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WD 2006/ 118786 PCT/ US2006/ 014627 TECHNI QUE FOR
FORM NG A CONTACT | NSULATI ON LAYER W TH ENHANCED
WETRFSE7FRANSFER EFFI CI ENCY BACKGROUND OF THEPCT/US2006/014627

i i, H t
en NP S, A G PATRE w15, SRB smass
circuits, and, nore PEANSEGREFFICIENGY the formation of
a contact insulation | ayer in the presence of spacer
el enments during tI@ PRI ) field effect
transi stor. 10 2.7 BACKAG *=fabtti cati on of

L nTBgHMIG BIREBYI t S reqwres the forrmtlon of a large

n Uﬁaﬁfallyoﬁhe @feﬁefﬁélih@en@n@é’rﬁ&ttcﬁthé)ﬁn@tm:gdf\ﬁ%ra%ti Lilku, §1f, more particularly, to
ied circuit |ayout. General

e Pt midBEee” P ot s BB s B peianting of s o
effectmm@torced wherein, for conplex circuitry, such as
rri croprocessors, storage chips and the |like, CMOS
hnol o is currently the nost prom sing approach,
2. d ALKG }c{m DdBEY i or characteristics in view of
o pﬁmefaunmgloxi&f istpeedl drnds aiquipe we foraais i itioMmbET kit@it elements on a
given c ﬁ-&%barcéogcﬁﬁ thL Q:Ec1f?egrmLI§t)(Iayo tt e@én@r{aﬁad ﬁJlJrﬁt}, gfspryc%ésqg:hnoiogaes are

techno l[Tons ©
currerly grigicst &P‘gemsu forewmplmL SR SR EF BTOPSEEPS, HiTese Fuiesa e ke, CMOS

techndidgR s buskdyShe BEE proﬁlﬂfngﬁﬁbrﬁﬂl ducstd gt sﬁ@h& dhﬁlﬁ‘dtdﬂﬁicﬂ% dew of operating
speed(:&l){/%lt !)vlrer Q%nsﬁgwo%onﬁﬁ%% Oke fa%Kﬁ%E%a ne mplex ite gratff} cuc‘mts usmg CMOS

ective o trans
technqmé'h@ﬁlw@f of pomplamsptey tqa@sls@cﬁn ¢ dickagnel Gompiofssad P- chatnel transnstors are

forme On aCﬁ!b:{n@@ irfeNdiingl B&?dteﬂlﬂlﬁ anh@)BdlﬁtroﬂayfeQ rmst&‘ﬁn&sﬁaﬂ irrespective of whether an
SOuU

N- channei %ansxs §& ord Ié ngae 1 l %181q%1p S %%%%ﬁe&ncorl%grb‘;fzs e céfg Blg g_lg(amns that are formed by
an intgsgaga s émhly ﬁﬁpeﬂ ﬁi@lndmhaoww Bgfoovitadinvdislysiopsd canned ggiomdisposed between

the drabiRei6 0N ¥ kduvdekdsiodf. the channel region, i.e., the
drive current capablllty of the conductive channel, is
controlled by a gate el ectrode forned above the
C Hea neldugtieii @nheathansleg@mat « dhet dnies efegrrdalili| of e Bonductive channel, is
controﬂ@:ﬁw aaéalt:en@ectr!)cé%%ned Iﬂ%@e {:1:19 @ﬁHz‘f&:ﬁ keWoﬁ Xndosfepa'i" q L&el?e]@a)é}eolé/ a thin insulating

or mat | on of a conductive anne
layer. g oy C%Blﬁ ng/é’ef g haggel sgon ﬁpogﬁwmw okt BTy 6?%@@ application of
an aprirapribth @orgat w&:lt@e e the gae sledloe kahsnde Bn thi Go;ﬁlﬁtpﬁa&%ntratlon the mobility of the
majora%ﬂ%&eﬂ,taﬁéﬁ dng for, a%%em&gl&{c)f th%fchatnpe?re 1‘3? #1‘%1% It].IElXSES 01 w1 direction, on the
carrlrers, I ven extensi Oﬁ eh ]|
distanqeelgpisn i1 opres @?daiirélpsrts&wns ivighhis dilse eefeirginte 4 rphm@ ength,  Heucs, o

combifhtiGd afE %eb@paw@n oft RS kaﬁlﬁ&@ ﬁﬂﬂd@ﬁ@l dharﬁlelgibeﬁﬁrsthe WRiighe layer upon
cna

apphccjitl%n ol“ ﬁxe con?roF {forltfeig? t? i e %tc eé&){] (frél ,ttia/e cqn&cp vxtyH?Dle C}'l%’lg%] rﬁ,éon substantially

detem@@ﬁ&@e’mfwar@haﬁw@ls t@eﬂtw t Tleus,i thes rethatiomef thaghemnelujomath, and associated

therewﬂp ﬂkﬁ'r&ﬁ&tioﬁ ¢ Qlfe chdABel GRALVIQ) reﬁ’c@nls ttl@gﬁarﬁlgl 18436 Ohfhant design criterion for
conduct i vi he . channel region

wcoom Gt Ty e GRRETGPTR ALk PREHEI TS mance. of DS

transi stors. Thus, the reduction of the channel

l Q'ﬂtg I:cbuctléwg‘ tﬁes§a9§§t<§td§1%nsﬁn@ q‘fo@Wext Qnt&lﬁ% p'iLFeﬁil 139% stoc'iatﬂe% therewith

hannel resistivi ty, renders channe g
that b PR SRS Yo Bt ey et f1g radva%ft&%ﬂg&u}eé i ﬁ?j* ilecreasng the ohannel
length bfMIOR @8BistoR. Dhengpardicnngthspepd: ©the Hhelopli’ﬂh&gfreﬂ{aﬁﬁd photohthography
and etc%' sfrﬁ{.’#xets o re-m@ z[ng gegpotd\% c{)ly ?rgatc;cl?rg%ut erleztgeﬁtlgé cglstigag Ig%{‘ﬂszoas, stuch as the gate
eiectm@ﬁ’rfgrﬂ@\fv?aﬂwm%g’f B Rer d@‘fﬁi’/ éﬁﬂﬁréﬂobe Matbdyen digbly senbistipgted dopawtprofiles, in the

vemcal.kﬂﬂbtlo)i aOWEIBRtn 1B Qiterhd m&ﬂ&’cﬁgﬁ& re@le@tanBALDY aitsO@EH tkdfons to provide low

h
sheet an(? con acts res1g1vtty 1% f%m%m%on with a desired channel controllability. In addition, the vertical
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l ength of MOS transistors. One major problemin this
respect is the devel opnent of enhanced
WORMOALEBhogr aphy and etch strat egi es to rel i BETASWAE014627

locau(rg:r:r‘ ?retr@tg%i\g jﬁu?ct%nsﬁuﬂ %sgec{: Iﬂlih%gatef- mgl a%?n Ea;t(er al OD C%I‘_%Sle%tlﬁég‘ltical design criterion in
view pf Iggkage sprsnecontyop rHegconesduciie e eraongblprerieaso avaniraviprdeinesie, depth of the drain

and dohrghte)ios O r%bc@ Ebt @8 ingtoRR B rmpd Bf ik %&e ldsﬁlatIoH GayerVial e GRdnnel region,

ol R Rl iy il (St S PEITPOR @ b BB il rovm
regqusdiw faped wislor srarifiedodint cthe i sletoly whigh hm rdored it trdisedidrain and source

reg ofM &hpr&w&lﬁﬁb ERSH &oheﬁﬁm ¢ QRtLiekl Al Lid % ddi
l s 0Q6/ glo8786r 'PCT] ukJszooes/ 0145?0 10 the sam time

mam 1mc1:1,0é? &al‘im C[Q\} quhcgonlm rfsﬁ?f&‘f) |t118 ﬁ@e wuiaHon Ié’?f)ect to the gate

|nsulat|on | ayer al so represents a critical design

cr Irﬁe@)‘éétﬁ)@oﬂ the tec‘ﬁhcﬁé@m@lf Iplwrgﬁff fAde s&pﬂ{stﬁcg{é& spald tel) dﬁesd?e%%c{%ﬁsary to create

the ik g g%dthe channel al so requires re
HEEHTHAPST M el aRd ogpree 3awddn foging mstalilicile rgiopeie o e clectrode
and thelyipain mdsmfzacrmufm ﬁmc&lfbygrhdwaslgat Sirc# 8 leadtings bigy@ductdA@f the critical

dlmetis#aﬁ?s gJ‘n ?lg:trh? 8 rl1el;1 22 al:}gég&g g%gsglga%g Hll {laggu%nh ncri] Ipossgd)lg ‘?hte gcgw development
of Pﬂgﬁsﬁ ,teg}g&qﬁt%sscon@mirtgd;@ %pyeydqgﬁ%yrogesp ét@fpsoﬁ @asal]reen propayesigo enhance device

perforwiaiich ofthSipagitdricR Gherd H}Gﬁ}eaiu% tﬁd’bﬁar&aiaﬁleﬁh&ﬁlttf AR, chéMﬂél feBion for a given
channgrlegwﬁ}ef %’dlésﬁqe aplea%tstw mcc§1a ng rxamaa%[)] use hy f“ Ct"ﬁé““}“g]l grésgpaﬁﬁte 0 19 increase the

rovi AcCt eased uct
mobxlé)h tged@:prg%cafr@@nbﬁg chapmai {egmatFupﬂn @e denaet cpicpmiration within the channel region

may bﬁmd[ﬂdea,l tlﬁhlrdﬁg reauoﬁ@ @,&altté}%lg BNnds Whatk |c{1%?oe%&xgrs Erﬁist%ciﬁcretagngtt@%onductmty
C ve . 0

rone B EbE i Bem? s o 1 LGRS Ao P G trstold votage of
the ffﬂﬁ’@%}ﬁrﬁﬁq%@eralryenqk@g esglastipn bhihedpatt eoncdraidne lhss ginhofive approach unless
other GQEREX a6 0RABFed B Afuktla @esBBnt B0l ecglt\ége as a mask in

formng netal silicide regions in the gate el ectrode

and the drain and source regions in a self-aligned

f dstrindrihe 18liggcaucthineindentdnml Gigdn siay Bs m&ﬂﬂ‘wﬁl fobiast@ke byngeating tensile or
comprQsEﬂv@ étﬁf'fil whidl BRRSh g%mﬁlad 1%01711 gd%l% an§ H(%bh I extamp?% lcreatmg tensile

gnSI st ors, necessitates aptation an
s oy B isperegie Bttt o Bpbiy e%fé%cgortseemuq dergnesnodhnmiinde of the

tensiletshr@in, b onceade e bbifity @ uPio Q0B %y St elﬂﬁinedl ﬁfhﬂ‘,lf;\%l @ﬁleﬂirectiy translates into a
cones%ﬂf?é)ﬁgrgasé B¢ ﬁé’]&)%‘étﬁqtgew %% othgreh rc{)rrﬁpgrgss%e ?trg%s 1& él crxag?el region may

transi stor e i ncreasi ng
increagigy Mobility| 9 helse tbqﬁ%mv@negthmotﬁml far gihwesipgl e obdmmate of P-type
transisto®ngt h. In principle, at |east two nechani sns may be
used, in conbination or separately, to increase the
nmobility of the charge carriers in the channel region.
FiCprspquenthie itchap dein  propvewintor iatrddogs, Wirt ihdtancd, re sititvaiger@bnium layer or a

s1hcon[c§@dnolﬁyer Ry REwW ﬁg WeRRbl deRE BNk GLYUR] Aoifakh e LB ﬁlthough the
s for t% carriers and thus |ncrea3|n9

s G T B BB S G 1 g O vt s o beow

the chaprphisaing, siatifion ctfortsthie t@h&&mﬂeio iyl ha@nths foghitib SfaBridsponding stress layers

into th@(f@fl@ﬁttlo%altanc?wéii%&%%g lCQ/Id@QLcm%% 9£r ms‘aﬁzfe %c{c}lﬁln%i %mt%ml growth techniques

h g) her eb %areucmno
ave to 8:‘1?:"8’1‘1?‘?3?4 ‘Blﬁle’aeﬂfeéé@ ¢ prPosestiov e fappihe ermanim- o8 gbopepntaining stress

layers gtdpgoprivecbariins s oabdoud gy EIhaﬁap:EGiagtoﬂt ?Qhé@bro&asﬁ &ﬁrlp[e%@/ is significantly
increa s n uction s i G n_prodiction vie
s@&hglgglﬁﬂli’]ﬁ GHIXIQASI 8?[%& §§ c% a’ d 8{)?&? g%} forfa é?dﬁ?“ﬁg EE éig tgzgly Id.

creating tensile or conpreSS|ve strain, which results

i nncaheﬁ“p‘tdmfsing 6bproadi 1L ke YrefiRh o£IEG Tl AP &s@mg hxﬁére@hmf@ Formed after the
strain in_ the annel

e
omaigil e Frnfl 3200 R FapRPrb IO QR TREIES, MR Rt o provide the
dependlng on the nagnltude of the 25 tensile strain,
an increase in nmobility of up to 20% may be obtained,
which, in turn, directly translates into a
correspondlng i ncrease in the conductivity. On the
ot her hand, conpressive stress in the channel region
may i ncrease t he nmobility of holes, thereby providing
the potential for enhancing the performance of P-type
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30 Consequently, it has been proposed to introduce,
for instance, a silicon/germanium]layer or a
wapegeddrBe ar bon Iayer in or below the channel PEHUBWOGGI4627
electgcalegotngecao%nfglt{qe m/sou rrpr Gf‘cfc’n bc? th%f:%n %’ctro op%egtﬁnshséo(gsd E{PIC&IIY’ thig

ansi st or 0 rman er a
msuktfﬁé lawitcwmmaf@tar letst of e@h Ft@sisyee preliner m@a ﬁlatwld@leptnc loyer et ray selectively

be eﬁmwm@@mto tﬁ%h@{dp 1a§érgﬂi|nfei QR foexﬁmg 85 IB@Mﬁont@elb@u be referred to as

T TN G vy e —
ObfﬂW%%WWﬁ grepefer rgyhanispge tim chennchidaiont df i hnsetoi fooociatig strain therein, the
conta@ﬂﬁi&ﬁl@ext 28 RNdGHESR tl{%&wlﬂfﬁy ef tﬁ@chmelqggiﬁl HEde ﬁoned closely to the channel

roce low to for
regm& n ﬁg‘ﬁme‘%’?"‘n&lﬁto aéﬁhg%ﬁlreg Beﬁtllﬁi?g?ﬁ tﬁ@[@ Vg\éa?eé g@roa%&c@evg)[g the highly complex

laterah dpans profilatacsighificant iramst of the sireshE e wortideelinghiayens) howeg, Gabsorbed” by the

Spaceﬂefﬁgn@by kg §<§§en@19ﬁp rifp ls;;a},(cr r(?&l:lrgp 'dgsb&acﬂéu] a)ﬂvanla%la@ %ﬁtﬂ?e@&ct to process
h al so increasin ucti On costs and

comp B’fye??f %W‘J P Spitasialhegpit ?q’a?f l?yﬁrs’p‘i“ﬁm {550Htragtive for. orafies: Fraip in channel
regioprodmivaicnigraggypitoach is the creation of stress in the

insulating layer, which is formed after the 40

formation of the transistor elements to enbed the

t r BRdiiy g shoxpreesiHibp L Hngtion dietrasista peeH fos ahinmect/e! tpgnique that enables the
creatifd @i\iradEin thA hanik] MELRORHLABIERDopTbk MB2Q0R64R LAiB Rl growth techniques.

el ectrical connection to the drain/source regions and

the gate electrode of the transistors. Typically, this

i nsul ation | ayer BHGHASYRE OF THBRYENHBNet ch st op

| a]?l%rfolléﬁrmlg bféﬁaﬁts aﬁﬂp@ﬁeﬁ ldl[rﬁrﬁ@f ofe@AveRHoh EnQ)rcle!aﬁb%FovIdQ @basitiB¥derstanding
t.o the, et

of soxfs'lee !asggc sl (}{"%ilay IH\éel;ltloul n'ﬁ)f sgmpgrpllxsoe\(ﬁ Ecﬁfiﬁ, %e ?Vﬁzgﬁr\raﬁ %H_nveg)tion It is not
mtenqeégpeﬁenw [kty 45 srificalf dareats off the imwentidntpe todshiteate the s@yest tig@rigbention. Its sole
purpoEehi@ i dsEifR §Mhd’é&s &l @bmﬁltf@@ folrrfS}X@{ pz‘éfu!ie' to l?l% xﬁj&@@etta%gd &Soription that is

discus ?tﬁ tcont act liner layer. In order to obtai n an
&1F 1'% ent stress transfer mechani smto t he channel

region of the transistor for creating strain therein,

t I']@euerglgxn Eh@?rtcschtl 1%&10]:1 qycﬁ!ectgma téc%lactxg ﬁl@lt %go 1&\, li]l1etfa¥] %atmn af a contact liner

vicinit he channel regi on
layer, &P ¥4 KB oL SRAIC yeagrbiised eawaiﬁewrte}egﬁrgs St eloctrical

contachy tthé‘rbthrel{gh Uih @Rsd @optinity BQhdcHatineDlcglons PR CRFeciP REaaoh eIEchfnts Thus, the
contac@ﬁrlﬂek ﬁ%ﬁ't P'Lgy BJI‘SHJQH Sﬂjn%f/ bg?g{t)e!ﬁi?g(e Jb@g eciatied thmarf e%)srtgatt may t‘hen be highly

cant anoun r esd
efﬂciepql}ﬁéapsfqng? prihg @amﬁm@createél@ge@rcg@@ponég}g :ttqqyg, thg@a@@mgmcr the potential
for impib@hEdAYedRKIcNGotERNME Bt SRAN pdrfotih& o3 PR EaKiIsBMRAShES,
despite their advantages with respect to process 10
conpl exity conpared to epitaxially grown stress
| yrerrding ume dihestrajive estmdatent ok peseft onvenivead inptodstomaiisas forming a

transistoR eI@xh@ﬂEb@ApnmﬁgeQéa@UE%GQJde @g.l\é@{%qgc"ﬂ.ldtn% @ﬂé&stsathErér sphddr é{én%\ﬂ{ and an outer
ove descrl bed situation, there exists a ed

spacerfe%fne‘gh Nﬁaff‘BYeB\} B e PRTST E{Ei’é‘mf H4en BHgHiead 1 ?Pétacté‘l“%é*’(yFrdﬁ formed above
the tragsfstos tlerams i n t he channel region w thout requiring

conpl ex and expensive epitaxial growh techniques. 15

DI SCLOSURE OF Tl I E | NVENTION The fol | owi ng presents a

ST 18 8 AP YhitT g GromperEms e arepnt iyergipl @ methgd comprises forming a
first trqmsxsmst demear hakg @ fundet skand ﬂ@ctur@ﬁncﬁxﬂiﬂ@ a0ISREHTE Bined bind HAuter spacer
e!emedt n\fiﬁ Ial-n%ge a s@c!oﬁd ﬁ%m{ glel{n%{ m}e wnch %gtals\a{%nc? Fﬁg clﬁc?rode structure

e 1 nvention
mciudl&% atéﬂiﬂﬂ?fi gy andep ﬁ*éﬁtsgaceffelemﬁé Tfmmﬁwpq‘i fyrhen pontpoised @Imow%ﬁh@outﬁr spacer

clomerits o (ROl @ndiecdnd @atb BARE Sfeturbd. SMSOVEr, £ GrsPnRASRerl 18yef Ruving a first
present some concepts in a sinplified formas a
prelude to the nore detail ed description that is

di scussed | ater.
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Generally, the present invention is directed to a
technlq#e t hat enables the formati on of a cont act

WO M 18 Bayer, i.e., an etch stop layer of a dPEl/BEIP/gI4627
mterrlafytggs i§ tﬁ{ﬁ&i %g@tht Rrst t@%ﬁgﬁ eqeﬁn xﬁtlaﬁé Q ecgrlde(!gﬁtg&%lngrola);cp Eavmg a second
ectrica contact's therethrough, 1n

interng} RS i foryped ovenks senutirresistorelgnehs of res pect | ve

transi stor elenments. Thus, the contact |iner |ayer may

be fornmed or e ecified

i nternal st regzlylflﬂgllﬁﬁgghﬁﬂgﬁ%&” lgfu{u%}ﬁvelgfl ciently

transferred to the channel region to create there a

c of P88t Mg b8 pidaptaod ety Ity (illaving demBtipiotlenn epjunction with
the adc@fipahy Iy dIMIiNRg ORI Re SRFdnbeafm&RIDidbdti)ika Betndnb kmd M @fial |

performance of the transistor elenments. 30 According

to one illustrative enbodi nent of the present

i n¥igvres bnle whematicalbd ilenisrdraessctions migwy o a Fanneyi denpnt during various
manu@k @R YagSON Mrhadib A Godach ahee 1894r@Gkd RARe ShiMClsbLin accordance with further
least an inner spacer elenent and an

t
numstuveewgc’dn"ﬁeﬁ?’af‘ el ement. Moreover, the outer spacer
elenent is then renoved and a contact |iner | ayer is

f ofigle2 @Lk%l'}{a%calig' bR wh § ahsisstigh xﬁ’el\x%f% @meco%&xct%@@@fcg {nP8dikeQwo transistor
another illustrative enbodi ment of rese

e!eme]nﬁ\x;eé:wxln%ﬁ congct Ilfﬁ(fr tlraéref ctoaentﬁ rﬂ}eg@gecqﬂ@rch,a}nﬂﬂ re&f())nsr 'Twlthszt different internal stress in
respedtivapatiet of thelcemenlinchaydrrig a@ofiines vitdg atlefusiiee dhstade embodiments of the
presetidvbitfir € including at |east an inner and an outer

spacer elenent. Furthernore, a second transistor

el emrent is forned, which has a second gate el ectrode

St Wiild the ﬁvenhcﬁiﬁd Mﬁﬂ:kp’mgleai vati@A Sdodifichtions ALY alt&ﬂdivafbrrﬁd,l b¢ific embodiments

thereosf’ﬂgt%eoleene h P/-gpg any tet:]oge dr, Wx%aseaquf'l gr% ri‘preln gs%nbeg éﬁtanlg It should be

outer s p ce I r St
undefﬁ%&dehoele‘eétﬂiﬁbf&ede@flptwﬁlerﬁlé St spegiic sphasiimontg lsmowmend@é Ptliapdétthe invention to
the pdrﬂmﬂ@f fohﬁky&{fcloﬁa,\ﬂu% t8e dfdn&a&} the%tM@oﬁQ%éolrar&ﬁ%dlﬁcatmns equwalents and

CT/ 06/ 014627 t
aitem?twes Hﬁilgr aﬁxénlqli' tsgmt an; scn ee({f rlm m nttmnag %fl diadl@r ﬁetaggtinge?i Xaéns

| ayer having a second |nternal stress is fornmed above
the second trmﬁmbgrm%b@mﬁbucﬁ%ﬁm%ﬁ%ﬁﬂ ON OF

r glﬁgﬁp“étﬁfg S‘II\I% {mepis, o ffet{}ﬁ ?ﬁaﬁ?%dl%giéwfl Tﬁ?vb ﬂlnltlgkrgﬂest ﬁp ¥anty, not all features

of an ol ndtmaohtio addestrihel molio spafisetiong drdlwbhigsise ba apwhicigtad that in the
develdplmgﬁ orf ea{}_)egu%ﬁ] %aﬂ%ﬁﬁleﬁt lllglﬁﬁ)tlé rn%lelilﬂelﬁgtwﬁ It%@?xgtdg'mmcﬁlp Qnuét Be made to

ur es ' e schemati cal
achieye r“%?&"%"@&ff iSBRAEP gQFulse%%h groompliapog i Spstsi-relptedwd Pusingisitplgjed constraints,
whichwéll varyl Som e Thip Eaﬁetntammg aitiag G\Sored“}erf o wim !ﬁgp;ﬁeo@mtﬂﬂc fuch a development

effort lnli%}lﬁ 'l:)? lc(ﬂ%:ﬁgx aﬁJl %éf?cqtn {éf av%ihv%(}ﬂ fle er r?% H 5 Doufite Qn&g%ﬂm% for those of

ive e S; and
ordinagy skl tha ot koaing e %%@”%Bf this dipcdsyre-s ect i onal view of a
sem conduct or devi ce including two t r anS| st or
el.enents receiv Jf {.
r e’lglp 8 %en{/ uewegt og ﬁVﬁlQl?)wﬁyée éllebs%bs?g Vv&;t f"?P ren%e t 18 ratéaﬁ: e%%le%% res Vtafaous structures,
systemstapdedpgicgspre sehemgsiodtyideractqygn the dxn@ngﬁffonmeosgwﬂeadinaﬂiqnweiw and so as to not

obscute aﬁ/ee[fresbiﬂ u@v@tﬁ@ﬁ dan Qﬁaxl\éﬁtﬁah ax§ tafelt |knJvH1r th %Ee ékme&‘ %I fh@ta}t v @Jevertheless the
nven

S€
stach e B R B B B B oI  FE AT oo Th vore
and pladsbevsad birsie sthald iy pndspecd ﬁndontemata@d itavign¢ 8 mebrhgr @ofistdnawigh the under-

standntéetﬁn:hoﬁg Q¥ QM p‘ﬁﬁyes @I, th%%%as'mlea? m lefl }enganggr@mi\?@ gﬁacx@in&ﬁﬁﬂﬁl of a term or

herei n_descri bed detail, It shoul under st 00
phrasehz(fmé\‘}%ffmtmp Pragis @W‘éenag% e B"'ld*n?fﬁ alﬁlé:',l%qql?rybzfleaglﬁ%isl upgieestood by those skilled
in the @fyixaatermdedht e inplidaddly congitten dage df theltduitiof phrda€hdrdy elfot theftehit@hat a term or

phrase is intended to have a special meaning, i.¢., a meaning other than that understood by skilled artisans, such
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20 the particular formnms disclosed, but on the
contrar the intention is to cover all nodifications,
WQ A B hts, and alternatives falling withi nP@HES2006/014627

a spcccia[:fldei* i gQaq 1 8¢ ggg:?css%{;sf: F)Etl.]___lﬂp %Ent | %.ﬁl?%qd g._ef LFE'% Ffﬁwh%%ammctly and

“mq“MOPadéPfP‘&t‘qS‘#@S@ﬁ%’dﬁfnh@ﬁtf% thsfrerm ephiapgsent | on ar e
descrl bed beI ow. In the interest of clarity, not all

e{nﬁra@s the greseiztt mve{l;og (a:cIdref;stes rf)bqen]t &t eg'[{ﬂent éf tﬁins?emng strcss tb rom the contact

liner &b‘fir tecthatobrng! yagion, rhil @everfenlesy opiriiningof highydegrerchf compatibility with
conveaatlaatmoeﬁttodt:&emts puHJUé'EersﬁhUe? dld%ht?"i?en& tlaéamaslpge@l fideCas required by

1mpiatgaﬁton alfdo Sé ic dggaqguengﬁt&, ﬁo glge Iélsgr%tfouxgﬁtggargﬁ «? Ffusgv)}g Pg%%p%%tl sgq:t,ga like boron

and Pawhmsol weeses, rlelvetes dhe offstiveadisitiss fomhihe hiram hid soarcy regions may be
51gn1f“ ftefnﬂme@ﬁb%d kiR %{é%ﬂ{e%btgﬁacgﬂs ﬁ:ﬂ@wa%ﬁor tWe%@tfon of the \%nltalct liner layer.

eci ate that such nment. effort
Hachg i BRI OO G BB P LD Eel By st any
silicidb @gians tp trie trebelfovohed d¢natkd gag cfectrodtshiod e dibin a&Ds‘:omf:&jneglafsyWuh reference to
the ac%plarlym'g r&ra%}@s My ﬁterhﬁ’ttétre@tge I:rh‘c%dtgl@ﬂ@gf' tltle ﬁ?ésexlt mvgi tion will now be described in
di scl'osure. The present invention wll W be
more ¢gfdler i bed with reference to the attached f| gur es.
Var| ous structures, systems and devices are

%%ana aclgl cherr]qgc%h)? 1?0% Ia ”ae&ﬂ@ndﬁ&%"‘ﬁe@%é 109 I s:p s%ét%%al owew The

tion on scur e t nt
&emlctﬂﬁv@ﬁ t9Peee AP Pﬁnﬂ@tsau qubstltﬂﬁ dPl ahieh wey rept@w@mnaaprtmets éubstrafe for the
formatsdhioff tiRit elEmdnR@f afeﬁratcc[\lﬁz\é@t[st & e@ﬁ@le lhEl ﬁtb&x'i_ateabt ABNGFesent a bulk silicon

substrzgrf %V\élti?: £ nqigts%la or gédif su%stra esn% ro her %’H'{Op aﬁev é*ﬁ?rats Atavm]ghfgrmed thereon a

I1ve ex es O pres
crystakfjsy &ﬂgucoxalnttordma@@ss qpsremalfﬁefp!eﬂmfosmm of tesivp demetsobeein. Formed in

and o@ﬂ@ shitcRE D614 @Ctdistdiaydhed mamzn hicFrMARbShAMactMnk Rtald) &1 which the

ndi ng of thps hrases b
o i PR 1t B3 905 R L B s gy 10 woin
separatgs the gatq abactrodp hd2afee a dhangel regipnd ef hn by epredehiatpoitisn of the substrate 101 or of
any apgﬂoivrﬁa?ers@xﬁltzonﬁ&m g«l} @or&gﬁh&l@:ﬁy nglls?s%? EIQIHQIE ¥50 %9@ Q&g@gy type of field

under st ood % ose ski | he art IS 1IN

effect ira&tmﬁ%r siuﬁtbqs s chymeé Hﬁglﬁfglf cng cl}g\g&é ganélﬁtoxt lﬁémg B ledtgth i.e., the horizontal
dimengsdwr dsle gaerelebtrode T it BrueX b entlod rhzaﬁndanghﬁibmlﬂ lessdi rﬁﬂjﬂ)&ﬁﬁsountered in

highly g%ﬂg%tsﬁﬁ&%seﬁ%t!ﬁ?a\{e c@cuﬁ? ltgsj lﬂEqF nﬂ%’ h.}p?lﬁtssg% S(%P(ﬂhﬁ%pemﬁc ICs)

i hat “under st 0o %]1
and ﬂtczllﬂw%mquﬂg_, dgiegate pevigtioshem 603y e oy a@wgqtﬁtﬂuclﬁtess that may range from

approxdﬁftdly_ﬂi 2 i Br okl tess Iﬂﬁse&%aﬂ) ﬁﬁS&b@ﬁdiﬁ@&n thddvelall e of the gate electrode 102,
Tt shouzcﬂ%%bprecm%d Ith%p thcls Pr[ss%‘nt mventton 1S [ug?ﬁ adv'lﬁt” rc]ace& ! 1rt1 cg)gréjmatiogt I%Véth %ret;te[y scaled

unequi Irdes i
fl‘ansiStOh@lertf@tsma*ong phaﬁa@@ﬂl @emwamhtgfly lt)(hren pr e@e pf approiepitly G nm and less,
wheread 06l 5:@SB R Shd @M nOLkiS B als6 bd lesdi e plidh 1 fRANShBH L leMBansistor elements,

stress fromthe contact 5 liner lTayer to the channel

regi on, while neverthel ess mai ntaining a high degree
ofThcmpatduiied devive WP tihrthercomydsad dnonfidt sgpeades Besed ok die sidewalis of the
gate elEcjﬁb&e PYr BQs @ﬁfsetss'ﬂ%xe [‘OSerLa?rE% Qgﬁprggﬁofgﬁx? dﬂpg(ﬁqatp §1¥ Iec!t!lgc Iﬂatenal such as

as requl b tion an ICI

sitcon g D iade Elop e s e Dbt "dteot i affee spaces 105 is selcted i
accordghcd fits prudetsyre@iiroharpl fanbrns el R&ral ddp@ntbﬂjﬂlfbf eBiion regions 106 formed

within gﬂoépéﬂ‘%g qQys ‘adjmﬁ 15 AR chpnnxyer\é grf 1&4h eI‘h%f tgt%gnduc?ordde%}:eafbﬁ may further

drai'n and source r
Comprigs a@‘m“’P’i Passt Fl?“qnb@@c,f‘é@“i ﬁiﬂcﬁ'ato tf“h-‘édeb)’a e g epte sb‘a@éfr 102 gwherein the

inner sﬁzﬁaﬂ%‘%&dntﬂm eHay béi)seb:ii‘ﬁedc Birirak |oﬂ§bt Hacet hes @;Dﬁt:@@tos' thAd @ comprised of a
dtelectrxc r%(a?eriai ha¥m%a rg(():cga%‘étel h@?}@ﬁ’f r%gymg éwtg gegl?%tht% glgi g%tlglgaé of{ %e iﬁrbef spacer 107.

unduly affect any silicide regions that are to be
formed on the gate el ectrodes and the drain and source
regions. Wth reference to_ the acconpanyi ng draw ngs,
further illustrative enbod’nents of the present
invention will now be described in
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nore detail. 15 Figures la-le schematically show a
sem conduct or device 100 in cross-sectional view. The
WQEHPdEHBUct or device 100 conprises a substrat BCHBI2006/014627

In onm{ls@xgtwg@%bor ﬁrpegltet%g {Mmr% er ?(99&19 BL éoﬂl&)@se& Hftl‘ﬁltcs }tlt%de a%d thlé hl%r 108, which

formation of circult enment I ntegrate
is alsqgpmed o hsizetal SRR Tl lfé)iﬂdr?awproé ¢ giccaketred §9R, K‘aY be comprised
of silisdrl dixi. FeUSthatBal c@npsilidnCOflutliy bﬁb&uleai'tﬂﬁhetﬁ Sodropic etch recipes with
high ?[Mpsseqegt%tﬁ areoknow.gnnylnootﬂgrermﬁgf?x{‘egtp rtheaitnger Qéc’rt IrO ea t%ea\éo p%s d of silicon
ereon F sem Con uct or 5 Ft
dioxidecor sfpRnaysyitEece whisr the %@ r FO8 e tbp 6pRsisedtal alhmnswtmfe 50 as to again exhibit a
modeﬁlemte&hﬁh&flﬁtynwﬁhE&ﬁdmd vdem-e%h@&ﬂanﬁﬂtrdpr&%tcﬁlr@ EJ aﬁh@ device 100 may
a tran

further comdjps?e a{I atrlter r‘? acer el g@gﬂt ?AQﬁmvx \?F]létgﬂ’l t1s %e[;%t Io g}@%?h{. é;fOé?%%lﬁi;mrements for
an lonjigplagieiiep rprosvéstoae praforned bubstaratieto TG R dedpakrain and forereeiconadiecent to the

extenﬁ@tr@ydnam Q‘hé (Qlﬂzr pRdENenkB309 ié'@ép@rlated SEPAE ﬁh@%pa%cﬂ @Oﬂﬁtaﬁ etch stop layer
e froma cq ion 104 that

0, P B 0BT AP g PR b oL gl exibiin o

moderajshr iogr ftelt eslsduity odthdesptcoto thayeterifl orf igdoutdn epagoni09.THe one illustrative

embo&fn@rﬁ Stbegd;u%; sp@ée@[@%ay %@&mﬁﬁééd B@Q{G%cﬁmdeaﬂﬁéregsytﬂget&fstog)'la‘%rq 10 may be
transi stor, such as an N-channel transistor or

,Compfa%‘boféﬂﬁ?fwétrld% g sbimesly (HEon A SRR Gy U ot Rger 109 ad

the etéhostapZiayet BI0 2l bel biveingl oromfas tHaeeogidddetch lsaetivigdemt&i2thé fvo materials is

mamtg hBU LS e!ce.@ﬂ lgl or’leoe%\b&ﬁ}lﬁp qm %ht?xrlhgcérﬁ ?@;rl%sybe c&ﬁp%ﬁed%? sx%}{ 111'*[)1’%6 whereas

encount er e g
the etghygtop &W%{tléfam%:y heéwprlged oksilicpn ¢ieridePUs, menory chi ps, ASI Cs

(application specific ICs) and the Iike.

COIQ grglgzﬁ %H}tcésy{lovy {' Ihfo 1};%116' sgx?lﬁcl) %1txclto(1)' gevlgcg %&L a%spown i ¥1gure Ya may comprise
the fot%pm&ﬁ@%ﬁﬁe | Afiter) fopmagien @fjan empeomwtt@s@ lmylasfev anafgtial fpyer, and a gate electrode

materidi@ﬁﬁﬁk@iaﬁg i® Ehetf(hﬁ df\éiﬁ&ﬁld'wxﬂlb RO d Eﬁ&m@ﬁﬁcﬁe for the gate insulation

layer EM gm}epﬁ%) gqpﬁ%%r Ijﬁmfogeﬁi po@ ﬁw& %{ 36 g%gg%{erg%gé%g W!:Cﬁl estab :shed patterning process
may be @ﬂfﬂnn‘aftqndh.e bagis &f advehed pigitofittorgihe dnd3deht tecamigies t After the patterning of the

gate nﬁllﬁtm?ﬂh%r mvdn@ the %atg @Ieﬁrohee ﬁﬂt tl]le gffseggﬁéep )fd)%iyel!)eyfoﬂ'@:g b? la:&posmng an
roxi mat.ely 50 ri.m an

whe
sPProRgfe R, nahE SV Bton HiRgan EHEH THEY 78S £ G B arefiaed thickaess
that suhppltiibcotrepdngs® tsopdth Sﬂithecﬁ‘fsﬁdpdcﬁra N3 | Biertfice |as ApRipHate anisotropic etch
procesg—nlgy &%&@9“9@1&% ééé & er&)p& Hio‘ilﬁla ortlo srg? Eﬂe ?Qv%ﬁ &H}b such as at the top

fset pacer orne e S| dewa
sufiog |°%8?r%&e@1%2de fPH g op seéﬁos"élp%%fé’?‘s 20 te rfﬂ'?ﬁtfﬁ% igb nﬁﬁfpsgféléptl% an fon
implardtioR BYquAPP AP bk @Erﬁ)ﬁdddedo efSind b Goltiad of ltha| exteﬁdzt&he@ﬁus 186, wherem other

implan%gtilaajx ?%ﬁs gw)z%(e cgaf&ted gllésl I g}? a?alﬁtarr‘njodg ed regson (8(')1 spov%l thhm e substrate 101

set
and/orgeinleaeeind (e shoxelcie ptare ebteip th r@nme@@ama@qqu@m tasd dopnt profile for

formink ek B ich R&idnalog had de&pcgﬁﬁ‘ End@!l:)]@éel rleg@on@fas &fﬁﬁlﬁﬁ@dc%d later on Thereafter,
hin the sub

.regrons. 106 forned .. w .acen
e ins 95 05 e e B o5 GBPorT e BB ORI B 06 U May be silicon
dioxidd 0@t mreyy b dapestiet on o hpisiof evelhastdblished plapacehaned ehwirital $@pr deposition

(PECVf[g rt&ﬁra%@gl ﬁxccﬁlﬂztf e&&dﬁﬁ%ﬁig Stﬁedﬁ\é@ldéisma?fbetdgﬁ)sigs@txﬁ th@ltﬁ{ﬁt Jf%glﬁ"on nifride.
erein i nner spacer el

S“bse"é‘%‘ﬁ%{’rf’astp%‘ﬁ’ PR Bhee i SR era ey befe@sw 53 PR eoaggges, wheren h
materigl h@tpoki§oncud Hp i ek wdith r@pOo die @InaGhdcbra 0TR bedcied ko drBivit Affglaetch selec-

tivity. 'EP&E llﬁtga lti}/e JMng.’m&E gl‘g r1r§191J %‘éegrrﬁ/a B]%l I%Qr %8121? %g%gﬂ& when the liner

108 is Péﬁfmém(wm%fﬁww %fﬁg i1 qtkps bl impats, dPOBRST TPRTFE matering 107 may be

comprikdAPE£ilicS N aiedde ot BifcorBiyniatic GNP i §86 108 mas bl foema ondilicoh MRide.
and the liner 108, which is also formed on horizontal
portions of the substrate 101 and on top of the gate
el ectrode 102, may be conprised of silicon dioxide.
For such a material conposition, a plurality of
wel | - establ i shed ani sotropic etch recipes with high
etch selectivity are known® In other embodi ments, the
i nner spacer 107 may be conprised of silicon 5 dioxide
or silicon oxynitride, while the liner 108 may be
conprised of silicon nitride so as to again exhibit a
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noderately high etch selectivity with respect to

vel | - est abl i shed ani sotropic etch recipes. The device
WQaots/36 f urt her conprise an outer spacer el eRERUSIOG14627

ha%é?&ftg‘ w@lfjgs?bﬁspe%tanlsamﬁglc%gtrg:??eg Qlafr?ee&seé Q) rex%{gv%%g%%s material of the

requi renent I'ONn process
spaces el fhsErby leeegitieingr spages 19 owmedf@éplsqﬂrp@sp piclainebess oaliptdestops on and in

the xrnegnomnsrh@dftapsmirthérmpprb;&;aeee;ﬁp@rnﬁio@ Rrotg @N6e JddBrmed REaccordance with
devic® éi:{glgem%%%%q{;}ely tun zhereg?i op péc%ger of"% ee%Tf&sﬁo%vn(}ﬁ&ogg l(g:.1 g\gxt, the etch stop
1ﬂyeré @%Yscovfewa&so!m c&posﬁﬂ@r foy mﬁ@c@ﬁn quh emlpqdm@pt i1 08 famdt whilicofnitride layer,

and tlhé‘refﬁta'l’m E{Ja&e Gha@fial QinNB @b &imEX Bbribdang sﬁmomgﬁ&'eahﬁ%r Xeo fdeposxted and

wiso Mty 00 B85 ERL Y ol LSBT LSl v s s ro el
established ip the ext. Qﬁﬁl@eﬂlﬂ%@"emowﬂtﬁom eittseah igfr Bllolrmagz bdﬂ deposited as a silicon
dioxi 1%, Blle 1WRBEEBR ol 108 mB} Sl fortt@Rorh AWK ikle H?ey

conprised of silicon nitride. In other enbodlnents

different material conpositions for the outer spacer

10Bigandb sdhbrentiedliy khetsope beayendudibOdeniay 1dWeinpr et @6lanca® manufacturing
stagel QE‘Qm@:? laﬁsgr%or{ QY e'Ec‘ﬁ%oEﬁa?@ 13¢ lf&lcf‘lgci %b%lebg%{e\éﬁ%dé fb‘% 2 dRove exposed

mal nt ai ned
horiagie B%?Oﬁ%?&the SP'P?&a*B it dFizep dpeis femgedn&ye wEdEehie pefetordtyer 110 is now
indicagddlby CIdA Mbbdvigl@sep Whes @@Siraid rione t TihureShiiad headt® the disiBB¥eions 106.
be conprised of silicon dioxide. A typical process
flow for form ng the sem conductor device 100, as
shBirfeviss 18P ghiphewn do Figery 1k s1wpbe Sumed; tyeanfagh sty whiph may be designed in
particfllrOaPSHBSs ab\h Etﬁﬁtatﬁzﬂ[yfmtsd)tﬂaﬁlc Qfch BRcRPPF s@l%tivagr ?engﬁﬁgeexposed portions of

the et!:hns% lla%ng 196‘ ﬁ(?re S I i eslagl}.{;lﬁed s@ﬁcgivef % E:cgpfese gx?yf lit> rtg?ﬁ!ewleé% ﬁeeetch process

by, w
PhStance
may fﬁiaf’lﬁ é)tgé‘ﬁ ﬂ@rﬂnl t’@h‘é’é’ 198, vihewthe dilosdpdevef G atdbe lipat 168 are formed of different

materdald S:klhlﬁﬁdg Qﬂ:e}teﬂr‘/ Sé’gre@ Qf e 61y d %@ & ﬁﬁfs e%ﬂ %R)Qe%g for removing the exposed

for the el ectrode
i ¥Rk B e 5 1B R G e e ver 100
is defgyed $ohes tbadhisentpily ausespooe ob tlbth@fﬁctﬂ pft he gutapiayccasiehedt 009, Moreover, the
corres}a&@ilﬁ laﬂ# Sraok Nlﬁtﬁ{g tBJ]Igyepsaitlb gl{ﬂ(}@% Qé rd niedurx %E %Sﬁequefmhirenplantation for

atian |ayer ectro
formingi e ot djﬁ&&‘é‘rwfeﬁswﬂ‘ﬁfv BE a'f“d\lsﬁg?:f fbfiﬁ’"’fd‘%’ﬁ’cﬁ% e igpig clggirode 102, is reduced,
therebg BouiG iz tistcontohl eff tiRCbi inplan®@io’ keqg@dnce &Uibhnlﬁ@thﬁéohric@&lﬁln regions 111. After
the 1mgﬂazgﬂﬂog% rap?’d tjh r&glrlm&'al réé:gﬁ nﬁggc él;]fgrn{ean tdlotn%N}e thec ojlgarnté éﬂlt%lﬁ qhe extension

redefined t |ckne
feg“’“? OO 3 hjdepp KragysoppRoregipfssidt argydsede reio@stalhwz@am éamag«awused by the
previogpd-OpEphfhiRn ald BRf hpRIEHabABessepr ocess may be perfor ned
to renove excess nmaterial on horizontal portions of
the device 100, such as at the top surface of the
gff%feeFceé‘thPI@@éaH]fO@Oﬂhdheoﬁﬁﬁegop@G@d dproeet PON& efcortidnes with alternative

embod&iﬁﬂﬁ@ (5 &Inﬁmé—ﬂ&deep—c'blﬁﬁ:@/ﬂﬂdiﬁn@ koXs 1 1@ And @ etchRhARE l%ﬂa%teuswn 110b of the
orma portion of th

sch s i (g nf%afef}ﬁ R BB HoPE: FRIAR St F Gppfested suh tha
exposed yleﬂlzelyalrpagmomf c@rlmlereUDS Gurt alfogefrordntigredy Enai® (hehésitied 108a. Thus, the
corresﬂo%ﬁg%h(s%gnog Ii‘so&@ﬂ%neWtJ gluﬂ)l}I J&ﬁ G?Mpes;e&ﬂgr%bc’llg‘]mﬁegﬁla&ql{e Ubstrate 101,

which qﬁ &f |on & shown) “i n order

Pé& ety TR CAtion B e Breliane of disarrpenpinymiipne Consequently,
the gaeqlectrddorfd mg dolrespexiing nedican of e@IsOM&até.@@I %@\ﬂﬁﬁﬂiudﬁgalh@ subsequent
lmplan@[?&h p?&% G fc{nggg%%aeﬁ%?mr%%yce 1}3 10:8%‘?1? herea eB ? ra& tﬁ)emuil "“ﬁ‘&a[ process

hereafter

may beéﬁ” iechayh 8t Hlaordascribpd it foropeg e ﬁlgmie wb.one e rrb odi nent, may
be silicon dioxide that may be deposited on the basis
of well-established plasma enhanced chem cal vapor
deposition (PECVD) techniques. In other enbodi nents,
the liner 108 may be deposited in the formof silicon
nitride. 35 Subsequently, a spacer nmaterial for the
i nner spacer 107 may be degosited by PECVD techni ques,
wherein the material conposition of the [iner 108
with respect to the inner spacer 107 is selected to
exhibit a high etch selec- tivity. In one illustrative
enbodi nent, the inner spacer material 107 may conprise
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conprised of silicon dioxide or silicon oxynitride,

while the liner 108 naybe forned of silicon nitride.
WQGEME/\NI89006/ 118786 Pc' r/ US2006/ 014627 Ther eHﬁT@ﬁSZUOG/ﬂH(ﬁ

V\EllJl h%@}/ §M3A0§J1EBQISIQQFI c?e%erqt? QII 1_?1113? {tlx tc1cu1lgiuec‘t:w1Egreo% h%}a}(/»d%q%d regmns such as the

ve excess nat Space
gate tiFFéfP%ﬂoW st afiopripct anes plihredeensfraieaqurce eezwnw} .| igingrpased by providing a metal
comgﬁﬁﬂtcﬁ@ttﬂbﬁﬁ Ipﬁm&hts GhigE Q:@ﬁﬁss s1ﬁc%|a|n&E&|I~Mluﬁah Ofspolid etk Qaven, hxéh@reconductmty

compare!;lJ & ril 9\%11 h 5rdgp%];l tsx icdn mateb 1r l%? gt?t?nﬁuma é:&e)bait Cfg% 6Ié highly advanced

de"lﬁ‘\ﬁﬁ’ Pﬁkel ééXPFCé'é’ rrevifiad wéwwmsew@dlﬁg methlylhplmglw ef fedicat radistivity. Prior to

the d@@ﬁﬁ(ﬂi of @ﬁ}ozfpbﬂoﬁ:aféfm&ah Queisb ghel EQ[G tlfqué @fé%orle@@mddﬁ?éﬁface t-Bions have to
con 0SI_{

be exfaoseg' for n%sgnhcg évhery sﬁartgﬁ éoxg %%mi@ﬁ%tor ewtc%fl éO%fa%gl 1[11 l"égure 1b, and/or surface
contagmapmnaymsqaﬂy bkerem(a»y@ when tipradrifch eoréars tgler cansgﬁpag@r are already substantially

expoé'é&t:ﬁrxd ﬁbwn lnrhébuns' R. m@&g&iﬁﬁenﬁqm&kﬁﬁg 1 1@33 is s@b@ﬁnttaliy comprised of
ited and  ani sotropi et ched

ili A %ﬁ o3 fi &

stcot FSF iy HECBRIEE CpREER 1o GHEHE 002 gy PRI Figor s romovin
contagnimiaste tesiepklly @ide Iesides, ipaeaedorivg] dn thebdsabl + sigEd s¢ievtitdw@eh chemistry,
Wth@ELﬁJSt&I&]QIfOLL)QSeJOt éfifeLtl{ﬁet é'a@téie\é@od@ rfppglld 'EFQ;LBSS&&&I hﬁ a@%ﬁp asslﬁw.g Beh stop layer

deposi t
110ay 5%?“3% id1“éedtfh'%”°oﬂﬁldéFIF)s*ﬁ%’cf@r“S%’dg TRy %‘efaaﬁ‘ FES THERS glectively to
silicos kidi s@iooh kil | de | ayer. 10 Figure | b schematically

shows the sem conductor device 100 in a further

advanced manufacturin stage. As shown, a portion of

t h&iswe dR sgp@ﬁicylgfmwafg@sench‘a%@' e @Otzﬁter fgeprigsponding ctch process to
select®leBGEhod @urﬁa@a&oﬁtﬁﬂnﬁb@‘éﬁﬂ&)ﬁ@%% theh@dbbcﬁ%ﬁuﬁ&ce @Qxﬁﬁ)dso Noreover, in one

S t
partlcgfar gr%aodlmebt éuh%lgglly ect1§e %&I pég/cgﬁ_s i%j_lﬁ) Lfsgc{ ﬁga?stawﬁgy E(g?péeéely remove the
outer ggpce_[ tioment MSr dothewn, tigeapicadutor devan d00dpmprivesrtigedingmi§8a, thit is now further

reduc@d By Eh@ﬁ:ﬁ@éipdﬁ@iﬁé se'le@tnfel'bﬁ:h c@s@st'hé}ébyrc%gin%nasiu%p@%b ]ﬁorzafgr due to the
gure f or med

oG EAHTE P, TR Ay BT GHE! e "B Py DB Pt sl delined
by thestiodivrtent B0asSiailsinbppasitidvall pyrtionilgatof tipigge dtoabde 102 may be exposed

durin® 0 GFish I:ooé‘tchsﬁ&c@s@t Lln\é.ﬁllw‘ﬁ aqsg VARG sﬁﬁ&gg§€§jmmfet }eﬁ.\ggd Q’fcomprised of a

-es
ma‘ﬁ’-‘&E%“B%ﬁt“ B l@f“&’ﬁ‘ & é&%‘fﬁé@gﬁa‘y"eﬁé‘%@é@“glw\ﬁ%@ WY oW indicated by
105a. gn etfiasier enftayimend, ihabdey 108ta0ihé duted Belced M9takg bd domPrised OBiielectric materials

other \ﬁ@l? Dilu‘é)ﬂ% OQ%Q P¥c§1ta9 BhJo %de l\grlgle% detcthxﬁ;[) aly%]elrIOalrQeg/ @ ?mﬁmscd of silicon

forme er ent materlas e a-cer
dioxidge §t B8 <B5F- S@WW%P%WP Piopeys flopyreavtbe ugeR wéh et @hroma@ce@é@hemlstw, such
as hotfpdspliogiBud 18 genloiahEpROGeEr 100Qhd 18 BpbaliheR@Ltd RABNAIF ididi&t.
etch stop layer 110, the |ateral extension, indicated
as | 1 Cb, of the etch stop layer 1 10a is defined so
asThesatien s enpropiiasd thejal may becdsproited by eputtdrdepgpithinton gfe besisef well-established

recxpe@ uter mﬁﬁa@ @bbaR] RIARAL nidEP or M EQMEH ntlelaﬁs 18&%;3@5@%‘%&1% on device
I NC n

requlrﬁ‘%xgr guTi acthc*,&a?tfeﬁcbep%fn@% Bfts g%a!g Wl?l‘ﬁldf alteghdwramye deposition technique,
the poftign pf thgetthhop teep i @rad ssbamtalypuvess me@gde@ﬁmoh | Conagulently, Soept for the

exposédq,rp{)értéfd%\bﬁlrpog@ﬁ)é fbga ttlﬁ%negaﬂh%o&lm%q; [0939119 Fébgﬁtiafl)sregtgg&ictg qreas that are

facil Itatln he contr ol
b“bstarﬂﬁﬁv dferaeo by Cegetiten o g Sriey %Rf‘cﬁ@e‘%"l’f'ét W8 nlteet Feaoed, that is, by the
lateralr dbgénsing IIIIIbl Dubihg eBubsdqhet haiplraunhat fod Mitiaflng A PlicthichN@EAB] between the

deposige'a %QA S WI tﬁsﬁetmlcxﬁ)e is gl%ferag%r}gr%e& & tﬁcéxlf%%lt selictallg e(hrtions sucrlJl as the top

surfucqipig t\lﬁ%ﬁrﬁ@@%ﬂ@@ﬁ“@ﬁéo%ﬁ haree aleasde B2 ey grvpsgd purfaes portions of the

substr¢ 3t al | i ne damage caused by the previous
pre-anor phi zati on and ot her inplantation processes.
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30 Figure Ic schematically shows the sem conduct or

devi ce 200 in accordance with alternative enbodinents
W@ S10fL5¥# ng the deep source/drain regions 11 1PGHES TP 014627
det[‘fr‘er lx&%{ﬁﬁ& sxli«%{dg Eﬁile 0%%/?09%!3 ?e iofl lﬂ %suf)stanp eﬁ’lg d&%rm;ned by the lateral

St Oﬁp ure roce
extengigyy ‘h@*y Hergich geciaves t6p 2 w& beﬂmaseulféhe@ewqu 189)is glifcin place, even if an
undeit dodat regi@X PAYS @fle Qs &&Ebﬂ,alsmd@ Qilsb 1 19 NSs @fse LRI lpden@lﬁftlorﬂ- Q8y @:"gﬁﬁcantiy be

hampgjec% %d GIRVE gﬂsw}rj r}g\{ra? sythf:n latmelpge 1one10£ engzlégarer]ias d* gPlﬁca-:Ep ly reduced. As a

correspon sequence Ts
00“8%'@?1“?%@? iﬂneatﬂetpofdw n@% sikicidri lwﬁmﬁ@tt@pmﬁm& efrtiwasirau@q‘omphegwns 111 initially

defm&itlﬁ$ﬁero%@pébg}]lﬂ9 @*‘%m\@‘é‘l%d s, \ﬁhﬁ@%t%ﬁxh@tlullé/meﬁ@lﬂmh %Qct%er layer to be

forme% subseq(uentlﬁ to a%lé%[ngléﬁ Fo%nntgm{l ﬁléyg lfrguggtl ictscfrrtg &1& clfﬁrfl Qﬁ’ﬁn 104, thereby
S%M%emWeeﬁmmangmwegm§WQWQﬂn$méxsmﬁegna$em$®ﬂnaﬂeCEMmmsednm4
during the subsequent inplantation process for

fo e deep drain/source regions 111, Thereaft
#lglﬁ? g H@PIWPIPY ﬂlﬁ\é%ﬂl pstBEi‘lf 8’%’§° mrn‘ﬁ"ylcf)éoq: ﬁ?ﬁr i theg ﬁl{?‘t’ﬁ dCS(‘éJ.L;Bd process

sequen@ alhwothd ds/ire i1 eahmprisehmetelf sfic@n esgiot0l 1Fiwggbin @hel drddn/sodrcd/Melions 111, the

pos1t1grp&§/d1%4&70§§f M{ 1&-@&%94119%@?@@3 b}) dle (nllteg éér ﬂgV%n B)?ge etch stop layer 110a

transi stor el enents, usual he conducti vit
and iila¥iL EErRd | e giiaFRyen & aewsegdl?aneefa@a{c@e eigel b dorpabon en wper
portica rod tl!efgatﬁ eRt@dd 12| eRsSeuDihe diBced @Rt Sadtk N6 HABEGE 14)6dvRIBS an increased

surfacle ]aljea ti}&% xsl {1119 {xﬁjgs S%v&ﬁ%&&o%w}.giantgat ﬁltla%le for aoanvefsng 0? s1lxcoozﬁ into metal

er portio i ons S n e
S‘h“"d&o'ﬁii%ﬁé“bhw fegterogtion |0§f*pergate e*ﬁmsréq m. o 96 caspmpiintack highly conductive
materAN I&Mﬁﬂerhih@ h!elvy:e d@pﬁﬁ{pﬁsbé 4 &ﬁﬁctﬁﬁ&rﬂ&)ﬂexai 185, fE@rfed Sﬁ(ﬁgﬂkrﬁlstm element 150,

C
which rhae/kgf msl.':[:lnc? %e comgrl?eg of Srl bc\(;? axérgi ta%d \?18%13821?W éflssB%H{a? Hxéema[ sfress. As is
well kypsyng fhe éﬁtppﬂlt@n d@‘ame@gﬂ ﬂnlsaswfesmmm@atweémsmltwetaw thelikie, glpring a PECVD

proceds Gor de 1t1§’§§1@>§h hitrR8 nR b BYecRRRE APk I0BLE arﬁﬁécﬁied s RS ranging from
t he corres ondln%ﬁsur ace

apprmb%l?tkIPr Oln %ﬁ a( 1§24 l%jascalg eSetbsB% éaess 19 r2PPrd ﬂ% eI \ﬁﬁ% r?f conpressive  sfress.
Consegteatlst p rigrefpeoingtihenad grssooryde edooted show ioodickddy mslughauespdading strain
in the c'hag'nHé‘l &eg fR IOQWCQ a§ lffnfxll:}clgad i Qﬂgxﬁxﬂc%ﬁdnggo%&a%%uEﬂ.j[clr%ver since the

be renmoved whe he surface portions un
process PASPEET &t 15 d’%‘@ RPFEEaRY & Eféﬂffﬁ%ttq a1y o ligbfyorsegirecignal deposition
behaviog aghou-cichrebgthsit@nal Gave beentthiendotko PR Alleg, dt [&asW]SHrtﬁhhy,di Rbstantially
avoid Lrly@glﬁs \;191%1({1 duﬁé&gﬁ Wﬁdlgﬂ (Xm%{ﬂgﬁgnsétgx%le%entgtgo SI l I con
di oxi de e correspon process for exposing
the rel evant surface portions and/or for renoving

comut aam;unaat Eemoﬁﬁgoﬁﬁ io&bﬂ Q;{aadé?( il(@? wﬁi@lS dy8s accmis&@ during a pre-cleaning

proces? ﬁs 1£ usu{IIE' requlred norhto %e O q lon 0 rru?tg si dédees relh eﬁntt %(F?Oé)%?fc {]ehcgntact liner fayer
115 mgghedrqupls etorecf@eelnmzheaphdmelhw@ul@ettheecbe sigi@ficagily epihdingagess transfer and

thus cﬁal‘h@ @& osliQNndANE At the Sfln@lmeFQEigﬂ &ék@@ﬁ%mpa@brhx@ttg g}nventxonal process
e oxid

ac
i S Fg BTG b VEr S o S-S Bl ey Sy e el cosntprofe
of the gxitengiprotegion]!B6 Fidgherdaintsdurscrhagmatl i Ic addiiiors g W irkieesed surface area of the gate
electrod€ mz%n %QE&F sxﬂ:@r}ﬁ'l E&txolng %Zthﬁa% fs eﬁpc@é&@ﬁ%ﬂ%@rﬁ&gl & li:h% r3uter spacer 109

ss to selectively renove surface contam nat

pm‘ﬂd%ﬁa?aa?ed fleeakpeawetHE “fhé°§ % 159, contiyp faeé’er&m%ﬁeeaw of the transistor
150. Mobreover, in one particular enbodinent, this highly

selective etch process is also used to substantially

conpletely renove the outer spacer elenment 109. As

s Risis 2 sthgatisdlyishass d gEosoretigny view of Demicariprtprsiageet2§@in accordance with
still futthep @listrh@B@mbédiadatsios thB@Wsd‘nUﬁlWﬂchn 2 E@d&bﬁﬁﬁtoh&évk@ﬁ)o may comprise a
first tra%? to ree%’e%%rg}%élg gnds ercgg%/ [era\}/n%stet eﬁen%egt %ﬁ ormfads oh\%gagsl?xgstxﬁtg?@r ép gardmg the

of the etch process, in sonme cases, an under-etch area

may be fornmed that is vertically delineated

9



10

15

20

25

30

35

40

by the etch stop |layer 110a. Simlarly, upper sidewal
5ort|ons 102a of the gate el ectrode 102 may be exposed
WaEPIHESBhe prol onged etch process i n which aPEBUBH®6/014627

conﬁgrrzfu%@ Bf thps%g ?ra(% Zéloée T”an ch ia a p %gevmustl qﬁgeldsw%g :[%%“%me to the substrate

teria tanti
101. TWQWEY?F rés ﬁéhemdngaccyxd rt@wtf’édle@?*ftﬂséfo Spherey cpmprivowbstantially the same

compbiedis @.ﬁ;ﬁre\dmbly doribk® Han redpBet $ Figdre Of M@kt 1@&@%& PRNLnd ttralﬂﬁstor elements

250, %ﬁo grﬁig p%se a rrh e epectro e ‘En%g l{r% g“r’ C(f ?\gadnga?e eg?tgos%%& %6 g:‘]fér%n%g ‘iﬁlerﬁon an offset
spaceg 3053 quﬁre%frml o ate Spawh pTbyeHiscr@fdth Astoppspbaing et $Orlayra10a may be

formdd@n @R ﬁfﬁEﬂ s§z§%€l‘ 207, 1k Ldn SRRy, b Q:?ébe@lﬁm bitnd i SnCRS8d transistor elements 250,
t he sa be used wt

st . th
260 B g e S 75 ) G Qe ROReTBis e rovidd
this nm#f@w{ﬂeg thv@repm toutre pndsp@oé rantifr dungntt 250eXqP0Se caliyeise a channel

regioS i s@a@icl Q&E e @ﬁe Qéctrb«fétzﬁf Lg%tggtg ?{ngéﬂaﬁ [a?%%(?}te rﬁgtre@s%n regions 206 and deep

gg_ rla neta ngé
soure g‘8§ HATD AT ot He DA S IEP GRS Pt e fpaiope gyep s nickel silicide
regionS QI 3, 1arestbaned avithic dialkedp, drdiri/doand w@ipnsrilCK &lco@dspdliietetal silicide region 214

may Efe@érﬁléﬁ;rparn ?I;HE Ecﬁ'!w?l oRY ﬁ\% ele@@&i@ §b£ %% Et@?&%&l se@dhd (grgﬁ/s{ ﬁ?elements 250, 260

requl renen rmn e sputter eposition o
may dﬁfgef Epm eqgh oty i the a’Pﬁ%&éﬂa@Fﬁ B¥eq fog formpie i eorgeppriietektenyion regions 206, the
sourcd/@aih regiptie 11 afde @oblir@ibn®f04tsh ag tog l'ilst&Icé) el fRY @6nsikbOBEO may represent

an N%aﬁr@el %%EEOF%H@I%LS' t}{e F ?en\éqqimhstoﬁt&? mage gresenE I ?’ chanael trarlﬁxstor in other

Consequent
embo%?rttq, glﬁ @81@2 aecoqdﬁ@an@fsé’ﬁo dehos, i) aéqhnqng)r pligg)aqw]ely differ in other transistor
chara@diiosok, atdhi aab:itcyleﬁgﬁﬁ th[clu(éﬁs&ﬂ thk Qat@ﬁlﬁﬁﬁmrt Q%s 285 thdIR lﬁce Moreover a contact

tiall ter t he. ou
e A R S -
250 mﬁfa‘teép‘ﬁlredd’wmstll@%%iOG Duri ng a subsequent heat
treatnent for |n|t|at|ng a chem cal reaction between

th posi t ed and silicon, nmetal silicide is

prfg%ys’f’aiﬁr%f ﬁ%@e BBR He e miepuuder 4174 0Brs Pi5FT fndiae 2, may comprise
substagtighh tha satidhprotessps assier fravesla ddertbld witip pérensd 1d @waskhiconductor device 100,
whereﬁleu}ihéJ% fg'xgn?a@ono(gf th(h @xteglﬁttng e % I?SCEJGO&Q tl:lleo%ur%@ﬂ'i%?gng% Zél and in any

g%éd surface portions o substrate

previol] BRI BTG PLSSODE) BEAGD TS S {5 grtiva B eecive
channe wégdingl 204, Aprirdpeiatel Enaskﬂ]é SO 186 Hea@itaed tolallbw laSlifferent type of dopant to be
mtrodtﬁgcpﬁ{o%t rgg lalécy sgﬁcﬁ(g g%a%‘st a&gl?ryti%%%élo grﬁnaltlre or)éxtat?oglsof 81@ devme 200, outer
waw.@kﬁﬂlﬁﬁiem@u’feewmgdﬁéew t"l‘é)‘gwlffgspéltdmgl1mPfi*Ptﬁy§PIaf9€th€ Evetion bt psourceldran
regiony) MURE me§ Sdteh@@d FHRARY add M6 tDBEFInEdHeRAL AR mefl MRl AeBBs 210, 213, as is

R T R ) e
formed:ip gqc@tﬁan]z@mﬂn@y appropriathdepssitigmiethiniagip bave p epdeif@lduterAd staesSwhich may be

appropEi@AI$ @Qéb%ﬁ% pe?ﬁtlﬁmxtc@ kRAsk OO First DEsiVBL @dmesd d5b.C 'theexhrﬁ)le the internal
tions of the drain/source regions 111

soes JITRPAG e Lﬁé?fgﬁ%%}aw eI P DR YT Giivis e susia in
the cheagme rdgiph 204nf] thedfirg tirattsiver aaume: 250 eherevisarahststor et mant Rpidtears tn N-channel
trans1stlof Qﬁ(fe txlsré‘iyees'ﬁralh Qlapﬁoregsepgfgﬁg-l :E Qﬁ qﬁyfﬁep fhle YOI‘ILZRIOIH &qhe%ﬁt%t liner layer 213,

formation may oser
the f“’SE%ﬁﬁ’ﬁ %’1 Ty g Bymegased bty @Wllthgzr@w Fika e WY@H%%WSW@ the formation
of différivg typtsr @ StedstonnGloays 20006d siics/BalnQbgidt @B | Tigredttetl Q1% de@6k 200 may be
subjecé& La'cl Ge&trgenf Pﬁ &ﬂqy Qe%lgp] detglfgnrr]i a1904 tact 9161": agelfl rpgrti!)rﬁaga é;P?vg the second

emat | ca e sem conduct of vice

ffaﬂsxst%fée%b%@ &é@t i apinistmelssress dlenty didtions domThay of the fyentact liner layer 215
formeddBatic @@ filsDBancibAMcnsR3s0Tet al silicide regions 113 within

the drain/source regions 111, the position and

di mnensi on of which is substantially defined by the

outer spacer 109, i.e., by the etch stop layer 110a

and its lateral extension 110b. Mreover, a

corresponding netal silicide region 114 is formed on

an upper 10
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portion of the gate el ectrode 102, wherein the reduced

of fset spacer 105a (Figure Id) provides an increased
WQgig{}i¥78¢ce area, t hat i's, the upper sidewall %WUSUﬂ@UHQ’f

10%@0% 'ilmg.fatwe 2 %Voa ?Qheet ]:tt%(a t%l’?nq%‘ybﬁ [ ﬁns% rgm ioon mépéarnta%on process with any

Into neta er e
APPIYFEDE PBIPHE, svﬁ)e*s g@% arépre@ﬂ the diee. which ey r@éiﬁctbwtgmlesuuqm @ the contact

liner @ay€i2gh hbydeﬁ@m Utﬁ&rbﬁg{f%reatf@ta%ﬂtﬁ{ degx&e@ 5@@&’@ rrelax‘étl?uﬁ @&Ve'}.&ﬁple tensife stress
orne

es a co
mey B998 SOIPE LRGSR 85t b oG e s 0 TR Sl S s, b
applygngrfsriedment %)Iﬂ fcsrlswswhxaﬂprt, thedleanzgh Ggmmfﬁ of thrmgecdnd r@siator element 260 may
be suS@.ﬁﬁdllﬁ/ h&foécﬂzﬁ 8% M lnisliy &§a$ed st?@s biShe 1B 415 KRQWEs cafoBBments, the layer 215
may g tgn%ld L ltl% lg.&égeng??ang%e%[évse |strref§% %ord:ﬁ}a{mr% dv?ts Stg-E%\s/[gt-ag%Pog Elg%éug 250 represents a
P-chayl trefeifors indi thegrogipiedsivo strend 1havi thie beagfaxbbbysed eetedt 290 s@s to avoid o at

least LeQuc® L B¥tts B @@c%ﬁlggésﬁ/g stkegg &eahardl Eéﬁ%ﬁ 2684¢ 91' Qegorrdrngﬁ&stor element 260,
G ga_Pascal) tensile stress

whxc}bglg);‘ geﬁlie%g{ &gll cﬁxan@béraxmsto& OEB‘I‘SE gg’foglém%et ?fetgeSthamlei tranbistor 250 may be
enharCoins@oeiBaully duedo tokbespomaiyng the Btrated dyerM 5 @35 B@Yctidechannel region
204, @@Le@ﬁh@gfeégf t’ﬂe.s cotm‘Bregstwfe s&és?&? tll&/N?%l%yﬁﬁ&a%r%gé &m%gjﬁ%tJAQIl accordance

straln_ In hannel regio
with Jeh e se ﬁrh%ﬁﬁtcélar e 8tFre T§L?’E?F1°rb‘}3§rbat"?”éfﬂﬂed b reespestety controling the
treatnSeht 10 Btotableve Y ARASS Pk 3NBheESy Ofind HeraffaCVR: PLASES S50MRY260.
be selected to obtain a highly non-directiona
de osition 25 behavior, any under-etch region that may
thgraitpptratiyp p@l@dmys a]pest@at@entﬂil’{ Inastcompise [the ggmoval of the portion 215a by

any aﬂacﬁplhhta bty prode® 84St 18d j!)OthnQ\iSlt' xﬁjayaJB ﬁp‘é@éddﬁ AWt ddntact liner layer
M (T TR R ———
HerebyOthe fuythdr sbntavhijnch Byaceamph ibs edsitid riavg tha fipt eansibteasienmyt 250, thereby

poss&ﬂf %ﬁﬁt%lgaﬁe dft%ct 3 M@kn&tﬁéilf @éﬂb@1t5@<%n@£t'119£r 18 Ztlg] Sk rn@tﬂogr&er be taken
re e(gnt portions of the, contact

o SrER g ac*ﬂssbngf&esmw 5" HRORGR o & b BBl et e
layer Zannel regi on 104, thereby significantly enhancing

stress transfer and thus charge carrier nobility

increase. At the sane time, a high degree of

C OMFHPS i e RESOTY BYROBPRAERI 4D BP9 I g e s dhitfogipg strepssfiom a contact
liner lmg@et lﬁltlﬁlclmdel vdgioh Oﬂtanﬁﬁg&tehﬂw&i yheadi, Betenbg! e oaﬁt&rsﬁﬁﬁrl eRfhent used for

f
e O ST ) S A SO L L2 € s o
acconmbﬁlwdt MRy gryhe eyl Dspse gl mstiprnaderion fodle f@ffnatzohef tgetale:hclde regions
and thed AGdwdede: ot aznpaﬂibd&y w1tﬁ ctbﬁvdpl%@lrpr&bsﬁi QM@SI ﬂxaym@BﬁtduQH $/hild2 Bie same time

< e hesSes S SRTRERS i S Bt T ORGP o R gromove oo
outer ypaSPr- aM@reovei@ﬁIP rqnbmi @eroees af theedtasprammcEy ifhe peas en oafcretshceportlon of the

gate eledt@MS ﬂl@k@faddltloﬁglly e'r:ﬂla%lﬁ thmSSREORE IofdkibYin SR QWS elbirode, wluch may lead
m conduct or devi ce 200’

t

fo an 1&06%?%? a%ﬁgch%QI?%eoy Sl(%f: fom Offa'ﬁ P’[§ Y q,uteir PORCEE turcatpl? :\1;18011 with the metal silicide pre-
clean @erio® hipaniming! infhe frive eppirod Ser(FEILN weintickedine an¥ etallic cross-contamination may be
prevens®@@M conduct or device 200 may conprise a 40 first

transi stor el enent 250 and a second transi stor el enent

260 forned above a substrate 201. Regarding the 9 WD

20@6}6&&1’1}&5’:&&[}&@%:&@8&&%6 Ao 2d 111uﬁ1@ﬂfcioglyl,raathh @Rer@bn HH¥®e modified and
practm%&J Qlls&ffe%n? bt% gzllg]lv m§1§1rérxr§‘ agéalretnf L t?osg @BL 1 :aﬁhe a&t(e)i\flvgg ‘?flleybeneﬁt of the

ned erence subs
teachlfl% Pl%r@ve fFor W@plﬁ th@,?rogﬁqﬁ steps cseinf@rte plays imsy @p perfoemining: differont order.

Furtheldkk, ne? BRitaiBs a@ﬂﬁﬁde&iﬁ) &él batiank h@LthMtﬁnhﬁ d&BH Berein shown, other than as
descnbﬁ&) ”Hf?e C :1%133 be.:?oﬁ QE %w tj %fcfj tsfl%aE aartmél Ca%)eg ro 1?1gﬁ%§1§cﬁoa?d above may be
elenents 250, 260 may conprise a gate el ectrode
structure including a gate el ectrode 202 havi ng forned
thereon an offset 5 spacer 205a separated from an
i nner spacer 207 by a linef 208b. A corresponding etch
stop layer 210a may be




formed on the inner spacer 207. For consistency, the
spacers 207 of the first and second transistor
WQPHGH 786 250, 260 will be referred to as "inﬁ@ﬁﬂSﬂmMOH@ﬂ
altered Q)@Ch%rdlf%nli %r%e Qﬁ %Lgha.lagﬂg%g rf %Qnrs#g%uc# %{thm %@a&gﬂ’e '5}?? of tha, invention.

no | onger provi acturing st

ACCDWB’E’@GW"““PWOFW Bepeirgip b seidertinthe fansieltor el errent s
250, 260 may conprise a channel region 204 separated
fromthe gate el ectrode 202 by a gate insulation |ayer
203. Extension regions 206 and deep 10 source/drain
regions 211 nmay be provided, wherein respective netal
silicide regions, such as nickel silicide regions
213, are fornmed within the deep drain/source regions
211. A corresponding netal silicide region 214 may be
formed on an upper portion of the gate el ectrode 202.
The first and second transistor elenments 250, 260 nmay
differ fromeach other in the type of dopants used for
form ng the correspondi ng extension regions 206, the
source/drain regions 211 and the channel regions 204
so that, for instance, the first transistor 250 may
represent 15 an N-channel transistor, whereas the
second transistor 260 may represent a P-channe
transistor. In other enbodinents, the first and
second transistors 250, 260 may, in addition or
alternatively, differ in other transistor
characteristics, such as gate |length, thickness of the
gate insulation |ayers 203 and the |ike. Mreover, a
contact Iliner layer 215 is forned on the first and
second transistor elements 250, 260. Finally, the
first transistor elenment 250 may be covered by a
resi st mask 216. 20 A typical process flow for formng
t he sem conduct or device 200, as shown in Figure 2,
may conprise substantially the sane processes as are
previously described with reference to the
sem conduct or device 100, wherein during the
formati on of the extension regions 206 and the
source/drain regions 211, and in any previously
performed inplantati on sequences to create an
appropriate vertical dopant profile in the respective
25 channel regions 204, appropriate nasking steps may
be perforned to allow a different type of dopant to be
introduced into the first and second transistor
el ements 250, 260. During the formati on of the device
200, outer spacer elenments may be provided prior to
the corresponding inplantation for the formation of
the source/drain regions, which may be renoved
afterwards and prior to the formation of the netal
silicide regions 214, 213, as is previously described
with reference to Figures Id and |le. Furthernore, the
contact liner layer 215 may be 30 forned in accordance
W th any appropriate deposition technique to have a
specified internal stress, which may be appropriately
sel ected for performance increase of the first
transi stor el enent 250. For exanple, the interna
stress of the contact liner layer 215 may be a tensile
stress of appropriate magnitude to provide tensile
strain in the channel region 204 of the first
transi stor el enment 250, when this transistor el enment
represents an N-channel transistor, since tensile
strain may increase electron nobility. After the
formati on of the contact liner |ayer 215, 35 the
resi st mask 216 may be forned based on any
phot ol i t hogr aphy masks that? may al so be used in the
formation of different types of extension regions 206
and source/drain regions 211. Thereafter, the device
200 may be subjected to a treatnent 217 that is



transi stor el enment 260, which exhibits an interna
stress that differs fromthat of the contact |iner
| ayer 215 fornmed above the first transistor el enent
250. 40 10 WD 2006/ 118786 PCT/ US2006/ 014627 I n one
illustrative enbodi nent, the treatnent 217 may
conprise an ion inplantation process with any
appropriate ion species, such as xenon, argon and the
Clpimkée, which may nodify the internal structure of the
contact Iliner layer 215 as deposited, thereby
[.creat inethod, wearpiiding: degree of stress rel axation. For
exanple, tensile stress nay have a negative influence

on ttheniReh eamdMbd didnent BorhfiesihARREt c&RGe QRu@liredncluding at
P-channel transistor and, thus, by 5 applying the

ledst SAMAGRYbadA Lleh@ht BH AR DTtcl §laBAdn i Y said transistor

eregion 2 i ofethe segon etﬁ%ﬁsié?oraéﬁ%ﬁ%ﬁ?ﬂg@gkﬁgVWM$mm
antially not affected by the initially created

ﬁ%ﬁ%@é@ﬁ% %he | ayer 215. In other enbodi nents, the

| ayer 215 y, be formed with inherent conpressive

str3%??“3%gggﬁEggﬁ%é£ﬁﬂ%%ﬁ?H%Nng§&mgpﬂnsistor el enent

250 .represents a P-channel transistor, and the ,

conpBYR Y ailpaskanerper spachr gemendjadiveent B sidgavalls of said gate

treatnment 217 so as to avoid or at |east reduce the
clegitpdst s of the conpressive stress on the channe

regi on 204 of the second transistor elenent 260, 10

whi &hrmimgyan @ gejehtyerdn sépachasaibht ltasboisd istorspacEhelsment and

performance of the P-channel transistor 250 may be
saidphengedemadatenef fi ci ently due to the close proximty

of the stressed layer 215 to the respective channe

r egf@mingd4in/96hRE easork hi€ingk4i8 GinePhind NRIGORRYE BRAICHE as the
stress on the N-channel transistor 260 may be adjusted

impAn@G&PREANGEy W th device requirements. In
particular, the stress relaxation may be controlled by

app ri .cont ' t : I [ 217 to
ey Bl Rk 200 oL b P d S ffons LRI Bp g sRa ect sop
ration of the transistors 250 and 260. .15 In other

PR G Feadsh Bl ARAKE, SR Palll SHoRRe suid oy Mt
[ cpnq;ise,%he (ennyag of the Rortion 215a by any |
AYEHIBIER FAf BUIEt PHACS cEErELaM RNt EPD [dyRRuSir sidoter

215a nmay be replaced by a further contact |iner |ayer
spagehsleiaerh ap e ptelamaskit er nal stress to significantly

I nprove the performance of the second transistor

el erpamtvirzeid outspdpgy clethentf urt her contact |iner |ayer

may al so be deposited above the first transistor

el efoeming2bédntachienee hyye2dbopesad bhiysisadicddnuai amg t he

effect of the initially deposited contact |iner |ayer

2 15formtgChsindaye reEQW%H 4id bR kB arldaRl GRNALARE Rlid prior

when adjusting the nagnitude of the inherent stress o?

to tbRfink RhillicBhhdt [91%»019?&{ SfertARLRAGtdr is;?‘aSEr elb@¥Ris %gﬁri(ﬁ' to

result, the present i1nvention provides an | nprove

&mpﬁ%gﬁggmgwgg&ﬁ&{ansferring stress froma contact 25
I'ner [ayer to the channel region of transistor

el ements wherein, by renoval of an outer spacer

el ement used for <creating an appropriate latera

dopant profile, close proximty of the contact |iner

| ayer to a channel region is acconplished. Moreover,

the renoval process may be perfornmed prior to the

formation of metal silicide regions and thus a high

degree of conpatibility with conventional process

fl ows nay be obtai ned mhinBat the sane tine



a pre-cleaning process perforned prior to the netal
deposition may advantageously be used to al so renove
the 30 outer spacer. Moreover, the renoval process of
the outer spacer nay al so expose an increased portion
of the gate electrode, thereby additionally enhancing
the netal silicide formation in the gate el ectrode,
which nay lead to an increased conductivity thereof.
2. The Thenwthal obtlainhé, whiirein fspeogsaid nortamtinerdiyieo Bonmpidas
the netal silicide pre- clean process is perfornmed in
depd3Rinkaaile@ndmalerihl, D&ng E&Rkitioa ParalRRF&H Qb Wpredefined
netallic cross-contanmi nation may be prevented. 35 The
int@ahltstiesd inkai@ OB RAL I8yl scl osed above are
illustrative only, as the invention nmay be nodified
and practiced in different but equival ent nanners
apparent to those skilled in the art having the

bengf | f .t [ herei.n. For. exanple, .the
5 or oons hepa bR faint PRE R e G HSy s p B REP YR Frosess
.different quﬁra Furthernmore, no limtations are
PP Apiauie s $IHEdG A s of construction or design
herein shown, other than as 40 described in the clains
below. It is therefore evident that the particul ar
enbodi ments di scl osed above may be |1 WO 2006/ 118786
4. pCTlys2ethed ofidgnrs, vdicran sdld gleanipgipfacesd isprifoantd suthh basis of
variations are considered within the scope and spirit
an ¢th tikenistrvemtigored to Adedreiy redhysaidt dueer ppaatedéhan vshugipect to
herein is as set forth in the clains below 5 12
saidCetah B®p layer. A net hod, conprising: forming a transistor
el ement conprising a gate el ectrode structure
including at |east an inner spacer elenent and an
outer spacer elenent, wherein form ng said transistor

5. el efRNheGOIRF LISRS4, v&lf%l:(?ﬂ.(l) £ @Iegﬂag 81%|c&§t1§ (%qﬁ'oﬁetaos\()eds?o

sem conduct or region; rmng s at | east one inner
q Ladi Nt the sidewalls of said gate
&mgﬁg%ﬁﬁéggﬁﬂ%%%H%%é%éﬁgéFgig%ngeﬁg?gr to separate said
at | east one inner spacer elenent and said outer
spacer elenent; form ng drain/source regions using
saLﬂg%nngr &Pd outer spacer elenents as the
6. i mpl &t b %%§W?Ogﬂam%h%?é®ﬁh@6PﬁWﬁ§“%ﬁﬁwﬂﬁuméﬁﬁﬂﬁpmmf
spacer el enment conprises depositing said etch stop
eferp@yeqd‘]acg@tryégiisgqeﬁ@llaogqggtgqte practeadeapridr &y Brming said inner and
ani sotropically etching said spacer materi al
outer spacer elements .

7. The method of claim 6 further comprising forming a liner prior to forming said

inner spacer element , said liner being configured to act as an etch stop layer during the

formation of said inner spacer clement .

14



| ayer to formsaid outer spacer elenment and etching
said etch stop layer using said outer spacer el enent
as an etch mask; renoving said outer spacer el enent;
formng a contact liner |ayer above said transistor
el enment; and formng a silicide region on said gate
el ectrode and said drain/source regions prior to
form ng said contact liner |layer, wherein said outer
8. spadée nedtleriritany sna @roban@sl |1 wberctrosaid ionersgacsakldment is
silicide region. 13 2. The nmethod of claim1l1, wherein
cof@figadng caabfsitieon Aetidd Amaatlidoay@rideonpri ses depositing
a dielectric material, using deposition paraneters to
achieve a predefined internal stress in said contact
l'iner layer. 3. The nethod of claiml or 2, further

9. CO "ﬁ’j‘l.b ?Heﬂg)dgﬁ Salﬁfl s (ggiafi‘mg I1 %Wh@lgn%%&ﬁ% ﬁ;geg,fc[ ?l%mf:l?t is

form ng sai regi on alm

cobguggaerf%nc of sallgf'on llltlﬁnl nS%IPEO%CCF fieg%nrde 81dt gclgg?pe@Y? \}%I y
etch i d outer s r..el ene t to said

copiid g Thgane B 204 -ir 5L wher i n
sai d cleanlng process is controlled so as to
substantially conpletely renove said outer spacer
el emrent. 6. The nethod of any one of clains 1-5,

10 ur Aheethedrepripsising f or mi ng an of f set spacer el enent
adj acent said sidewalls of said gate el ectrode prior
t o fommggfisairshsisometenandhaving efirssgpac dectalde seadtsre.induding
The nmethod of claim6 further conprising formng a

at lehsnen ikt aid dnout@spicogelsaed; | nner spacer el ement
said liner being configured to act as an etch stop

| ay edimhlf 4 §Qohd@ansisRi %Heﬁﬂm@fng%e%dd%ﬁfef@dﬁ%@@Etructute
elenent . 14 8. The nmethod of any one of clainms 1-7,

incYRB 1 MeaS Al BinhdM i aﬁ@%@zegpagél%w&t'@%e glﬂgmf@g?m@f)ﬁ&ne

of silicon dioxide an [Tcon nitri
spa%%: Q&X%nquoxﬁ)pct IS%S ern? dn%?ri et\é\l‘?g Ia‘gie pog%’rllltgt%rsp e?ce rial

| i.con di deﬁ anddsald etch étgﬁ %Y ] rlsed

a3 op Rty e EoR SR ST Moakimy G AP REHn
di oxi d 10. A method, conprising: formng a first

elepeals §P§ eishingsaidhsieh sierVaxeg UEng p3id 9ut@1a&pé0<*é lcsteptsche an etch

structure including
mask;

removing said outer spacer elements of said first and second gate electrode
struciures;
forming a first contact liner layer having a first internal stress above said
first transistor element and a second contact liner layer having a second internal stress
above said second transistor element; and
forming a silicide region on said first and second gate electrodes and drain/source

regions of said first and second transistor elements prior to forming said contact liner

15



at least an inner and an outer spacer elenent; formng
a second transistor elenent having a second gate
el ectrode structure including at |east an inner and
an outer spacer elenment, wherein formng said outer
spacer el enents conprises depositing an etch stop
| ayer, depositing a spacer material |ayer,
ani sotropically etching said spacer material |ayer to
layfearwhesanm chid niter spapae@emens| ammniced pdoat Chimige sid diigtieh
stop layer using said outer spacer elenments as an etch
regimsk; renoving said outer spacer elenents of said
first and second gate electrode structures; fornmng a
first contact liner layer having a first interna
stress above said first transistor element and a
[1secqnd m%gﬁ)ﬁ ¢Llald Qﬁ thtzi%}Irggaichﬁl\é{ A s%c&%lqgt,@g]al MRl
stress above said second transistor elernent; and
dﬁﬁg%ging a silicide region on said first and second
gate el ectrodes and drain/source regions of said
first and second transistor elenents prior to form ng
said contact liner 15 layer, wherein said outer spacer
el epents are _ renoved prior to formng said silicide
121 egil Bhrethpq of qiggn h‘?e?hg]d whereen Eieanineosaid firslrast second gontact liner
first and second internal stresses are different. 12.
laygrseomptiprsdlendsitiza qpnteot krer 1ayer héngedar fiust imfervgl stedselabove
first and second contact liner [|ayers conprises
said épy sind seagncbtrasistaactenientsend kalyaivehaviarggsai dodthdt$iner layer
internal stress above said first and second
fortncd nd@tsaki setoddrAhSstandemetes bbbl yid Rtaxdi ingrnsPdifss.
contact liner layer fornmed above said second
transi stor elenent to obtain said second interna
stress. 13. The method of claim 10 or 11, wherein

135 or mhgeddi dr fikinsto and, %Qi%ﬂgfo?ﬂmﬁ%%d Arb28E sedoBY BiRact liner
I ner | A g s d

conpri ses depositing a contact | ayer havin al
T J: . Str bov idfir and second
s o SLAR B R DR B MLl S
.the contact, |iner |ayer above sad second transistor
Saléeﬁgh%fh‘f SCEPNY RSB Féeﬂé“t& %’eﬁi‘{’}ﬁﬂéif P Bk Paiptap tiﬂ%mact

. having said second internal stress above said first
lineg eé%@aﬁ dod FeaPRY (Ensistos clersAt and depositigea frsheiganiset liney layer
one of clainms 10-13, wherein formng said first and
havigeifsecenddnrd gresephaveneid fsimpdisenmsd trhenisiirredpridntst
and second gate el ectrodes above a sem conduct or
region; formng said at | east one inner spacer el enent
adj acent the sidewalls of said first
14, The method of any one of claims 10-13, wherein forming said first and second

transistor elements comprises:
forming first and second gate electrodes above a semiconductor region;
forming said at least one inner spacer element adjacent the sidewalls of said first

and second gate electrodes;



and second gate electrodes; 16 form ng an etch stop
| ayer to separate said at |east one inner spacer
el enent and said outer spacer elenent; and form ng
drai n/ source regions using said inner and outer spacer
el ements as the inplantation mask. 15. The net hod of
any one of clains 10-14, wherein form ng said contact
liner layer conprises depositing a dielectric
mat éodrahg arusicingop épyorsto tse @t said aeibet snd anachiey element and
predefined internal stress in said contact |iner

sail @@k spakér ctdiientp@idhod of any one of clains 10-15,
further conprising performng a cleaning process

p ri %l iRy QIR Ee$&ibhsSslns Ghid8n iR GhPBSer shdcer dRRARLEAR
claim 16, wherein said cleaning process is

“ngﬁﬁ{gggﬁgdpn the basis of an etch chemstry

|gure to selectively etch said outer spacer
el ements with respect to said etch stop |ayer. 18.
The nmet hod of claim 17, wherein said cleaning process

a0 e 0 aree FasstimS IFdheneen B sty g tover

any one of .clains 10-18, further conprising form ng an
cogpfises depesiiger diglperie mptepial. 8ping denasition Rereasies Prisievand
outer spacer elenents. 17
predefined internal stress in said contact liner layer.

16.  The method of any one of claims 10-15, further comprising performing a cleaning

process prior to forming said silicide regions.
17. The method of claim 16, wherein said cleaning process is performed on the basis
of an etch chemistry configured to selectively etch said outer spacer elements with

respect to said etch stop layer.

18.  The method of claim 17, wherein said cleaning process is controlled so as to

substantially completely remove said outer spacer elements.

19.  The method of any one of claims 10-18, further comprising forming an offset

spacer element prior to forming said inner and outer spacer elements.
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