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1. TECHNI CAL FI ELD Generally, the present invention
relates to the formation of integrated circuits, and,
nore particularly, to the formation of transistors
havi ng strai ned channel regions by using stress
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enhanced photolithography and etch strategies to
reliably and reproducibly create circuit el enments of
wa@eiovite@bs di nensi ons, such as the gate el ectr oPET/OB200Te04689

transi stors, for a new devire generation. Moreover,
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translation of the external stress into strain in the
channel region. Hence, although providing significant
wa@dwant@ges over the above-di scussed approach PETJUB200TIEN4689

additional stress layers within the channel region,

the efficiency of the stress transfer nechani sm may

depend on the process and device specifics and may

result in a reduced performance gain for
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the basis of an overlying dielectric stressed |ayer,
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respective drain and source regions in order to form

the stressed dielectric |ayer at a | ower depth

relative to the gate insulation |ayer, thereby

significantly enhancing the stress transfer, since the

stressed dielectric |ayer may now transfer the

respectlve stress ‘nore dlrectly to the channel region.




channel region. In another illustrative enbodi nent of
the present invention, a sem conductor device
w@oempne@es a first transistor of a first conduRCT/us1097/004689

type conprising a first gate el ectrode fornmed above a

first channel region and a first gate insulation |ayer

formed between the first gate electrode and the first

channel region. Furthernore, the first transistor
transistog eqyprises e £irst $tyessed lgyean formedatiowdherfos dragind seyrct cagives wherein the first stress
layer ex@fljs &€ ecds Ofoinlt@ b ihE SdoesCA T BhainaBDdoie ey €1 N t he
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spacer ccor
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comprisds il o5 Sekeb AR Sty et Fiat g fioh Lo e papeis wherin et
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gate electr@z@fiBihe @fftofiudbiia@nd source regions are fornmed at

| east in the strained sem conductor material on the

basis of a second S|demall spacer havi ng a second

wi dth greater tBEEE RAWINGSr ding to a

further illustrative enbodlnent of the present

Tha/iayeotigrmaysbervpddmond by mfererse o thofolldwigs desériptiet takepde sshjunction with
the accorﬂﬁhﬁﬁ‘g&ﬂﬁmﬁé& i wiih BkSbRehdcQiBerR identi ﬁl&telefnbxﬁl; dnsh Gkt

transi stor, wherein the gate electrode is |ocated

above a sen1conductor | ayer and has fornmed on

Eiggresnkt eschematically shawsirasetstinalsyiensert 2 topyist daring vafeus manufacturing
stages inTRithiog] receisgalr drsi@ Sandt B6uTteN giansdfod irdteik g iaOldcedddl sBesS@URRE according to
lxlusuat.Je%gbmawo@&@pltesemmtenﬁo sidewal | spacer. Finally, the

met hod conprises formng a first dielectric stressed

Iayer above the first field effect transistor, wherein

Figeses 1frlgt schfimatically iiliustrate eresssextionad yigws iof a fgnsisedl duringt the formation of
recessed HRGEHT sG@cAfeghbd, @XIRBE tHo @B Wrdted 3bCrebddsindl @b R 4nd)eBiirce regions is

N n e K AR ———

i nvention may be understood by reference to the
foll owi ng description taken in conjunction with the
acconpanyi ng drawi ngs, in which |like reference
nunerals identify like elements, and in which: Figures
la-le schematically show cross-sectional views of a
transi stor during various manufacturing stages in
form ng recessed drain and source regions for
receiving a recessed stressed |ayer according to




illustrative enbodi nents of the present invention;
Figures If-1g schematically illustrate cross-sectiona
WO R@Rg2@ds a transi stor during the formation of PCEUSNSE4689

drain and source regions, in which the etch process

for recessing the drain and source regions is

perfornmed after ion inplantation in accordance wth

yet other illustrative enbodi nents; Figure Ih

Figventr scheatatioplly flipgimies a eress-septionad wisw 9be ringistat duying the Gdrmation of metal
silicidestifi & Slrait A s6liddel répGonk Ao ﬂl@éiﬁi&lé&ﬂdeﬁﬁ a8 deSduple® E616 dc&)rdmg to yet
Ommwmkggnggg&ﬁéﬁgg source regions and the gate el ectrode in

hi ghl'y decoupl ed fashi on according to yet other

illustrative enbodi nents; Figure Ii schematically

iFiguges tirsalieastially Hipgsites @otdsosationdl dow of a BerbieHd 6 AeitDincluding two
differentQ@)ek @ﬁrahmdrygbé'\gngtd{\@er&iﬁl; LREenbvelY, a}gjs il BN dn5d v%{h other illustrative
emmmummmo¥% lgen eq&gntly stressed overlaying [ayers

ACE ST YaREE A8t her i1l ustrative enbodi ments of the

present invention; Figures 2a-2e schematically

IFiguiés Da-2d LhdilafiGly ﬁﬁﬁﬁalle@.l,-sc\éﬁ&Mﬁlles ofta L‘%r@%tgf' ?etveg durmg the formation
ed stra

n
of an B Ref Bl L, G “nAIeRET U D Eb Ty sgcomin to
‘““s“a“YFé-im&Pd‘%‘&‘Pt%?fd@ P&‘é@émmnﬁgl to illustrative enbodi ments of
the present invention; Flgures 2f - 29 schenatlcally

|Fkg|uf-é§ Eﬂ:&tsgxeﬁlﬁtgﬁl% 1§1§Sﬁ£t’e 9 @ ecti or?a%e\gi ot% tltarrxs?s emfnt having an embedded

strained Sonde ﬁ? havi a? Sstrained sem con
rFﬁt‘ SPFUSIeT wefE %F@é%??e“ad ‘H‘i‘%f“ﬁ’ SQYEF SeiefsCer cplaagring de figps transfer from an
overlayingri#yarici ng the stress transfer froman overlaying

| ayer; Figure 2h schematically illustrates in
uctor devi ce havip

Flspp 2 B I B PR Bk R e St PRt cierns
types of g@ﬁ‘?@’éﬂ?ﬂﬁk‘tﬂ&'{“g Prﬁ“faéqefi smisondustortyatqadl iroremhinatfonavithacessetirain/source
architectatt adcOMBE tr BB otErGiisk et etitd de6® bfthd\gesbQ idbdoh; 2a4 her

illustrative enbodi nents of the present invention; and

£&|Ie the invention i s susceptible to various

df FhEdRICBHG Bnipscptity dat Yapers gefificatisppeand jaltemative forms,  specific
embodimenth ekcrfdhatehott iboweohy WaveelaspR ishomawiys bayre Géreid NRBHYE in detail. It

should bé #hdtGod B%wéat%ﬁdde%ﬁaoag%xginrbf gﬁgﬁﬁg Elﬂl?oql eflts QSeJo?m endcdtto limit the

Id be, under escr
venion (3 oreiiel Bt Bt . HUBIPHER crots ll modifatos,
equivalerty, m“t alterpativep, fatlivg i vvhint the spliret apdistope of te ifvering adiigintdonetle appended
claims. but on the contrary, the intention is to cover al

nodi fications, equivalents, and alternatives falling

Wthin the spirit and scope of the invention as

def i ned by IQDES) FOR CARBRYING QUT [HEINSENTI
afftdembpdifaddisl cDMe lidvientivh Elaﬁbwﬁaee rodi nettigeredt of d]lﬁty not all features

of an acthaﬂ\{lﬁﬂtnhé?ﬁhua:{ Gre @@s%ﬁﬂédhﬁ%@&;'e&ﬁ\éau&ﬁ i %l l)pé ﬁ{sg $La rec;ated that in the

sevioonSh b U Lo SEA 5mt BRiE e o s e

achieve ﬁﬁél@\gﬂﬂgplé (ﬁpgﬁxf@dgoglh gechjap canipliande with gptngﬂtlatg:f angd Ibysugs,se'hlated constraints,
which wil@dryl fbm efdiaglciRftition ﬁkﬂzﬂﬁﬂh&u Mdrém&emﬂﬁ tﬁtabﬁ&lm gdcﬁ a development

criort mi C 1S ut Wou, nevermeless a r ul
ffort gl? %%: §$rﬁﬂg&g%g§£n qugﬁglg b 9 CIPI ev?thtl Pehevge/ él{?g H’%df’akﬁ‘i; gca' those of
ordmary%ﬁldnBlagﬁfhﬂé’ggﬂfeé’?!ffé%ft@bﬁ?éqs‘ﬁnts Whl ch will vary from

one inplenmentation to another. Nbreover it owill be

e Bfe@éﬁ{ ﬁ{'e%gor; »biﬁtnovs Ué:mes&bgt? %Lrggl:éﬁ&tt Rlched gz'l AN Bus structures,

onsuim n nevert

systems o5 B Y8 A4 PG i FTERRE=P RFRIF AFSFPLRsioR opl and so st
not Obsc“{eﬁhe RIPSEntfypitivg with dethibsrikst are wofl kidvingo diog-ckitisdiinghe afih @Nevertheless, the

attached qHivifigMtre indM@dAtthb ABscitbd dnd REWAIR APESGE Eﬁﬁlgle%f e p?ege%{‘ ENGfion. The
to the attached figures. Various structures,




systens and devices are schematically depicted in the
drawi ngs for purposes of explanation only and so as to
woei7obeelire the present invention wth detai | BCT/082007/004689
are well known to those skidled in the art.
Nevert hel ess, the attached drawings are included to
describe and explain illustrative exanples of the
present invention. Thewords and phrases used herein
words 28l phthds bed herdiarssdubik aidetstbdilt A fitehREd tdhdva \hananifE adnbiftgnt with the

understé;lglﬁgc‘bfsthcgg tvox)é@ LJB pm% Hfﬁ{gsr §1§1%q41 B8 r q)efvaﬁtg.r(l)sﬁo %Elgﬁieﬁutgon of a term or

rases ! he relevant art
phrase, sf)e‘c F‘%ﬂ‘“t%tﬂtah 15t q‘%?ﬁe“btﬁ"ﬁ "t“‘e?‘ﬂﬁ“ﬁf?’ aﬁ‘h Fustomary; meaning gs understood by those
skilled igl @ it is intgndet! frglte implied by E@sigeat vfapoehtiicheamorr ghmaihyreianTo the extent that a

term or(buﬁieoim&ﬁdé‘@@mawa @)%mhmge%ﬁ§§ QQd abﬂeaﬁnﬂé’&ﬁersdﬁn th& GndeBtood by skilled

artisans, sipq} ?]Sé)e%lal drsri]irgtrlon ﬁgg g %sct IchPrtfl ?‘ﬁegem Catﬁ)fl "f ﬁgff ngllonag manner that
directly padueavopy a@edtsshqsmceh#é@twrofomveneor@beeq al neaning,
i.e., a meaning other than that understood by skilled

%&érﬁﬁnﬁtﬁ péééﬁn ng’cﬂqglétg to g\%{:ﬂnﬂ{ug k’og thgll'xclfrlg tﬁ)e s.trggé @‘Fn%ﬁe? J.HYO the channel

e specification

region iETIprEH YL ‘ft&t‘“?if Petpieging e dbriaey 9%%9&%%*5@15%& PRgrlpyRg material layer,
such as gemaca bicldadp laydr iandtorfofia strdiged tseminvrdncigpnizagiel fofsedat ek ldyain and source

regions bi& r@ip@&e@&mh&&@ Nitdr Ofkndp R \aitlﬁ'xs.spgé? tofthd BHRA] LUk ; £ Ofhe enhancement of the

e stress tr sf to the channel i on
sess WG CGRAoM 5 Bt PETHA B OPBa St hEVBY FER GREyer i
°°ntem%ﬁ‘ed§tyrteessfe$mawsﬁ@e tiapht stzass tapefed mayi begsignificently sehbangpd dy using a different
transistoB ldﬁ:hiteaﬁrea:oﬁaﬁd?&ﬁ@tco@cﬁtkbnﬁtagﬁoicﬁéée FoR e, Afa Spisdiy, @ﬂam transistor
conﬁgufgt%m %gxglg&?ﬁ'lg {c]ireaﬂ:t?gélgrslé\%%c Ieglg?rgf age Isurl])s tnrtllgléydh g? %Q gchafne rcglon ie., the
mterfacw ep @g Eaéeclpsueaaoxt Héer Mtheelfnd%[g'ﬁlgefystalllm%semwpp@ctor region, a stress transfer
and thugsthangeeagioh iothetdhanslt kgesmby b sdhievedCiha RoBATE Biyh kISP Bigler, which is

typlcallyapreﬂufeg %ﬁcﬁz@j ﬂfé‘fﬁﬁs:lsgﬂ 'énrgﬂth}gﬂl@ngﬂe or U&ﬁbré§iv@su%§§n£v§e%m @1@ Fejgpectwe stress is

e
L R e A LA AT Aa—
approackepixyed dediniayd spyion rpgianschird feaneatly providesfos ingtenca inphdet ®atdugeghe drain and

source rWEBéH l@dprb‘ﬁdtﬁg)ﬁﬁ/ eibhicad aépﬂﬁmﬁaﬁ(‘shﬁﬁle cEQﬁ ol'(féﬁtoae[é&ﬁxmddﬁe a strained

semlconahtoy &ﬁil %chsgs%qggnr/ %nﬁim%ﬂxs IWﬁit ! ag n Hr%% dt0 m'e cess uix order to reduce
source regi ons “are”su

the confoeR of 1URInSH ESTIFIMBICIor GRpiespl, e they mesal ikckfer fapmion af a height that
substantibiiy swerespoida @ atianndl sdgloat IDMesk apibackd) Chtred3 Rredfad 8y thy bW@laying contact
etch sto;p fayé E@&Anhél%d%é? Qﬁbgyﬁ&&)rn of @Q' ?{}ers at%é tJ ﬁ? Saidel mﬁafagﬁ source regions,

thereh th strain generation in annel region magy

erby e S e By R SR LREE S RIS iRy giereby, HpRfpapdy reducing te
finally obtgipddstrhih in tisy dharineleebiambove the transistor with high

tensile or conpressive_stress wherein the respective

c%?c?/\xﬁ% onetparsagf Sf%(;) rp?%sﬁtllt u}v(e)l}tlop %ﬁxe slt]ras:,s] grgnsfer In 0 Ign Lh re regon created by

an overlgg pBeiEa O su¢p BY & eRatAeseichstop dayer ey bhsignifipantly pobasced by recessing the

drain and @grcORgions dnck lirokfd €13t thy mpchaninkad a sibedintiaNGhesh 6@ 4 Misddldeb@ and source

archttectﬁt@ axreesdsﬂce%‘e&ubg vqm@aﬁldxmgllyséj Hi%{l: ethe@t‘S'cgnMQrﬁ ok? F’Ju% 1§jbl'ltzgned since

gn anced tlp sSui cl de, I n or

compondift o i SHAE AP BT (at ECEL v BT Hpiai arp oy laerlly
“push” og ihe clagpg! ggmm thys effptivelh gemasptetshrgm ingle 1pigbbarile dhanyel region. Moreover,
in some mm&& enBodBthéh@lof 1he pfe?e@“ﬁ?enﬁﬁethg %%Ltfm;fér‘agtaggd @Is&ﬁhéa%gmconductor

material %nqgn ! onﬁc talchr:e rgﬁgnesrnhae' bf F]ullllflncgcg SB]ecerEtaﬁay: rg/o%elz %?sFllél é)f)sbtﬁ)algg the strained
material Pdhetqltemclﬁsa*m’ethefe@g Popme jlstatiesmbadiperin dircechnigee reayde combined with
the above-fi@aibed tdoyhidub @sify e Fdcasgddfre@névatdyect Tiis kP Pe dcadMilisied by means of
“disposaﬁl@’%?z?t@gr\h%%ny £t sli)!a']:%rs %&9%& ufl@ rﬁgrl dg,ﬂmz(t)gf a Eal;}l%r ﬁ&%qﬂe dhan(iilgl regions, and

to the raised drain and source regions,

requiring the stress to act through an |ncreased

amount of material, thereby significantly reducing the

finally obtained strain in the channel region.

According to one aspect of the present invention, the

stress transfer into the channel region created by an

overlaylng stressed Iayer such ‘as a contact etch stop

oy S




conmponents of the overlaying stressed |ayer |ocated a
hei ght | evel below the gate insulation |ayer nay
wo a00enzd4by " push” on the channel regi on and t hR&T/US2007/004689

effectively generate straimin the neighboring channel
region. Moreover, in sone illustrative enbodi ments of

the present invention, the strain transfer obtained by

strai ned sem conductor material in the drain and

subsequertloly after remepabefShavmspatyes, tim hetwat delice mpagéré gy bfoymeld ywithtuwoesased width so

that, aftéd 8BS ﬁJrMatﬂQ%f Heﬁﬂbln'ghet JH Qhesguraﬁémfe%lmu%f ﬂxlateﬁeﬂ’ oh R basis of the device

sraces,  RRRA SRt € OBy el BHR ettt g ide an e
channel gegippe Thissihe ditpesable sraban iappueackyenables an effisisatomblinaion @itk thd approach of the
recessed)étﬁﬁslacayﬁlayeﬂ: RinSe MRYoflR& pa&mmb | Lﬁehﬁgbo%ler@ﬁﬁﬁ apkoach provides strained

semxcond&i:ltogn% e%?ll se %g %1% crh§rinel re?igne,lwqu hI 1{9 Se%etnstgggtgined g? y snpmdatlon while the

use I nNing a cavl nex
recessed, G e may ﬁﬁfé‘t?ﬁ%gfj’ﬁfb’nﬁ iy SRPlEb ook rTiA Nl b festribed ot on in more deal,

the van@p aspetssor chlv@ciag thelsitessdRuif@ enealpfise hiay Bappldpridtady coadinéd 4dd may also be
used to b&l&&c@ ﬁﬁﬁgntwg Bf §lgm Jﬂﬁk rcsﬁéctx@er chm‘él ILQSM&% ;ngxcm?g{ tﬁé potential for

conduct or _mat er| al
iaiiaogli P ecpriaGend L SeRP SOBBPE B TGPPHG ey Hfin s n
some asgestf] anophiareddottressetranyfér ahechapisay ia Ipkayided fiai S94-1ke troveistor tulglsitectures, even
though #€kedd triisfe byl® s@difbd tsBRic6dARAGIGhatdrRDisABbtrictddUS ,thel S4Bilable thickness of the
correspoq!ixﬁ IQCE gp%egnhcgé)mcﬁlgﬁl laﬁep pc%ﬁ’t%%h toq)hﬁbc{e%{s:ﬁ‘sl gig rvvglfx:cgé gg%racqgs?r?lé%nglécéor material
may be QJ’%??"S%‘P to a gigpifigant dr?@‘hag"g% grein 3pPPEREERRE- t he di sposabl e
spacer approach provi des strai ned sem conduct or

efeﬂslncectb I'CE Qa i h%ﬁ&%qﬁ]&le}: ﬁlgétlgnve éMi)IO&Hlel{é Oiefgg gresent invention

ion, whil the recesse

ai e ter sili at
will nog ke e 5 e Ol e b iPhsgispply Jlosfresy, st el view of 2
semicongistoy éeVICAsl SGnfofmiprifieg Tieamsistpiixdahehtal0er Tigrransistorn0@ maye tepiiebent a field effect

transistof BE a \Bdeif@ lb‘éncﬁ&ﬂ@t? tigpef Qlch @O Qqﬂ&!aﬁ}gl tdiBisdt b2 §r§ Nttﬁlﬁfﬂg’lf &dnsistor. The

transnston?&)h aagld %ngogl% %ilus ativ eD p rt*o? relr rgtﬁt%e i ormegft}alopee % tsu gkahenﬁﬁ %F} may represent

any aPP’iOé%ﬁéee%*Pﬁt% %lﬁa?ﬁwae?uﬂ? dlifiop §ehstraty érSélsgﬂ Pripsplatic 6FOR prbstrate or any other
approprifte tafidr inalerifl0 In the ekhbwidiiwead dhywie Iﬂfé&fdﬁddl@ lb(hﬁa)pﬁﬁrésﬁﬁtlm ISOL-like transistor
and thus%ilfx‘]e %s?r@@ n@ler!na); t{a@é’]&}@d%e%oﬂggu&d 1mu11151m Jdﬂ[ ﬁﬁs\!vﬁShox{'xac"y' be comprised of

n also’in sone cts an_enn stress
any apprppIRPA R S15h P%Sl‘m; Giotide) SHigm nee 07 Kis kP 85raigagiuctor layer
103 is fonmet jabave tther whstrae\i@h atdh may he gomgriris@lsef 4 subsiaftielly &rystgline semiconductor

material SbHegdid) @0som8 m&@&&d&l EhAint¥Rdk Sihd ﬁlmldo§du(:t%xs Ia&érclb:? gla)t( antgpi?e a significant

amount %V ﬁfccl)na Qsl tge é I%T%Qn 3 gf %%g%h ?meC IQarte{dec% tF Rre &gvei g% gmaanaﬁtured from silicon-

ond
based Sveﬁ"E"r%C‘g*t ‘;J‘;E?rf?b dlt§ ddarvwectlmd Pt it threringipleppfobd presgnt invention
may alsdl 6vvapplied & Sy Qitief hpadpliatel @&ﬁlbtmﬂlﬁctdrhﬁtdﬂlﬁlainrkvlﬁéhda g&afich of strain may
mgmﬁcaﬁt%lffga fhe dgyléeq:elrﬁﬁ-r'n%cg BES %st tboreb e’ﬁf Ina 1stdr 196” mﬁrzﬁrﬂner comprise a gate

'Gdtrative enb prese
cteciod, i R i F| ORBIG & G BT 78S S CBPEr il such as
polysilicprpard gheelikat Wicadi if shduldUstapprtdgedathg Besdise ®f dign plocadd Sintegiks, the gate

electroded 1GL Hh$ %Q‘d&x‘ QI m&t&¥AL Gifae 11@9 &Ocml%ér‘éd Mo @ &oﬁa&\ﬂﬁ*besh%nal of enhanced

conduct:vn}yf aqear]at{: e a-[tlega?ttpra%n I? z)r gvguc% méy é%ea?fgfrf\ﬂ%fe oliiv r5‘x?ter1|aldthat may be
substantiglfyqqmplgtely f@lae?ﬂalrvrfél}er fqnamvesmmm@r suglpas sheteliga pete] compounds and the like,
in a lateristage) STih8 k4¢ eleckbde 105 BREJatited froth@kt s8R ondudlorIBREI 03 b% a gate insulation layer
Sl AL ubstrate
108 e e O R e T IR IS D8, 75
such as a bulk silicon substrate, a
Bii¢ fobemotahthatrig tHeapwpific{tB®kid belbisiis atyeposition forditioe lis to be regarded as
“relative’ iR InfodhRiok 34d ik & beBhRicted with Irégpgcht% a@gg@rgﬁi:le Monsslﬂ% the surface
the transistor 100 nay represent an SO -1
transi stor and thus the substrate 101 may have f or med
thereon a buried insulating | ayer 102, which may be
conprised of any appropriate insulating material, such
as silicon dioxide, silicon nitride and the like. A
sem conductor layer 103 is forned above the substrate
101 and may be conprlsed of a substantlally

. o - S
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may al so be applied to any other appropriate
sem conductor material in which a generation of strain
worean7a2gmd fi cantly affect the device perfor manP€r/v8200T1@04689

transi stor 100. The transistor 100 rmay further

conprise a gate el ectrode 105, which may be conprised

in this manufacturing stage of any appropriate

mat eri al, such as polysilicon and the |ike, wherein it
1018 of thia eubbtertehid 1 appre@cindtredrdshditection dedsredningl Hycheptansistorj PO enahat the buried
layer 105§ FeHn8@*BSve thB @ubg@&eemel Rk (R GGns? 100 Rl ‘%s&@t th@buried layer 102.

04blSe lo%:g [ B ! :{exe’dorl “getlmir’aih & O n d ec o<¥ 105 and the channel

Sm“lad’gglceﬁg i 'Ts“lta?‘m ]zr'?ﬁr P oEBRL T Vit
region 10@ isslpcagd rbeloy| the gate eleapadier FOSnag ﬂvee&#ﬁe@@#ﬂtwra lqytrat% M@effsr a lateral

direction 8 tbd cdhsiddRalas ARljredlitn SubRisduant paadilblyio Gt AbYS. r SplaREL 4l horizontal
dlrectlon 1¥ apsg I?oe g&nsxgéi'g 5 dnEQ&o%.r éugita% 1315'33%119%0 r{ﬁe %fgc‘.e I%Fé ad/h:le a vertical

npoun $ an
d"e°“°“ér"§8ﬁ“’é‘é1 é°'ﬂ?€}5’“115§° § é‘ffﬁ?"&tpé‘ae“td%‘ﬁﬁ tp Hhe 'é"é“ﬁ? Widuct or
| ayer 103 by a gate insulation |ayer 104, thereby

%M&&Mf@mﬁ&a{ﬁg@ mé Egé Q1@cu¥966 1650&‘@&3 ‘t’iaxQEloP\i‘bd I%Qy Q@E&ne illustrative

i nsul ati1on_ | aye in
emboding ORI PGP M oo BS kP ey fficon i,
or any ofher appropréater regaiabl el cawesbending sidepell spasers il 0% foriimyfapgerimeduhimation with an
appropri@b dna'r $hateal 6D, ERRE] A SARRANYGIR AR TREEIde 165. Fof &RAPIE MAidewall spacers
108 ma)pg om\ﬁﬁseeﬂ o? lélr?yhaﬁg‘l%ﬂrtiart]eed%ng d§§; s%hoalfs S?}l hg :H-lﬁ]s ts{hasrbdlomde silicon
oxynitride Fi‘éd the Ak MP‘G?V"& Ma‘%w‘l‘lh‘hthe FW@"‘B‘G‘PF"é tpYprPé pdigqet tp the °ha“ne‘ region
106, a hizhly dekd rairayaso réfatedol BxSdxkentich réfldn 1 Mhinhyebet et fméth @ il@drdl roffset from
the gate] L@Qtrdds, 169 IR deRBANA’ byttﬁhem&%n @,s*acéréw %&2%%59 }ee,m,syl 11 may be

o he gate insulation |a 104 | ocat §1
ormed byb"’é‘P’ Rt dﬁ&i“émé‘F‘éa&t ‘B‘d*’e‘ al%?"e 8??6“&%@“ Sh¥pfh Pa‘?’e‘ﬁ}’eé‘ﬁmg on the
conductiti§Gypedf the gatsiedr B8l ow t he gate el ectrode 105 and the

gate insulation |ayer 104. Nbreover a lateral

g{r@% IﬁrngSﬁ f?ow P vy grﬁuP% S%e(rjn?{oﬁ uctor c}efvxézg égoia%tiﬂogm in Figure 1a may comprise
the followingripfogeskep. Aﬁerrfemlmm gemiqdpguetor lamq 103 foy| ims¢angecpyjpeoviding an appropriate
SOI-likeGGHIGAtE] OF BflepRxiA gbiwitedhhigies SuHas ta Rits@dtd Y0138 snli®hduk@r bulk substrate

without IhléI guriseu rlalyg-cll%ﬁ rg éﬁtw&‘:"‘%ﬁkagtaﬁontp?c!cteésgse}nagcuerpggémgpm orc(l:Tr to cibtam a desired

vertical ‘E°aart* REPfilo (pet ag@mi (yitkdn the semigprdugiorien i3y ﬁhﬁfgaﬁ@f ag*eelectﬂﬁ deyer may be
formed, @atns;a:ele ey dridation dn@lor drbositive o rha hasisif @kll-i%hsmmechnmusofaSBOWd by the
deposmdn lok 4 §Jter k¥ n%EE*ﬁQlddy%ﬂJe&th{%d g&gﬁ%ﬂ-{écﬁﬂl@&gs chhals ﬁ)@ﬂﬂésﬂlge chemical

li con di oxi de,
vapor acy SR R EPp Phipeter Biosp gl St SRR ot o mater | ol
and correspondi ng sidewall spacers 108, for i nst ance
NBxtCeOsTRHt Wdcire? nv&&lh aﬂt[lthaﬂiafeﬁﬁd' ladr ¢hal w&&exﬂatdartﬂloaiasml&&opmstmated
photolitht)g raﬂg%gm@ttchﬁt&%&% <? ototﬂ%m% g%ﬁ%kc@l%odre ?Qsean% 91% Igatva glaulatPn layer 104.

pacers

It Shoulda‘??yapﬁlﬁﬁi“ﬁf’pﬁh?talné"’a\" él“@%‘f‘}“? embegimspt. 4he gaéw?fﬁadsa ngqteriag iy be provided

with a respettivie@appingildyiet; Ohich imaX hiskebe mitbrnQI0A ca@Mbimitibi iville tha gate tla@rode material,
there cated within the sem conductor |ayer
by%ﬁ&ﬁ%ﬁ%%@%ﬁ¥§%%l¢ﬁe channel region 106, a highly doped

region, also referred to as extension region 111, may
Bherfafemthe sidgwall spackra fl @F midy bsffProwed by #Witirtgeh@meematerial 109, if provided,
and subs@ciuelﬁtyrf&qgnglé)srba&eh #yerl Suckled £ Elﬁéoﬁeﬁin&ky la;'ehaa Sl WRkile tayer and the like,

wherein %&ah ge ree op e§ch selac%tw ))r( %ae Selr??orzndrénf getweefl the ]‘inerqum%%qeﬁpa{cgrq%yer in order to

efﬁcxentlu Gwﬁ a % seaq?nq\@ntsytﬁ)@lc(f@b Rypeess fre mmng] g:lé gppch«*@rcr matena from horizontal
portions afhkegice VIOt grerbbyieaving thicRpactrs 808s iAsthioknedsOif the Apdcstiayeadnd thus a width of
the spacdté @&e§%elutéw\{nfaggoréagéemwﬁgdévn@ reiﬁmn%g@(iu Gk QJ oblSY 1a Gfesirk® Qfset of the
as shown in Figure la may conprise the foll ow ng
processes. After form ng the sem conductor |ayer 103,
for instance by providing an appropriate SO -1Iike
substrate, or by epitaxial growh techni ques, when the
substrate 101 is a sem conductor bul k substrate
wi t hout the buried |ayer 102, respective inplantation
processes nay be perforned |n order to obtaln a

L, -y




deposition of a gate electrode material by
wel | - est abl i shed deposition techni ques, such as | ow
w@e@saees chem cal vapor deposition (LPCVD) WhRCT/US2907/004689

instance, polysilicon is considered. Next, the gate

el ectrode material and the dielectric |ayer may be

patterned on the basis of sophisticated

phot ol i t hography and etch techniques in order to
extensiord Rg@hd1 1 11N Rorfy dlieCga] QedidoddB051Dking A Gubdaguestaib® inladtiai ipadess 129 for
mtroduch?%( %Esxrg'cp éopaxlttspéng Wuﬂ aQ ecﬁﬁ%&%ﬁtﬁh&g attat@Lmﬁédrheﬁtg %F the scmlconductor

ustrative enpodi nen t he Me el

d
ayer 103 Repenging B PGSR HH<ER, % *VEL ST 08 BLPEPRYayare Shrigaion 129
in order meagtictesthe Bapagaiint the weidns H 1cwkile) navtthcowawgleh atChrecsgmdeg anneal process
may be p@llfﬁﬁgd’ﬁgfat%hﬁﬁ'dc%ng {dper eby formng the capping |ayer
07. Thereafter, the sidewall spacers 108 may be

forned by dep05|t|ng the liner material 109, if

Pewsain eredllustiitre sottediserate nfrderpraerilagr AP ferwpd qbgyedhe device 150 on the
basis of wdlcd3taBiBhed t&chhitn26 Budhiaé plksilA chiai@H chemical Yap&@BpoditioxX(PHEVD), wherein the

further sgg?g fai[eamg%,ta I,,;,, gd NG ,L..”ug U &%%ﬁ&ﬁfasﬂ&e%%&@m 108 or may be

I VI PFOVI ed between t I ner
comprisef{§ 2 grﬁffeelrhawa% bieh e pelesfvipomiSy FIPETtdn e yPcEmt P Foa Sampe,stcon
nitride oStz dfobeidd mBtie Slgosi@P iiiCa @bgintiglyeoessnal ®unnpewitva spepifieddayer thickness
and ther§a?@xcﬁ{ arlls%%&rlc gt@ﬁ SFOE@L xrragr%m d?..%rlné@'&i ?elmopco e fgﬁ'l%r ngac&hrﬁatenal from
) devi ce égo her eby | eavi ng the spacers 108.
orizontgl RerigA§ 8 %?w?ﬁg spacer |ayer and thus a mndth of the

spacers 108 is selected in accordance with device

F%&H i16 @Hﬁﬂlﬁt&al@dlﬂﬁmfeﬂﬂﬁ Réndkdhd@tdd ASViELT30 QfiérSRE cdpletion of the above-
descnbe& Bt%ggg §e§§én ega de(gxan{' gn %&:ﬂ' pr-or %&nl&b € HQ;QL Cné Itrgr%IS{OQ q fo grp éxe device 150

equent 1 on I antati on c\ﬁ{,OCGSS or
compriscs 3 Bt EFRE) clempeic} 0o Ui ﬁambe py@ed dueqly on e ?ﬁ%‘& {19 or which may
comprisecOirdenlineafnbiahoval), dapesibieg of thegtodspeduirehentsh &he spacer 110 is comprised of an

appmpnasgmt%n QH@]'EQ£ hx%ﬁyt@l{ seic?tg\gté;%tﬁ%gécm ﬂ%%d@errﬁm semlconductor layer 103
auing 05 55 prigies MoV 0t o SRR IR UT 8§ RS TR egoropi och

process, whilef h@thﬁergmtyerm&odlmst the etenprodebsch28 guay byt regfpremtpd with a reduced degree
of amsot?dﬁgf LSRRI Qotﬂﬁﬂ:ﬁﬁdh pPceds € For ﬁﬁ:}ipl@ %fﬁlﬁﬂhf &El‘l’rﬁap@tforaetchmg a silicon-

based matﬁ%a? avntm L}lf seel: etctuvl;I ts ! e}gtanceNse; coh d10x1de, conlrnﬂn %Fd € hke are well

er spacer
established i the @ nggSlg: e@:ﬁ Pf9§ess f Eecesf 1 l\x,éqnqy b@é{rﬁfﬂ Phgyeip the latcral offsct 1120
of the rete@CHDivAH @SpecSWGI Ak PlaSKHIER danatitd by €rivedh of P gacers 108 and 110
and the sggogﬁg l)it tin.p Qch(;P %Q)Z¥ ﬂﬂﬁé &Lﬂg IL B’x%wﬁ H{ﬁxgﬁé 15 I Gtch pl'o@éég h28 is assumed

e conprise St an sarre mat

to be gkl gniefrapic MEiio Qg co1ER g “FEn °1f LG T PE Py, The rcsss 112
may be fhraneil Hgpratohidghth £L2Bthg ehsot p bighly empm stress prasfer inty theyhannel region 106

after the %E&Q e15is Hllé by aclﬁgh@)‘sﬁrgﬁécﬁoveﬁdylng GRRrA tThé 80N 21 inlal, 606btained on the
basis of an aﬁﬁropnateqa%{]alectgd gxregg t ed r?)1enr§t1 t%h gmkagahgs%!nl g%ﬁmo?gf;@é etch time of

ness an
the procegh 128n Fe0R*pBRIF-dn é'rlttﬁtlrfr mbeélgle%v s rdengiet iy et 400, ic.,in
Figure 1b fhe hbritohthiodxteS4mC thengateetectdde flO5) Mdivated ZOIU5R is pEpirdxinpitdy 100 nm and
mgmﬁcmgfy lgsp &r g\%ﬁ '55: ﬁm]aécpless F!hg Hépﬁl f IQD ? ?aﬁ'@é fr&ﬁl Lxgp\‘oxhxllzltéi'ys I-ﬁ@ﬁrﬁ SThe offset

sem conduct or devi ce e conmpl etion of

1120 °ft‘]PFer ol e B A P HERse ﬁﬁ”&f’é’g@x@’éﬁ&e‘ﬁ‘@é&‘ APRPEEH RGN Ty ppnometers,
depending jop the seecifizBof thdeatrbeproctdsd 28 andnfse vaidth of the Spaedrs t ifeand| €08} which may range
from appioxna6BP0 S for gatd IR hS ARGEI edfiamgt. 110, which may

be forned directly on the spacer 108, or which may

conprise a further liner (not shown), depending on the

Biewre dg scheagfitpiesherve she sphisondyetercdevisq 859 i % Bt adwsgccgfmanufacturing
stage, in &RicR fHRdO\Ed 130 & sabjb@dd tala firthat impRMationlprdgbss @ 1Tfor defining drain and source
regions ﬁ@ lasgcteﬁtgé) {h)!. ré%sg I?l.’{ mgtth 1911 xmﬁntgmn%l}écéés lg thB:ﬁ may be performed on

sem conduct or layer 10 gurlng the etch process 15 ,

whi ch may, in sonme enbodi nents, be designed as a

substantially ani sotropic etch process, while, in

other illustrative enbodi nents, the etch process 128

may be perforned with a reduced degree of ani sotropy

or as a highly isotropic etch process. For exanple,

eff|C|ent etch reC|pes for etchlng a S|I|conbased

. S g, o o, -




established in the art. During the etch process 128, a
recess 112 maybe fornmed, wherein the |ateral offset
wa1do1of493% he recess 112 with respect to the gaPE€I/US2007/004689
el ectrode 105 is determ nedoby the width of the
spacers 108 and 110 and the specifics of the etch
process 128. In the exanple shown in Figure |Ib, the
etch process 128 is assunmed to be highly ani sotropic,
the basisvbf bhpprdptiately Rel¢cted PeRsss Pard@éttraiwith degce @ diplantagker enedgg hdignplantation

dose, thg@é(e Q@ctrgmog\{xﬁg also g@exEnng@ %&eﬂ%ﬁ%‘o&% strgéé”@d PQ%ISIQ the capping

th 112D t hat .ensures ficient stres
layer “’? Fﬁ?ﬁ g‘? Emoyshos Herrasit HATHETVE 85t R SOB' HFiR-dp s‘l“!?e‘“‘fsié‘i!’é@ gmbodiments,
the spacdrd 208jagd 1 10l thayalsb e mmbived liflthe capringd s 08 wat thasphargs 108, 110 are substantially

compnsmtfarelsﬁhe mak&fal, &@Qaﬁ.ﬂe&muﬂaxndbee l@c@t ﬁlﬁ@&s@&getb%nme& spacers 115
may be 90rmac{]onalsp Il;asfgr I at l?es\(abﬁs%ec? %Elges &E) %g act ) 1mu1ant?nofx rr]nasks duﬁng the process

con
113. Ingqthps Propest FF@‘%Y‘?) é‘é@?t f?gpacf’o]rlo é"?ém’ﬁ lcgmprised ¢f| 4 gateriahhawing 2 high etch
selectivign®iftdl regfent ® thencapdihg haya 10at for inemge ltheQdpadeh €10t sy Bd Sinrised of silicon

dioxide JnQ:pthe cap%mg liﬁr Fd7g{'Hyebel J%m}nl?s%d '89 Elil&g%tﬁhe %}(tn@@sér&nthglfeby substantially

gate el ectrode Indicated as 105L,

mamtamé'&d%%?rcﬁﬁt &f & f8%>%‘ﬁ%‘ﬁd°*§fﬂgh?‘fl‘f°eafﬂ°f5§ gy e gpriagston the basis of
the spads Hfh mddlOBesk shquliebe] emdqla@gzﬁat rfgsher amg:gltahplo Processes, such as a halo

implantzABH I X4 tﬁﬂaﬁonlmggnt@mn adend fiks Glay 1bb28r0fmeli r}ﬁmf ®C&ESSfter the actual
unplanta%ion lng%{ cprg n an s(o)urpcearg 1crvn%)i :leg?t %luy nggp:\/ﬂge rPaocess strateglthoreover it

er S
should b§ ;&%Mﬁt@éhabﬁnywﬁ @eset"eﬂarmﬂee E@sewzsncalﬁwg @ﬁemwwtﬁn b¥3, mpgcomprise a

tilted impRMEt DG Protdsd indoiddr tbQABpropMateBiposiBoh thexBpectiivé Mlmt species at a sidewall 112A of
the rece Pf2oxbg%sq%%x¥1é dor? gle mli EE %%% %ftlalg rlglgzﬂe?'d ngrgcegqﬁ?ram cEs with respect to

ove-spec rang tica
implantaf 4o PRIBHEE F57SY QB4 L TEIES - 3P 3619 Vi et s el direction, which
may be ¢hadinefl &g thd bastpf Selirepeablishid sidauletdon tnfvdels) @ ibsired Thfofal argl vertical dopant profile

for the &mJaﬁ&L&c&e trgg@s lel‘h@yese dHRl RN AL LS, RE AERISrdcb R J,agrbe performed to

activate tlée %‘E%&?Tz&pﬂj rs?e%gs fagur %ﬁrt?e,gqﬁﬁ%ﬁt f%f]‘iﬂa-gﬁdljﬁ ?r%gtg tliri)%ntatlon—mduced
damage {tthedrainend spurceregifnod lled ont he basi s of appropriately
sel ected process paraneters with respect to

iFFgMeal%t em%acgﬁy ﬁu@rxieg&g %émx”l%nﬁ.” Ioﬁgév%a lg(p éxe ﬁxr‘i.h@?axg%cgd manufacturing

ectro
stage, affgy Jieceurleiqnpf dgisheye-dexsrd eé)?ﬁ%ﬁﬁs eavense a'adawﬁw " wr&& Eifracteyy metal 116
formed stmye the tiassismy 400. OMhet lager DG By bé canBieddediiony @r @behmetals, such as nickel,

platmum0 rcS’cht‘ S&)mbyx\{gl%‘ng 'tﬂareol* Bxdstm ' LvhiUﬁ tn{ag'i:!s &‘&m@&T’&Q qle rg;ﬁst Of well-established
pacers 108 and 110 al so, be renpved th

techmqu& ﬁhﬁ%n?f ﬁpgv:é I‘dewoxhﬁﬁ alfyh% paggrgwéatelﬁ‘gosxtﬂdec&fnéue, w?th any preceding
cleaninggrgéinss dntlidinsl glasmertrped steshingf prod¢veses anvior rthermsllyadctivatad cdieapigg processes.
Thereaftér, hrl £pFophdid ebtbBcen Hed: BeauhdnkGnay| b3 ptaﬂﬁirﬁaecﬁ@&ﬁhate a chem.lcal reaction of the

metal la%egﬁ {& wig'? ”qerry%gré%’,‘{c%%u&% méxtengﬂswﬁal}/ma ebe rov{;geg 0% %ate electrode 105 and

ret
the draipifidapugei aomadks HerFn gmtVFfenqo e ewseopdior | Rt ofuch as. silicon,
silicon/gpRtie® Ssilibi/edri@giaés the dike, [ndas highl oo semichildudy msl compound, such

asa methcEme{d‘: S gﬁgr?{w %Smglquc%n Aﬁ@yﬂe ancﬁlalmf QJ%; S&:gsp m§é11§ %ﬂc}{ 'n‘l:ay remain on
eiieoi hepthgn SIS ooy e REBTRATC SR B PTG YL B suessed

contact etdhstop daygr-ng | ayer 107 may be conprised of silicon
nitride, or vice versa, thereby substantially

%@tle sC ngncalgy ll§sPr§tg§ %:?l ée%&coné]uggr }egflclg ﬁ?o altn lrE {llnﬁ tra.rbtstor element 100

[ ant a ored.
comprises mefah@liciderpgiong 1171@"%4&' %@amm*d %areaw%l 14 pfpw@bas dt bg|sate electrode
105, whéréiatic shotid isaexppteaatlecathtatatm aiiRr ProGsE8BeGics, HidGlietad Siliciddu@gions 117 may not
necessaril)nm: anad LOR coxﬁlgmafpa&ﬁb b Qataﬁr a8 deBlARt ALY Odd @ndb J]:@cnbed later on.

Ii ke, may be perforned prior to or after the actual

i mpl antation 113 for form ng the drain and source

regions 114, dependi ng on the process strategy.

Moreover, it should be appreciated that any of these

i mpl antati on processes, including the inplantation

113, may conprise a tilted inplantation process in

order to approprlately p03|t|on the respectlve dopant



for the drain and source regions 114 may be achi eved.
Thereafter, an anneal process may be perforned to
wa@edraza4es t he i ntroduced dopant speci es as wel PCHES1007/004689
at least partially, re-crygtallize
i mpl ant ati on-i nduced damage in the drain and source
regions 114. Figure Id schematically illustrates the
sem conduct or device 150 in a further advanced
Moreoverpatdessed coniacigtch sap iyerdfid srfortnh@ almoanbé ebrisistor U0 shidhahat the stressed layer

118 is a@b@mﬁeﬁ@&mm@@&sas PLEHS iS afau,@é},se@ 1280 Iwe;tthdébéw @5043& surface 104B

of the gﬁ‘ﬁ ngllﬂ% Ilgélirnﬁmh,ﬁv]{%\ge L ! rmd Sigléralgy éﬂ%lec rcal?}%l?r% snﬁ‘f‘éf’s silicon nitride,
may be siazphlwdsﬁoniﬁ ¢k ethibity ateplﬁa magretmlramd, tymsoefiniatié eress, tWherieofic type and
magnitudék ihiiBsid bikess, mM%ﬂﬁ@Md bﬁt}fe%{@&' &Bosﬁd&ﬁ plx@sét8rs.OFor instance, silicon

nitride %\A%l t|>e hlshtly Qflﬁcxe I'Ele dde;t)oes‘;feh on e gdsxs oL% ma- dp?xgncec} ?erposition techniques so as to
I on or ropri a

exhibit 3 lé@-hrﬁ:‘lga{géle oﬁpﬁsxgpﬁpsmd ﬁ)gst@p@ é’wpﬁgns‘lqe%qeﬁgg 1.5 GPa (GigaPascal) or
more tolcA@pragiva Girgst aSBstAHSIBGHE b-BRMVrdy op MAGRBEES, @Pbpdiely adjusting process
parametl.rb gﬁc'ﬂaaL h%oﬁ&&x‘ t r%e?aqlr& 'd&%ﬂh&%r&w& atio %? pre;[ps%f: @Qt&liafsr ion B0nbardment

uence of treat nents

riate se
during “b“'e*p’F?fFWé B ot £PIpRieatlve Posh Ao SPRIEY Yt (6 P e e gagsivude of
strain in|thg\ehanndl t@ioni 106 therider 11§ imay bspavidad vdth ttearspertivecintempbl stress. For instance,

if the U'Mqakt&hlmtot}%)rﬁﬁtﬂ\ﬁ'Pd&lgrm'e%aﬁorgaﬁ&euela%&ﬁﬂr&gﬁe 4B i3 A channel region

106 may 1ﬁcreascr: %ﬂ E‘ml ? a/ an %gl T?\Qas :I':I'L]'&:ag:‘xblfE ep Xxe onr;}étemr' HO, ge contact etch
em con UC r ma

stop laY%ru 1§ &gy pyeseigsdi Wity cogtmefsefe ST sk crealds & mc#mk@ng qoppprgssiye strain in
the chanfiél@éion 106.NAs indicated BEedtioas mthmttersua&aa&yencnnmy Ipebvids W G&itain degree of
strain mtﬂﬁheach%gﬁla%léyi 0% 'uggsxmiﬁrtvsﬁg' a; Ji ?rax(l‘sﬂ FLI\%I\ﬂI t&r@?fr‘atvln? Qub@thQxally flush drain

he renova any excess teria enmal n on

and sou BEOEY MRETBOPEPERLY G . HEPMYY SRR i Renelorsd hishy effgenty o te
channel e d8Gduadp thmfactisbnt the ttyermriu @ & pasitidned ft@ hbightnigat approxidately corresponds to

the posnﬁ)tnro?ﬁn% @l@n&@ﬁgﬁﬁ:floﬁ cohseqleoty, & %ﬁ%gp%ndu‘:é MS €ndicatd by the arrows 118B may
. ustrates t devi ¢

highly e%‘xéﬁntpaaﬁt 1 V\ﬁralc%m tah glr c} énﬁigneg fnb?n glrag%lﬁgloi g% @Sﬁ& ?resaggg additional strain
therein. piqngd. ashighcdegese o€ gfaimin the] Fhafins} prgign |1A6 rlae belicweptpd vgel without a strained
semiconSRtdk GRteriAJisAH Feghdly ASedViR lotherdfankifiort d&ﬁﬁ@&ti@nsﬁis&ﬁtl b@d&cribed later on,
: |
s S AP il
not necessarily be forned in a conmon process or
Rytprdy@lifzekertmar B8 valhlapy desiradityfe df greshe e Heshhetitypeatf @lfam may be created in

the changa ré\éi’(fneﬁgei’or rﬁarﬁﬁl@ G5&E qaxﬁ@lg; ﬁﬁ)tngft eseit QR I*} ﬁl}éﬁ{el g‘a]’ést!)xsrequmng a
e stres

sto
ensite st B e o1 BT s et eop A b by b may Rformed wic
high tensilg strgshen the pasiso€aprropyiately $elgted denosition Hoeamotgrsgasiseltitahabove. Moreover,
different3ffel aE@iQ4B nf rdckiCe Galageri 1S WhtRL idm&rehlasy&{s, aQAn bA&esd.:r&cd later on in
more dcéﬁﬁ" 'ﬂLe:%%P g)ggi'dlﬁ'n?ta ?n%gg rngrq]-:et(X‘ dgs egnglle)g Ll?&rt IrF errrrr?‘(}ree rtl'{e%lor‘fiachetg stop layer 118

osi'ted so as
may be &flgi?e@feftwcmﬁa FSReGENS daﬂrdartdyss%r%fegwm FF-nigi the @iawelgghown in Figure 1a
directly wh ée aespediine mbialicddecregiang il T, uddleOfn dthet Bppicackes,Sdnl iBSGnetiBfy liner (not
shown) xp% b%Qi@So@&'dl »@l@réi}{‘antnﬁl@m#éét% %ne@fwlﬁiﬁlnl%%'bg 'ué%ﬁ apﬁnr e@éﬂ%ﬁ 'iat?er for removing

. ch? | icon nitrid %ﬂ
mwan e%f"?ﬁ“&‘se?ft M ] pb‘§ i T8 '%?F"?‘ﬁed%‘ﬁ% F§%%of® Hﬂ'ag eSERRE AR pre may not
necessaripasgatively dnpaptdhdntraig tretsfes mechenismpsincg ithelsirgss bl 8B myly nevertheless substantially
directly {60@thé dha@heObgibd106] H¥&H i€a BinliRSEediatd Gi&rGs prévided] NSt ance,

fromtensile stress of 1.5 GPa (G gaPascal) or nore to

conpr essi ve stress of substantially the sanme order of

Wg'ﬁl K acaaémﬁy‘alldpﬂ‘xsgbtpq the g;qnycoa(&]cgg gquﬂ:g 169 greerdigg to still further illustrative
embodingais.dfehiek the dsiitCdnd acurakapiss 11140 Bs by eteatictahisinn rel@O 3 1 X, @y be formed
by the icplriﬁlg%tﬁm 1&?})&9‘ tQ the RGNS R qhe@éegsgé ﬁllZS Fo} %m le, the transistor 100 may

bonbar dnent during the deposition and the Il ke,

Consequent |y, based on the conductivity type and the

desired magni tude of strain in the channel region 106,

the layer 118 nay be provided with the respective

internal stress. For instance, if the transistor 100

is to represent a P-channel transistor, wherein a

conpre33|ve straln |n the channel region 106 may

oy




t he channel region 106. As indicated by arrows 118A,
the stressed |ayer 118 nmay provide a certain degree of
wa@reoaitzeddt o t he channel region 106 in a sim | BCT/VB00ZB04689
in transistor architectured2zhaving substantially flush
drain and source regions, wherein, however, in this
case, additionally stress is transferred highly
efficiently into the channel region 106 due to the
have thef aeteletingit 19Smcdpaufated by 1 dagpigpdayiet 100redltha torgesgvadigddpadelsd8 and 110,

wherein a%@é}srf@§ ﬁxlay p&)@iﬁé e Q&ﬂg@oﬁ‘sgt Jf hl?e RRadidnl rr@%l%xﬁfl 11 B&h respect to the gate
electrode (?52\SN§1J15| f d efselﬁg 6137}’ Pﬁ’& %l?q'eg %/ltifgg ﬁgv dﬁz} xg?ﬂ%ourge regions 114, as is

also dese’fbﬁ¢ oen tDtymaérP idn Amplangdtioy 113qthe respictive erotespparmateromant tygelected such
that the 8ARANAE bouFe gns m&m &A@@ﬁeﬁbxy confRddty wg] mel eﬁc&s'k mrnaénatsst ok rfonned ina

b gthelp nee, qh degree. of gh hanne
subsequcn anura TO%E ste aé rlea are rﬁnp Vﬁn an aso (ﬁlang any associated

implantagighprERHILEE ’éﬁ‘° 'mﬂaetﬁ pad amoaguzwsonf %Efa@ﬁﬁnasﬁnﬁtg@oﬁums dmplgtation dose,
implantdtip@erSigs bl possiihf mlgamgm thad1bs sel@&d Wwich khatxBe dieis alid So@¢ck egibBN 14 receive a
desired Mant Eaﬁgwonraﬁgi E&aléhg atﬂﬁ&ﬁ#‘ﬁ&étf&ﬂ a5 (i)ssatlsg dgéc%ﬁ Wltg respect to Figure lc, so

respondi ng epitaxial growh processes
that the fgip pacCgurcsyBites 1 B aPHgF’IaEVe‘F°eisi%WWet“ﬁveéﬁ%‘*sﬂ’€§iP‘P‘éﬂg the required
functionglitpef tefregons @b, t he deS| red type of strain may be
created in the channel region 106. For exanple, if the

é%ipensiﬁ scﬁ)emag' ciagﬁ rﬂiu%/tr tes eglgt% 1 n:ilﬁ%ll(-': ?’lg gchnlﬁ é;la%n%taorr]xsl:lg here in some
ﬂlustraﬂrﬁfmbpﬁhﬂlym? Hleteﬁb P’@Pﬁ‘iﬁwﬁéi w!vfé'gw ﬁe FEPRSOtEARES Aragyss o alllse'trﬂmg/process as is
previoushedeb@ibe® thawbé Berfoifdd fdrivN Bl peforilingemSappiipriateanhab pocedd for activating the
dopants ﬂ)oth @Bgﬂsqtlgl don§éaln§ﬁ§ %gmgqgcoe%htp Sbks 9% Qx[‘%&@is c%ctc@ﬁ'ate may be obtained,

gﬁglne bove. Moreover, different %ﬁg
due to 1 pIing IR PIPSSET. Wict e TEtial e he vl g pnd thus the
etch rategiuyingghe propgss\ig$. | In s whestbe qtdhasdledtixttewitlomspeat taxbe spactestlaf dnd the capping

layer oY h‘ﬁﬂy%%n&éa@éﬂ' glh&g‘.h@m@ I:Q»beg'@rgéne @ux@'fg ﬂ@ﬁx‘e&ﬁm&hﬁﬁlh@doh o¥ocesses may

modify the semlcanc{é?t?rq%%ef PO% Cl)lhorei écmflgg ﬁOértpfa red éop tl&er c? %ﬁ&gﬁr&itegglﬁ ¥f tge spacers 110 and
the cappingdssh 407. | m@ther {lipstrative embodipbs, seoigh tirgresSi 1g8 may bg performed after any
anneal cOkldse@6it Acyvaﬁﬁg 8 QofaRSPRTh Mol RlaAstaBiding iirﬂ';ﬂadiaﬁ@ﬁ-ﬁxﬂ&ed— dofnage. During
the etch é\dglzelsse 28, | e el.gsgg 113 Q&%’ g@@ﬁv\mn 91@ d%agxtagg nﬁ%e ‘;%t 1% ilg hegepn?&uth respect

may deposite

to the depfhypf fhe SHa gty #ayllige Witk sgpegis ilesEL Tt i) fF5§9°é fo hpate clctrode 105
the samd @it@iai apgly usnp@nbety gedribbd NThegdfidrfirtbed pekesdidd mhy B&tontinued as is also
described GRIPRRtnYAo BgNCRIL-Rr €as, as Wil be described | ater

on, may not necessarily negatively inpact the strain

transfer mechani sm si nce the stress 118B may

Hehatd Yeaprreciated thas timethdr djuptyativi quehedimpnty(@pt sberpithe eprivgieter 107 may
not necefsaly ®8 plfded Frike o thé e@h blobdds 178t RIhER, Cﬁuﬁﬁgethla AtREponding process, the gate
electrodeolrogvdzlgg gompﬁse%%r 111c§1§2r§ J) geqjaieyseéi lehgré %Fx%s%onplﬁ% material removal

of the gafq ﬁ“i‘jé‘?qu?? pe %‘h‘b‘iﬁﬂ AP deryn I8 (TR i lectrode 105, Tha
is, the ga@eltctrede regyiriohmayl Yedproved:d with la cargairt dxea ehickasns thﬁﬁ’WlS@@llzﬂ)]lSlSorresponds to
the depthll]l E3) (lﬂBMe 017f tﬁé ﬁ?egs ﬁ! \L}lél%lﬂ Qﬂltfoﬁgﬁ% Qﬁgd@ﬁ‘ér%e 1]:1:§h Qﬁé rgzry be taken into

conmdcr%tlo nv&cg,{fgr et | O %fhcg:})zoecfs% Slgl?agr?o&ng%%tgﬂéasTd a substantLalli]y crystalline
material gh@apg@p(@ﬂ@@r ﬂgyelt HB. whilspthe giligomyad the 1R dgstiodehl@S5 may be substantially a
polycrys@lihd @sp@ndi ng spacers 108 and 110, wherein the spacers

108 may provide the desired offset of the extension

regirons 111 with respect to the gate el ectrode 105,

i Plesioyshiedosgsiieds jtanay be agiggtagspunip @ vidh @ highlyjoprsictiye fstat silicide in the
drain and)foudcé) ecgidhaind/og hd gato die@@dé &k Gutstadiiblly sik®nibssed béiiconductor device 150.
When thgﬁﬁﬁgtivg efplRME reéaﬁ{sl &tk &M ﬂeQGnsl 179 kﬁé’ﬁ'@feb QR fhrhea chnrﬁonly for the

respective process paraneters nmay be sel ected such

that the drain and source regions 114 are designed in

conformty with the recess 112 that is to be fornmed in

a subsequent manufacturing step. That is, during the

i npl antation 113, and al so during any associ at ed

i mpl antati on processes for halo inplants and

anorphlzatlon t he process paraneters such ‘as

.. o . .




functionality of the regions 114. Figure |Ig
schematically illustrates the device 150 after the ion
WO pam4e3 i on 113, wherein, in sone illustratiREI/US2007/004689
enbodi nents, the etch procass 128, which may be an
ani sotropi c process or an isotropic process as is
previously described, may be performed prior to
perform ng an appropri ate anneal process for
gate elegimtle 1Q3tand gwtdh!gl ad ptamcg'eg'lqns ihiea nle«g:h@s] of thd #hetal silicide in the gate electrode

105 is s@gﬁﬁﬁﬂy 84rhndhed S’;LJ!H: BGick Q&lsﬂlﬁpm%gg %§ the %%acte@ighcs of the respective drain

and sourﬁe re%xgxgsslﬁg s?r{%e_g luhl%f.sgﬁggﬁy Ig},e &egi glgcgge WI né)}l':berfgveg with a thickness as would
be dem@lalbsioaﬁttq &kt yelesfrédsc 105t e ordery & abrrpmyiatelyt prbencar e eapfluctivity  thereof.
ConsequeitlyS intsBe @hughtiveadn®odlbrtd) thetfbafinQE eS8 Sectlvinetdl Bilidilld Bgions in the drain
and souxsé\@%gioﬁsg$4 ﬁ'ltd(ﬁna gﬁé lc@&l:odé/ id:SXn \fdbg Q“ﬁglgxﬁ %;-;neé Rad % Q‘r%x%réch other.
110" and the capping | ayer may e I ncre S|nce
the i on bonbardnent during the precedlng |nplantation
Figueelselenatigallyniistiages threcniomdgandigeitorso ia ypeordid8 withroge illustrative
embodnee‘nt i wat. b SRFHRG SbedpRothh Gt gha&t regﬁnmsﬁse @k%@.éhed in a highly
é [Sgebd0 de the .ca n
indepente i EPRE TR i et PRES v i g 134 gL e rocsd
drain ang) e?lv@rrpm@s at4 épmmyﬂ'arlmexal 16 of eelfragjorfy grretah othiergimt 4ddigionali a silicidation
mask 116 @y¥asded SPBAbL &ﬁleﬂﬁddrﬁlﬂ bnd Bucé &@B@ i Zzihirl]EJexposmg at least a top surface of the
t C ring the 0ocess.. .. .
e Bl 3, 36 QL SRR A ol - FE B9 57 i v
the spacers }1@ and 105y Bis b TapovethEanay, beviprlpred &y ﬁ@&?fs 13- t Weothes sesps: the gate
electrod@f05tnng haedeasiothikd witbounvehk kapping Vdyér107,@8 preGibustyQleictiBed. For example, the
sﬂncndatﬂo@;tﬁgkai]quufys‘lﬁt co%xtléad B@ %%Lroﬁx@atet ggterga@tchheAseaC o'iﬁxgeﬁ mlgﬁal that may

sane cr revi escr.i
wibsary U ST i R PBP bR PG |G o P “spgtongois mreri
of the gaty elqgirefied 8- | The diligiiatihn medkd 1 @ mexebet fornisl fyidepgsiting ah epprdptiate material, such
as a polymito Ul holdRsi P e Cdtirt &dle&tﬂﬂﬁlater'ialﬂ vk h@ﬁly inbd- &b%fo['rﬂetl ifééﬁon, for instance by

ot
any depo%g;gxg %glg;ﬁﬂ ro%Q'Q% &%Q%p %lly rqwgl%k%?@%elﬁgwr %}Icﬁ as SanéOeIlS « 1%t§s, when low
viscous gﬁertallfzﬂ'e coasiﬁerqcfgnq the likes 1f t@g Exetﬁnaﬁl ﬁf}thf) flb&é@élgn mfshé lsgxap@vxded in excess
so as to elbe@iveraliegaieQdectradee M5CD sibEdqB@tirembvap ployess, Ifdrmrancelmyetcaing the material

selectwetlﬁto rtlfécggé %ﬁgtrodm&; ﬁxla)nbéapepfgt[h{eg ‘?ip&gg::tpa&et%@% Ee?% @Ar tl{eesme){igl]ion mask 119

m“atk@%ﬁ?ﬁﬁ%&%??&ﬂﬁﬁ%?%ﬁémfﬁ%“FgaﬁEt|on of the gate

el ectrode 105. That is, the gate el ectrode materi al
mr @Sropxﬁaﬁ’é/ élé&ﬁﬁg Wrot:égse@ f&@&ﬁcﬁvin@ aﬁ% Ed'nﬁnﬁrﬁhtg koaSR be@ted gate electrode

105, the? S'1“'1? i I 8Sét§ L tig %)g ?n Iaﬁpro%n& (fl ({e?oglﬁlg? eg:}&nq{x% as explamed above.
Hereby, gjthigloess r?é éheu Ipyep l Ehand thesmpgsjal [sempogiiem thiergefomay be selected with respeot to
requirem@fit$) fir G reateiebtrodéh@Nin okdRF to dbEliBNRQyirell AR 613 tHFeQT @RGI silicide in the
gate eleclz%ge h& pﬁ{e]‘-e%e'ffeﬂ %mﬁcgﬁrepélgﬁ §ha9 fbe Znif? %SJnatﬂ% bglsléf' f6 élppropnate heat

ta| I ne terl a sem conquct or
watmon et oo G RSOV TG e 105, Tt shout
be appregigigd thanethe| siligidatiqyabgimesymavabel userk innwiltiey; ifer| instafee, a silicidation of the gate

electrodddhR3Ha OS] B4 a%ﬁxﬁﬁslh&ﬁ‘(ﬂmng depbIbn R84 @QM&H&@Q&Q%&&% an approprlate metal
into metd] & 1§C1Ideg Elgh%x'eegi%eg, I o%xgzgsg%xu%;nalﬂ\{zgﬁ reniovesdl'” Lh?r%af%xé of Wi wx%'un ¥he same process
sequenceg % stficifaira magk 3P meg e \?f‘a@@&veé’efﬂﬁ iaganaut By ammnere e'-:es gehnique. For
example Whgirestablizhadesgdhaedhhiyies RBich lmas hivei Jlidgh ®gicd BS seleStikath vah résb&t to metal
silicide aﬁx@ gﬂhg'rlﬁatell]alz sgxl:'—l‘l &%eemété)al o%@sga%;ﬁﬁg aﬁ@%ggglnyang qurce.regions 114, are

' & ig g el ectrode 1 and rain an ource regions

well-estaglished agd gy pegyerdiripg tf H{ém?féfe&‘i‘e“%l cide in the gate
el ectrode 105 is substantially determ ned by the
devi ce constraints inposed by the characteristics of
the respective drain and source regions 114, since, in
t hese regions, the netal suicide may not be forned
with a thickness as would be desirable for the gate
el ectrode 105 in order to appropriately enhance the
conductivity thereof. Consequently, in sone
illustrative enbodi ments, the formation of respective
netal SUICIde reglons |n t he draln and source reglons

. . I A N~ o Y Y



enbodi nent, in which the formation of respective netal
sui ci de regions nmay be acconplished in a highly
w0 pabepargent fashi on. The device 150 may, in tPCBHUS2007/004689

manuf acturing stage, Le., af#ter the formation of the

recessed drain and source regions 114, conprise the

| ayer 116 of refractory netal, wherein, additionally,

a silicidation mask 119 is fornmed so as to cover the

tled] & apptbpAae slﬁﬁdatne:g pBSs b buviperfemeX o sicndfaifitand &ML régions 114,
wherein Ihg pespcé%\fe %Fo%esg &crgﬁ%ﬁoe%klgﬁédrsgg%al 915 appF gx[xat§§v99§1h '%ckness of metal

gat e el ec t he cappi ng ¥§m
silicide ‘bB@%‘i“’BI‘W Fﬁ"’E’d’ﬁB F‘H‘écﬁ"éﬁff’“wl Fn'e °§i§’a§‘é T IEicidaipn pepgess may have
only a niigxy effect roe rtipvreviauslt fivened (yeetal ethatteldthbgats plagwds 148 0Thekqafter, further
processi tntﬂa? e EABMR ad @ﬁsogﬁ&(ﬁbt@ll RhaeRe 5@, have been
ormed w thout the capping | ayer 1d% as previously

described. For exanple, the silicidation mask 119 may

Bigure d hyshsratiehlly fllugirpies s sereipmduptes demiged 59 edmprisipg i figgistragsistor 100p and
a secondtEh§/$iR 1100/ tvtich alay rdphadnt GRYistdds toh arﬁadaﬁk dRciv@nppetith@Sa P-channel
&anmstonr gl%'l!alg c}ragr(cl %Hs@s‘?drt I ‘irgltﬁls o%y %O ﬁ) aglgy Ihgvet L@Et&uﬂl l)a the same

hem cal reaction wt mat er | al ate electroe
conﬁgurzf@s as t}aﬁ éra%silsfoir e‘eaattt 18?] P‘ﬁﬁg‘félyjﬂfg’nhﬁ‘y ngexfl WEYET bti}e respective drain and
source ra@PH8$ Welhg thencoapipreipizi chingel megiaps, ingdy haw rppropriatcadopak ypweies, in order to
provide ﬁe Qgg&ﬂfoﬁ&c%w%eaﬁe Q&Qi@&u‘s(ibﬁj Q@dnrrhzﬁf bg%rﬁl&h axln the |b£klsaof the process
techmqu%se%e cr%fxp 8ﬂov§ gvgt% re aﬁlléce{)tlpow d?q"r’{gfog éﬂu%relfl ggcfweewka"y the v\é.nous implantation
processed may(pe| Aetfermed pr the é‘m&\ﬂf gppectyi dnpleptatigpmatkp i ardse mﬁe'qﬂersly introduce the
required \4BSaAt slp@di‘és\&hts GRUEandRE N0 $00al08 tiOnSE devaflestBikhtdRasking techniques.

’ Moreoch 1“%0!3 anJt]oqs ;i(r&%eidoﬁ,l th® ges%emgvesljelegs(é‘é Qjﬁt Jn%ﬂbm%edlgcgorhlﬁg to similar

process (ephaigrs g ﬁlg’fgﬁy dgsg‘é‘,%gsaéﬁ H@nft‘“tr"z ﬁi?ﬁ%%l“?%ra rf‘Hc‘é§a§‘°° fhgformation of metal
silicide regisib GooCsholy), redyda iactgmplisBedm is@rdviabislsdese@idtd. vel y to t he
gate el ectrode 105, nay be perfornmed in order to

n a_level for th i cidati k 119 _t hat, at
PRERD§ Bt et e cioh et 1145 0 b PR Tt it G| P fiond ransistors
100p, 109:9 Svhergif; in somgpibperpiivie pmbodithentsn pmeptiprad etels stepslayep f 20 maydheipegyided. For
example,2R/opG6Al @6H s thyer {20GHAY B Gorib RS dilighatdox ik Ok @4 Girst Bdntact etch stop

layer 11 %hr%ly b§¥oxxépri%gdgpf %yon%ngee HQ%Jﬁxgr 1Hiu59§1v£ hrgbol'a ené tge etaibsr\(ci? layer 120 may

‘1‘-42 osition tec paln
be omitt r%vaﬂea ‘E‘%f"é%i‘i’é%%‘ etsh stop davery P mﬂée éﬁ‘ﬂﬂ"’f"lw%o“i‘rﬁleéia{‘%ﬁ‘°‘ 100n, for
example baapasiht coh stbi aye A L0, ifprotided Sl @ Géceod guntatt atab S ddyet 108n, possibly in

combmatti(ﬁx%{hra%g&ga §tclt QSp faljh‘? lglatngy gJ: ﬁ)ﬁLJng Qs tl:Q:'évér @mg&gﬁi tnInQistor 100n. For

example,tt.ﬁ f?rﬂ g?xgacré ?tg‘bit?p asr %g maarﬁ%vre é%%lg? ét}tnnstcl,fgxglgrlﬁgyrsﬁél I&tgl s when I&)e transistor
100p representst 4 Brohaneg) tdgesision wihilgtteegiseennd tchisach gish stopfaygrnl 18n may comprise a high
tensile stﬁiﬁ@fvﬁﬁﬁrth@&&sﬁeﬁi ooh rr@ﬁésmin N-Qhdahd) atbistdn e FA@Rinid2é] an appropriate etch

mask, suaT as a r%sxs %g‘g %(x%y ntg}lj-:l? g gxpcr;%%ttﬁ: tra%g%tgr dl%§%m or&etrﬁ r%%g\?e the second

preci a
contact %"PISPE a8 118 bF é’g’?“m?g a ﬁ%rpesm?édla% Beh PrRcefhi 2 hvhistymay be controlled on the
basis of théx3dhatop dayerdl 2%iif pravidddt | on of the gate el ectrode

material may be acconplished during deposition and

i mul t aneous _conver.sion of an appropri ate neta
ey G PR G P PoRIRR B0 e s o gy et wansistor
100p, bothergppistors hanel forthesl theagon appronsiatelyistrésbad cpiiast etelngtoppipysesethat is, the transistor
100p ma$ GaEBmRd tliel?eﬁb&k|tl'heCliaSiji=\t1iS%rbrE@ﬁé(mlalﬁglﬂﬁ¥ffﬂie§thQﬁer a respective strain,

wherein (?1? E,ﬂ m¥i§tgr IOfOIQ ﬁonlllﬁ;]%es gﬂqi?yexb yl SQ F%‘q E{%rfg Penl %;taeesr)f %%tr%ﬁxc stress 5o as to create in

a
the respegtive H]i'ﬁnﬂﬁh i d(‘,fFPf%?es T Hfaih Ihbgyld Be gppregiated gy qfher Jegimes for
forming Wiffedantlyespaat layens sbotathe Sansioge10ap 1004 ey beradedr suell &, a selective stress
relaxauor?%%o%n bf&e %@fl%@l)r ﬁfSn top &n Gt lglmees, ]tﬂ&oﬁ'&goﬂdn@ 1&5@ hiBp and 118n
source regions 114, are wel | -established and nay

be used during this process sequence. Next, an

appropriate silicidation process may be perforned for

the drain and source regions 114, wherein the

respecti ve process paranmeters may be sel ected such

that an appropriate type and thickness of metal

SUICIde |s obtalned |n the draln and source reglons

S "



Figure | i schematically illustrates the sem conduct or
devi ce 150 conprising a first transistor 1 0Qp and a
WG e@woneb4vs ansi stor 100n, which may represent PCT/US2007/004689
transi stors of different cafductivity types, such as a
P-channel transistor and an N-channel transistor. The
transistors 10Qp, | OOn may have substantially the sane
configuration as the transistor elenment 100 previously
may botl bg dirdcthe fprmeadiva rtiwi respedtivaeaneistors 1 00p. 1088 prisdut any interariediata pich stop layers
120, 1250@6&9@qtfeﬁ@| megh dBSred 6 desid$ ﬂ&mmgqgﬁrea@mmhe& &mmeépltaxlal growth

techmql%es g.'lherem tlgga r\éggg}an? é’ 89{1}% ﬁtra tssetf st rfegtu%tg H\g %sqee%u*\lrerlzhanng regions may be

readily qop%auswvbmsqewmpwvmms@mmcmow etplestapdsiors. of
the process techni ques described above with reference

t\ﬁlﬂf Jeﬁ@ﬁée%& g {guéQgLZhV\‘ﬁxﬁﬁeg le&sv.glag ﬁuneﬁtp &¢ t}{ea]% hs%}[ﬁnventxon will now be

t1on processes nma orrre basi s
descrxbeSfm F'@’?rf@@tl’l lgévhixcﬁﬂ sgﬁxf)%& qeaﬁzoppélgthmixt?pab Psdé)ptufn@d in close proximity to the
channel segiopdlyimegbsyofiandisparaltle spatdnahdreiehablios shogilci¢nt saitiadien ofitbedtwo strain-

mducm,a,t xn&h%x{és?tg zzles b&ﬁg;aé Qggnkeld h%gg&tﬁ)} E@te@aﬁ%fo&rtg gh\e/: é:lrmmnel andbu81tn a recessed
wensicf P Bron DL A LT E] Vi T BEBe BT e 1

may be formed according to simlar process techniques
ABitFe@Ydnbd I Big k@ i Pel caidept toh enefdigpbdane S&Eé}%&%&cﬁ Qs described for a

substant ﬂ§ ﬂh So%ﬁ ti%g]%n %&%f’en%g eotfo tre%l ZGSQU ﬁxc com| glog rln%th the recessed
& I

e acconplished as i preV|ous
"a"s‘smﬂ‘é‘%’@?‘irﬁ’é‘ﬂlsd‘ﬁ‘?@‘i’eéafter a first contact etch stop | ayer
118p may be forned above the first and second

tIﬁ @féﬁx‘esﬁta Qf RmicBfdetorl §e 2%4{}3&0 néerhl iﬁgrﬁoﬂlﬂé)g uv%l‘hgha&léy fave a similar

iments tional etc
conTewRRR 1 MR gy (BRI I HEPLT 0 B EWeBt L. Ay ansistor 200
may confi?ige freaje destreds?8P ihatdisl fme@bbve@mm&p@wereayem rpravivied above a substrate
201, whérbxﬁf‘kﬁe éé&rblsaﬁctde ebsh &iaﬁ&d'fﬁ)&ﬁtﬁe Qelrﬁd'omﬁﬁﬁbr ﬁ?erQ@jrBj? h §§éj in®fiation layer

204. M({rﬁove ?\n ﬁate eilec o e 20; ma Olfdanc éu altfléﬁaa a c.i P alayc%r[%gf fsyt)aceré 208, possibly in

ayer
combinafipps with Fé‘f‘ef@&ﬂt a@sar@fa:h p@eféb flpwiyfesr mapgBpupingyht) eemrieondiptog device 250,
substantfllp e tdne: ﬁr&oﬁﬁé‘d mBdyte ivd(vad asf RévicMa dRkEbeh a6 def@Bnet ethe device 150 in
Figure 1§.t féﬁr&ﬁkp Qh @%@J 25%%%5' ble Eub&gt.g% Iodaﬁ thh ?1%%922%%r%%1&£ﬂ$e&% adjacent to

the ga‘e?ee&%‘iﬁ%tzgg é"l‘fh§f‘ GES? &V@F’m}}ﬂmsﬁ‘ﬁ‘;‘}m% & £ Sidt dO%SY of dhespacer 208 and the
charactesgigesf themchpewens @28, pais siss doaeribé @ove Witk re@erencepb @e etch@rocess 128. That

is, the px%bJssSiZ8Q1€h9ﬁ:@Q$sxgﬁ$dCaQ a§§r9§3tr1)p?é’ &' 150&3&9&5@&0&@\4& r@ce@h@ Rhe serniconductor
layer 20% n& CGIQ’%O e gatg‘gl%c%ﬁﬁe y(% e%g’m pJ\ Vﬂ,]or%err%{] olrnsf t%no ¥ ettive recess a

res nts annel Si S or’,
strained éem%?éfctcet"&‘ﬁfe% Fpich a'}aér‘hellllgﬁ"“?mi}/ dewpftrag’emaa Pnagnrrl region 206 of the
transistot @051 |42 c&ickding\Bieinell BEmik6raBEdrSihérial A e PR it e Bbsis of well-

cstabhshui &E@m%bxt&[aﬁﬁ&ﬁg&hqf y ru‘i Qﬁ cl[;rgm% Fema g LARL %@ex%l %% &1@ layer 203,
e ARRLRAL Lk

resi st orne

sk,
afer beigg Eisived b fehmerscer W.aﬁrwfaewple'a % i gyt srained i
conductox grenal, wost is sdleced thhagd io s halygror meﬂnddy;tawean@tbfdlf&rent lattice spacing

compare§ @Utﬁ@ﬁ&?ﬁ% |nﬁgznﬁto@ the %Mﬁ%ssex;géndum 19,%: sBYy F BEinstance, silicon/germanium

or sxhcon/carr]bon q;;?'ys enhlceorr]x lfc yor cQ ox{aliotgxlg st c% wé’ﬁ%§‘§ ¥ ershbétal}txally undisturbed
silicon laur?waﬂr tamp etratn’reé Pﬁnmonthh‘er nptprial duetgp resivoiiMe slighbmisinatglt in lattice spacing.

That is, td SiliGingE@anil (baterthgl‘bvdhrcﬁﬂS | sGibsehGalll) 204RishREdTREicdd RItBO Mhay form a
compresm &B&Lcﬁﬁ@&é’ dléttg &3 %‘% 28512{91% 1ceesE)?J}1rg otfgngn- u%}ﬁg& 11100&1)&%;]‘11amum with

the_transistor ave er eabove

respect t? a%rn 1Bl %'éct"f‘/ﬁ‘ljb‘?"ng’%\w‘h?’g Hiigpn aay j format fenyisepdstor paterial of tensile
strain. respective strain, wherein the transistor | OOn

conprises the Iayer 118n having a different type of

intrinsic stress so as to create in the respective

channel region a different desired type of strain. It

shoul d be appreciated that other reginmes for formng

differently stressed | ayers above the transistors

10Qp, |1 OOn nmay be used, such as a selective stress

rel axation of a portion of the |ayers 118p or 118n,

or, in other regines the correspondlng Iayers 118p

. o
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techni ques, wherein the type and magni tude of the

stress transferred into the respective channel regions
woreg7hss4peadi |y controll ed on the basis of thePGL/DENE7/004689

provided in the respectiveleontact etch stop |ayers.

Wth reference to Figures 2a-2h, further illustrative
enbodi nents of the present invention will now be
described in nore detail, in which a strained

FayuteCxichemh il Mbdaicathe d&/i@ QS0 hdcardRgl td dhe GllusEsive embodiment in which,
after th npnxletrgnbc?f tﬁe%t&%@oc@g %EQ grld a%? gxle%glmmél H@?egs%s gvgchaas clean processes and the

, I sposabl e spacer, er eby” ena an efficient
ike, & SRS AP OHFIOb FtETAL 2495 FEPHIR HE ARTFCRRHEE PR, n this ombodiment
the strained @emicqudertar dialrgal 289 mpnedfomeitcoiio sbttatialisadogplerly fdl thserresponding

recess vathJt pﬁulﬁh@m@er Qf@dthutg 'pFlQld@ ek BEaRREM fof a@ﬁﬂs&t&ﬁ sﬂlcxdauon process. In

other err%gtﬂr&n?rﬁsg r%s?ﬁ%g% ?]es?ré eiratéah%ne al}er &seq lj:trweeseml%ang %rowtg\f)fqﬁé/ss a certain degree of
underfill rafycheappintained. M} thailbgirpize gdmple H@\a@oﬁ gxbgp/ggtfnaplhr@ semiconductor material
230 mﬂﬁaspe@akﬁclrﬂecs@q;e@ideap&upa:aoéﬁcohﬁreese\e&&&uhedha‘r@nerame spacer 208 having the

width 2&%@& ( l)rﬁdu aXxoxE lNH§ h)h ggggs%r%ayz[n?e‘e!mo& ﬂ%re%ﬁ pmh Ls@ 258e [n%glﬁ'glgﬁy determines

nation w:t e reéesse
an offset ‘ffétﬁssgg‘{“iﬁ‘rserelﬁ?ﬁdpﬁ?fr‘%?ﬁnﬁlrpp ity grsrery tp 1§ 821 AletiodpQ rary be gpmoved on
the basisSE WEll-esudligibdseledineieCh re2ipts. Mhgrebyoipeapsiog Rydr LCMBaySdso be removed. After

the remeA0of HpGd, ah.ae{e Gadh @BaL@ rregm%h)gw @stea gnoraé 16 P8vide the required
ansil st or 10 e ext ensl on

et s GG PR U R PSRIET SP SU0 R rESion eons
and draiggridgowategedionsde 205 that is forned above a
sem conduct or | ayer 203 provided above a substrate

%%ete w%&%a catllP 111195?&@8 &L %%g E(%lggctcg‘od%vxkes 2§)e B ?t eg)rrg{ggmng process

Sem con ate I nsu I on
sequencey ngperewp @8@3& fpacer ﬁél ﬁ@t léa qéfdefef X@a@g %sxtﬁaavn élon 211, while one or more
final spaeaCZ3P Snaly &¢ @eld B\an dmpd apitibmngask dyrdg a2 O iraplahtgip@aprecess 210 &y forming drain

and som@tp&glbm M4| %&%Q&L Qﬁ:{h gg}‘éﬁ%aﬁl& @1&% dﬁg gacée; le-o}ﬁagg gﬁ&tﬂl bWy Bhat is greater
uf t,u S u

e i QT IS 5P H B BRI O GE QR Yooy ncude the

width ofjthmoffisst emkca 83 o ridnei @@smayer@é%rem dirode wict For fusthenmesmufactiring preeesses, such

as a subgﬁﬂd.ng Silidi@@on Probdss) Wendréksed RS QVQW prJvhﬁs d@ééﬁe@@ve%l@et hBiWeen a metal

silicide rc%mn tg?eg(:t e(pl w1 O Q s meg se% 1con<?1.1ctS aten lgé(bqén a. p{nﬁlgn ?30A of the material

dj"acen
23010°*’E?F‘P§‘éf°‘l‘°rfé?‘@?‘r’?ﬁﬁ“c?8?respondl ng to a wi dt h 208W of t he
spacer 208 and the characteristics of the etch process

%t?gg.h Z’?lsscl&eﬁ'xaf’ﬁ!aﬁp 11%&&% k@%gnl@&ayc%or\@e\h& 758 f&%%@&&p&@mélp formed metal

.. .. et [ ocessS process
stiide ST GHAQMEP e SATTEHBHP BT (R JPR SLEith pBLRdgn the ssined
semiconfugtor maad BNy of the deaimrrnd ervehe geainms 23/ prBigd, dltrdhy datrally gpositioning a
strained sdh@cd@ictdr %la%ﬁﬁlr KRR e smsiaﬁhaﬁy sdaed ferd sxﬁj&'&t Bgib 12197 1€ lihe channel

region 2660 Cfo(r)xsregtllcfntrg}{, con?rﬁ%Q o%\c/:etn 1ona s t%gqg’ssm a{uﬁ g“s Enge\ﬁ oé’ the width 232W may also

be used anégnru@g thesrained serﬂxctald%cgm?@palr%&l ’615] fop %m@g atreﬁ@ecuve cavity which would
then be tsuBstBtiglly CdompRRly AonGiied 3 pmE diliaifatiinr @odees] caredIpoRingl We ti@r illustrative
embodm%ms GL E}glxm @yxg&}@ 23 Qars@?'ﬂic% ﬁ&g&l &%ﬁ'ﬁxﬁedc&gm}e@dhﬁ&t ﬁJ?édaxS pce dthe portion

| ect]ve epit ax| al

2304, ‘SPQWWF??Q‘%‘H%F&PW?{ &W@? ey he’éf‘ﬂ?ﬁﬁ é“‘ﬂ“é‘i}@i‘y Wgsw%ﬁst“e?‘e interface
between |f@igatg insdetivs $ayer 20§ andtbe ekl rpgigci®ss AP Snsdqeencrs ewnpasd g conventional
strategic)TaOM6D R Qb dalsiQf GSF o, hBreBy AW LeBBiir3!ih Al RBEpSRAFLly enhanced
perfoxmancetcg' Ct Orsnstodtr’llg f}eﬁéﬂ‘h Stg hftu‘éhexé ;Syrée){:egs%%%teqq?r O A \e/?ec(eilbf, forzgn%g a respective
contact ¢telt $1oR leyepaleli- Y the deisalt Bd(Figsret 1 ‘ffef?p! at emr?alilwme egfpodiments, the
correspoﬁth@ EENRbP IRG S8NMbLADHNE! With ArtdPFopAAlad intfiSic skrEkS limBRIEs to even more
I. con/ carbon are crystalline

enbance ﬁié;' rsrt;r ag%%écrgc?tug@%%%gﬁﬁgg&d\ghl ch when grown on a

substantially undi sturbed silicon lattice may form a

strai ned sem conductor material due to a respective

slight msmatch in lattice spacing. That is, a

silicon/germanium material grown on a substantially

undi sturbed silicon lattice may forma conpressively

stral ned I attl ce due to a sI | ghtly greater I attice

- Y o a1 T




strain. Figure 2b schematically illustrates the device
250 according to one illustrative enbodi nent in which,
wa@bdoen2dsbe conpl eti on of the etch process 228 Beitiusavg7/004689

pre-epitaxial processes, suth as clean processes and

the like, a strained sem conductor material 230 is

formed in the correspondi ng recess, wherein, in this
enbodi nent, the strained sem conductor material 230

may be formed so as to substantially conpletely fil

tfhﬁxrcc oL rs&éﬂﬁﬁgiynglugtﬁfegstﬁe m&&g&{ktof %%éer hﬂ)g maglzc&\{ﬁl(:e with yet other
rovide egless nate% for a subsequent

tssencit Pl BT 008 £ SPTPIOP 2F LEBT HAYRE = Ecufep i geterence to
Figure eberafigee cdrgtpendingncavityf ¢telr andselectiod enitakiglezreph trepcesala recess 212 is still
prowdecgﬁdj)d&rﬁ tdth GRS SectrddLRB| ahdl 15536@%6' eaxfaf grblm%f'cfciasls Inaf'BY sthiped at a height
level tha't@sl hlyo%l eelgvd éel}meJ]b tile n#a esi;l ﬁ‘l% Vleye§§ or angngl\(%mthe recers]s 212 may have a

'l con/ ger man um’se
depth °feeeﬂmmﬁltfé&° f"é" wteaﬂedeat%'at?ég pséewee é°‘tﬁ‘b‘ﬁ}§ dgntly ?Rﬂeprommately 30-40 nm.
Thus, bys hat abmpletdlj @tliag fitequrgvicuile fepeterity?@ding ey iepigixiahgrowthgtdeess, the process
time mag Q&W&Hﬂn adéh@onctg B;anﬁﬁ hﬁ)tﬂer\%ﬂance}ngxﬁ o%@&%ﬁﬁinﬂ%@ E@Jh%én
of the etch process 228, substantially determ Res an
of fset of the strained sem conductor naterial 230 with
e gthercdases,ghe dpmic 3i0aseshevot indirure22¥5mayehe shigeatedto ¢ dfthemetch process for

removinf; B€ail2a &Erﬁxc&lﬁud@&' nhateﬁSlt ialkdes Q%O?‘s&l tﬁé:kf:e\;!§2 el witn &%ﬁd%@ of the selective
er. may..a

epxtaxlalA%rl]'?wtﬁ %’(ﬁess ma noqp?sluln?x k%éesged éarocess ormi y C’grergeeaserb dspacer 208 may be
removeds@é@gtherrrégqeﬁeg iy bpeerfpsesd qnﬁhedaaae?f ievcep%pwrsdect pethe spacers 231 and
232, havify]thi rifkabed tspacad width0d2328 inl Gadr 6l @panthe praif dnkdQowrte #BGns 214 and the
seppconductor |ayer 203, thereby form ng respective
extension regions and drain and source regions. Figure
2c schematically illustrates the sem conductor device
Fifdre(f sdbprgatigaliy Giiusessdiredievigs 250 ofee senpdiquieftiabowshiescebdd processes.
an offset spacer 231 nay be used for defining an

' I
%X en{aa%hg nlg%traaérs] tllle éelvwc aellngagﬁxrrac% Eid\%mng ﬁxba.% ta turgﬁ stage. The
transistop Z) naﬁartcawr@ﬁ metebiilésids regicgs ?Hrwlﬁ@rxmmg foimed on thaehsis emx@ gpacer 232, as
is also defbednBovd Ivth rdfbrencs paEigire 28 2CorBeqG @il A\@tti® Bmdint 6F dohBilicided strained
semiconRRF ﬁl%tegﬁ éE»d)—\aé px%at‘ﬁ%ﬂ}fgvcg %&Q@s‘ihdd% re%{oﬁ %& f%ndttht%%ﬂanng Tegion 206 due

corres
to the °f§b‘|é’F°é( Sputr Priged Ry E A0 oRRpaTERY 1 e IPALE IR OV et for forming
the resp@tive dt@ined fegondip@c pate2d 210. Hisivold tehppradiaaicthat AZotm@yion of the metal

silicide ﬁki&% 19 HeRG.E Q:iectﬁ’é&% t26§ bnd RO HhAGKHE LAY r@é&ﬁ %g? g%é le)g H&H)rmed ina
|

a subse i ci
commoniEssEit ™S SN0 3 BUHCE oL R PO GBI AR o s for nstanc
describedpithyfefesqupetp H gured fiotin agcordpnse frish anycthax apbriopriatdregime.r Mpraengr, the device
250 comPRIF £ Sreidd Edﬂfacﬂmih@fob Byer238), vl ndy B&ﬁﬂds@&y&ﬁ&ﬁarﬁfc ikthic stress so as

to furthe gx[ce Q}E cfgég 9 tgec c‘%agn%} %gi)éxtl §60 It % em o:{' ne%lt shro%g in ﬁéure ?% the layer 218

emat i ca rates e sem con

may be qERER “2'80‘"% EHPRETT Y &5t Py feBhaterd MRetralp c&teief Gy e respective
silicon/geregnion smatdiz| 230h efnedther tdmbodipemse siposndinal) sepfidondicto? lAkriglf 230 may be

comprisdd/ ¥ silfBdnSind SdrlLdnCthQ'@b}r 1%&1!053%5 te%g-lﬁ s'trﬁn tuhﬁe gﬁaﬁﬁe'l Ha@gn 206 In this case, the

contact e%c%mtogﬁzéyerzglk mag rovxd e\dx liu egstx% P%‘Tsf WrLﬁ:B dmay Ib8 ﬁ?cHlaphshed on
the baSISaofewraweb/ ss’em%éﬁmmwawe&:@ras & podeuplyedescribd. Similarly, as described
above, thdlhSdsanta alalr )Srcfvﬁlle R@Edr BRbed Sirdst Ehid€r RQ IRNchddnél ABEn 206, since a

sngnlﬁcaLtrb%rti%H @ﬂﬂ@ ¥e(' g Eﬂ i ﬁ)ng %m@tﬁéjﬁ&%ﬁﬂ% | t“ereb%%potv{dlaﬁrg ¥lfrec(t) H)ushmg” 218B or

extensio!

. conventiona stra egies In
drawingy; depepding onthpfype of Sgﬁss’b’té‘hd%%i?‘ e horeirpriZie Stiriayavete stain of the
non-silicRiedrpatard 2A0AOmayneet @ihibiked 30 thel ad@itipnal difect ftfeld ZIGBAthereby resulting in a
correspohfPREH 5eb6 maNd Elﬁnﬁ@hl-eggn wes!l gort J}ﬁgplp GoroH! b&)ﬁ@ﬂthaAf A recess 212 of
conpl etely consuned by the silicidation process,
corresponding to the illustrative enbodi mrents as shown
in Figure 2d, a significant portion of strained
sem conductor material, i.e., the portion 230A is
still provided next to the channel region 206 at a
hei ght that substantially corresponds to the interface
betmeen t he gate |nsulat|on Iayer 204 and the channe
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Strategies, a nore efficient strain transfer may
occur, thereby also resulting in a correspondi ngly
wenivanzaos per f ormance of the transistor 200. PCT/US2007/004689

Thereafter, the further pragessing may be continued by

formng a respective contact etch stop | ayer, such as

the layer 118 (Figure le), wherein, in sone

illustrative enbodi ments, the correspondi ng etch stop
approxithaghe r1-20aym xed pr depthd280Dveft the amaigd predEbhdatior imatridl 1230 Gn the range of
approximdt&I£ 5Bs0 in, Q @%ﬁﬁc&xgn&%@&)f W skraife ﬂ%ﬁm@lh@gx&tzﬁ)@ingy be observed.

created in the channel region 206. Figure 2e

schematically illustrates the sem conductor device 250

iFigugec o patiermaticallyi ilkstrgtes the tshmicoridhdtersdevine 26® anidingitordwrthsr illustrative
embodirhdhts\i1ivEibh thafidvRe 25&&1’1@%@5 Bisi @ﬁsx@& Zt)dﬁﬁanﬂ ﬁ@&@&ﬁtraﬁ%%@@@}?of different

conductlvﬁy %?SCY xb g)g et I}]xe x%sxs{oxe ?&ﬁ maﬁ/ Cfel nt a giannel tr%ngxstor .']m% the transistor

respon cavl ective ep
200n mtyr rswq%ntpﬁnd&ésasnel aalmf:-@és%e@zlgutbe @pﬁwraupn sf/rhelérenswtors 200p, 200n, the
same crifedlia 0@ RPplY @s plado@Bt eﬁpl@ﬂn&CMﬂDd&r&@m i @dnsiktS; 200 @herein, however, the
correspoﬁﬁhé ?ﬂﬂi@& arglr &\A@enmﬂig& epx%gl?rgs%g %gd ﬁx"e c@auh %d%&rce regions (not

ow t h e I eve I ne
shown (AP ?%9‘8‘? S204 “EGTEORK 8 e et gy Thiggfore: the first
transistoh 20Qp maxibqyt Horgkd dserlowe refire| opntict 28hrmp Iwive318phevhich extends into the
correspoﬂ'lih@fei:c’ﬂi 21230 oddsr th AHNBEnEAVE T Qraﬁl H&RU My @e strained semiconductor material

230p. S?’PF:FI? )illnens%‘togld é’?ngxl\:sl)tlog %)é)rr)] %x?lese%Sal Cfecon cc{n¥ac ?cqploa Eeiyﬁry218n having a different
type of @ﬁﬁﬂfléswsafo 2 FORAETRSPRIE R dRCTeasq FStTpin eﬂ:tég@snewwe chppgel tggion provided by the
strained sentichpdigtor imatesidl AB . OMith RspREtQY thd ifsthationrdf e Ifire AlBRE&AdRHttact etch stop

layers 2 f%fp al:uh?lsﬁttﬁgaéaﬁle 'cHtg.lﬂaCApBQ ama&mysegblalhal \%M}@Jpe& &ofie tamtegob%ndmg layers

devi ce 250 as shown I n Figure subj ecte
13p. 1155y ek SROTHTT QLB S BPTE B P g St St smconductor matral and 3
stressed geamipyiugidyec.traay bawffsientlyl comhined fhe diffeentpyroy bftkentihiers by @tdest positioning

the straifiedl 2N EBuctbr CRAL P lmod cfogk@y & |t1%C Eété/ %le@tmdg a%hé'i‘ém, OOWR illustrative

embaciafRE IR TDY o SR Rtbspor CHISG TR 30 ) PR e obancs
the StreS%%Sfﬁchbﬁeismrﬁfd@erswpmdmsss@cOp@Ptfetb;h stepllapass.t he basi s
of device spacers, such as the spacers 23 1 and 232,
?Q\élr&glhttbee r&:sggtrugggt?og ﬁo?/gig {neevxsﬂlange!b tﬁcfﬂxquel ) o %gnearrxufgchring of transistor
clemens i Bh SFEHL ISTIE np prPTE - SEREIAOHEA) 10y ST (of AR s significandy
increased e pddtidnde tBS Gespctier steinfiplueing eowr@f méh eloadlp Ve tdedainkhegion of the

respecmra ms‘s%&,s aémFl HYhEasgeds, HERSYBL ieahlidnda lb%, Sl skiAd &S arkilGnd source regions
furt ﬁe advancg manu

d 5 n a acturi ng-glvé ?’%

end ol 2y B Bttt R AT ES AT SRR PR PR o senrse
the straip jy thatrheshelnmgioh eofeotireelty- ofe ethre abrest.sstrpifed fpenicopducter material may be
positioned 3ore ElSselyXo MleSBanklQ TEdnD @Beréih aM@erithut Etra[rﬁ%ﬁinﬁ@@fﬁectfs @rom metal silicides
may be lJC:(hugw Q@ S&Qtaxgggy §\%9d‘é§ n&$ dqueahtlggrct E%ilse e 1c1cn y in PrOVId)fé 6\‘?111 in the channel

non-si |1 ci trained sem uct
region m3y §¢ iahityh e FHEETPOF b dherftifiaent Sesruqise T @F afvepiagFoHFopREed 0 2 t©
enhance dwhamminducegi mxchadBm pslevided by b kigrirefl aitonpucay indetal iy cdnibéhation with an
enhanced aﬁ&%ﬁ %%pﬁ%%ﬁg g\&‘egsteg] 1a?§%\}\/f&£&[£@ %{eesgmé ﬂ a rtl:%ss&f’&&ﬁ source region.

Since on M ?21( ée Cglp for mng th regtfe%tlve stral ne Y
e AR S Hlr S mo% b rel> avRbe BErealprEter4mey 2 high degree
of flexibility4p ingliyidusllyrimprp Vieg thoperfommnepef thesegiapsistirgheaybegbtaingl. 217
in the gate el ectrode 205 and the drai n and source

rl'ﬁ%/\m% éﬁao&ﬁé’m%ﬁsc%@& a JTE aﬁ 1ﬁustra ve on I”% as th 1rn9ec gon zhay&})e modified and

ure

practiced; ‘ﬁd’é&éﬁ?aévﬂe%wﬂ% [RANGEEs 4P§arﬁra o itlﬁget féfﬂtsé i 8§@rt| lﬂé'ag et tgnefit of the
teachingy kfr@hr. € Foedample) Ge pectsh sBps sc ﬁﬁthcabb@baia@eba/vpérﬁnada)&n&t HifErent order.
Furtherm@igpﬁcp%it@it)fs e PrelBed YRl QOUR of oREudBY of Seséﬁ Q)ex%q IIPJ\JmS Gier than as

a stressed contact etch stop layer 218, which

conprise any appropriate intrinsic stress so as to

further enhance the strain in the channel region 206.

In the enbodi nent shown in Figure 2g, the |ayer 218

may be provided with high conpressive stress in order

to enhance the strain created by the respective

SI [ con/ gerrranl um nmat erial 230. I n ot her enbodi nments,
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contact etch stop layer 218 may be provided with high
intrinsic tensile stress, which may be acconplished on
wo b@7haads of appropriately sel ected depositi oPCT/US2007/004689
paranmeters, as is previoushy described. Simlarly, as
descri bed above, the recess 212 may provide further
enhanced stress transfer into the channel region 206,
since a significant portion of the layer 2 18 is
described gy theelaimp béidwmy It fsaharefore sgdeRd (at thehrartisliyr gubodimehitndjscibis¢dedbve may be
altered ork§ified Gind t%ﬁ&@clﬂﬁaﬂéfﬁnta%&ﬁangidgﬁp@mﬁh Mgk QBpd 5}%6§p}{—§2 €£fQhe invention.
. S r ec Q .channel . r.egi on . In
Accord"%h{ %%\73?&%‘ %‘glgtt% ?rgllnﬁs of et%Qnr% '%tlci)l?}a%l'ln Feé?‘%ed portion 230A
may be conbined with the additional direct stress
218B, thereby resulting in a corresponding high strain
in the channel region 206. For exanple, for a depth
212D of the recess 212 ofapproximtely 1-20 nmand a
dept h 230D of the strained sem conductor material 230
in the range of approxi mtely 30-50 nm a significant
increase of the strain in the channel regi on 206 may
be observed. Figure 2h schematically illustrates the
sem conduct or device 250 according to further
illustrative enbodi nents in which the device 250
conprises a first transistor 200Qp and a second
transi stor 200n of different conductivity types. For
exanpl e, the transistor 200Qp nay represent a P-channe
transi stor and the transistor 200n may represent an
N-channel transistor. Regarding the configuration of
the transistors 20Qp, 200n, the sane criteria my
apply as previously explained with reference to the
transi stor 200, wherein, however, the corresponding
profiles and concentrations in the channel regions 206
and the drain and source regions (not shown for
clarity) may be selected so as to correspond to the
respective conductivity type. Therefore, the first
transi stor 200p may have fornmed thereabove a first
contact etch stop layer 2 18p, which extends into the
correspondi ng recess 212 in order to further enhance
the strain created by the strained sen conduct or
material 230p. Simlarly, the second transistor 200n
conprises a second contact etch stop layer 218n having
a different type of internal stress so as to
correspondingly increase a strain in the respective
channel region provided by the strained sem conduct or
mat erial 230n. Wth respect to the formati on of the
first and second contact etch stop |ayers 218p and
21Sn, the sane criteria apply as previously expl ai ned
W th respect to the corresponding l-ayers 118p, 118n.
As a consequence, two strain-inducing sources, i.e., a
strai ned sem conductor material and a stressed
overl aying | ayer, may be efficiently conbined for
different types of transistors by at |east positioning
the strained sem conductor material nore closely to
the gate electrode, wherein, in some illustrative
enbodi nents, additionally a recessed transi stor
configuration may be provided in order to even nore
enhance the stress transfer mechanismfor the
respectively stressed contact etch stop |ayers. As a
result, the present invention provides an enhanced
techni que for the manufacturing of transistor elenents
having formed therein one or nore strain-inducing
sources, the efficiency of which is significantly
i ncreased by positioning the respective
strai n-induci ng source nore closely to the channe
region of the respective transistor elenment. In one
aspect, this may be acconplished by recessing the
drain and source regions and form ng a stressed | ayer

B T ' I 1 e o, .



may be reduced or substantially avoided. Consequently,
i ncreased efficiency in providing strain in the
we bannz49F egi on nmay be achi eved. Furthernore, PEEUS2007/004689

di fferent techni ques may beoadvant ageously conbi ned so

as to enhance the strain-inducing nechani sm provi ded

by a strained sem conductor material in conbination

with an enhanced efficiency of an overlaying stressed

| ayer by form ng the samecL&ums recessed drain and
WHAT $PEE.£ESDI on. Since one or nore of the preceding

techniques nay be readily applied to different

transi stor types, a high degree of flexibility in

ilndi viAleeglidoyductapdenigs €160, 25, ompfisinerrance of t hese

talfdd GrhrSk©QF @001BY0) bea hitcadddaiity tVhe sdnbfirkd tﬁhﬁlsﬁfr (100 200) comprising:
erTboc“a u'sq gte gec%rcéqu&d ZQE%VPneedggoevel lﬁrsltjsl'} A aé re%ron ﬂ@é ¥06)as

the invent: on i pr ac

di f f eradht gb‘&tns‘é‘i‘jﬂp axerd HY- Highieaned ba'ﬁ')’ﬁﬁ’rséﬂtf“ﬁ‘ gate ¢lestrade (105, 205) and
skill ed i n dafadirseiandebieping(ibfleod)enef it of the teachings

her ei st Eig{m ﬁ?&%m}éeereglkﬂqlp{ Q%%&m&ﬁ £§:e§Q5 ;P {‘i}shchgrg'ngyl%glon (106,

may be perf orne erent order. er nor e
i mi t at i ons?4F & i ‘fséﬁa’@’da’ido“’t“ﬁ% regiops (114 %‘f‘) having & top surface that is

const ruct i omcesed (2D, 2Mewigi rnspshm\mbot@wse:facb lofisnid first gate insulation

asdescri beCiaH‘i]lbﬁthﬁ)l @hrTB bel ow is therefore
Z\élo\(j:ntn%rgtr; gssed %yexp @ 025 2&:% e ?‘fh 4 r%tlsqrgllé%n%hsgurce regions (114, 214),

vari ations %ﬂéﬂ%mqeélé'V@dl\&%W ertenfing itopeceand 1% g3 ifermed by said
of “t he i nvefibtir@ssedMe6iDindistigde)egidnB@ 1P 204)eCct i on sought

herein is as set forth in the clainms bel ow CLAIMS WHAT

IS CLAIMED:. 1. A sem conductor device ( 150, 250),

Gonpr i L Fgiconduciop davice (130 2pQebrlaimigfirthe goperisng 5 f i r st

© efvdusitansistory(100y296) ofsgecind condictitityayrs iogerhan(sdil Girst @o@ctivity type, said

conprlséaoﬁw&mastéa(i@tzcm%&pﬂé trode (105, 205) forned

naul Atra PP s rz?%fmfé gt Bevtuea e (oo

gat e &lsewnd geie insulgiln 1&2@5@%@@&*)@%@9@@@ seldamgrad gate electrode (105,
regi on ( 1062052063aid s‘e'eana&had;rea}eglo.ande aoc)r ce regions

( 114, sgc%i%ngag n% ou%gjr go%%“iuﬁoz %?%Qrmecf rdS cen? po saxde secé)éld channel region

regi on rst
(114, 214) @%e?e5y 5% f%ﬂdsf’aar"f %Péémtr??af?gl?@ (lrléoc?éé)sléwng a top surface that
(112D, 21203 revdsseth (2B P82ID) With réspkud tol adidrtenl surfacscof edid Sednd gate insula-

first gate {oRgyl Id40£b4 deer (104, 204); and a first
} above sajid firs

o o n S b BB ) Bnite BT RSB it oo reions (114,

stressed | &éx Sa(d181<8md %&)ed baxqr€hdi 21§) ixrendingintoagerss (112, 212) formed

(112, 212) dy@sidebordyecsiddlirdih fralodr@GES&8 G 182N and

source regions (114, 214). 2. The sem conductor device

%150 250) of claim1, further conprising a second

T ansiT8E Smiqondygtor ayiss (1§6: 25000k ol v cr Grst possspp drain and source

regions (D4 enmptikraarfirg airgnef sengitondwnd wetehial (139n,2y@e, sai d second

transi stor (100, 200) conprising: a second gate

el ectrode (105, 205) fornmed above a second channe

region (106, 206); a second gate insulation |ayer

(104, 204) forned between said second gate el ectrode

4105, Tﬂgﬁh&ﬁkﬂleﬁﬁtkeﬂlcs €60, Q@O)Cclﬂaﬁﬂﬁi thngi.nQﬁd kDR ces2Bhain and source
LN Qur.ce reag 0
regions (??40 Qﬂg cg tise aafns lsramed samnc% uc or m ena 5)23 %%)%5 che q] second recessed

0 sal secon annel
drain ands*avfae @é'elafr(a“d%lé? FPIRAER SEAne erainsg Feﬁh@mé“c&’lmate’ﬂ ﬁ2)30n 230p) other than
said first kigaitie spriconduotos tutittdet €2301) a30p).



is recessed (112D, 212D) with respect to a bottom

surface of said second gate insula tion |ayer (104,
wQ@oeey/12@ml a second stressed |layer (118, 218) POY/DEmH07/004689

above said second drain andisource regions (114, 214),

said second stressed | ayer (118, 218) extending into a

recess (112, 212) fornmed by said second recessed drain

and source regions ( 112, 214). 3. The sem conduct or

devi ceTl(ew@icon.@@@)r desfice258) oficlhim Witetherd campssing: f i r St

IS ALHaddF @b f&ﬁéd SRl &%@@ét do JefelthQ(ﬂa )L se a

f 3 4.
! rest\"'itl sx?rﬁnc(i: (a)(%pﬁg 18 éz{ﬁ] gr zﬁlqa%ﬁ)re%cfn (%14& Fqﬁczntg)os)md sidewall spacer

(232)’avsher ein said fi rst recessed drain and source regions
(alstdined?sbAjcoREm mﬁ@laﬂ(ﬁ(l)ri@ial&ﬁ&t&irﬂ@%dss@m&ﬂélgdé(‘(ﬁ 5, a portlon of said

strained qg'ltcxrg:fnd@tor (,1%339;1 (2%)2 i‘?bzfgow%%{ dmd%wgipslpaccr ) tg 2)8 I]ﬂ(jateci laterally.(217A)

source re Ise " a
betweenspid a'ieﬁb%‘w?eﬁ%l Bt chwﬂrqgam (%0230n 230p) ot her

than said first strained sem conductor material (230n,
%SQO) @megglpcmlggnductor devi ce (250) of claiml,
furth ) Sf:ng; wal | s acer (232) formed on )
a g a'eﬁeTsr{(E)"{z g é?"g“ ‘9 ‘f%“fe Sﬁé&mék et "’(?ﬁS’)","I‘d&“ﬂ’éi"ﬁf (203), said
suu CI c@te(%trf)defswm@ (20p) cymprsirfg 7 Sist Pdemvialh spaaet (8QB) hodng a first width
regi on2¢sAh4) adj acent to said si dewal | spacer (232);

D .a] can r| al 30) in said

n? gIrr%u?eﬁ Q%%apngmor mag“‘ﬁgﬁg’ msa( f?f)ss @ zg’portl on of
§%I?°d‘“§f?‘éf“ﬁ‘ééﬂe§§hﬁpwh@%iaéﬁ material (230) forned
@ingngy dsdn ghd sbates@kibnsPBHIG @t leds?{8A)id ls@aid skfic@id@dor material (230) on the

| ater QJa:llé/of a(sgc'LZﬂidQ@h @EA@Q (ﬁ@%ﬁ%vﬂ@ta@!ecoﬁ&uv((‘ihnd(giiz%:lgzgatelaﬁ]nan said first

sai d flinitﬁ g&gnnel regi on (2006).
conpri‘8 rmng a recess (212) adjacent to a gate
el ectrode structure (205) in a sem conductor [|ayer

¢203) ,Ths ahdémga&feclﬁhxest aﬁéi'é}n Sf&&zh':&t WiE steatin) seﬁ&UPJul:é) Bterial (230)

eomp nse?f%ﬁ?ét gsr rgnvl\)k;éll]rltllon st (gl{’eneae sseé ﬁ’lllg]\é#ﬁg}bfeé‘fek{fg% é\é\qe éﬂsulatmn layer (204)
‘located btygem safd gaie glpetrofiepimeny (299)nd saikavpispryctedtinr @PPst
sidewal | spacer (208); and formi ng drain and source

§ e g' OH%e ﬁ‘ngtl]:o%)of @ltdml 'ﬁ @L§1‘:-hexJ cgmﬁr% g f&'}nfn ag§%5e§ ?aaerc(g Fi? %%eo sraxd drain and

basi's o

souree '%%%{’& é?ﬁ*e’z%éﬁ %féi?f‘ H@Vea B Gferipe e 8(2%28@\)@&) efdefiesd heid strained
semicondygipringt¢riab®3@)i dt h (208W. 7. The nethod of claim 6,
wherein form ng said strained senm conductor materi al

§230) 1£0 e for ng at least_a ortlon a

r ece)ssgdggtéicg cmm r BLpRRPIY Bryhg 2 éﬁ'?%{?ei éh” ST
semiconqugforapatqrialy430) op é‘&f’@é OB@EC\/%@Hd sidewedll graces (@Pbct rode

structure (205) and said sem conductor |ayer (203). 8.

The method of claim7, further conprising formng a

tres%}]}l | ayer (218) above said drain and source

%gi oA LAPmPESiREY” st ressed | ayer (218) extendi ng

formine afisosess(l (R 2R) adjedenine d gdryeleabdt ($03; 203) 61k first field effect transistor

S em cool, U!@@)oi’alcrﬁte%reb@de (l%g %5) 1&kated %vgggemgmgjctoﬂag& E'PO3 203) and

s :eu Ij u{sitvpng IrfO %2 n su!?éwglg thereo a sugwall spacer ( 1 lg 75'

forming a drain region and a source region (114, 214) adjacent to said sidewall spacer (115, 232); and

forming a first dielectric stressed layer (118, 218) above said first field effect transistor (1002, 200),
said first dielectric stressed layer (118, 218) being formed in said recess (112, 212) such that a
bottom surface of said first diclectric stressed layer (118, 218) extends below a bottom surface
of a gate insulation layer (104, 204) located between said gate electrode (105, 205) and said
semiconductor layer (103, 203).




sem conductor material (230) on the basis of said
second sidewal | spacer (232). 10. A nethod,
weowpn2@dng: formng a first recess ( 112, 212PCT/US2007/004689
adj acent to a gate electrode (105, 205) of a first
field effect transistor (100, 200), said gate
el ectrode (105, 205) | ocated above a sem conduct or
| ayer (103, 203) and having forned on sidewalls
t hereof a sidewall spacer (115, 232); formng a drain

ﬁqglo 1@%@m&h§%&§9ﬁ)ﬁﬁﬂ&%&m&*$§ 214) adjacent to said

acer
J?rémsef* il greepate By gy wid S(‘*f‘jfals 05%5‘)%35 B%%?dg 40§ 299;
fforeling dedif aad soutce axigns®h cagioslQ O 2112 0the basiobisafd| offsdt spacer (108, 231).
dielectric stressed |layer ( 118, 218) being fornmed in
saidr ces 1 2 at a bottom sur
3121 d f F‘é’% é‘gét“f f% °19%§‘ss§?§‘a‘n”1“&;7%‘} S°(‘Ti§’“e‘fi°§)“"g‘°“s%“ 121) are
fonﬂedm!ivrerfdsmtge#léwcas dd2.262h surface of a gate insulation
Iayer (104, 204) | ocated between said gate el ectrode
05) .a conduct or | ayer (103 203). 11
'Il ")a““?‘(’jf flmfjo %’6&] "TUrt her: conprising: formng
G"?’f“g@ta soprnd avoess (DK, 2123 piacspt ts & sdteledianial(103. ) ghy EF""“d "held effec

gat e eatagitscqobe, Z0bf)Said 2bdicctralrd1d50203) 6R3aid sabil fieflkffect transistor (100,
Sour C&y quoge{t]e%l 48ve &gll &H&o&du&gﬂ-lay;:ﬁa3 Q@.’:) ta'ﬂ@ hm i%erfd on sidewalls

said o fs acer %% %ﬁ nmet hod of

claim ﬁ7° épﬂmg HodP% n and source ext ensi on

rfergiingresdriin fefion 2fd| ) soyrce rdeipn{bld. Py ediacens t¢ Eﬂtdmﬂ?g/a'é sfiagkr (115, 232) of
I €CeS Ssaid sdedut fiekiloftbat trlz%;sto-xrheo rmt)mm of cl al m 10,

;fg{ntin%: :ﬁeg(? % a&e%tlgn gtres igsa%o% sg% % gi;% %ffec% li'gr)snstor (100,

field 20 a&se%qnaﬁrgkwbwei%'ever Qé@))ﬂ%baf*a fogta%dén said second recess (112,

el ect rmeesuthl b, a Bdbh sofface af shidseced diddcric dr@fidgyer (118, 218) extends

transigfor, @&9, s %%d Peat %guakaqvl@yeﬁ od, mmlscgt@ﬁ UGHOL said gate
| ayer (103, an

vin

there 8°5°d§|<’d’é ) °fssﬁ'§6é“f°n‘? fiﬂgeffez@?)“sm‘?rcfﬂ?ﬂ ﬁ%") Fm i smiconductor
regi orla@n0oa 298\ sk secayi ditec(rit besscd Tder €d$,22d Britaving a Sigfecknt type of
Si deVahinsAB6E borhphre to iddikst BlesiAd Sess@ORRA(N2 214, ef f ect

transi stor (100, 200); and form ng a second dielectric
stressed |l ayer (118, 218) above said second field

effect transistor (100, 200), said second dielectric
stressed layer ( 118, 218) being forned in said second
recess (112, 212) such that a bottom surface of said

second dielectric stressed layer (118, 218) extends

bel ow a bottom surface of a gate insulation |ayer

(104, 204) |ocated between said gate el ectrode (105,

205) of said second field effect transistor (100, 200)

and said sem conductor |ayer (103, 203), said second
dielectric stressed |layer (118, 218) having a

different type of intrinsic stress conpared to said

first dielectric stressed |ayer (118, 218).




