u@bnaldas al@)@trday 6 hEE QBSR achve regions in a common
correspondi ng patterni ng sequence may be perforned in :
prog@ssgementepnd, dremfar, thest sfeig ageo neibisi Calresgomifid Gudrats s@enf may be
sem conductor alloy and base sem conductor materi al
perlpegied b PBP NN ™A ﬂd@gﬁeﬁ‘ Sepmairied spriagaiop 1pf tspreiconéigipre ol vied base
sem'f&glh] 90?‘111 u%:liaf %r g\)‘?ammrg a des dead A tfterence "gshf ae%g%eftgf Ing&uc%iosﬁiuizsﬁb 61& gxfferent

exanpl e
muﬁhhyﬁon/gernanlun1a||oy in the active region of an

N-channel transistor and form ng thereon a
silicon-based material, a high degree of tensile
strain nay be i nduced, at least in the upper
se rﬁo&%m?y@fovﬁﬂg é‘rupsgxptldlix ‘f?é‘l‘"é‘b’? sn]g:p@gf,rnpaplera ol P the active nglO!] of
an l\?[h}xgrﬁlgﬁnjar?lgtg:‘ (g feor nﬁgﬁtfae&er%] a con !)ased n}aﬁreml éxct:x zh E'eéreF %tg?n&: stbafn ay be
indutddEat Rast RARNEler ehBHSichE @Eterﬂﬁb{lerp@ s@ﬂ@craﬂ@rch}éﬁcﬁllg Yhe electron mobility.
patterned and refilled with the sem conduct or
On fraoderihaild, thevbiliohzareapiutmhoy @ xipexivengen af i ghhdegragsi@fmay be
COHEYESSIVE strain so as to enhance the hole mobility
APPPR R ]é|Pi‘ftequ1a”6f‘ﬁ‘§?d »ﬁwd]teesgglc?nézgfoﬁﬁgtermt JBick gng)p@@t qxge@ence a high
degﬂ?eeﬁ'l CBIQEQ%H&J Bhin @cl qug%nhhnﬂ, {he %019 Imfcdglﬁ grtcmaqt er p{roﬁegsr F&Bg}es the

ornmed in separate rocess sequenc®
respﬁ:[:ﬁb\/sbrﬁitoﬂ@ctbﬂﬂ&ye &Sl&@ifﬁkﬁ@@ﬁ@rei:&@ &h)hielfdrﬁ]éﬁ in Je&rdﬁe%&@?ﬂ%quences
illustrative enbodi nents, a correspondi ng nmaski ng

therqbe gpﬂ@nglmgpﬂwmsve tlexfodiry. stefhmmilweiuye emB@IE:stH, A gor@sponding masking

condugtor alloy in one of the active regions,

g QTR 7L " (e D B 6 PTGt A O 26 Bpacive repins, wheren a
correspondi ng mask regi ne may al so be used for formng
respective gate el ectrodes, thereby obtaining a high
degree of alignnent of the correspondi ng gate
el ectrodes with the underlying strained portion of
sem conductor material, at least in one of the active
regions. On the basis of the process regi mes described
above and described later on in nore detail, an
efficient strain-inducing mechani sm may be provi ded,



It should be appreciated that the subject matter
di scl osed herein is highly advantageous in conbination
with a siIicon/gernaniun1seniconductor al |l oy since,
wicomodiakgs material , a plurality of well -estapbi/g886h022650
sel ective epltaX|aI growt h techni ques are avail able.
CO"A@"’W“& mash gee g mﬂmlﬁqéﬂuspchfﬁre‘?rm@a fechtlmﬁa@ clefgrodas, thereltylybraining a high
d%%e ﬂﬁ’g“ |sclos%d her ei % | so be applied to any
VBt B U S SHEWRIGR 84 f‘a{/ﬂd“ (e A0y EESHEP GRfFOS semicon-
duc%pgat&ﬂteat lehslﬁﬁ Unevépﬁg %h\@ régn)ﬁ Q)(Mh% gzl%tp Qleﬁ R)ges‘;drl: f fe% %gcg%ed ahove and
strain may al so be acconp i shed el t her an‘inverse
desg@aIBErfoh Giahorecdii, i@ effiddnt OEin- GORPAMEHantsR nﬁﬁmmhﬁmﬂ My even
whi ch a silicon/germanium naterial may be used. It
be (@mbmddmﬁi yidtipreliechiquaspprtes itatseald vithats, sireysed shdhivtll Qe adae like, in
4 ter atlvelé to sel ective epitaxial growth
or ‘fré HifEhE&mhalse B Rl frisTde eSS or forning a
sen1conductor all oy, such as inplantation, nay be used
in conbination with the subject matter disclosed
her giskould W3 epgbdhied URS tidNdubjath Inbuet R8BS AN RS Kil; gﬁ@ e{d%glagﬁﬁé in
may be used. In this case, one or nore of th
Cm®@§peewh96mepMFaxma1wgquWhanmoess@&dmaym®@ i @piabig @l weil-

e gorresfondin ion inplantation process. For
esta i%eﬂﬁ? eétwe &Ry aé &8 ée{:Weséfqawgﬂenﬁ? wwé:e @:qplfa@@tmv@p {fp more detail,

the &%&ﬁ&s%is%e&{émms 9% %pfg ed to rn]yt [i?:g)f Ie conguc olaglicrs)ﬁguc %s s:?:con/S arbon

i'n combi nation W Istic
and R Gkd) @Ferel 1Kk c&m&lmgtdﬁﬁl%ﬂde%ﬁﬁn mehs@S @@%coﬁlﬁ@ﬁ&@ EiktBGyith an inverse

silicon/carbon a very prom sing sem conductor alloy In
gwmﬁw%hnﬁ%WGnnmmbhwhhempmesgnmwumssmaﬁ@ﬁewmewannnh@y@hwd It

P |ve epitaxial growh techniques for this alloy

shog ff ‘2:8& % "é’ﬁfﬁ‘i”@ﬂdﬁ'@t B P TReL B ATy tPryTicstine 1geite ﬁahgrpwm techiriques,
Othegr: gé%g%:f?r\%ﬁg segﬁc%g'cﬁlﬁ allcRefuc rars I”Q mta Oggnéa lﬁlr &3 m c?in!{mtlme hwth
the Eubject SR GQMEK Gb6i, v@kzrlat@){ungmaﬁly %@%&ﬂefnlm@mrlgy&ﬁnes %%P[Q ukd. In this

S|I|con/gernan|un] may be formed in a conmon process
Cdses@qwen’e'e of e gesifeftive epiarid sewihgronies aat beveplicaigiyongorresponding ion

rein, in a later manufacturing sta

‘m”‘é"é%frﬁ"’b%?fai}c'f"bf"%l‘f &ifijogfrarbog gliops mpy b%%f"Fﬁ“&"gweﬂefe&y Ob@e agj§ tfegion
lmp]‘grgzﬁltgip ﬁra%{j S“‘i thgn)l/)g]?ttoh Vifth rs(ﬁvglst%ﬂgﬁt ;ﬁe amoréﬂ?azakag’ ; r%%giels 6néi a)rénee&l t%cmlques,
ther@f r@lldBity GRHHQBPORNTEN groth,mQ s@AdoR1u@dr A8y 9 AEnUNBYon! B BheVifesent
~the sem conductor material. WO
discpYFRYVOB G FEPET SRR/ HPAG8Mniques for this Wb ygryeurteatly be difficult to be
chematically illustrates a sem conductor device 100
mW%%WﬁFW§WW§Cﬁ%§@W§?$éte 101, which may represent any
appropriate carrier material for having fornmed thereon
a sem conductor layer 102, In sone illustrative
emredi-jend Figulehaa$H &bk CerbilmdBYwill ERNESE Abscrbed, in which a
silicon-on-insulator (S01) substrate, which may
Sem'@‘lﬁ‘ﬁ‘mﬂ{ gley elryspengortmpr st e sib@n/gdremivmBhe e dibrmedsitl @ RordiBon process
including a buried insulating |ayer, such as a
“’Q“%‘C‘b lﬁ“ral Y 28 ¢ feE8h ﬂfd%se%% WheIsie 0 4 it MBpERRRYE Bigevinesipnductor
md{eggﬁ%lalleﬂ Slﬁ(g)?rq’!gl fbggjngeﬁ‘br% OQ%%taarve @X%ras % %Qt'lﬂth)Oﬂdnu%ﬂS lager
whil§ lid theCsddand@iive kdg@h,,an hida d@tr&@fndlhgl tl) b Sakel &Etfoﬂ@m@m@% tf@%l&)nducwr
the substrate 101 may represent a sem conduct or
mategglpst rat e, an upper portion of which may forn1the
sem conductor layer 102, In this respect, it should be
appreci ated that any positional statenment, such as
"above," "below, " "lateral," "vertical" and the I|iKke,
is to be understood as a relative position information
W th respect to the substgate 101, which may be
considered as a reference. In this sense, the
sem conduct or | ayer 102 may be | ocated "above" the
substrate 101 and may extend "laterally,"” indicating
that the sem conductor |ayer 102 extends parallel to a
surface 101 S of the substrate 101. Simlarly, a
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The sem conduct or device 100 may further conprise, at
this manufacturing stage, a plurality of isolation
structures 103, such as a shallow trench isolation and
widhodhdees wWhich may be forned in the sem copgugtRhrnzzese
| ayer 102 so as to border and, thus, to define a first
actFwaﬁﬂ%gwﬁﬁwamﬂmﬁamdaamsswmmmda@tﬂwﬁmmmgmpnmﬁmﬁaan which
In this respect, an active region is to be understood
M EPES N @Bﬁaﬁ&'tﬁwef MBI FT REPE ﬁf@m?ddrqrﬁéw quer-iuﬁor lggpr 102, In
R e B e et N GRT P PRy oo e
mag QipE% anyQbpréfAfe RFRSRIMEaI &Gl QWA Beludi a@@rteli %gilaruﬁ@ Y& such as a
may even further be understood as a sem conductor
buflﬂégh@n divade lvg (o shora ob Rbicieingy Brformeicid semingd@tod BPEAMIZ, which, in
rofile so as to forma PN junction at specific areas
létﬁtfaﬂvetewgod%fif Ry !?eé@)reéeﬁted lproxrsshégpaﬁaﬁp‘é Inloﬁertlwétrauve embodiments,
the %‘&U&P&' ]%@é %Q&X}ﬂa e,epmc;'):;%dgclrl %ui}( L{%strate aﬁ u?p%nt %o\r/t%n ' F \gh C C]aap( Voém the

105A, ave |ncorpora res
senfORAREr IHANOENT &Y teQRer SOshddd beapPt Vel At Ry Boshi¥RCstatement, such as
conductivity and an N-type conductivity, respectively.
“abfef” “eloantplieral, 't teaicdl] méthe ke tid w Be unégoodas 3 @RbverFBytion information with
represent the active region for an N-channe
"esf’ce?*é%‘é‘? wpsppe %th”hﬁhwttﬁé?"éﬁemd @ hglpencenig mSpmsmhe ekmichesipatdr fryer
102q'na§ bg ¥Bkd d&%&@ﬁﬁeosgtg{rate ]Oiﬁl d¥rfay exﬁegcs ndt%aril glgtcall PI%‘? Shg (s:eglpfgnductor

ive region have orp
laydN1 G2QRBAL pafalel BS: skrfce f)@‘(ﬂf ges 8N dh Y@iﬁuhﬂ:ﬁ nidM&LéSydf ¥ semiconductor
appropriate for formng therein a annel
layer ri@dheysindrate aVpri@evest, theodeesnd@on fayg UDAN ONGc1BRYhatie substantially
contenplated in other illustrative enbodi nents. WO
Perpspris s A6 EIeEd!$/520071022680 The semi conduct or
device [00 as shown in Figure 1 a nay be forned on the
basis of well-established process techni ques, such as
t hetpaldi@nditiigical 0ERREGkeY Bonbh&NE h&smzamn@ngsy% SOMERE o
refilling of the trenches with an appropriate
isolgfiow stagted €03 mmethessi aadhgllog ueth aglaginl dnd o 1igk, Gusickl @hay Sd Foln@@ M the
nitride and the |like. 5Figure |b schematically
SeMCPTIPAY fayt &2 sp Rto SudHT ke %ﬁ“ﬂ‘e%[é@“’q@@c’ﬁ 1954 afdgrsechidractive
reg‘ggl\é)%g glgqnisr@sge Secaét(ll“:{rr re%:gn :s% &l% uréciﬁ%tlooél ﬁif. Tﬁ:gorggu:(olr ?egloi%[ havmé f%rmed
ther& @ o€ Getdiwgl ¥ spﬁcﬂrmyﬂdﬂglsmtﬁﬁ foRbordd; anélb%ﬂfet'mrgs}te c@:ﬂlgcuvuy In the
second active regi ons 105A, 105f3 in order to provide
conigxg S@@Cﬁ! qsapedioipanti mggive@fok, mal 068 furtfehie: vedelodats @ 6a6Sndld6 region
N % perfornmed on the basis of well-established
avip r"ﬁééﬁeff'ﬁ OGRS § Prebpef ﬁ%!@j@r%ﬁﬁv@ﬂwh & spratfie prpag itlgf the
actn&:h&mﬁ eﬂ)lr &grﬁplel %%&ml}bgéémmoi\:wbmrﬁeslp ?thhe acuve re YIO{IS @g‘k %ggﬁnay have

structures I'nstance, Se
incofp@ﬁ!e@ﬁ&elaﬁ Rspadd 1ad doghbd Bnofi@bitiod kd ds Qpﬂ?ov%ﬁ . lfp@&ﬁ@@iﬁvut%&d an N-type
silicon dioxide, silicon nitride and the he
con(@ftbfhy EFFG@E‘SS OB ampiey thbrstaoive regibil BdA swiClaprstnaithe autivd rgm& tror an
of the base material of the sem conductor |ayer
N- cTwi t%systob@d R i{}ﬁ't‘é{i!%ﬁt mCTHrﬂged thereiigyPrigne ﬁ@ﬁlm ﬁ@slarly in this case, the
secoftd }{.ﬁ%quoln N&n dﬁ?ﬂiv@&? Ao@n}ég lEhbrem a:g}\l%atanet(Qo aa Sto E’ro\rlde an’ﬁ “type conduc-

remaln in or rovi corréspon
tivit @ppk @R E Fodhind TAEEih % H-@linn@ maﬁs@l@r alMoYeoQ:F Q)Yﬂelngmfi’gurauons may be

correspondi ng seni conductor alloy in a subsequent
contgsppdieed pthettidyyratitetembidiowitd be appreciated that, in 5 an

SO configuration, the sem conductor |ayer 102 may be

bordered in the horizontal direction by a buried

i nsul ating |layer (not shown) and the isolation

structure 103 nmay extend down to the buried insulating

layer. In this case, the gtch process 106 may be

stopped prior to exposing the buried insulating |ayer,

while, in a bulk configuration, the correspondi ng

control of the etch process 106 may be less critical

since the material of the substrate 101 may al so act

as a corresponding tenplate material. After the
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sem conductor material, wherein a required dopant
profile in the active regions 105A, 10513 nay be
worawideds on the basis of an ion inplantati opeRiReEBS2680
based on a correspondi ng mask regine, as may al so be

us edhei spmigdtiyentdvishall devivoes Fiswnen mredpéutidve tebisyef vell-

emé] glons, ar | defi r\g I n ot hefr illustrative
SEPRBREL Pl e ctRatE L PPt B o9 higpwe lins of e

treng%pQr?hI aL ?pqrobﬂtetdn%cufmqgmingUQQS SHBOHSHIIORIHB 99&3? Qm@iﬁ]{? t%e !
order to provid basi ¢ dopant concentration t at
is appropriate for at | east one of the active regions
105A, 1058. Subsequently, a corresponding inplantation
pr oﬁésfs lresghepaicydler Hlommedthe reordéctot devicat KO duce figher advanced
mﬂg# [ cient anmount of counter dopants in the other one

C‘i“ﬁlé 9t i e F*‘égj*?”é‘i‘?s‘o‘iﬁ’seAP"sTdSB SYEES L FPPOYPUE” eereively
remg\ﬁr%loxﬁz?e?rig:‘]%% thd i rét ‘g‘g?h&g%rf‘ tll,l tg%feélous 0?:8 3‘5&%!}1' olfldgént’ {oﬁpmwdc éespectwe
opeMags YOSAQ 10618, ntl@r&fcﬁ BodeQN 00 hrayde GEYofmed REGE B:Sis off vQﬁ edrdBBHANESes in
the ratio of silicon and germanium atons nay vary in

ordqr ftpesei@ctiyady enava khe distet b toaregions 0FSdel0SH @ittodbdpal 1 thehi@lation structures
desired strain characteristics. For instance, the

103y S P BONK BT Sl BriPeay aﬁéabfer{%frséla@efdthff?sm% B SHigon joxide,

:,ath)nrp gttrrrgp% d%%ﬁ b?(héag%ggm&ensg{og%ﬁy Fegeontih getd es.trxng b ate a}.t ?ei%é(?rrt:etof %e base

matérRBdf theh@mitdiniosy 1aRf l@rrya?tb@hﬂalnﬁﬁedd th@C& &n@s’ﬂén’dﬂ@ crt/shlﬂme template
epitaxial growth process may be mai ntained at a | ow

layef, engtisgted apdvanee remaiin i apdehie progidesasyesm@mijng veridondodbr matrix for epitaxially
concentration profile may be created duri ngﬂ t he

rOURa “eCS'F?SRPé""é%ﬁFT‘%%’”éﬂOY ftﬁ‘%%@ FrOfsALS R @weess sigp plohenhy aprectatgdthat, in

an S%?ydnﬁ%raﬂc%qéﬂé geﬁn%rﬂﬂc?m Eager 02 r{ma' gor(%red n tﬁ%ﬁz%?tq%echon%y a%uned

rateSt e sem¢cC evi ce
insupliN&d (ZoathbOf) afl tRC®SBen sfr&'iuré ) h%l@ndﬂﬁ@ﬂc QB Bsnﬁahl?g layer,
basis of a chem cal nechanical polishing (CW)

In tpy @ressschipiverseldy mef bi ciperitphiy 1 @pbivE MgbEinyineXORSSer, while, in a
mat eri al of the sem conductor all 8% 107. Furt her nor e,

bulkgorligye P aricgrerRy s aRTaP! o the pieloocess gPaFﬂ"l‘;ﬁS ‘EIFW%SEFFHW fpterial
of thg &M}agqgl rgg%h(}autas a Horreil?agndm cméi%e m terxllgl 8&& the?ormauon %efea}ecuve

Fi gure chenat i cal e sem COI’]

opertk@V il @R, HOR) apfopaad Mﬁleh%fepﬂ%%@@@ﬂnﬂ@mu;nﬁp% WrebdADtnS LAYE of the
At this stage, a nask |layer 108 nay be fornmed to cover

templdtrglaysiel®d foela wibseduoms eriedi! o wd QB8 sswiiorlcgmple pel-sngtishdugrobdsy i8dipes
ve re ion 105A to an etch anbient 109. During the
%Vtﬂiﬂﬁ'@ prods Beglerygam o BOF | ’ﬁﬁp‘ﬁf‘“‘tgrPé"”‘e?{ﬁBes@ﬂ“S“ed silicon/germanium

md@@rmaszgmﬁg&lataﬁ @A&x tme%oae% oy ietlor Ay mtn;t]a‘%‘e fidel 35, G L Y& ficant

region be renove
material depos&tlon on other exposed surface portions, such as the isolation structures 103, is significantly

suppressed.

Figure 1¢ schematically illustrates the semiconductor device 100 after the above-described selective
epitaxial growth process. Hence, the device 100 comprises a semiconductor alloy 107 in the first and second
active regions 105A, 1058 which, in one illustrative embodiment, may be comprised of silicon/germanium.

In one illustrative embodiment, the semiconductor alloy 107 may be provided in the form of a substantially
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5 specified depth, which nay be sel ected such that
subsequently a sufficient thickness of a | ayer of
sem conductor material, such as silicon, may be
wapisadiechsi n a | ater manufacturing stage whi gdrgeoRAR26s0
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mask | ayer 108. For instance, thé mask |ayer
profees upy Byvmatiethedd a BwSivdli Bowavetliioxtieth@serrady@ertial concii@itbn hld@le may be
| ayer 108 nmay be conprised of silicon nitride.
creajed é\"@&f“‘r‘ BeCrivE WEX BRI PP B SePtOBIE el dRAQ ramBiye s
patterned in order tqg define a respective opening
above the second active region 1058, which may be
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actifigre regehenmid0b8llistuea that@ticonmnuf astceinongn st agre difinced
other illustrative enbodi nents, the size of the
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correspondi n
dielectric material, such as’silicon nitride, silicon dioxide and the like. The mask layer 108 may be formed
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5 gate electrode, may be provided substantially
i ndependently fromthe characteristics of the
sem conductor alloy 107. For instance, if a respective
wipdossdsissll ation layer is to be formed on thg-pashé @isso
an oxi dation process, the respective oxide may be
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Figure 1 h schematically illustrates the sem conductor
device 100 in a further advanced manufacturing stage.
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For exanpl e, when the sem conductor alloy 107R is

substantially conprised of silicon/germanium which is
grown on the tenplate |ayer 105, i.e., on a
substantially undistorted silicon nmaterial, the

sem conductor alloy nmay have a slightly reduced

| attice spacing conpared to its natural l|attice

spaci ng. Hence, the sem cepnductor alloy 107R may have
the tendency to expand and may thus transfer a
correspondi ng stress into the newly grown

sem conductor nmaterial, which may therefore receive a
certain degree of tensile strain, which may be

advant ageous for increasing the electron nmobility in
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5 Furthernore, an appropriate sidewall spacer

structure 123 may be provided, depending on the

process requirenments, and respective drain and source
WERIRARSK7424 may be defined within the acti VE-#8&h#MS6s0

105A, 1058. As previously expl ained, the manufacturing
othey digudle fre eenfionduftor matanigl ibdnesidglyamrsviat e mez@mmglans @ yakben a

based on conventi onal CMOS processes, Since,
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now be described, 1n an increased degree 0
appife.exi bi l ity may be achleved due to a separate

deposition of sem conductor material in a first

transistor conpared to a deposition of the
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second active regions 205A, 205B may conprise a
sem conductor alloy 207, which, in some illustrative
enbodi nents, may be fornegd, on a respective tenplate
| ayer 205 representing a crystalline material of the
sem conduct or | ayer 202. Wth respect to the
conmponents of the sem conductor device 200 descri bed
so far, substantially the sane criteria nmay apply as
are previously explained with reference to the
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5sem conductor alloy 207 in the first active region

205A whil e covering the alloy 207 in the second active

regi on 2058. A typical process flow for
weindegekhe sem conduct or devi ce 200 as showsr/ugron7/022680

Figure 2a may conprise simlar processes as are al so
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"’d%régf'%‘ﬁ"d‘ifé'l"ﬁ‘rm"ﬁ!“}ydx‘ﬂ *?b?mbtﬂlw Fsgechyelo Tho rﬁsén%@wrww 1204,

12(%%%903'@55%9%5'1(9 et%téor&? ?Irf]olége ébsulver 4 aspeciwe LEangﬁg%x%ﬁg \ﬁhéttc?%eépondmg
catWirkuMiibh Tahe (b2 E!S&uc@r}dmﬁﬁ@@nﬂz act LBk 991 phS tt%ocﬁ’l%nelz%§ 125.
Therefore, any appropriate sel ective epitaxial growt
Furphergipmaeanpayroiviete ygad!! arer Sorme NG aay &P P Oged.i dajesting on the process
sem conductor alloy, such as silicon/gernmani um
reagiemriSoiRYl ESReRSh IR dNdrspHERe Feiers. 126 mavokerieined wFhinsibordtive yagions IOSA

iOS%nJRQﬁrevn%s% exglm%?q thes r%%fz(l:c%lrr]lggnus%%?nﬁ:e %! llowﬁné%hé-srﬁnsF ﬁré l?ZZ%A 1%013 may be

pasSIOMERRHMGT o RAdEes, %Qge HB¥idd&e, Qgtstﬁggal:e%saﬂion layers 122 and the
anor phi zation inplantation, for instance on the basis

gatodlecsidbs IGOMpy bopeosrdelrontie 184shE vaibéstabllshey ra@ipBr Thdreafer,tvedrain and
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techﬁt@ueﬂﬂm?r}fde@rheﬁr R8S fre Rl FB M LRkl NG 1D asis of embedded
substantially anorphized portion including the atomc
silicgr@oiaaigm innptedd,deen tho setibaivtortahey BRI 10D RaUBE @fmprabd Y5112 7and
as_ shown in Figure 2a. Thereafter, the mask [ ayer 208
gef%&)mbé"ﬂr*d?wéﬁ' %W’C?“H‘émbﬁ@i’ss fopy ARl jaloistspetes Rshiesa ereater covalent

1a<h£°. c‘d‘m[gxree?hvoc%rmémuT or ha ;?%%uacﬁdgva%ﬁgﬁdﬁggoﬁ%%g{ % ﬁllli(liglfl gsl'égit‘lgitcger& of
pro@@@mﬁ&ﬁbliﬁﬁ|m@)¢§1&v¥r§1l3l¥ss he rmM[IalH(g @ncP Qet %Q&tl@f gale h%ul‘mon layers may

seni conductor alloy 207 in the first active region
neveP)dpAs berferfned grettle bagis afsweR@sTdRlished process Edngjue e2@ for the second transistor

schematically illustrates the sem conductor device 200
20y Hhg ad'é@aé&“ﬂ%*% Pfféfmf&k Bl m“grbemhﬁvepb o ¢he St d sepond jrgpsistors
120%'2&5'}3:&%3%2%1 {f sm@ uegetof ﬁeo dng?dg:cgp)r éi ?y \Hﬁt%t%{} ﬁxrgal ontr%utm%yprocess
mmpﬁ@ylously expl ai ned, depending on the characteristics

of the sem conductor alloy 207R, a correspondi ng

strain may be induced in the newWy grown seni conductor

material 213A. The growth process 21 2A may be

controlled so as to result in a correspondi ng excess

thickness, as is indicated by the dashed |ine, when

additional material for the layer 213A may be

consi dered appropriate foksthe further processing of

the device 200. For instance, the mask | ayer 208 may

be renoved on the basis of a selective etch process

and/or a CIWP process, wherein excess material of the

| ayer 213A may provide enhanced | ayer integrity during

t hese process sequences.
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Figure 2d schematically illustrates the sem conduct or

device 200 at a further manufacturing stage, wherein a

further mask layer 210 is provided, for instance in
wdod@nggof a silicon nitride layer and thepbtA€aornaz680

whi ch may define a central region or opening 2078 in

t he Vit @mdceawauvehr?égm be1 1 R@BSe eplfviliments Wik nofwj be descridett in witich an
, rgg{%n ﬁgﬁ i.s covered by the mask Iayer 210. _
ncteli P P DB dEpPEwd e SRS B U B el in o

or

ﬁrst?—ﬂra‘ln(s)ni;g} 2(:815 I%E] o 9 gcpgg%%{r%fa ﬁ ?eg\gc})lb)dg&aéggfg h\?\%:?%rrﬂr“ﬁ rtigo F & second
raBisiSt antial ly correspond to the position at which a

corresponding gate el ectrode has to be fornmed in a

| at er manufacturing stage. WO

21108/ 054678PCT/ 11JS2007/ 022680 Fi gure 2e

schERES Feceempicglly pilysiiesnt waicpHos divice YR EovTiHRe debsiee0d deing
o P EREELLE 1SR BEY BT Ehd BR R R B i
whiSIe BAAGONCHIGERE rofBE SUshahd &éo%él;’mv%& @58, Stile 1P Bhd t}‘/é’fllec‘aﬁ active

may act as a channel material and which nay receive a
regioOr20es POR diengmprspeseafcogtcoailiny 200epehdi e Omstrit€embodiments, may

characteristics of the surrounding sem conductor all oy
be Gprpd onrgygiPRRA fer P ate e JRBERETHET crobbingmpsiyl of é‘e pegvppraapr layer
2029 %x&ﬂ@sge@ﬂ% Itf% ?mpor@enx 09 ﬁp sem%or&mt@r dgf(ri:g?(ﬁ)scﬁzicntﬁ tlar sulgs‘éangaily the

suc selective etc

sanf® Ul&fa@iaf dpgll hhrepheRi@ly eﬁd&hﬁlfe@@z@: LRRROE @a@%lcmﬂct@hége RB. Thus, a
obt ai ned. Consequently, after this process sequence,

mote detailgbdricopiadefclegrcohmyar n2Y BAminayhebe Fenpased nasdayareys g be
avaj | abl e, together with the planarized and exposed

forrged b e (reitoest Soopad ¥ TeATEiop 9BA. 20Tt wherin tf'quih@rer 208 may expose the

er offerl h.de rocess
sen%&!ﬁc@o%%lbqg QD’] mIE1 fe sEXctwe region 2 g}rlie cgverm ()él C?ﬁ%ngt&esgcondﬁwtwe

conpati ntron pr oc s
regib©foBB.Ng A gate |nsulat|on mat eri al and a respective
gate el ectrode. Figure 2f schematically

illustrates the sem conductor device 200 at a further

advanced manuf acturing stage, wherein gate el ectrodes

2214 eyl é?b“é%f“?“(/&" forpiag *hahfdm@@ffe%smpefiw %.avsfthe\rrsmdi«aere 2 may
conggsrc %an gx%%eﬁsgs ap?rg also d%sc:gbagl w:th re r nce to the wce d@r S%}%\%\%F FISLH,?S ia 1d.

€ correspon el ec
With Qa&@ﬁ@d oA RRNARonduBSH 1@635202 2(59; al@So BY r%\éh %&SJny appropriate material
expl ai ned, the respective channel regions 225 may have
comgipsfibemente stiypes oofer g obtdn Ne flired tthie clarariststicanthis &€ Oiachnd second
active reg%ons 205A, 205B, depending on the type of
e dPREL AN REFEY BOPPRR lateﬁéebfwereglfax*éww%e@wmfacbﬁ w@ for
fomqirﬁg%lnq i% r?a%%@hcog&?t?r alloy, 'quch211§ Acxg%,é’ne 1lﬁlne1 st ic(}/rﬂcarpc%é an :lqe rb?{hcr

m conduct of 1 ayer e cen
iltus& 34 SmtoMmSr) &k &Iﬂﬁcoﬁ;ﬂh&raﬁ%yalm G2 P04 h)rrmi@ Q& &R Iesdy of AR 1mphntat10n
enhanced degree of flexibility nmay be provided, since
whetefyether sersippadic onieye g0 wivhbepaogeet 8 gorpreatiod émgyp@tinf hstahdg on the
selected in order to obtain a desired process result.
basig g silicqm i prer 1q HEsREEANY é’ea?fwet“t?rCﬂﬁfﬁtﬂ@?tv%ﬂemm@@t@mw% such us
snhcgrr Q!M t%oa @ th tTh%% éugs?zinuaqec@rresppr% Eet%}{ g(ggnt fstﬁ)e te:éoqate réyer 205.

adapt| ng speci or Chhratt Brigt §'de

ThefelitRr, hinghbprRltd Aomd GRS, LubiDR REACHS IR Intrdduéehby oh 281 Alabon with an
decoupl ed from each other, the correspondlng anount of

PppreN B gse ma terel alordgasproval o macgtrabe high clinszhtchtianl it §e el pristced,active

th by.al so 5reduci ng the conplexity of a subsequent
regiggis g@gs?\éﬂ%tséfﬁ ¢ PRIPPREMEY MPe 8FlRet aREsDaping! @ Feig magker providing a
pl anari zi ng the
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surface topography. Wth reference to Figures
3a-3g, further illustrative enbodinents will now be
described in nore detail, in which different types of
wel fod34d7Ry be generated on the basis of a spaghQodpRso
of sem conductor WD 2008/ 054678PCT/ US2007/ 022680
desigeld fagpya) profilesfalicnimelddil sieonaliffeyentanncenyativesas e dn@htiagmngewints may be
accuracy of gate electrodes with respect to the

readify BRIFERSR P 6{? LShIS RIS LFé‘t"Efrm%?(EP1 After fh{psppi@ive introduction of
an aﬁ)?nm %%dfor rﬁéd%% thegl%nc% %t ug %t \Lh%r%xln lttx corres nsé&nr gn%pﬁnttmon §361fn0(: may

semi tonduct or° devi ce nprising
alsor&&ﬂﬁnﬁhga r&pdc@le rfﬁgp&m@f@ aboy: @pnﬁ&e SR oend lﬂﬁ&éﬂﬁcol\d@&& liev2® 200 may
in which respective isolation structures 303 define a
be fubjecst! waot dnpel prexgis dn 18O HAlangtha sweaonld aaoblivd par@gii@ding the
305B. Moreover, a respective sem conductor alloy 307
atomEIPeYFE FHERE dbti‘ih‘hés%“égfb’é‘é‘f P8 270wt © Fiewy &t Thgpfter, the mask
[ n r material of the
[aye\xé\gblréln%'lgsbggé{m dgogqlga%s Bf 6;2’3%%{3?%%%0!1 e l%’ect to the
conponents descrlbed so far, the sane criteria apply
as previously explained for the sem conduct or devices
1oamam¢b2@@mmmmugmmmhemsammmmmﬁm@hﬁezmhhmmaB@Zhﬁaywzmsmr
nprise any appropriate species for formng a
Se‘e@'@sﬂ%{ EHPINGSPRFORAL e yEmicapiieds atloy A0Te i fisaetive reeion 20RA trefisred 1o as
,g72l 11 con-based material of the sem conductor |ayer 302,
nay exhibit a desired lattice msmatch that nmay be
used for generating different types of strain, as is
previ ously expl ained. The sem conductor alloy 307 may,
i N Boreec ichdnagdathaitisvages erripottbmiedtdr Sevichmoliampedieane éph&ial growth
basis of selective etch techniques and epitaxia
Procg¥ Gt mpvhef& é§‘§9€f§d amgunt Pfsse'plﬁf@w@uwvw*d@g é’F ERwHOn thesegicedyctor

ol BBt SRl St et B RlE 8 b Gmdipidegliotns
corrésﬁtfnaﬁﬁﬂﬁﬁmﬁ)poe FldGHdd @ th Bewly grown semicofduBM 1SeRR 213A. The growth process
schematically illustrates the sem conductor device 300
212hawvi irgorfrdiedrecs bheulisoncoaespadiky dxayseairickBSss isthticonl uyety dked line,
conpri sed of any appropriate nmaterial, such as silicon
vhep pid piprmategiply o dhsraven 0% o bo Fﬂnaﬁyﬂd é@f?B'l‘#‘?&f?flt‘Grﬁ“f@‘ﬁ@fo%*ﬁ“g of the
dewgi&?gq,r@rc’ kstanﬁey tge mé?’sgéyen% n}d}abe removed Pﬁlre gag 1ts O se eclltwlg etgh pg(?c%s% and/or

rea
a CMieshe s dvheles bgRs Jﬂﬁér@[h)ﬁ‘ th@hyed !@.@E@y [ﬁév%%%‘@x@]&@ 1Sl mltelgr:t} erspgethese
fornmed above the first and the second active regions
proc@@SAuen@O5B. At this manufacturing stage, the mask
| ayer 308 may conprise a respective opening 308B for
exposing a central region of the sem conductor alloy

307 ur@ szI bc%en‘?’a?cagnqL:s?}e%et:slt%ese r1ceo (ku]ptor d?e’wcelzﬁ(% h 3 furtlﬁlc:r RmTupacmt ing sto1ge

acturi ng sequen
whc%ga f@ﬂier&hﬂmer A0 paRR Of&rihsﬁtm@ iV fbrnﬁﬁﬁ @hﬂoh ﬁm@éjldyer and the like,

techni ques may be used, including, for instance, the
whiclepp ddfibd mntef region @mpn:m@mmtnehena:breiramab registUORB, adile the first active
region 205A is covered by the mask layer 210. Furthermore, the device is exposed to an etch ambient 211 in
order to remove a portion of the semiconductor alloy 207 in the central region 207B, which may substantially

correspond to the position at which a corresponding gate electrode has to be formed in a later manufacturing

stage.
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5silicon nitride, followed by a correspondi ng
phot ol i t hography process for patterning the |ayer 308
on the basis of an appropriate nask. Fi gure
wituwsghematically illustrates the sem conducherusRyiesso
300 during an etch process 311 for renoving a portion
of Fipwe %é‘?ﬁ%ﬁdh@t‘%ﬂ“&ﬂﬂ*m@@@@wr devics Pebprigeds¢leriivagpiaxial growth
cengra}.re ion 3078 in_ the active region 3058. The
POEECH | r'“cs"ée‘@es“"gf HER AR Rt gwa)améesseawm%cwr | 2dBi @ as
C r Sys i Gl e
Sm%o@“’&“ﬁ‘ o ({Hj"s"\%m i) 2“’ fo,qRbE lrr‘!‘’?‘lé"“aé"\éﬂr?] P
dep@ldin@yn (@A uARYsRSF GOIuBGIdiINEENicoORBVAEY MW tThek BSPRCHast Byer 210
the material of the etch mask 308 and selectively to
max Wéewmtdem g basigfof 4nh eppiogrteatticontedinugclueirag se1e808 etbhimg OFMieand the
avoi d undue material renoval in isolation regions,
i ﬁh‘w‘@ﬁa“&? el Wit PPsHeiTey iy bﬁébtf"&F n%@seqtreﬁw Prcths process
seq%géeﬁ%eggm%oﬁdugtg@fp)’? - fy %a gr%xpgs)%% W’p lmay beeh V‘“lﬁ le, Eoée nr vﬂ{a the gtmanzed
anded gobed s@GdopRGor iierigll 2]!3133 R-Ranae REBLIRY, |dﬁle§/ &Hefing a high degree of
avai l able with respect to silicon nitride, silicon
?m@tﬁso&muebllahdnthawyenmnhie:troccts etlegbes iic forsibek igad Bsulation material and a
i gur e 3d schematically illustrates the sem conductor
r“%%V?%Edgﬁ@mdurlng a sel ective epitaxial growh process
31213 for refilling the central region 3078 with a
correspondi ng sem conductor material 3138. Also in
t hi Sguease schtddt@eally gMuselegr 8e s@ficosRbCldel t20 Of &t RBher advanced
deposition process 31213 may advant ageously prOV|de a
marfyfagfiringl efpo.Siteiciomate altagodas 2H oA retplagivofretnind) godd3d #8siwdté k€ formed on
substantially suppressing any deposition of
FeSRERARY] #5 r‘ﬂﬂﬂif‘?‘bgyeh*ﬁsg phigh “eP’ﬁ"‘er‘@gﬁo’é"ﬁ&O“‘Bfg g4 é‘e‘if@‘éﬁ %ﬁl ff@'iﬂ respective

cha%lgl é%ljg%}flsu%g Qe%iouswgeyx;gis?ew reseeétr?ﬁ)é Eigaﬁne gre é/ns J(} ma qv% ? g%enf tﬁpes
of shBEBEhAIR AR BRYI RBveCQRRENSALER, cfiegé'ndllﬁé’ orﬁhé{kﬁ@%?gh@&huctor atloy
short etch process which may not unduly affect the

207grehn fesomd spcdnd pctiveatsdms 054,308 t hat may be provided with
any desired degree of excess material, while, on the
ot her hand, any undesired sem conductor nmaterial nay

be (Eoﬁ%\é:ﬁlg, by forming the semiconductor layer 213A and in the central region 213B in separate

tlype of strain,

epitaxial growth processes, an enhanced degree of flexibility may be provided, since the respective growth
parameters may be specifically selected in order to obtain a desired process result. For example, the
semiconductor material 213B may be grown so as to inciude a specified dopant species for adapting specific
transistor characteristics. Since the individual deposition processes 2124, 212B are decoupled from each
other, the corresponding amount of excess material desired may be individually adjusted, thereby also
reducing the complexity of a subsequent process step for removing any excess material and planarizing the

surface topography.

With reference to Figures 3a-3g, further illustrative embodiments will now be described in more

detail, in which different types of strain may be generated on the basis of a single type of semiconductor
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5 fromdielectric surfaces. As previously explained,

the gromh process 31213 may be specifically designed

with respect to transistor characteristics in the
waemonshi@gt i ve region 30513 and may theref or gerivdaonr22680

required, include the deposition of a specific
alloy erheseip additidm hamtincprsef dlipreneitpectg  atgfteatebtakes 3ABEDect to the previously

Furt hernmore, the process 312 may be controlled so as
gm?%“ﬂFﬂ@F”?H@”ﬁ@?ﬁﬁ?“@?“qhe material 3138.

Figure 3e schematically illustrates the sem conduct or

device 300 at a further advanced manufacturing stage.

Her Bigurd@zafsbhie bty MRSHK e BXBcondukibr TBYe he CMpQMIIlg%eSQbS%@%$ aving

the mask |ayer 308 so as to fill the opening 308B 3
mﬂE%p@@@mahcem&mammpmw@Bannowmﬁhem&u%s®mamnumamﬁagnanma4ua

305A. For instance, the mask | ayer 311 may be provi ded
actiye JegipOF I EFond My eABnGBTR AfEotta ertegve seligeriucps allgy 307 may
be @&Ly E'Ea V\ﬁ?gf v%rtem%la yere%o wach d’iy rcﬁgc%eﬁqtrieg]rglgqfxgateétﬁi of the semiconductor

terne
laydped2l vwes tr(@;ﬁbt'tosth@@mgdngﬁqgﬁ:ﬁ)@m% fsreiﬁm&cﬂénjtﬁaﬁa apg—p §J p@@fe&sﬂrebcpiamed
the mask | ayer 30 be patterned on the
for theesemmaiucloay@ices3M0 ahd 2@r dBus, ttee fe@icam@of 613)96301 lrrMﬁ comprise any
openi ng 308A to expose the sem conductor alloy 307 in
PPRRErspeFigtforderming éscm@gldmwr Jop Ahic frepetifatiamwith thh eliqrpbiked material

e and the correspondi ng exposed
ot b Flght PTY R o SRV 4P RRbIRR it G BBy o Bbgang
dxffé’i@@tl«ges Waip‘é‘s @Ex@ﬁ@:@l?@cpfaﬁlgd %h§§ém§&g&é§>psllo§ %7%13§ in s%me sllustr tive

epi t axi al gromﬁh process, in desire
embtgdmnGobdiamtd bn MAbELs|odkeldamy el tedﬁﬂﬂ:s Iartd&&ﬂxtaxwflgr@hh Biﬂc}ésses as is
grow on the sem conductor alloy 307 in the first
Pfﬁ"éPei'Y {reeripedg Pb%hes%ﬁx the\igy| 387 miyrpe fidqred e the hatis aCitmplymatiprenyil @meal
rlal 13 nay act as a crystalline WO
“mgggg?ag%g UEIG0%T' 857880 tenplate. By formng a
respective sen1conductor material, the further
processing of the device 300 may be based on
wel figugsih atikinsibig ilgelnihg wesondidsr divits BENGan@ioERS e a mask
silicon-based surface may be avail able for the
Pyer AU Bt ARyreTed of t@pa@erpaﬂiate aatgyigt wicighs glicee titrile sivirat dexidalr any
com natsgnuzf}c;eigg I"hg’ %?s?@ r (SS md Xﬁvgétlmldlgli‘%“:f %%Egkn%s:g g%i:@cg glgﬂg%%?g‘gf or
at 1cHERGE 10 AeSBNASONG %@5 ok v
seﬂ?conductor gll%y BO%fﬁﬁﬁ&Fgéﬁﬁgkﬁé%%haﬁg?gﬁﬂagj&ygamd
activrate@nd HWHA,30BE 3A1 this trh@faedREecatE e 1@ GDORyIBHRe & Fspective
correspondi ngly increased. Furthernore, respective
OPeR S ERB; o SEposing “(Sﬁ“”f"a‘i%ﬁé’ﬁ ef t@zzm(f?a%tbré"qyéphre the gppng préive region 305B.
ti uc 3A, 3138. Fo
i R R R L bR mel Bt 3ty P gt
estalQuEhenl BRNRRASIS b0 fised Mhei@fz 0B ihsBRce REQAERSTon bfin %%gxrmm%ﬁa] such as
with well-established process techni ques. Furthernore,
smcqazsmtpqteefpllwg by a excpipaiding ghordiezr®RNir@en el piteihing &Y @Fer 3034 the
exhibit A desired type of strain therein due to
m“?ﬂ@“ﬁ?@@@ﬁﬁﬁkof the sem conductor alloy 307, while the
material 31 3B may exhibit a different type of strain
due to the fact that it is enclosed by the
S eM6@ NE tednlical® QW atd Qe semiconductol Gl B0 %9nn§ 91h§ugxar;r$cgs§ bl Weor
illustrates the sem conductor device 300 at a further
reme oy amrecui ofreha wéraotdectdmdjoysI0agRerebASefisihDWEentrdl Regiodl 8B Gethd &Bve
is s ected to a deposition process 314 for filling
*‘cg“%“ﬁ“%n 5P BpTersat eyt desiged e hbleselpgtveishaiocdshingvhichde material
openi ngs 308A, 3088, thereby form ng respective gate
el ectrodes 321. Consequently, the gate el ectrode 321
formed above the second agfive region 3058 is
"self-aligned" to the corresponding central region
i ncl udi ng the sem conductor material 31313. The
deposition process 314 may, in sonme enbodi nents, be
desi gned as a noderately sel ective deposition process,
in which the deposition rate on the dielectric



5 and the |ike. For instance, a |ow pressure CVD
process may be used for depositing polycrystalline
silicon within the openings 308A, 3088, wherein excess
wdoedssadsmay be renoved by CMP, wherein thep@ﬁggmhﬂMgﬁo
308 may al so act as an efficient CVP stop |ayer.
of tihwmisaficler alloy 1@ mplskeldchyplrren@@8 witkrgsphre torte e oty e@h mask 308
y } e etch process, for instance on the basis of
ncﬁsg ectwrzﬁ[y tgrstﬁ éreﬂfeeal 8% hed lS(aiHlaﬂ FIHGuTgs EQ%m ordﬁr ' r‘k‘fé‘r unglys rrésg%ge@oval in
tso%{bg égggsl F{Sﬂ;ﬁ%& ggg%gcﬁdg Ilb n[cl),l l’éc' d{lgr%%cg ov?ﬁmh%ﬂowtexlfgre afre%;%ecuvee trench in the
isodaceteie | neient & @ndoik. NCAr ROKRL hiRgy @ele@l@%'e&ﬁdec Qspi@pgnl:con based
species into the respective active regions 305A, 3058.
magjigiareavaithlegith erpadt tociibdnyivide, siligh tiatieand ey armiicand wetark.
devi ce 300 according to a further illustrative
enbodi ment, in which respective sidewall spacers 315

nayF:g.g fdgghggaqlca Fiustrﬁestt}n:es motc%n ctor%evncagé?@%gtusos%cp re!?fﬁtém;l growth

p03|t|on ectr
proSeksOe Yol refBRA AR Chird JcélomB bd@n £ cgfrﬂﬁ)%gg L ABL lﬁ?flél’lﬁh [3B. Also
having a high etch selectivity wth respect to
in thragacer thedfighdfgree hisselnaisily of dydposiBODroctshBELR byy v @M geOlisif Gro AR 4 high
enhanced integrity of the gate el ectrode materi al
PP Yy YT BeehiNral O Br Whip vy ISW@?P”‘%G)B depopmn of ppmisonductor
mat HJ HQ%%M o@ﬁ\e @E’Jo%’t Ft@‘rthejOFm ﬁ'neclg rlnaa efspg%d %3 ﬁpﬁg)ng 3%513 However,

I OXi e conrorma HBHOS
anySUgS &ﬁx%&ﬁﬁdtdf dBBsi@ni S Absk Q@&s(}ﬁ’aly by uﬁrtp@rlgﬁgi fol Qﬁz{ leéquent short etch
renmoving the material fromhorizontal portions whi
pro¢yesi whiclingyinpkgnduhye ffet keswakdndg pacerisl 38B5hat hiyek pafidee it aamésued
cl eani ng processes may be perfornmed and subsequently
degfef of CYeyy e aBO‘@"%‘é‘y‘heo‘é“eé'ﬁbﬂ ay pasgsiedsepicopdpal sieteriat haxge removed
fron? 19&%H%1?r§;1£eggAI orgv%uggexp 8%:{131&% ?r%\!ut Er?%&a:sgg ng:’,\]yg gige%agcsji%y designed
witlRPES ol AR P ERGAS SicH T SUhORT e
Thgreafter t he deposition prgcggg%%gﬁiﬁgqmﬁﬂmmmm1{mmmw
inclyyie ftife depotepn |oﬁa oragiervetiol @pinaprofild in e gakeal 8l38C Fuoekeod Ak process
) The sg@cers 315 may be forned with any appropriate
L2y Reigopialicd jorgs 16 Mgt e ppghicnd e werielid3®. i nal |y desired gate
| ength of the gate electrode 321. In this way, the
gate length may finally be tuned on the basis of a
depogiet BORNPFAGES Sis@leh ke tdAALNQR:t ﬁb@nc@%ﬁé St Af € advanced
preceding |ithography process for patterning the
mangipeinggpse. 308A UBBBBask layer 311 may Yerpresikied above thl @isk layer 308 so as to fill
il lustrative enbodi nents, the patterning of the
the Pttt YeeBpRhiigsrote A e Bu(epifegmﬁ@‘g\ 3 ingery. theeryesk layer
31 gflrdis ger &‘?’EHQ{ gﬁ%xfgt%n i&yoaﬁg%perm{gp enag sucg aLyP e{ %églsalssgholwnresnst
mn@ﬁBﬁ@MﬁU@dx@hﬂ%@§bJHﬁgﬁ@mawﬂﬁﬁﬁﬁs%ﬂe&ﬁﬁ%&pMmﬁﬂﬁgh&
a significant inprovenent of the overall resolution
Theretier. ihnwedkved Pantebnpngrepootesses! hEanskaxanyl & ol e form a
eni ng 3088 (Figure 3b) may be fornmed in a first
f“*’%CF ‘5@&6"8& PR Prrsg e *i’if“"?jﬁ‘éftob‘f”r’lt HB dr bipfhist activleionigEh. pereatier,
the Igglgled?i‘: %ng{éig?egr?rﬁ&?n#nd ?19 {Bgnd%glgxlsp?séc!’ oopuoast thgpusi zﬁng E)econd active
regidO 305 8, IPONEHy BYprRRN foﬂgsuﬁs@q%&{ seQQﬂ@@QMﬁnérl)\Mh pl{)(!@ﬁ ih bpal ald);(snred
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amogofts¢yricohdagpranaisfial deylperbsiten wipehome 89 @ 9y the Reefcaldyctor alloy 307 in the
extendi ng the capability of the gate patterning
first g 395§ \e’aﬂ’ F‘?S‘“’CT’E ESTER AR EIbBA TRV ER Nyrapret @talline
the 5 basis of one or nore deposition and ani sotropic
etch processes. Consequently, in addition to a high
sel f-aligned process techyj que for aligning the gate
el ectrode 321 with respect to the sem conduct or
materi al 313B, the correspondi ng patterni ng process
for the gate el ectrodes may be enhanced by using
conformal deposition techniques in conmbination with
ani sotropic etch processes. WO
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As a consequence, the illustrative enbodi nents
described with reference to Figures | a-3h may provide
an efficient strain-inducing nechani smfor P-channe
v A0Ssiers and N-channel transistors on thecpasis@isso
a single type of sem conductor alloy, while
tempig.eBY hedi@sSespmiiva kaiidahdgoranalttighhed@ Qe @@cedding PF RERSIS 300 may be
compatibility for the formation of a gate dielectric,
b“%h@ﬁ@”ﬁmmﬁﬁméﬁhwm@a@é§HMQW%ﬁm@ﬁmbﬂhaﬁﬁedﬁﬁamWétNﬂﬁ@eﬁwﬂm
t respect a desired gate |length may
“m%gg%%QSQB%wi%éﬁdeﬂ%““mwvgth reference to Figures
4a-4e, further illustrative enbodinents will now be
descri bed, in which a substantially continuous
senFipod uaitoiicad) ioyrateRye BRicddhBayvitdBOO IR BEIbbM escribed process
region, while, in another active region, a
seqypeqe] Heuep-aloienistideriop g 8%\ 8 dguantev: fhorseriipndvitpgpllenisédedel the
T R G R T
res;@cti@@%ﬂecﬁgmmdg Fa?e?s 39?M$ycb§ fo‘xlrgeg nY}ﬂl"e‘s:chnmmﬁ%HE{or %a?en?]s 3134, 313B.
substrate havi ng formed t hereabove a sem conductor
ForlirBuy@e, thd @ indultiothy @320 @SR Gdrindi@n 166 kiabilaPbkidahoh WG tebdl iR cordance
403 may define a first active region 405A and a second
witfp etk f\?febhﬁhe@ Protess4QE8quesRayairediong at e icconpoirent B desaichedyer
3”% A tde same criteria apply as previously
ek P B 7 PN TR 96 PRPrSi o B tergica algy &gswhi
t 40
e i B ARG THEOBRRY Sy o B Gt 10l by e
semiGitdiove allog@izon 405A on t he baS|s of a tenplate | ayer
405. In one illustrative enbodi nent, the sem conduct or
aIon 407 may be conprised of silicon/germani um

whi in ot her enbodi nents, other appropriate
mat %’v“f aP%s STREANEWY (Lt alde sPaigindge 96%3‘5? j 3 e furthep gadvanced
C (Wo)Y on .t
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subsequently refilling the regi on 405A by the
321s Eersepniude exe cebtody320 ormidabdya di sscof ﬂ‘-‘a\’eSTQJEOG GeaBvg seif-aligned” o

I taxial omﬁh rocess. Since the
e SRR b bR 570 Cen RO oF Ay s 314
mayl T ; soh ch&gln}(zhtd%u@{gnw 93\/5 qsgjexatgb &Q&wi hd, g’stmonaCtocess m whx h the
regi on 405A, a corresponding c ron W th r Ct
depdsDiorC@@ et tiakdrRimaRAObi ﬂléresp@cﬂﬁﬁ@fe nﬁlﬂ:ﬁt)tenﬁes %danﬁ [ﬂ@) al :h:erﬁdI of
may be specifically designed in order to obtain the
expRfsigiofieny of thaiprddtian wrcteds 0% oeirinmte peogounged tdmearddi ty sdepaitibn e on
a certain anmount of dopant
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speci es, such as the germanium content, may be adapted
W“hrnnheaemgs&a% éo% vereeyice eateing uirbe reented by GME rikegin theomask layer
308maq red,stra r . After the selective
A1 e Sy PO Elte St B Philr Gt ot ey oo b o
se!ed‘tloi{ eﬁ@hrﬁg)césp %r %@tﬁﬂc&&}ﬂﬁy&h%f h@‘tI [:lhs)s}fhoﬂrcoaud armotlﬁe lll SE é}ﬁ‘e‘% ?o qulase the
ion inplantation process as previously ex al ned,
gate RRGIodds Ayie rSukk@entti Yheli@thErQmMEL @dythe Edﬁ&luE(ﬁ@U&rﬁaln@ @kspective spacer
surface topography may be planarized, if required.
elemeRiAld Weopsradigld drrididentitisreipy iftude lemects sethyeregmndlS arigiict or
devi ce 400 during a selective epitaxial growth process
412 for form ng a sem conductor |ayer 41 3A and 4138
on the first and second agfive regions 405A, 4058. In
some illustrative enbodi nents, prior to the deposition
process 412, the material in the active 5 regions
405A, 405B may be selectively recessed in order to
provi de a substantially planar surface topography
after the deposition process 412 In other illustrative
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Figure 4c schematically illustrates the sem conduct or
device 400 at a farther advanced manufacturing stage.
As shown, respective gate el ectrodes 421 are forned on
waptmesperdi ng gate insul ation |ayers 422 abeyeutheozzsso
respective active regi ons 405A, 4058, wherein the gate
el ectrode 421 in the second active regi on 4058 may be
ence b ective acer 415 and
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a mask | ayer sem conducto vice
to tBSdepRIBW LT B gzﬁé @M:l’r@ie AGter R YTHD S ddw@l EPRcrs QN5 hiYere BASISoRTs material
the follow ng processes. Based on the sem conduct or
having\evgh eigh Soketivity 38N resrae tgtat exglabeft thodes (4@ Boangebh@oviding an
ate insulation |layers 422 may be formed on the basis
enigiced Jge Y 8P Flejra "@W‘F‘é&c‘mﬁ’a‘u@é’f theyask Byen3qBEpr this purpose,
an Lp@%ﬁrrﬂﬁé n4lgc lﬂ$AUCh%FL:§§CO d:Q)MJie %ay‘% cmgohrmﬂ E %Stec? ndpma su%se ntly be
conpati b ernor e, 4uring N g of
amsfoﬁt@ncg@teﬁ:h@!l %&Uyoﬁﬁ&mg\&@ A8/ 9«514@31’&8@[ %H’S@l@%!@%&ﬁ&g the
421, the respective cap layers 416 may al so be fornef
Sﬂ%mwﬁmwﬁéﬁe@ﬁmekrmWhemmﬁdewamnmspac@wsmﬂm5mm@wamememwwsm)
formed on the basis of mell-established t echni ques.
MIY\ RS UOICHe o AgeRelac g seanse fepfPrpas e gt Bsuiter [y Be which may
conﬁg%:et aﬁlrcgﬁggﬁ) rﬂrowgs arﬁ%fs a rﬁiﬁ;}% ition [%n%esgsaﬁ grew{)ussig eﬁq?t‘!m!ietd Olgleredpter the
depbsitlonl §rbdeR B R1Smaly %eﬁ@ﬁhﬁ@&ﬁ@ﬂ fétogtﬁm the WoheCo o030 Ul Rk 15 may be
etch process 417 for creating respective recesses
forrdeld Polth ang APBpeed) teickert inbdertth@figaliedingly @stedagle led@i of\Wetzlie @ectrode
correspondi ng offset defined by the sidewall spacers
321y ighis Wy etheeeae fepgth mayyfigatly é?/‘i“'é?é"'ﬂ‘bfob“ﬁ‘a%f B@oscﬂoe prageadrtienhan on the
] , i Itaxi.a tlon m conduct or
ol AR D A B S RE ke By ot “strai n i
the renmaining portion of the second active region
4058. In sonme illustrative enbodi nents, substantially
t helnsalfreths eitsigorrdwdtdmenal hoyauamys bl thd epesivk egknings 108€ 3088
recesses 417A, 417B as is provided for the materi al
(FIegt7>% 31 PRESE PITRESCQ8T T MR GH™RDBReSSE T orge éi’rf‘fii“‘é‘“y constraats
1mp59@:§ Iprgg:% S¥0318§C? }%ﬁ)htl}h ggzlphzfpdrrgc% t%éetbg E‘]“W“ﬁet&%c tl']:ca nhlmprove{nené H dthe
ovelmﬂyesohﬁodlﬁ el infdWed pfrhihd drdteksdsheor EREHS $I%%p<41an'§9884]1g 3b) may be
During the correspondi ng material deposition, any
formeg plr"@pﬁr {ugt @ tpdnyrehphaniibanptentlioantby dopanbre dene@mandiis@pic
e incorporated as is required by device

ctchggéruh%feé%olog[fl? @gﬁnd%greci @ng ﬁf tlxerfarﬂeg[r?m{lwé;p@gﬁét}spy 5@139@pently the
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second active regions havert ess
exteGDIeRSPRNGH Gfghecd'ﬂ@ﬁ)a@ﬁﬁ{, piSdelsC SimMBY, tlﬂueopblngj kAl H@]b& ¥rmed on the
adapted. Hence, a high degree of flexibility in
ba&apfpmmrrmeaptcbﬂmyzt@easql gibtgic tlleprstesai ICoshAEE i iddisibd ©8 high self-
the first and second active re i ons 405A, 405B may be
aligned RIGFRSY (PONE for plenge He gt Flperede3at rvwee%wﬁhwmcgnduc@o apperial
3!3%|et£pecﬁfr§%gdntogy ke nén%f \r/oger%gt F%Qg\lﬁef%%{n?‘dgsl fLa?/yb% etq%%{cecp by usmg gonformd!
depdsitigHtEcBnidhes @@hxarmbn \G&'dhl%trﬂﬂﬂlcﬁﬁr&eis&e sem conduct or
devi ce 400 at a further advanced manufacturing stage.
Here, a respective sem conductor alloy 407Cis forned
in the respective recesses 417A, 41713, wherein,
dependi ng on device requirenents, a certain degree of
excess height may be provided with respect to the
central portion of the seniconductor material 4138.
Furthernore, the mask |aygr 411 as well as the
sidewal | spacers 415 and the cap |ayers 416 may be
renoved. To this end, highly selective etch recipes
may
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5 be used, which are well established in the art.
Based on the device configuration as shown in Figure
4e, the further processing nmay be continued on the
wapshsosafswel | - est abl i shed strategies, i.e., pfRERREHIYR0
drain and source regions nmay be defined in the first
andA§E@WWGg@@®ﬂve3b@gl@mgt%@ﬁﬁmﬁ4mﬁeﬂkawdtﬂ@@m&@m«ﬂemmwm
npl ete the transistor structures therein. WO
and?ﬁﬁ SPOEREES BEFFOEE ST 612[2”638@(1 planarizing the pusfage pagsaphy, the mpys layer
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the basis of embedded seniconductor alloy materi al
semiyomiydietialing 387 cdésé cpeltitespaicnfucet maarifls AbA dn@ BB niafbededuced or may
portion of a respective channel region. In sone
be tfornpeu\g{eii éﬂr pwer@%@aﬁteﬁﬁﬁpg perfarm@ig H]g:pdémqnylrg@ec@fe epitaxial growth process
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substantlally conti nuous Sem conduct or aIon may be

formed in one of the active regions, for instance by
providing the respective sem conductor all oy between
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active regions, the sem conductor alloy may
conpiptigpfor at Eryatipadrtagit @dleS@, aferetrQinfsbrhd caded)@ven an enhanced patterning
silicon-based material in a central portion of the
capability; Wjid reprsgjitagiiesiredvate iepgh weydarcconglisheddi f f er ent type of
strain therein while neverthel ess providing high
process conpatibility with conventional gate
pat el BlBde BHthudfd Qe (AL ARLTli% e&&ﬁ:ﬁ@ttg AN R REESRES 1 vileh a
| east in the central portion of the active region.
subs@Botd e cpudmnbds ysmi@mbancéd oy ek dkrhed deant GBveRSidnOWINBNE G108 Victive
be obt ai ned wi thout unduly contributing to process
e rip MERGES)ishey Pregtie spaueErs fd albimig @ivbdeli prerpndudtdnentioys, such as
duct oy may be 5 conprised of
mm&%gh%gg 53 %ﬁﬁgﬁ%] wherein the substantially
conti nuous silicon/ germanium alloy may provide, in
conmbi nation with an overlying sem conductor |ayer
bagégregmnscBantaticgliyrilfusto@s § @mivaidcdr aticdwob, OmiciNnGRampied a substrate 401
transistors, while the patterned sil'i con/ ger mani um
having fpegied hifeapeyga spicpngust @{ﬁ‘" 'E)f“h‘%hH@PCFHVé ﬁ@lﬁﬁ@qrrwwﬁgﬁ apty gfine
a ﬁrw%{mprrééf 1 499’\ E%Q 2%@0%? acuvet reglon%}‘l’i R@ ﬁ)aE E fo&pongrrtj %3?“‘??8@‘1 fﬁr the
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may be used, thereby inducing inverse strain
l"urttzehwcad!t gvics40D o8y @appat echicouddl @iog it d7ifCOHR/ QB HrR Al Region 405A
.. In some illustrative enbodi ments, the formation
on “&f‘“ﬁ”rf’é Lanre Bya g dp ongliigiTeremposianert hetemisisducediondd? may be
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sequence ereb uced
prevﬁ)ﬁﬁme&m}eﬁ YTherE\htl:(ﬁducdonau@} he rmaS/ bd t5de & hy @:sn?ng:grlrJTﬁ%mnﬁ; ' mask
enhanced flexibility on designing the respective
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e of alloy, concentration %radients therein, may be
the ’é%%‘u 48%'8 “ﬂf;ﬁe’g'é‘ﬁ%wﬁt WPy PR TT A ¢ leati'e et e Wik process. Since the
sem conductor alloy in 5 different transistor types.
For this purpose, in sone illustrative enbodi nents,
efficient selective epitaxjal growh techni ques may be
used in conmbination wth selective etch steps for
recessing one or nore of the active regions in a
common process and subsequently refilling the recesses
with an appropriate sem conductor alloy. In stil
other illustrative enbodi nents, the sem conductor
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for formng the sem conductor alloy. For this purpose,
substantially the same nasking regi mes may be used as
vas floRiayisousl y described with respect to Fi @u§®82007/022680
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Plajapiaed, ir¢08ielar t i cul ar enmbodi ments di scl osed above may be
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I NVBREd BRcheddGENY MlistetlsYhe s@nh@ndﬂ&&td@\% L&Wﬂu%‘dg@&ti\]@%&&iiﬁ rowth
is as set forth in the clains below Wat is clalneé:

progess/ | hiet fowthg acanpndugtmiager 41 Dy @il migB an defimtcenduwad @hiveadglomyrosa,
in a first active region and a second active region of

W08 SRIMESHITECTOREY erionp EF dPasiden ity ¢ Gafhel material in the active
sem.copductar al l oy conprises introducing an io

s RPoRE HheoBitr® PRI s Suntidh ST IOR: Pl e cmreee

aftef Be @pHSHANdcbsZ RIS AEG b dafiRtmBIeRE GO E]ﬁfac@%pb Xbpny AL 8V%e 00

as shown in Figure 4b may be planarized, if desired, by depositing any appropriate dielectric material, such
as silicon nitride, silicon dioxide and the like, and removing any excess material, thereby reliably exposing

the layers 413A, 4{3B while also obtaining a planar surface topography.

Figure dc schematically illustrates the semiconductor device 400 at a further advanced
manufacturing stage. As shown, respective gate electrodes 421 are formed on corresponding gate insulation
fayers 422 above the respective active regions 405A, 4058, wherein the gate electrode 421 in the second
active region 405B may be encapsulated by a respective spacer 415 and an appropriate cap tayer 416. On the

other hand, the first active region 405A may be completely covered by a mask layer 411,

The semiconductor device 400 as shown in Figure 4¢c may be formed on the basis of the following
processes, Based on the semiconductor layers 413A, 413B, the gate electrodes 421 and the gate insulation
tayers 422 may be formed on the basis of well-established CMOS techniques, wherein the layers 413A, 413B

provide a high degree of process compatibility. Furthermore, during the patterning of the gate electrodes

24
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sel ectively renoving a portion of said sem conduct or
alloy in said second active region to define a centra
region formed between a first portion and a second
woortden79f said sem conductor alloy; form ngeud8yRB6s0
of sem conductor material on at |east a portion of
gt CPSFfEfF“WStaP émtr# Y6 mggisobg foamvd addi {hbrparigy, tseaiicctwﬂemc,eralzzls may be
aid sem conductor material. 2.
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pmg@etd%n@mguf%f@agsm gao;'bag Vyfet Sg(gu active region and a

second gate electro & second active region,

sai d second gate el ectrode being |ocated above said

central region. 3. The nmethod of claim1, wherein

f or fidurgtdssghiedatisdipilpondutt emic@bdigy dodrpil Ges mece gisiemyi7 for

said first and second active regions and form ng said
U REHEUELEE Al Gy Ty Bpby wki ‘%?F“'O@"r A it p}rcé'é“@@Sdmg offset
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sem conductor naterl on said

dep&@ﬁfm’fla$§r§coﬁcﬁ€tﬁ$ﬁdynﬂor§@'tcﬂn(ful:er 1l ceed t'yy}é%f el 'mqmz rmﬁz\lnlmlggomon of
i ncorporated therein said sem conductor al

the wwehhetveodzion HEB N kymewhgragiermb@inig gibsaiidly lhag&ﬁaé se&fconductor alioy
sem conductor material and filling said central region
may| % depatiehip r\‘ﬁde%’sﬁfs é”éoﬁﬁ% A* & pioviedifalthe gratsil A7k e Brsigetive Ggion
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established in the art and may be used for refilling the recesses 417A, 417B. During the corresponding
material deposition, any appropriate germanium content and dopant concentration may be incorporated as is
required by device characteristics, Thus, even though the same type of semiconductor altoy may be used for
the first and second active regions 405A, 405B, nevertheless, the corresponding characteristics may be
individually adapted. Hence, a high degree of flexibility in appropriately designing the steain characteristics
in the first and second active regions 4054, 4058 may be accomplished. In other illustrative embodiments,

even different types of semiconductor alloys may be used, depending on the overall device requirements,

Figure 4e schematically depicts the semiconductor device 400 at a further advanced manufacturing
stage. Here, a respective semiconductor alloy 407C is formed in the respective recesses 417A, 4178,
wherein, depending on device requirements, a certain degree of excess height may be provided with respect
w the central portion of the semiconductor material 413B. Furthermore, the mask layer 411 as well as the
sidewall spacers 415 and the cap layers 416 may be removed. To this end, highly selective etch recipes may
be used, which are well established in the art. Based on the device configuration as shown in Figure 4e, the
further processing may be continued on the basis of well-established strategies, i.e., respective drain and
source regions may be defined in the first and second active regions 405A, 405B in order to complete the

transistor structures therein.
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form ng a sem conductor alloy in said first and second
active regions, wherein form ng the sem conduct or
al l oy conprises introducing an ion species into said
wid 10840869 second active regions and re-cryspahkghngzsso
said first and second active regions; selectively
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characteristics compared fo the silicon/germanium alloy. In some illustrative embodiments, the formation of
the semiconductor ailoy in the first and second active regions may be performed in a common process
sequence, thereby providing reduced process complexity, while, in other illustrative embodiments, enhanced
flexibility on designing the respective characteristics with respect to dopant concentration, type of alloy,
concentration gradients therein, may be achieved by separately providing a respective semiconductor alloy in
different transistor types. For this purpose, in some illustrative embodiments, efficient selective epitaxial
growth techniques may be used in combination with selective etch steps for recessing one or more of the
active regions in a common process and subsequently refilling the recesses with an appropriate
semiconductor alloy. In still other iilustrative embodiments, the semiconductor atloy may be formed on the
basis of an ion implantation process, wherein appropriate pre-amorphization steps may be used in

combination with advanced anneal techniques for re-crystallizing the active regions after incorporating the
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desired atomic species for forming the semiconductor alloy.  For this purpose, substantially the same
masking regimes may be used as are previously described with respect to Figures la-de, wherein, however,
instead of selectively recessing the active regions and refilling the same, 2 corresponding mask may be used
for an implantation process without requiring a selective removal of material of the active region,
Furthermore, in this case, the corresponding mask layers may be provided in the form of resist masks,

thereby contributing to a reduced process complexity.

The particular embodiments disclosed above are illustrative only, as the invention may be modified
and practiced in different but equivalent manners apparent to these skilled in the art having the benefit of the
teachings herein. For example, the process steps set forth above may be performed in a different order.
Furthermore, no limitations are intended to the details of construction or design herein shown, other than as
described in the claims below. It is therefore evident that the particular embodiments disclosed above may be
altered or modified and all such variations are considered within the scope and spirit of the invention.

Accordingly, the protection sought herein is as set forth in the claims below,
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What is claimed:

[. A method, comprising:

forming a semiconductor alloy in a first active region and a second active region of a
semiconductor device, wherein forming said semiconductor alloy comprises introducing
an ion species into said first and second active regions and re-crystallizing said first and
second active regions;

selectively removing a portion of said semiconductor alloy in said second active region to
define a central region formed between a first portion and a second portion of said
semiconductor alloy;

forming a layer of semiconductor material on at least a portion of said first active region;

and filling said central region with said semiconductor material.

2. The method of claim | further comprising forming a first gate electrode above
said first active region and a second gate electrode above said second active region, said

second gate electrode being located above said central region.

3. The method of claim {, wherein forming said semiconductor alloy comprises
recessing said first and second active regions and forming said semiconductor alloy by an

epitaxial growth process.
4. The method of claim 1, wherein forming said layer of semiconductor material on
said first active region comprises recessing said first active region having incorporated

therein said semiconductor alloy.

3. The method of claim I, wherein forming said layer of semiconductor material and

filling said central region is performed in a common epitaxial growth process.

6. A method, comprising:

recessing a first active region and a second active region of a semiconductor device;
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forming a semiconductor alloy in said first and second active regions, wherein forming
the semiconductor alloy comprises introducing an ion species into said first and second
active regions and re-crystallizing said first and second active regions;

selectively removing a portion of said semiconductor alloy in said second active region to
define a central region formed between a first portion and a second portion of said
semiconductor alloy;

forming a layer of semiconductor material on at least a portion of said first active region
so that the fayer receives a first strain; and

filling said central region in said second active region with said semiconductor material

so that said central layer receives a second strain opposite to the first strain.

7. The method of claim 6, further comprising forming a first gate electrode above
said first active region so that a first channel region for the first gate electrode is located
in the layer receiving the first strain and a second gate electrode above said second active
region, said second gate electrode being located above said central region so that a
second channel region for the second gate electrode is located in said central region

receiving the second strain.

8. The method of claim 6, wherein forming said semiconductor alloy comprises
forming said semiconductor alloy by an epitaxial growth process so that a lattice

mismatch exists between the semiconductor alloy and an underlying template layer.

0. The method of claim 6, wherein forming said layer of semiconductor material on
said first active region comprises recessing said first active region having incorporated

therein said semiconductor atloy.
10, The method of claim 6, wherein forming said layer of semiconductor material and

filling said central region is performed in a common epitaxial growth process that imparts

the first strain to said layer and the second strain to said central region.
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