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embog{u en s he ?raﬂﬁdt soufrpe rggloong ?nWe cfinet ¥e l%n Q{Taﬁge%%&ansmorgype For example, the

ent 1n n
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106a, 1 §ayphdistcaystallize dapegded niysal patiertse Altymgsinab | carsdspondifs @atal processes may be
perforln@d—’eiﬁ%mn@or el rhe aNﬁPE@QIb@&%ﬁm%oﬁﬁ Il Ieukem a, acute
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together with het erocycl| e Arl
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and seav@cvlapqwf@ldarel £04a] 0fhxage cgpasedp In qt@gefh?élmew bweméhqamré*wymm@wng may be
perforRd %mﬁtwah&zh@m‘akhy@hog; hey are attached forma ri ng

tll-:lgu(;et cr sec Sellﬁ@ﬁy sqlows tlile evice IOOV\i{;]leartﬁrthe{ adﬁgnced rﬁg(r)mp ctla*mg stgge in which a

are-se eCltlema rom an el even
portioh of the tryerr1Pg yhick hasj sprrpunded thetsepord Rigse |h@lﬁ@|1%b is ymepv e while the first place
holdeMoldis QMENBEIIEI Kt Beall @At&ﬂems,the%a%geie&ythc Q96 1g3S whibhlis ndreferred to as

| oal kyl grou 0 r t ] onal
108a. %B%CFP‘F%{“ ée st \m llgls%o&ns(ﬁ Oélﬁ §¥v1% lgﬁg ?ea+e|<983?9cl éz}cs hcﬂc,ier 104b and the
associ@td Ortiva lbyhd ook 102 gtcbdlpsthe eh sppiapa 188, dupsidebt i onal | y
S U’mtréstsu&gg 14 xtlzl} tﬁ f&ﬁ‘xﬁpﬁWJordgﬁcg With Wtc@l&oéﬁph§ %@l&tldu&sl'{flae qlay also be

a nine to ten nenb d
used ig f“é@‘éi“lyé"?’i‘%‘y%et ﬁx‘& E’g‘{PFéP ’E?BPF%‘H%J“I"V CEBRYFPHREH al"’n"“‘* Pestablished.
one or nore hal ogens, Cl1-C4 al kyl groups, Cl-C4
hal oal kyl groups, Cl1-C4 al koxy groups, 0x0 groups, or
Cl- 4 hal oal koxy groups; Ra&7is selected fromthe group
consi sting of: a hydroxy group; a halogen; a Cl-C4
al kyl which is optionally substituted wth one or nore
|ndependently selected halogen or hydroxy groups; a
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Formula 1. In another preferred enbodi nent of Fornul a
1, Ar -Al may, together with the A and VIWX Y/ Z
W@2ba98841g rings to which Ar4-Al is joined, fBPETUS2005/036779
lnerearlger ?h%fdletegtgg lagerr 168 ﬁen ¢ oﬁrbggt?l%gﬁg Qn a;lfs%r%ﬂl% tpfr&ge%st r?({)p?e t(% élnglly obtain the
dleleqmcﬂwert 1q¢a Wmamsmww"mz stEesT ARG thgamsmr@y etch pwmssc He ptgh stop layer
109, if ﬁoylwdﬂﬁ@ prdvert Thdde hete ftdbval yaloe daMagCdt ei?ﬁi»}iedtbemons of the semiconductor
(P(Btl onal Iy substituted as described herein. In yet
anot her preferred enbodi nent of Fornmula 1, Ar4 -Al,
t ogeirhéd sahirhdticalln shotvk thendbvigd WOXWIY Z sesomt @flrntrrwglaw htjshavieg a second
spemm,h Iuﬁlhlsn@\'étgess Q{Lcﬁ c%;zéﬁ%@ﬁ@lec ertiﬁrtﬁxe |6 bidnd R plm 861&k N04b and the
* indi cates

exposF(P ?ewerrdgct?r ?yﬁ%]d)z Bres?l\étg-nnsto q%exalt,&& ft tsﬂgﬂl ;&f ngtgxﬁ{h%{ltlm eﬁﬁosed portion of the
etch sfop tpyerd A% mbshies iAo Priv @ tealaosition of thers¢enmyl didlectrio layer| 141, Wwhen the exposed

portioh If m@temﬁtt@@ﬁ ha?& 186 %fc%ﬁsﬁoegd RRRGHEE Bhin®to 519 raaMdeR c;medFsB the preceding
is selected

romthe ul nol | ne I'OU
amsotﬁ)aﬁteﬁg} Pro&e[ssoqf Hle dglebtgh?gf |1083]Irdt[h% L5F é(}mbar&:&h stgp ayer 31m11ar to the layer 109
may toepposijell,, whidt inax dlealgr o urp the dileétridipyey borgun00fy (stokvn én dashed lines) and may
cover‘iﬂé' W'ﬂoﬁi@m%"f 91%' QenQJo @t‘éﬁhﬁr ¥di%nd ﬁl@' LeEst %ﬁcé J&?delbﬁ)%j I%f' convenience,

tachnent of nmber ed rong o Formul a 1.
this p?rﬂorygfhe 5ﬁ}bft1’fél?yeblls étfl]aep(ée& ag, H‘BO droviding thBFtClFﬁ?pnlfMe’él 09 on the semiconductor
layer A0 nidy It yadlax@tagedlie @it &emihg oohtash epeaings inhe 1dteri thaaﬁre.g stab® In other
taC e 6-nmenbered ring of
embo@gnglqs FJwe?etr ?e eﬂﬁ?t lago tﬁﬁjmag bé Ié{&r ed enbodi ment of
FoFheupeand dielgggrip lae/ernldy ‘Hechgwée P@%Pﬁﬁqddafrﬁwprevrﬁtetwml such as silicon
nitridé, i, G&B@Ssxt&h@y wb@l%talﬂfsheatdﬁﬁbﬁhdﬁﬁﬁdlpeﬂfwh@kﬂ:—p%cés@ pirh}ﬁeters are controlled to

prov1(16<3r£E 851red mg'mSI]g r}%ss mn acicordzll:frxlélel %{t_hldewmreéﬂ?rtem%POtAQ %¥ev 1}18? r}%)[e icon nitride
may raavidly b¢ WepNYited oh the esisi of |“ﬁ§~kmwmg>sowse rWPFSCWtW mdﬁ Adngg of compressive and

tensild eI Gs exEﬁﬁMe Rehae 6kt e&rh e&ﬁﬁreSM%&@k B tdepa" tedsmdsjtr@sat B%ne particular
of atta{ﬂrrent to cle. f

embo%)\glfrv\,elée mtﬂpszf strgsi ﬁ%ec%i d}?gﬁt{uépﬁer ﬁg] lF Id??ﬁx él I’%%i mm%xé a compresswe stress to
the se§fmy\pexicghdbctoomgion 197n g/hm th;g regibn £y gpresant the chammty esziop pia Iiepe transistor.

Theremegfeﬁreis%gteﬁmpgé H&Q&n&ﬁ Fﬁrl 'M '@Ls cBRle ¥r [Qﬁloﬁ %8@ Cv&h@xdthe dielectric
fromA SEM CON

layer RPN bF‘I’A\?I‘aRR?‘;‘Zﬂ ‘F?Eﬁ'@ﬂ*’l”&l@agzleﬁﬁﬂ NEI?%&RNET_M C‘?F\QEUC%“\TS holder 104a, as
shownANDighre$VEe TankDD, @y b ialbvACHURCIMEprbEdss, Shédvly B0 EKEREIDe @pography of the
devicHd5 | NVENTION 1. TECHNI CAL FIELD General ly, the

present invention relates to the formation of

| ey tekematialbiheys thedryice Hralerpherabpiepiriey propess sefingnoe. Hence, the
devicd MOrEAkPrides a0kbsEBiiAllg PlALk @pEyraphyE GittOMES lagdr pbiilaT BAS R@rallnaiceing the first
place %?lflgr 1842 Eﬁab\lnlh' g Xe’con%l'l?g Ezﬁ'uo% Iqli]l?ﬂﬂe?all eﬁ}%sfﬁ? tl%f sea)nIl Ipﬁ!:edholder 104b.

t transistor I ng stra?'n

Consegusiily; @ subsfentighty I}ogl@ge@q?uslgacngq@KMF@omlaw éortlon 108a, herein shown as a
tensild @bds lifaRbhibdR 106, dr&teegfeéﬁe&d'e @dfdrmbioh Snd’ tRg WirdileH tﬁehﬁ:‘st semiconductor region
107a, tha{ 1snal¥1 Itl% I’[])re(s)efnt ea)‘(amggcggap dl.e strau{, ngch @Bw:ﬁff/fmcreases Hle mo 1{1tyrg)f eal.ect.ron.s in this
regloq MIy, t@dpye[ mrtg)npmb’j@'gg thesqybs\f,qnaﬂ]y|hatp¢gyneel!:&ly.g{cwg|sfzqqgi intrinsic stress,
in thiS&EMHO ﬂﬂﬁﬁfe@ in tﬂ@ﬁ)hﬁ) B8a Wniphessle sMdst mUtCOQQ%nUinQQ @xleates a deformation or

strainld“glgxgntfw ﬁego %Lrﬁl&%ldlggo? r%go{lllla'ﬁ) ?1@1@ i olﬂ ile ?rﬁsgxitseggﬁprlet %cc)éx&’p{esswe strain,
therelytincfeesingtthetrentriiora holesy It sheldde Arturs rfed thatatherenfigBatiers aey b, contemplated

for crc?atu@ dﬂﬂfe@éni sIterQﬂ‘ thpiei?&@l%ct&qggmlﬂ@l@ Q' 167. @"tfneexﬁrrhkﬁer ﬁl@‘irltﬂﬁsnc stress 118a may
ex clycultr

be co rrgs;s:%elpc %éxg@ggestlregi Bflélﬁléy l?ﬁ’{f”ﬁ%e %rr{ge Ttﬁgs u%/ s]trRSées 1,%@1(1 121b may both be
tensild @Chmpessigy/and snag differein theiy magréuded Sin ogroesplesgtha ppingagtess 118a or 121b

may l:gLégecItéa b p%ldsausgﬁs[ahtgﬁl QQ@Etﬁ%tﬁﬁﬂeﬁtép&ﬁvé s@m}éblﬁ\%t&freglon whereas the other
oper at I ng sp ee y power consunpti on and/ or cost

semxc%qdfuit(gl %@yreceﬂ% Fﬁlﬁs'rfdn g‘%"ﬁ}fﬂﬁ"é ét“f"bn F cexgwaw may be advantageous in
integrated circuits using MOS technol ogy, mlIlions of
transistors, i.e., N-channel transistors and/or
P-channel transistors, are forned on a substrate
including a crystalline sem conductor |ayer. A MOS
transi stor, irrespective of whether an N channel
tranS| stor or a P-channel transi st or |s consi dered

o o o o e I e Y o

layer



source regions. After enbedding the dummy gate in an
interlayer dielectric, the dummy gate may be repl aced
W(byooalomsghl y conductive gate rrateri al , such aspPer/e1084/036779

provnq[u}g morEe b Jinil orrr&rllpé?ecglcgl characte%glcs op Pt cqransgsﬁ)'i'ﬁ an%I ﬁ(l‘.’;p:qrgrqgs’istosdsh Sherein the

nance rfic
mobil ifhef tlgﬁdmeémsgforsp@tg be 1n@rga§qgl \glnla pﬁwmtthc\y{ pe transistors should not be
dcten!;}nger i's not addressed by this approach.

t E}[égu&er {ftS(f %‘g tic% %oe SS,I onswcg ?60' &%Q?eﬁlacé %o?dersﬁg&g[dﬁgrefnmfeﬁ Furthermore,
respedtiveagati issulptian, layew d dks| 1Btre frmddeabeny dystiatt pestrecond semirordupspryregions 107a,
1076, t3geciely devel opnent of highly conpl ex process

gfﬁ’g gém l‘J/Te %fl g‘g rg]l%‘gere}fg ldf)'? &)é) P OV : ag%pﬂtghsﬁ%dﬁb S:ﬁlg%li%& gtch process, which
may ifxdf @ Iphasmec@chofrockdy @nd/aranegt g’(temical@ltcg petss Byr instaoeepths plagg holders 104a,

104b H&ﬁ &nﬁ{s&%f glﬂ&{lldﬁ);(ldmghlt)llpﬁa(ls l’:aﬂ)oh qa@ml selEc%gél)oachfad)ﬁllth respect to
gi ven_channel |ength, thereby flerl ng the ‘?otentl

the 131’36 Portican 108 Igp whep S i ﬁ%’é’“ﬁeﬁﬂf 8{}%’&@1’&‘ RIT e
the fis0dip aécail @mwbidactérivegias1eHacH7b on ghe fodisusfevell@gibticed grpcess recipes. For
exam;ng ql% rteIovzg g)%]esgc'ﬂ'nagq%lqué/ $1§s§1§ etmr!)c%ss%fgélgltl% mng%e C;St‘lﬁlal amount of

€ssS a t1ons associ at ed w t devi ce
the ﬁrgtca&p iseﬁ@nd Hlaﬁe 4effc1|°ﬂﬁ é04b athile i Lgmainine oo aﬁtlh§ﬁ§laﬁzd'§)ld5ré may then be
removdd Bﬂa hlgHIIy Bavhic Bawdt Olitmihl eﬁﬁﬂ)ﬂ)bﬁi @l ay o doOurdnlg Mesege tht kegions 107a, 107b.
In othﬁr embi)cilm%/nhs ;dgltllglgllf Dr?iot%gaélﬁe?{‘ gl%n?ar & éugacﬁ Pcﬁﬂ&E ﬁJGEIBIEQbQ!nIOH) may be
oxidized Gir (htapeRPY B’eﬂmh‘mﬂe'@a or v cheatp! eidaing 3¢ s cxiflipwppiign may be removed
by a mgaptsaecfn% wehéheRRRAr @B Gakeds) BF Sns@itd, bus Hafi€ bE A& Gicitl AF) without

ctivi reduci ng the dopant
s’gmf%%nﬁégﬁl%ag tlth%ﬁeglfnhs\qﬁ {07 Biannel region significantly

af Alkee removing the ma@éh@r:rel lQﬁeI 104k ¢he @hte inpdatiop lgpiess Lii3gyrl 13b may be formed by
oxidaGHa Va6 deEcn,%Ble Wacaﬁ(ﬁﬁ&mllhydeﬂﬁkkwexﬁenfse e tlapPle, Ofe Ed&ﬁmsulatlon layers

113a, g? Z{%g{]atyrl?% r%r a}-r%a?%r v&eég}gﬁlgﬁlaétaltd{t%gt aa\é%sgflagg t%(\:)vell aabFs%ed recipes to
obtairt dfinels Inotdlayeothichge.as Sagrhidr advineed tandistar devses: J@trehyea thigkness of the gate

msulahg}xela)cep ﬁig@ ﬁhgerfﬁgd P8 tor@\yeral? ﬁangfggérg | BiChthef Qﬁbon?&ﬁt@rAﬁ %xt}@Mely thin thermal
Crea t ensi | or comp ressive stre s to gn

oxide gy Pee@lasﬁcf?lhae%%% dﬁpqs'ﬂmt W en PRYATAN Ji5s i Rt
thickne@®01tht gatd insulationOghiefsil €%, ITWI A ¢otryspbraling @épesited By isashaivn in dashed lines and
is mdl'(l.gtl:oea% 114.6% Qﬁ)ﬁlﬁ Ib%{l %p}/ec atE@{hat%angluﬁulat% Q%Enjs ng}at Akp }nL)ealso be formed by

strain in annel regi on I ncreases the. mobili of
meansppfetps deprded Gutse ! i R o‘éﬁ%‘?f’d’u“\’?ﬁataﬁ e’t“h‘@"’i‘?&@rﬁrt"ﬁ e fgEacEn of the gt
insula€lod R@tsl ABa, 0130t h@iclk@mShyee sush hbthé Jaya 12 may BadPositddl in a highly conformal
fashmn alt1J thht ay pr<=,c1sel%J get{ngd l%%g%m%es n}%e% tm&tl:g ?ength t1 ?ﬂa%? gle o}é}@ﬂfn& Heﬁned by the
transliate Into a corres
place i dfda s GOty oe grvel i dgsie valugrpf thp gate elerarpderia pgformed. “Thereafie, the
materﬁpd'épcfsﬁ&i%k Mebdibk AF tis bpeninf) 8 e CHARI Yo 1@92[ iy B@ymde&IS}&ﬁiSQSOHOplc etch
proce?s 51m11arlH as 1st1}éedo 1tn hglcalesu%ewalherzlu%r Yecl?lfq%\:/sl dln rt]tgst ! gﬁs %%tg I’l]etnlgtf’jl‘llof transistor

or enhanci ng nce
structifbremay e fiescturest ﬁmmmsasetfpréb!sm@pnssn ﬁlaph@tOéﬁgarwééPf 9 qtqnﬁ the resolution of

the pHoBtnﬁ&rr@B)e Arh6rkdfedlint reggﬁafvé Eaﬁatlhsﬁﬁtldnf’tay&@ mBy b TeHRA éé 1s descnbed above.

m si ng, a for furt evi rati
ﬁ%lge iq; %Pengﬁc&ﬁ;bfchgws g‘f Fegvcr?% dactgr c?aw& ﬁo% r}ﬂ@ qa erC % gndactlve alatenal 123
formedsaba/e 'thee whuctusepe Figures Hini Ehsnldyec t13Y manhe @bmm«yi efndepbdepdlysdicon or, in

embofhﬁg{@ f&ﬁhl’gﬂp a@\fancte@%mc‘aﬁﬁﬁ@&f dbics ermyc&ﬁng%taorﬁetﬂ &Vh %ﬁl compound For
wi t hout reg uiri ng £n3| ve sel conduct or rﬁer| al

exampli, e 2 Y FTRESS RAA, PERS SCISHE GHENE Yoret EoPRr any compounds
theredf.caan tlprlﬂcpogkdenﬂlog iomn the ovha ©f mafeoal usqisforathe dayeral23, corresponding deposition
techmaﬁels Inﬁ? %é g?eﬁ m} B%Jc@%@fym%n aalu%hrlu&nc %és%r Q%te‘l ¥i&be, 'axni the like may

ow t he channel %lon to create tensile or
readﬂ& Sﬁﬂ‘fpé%‘é‘i‘ %thgtbﬁésog weHastt it themigplivapas depogitigny CY R fgfinigyes In other
strain. Although the transistor perfornmance may be
consi derably enhanced by the introduction
of stress-creating |layers i or bel ow the channe
region, significant efforts have to be nmade to
i npl enent the formation of corresponding stress | ayers
|nto the conventlonal and mell-approved NCS technlque

o . M T

éespect to the material of

a&lHeve the desired final



wherein the second intrinsic stress differs fromthe
first intrinsic stress and acts substantially
W 00060 &93641S | y vvi thin the second dielectric |ayreT/Up2008036779
5 T

cases,. p?a%xégnr{l&l%lag suc %gztﬁ)ﬁg ;S Gé)lg!tE QbQ:SRIplr:a)tel e ng;és%r fe%la%? tT Png the respective
openifigs labqypiha @rSdgsgié?quﬁ epirordyge r'ie?-i“’r‘is ¢Yrj 19F t Thetsafish tapy ¢xpass material of the
layer a@cﬂwrﬂé&ﬁd@@i Kill'aﬂy\fa;ﬁ)gﬁmaté RehMus Buch |al(&cl{ix%f &eMidsl Gnechanical polishing, and
0gent ify like elements, and in which: Figures
enatlcally show cross- sectlonal views of a

seﬁm@HUMMmca%eﬂhP@@hﬁwmrcn@u%ﬂdm%lOﬁwnhmae)tcens imatgrial of the layer 123
remo@& @ﬂﬁ@lth AR idteref figle@Rd 12815k asI e GPpEabR day@rt of the resulting structure.
Thus élle déwgcée lpélc%}epg]se:s: gg%%%cgc?r%der }eﬁlgclt %n@‘hh%/bf)f Eep f?rftﬁ%rmconﬁlp teo(r: treglon 107a and a
secong gare @bﬂ@dﬂ:&tmptuneelgﬂmqu the awowl Wavomluusrt hgien 7bicthgedy defining a first

transistérleRIED Y30k Qxﬂta s&gﬁp&aﬁﬁst&r I@@mén@ [mt MQI@O\Qlf asJ SGO\’LIﬁh ﬁlgﬂ@i}? the layer portion
el ectrode structures; gure schemat i cal I% EI cts a

1082 prgpyfes g i fgpnsig &t B8y ﬁ°" § yeuantglytheppsencotie figecyode structure
124a ngatolafhaightug $an ghesdag the sdcondvikyerciortmn 11 Ibtprdvinied the Stand $igringic s@ess 121b that
acts s?lgs[aﬁ% lh@r?(cﬁgnebnﬁlyl QAL bboddOdief dcthab rgm%ﬁ&eorzd@ras % Wh&@m 125b thereof.

ustrative enbodi nents; ures 3a and
Consegpendy, H’éﬁ?ﬁ‘{l?gc?ﬂ 1h§/ SW?NI ga’slizl‘w CERerive i‘.ﬁf""a‘é\‘?i‘sc%' firpjns are achieved in the
associated Scnic®RIMttbrOmagidnd of cliiBrelifegicisUIOTA GO7Td! aydoe(itie thagse Whrti@imobility in these

channelc%Eglo%p 8 ?Adﬁ/?dug{yl%%]gs%ﬁg%gtc&% %Ildl %'rcgﬂ}oﬂm% B QIIelssolri §a t1ﬂb In particular, the

ahce 0 respeéctive
transisien¢priigyretise potovRiFin 1 s sa@tae?aaaﬂle@r wdtehabfem peffeptigned formation of the
doped fefibist1064; | |1®’® eqrhadtebpRetive dafn dnbgoyddeas@sis, \k/lﬂi\/ﬁﬁjkctt(ldﬂ the associated gate

electrc\)/cYe]: éln.?:tures l\égbntllgc())rgcivlfrs the ga?e eqcp r?(g struchres \gﬁ{a ]?H[?’may be formed of a highly

any C(iﬂLéLll"ahon thse

catl o’ns an
condugtivg ardieriabrstich ag huetel ghetsl awowée*ngwm polysikigass opiny extehingtien thereof, and
the lilteN 1h Pﬁtidﬂfaﬁ%lﬁ%eﬁ@ 1Ghedta@ cREFRL ArubleSE 114D adaY Le SlBtaiikily dofprised of a
talshou d be understood, however, that the descri ption
herein of specific enbodi ments is not intended to
| i Figure 2 baberativadly tshaws atsemicdnductra deviice ZP@m fmonterpredists mhyéering stage in

accor&H@e Witk ft.utﬁﬁr qgﬁltaﬁ@réfnboadﬂgltsl mtﬁenﬁrhsglﬂ d)\%nttog G ¥fhre @l l1dent1cal or similar
nodi fications, equjvalents [ternatives. fall

compwefetmsmetsh(é"ns% Fiepees e st b s PR/ seercept 1o a leading -2
instead ef 4 Ti€’d Henge,tthvaicaipn2i deprisds dierssbstrODH (vaih theGRNICAIRRYr lGger 202 formed
thereo%lul'ﬂ!zth!t H'\!EMLeg}ld kérﬁl&)ﬁ&lﬁ:l@; ﬂeé’t bns Qm%bm the aggoc&nlg@doped regions 206a,

tTon are described bel ow. he | nterest
206D, c F%Fr wlw holdest 204p.| 20¢ R 3¢ &qtf'é%ly Wbeé’ﬁedale‘f’ g diglegssic éﬁ@h%ﬁéthaﬁwz a specified
intrindd’ sfred € Bioteb £ the irddist sl 2 ®pefdinied @lsvive hie dielbdtriothylet 208 fto &Pate g1t portion of

the debf%% %b%a‘? ?Fibaqgggigtec} Qf’f)i} thL &c&éa%erggo\ﬁa}c%p Hﬁ 2(97% %@% rd?n&éqne formation of the

, humerous 1 np erre tation-specif
device208 P%ﬁh@mgn Figye 2.1itds 1efared to the daspipispevithisederenss e Figpey & tb and 1.
S pIQleecfvbIC the) @l c8 20058 isubledds tmﬂn{ HomB&Emet 240 (Si&Hhif M keksdh@ekteristics of
a layer %omonlﬂaib eo I’T%f] 1[31?(‘!tnaétlz%{gro ano %I nr(; ﬁv%er &‘t\he réléqstltrlxask ?l] Bgrre)(()ample heavy
inert larppquévp aed agprasilicopend e 'd@v@y@p mﬁpte@zfnfoolvetpowrgwb fireby relaxing, at

least ;ﬁmaml 8 spaaﬁedtlmmrc GRS L(RShslé&lxentQLkBe M&%Hb&udﬂ@lvﬁﬁrtah@hxﬁ&x‘é siRified intrinsic
uti ne undert ord nar%?tskl [ ]

streSQ,t H\grelgr fretﬁlg%l na)e% ﬁé %egcﬁg?tloP Wllgnnth ﬂrg}l g1rc8% or re,?.lﬁn 2'87a while the
correspendme sitain| ip the n¢cpusirsemicdriduatiy vegive 20b ey isige ficaniyt diffar dfersfrem glepending on

the detg{%e Bh%la@él%@@htﬁﬂ thf i1 foRtion Yéubl Q’stexﬁﬁqﬁlé‘ Gleli@& tric 3%@(‘ )8 Bmay have been
es are sche t i.cally

icted int
deposiel i IS RET S BT AU BRSPS VB AoEt e P fipp emekon 2 Paope
transigdy Sonfig@rationcto pigeSandy improenthe bale wwtility dhethafidsiSsetioertducar @egion 207a. By
relaxu‘f%dmé 1mkﬁ@%¥nﬂr&s&e@9§&§ mﬁﬁg llly]ereﬁnfop 2689 ﬁ) ﬁﬁ&tﬁemgﬁg ttﬂg%lnglﬁlgof reduction of

e attached draw ngs are i ncl uded descri be and
electr%bglfy Withjn thespond slevgoxglk%wgé)g 2%7113 Y}ﬁ% eﬁnlg%pg @hin N-type channel region, may

i nvention. The words and phrases used herein should be
understood and interpreted to have a neani ng

consistent with the under dfandi ng of those words and
phrases by those skilled in the relevant art. No

speci al definition of a termor phrase,<.c, a erinnon

nat |s alrreren1rron1ne ordlnary and custonary neanlng

e o s



doped regi ons 106b may be forned adjacent to the
second sem conductor region 107b to define, in
\NQaMEMuﬁbar enbodi nents, the drain and source PEOUSIS5/036779

tnen lif a%]ustede in alccopdn [?Cﬁ it gﬂ:s?é?l Jg%lrér’}neﬁge%s alrceaQy %nre\z/alcr)]u fﬁ/ %ge?bﬁxy Pgt and second

secon em conduct or 8
Semw@'ﬁ’é?“éfsf@ﬁéf’“b%”t‘ h?@ﬂd’@?)’e‘lﬂ’t Peé‘fjfaﬁh’s“e‘?lfﬁs [EPFRERAL ¢Beren pyaesed chpanef regions but
may als@ retphz%nf idénSital &ﬁﬁﬂeﬁ@é’iﬂﬁ,ﬁih@ﬂéml’f&gﬂsﬁﬁbe 1QifRrefTe4rOSST dpe‘WtoﬁahEahavmr ora
desueg %egg %or acY Pstr?elng c%%g\? : glcl:l u?l eylr%ag%b a ki’nev d%e H-n% Ii)%)tcegg teghgx%llgﬁeaa shown in Figure
2. the forntof a trench isolation structure as is
t yﬂieqelhtrxbrdéeedg dfmeaax@nceﬂayamsmmsd Rlis A6 Mds&rDSd witetBrence to the

rese a, anS|stor configuration, the regions
mwwi qufgéﬁp%ﬁ i ‘of the same type as the regions

1 OHigure 10@aermﬂcaﬂu)sh¢vem egemidugtorddelife Bénin dcyqpdanggf with further illustrative
embodilBItSdr e 9Fesen§1H&éHuoﬂS TR &£ v1$e\é|@@ mY repreeRARBELe sifildS Hﬁtts%wn in Flgure le

[t shou appreci at e wever, that the first
ot TR G oIRER oF QGIPERDY TS 72 G Ao PR gL s eodins 3
instead bf 111"t Tek,@nietailed désbrrttiomofahebcmab@entais omied/hegh. fMaggogert the device 300 is

subje&éastb [ Fely ﬁnpwn&mn@sb e ué@m aQigh i Stbies RULH a‘é“ﬂ#&&eﬂ Gk & oxygen, into
to recel ve di fferent nitude o strai

{0
the seﬁlfc%uag l*a’Frf3Pé Prém sulgfr@&%Orll (%éﬂ 101b1ﬁla‘alg?:tlog P?O§i ?eﬁfgrmed w1th a hlgh dose and an
approfuiiaftl dn@py ¥,achidve a el iiopsity lontantrall@i/do a desjred d@pth egtbintthe layer 302 and/or the
substrgtle E(;le ngxnetx n?ﬂltj: ﬁﬁ{gﬁy ﬁlp%ﬁ?{éeﬁ( oQ)Bceﬁty Goh rgzi bfe @Jle%{éa tOCLICﬁeVC a c%ncentration in

tions ocaze erent Substrat e regrons, suc
the ra%&e °§apéféﬁt"é‘F1>’ 1&gl Griteaama Tyerd! rpnglionpaaPes fophrdifma priydrogen may be
approkifBtel§ 31131kBV, Qﬁﬁﬂn&ﬂﬁ@éd g ddsidd ptexh:&atfoh &dth Ritda SRE Mprox1mately 5% 10" to
se€m condugtor re |on 107a

2% l(h niPHPTh B ectreelr b ‘f‘i‘é\‘i’F"é‘Pe“bf“a§ & %ﬁﬁﬁ‘ﬁ%tf?ﬂ ‘“8%\9? @pfmperatures of
approilalhelly G&l-e0h0oeh artdhgpicaibn btragproxamaelp 200-95OFEY fat a tirlegpediad ofbdeveral minutes to
create P\?ﬂbﬁy’t@ LRk e35:1' %hm Bl% ga@ér@bfgldkhﬁe Hﬁ&ﬁ{e'zé‘i éﬁggﬁl@ %n ulnlgg}ltatlon 350 is

e second | ace
pertorggs npigh discoi5h PeTReviAR 31 PHEROGT Pt &R DS PSR cbeng presen, a
substaa{dlly YinifuBm aépﬂ.’n foethe biitBls B3 ihdhiaved e SexcC lighOintrhepecies is introduced, the stop

mech%n%{nrd% %QF gvg?t&% %%tbgsec}gélﬁi 1&&9&1&9 é&)h crﬁt& %&:tr&n@ Iso t:[%t 8amage in the

ormn e sem conductor
layers2388ag hld b pnd thys Firegsupl@(ap@ 1W§hg¢l{§q~[ﬁup toghe tybblgs3p 1. éff\ﬁr'ﬁ’g degree of mechanical
decou@ﬁx@Qﬁﬂ&&Sglone\ﬁO@[ 3¢78 3U6H) gotbhﬁms th Sdnfadiing 1l 302NG/bkdihe ghbstrate 301 is

achleved heire g‘tsc g%galfllﬁytf gr[htanmné%ﬁe transzfer of sEreSf rlor\rllltpeqmt heox%orgejoga me into the

npl an ion seq ces
respeqwr feeiopsed74, G0Bs t B, itkehstrain gmpﬁngexﬁ theerpgigng éP7ad éﬂih may SIgmﬂcantly be
enhan@erdQ_flci h® M chddbetarkiB@ndbilifyShd tﬂ@&aﬁﬁﬁ‘c@ﬁﬂdctﬁz%w& M&\@ﬂ more efficiently.

Llelglélg)ru]la 6)% gé)?egatf ngt m} g_r[) ?rﬁg%m%tés the opwl%&tloa nZgO may %e performed at an
earlienvednh fagging thgesteidstalesroioi tb the formatlqoeiohe ldayrtaptBP8ah b etdriessibly prior

to thetfﬁ‘ﬁlgwn Qeps plaé@‘ﬁ@lﬁ&é ﬂ)4§- 3btﬁ)nﬂ$rtbycit'01&1k§ea glrerlﬁstloﬁl Bkcs e&/g'ntgough they may
| ace hol ders 10 e horizonta

be vexalsHélh§le6tHau(e8 Iabog/%lt "late |b%tﬁ’5f P151 dlilaﬁ,élﬁg S%ﬁjatesldurtnﬁ A anneal cycles for activating
the dopoitinthentisn 306a,B0ure 1a, nay be adapted to design

r elquré mt:ﬁtlcQIMhm)fhngml%ak% h&ﬁ& ?dOYm WQh fny Bla&mglders 304a, 304b are

sighificantly I'ess for highly advanced integrated
removeql priqy o the ‘OTW@Faé‘é‘FCt“éFO Iﬂé‘b‘a‘i‘}ie @b@@?%‘é"‘t’?ﬁi}“@é"ﬁyﬁ‘f FEYGE bogposition the
light fof spediedTvithie thel Qﬁﬁd)nﬂl&gir tiys 300 Gwbstarkdib withoet afiecting the regions 306a, 306b.

Hencqupee Ekgdlc% thr % C§075e i)rn% Iﬁéh%' eltf blgntl VI ge@ou%gg) O the remaining
e SR er ki

orresp ond nst an

semwmtfarl?efsr. 3@@ bwsqas oftﬂaf Rublplgs\3p b EmS, %eﬁwmrﬁtnﬁyefef*é@theﬁgms 307a, 307b is
also sﬂan‘ﬁ@antlﬂ-Qﬁ‘Ehsz iNoréve etfié budbled M}D ehembelvdOpanict &xail silirteadf stress, thereby also
creatl% Bon%sa)torlptﬁ n§ Sg?]“q%lﬁ'tpntatﬁe: rlgo?colly]e e %&spiiozg g&g glt %ﬁ%’? a%)? 4@0 effective strain-
inducigg Becandho anay bgremeingdat i on of the respective

sem conductor regions 107a, 107b. Thereafter, the

sidewal | spacers 105a, 105b may be forned by

depositing a correspondi ngllayer of material and

ani sotropically etching the material layer. It should

be appreciated that, typically, a liner material my

be dep03|ted prlor to a spacer naterlal S0 as to not

o o, o Y " o L .



associ ated portion of the layer 102 including the etch
stop layer 109, if provided. The resist mask 110 may
wheoobossed in accor dance with photolithogr aphyPCT/Us2005/036779
t eX Shanrle %g’ﬁ%*ﬁq‘%‘ et lrrév?dse bagsre gﬁc(”gnn a°‘?§é1 %Vggéefac oast[rgcesé chJ Dt the same
wherep]‘ (bﬁf«gglg gegucap@cmeglo@ aiay Friceiwehedi ffgreny gtfagng hiler the foppgation process allows the

formadc')rﬁl)fe;ﬁinﬁﬂ l?anélﬁc\&ea?chg&&remlu&ﬁé ﬁ@ﬁly ‘é&ldycubce gﬁ é]&GGdeby Fétkhis purpose, a

dlelecmc éeiygrclr[xti: lty qnﬁ&%&eﬂ%&g{geﬁg\%?ﬁ:ﬂs@mgwg og b'aer%:élu tran%stor ﬁ{e?lents is locally modified
such gitr @sleast or diffggent lvierina pinspoRens pire oladingl ip rthgcrespsective klgnket mlons Thus,

compﬁltng@ar)l' @Qﬁggtor]pgl% mdyfbe Ryl g@dtranm hWn%Vanﬁerédfl‘ﬁéﬁ%med channe] region. The
terial renoval "and/ or da B$gﬁ$osed orti

modi RS OB T AT TEH5 B reeF By *1"9‘0" of the layer
and répleoing ittwig adleyer p@tichQd avdlffek'cnamsmeo sicksscindbelpt relaxing thy éntrinsic stress to a

desired %Jgréaaﬂrﬁlgn@resag mﬂe SRERbtoh SEknd a,i,xnlcéasstrgss §1Is[r§§ s,ngmmng Rehnique with
covers the dielectric layer portion 108a and

s progesc B 150 488 SREIPGRI L0 ST IS ByGESEe dakey ERges may be
attaintdayherebylfdavidite ehiv@cee igarél aritcbqnnd] ayt@iictidifeven for slravdlydschied devices having a
gate 1%@%9 IJOH'%} anﬁ QE‘D tgﬁlgsg Rg)d’ltgolnzﬁﬁ tﬂé loEali] ﬁre%tn?dalﬁ%%tgp ﬁla)aydggntageously be

e dep tion o
comb%dc\vwdneal?aens@%:ﬁomf@twﬁy %ﬁ“’“ﬂ% thw%@ﬁelf%@n%b@%ﬂ”ﬁaﬁw Bferial, thercby
remarﬁefblytehlﬁn@ﬁthb Stiotiacyl cfptREs trthik®r info theQBpéctiar dghnél Agpd. Opri at e

am S ?élcular e%boq ryx%g Ig%cgoesé;dz a%%/ Q{eﬁltlulgtgaug{ on???sl tCequentlon nﬁe.lb ge modified and
practiged ip mf’@reeta@e equavalrewmws grerntde giesd difled insiheriaft é‘PVl'Ego‘hf [henefit of the
teachlh y&l‘emlogorrmymﬂl’@ tl@eﬁ&s‘éésts&gs sét\hd)rﬁlhabﬁﬁymi)h@']peﬂ*oﬁa{éd G® Y &fifferent order.
FunthnPfg,Sr) ell e%}l({?lé%re ubté/n ltp)g eet ciee)%qso é‘t(e) 8nstrgc§ )51 8rn %es%x% g?rﬂn ehown other than as
descrigeginin d@mbm@tbehoWI étyetherif@@ ealddlt thh'ethesE’GGPieF qyibedimenttsolisgiosed above may be

altereé— Qd Q’lOleg{ al?olm}/ &Rk Q/Qx?a%gnst:né ?_orﬁ@&&d Q/ﬂhl&fthet J’éiepﬁeztngtkpﬁnt @f) the invention.
IS SUI not ¢ as 0V| ng e etc st op
Accor Qg P TSRS L B SEERES rmy be

advant ageous in form ng contact openings in a |ater
manuf acturing stage. In other enbodi nents, however,
the etch stop layer 109 may be omtted. The second
dielectric |ayer 111, which may be conprised of any
appropriate material, such as silicon nitride, may be
deposited by well -established deposition recipes,
wherei n process paraneters are controlled to provide
the desired intrinsic stress in accordance w th device
requi renments. As previously noted, silicon nitride may
readily be deposited on the basis of well-known
process recipes with a wi de range of conpressive and
tensile stress, for exanple reaching from 1.0 GPa
conpressive stress to 1.0 GPa tensile stress. In one
particul ar enbodi nent, the intrinsic stress of the
second dielectric layer 111 is designed to inpart a
conpressive stress to the second sem conductor region
107b, when this region is to represent the channe
region of a P-type transistor. Thereafter, excess
material of the dielectric layer 111 and possibly of
the |l ayer portion 108a, when the dielectric |layer 108
has not been planarized or has been planarized to a

| evel well above the first place hol der 104a, as shown
in Figures Ic and Id, nay be renoved by a CWP process,
t hereby al so planarizing the topography of the device
100. Figure le schematically shows the device 100
after the above-descri bed process sequence. Hence, the
devi ce 100 conprises a substantially planar topography
with the layer portion 108a laterally enclosing the
first place holder 104a and with a second | ayer
portion 111b laterally enclidsi ng the second pl ace

hol der 104b. Consequently, a substantially
honogeneously acting intrinsic stress of the |ayer
portlon 108a, hereln shomn as a tenS|Ie stress
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t he photolithography. Thereafter, the respective gate
insul ation |layers nmay be forned as is described above.
woe@anessy schematically shows the sem conduct PET/US20EE36779
100 with a layer of conduc terial 123 forned
above the structure of Flg%¥%3¥¥? The | ayer 123 may be
WHAJJAELASMEDof doped pol ysilicon or, in enbodinents for
highly advanced sem conductor devices, may conprise a
or a taI .conpound. For exanple the | ayer 123
@ conﬁFF@ - BURGE%N, tungsten suicide, alum num
ni okehg a dopplre hader amgtugolddo abrds atfhe rsetoikondamlj r¢gipe 107a formed in a

l'i ke. D&%&%&&@&1bmcatemr3§a§tt,sdztat1@fIal used for the

| ayer. 123, orr ondi n position techniques ma

e op S B B S P = BT 4 T Lo formed nsi
tungsteﬁnaumhmd@wmanﬂ the like may readily be

d e&B&skt&Eleg&tﬁch%eﬁ% hﬁ’l ?ti sﬂé@k éd n%ﬁr‘isﬂ:mrés@h)g@ Sglb gé}gl&)ﬁductor layer 102 to

Vapor positlon echni ques. In ot h er cases,

pl ati nge“ﬁléteﬁﬁﬂigrs%%ﬁc%gplé‘feé‘elfi‘?’é‘ﬁtcgtfef HY2dP4%I ect r ol ess

pl @tdifhige Apyrtibreoflssie dicfeattic tagdr ilabérglofing daldngeohdiplace holder structure 104b to
reSpect {iig. SRS BRGNS bh st and second

sentconéhctor regio . Thereafter,

exEeRicdng yd Befanf seeqnd P‘H@ hP'éVé‘F“CT’/_"S 148! O‘tPeW'F’éﬁﬁ\?l%\‘d'VWa‘%{ﬁ&f

appropriate techni que, such as etching, chem ca

nmechani gal n [ 0 h f

Fiure [ il G, 1 3ef LR kb Wt RGR gocs, Josb in e
semicqigigctegilaypr 10hedjassog @ said ﬁfﬂtaet feggind quowblctpratype?ﬂs 1¥3 1PBrpved

and with a further |nterlayer dielectric 126 forned as

: Eg ggefh(r: rem%g)o 1er£ % ovséhgxgma rrrn:r:ellls lélall 1'108% r%%(étg(féét{lt,r IS)BI% ;l;mgrstses introducing
at lea§tohg dogipoly wedidy ebyfanxsxt n@é@ﬁa@@nmfetsomp @igjing prid] firptaandrrgeond place holder
structHBGO AimPRASiRhakt r ode structure 124b above the second

sem conduct or region 107b, thereby defining a first

transi stor el enent 130a and a second transi stor

el €ment The3@thod Mbdlago ¥ erheremdorgiing\smd idvpeditegimsel 064 106b [gemprises forming at

least &n@yﬁé‘wan Qﬁat;ér Qfgm;.ln@ %Sl&(vglys o@l ga%h Etrkgldfﬁtst §1td s&c@ﬁd‘ ﬂlzﬁ@ h(ﬁde? Etﬁl%l%s and using
8a acting substantially onn%gneous

said 3é| '@%ft prs cristegly ?B’&ctebi‘sea“l‘?‘ﬂlé“‘ﬂ'ﬁ“ {skaat H@th%tmgl%amp &‘de'ag implantation
procegshe second | ayer portion 111b provi des the second

intrinsic stress 121b that acts substantially

honogeneously on the second gate el ectrode structure

124b u pTltednegmﬁéﬁ céqifft SqfomlisT sOHBPERSFremES g@a gideeet) oye sidewall spacer prior to
deposd@pandlidnguionydrhes. st resses 118a, 121b, respective

deformations or strains are achieved in the associ ated

sem conductor regions or channel regions 107a, 107b.

Hehce, Theanediaderieim Ar Vicesin mRsHYipg said foriop prsrsendink st eFond place holder
structhir® #4146 B&inprriSes kendiiMg @ldpbhivn. adj ust abl e by correspondi ngly

controlling the stress 118a, 121b. In particular, the

transi stor configuration as shown in Figure Ih is

subst antlieatethpd pf cégira 7. fonthdr comvaitiring slerpsitieg o seeond gipleatric layer 126 above said
semlcf)ﬂ[lémtliy@rnl@fsafdn@coﬂpﬁﬁgtrfceﬁkr‘)ﬂﬁ hg@@@, secbB® Ritrinkic Qress thddBiffers from the

resp ecé;v% gralp agﬁ source regions, with respect to
intringiqiresy kgl idiglodtnC 8%l €%l ectrode structures 124a, 124b.

Mor eover, the gate el ectrode structures 124a, 124b may

be8 for n’ﬁQ n‘;l:flhoél ohélzgxl;IlS}’ﬁx‘;tQJF QM%kﬁ{? re%&ﬁ‘gf Jnﬁlanal %lﬁ s&ond@dielectric layer

metal, netal conpound %ﬁﬂy pol ysilicon, or
HG“HﬁV“%%ﬁbﬂWﬁFPBW”Fﬁ@WBﬁ?em’ ?ﬁ@eque In particul ar

enbodi nents, the gate el ectrode structures 124a, 124b

arg su bﬁ{e%thlo@!ﬂj Nair 9, 'm{hkxsc%gp&tng %laﬁ@&t@ﬁ a suﬁ’a& WoF Qud?second dielectric layer

schematically shows a sem conduct 200 in an
126 P{‘?tt“é'F‘ﬁ@’d‘tgét‘%P(ﬁ%f’ﬁa‘rré?té't‘{flgls‘i‘ti‘;se%‘t“é@'écelhﬁ’d%{éE‘tﬁF‘éFalﬂé"e Wit h
further illustrative enbodi nents of the present

invention. In Figure 2, identical or simlar
conponents as are shown ini1¥igures 1d and le are
denoted by the sane reference signs except for a

| eading "2" instead of a "1." Hence, the device 200
conprlses t he substrate 201 mnth the sentconductor
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It should be appreciated that in other enbodi nents the
ion inplantation 350 nay be perforned at an earlier
worzmehess4r i ng stage, for instance prior to thBCT/US2005/036779
ng 2?:3: "sne Fr)r}elfhgé ottcéall a er}feor L‘tald%n §g %%Sp%ntohg swnaogngmﬁ oz«lud second place holder
struct@e 44b c@ziss seleidfelyiglaxing s3idiintigsiagtyss P@Pl&?‘ml?‘bn ef fects,
even though t hey nay be very smal | as expl ai ned above.

Th ﬂ% % be..creat ed ny a
cy gr etgg I V a{n?/ H)gw?eﬁem salg mérh SIC stress 1{, ﬁ‘eectgzgla é{axe%éon bombardment

dkm@ﬂ@bn Figure 3b schenatlcally shoms the sentconductor
devi ce 300, in which the place hol ders 304a, 304b are

E::gg?/et n}eﬁ;ﬁ? %f%{ag_{{;? Oflhr?hghéé) V?q%@})lglgtg%‘%slge& sg%fle]s gnto an area adjacent to
at leagd i off paghfirgt ls@mitondplator fegipn H)jegidesd wicdn sqmi¢onductor region 107b and heat treating
said s§‘o§t§gtect9 Rk 9&1&rcads%rsal§plgn whstantial ly without

affecting the regiions 306a, 306b. Hence, the

sem conductor regions 307a, 307b may highly

efficiently be decoupled fromthe remaining

sem conductor | ayer 302 by nmeans of the bubbles 351.

Thus, the stress transferred to the regions 307a, 307b

is also significantly increased. Mreover, the bubbles

351 thensel ves may act as a source of stress, thereby

al so creating a corresponding strain within the

respective regions 307a, 307b. In this way, two

ef fective straininduci ng nechani sns nay be conbi ned. As

a result, the present invention provides a

sem conduct or device and a technique for formng the

same wherein different sem conductor regions nay

receive a different strain, while the formation
process allows the formation of planar transistor
architectures including highly conductive gate

el ectrodes. For this purpose, a dielectric |ayer

|aterally enclosing the gate el ectrode structures of

various transistor elenments is locally nodified such
that at least two different strain conponents are
obtained in the respective channel regions. Thus,

conpl enentary transistor pairs may be forned, each

transistor having a differently strained channe

region. The nodification of the strain-inducing stress
| ayer may be acconplished by renpving a specified
portion of the layer and replacing it wwth a |ayer
portion of a different intrinsic stress and/or by
relaxing the intrinsic stress to a desired degree.

Furt hernore, due to the conbination of the enhanced

stress or strain engineering technique with a process

for in-laid gate el ectrode structures, extrenely

hi ghly conductive gate el ectrode structures nmay be

attai ned, thereby providi ng enhanced gate and channe

conductivity even for extrenely scal ed devices having

a gate length of 100 nmand significantly |ess.

Addi tionally, the local stress nodification my

advant ageously be conbi ned with nechani sns for

effectively decoupling the channel regions fromthe

surroundi ng material, thereby remarkably enhancing the
ef ficiency of stress transfer into the respective
channel regions. The particul ar enbodi nents di scl osed
above are illustrative only, as the invention may be
nodi fi ed and practiced in different but equival ent
manners apparent to those skilled in the art having
the benefit of the teachings herein. For exanple, the

process steps set forth above may be perfornmed in a

different order. Furthernoné¢, no limtations are

intended to the details of construction or design
herein shown, other than as described in the clains
belom1 It is therefore eV|dent that t he partlcular
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