10

15

20

25

30

35

TECHNI QUE FOR FORMEVG CONTACT | NSULATI ON LAYERS AND
SI LI CIl DE REG ONS W TH DEFFERENT CHARACTERI STI CS
WEAUKERIBND OF THE | NVENTI ON 1. TECHNI CAL FI ELECT/US2006/019720

Gener al the present invention relates to the
‘B%F%*Mﬂﬁg EQNIAEd P VAT HON LAYFERS ARYp SILICIDE REGIONS WITH

part i cuI arly, to PIFFERESITGHArCTERISNEST Or

i ndi vidual Il y enhanced performance characteristics of

NMOS transi stors and PMOS transistors. 2. BACKGROUND

ART The fabri cat BAGKGROUNDOR BHBINVENTEON: s requi res
1. t h@:ChNIm&LiFm'me a |l arge nunber of circuit eI ement S on

a ner:% y, rgen?hsgltlgncrglgt%sﬁfp g%if%rvatgF %Pts%%t dg clrfuété’ﬁﬁ O:mt8xgeipg%icularly, to
an inteaméoricaghm rer] indiyidualist ¢nbanded netfermenicn chafagteristiongfINBKOS transistors and PMOS
transisolsl CUi try, such as m croprocessors, storage chips and
t i ke technology is currently the nost
p ach, due to the superior

c [Tay fabricationof intgrafedicivchigwequiresdlpchmtaiiongf 8 prese dhu@bed bHaircuit elements on a
given Hfﬂy\@r@a 9&51%%%‘ h@&mﬂméﬁﬁn ﬁ?&ﬁ Qfeﬁéraﬁl& e SMrahtpLUf pFBgesg lﬂa@hnologles are

abri.cation l'ex intégrated circuits using

CHHeﬂ%yeRfﬁﬂaﬁowmﬂrﬁOr FAPBIRS BB O 8 PEFRRERGearh SREQRAER and e ke, CMOS
technofogeis ,cunt thn M@kt phanasig Hprodch, duntb Re elperivn @hardoteddnisd ia tvizkvSaf operating
speed erdgr E&vrepg)qsu%tl aa'?i&mlsctog fi uenr{x}c lDldHﬁgntge ébr?cgit)ilo‘?&to"f1 l:(lnlxcp% 1ntegre}ted circuits

sem conduct or tor I rres
using. GG Hemoloey LR b PorPIANBI (BRSSP NcdtamplaFnsstors and P-channe

transistofs faisSfoSited bn 4 @bﬁ@tﬁ Sﬂcﬂﬁﬁ@ﬂqrys&ﬁﬁ@ﬁehﬁﬁﬁdu&&*l@y@ﬂ |AEMOE’Nan51stor, irrespective
of whejgllépa%?ﬁ-c r§n.elt a[‘)reali %rﬁa% arq stor 1s cO: nstﬁlgrre %gn? rfs)es 50~ agleédﬁ\l g&ctlons that

rain an source reglions w verse
are forgippna inferdige ehhighlss frpadedain @ndmenre tealenwﬁw a ipvegely ﬁopaﬁ elhannel region
disposéd%@tw%&dﬁe%d@@brﬁhﬂd mér YarcerpEyctivity of the channel

cakrherebaS o e 85k Gt bE R GORD ooy St Bbustys chame s
controlfed toyra ctaaIstsvterds Fremadtaagmadite qhagéloreiaurd seppated therom by a thin insulating

layer. trﬁbetfoﬁcfuﬁtﬂzm/ pﬁ’theach'érlﬁbl Qegﬁoﬁ%b’én%x’nﬁ@onl oAy @Jnducﬁtb%h&ﬁa dbe td M Jp}fhcatmn of
upon fornati on of a CondUCt|

o oo Rl e BRI AP <P BRI RE.che mobiliy o th
charge coridry, aid, fook tiagextBioh hﬁhegahmelebmltm thel @ansistepeinit slir@riord, twethe distance
betweeﬁi %%&ﬂce%ﬁ@&%ﬁgggﬁ)m Q/chh Is QEO F@P@kye(!l {o a¥ clBIme% fér?otﬁ: &em clombmatlon with

carriers gl ven extension o t'he channe
the caplalélgty 6f‘rfa1?141]y frﬁaémg q, ra)ﬁzgxic%\{e &hanpgl bl9y & p@,&qﬂpg)]ﬂyer Bion @]Ppélcatlon of the control
voltagettd &it @NE Eeditde)Be Eonilddtyvits OfHhE EhamidCkegdraubitah @y OAGminddthEferformance of
the MdSstr %1&8& r ﬁtug rtﬁe rgdutctgon a3 th% h% Llengt g& assocgifg%metewﬂ? the reductlon of the

I nati on
Chmeb@ﬁﬂlu@vt Wéﬁr%ﬁaﬂn@kl lwrhmomentudpﬁm caten@gfow W@rph@p@ rqn inersase in the

operat@g@@éeueahélategraédaubﬁtscontroI voltage to the gate

E aolf th %rarg fs) C %né‘éhﬁt, ﬁ oe]:/eé,: c?e%};ers.rgﬁ 8 é'thgfog {sﬁngs %ated therewith
that haterta hs#déte@ﬂ:@so af Ut untdﬁe offsstihe @dvmgcsfobtahed lntséendilyl decreasing the channel
length &ﬁmg bansaml ases&gd atoagm tnhﬁlg s%weteths &@@eva@p%{;ttow BhaREd $hBBlithography

resi annel
and etcg atrrﬁteﬁgﬁ fo ralgzg]iy dﬁc}/ pry %uéxﬂydzﬁaat‘e alrrcug é:@glﬁtm ‘i’fé’ﬁ 1cﬁbd1%ﬁns1ons such as the gate
electrodendT thrag@sistors,t foe a ape devide rpgnesqtion taviy rtdveedi fadvegyr side@ d Moreover, highly
sophlstﬁétécf:d&b;r@proﬁ- &elnrﬂ?edzgl‘ﬁ&a]l Qiﬁac@c]cn ab G@l ésru?éﬂé iaéIaPﬁlrthkoHEa‘?éﬂer in the drain

however, creates a plurality of issues associ at
and soprRR FeBiRPY P PRKfe F?étf\/aie?t G OBty PRl 18 Gomanaian rveth a desired channel
controllabitdtyt] ¥a adcflﬁ(ﬁxﬁdle {efti2aladhuteon bAPYERN fubdtiahsial rddyecstb @R dhtk Jnsulation layer also
[ n r.S.
represelqg % %rrﬁi@% rd% eﬁt?mo%q g’g Lfrléeag%g %\?Teg cox?@s I-tldpn% f‘ed\%grr[gg I}]}%% 016 & length also
enhanced phot ol i t hography and etch strategies to
reliably and reproducibly create circuit el enents of
critical dinmensions, such as the gate el ectrode of the
transi stors, for a new device generation having
reduced features sizes. Mreover, highly sophisticated
dopant profiles, in the vertical direction as well as
in the lateral direction, are required in the drain
and source reglons to prOV|de Iom13heet and ~contact

e .
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i nsul ation | ayer and the channel region, thereby
requiring sophisticated inplantation techni ques.
woOno@gpeissi ve of the technol ogi cal approach USBdTﬂBZMMMIWHO
_.sophi.sticated spacer techniques are necessary t
requirgs resy¢ig thy deph gfﬁfeydr%ﬁtﬂ VRCHBFARt Wik 169pqt & iRy altef%cesféwé by the gate
insulat®g 1aaerrmsdse dhamémgiﬂnntgerewtr@hmﬁgﬂoﬂhsﬁeawde@ptamoﬂ @chhiqees gate

eIectr nd ,t h ain gngdsg
Iﬁrefspecli Ve on@l g ga]ghnolﬁglcali appu:lctlg| 5 Fhstﬁat%d S acer echm% es are neecessary o create

the hlq@hmmldeoﬁomt Prafe enddo gerie at:bm%et fopnging @ttai ﬁ’é‘@ ors ltlh dn the gate electrode
and th@ldtrah EhdaﬁﬂceSégw&xQﬁ ak@giligna fa@lﬁodl\/eﬂhé mé8 stiibige ca8d u&tp'fovidtamo improve the
contac?re%staétceS% ﬁ;}a %r lenltag gorug:g gelgtaé\'g a% gv)e( bl tcogjﬁgtg’ﬂ% ?to é%% 8 electrorclé when formed
from polysitlentsingé sopne gustap ah@tts exhibét\ep mchﬁsgch Fopdtg e chomparidde Aven highly doped

sxhcont LIE ﬂt?ns Qut thhchidrerdht bE@r ﬁlmdem wdil z?sl'thé;xl ﬂﬁﬁo@ﬁav%ifﬂereﬁsmﬂuences on the

r erent I n es,
Peffmam O om0 S, P et PR e i fhg metal silcide
region mwsqcxé@tly Yoetheychairel regiorsdfan ddIOS| togddtidr pghatdeetherpérfalmagesi thqr@bé while the

perforﬁlﬁlgé &1 PWSQraﬁles% ﬁllajy beli pMLﬁ b?‘mlﬂ%l(el Etﬁgéleq{llstegé of%GbaNMmde which is a
transj st or_ enhances t he or mance ther GOf

e the
fequeyly ol sk B ATPNERS! ERGITCFE Bt Oag-BUS SRsigy defedy s . sicide
“stingenis§| ngchrma}'k@tends lntoCthe éhanrbiegiad tiefeby pd3sibly nstunllewitke the wiaket kilicide to be

located Rardhe c[xzﬁtg & ¥0L1 ¥s HREY as r$£ hfﬂlout HFQJ i {Ma &S torsbléilag og e
B AR B Lo AREP T L Bl Y Bl DL R,

m SO-Ca
s l§ime<t t%te °°“§F‘}°H©%’fe§ed“°twmoé Hle ﬁﬁt&ﬁaléklt“e‘ﬁ‘ﬂ“sr oo 8 lewﬁxrﬂt dhe transistors,
necessftg| tmladaﬁthﬁﬁ ehxypcaaag ittie] ew iz telopinbd Wi Pcdsh Rclibiquésdoncerning the above-

1dent1ﬁcéﬁ groc?ss ste s i %as be% a})r\?;ﬁ({s%de ta renlltanc ebt@en err} I‘ & Io‘%Q]F]eaf?ansmtor elements by

esired out
mcreatntgetlmh@swmbeh@vttsom theGhapch reehe foe B alwnnvtm@ leslgth eln principle, at least two

mecha?iﬁﬁ’sl»&ﬁiﬁzi HRMusdAf intBBbistbA btcetarawehmatra@es the tnoalﬁsy of B8 cBRdcCearriers in the
engt transi tOfS essitates t t

channe) SR £ b Soptes SR R0 ST S o G PR B8y reducing
scatterpg meeets fiorrip hhrge edodpysednd ding increaséhg fireomadistivisy. eﬁswevmt rddeggng the dopant

concerQ@tﬁﬁ up{th Q@tﬁ&g re%i@n ﬁgrhﬁﬁﬁ:t@ HEN HE thi%@t{oicﬂrom@ Q)?th@ﬁraﬁsﬁ@r device, thereby
ransi s

i'ncreasi ng C
makmw(iiqc 1c1ny? hﬁdo(pﬁg Ccalﬁ%ﬁgp a }eg@fuaﬁWf '@rproag\j:in{; %@H%qugf&sms are developed
to adjusendgbited thrashqdd vattegeplSegond)thel lgdrs tstricwiee ingieviumng negionanay Ibe modified, for
instandd %g greattlng teﬁsﬂgpti’]&ﬁ&) Qfe QtfamS Ghed éguﬁ Yoa rﬁﬁlﬂeﬁ ﬁl%ﬁﬁt? For elegtrons and holes.

carrlers I N anne
For exqtppleg treahtlsnfénsdetsaﬁtm %ﬁ%ﬁt TRgQY ipfeattp th oRbility ef "é%?ﬂ%et erem depending
on the hAgHitode olﬂﬂly tdngle I‘smu aehcredsh ﬁl‘n&iﬂyttyr Edp &I 208 o Gdtetn®N IbAGbtained, which in

turn dt%c ﬁrgxagstlategrt tc; allq ceOﬁgs gldglg upc%gs(rfj Imetfle co%{I %Jug“%n' n%[h@r‘%%h&ﬁ gon!tpregswe stress
in the clypesh Fegion i rTerso hram ety ABROIoSbgrey PSIVSHICTbecepiemlig for enhancing the

A perfonﬁd‘n@eeﬁ P- t}ﬂaetra{nhﬁt&§h0t<g1sé(1@3nﬁﬁgie h@sf bEe‘ﬂeperfoﬁédStoSInﬁéduce for instance, a

siconsERER AT Pt o BBt B L T OB B ISHEHOL B8 Byl gyeomprsive

stress. mechani sns are devel oped to adjust a desired threshold

V %&tﬁeg %rom% %Qﬁkﬁioacﬁ R QheI c?etaﬁdnco? st&tssr iHede Lﬁ[s@lat'iﬂé liy@ze whiBRR B&hed after the

for insta crea
formatlog oY ETaHTOSTE SLTPER B RETE O ] BRIy G foots t provid e
electriqa chinfidcioh ol HrathAouke rregidng aibd thia Fataretbetngl @f theRansistors.  Typically, this
insulatfoff @49;9 lc@mpnge[s %@feéspcgle 'é{l'?tﬁ] §th; ?yels Ly 1ﬁ‘1l31‘1m&1 B ﬁﬁtﬁﬁ di%iéétﬂg‘ ﬁl/er Ith(?igﬁngrllelecttvely

I NCIr eases [ ectrons
be ctchgd BHEPFY t°d¥‘? ettqlféwﬁ&ejtt of litgle. T the fofeing s IPSéﬂag?Itlafehwﬂléﬁ referred to as
contaci IGF £d &R cbxﬂasmlﬂhé ¢tdhystop flaybtwill Be @0OtedDds comdcElindBlyyeh Eln order to obtain an

efﬁcwrg Qtre‘féls tgigg'er dﬁhﬂ Ito thé &h@tﬁ}eﬂm 1% tfltﬁé h% SR ko?%r%ﬁm%)l} fonhtgerein, the contact

I'NCr ease ucti vi

liner 1amr H@t s gte Mpwbsefitheehappgl éﬂgen inw tq ?f@oeh@ﬂh@tselw dqthghannel region.

may increase the nobility of .holes, thereby providing

the potential for enhancing the perfornance of P-type

transi stors. Consequently, it has been proposed to

i ntroduce, for instance, a %ilicon/germaniumlayer or

a silicon/carbon layer in or below the channel region

to create tensile or conpressive stress. Another

prontslng approach |s the creatlon of stress in the
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liner layer that is located in the vicinity of the
channel region has to be positioned closely to the
wohentrwes13s egi on. I n advanced transistor archit eeCuUs3006/019720
requiring.a. triple spacer approach for achieving the
In advgficeghrapsisies s iER e eaiime AtERIa PRaceh RRpFoashefor aghieying fhe fughly,omplex lateral
dopantaytfilé)ta Snificdhe aBbune 65th@ btresN € GO @i linkd RRE id, Ayv@dverl Sabsorbed” by the

t
spacer!] ﬁlmﬁl\é}ﬁ?laklnﬁ%ﬁxﬁl%{tmna? mp@/sgacg ap%rgacﬁeg rd%%nte Qxe gecé’er}u{EN Exgrlesrpect to process

comple&c}so enaget Wwﬂx ey ?Hesstlﬂ’eiﬁflé% e%rsct%f?ppre%tm §fraigrpigpsdiregions of
advande® triRisthid Xitod thiisyreg 610 Wsofhb a@s&cﬂeamer &, mdree&&headpad&@ G4 feM6ved prior to the

formatfog rof metaqt gl;;lg(g te¥ea e %errglox% aaneses nlaa %gl e?rH)nne% dli‘}gle{r:l z &)r pMOS and NMOS

tfanslS@rs, fi?mnémmn thﬂerVlsqra@GPIBenFSs r ermved pr i or t ot he

f %ﬁ@cﬁu‘aﬂﬁ eplflurm é‘dmeﬁbbjnﬁlig.dﬁ§ }cr%oWﬂ |8/ Hdh AndliviRally& R \Brove the performance
orne | ere

tly for PMOS. and NMOS
o o G5y U BE G, B RRHGOT ol PE B AL on hemes, o
NMOS@@ng@qu@ﬂ PM@S tlansptocsn@dy |typ}calbrfreq¢g@héff¢rmeaan®t Withgwdnect to, for instance,

strame@’tﬂaﬁﬁl feg6his \ﬂlﬂé W& 15&&16%\{ mhtgmrligl\dgreélgxﬁ aREthd 1% rran c e of
t ransi st or | emrent owever,

cohpat P hesbiferdFpcttsd P’é‘ﬁi“?"y‘hﬂg ity "rﬂe%"ng%\‘l“l lawogeéﬁeé}’e%@e thaienables an
enhanchiMoBgrttioandiesd 10 hdir@anemPMEB of thatevesitiariSedparforingtoe Dptovipg mechanisms.
require a differengy, %%rLQﬁi@rgFﬂ\;ﬁﬁ@ﬁpect to, for
i nst ance, strained annel regl ons e and | ocation
ofThe felloyrinegresenis afunnlified sym@any qEHh ﬁ‘é‘mF‘?“R’é‘“d‘Fr‘iO RIP¥df adpsig yyderstanding
of sonzepeers dEGE krivirtith. S Thisl Ainin@i; is tabiemeexRstRt Svetvidve el Givention. 1t is not
f
mtendédr[F d%}{?jk %ﬁrc (2{1;1 qgl@mx%nl&aotf alg p%gllst&z %r?rg de%ﬁg?erlﬁ g?pe oF]the invention. Its sole
purposg sy emseébiqmﬁ Fevaepisge p SipHEgd derm aygmeludaép heehmspaited description that is
discusdell fafet. OSURE OF INVENTION The fol | ow ng presents a
Slr ove::ralélfé, tEe %gn%m% nl elrs éi ec altonav tgcrﬂ]%nlql%glrlraé ergglesetg fSOI‘maflOI% ?]f different types
of tragsiyipe wtemetns sUdhi &5 Bghmrpal yransastqn‘otandaﬁ ~chaonel u@nslv@s,omewmhew enhanced

perforfdned bl?ardci@x‘(s%@tlé QBtaindd by S:oxﬁﬁﬁmé @&&Dg%ng ebdgid B kiﬁéfde formation
ts of the ipvention or to delineat

ar critical ne
m“"’ha‘flﬂ%* Y dpe “‘S‘F’ldl‘“ﬁ‘é apﬂ’\féntf’ﬁ'ﬂfnspe“i‘ SR PUPBLEOTE 8 faih an overal
synerggiceent sone concepts in a sinplified formas a

P rA%éoV(ﬁir% tB Qne 1ﬁl@trsm% &nﬂ@ﬁn@ﬁt o?ﬂe ﬁr@éﬁtﬁﬁv@ﬁt 09 rh chlﬁﬁ)h cbn?‘prlses forming a first

di scussed | ater. Genera resent invention is
transisiq glerpenichqmpriing afisst Ay %}ing%eﬁgfcﬁ%%?d@g 3t sidgtaltpae s trygpure having a
first wilie,  Elieciéthdd yip@sr edmpliked TSinfoQr seedn@ NMRMis®r ekl caBprising a second gate

electro\%j}s%ﬁ\ﬂ@ lecluéulggaans% g& Sae%v ﬁ‘g)qcelr\l'tﬁlht@rﬁ nlg\lm a s%ﬁ& %{I’lrﬂ’?a’t dihﬁs from the first

an enrance or mance C ara
width. JYergeviere d ﬁEff/mE"drPBicﬁF rfgfowé & the Elisfetéﬁmlmg ef?@élﬁam %Pﬁﬁonér?%ftal silicide is
formedSih e GEdd1 &damaueaem Machanhsis: dnd sdcond mestal S1GHiAsk digad ih Wt least one of a

to. .t cfctr Si S0 el enent . i n, order
matena?b?rgpomg ion, a th\llczcrrx a rocess C{)I%QIon rmo’r&cc rillrst contacttlmer llz;l]yer is formed

above fh¢ fﬂlﬁ@tﬁpwqr Vlemm@dlsrrem Coetfict tifre lapqressfelmed Fhwfefm $eemd trgpsistor element,

whereifTBib h@fjang QIR kSRSt h@18YeR difr ih bi1Sbt ohd @RRleSH @Jmp%h internal stress.
ng a first gate e(lectrg e structure includin

[

agfngfcg‘tg O Bt FUsUBRE FOREPRE b RS gV R Psstem‘w“d otor device
compriys @ fifst trafifigor pieménd bhving e fiksegatecinprde sestuf drchrlinga frsispcentucture having
a first &/ﬁi@xnﬁxh 2 E&Snd%la%ﬁﬁp Ele&éﬂ%ﬂng‘h ﬁgor@ §§t§ ngdﬁgd&ﬁﬁﬁuﬂnaffﬂgqﬂgcond spacer

structure | ncluding a second spacer structure
structuys baying Sacogda%ﬁdhwgffrﬁ frpm He figt md@r 4 h? iealrfﬁdﬁ@mfwgetﬁlrﬂm comprises a
first manal dilikide fvinted MR first &atisistos tlermt, aherain the Gisti@etal Silifidy Hied filstcharacteristic.
Furthetga% z]: Leb %El e(a?ﬂﬁ: d§t1 %m%h %ﬂ&pgeco%@ g'ar@xst%xegl%% IR th a seco d characteristic

ic i's d i second transistor e i,

that d‘ﬁfﬂ*ﬁe‘i‘@? ﬁe firyechprpgiegistion rifélle s@e@ﬁﬂwtﬁfe@%e Hritheg perensisey |afﬁFSé ponfagf liner layer

at | east one of a material conposition, a thickness

and a process condition. Furthernore, a first contact

liner layer is forned above the first transistor

el ement and a second contac® liner |layer is forned

above the second transistor elenment, wherein the first

and second contact liner layers differ in at |east one
of naterlal conp03|t|on and |nternal stress. Accordi ng

o, . Y T Y 4 a1 e
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Furthernmore, a second netal silicide is forned in the
second transi stor el enent and has a second
wohen7aosesi stic that differs fromthe first PCT/US2006/019720
. Characteristic,. The sem conductor device further )
baving 2firsf ipteraal sigest high 1s fosec eltovq thp Spst frapyiipneAqRepigand afsp cepprises a second
contaci lfaktreliyRAthat 34 forRR8 abwhd tidsetdhd fravsismickladannaad liah @ sdebndSiternal stress that differs
ﬁnmﬂk?ﬂgﬁeﬁﬁ glenent and al so conprises a second
ont act |ner that is fornmed above the second
tranS|stor eIe ERESERIPTION O} : oY nal stress
that differs fromthe flrst |nternal stress. BRI EF
DESC R dafdnGhby@e uE)M\ﬂb&x@reEPﬁﬁcei th e Mblio@ g esyrighien taken in conjunction with
the accgﬁ%%%iﬁé 89\%11 ym ()Vﬁlcﬁrk% Q&gen%é)nuhgxeals 1&%Lt$%ﬂe%gmglgss gr[dl uPMuSiP
ohj unction wt cconpanyi ng draw ngs,
i HisAss é‘h”? pokematiefly kv erosfuiertipng] ieyyeht ﬁmcorlﬁl%@r device including two
differeftl @B R Erpes ﬂﬁlﬁilglvﬁhdwlinﬁiﬂfactﬁhr@lﬁa@s il a@cokdéncs ZJitE mﬂitiag‘&| eln)éodlments of the
cross-sectional views of a sem conductor device
m%méhw¥&ﬁ1né two different transistor types during
v Eighisti Sa-Prasrhdragieally iskay gesagretomhviescyradimicendppterhdevice during various

manufdc{uhhggitafg% lwﬂﬁene ﬁb&ﬁde&@@ tse‘ﬁu&ﬁdu%tblecoﬂlb&ﬁ@ P cfeﬁlg[ﬁg 'théleU stre@NEl formed in
OW cr Sectll ona
add1t108 ftog l'H]eé étﬁallrt ﬁ%?%cﬁanbsg\s/ s11§ﬁl§ (Wé‘at{?g? %ﬁ(gxes rrﬁcor \L/Wrt%ﬁr illustrative

embodgteny efhe mtvent @iventiom errbedded sem conduct or conpound for

C mg B Shvi bk Bate %J@%ﬁmhssmcfdﬁfc%gs dnfl a@qganrelf&ms,fs&mﬁc embodunents
her strain-crea mechani SNs and suicid

thereoft }@Eehl?ﬁe'h .d)é\gn B% ofo %fl eﬁagnpgeoln ftl'ﬁ rd(a}xix/ér}gs d| al{FSlfefegi’ c?eg:élbed in rg'ataﬂ It should be
unders@id) balven@nhas the destidiponpieedat tpetifiveubbdimmts iYWt ingendddeo limit the invention to
the palltlfull & @Jnlng) &sélo%edsglﬁgg Rk 'ckﬂlﬂ‘a3 t e Ml%ﬁljioglfsc’to M% Illi ﬁ@tﬂﬁc &b?ls %ﬁ‘&ivalents and

ternative fornms, Specl i c enbodi nents thereo

alternayeg Felliag, Wifin 1y spjag gndspope REfhainventioR ag dedineg P&WF ?@gnda%ﬂaua% e
herei n descr DEgdILED DESGRIPTION OF TaE/IINVRRTIONIer st ood,

h g%ﬁt\é? A CI’I’{%Q@I&[GI&JWO? thg %%gr{’tmxp ér!a Qegcrﬁl?c{ b% er ?thhéS B%%Lt o 8ar1ty, tnot all features

of an gcfyal ipplemprialion prefdgicred di 848l pecligatiop: utIt Wi of H@r%sd)ﬁtapm%ted that in the

develoﬁﬂ’kﬁt i)ﬂHn? @ﬁdh%tui'ilsenib&h&éh‘t/ Qiﬁm&blls 1ﬂplglhén.ka€i§f—§p&ﬂ& decisions must be made to
ent s, al t er nat | %1
with s

achieve tg? 9ev%alo é’ﬁs dspe% 60 p%)alg 1_su s com nﬁ% i ysteng ggt;ed ﬁrécgaubmes% tﬁ,lated constraints,
which wiiiperyded ab amnmentﬁl@rﬁq @E@:rDE@@RfeF?Tﬂ \@Mbmpfﬁﬁaed www@yelopment

effort xughtu&t Joéf)lb}y ﬁldqmqghs‘lﬁﬁg SuPfrod1d ﬁev%rméﬁﬁtﬂe%nroﬁﬁl@ undertaking for those of
nterest of clarity, not all

e
ordinary élﬁ]? lfi‘rtlée§rt(li1"""§ﬁheal’8’i.‘e§5‘?f k'11‘5ﬁifﬂ°18?’t‘l5§‘nt ation are described in
t Mhesprespe divéntioatvillonw bé fesanibéd widfreferonre sethdatachppiighes.aVathus structures,

systemg mtde‘jugs JIQ §h Vlgalll? @JEI%(&H mq{xe @Mnﬁ B Bur%gs%ﬂaxpﬁﬁ%&gtrﬁ@zﬂa 50 as to not

nuner ous_ | ation-sp ecl f decl si ons nust
obscurgyie aTopa IR B $AlE B e} 0w b Rl 1, arls prtieles, the
attache@ 8ra@ERrd iddheied widbdarii\iad @ pih @lugttaéiet cRdmiblds USthe@&6nt iréndibe dlhe words
and p. ageq %ggd%}%ﬁxsshﬁ%ytec&dg}dstud Ad !‘ir?(ﬁrgr%tgmo%n\% a{ Hpam%g%%&%ﬁt%th the under-

reciate
standing og thoss| W{i phrpseH B3t thpﬁe g]qtledb\e tl@dﬂp\{a@)@ﬂaﬁip special definition of a term or

phrase, tz |e MR deGRASIARAL &ghffel‘&ii frofd Adifey ik tcmhﬁ@snemngaas ﬁlmuxtstbmy those skilled

in the ﬁf]tals 1nten9e?i rt]oe Blél flL¥ gog?elsti%hlfsggreglf‘@ %%?f rpé.\'ase.lhﬁrem glg Fﬁtem that a term or
phrase nermded to hawpia seciplovaliee, dfe,saonqalb@btw thim ﬂl@fuede@mébx shillehatisans, such

a spec1§‘1t deBiieChwillive léfqﬁc%sly Va rférﬁNﬁ t&tsﬁééﬁfcﬁfoﬁj?n 2 SUBLEHB n@r that dlrectly and
epicted in the drawi ngs fo

ces,.are sc tical
““eq“‘%?dﬁfé’é"&gesé?e SB??BF%%&P‘?”JW %?ﬁ’rﬁ? %LPP&0 as to not obscur e
t Renepily Sientresénn ingentidroaddiadséshheiedbien] o efflemitlyatraesfomirgl strbsi 6om a contact
liner lagléP zte h@&ﬁ ansehéhl toﬁ qjay!erQha{ 1@ %se@ II camgﬁéf%{x gl&?& §§L§et dten:@mc layer, to the channel

t ached draMAn are |nc escri be and explain

region Pf f%fﬁrvattrﬁ%mé i‘é‘ﬁiﬁ%&’h‘&f ant ypanprd e TerbER iR Syming jagpropriate metal

wor ds and phrases used herein should be understood and

interpreted to have a nmeaning consistent with the

under standi ng of those wor#ds and phrases by those

skilled in the relevant art. No special definition of

a termor phrase, i.e., a definition that is different

fron1the ordlnary and custonary neanlng as understood
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General ly, the present invention addresses the probl em
of efficiently transferring stress froma contact
woinerosayer, Le., froman etch stop |ayer thaPCTaSH®ed19720

i n conbi nation mnth a contact dielectric layer, to the
silicidg fegipfifdh the EgRegie GFOSHIRs PERPISVEPTPYdeHs Fastiaif Puspostriiqtigsation of a respective
metal Wlitide @A wan m&@ﬁltsmsﬂﬁ&%mftﬂw&:hanbél |rdgto)i and/or the kndlesiq) composition or other
characflp ercso CR e me?al lfTF cui’ieh\?/ Scb.I maq'%lc; gv%ﬁ)l%?b}{__tge cEss cc?n%R'gr? dqu% thehformation of
the metyl @é’ﬁ% nnadfapﬁowr@%el@t tMPeedrF@t B respeptée dwnsistog |e¥§welw ftulaﬁtantlally without
adversél? ?aff&ﬁﬁg ’éh@ cb&esp&lalﬁg BiGaioh bO M ol eahaamial thd agdr Qiansafel /pe. Thus, a

ition or.othe har ac i.sti,cs, of
dlffereflﬁgam 11, theI resgel:jzltl\éel gpnngi mlon%mar}ﬁ;ae crgagedgse hea}s rtﬁnSl e a abm in tlﬁ channel region of an

N-chapyelgrrasisor guhepinpiesfys s inrly @#Peelfrwwa’tf p Brehapfiel ﬁrhtélsmt“éﬂe nevertheless

the respbétite BlRal sillBilfes AR HO RihHl ShYindd e lodrAIDF BBt e of B8h transistor type may be
ectlve transi stor el enment, substantially w thout
mmwgg%g??ng affecting the corresponding formation of the
neYigl refergicg todtke dcepniphrying idhwingy, fusthe ilBstotivetebedimefitsiof the present invention

will n&w lteﬂﬁ!cﬁm:h inhbA Uélad rFlg‘hl%ela E&&Qﬁi@éll'y\éﬁov& Q@Jﬁﬁ@nd\fc@g&e‘?ﬁ§ 1088Y¥mprising a
be created such tensile strain In“@%ﬁbg anne

substse P e FPP R AP St B i B ponbased ransistor
elemes{ IThisnthe gubsthae 10 haﬁme;bresme @ siticon dfilk subkragvamsildon-on-insulator (SOI) substrate

i . g ki evices. In
havmgtS fgr?'fgt? {ggrg&l rarlg ;}Yﬁgdéah% ﬁﬁc\é %}ﬂk}gé nfl,; IQ)%F] fo?ﬁ)%ﬁé ﬂe%@ctﬂ@t!ra%glstor d I

the emedirest shayie @ Figuuedadit Stl?sgﬁg ioétr@afeS%rWé S%?‘b%‘éte F‘hvetgef%’éfathefeon a first
transis@Y €1BmdHO 1 1. an%'fs&oﬁcﬁfeﬁsﬁﬂﬁ(é&:mbﬂ 18¢4)evhRE @APasepirael by an isolation structure

102, w%wf?ma;h 3 ov1 r%lmee fotjmI (if a%ha[lc% ngh &HB‘SH' ﬂgl{étﬁ?st R'Iins{stlaleelement 120, which

|nven ion w e descrlb
may rmeﬁeat, fn, ongs ll’gﬁiﬁ@velealb@f@h@hﬂ! Nc:hanp@} oS 2 §at3 @?ﬁtre@r'fau&?%w is formed

on a FARMhsEBtichQef DIVPivherdi Ehe &ats WRGIHA RtQ 21 WY 68 cdiMYised of highly doped
polysi{icgg, :ﬁiﬁg rx]sts tlo ??Q: 18e ? Evatq%dlcgg )% fg)rl?,rsy gvgr?l eeludéstcglgefﬁa e?%%n] r ﬁ sl?otu[glioor;a appreciated
that, i bighly sephistich®d aprliyatioesp the setp telegirodé btiugiore 131 ey élems@t gaget Jength, ie., the
honzoﬁ’tﬁl dﬁnegh{)dh&'@lﬁ dafd eleHl @ﬁ)@fﬁre (ltﬁ%)Flg.ﬁ}é kgt @@(ﬁmhﬁl\'i'e% less, or even 50 nm
rne ereon,. an I riate sjilic
e 15 divie? e pipa > FOP THFHIGy EYp B oy s gfeovode s
121 iscl eMéveali Spacds mtrichvee @vddbihnmen be @inprised,i in the-mganfaetuting, staghas shown in Figure
1a, of ?Hg§tto§9£tﬁm s:l'&yllafele %ﬁ@ygﬁceﬁaenﬁg lﬁu?&e&ﬂp‘fe Elg\éﬂcﬁ] g(():f) layer 123 may be

ereon |rS transi stor el ene
comprisesk g U lghids, S PR 481 mwﬁeél’f“ﬁ‘ﬁﬁif‘ °6éﬂl%°é ﬁﬁffdat Hegwever, other
conﬁgbytloa;ﬂmdtﬁﬁhéﬁdllmﬂhﬂi fod €attipe, thdedch swipilglr 10RiE ch@pripedoofisiti@d oxynitride or

s1hconf mtn%ei gr{dftge aQe{ e1am§rFa}M %V%O&]Elgsn&; \A;]élﬁc‘%ll %It)}nﬂlqde LIPCOL Qﬁmde and the like.

ran or e %; r e resen
Moreayien Wiflth {22 0Bih sPecopFiisee At subgmtialy dpfineh i the IPtali%qX?tlSéﬂﬂ at the foot of

the sp@erg@hl@nt @4%& [sQ€l&ted tordge‘ctﬂémg ddi2rhide 1dté241 ARENCO Bf Bng@AkiBcide to be formed
within dfafnlfél? tﬁf)lrulg:g ieffx 6{27 tg ’re ect%cg g CP&&H&P fegl% ﬁ%l locatag Eet\aeen the drain and source

wgmmbﬁy5|llcon mhlch |s to recelve a netal SUICIde

r %ghlﬂﬂ ﬂ?%eé%cl tlrangﬁord:ﬁﬁlgﬁﬂlmqayl @Inﬁfse QBate $18ctrSRQUhEL DRI comprised of
recl at ed

ity A g B fiog an etk P en oot ot e strocture 142 38
formehavie salegals ef the pgt Hectrbdesstrpctirdr &4 1 heharghothe saced stmetusi 1A may comprise at
least a& Qﬁer %Ee@ el@tlne%g f44 Q&ﬁe@gn %Qx‘i‘ oﬁdlﬂgelchl s{&p El&/eg l1|§3ean!1 &h oufét' spgngpelement 146

nm a even | ess, or even nm and | ess for device
formedsRsyaresBiSBYFcHH §ioR BYF HE- %ﬂlﬁ?w%te HFS1RE5E) corRsFiriRac! B eteh sop layers 145,
145 and It}ﬂ epwadr kisméiks 14ina 4§ &e Gane clitetid Gy aséxplaimédubeve &t thei spacer element 124 and
the etcﬁ stolf wgelr |123S<&?19 st %rgr{sg&; é’ign?entlég l\ﬁ{%}:h\%p a%h p‘fﬁa SPtFP gpa&? Qructure 142,

urln stage as gure

Le. nsdeterﬂ@&srtsme picthefpetlof %af engoer aswétrlre 1423 diffpry fram él}ﬁa@&spoeﬁww 122a, since

124. For exanple, the etch stop layer 123 nay be

conprised of silicon dioxide, while the spacer el enment

124 may be conprised of silicon nitride. However,

ot her configurations may beSused in which, for

exanpl e, the etch stop layer 123 is conprised of

silicon oxynitride or silicon nitride and the spacer

elenent 124 |s conprlsed of S|I|con oxynltrlde

AR A NS
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formed on a respective etch stop |ayer 145. Wth
respect to the nmaterial conposition of the etch stop
woOayerwesisd3, 145 and the spacer el enments 144, pA®/USLIW6/019720

sane criteria apply as explai ned above for the spacer
the laterpledhipiange of 9 neighwiliqidgaeaiqnd bs fogped)in e secamigrapistar jglmeryt 140 may require a
differeht"@R& fos énbincedl periRikncd &XQhe thhNiseD Vlexﬁent BIOVMs Ghtphevibdsheexpihinddhth respect to

.Spacer. struc nsi on at

the dlff efent pi_erfor{naﬂ’c%J ft Iﬂ}i(?s gglé/lolsgranms ofsin vxgxg gé—;%ltal S?‘ #cgr s from the

c @W@sm e P?gmw@@thr depipgy1 00 §@W*ﬁéﬂqsata@r°§ angifasuEpge @ gk mask 104
to cové tH¥Bdcahd tﬁhalst‘dr glendne o0 QRY th Bxpb tleARAhsibtbr dlehintS 8010 Bifletch ambient 105.

t r’[ﬁngelmzctg% uct de v1c nltgP ﬁsa s%ncé ITH1¥1 fF 1gPhe|aEnr§3é ¢ fgl f Ié}enrag?%trda%% lwliltﬁ the following
procesgmo Aftersthg @mmlerwfdhpsqrgncleww@n A@Yomihe haer@§ pelkestalishgchhotolithography,

etch, dib(fsfu@x[ &t poR @l é@xﬁﬂ@o@ C@la?efr ok’\"é/g'@ iR glioP MaXerid1 rrﬁ’d'}}SJe%lﬁfe& foNinstance, by

de.
advanc&%vyflgaéloxigg}oa eﬁfﬂt og ggacesgf t? Fﬁoxggegcg re%mrs%] m Oén(?f)sl,lltlloln ﬁl&c[ thickness as
are negppary tirchightyeegkande@ 4ratsitor ejerasntst hey esaemtcndsﬂtcmamsx@tbmed layer may be formed

with a%&H&Q b 115480 ﬁﬂgl Jd@an@@&%@ﬁﬁatfo&e ’[fhéréa?&r, b .9H%k §dtteoeflec§$d% WRREal, such as
to_.an etch anbj erly eptﬁbl The sem conduct or

predopiP G RGRR rAcP RS G PG G el presse
chemital tvipot Hepofitrin| (@WIDN gnd tiCikes e&xbseewﬁehar, athfaecefl horalithograplof techniques in
accordtaxp:F w‘t}( x%lf:% af)lﬁ%d% Q&nz%l%g Pﬂ'ﬂ) eﬁ]mh ﬁy s%{;hlstlcated etch processes in order to

form e GO IR 441 TP BT B R | on

m&édﬁaﬂ ﬂﬁ&yachestﬁlﬁﬁr@d& o4l Ry 86 cemedy sadviameedth well-established
proces?e)eé,lqsgcl%t pos géo(l)'rreTpor%?n C}l Et?ﬂg%rs%ﬁ%éoﬁﬁ%a&%&g&rﬂ% I g&ice‘i‘ ngtenal which
is themeie@waqﬂy etP}N’d i Ogmnyheamméﬂ%frre&mm% tRyFingingd AR fhﬁ pr ogeés(sequence for
fomlir@_)(lﬂé'f@lit@,ele&roaé |s@n€bﬁi?es diZQXilﬂe ub;ﬁ&@@ioﬂ @M@Jsseﬁfﬁ;yc\yhﬁ peptorRa to form the

corresl\égﬁé)i{x]% %)g%n? |8r(é Q?Of- eerdé éﬁ efng source r%]gaons 5570%\6 gl%ereln tPe s&aFcer séructures 122, 142
act in firit eqriespbnding mehufzgiripg sagd @p@@begm: yrg:qlqniawnnaslﬁay shquld be appreciated that,

depemﬁﬁgod?xsthé &leQMty%% tRlddrs Ql@;gmﬂfr&ﬁ@ S5hd BHh Qﬁ%our@eqégldm@ SIbANGE one, two,
i nvol vin

ressure chem a OSItl on
thre e o FApl ool [FRAIIR §o By favaiioed B Btom f‘ﬁf&@%ﬁﬁv i?ged process
strateglegGhinicglleé siplerspaecpproah dcfrognently wsed. | The ptoadst fos framing ée isppes structures
122, lma}hﬁ" sdafe Inggdﬂﬁeg ts bg ?elrllogﬂgﬁ gul@t)fnt@ﬁ}ﬁhénﬁ&al& At ﬁxg fifsl aﬁlﬁ the second transistor

processes I n orde formthe date el ectrode

clemeiy A4 1} aerap fheatperen At &ty e BoPd P ey is selected so as to
substahtRIgGIES the Tdaaifemadt! Rf 3 subftquetifad@tionsdf Fidal siltcils inliRPdrain endlsditce regions
147. ﬂ)%)éxag\?e &E%%nthlrha%%g ar tg %?cgte \Mal; Jﬂe WSllsto n}% lllC§ %Ep channel transistors

corre etc
may bp enregeed lymaov@mfaéxralﬂencpr}ﬁu%p @straltsﬂﬁ@e é““gﬁ‘%\?} Wmdéflwé?r than forming
cobalt‘é‘ﬂbt@é" e\}eﬁ 1ﬁtlﬁ%ﬁacé}%&tﬁ)ﬁ42@ F)doﬁla bk bédl&%&f(bﬁd)bﬁlOsﬂleE ahRmhin@lue for the width

142a Vﬁs}})c cggé lbvgsa nC%Ob 1? sfe??e mayhhowe}r]er q% n%agprce)yi%atte with ducﬁel silicide due to the

previosdlyr expleinedemipifi dffect]of hickél m.*ﬁhdm an |th9n>ﬂ1®r hﬁ@é@sfe@cwalyterb]edlstance of metal

SlllCldpﬁ(gIIl @1@ @iﬁgnet lefnpéfrﬁh maxﬁﬁrtfaﬁs‘fsﬂﬁ oy ﬁgwm&ed@éx@fn&liﬂ@e &0k at the cost
I N, and source r

e
ot a et e L 1 220 BT TP o I S Wb pyemaacously
be usedrvaibicdtion witgN-shaagé rasisrespecths foendtinpéiairkd silicde maygkisallow as small

a spaclaxt wiatl QY ldgsugiefoﬁprpﬁ% rldnﬁél anﬂg!ﬂ@t{on %Qﬁ&lﬂh’d}gﬂl@ rclnﬁehé?on of the inner spacer
exit teral "dopant pr

t he dr
elemexgﬁ%g) lt,h“?:%f tkeégqcarrfgamexitz% mi}ﬁbf sel6<:rtFél su \}\%t antaﬁPrgggla&maﬁ%q,géffect during
the 1mprddhtibh deiRbnes pa@bindtiof Wath ia0fRsist epsll wilth 1322 tisyebk acb@iplished. For this
purpose tﬁé atr:qf: glask 1'84 ﬂl&g&é Yo tﬁg\fo@xg%?q rgsgspﬁx s?c%s%rﬂ@? 'ﬁlgécgcﬁ-gange with well-

e spacer approach 1s trequently
estabhq*ﬁé pwcér&@srsphv éqchrflwqﬁomgattlm selqstved Pl fQuigE &nacey slpmentsq such as the
may i n sone enbodi nents be perforned substantially
identically for the first and the second transistor
el ements 120, 140 wherein the spacer width 142a of the
second transistor elenent i6 selected so as to
substantially neet the requirenents for a subsequent
formation of nmetal silicide in the drain and source
reglons 147. For exanple experlnental dat a seen1to

L T M s o, Y o -~ 1
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a spacer width as desired for an N-channe
configuration. Consequently, the dinension of the
wonmgroosidacer el enent 144 and thus of the spaceCcT/usS2006/019720
el enent 124 nmay.be selected such that an appropriate
spacqy gleReol 46 priddketcortespandige etphestdprigyeralidf e fiily stetjuthn eecer siructure 122 for the
first RAROrRREkD mzmcbhesﬁond@§ﬂe£1§éd o e kdon ﬁ’bé@&sh 03 22 RelMBUbIRRed in the art.

?ﬁg gn;% lclg ith%mfltﬁalg'f ShOVr&{ﬁ %‘f seénlg)giqc@f QBO fnsz{]?.\étt 18\%@&2 %anufacturmg
stageq &etsr ehadidiemagk 106, (e Flamste atyividehie dhepthm «flai phbtorgsish plagk, is formed above the
devick @001 |eﬁljé&3a ﬁoﬂloﬁ B@@llm?d HasR @Jy&qm’ yb%ver tﬁér RN B anGdor chgng{t lﬁ) while covering

t
the poﬁ gg g)or ge fO? kfa lgmteé 6bc]v5 segp&% %rgr?,gto? ie]ﬁlafqt 3}40 Moreover, the
semicgpdugiondavise I%QGHWS@UO actlentiee didParfitgant 1 08efof befesiively removing the exposed
portuinro@'&ﬁ'h&i %asl@lhﬁmt Tqiggard n%ﬁa%%'?‘ q{ane foﬁﬁ:eld Q)ﬁ %wfbgsrls & I'J‘%ll established

) ro ss 105 are -established 1 n

plasn ﬁgﬁ"g TRREY B §?ﬂ§ ﬁsxﬂéﬂm’em@éw%naa@mrdlmu leyesr, a silicon
oxynitr3l§ lajyer aad theililteh d&r soae wiabvdigbntsrarthih ach mp Ingr @bta8@vn) WRY Bs formed prior to
the fcﬁﬂatﬁﬁ Ghthgrﬁa%( mAs @ayexf 197 toe%ﬁ'ﬂﬁe gap m'[)%}(:h %F Eesé 2})8 nglof %Eﬁ)gt]a %ally damaging

hot or esi st nask evi ce
sensnévi ﬁbeg% of;th B Sipst f:ra‘ﬁlste]f el%fnqqtall%ﬂ) 08 Rns]‘.aac)yeg sificpp digxise éaylexh@ay be deposited
folloveld b the tidpaditioin 9 Odiliced ﬁﬁﬁ&eﬂl&yeﬂ-%@he hM’dln{aﬁc ISRV RN/ nghﬁ QA& the etch process 108
may e{l)sg r'rtciug@a sg{ectfvp chl']s"iler thhn% ma?l lbelgmwde S an 1so{ro ic %tc% 81%¥eess 1In I?)rder to remove the

econd transistor e reove
etch S@@#ﬁyer@ﬁﬂ@te@@%th@esht@éatﬂ@@sk layeelposed to a sel ective

et E@uraﬂbls@x&hatﬂ:ﬂﬁ hevs se |s&ﬁ§dn&@{oy d68A0ND Nlert HE &W&? df the above-

descnIBgJ e‘iclh?)?i)ée(%g 10 cbalr‘}terftgerrrer%ca/aloﬁ 61% ﬁtéh Blgg 1%6 ggnsequentlynae semiconductor device
100 omprllseSeas hash tnp%hl@aa Pitzeorees b brasnd gainBYD elemeth 1@ big Slodsmot bier the first

trans1§t&re‘IBnﬁiﬁt 120. SIrJ this QRte N Lidkd rgﬁal |sf'ﬁ¥1§<{ ma}abesﬂo}nleﬁ Qrpthg lf%%( lrgﬁstor element 120,
con ﬁ%nltrl | ayer” and the 1k

wherem 1¥1e W@%ggl L] Fﬁmgal fepipes élteclﬂergltdés&nf V’élixe r(ewgﬁtlvesﬁ@chmde from the
channnlgggldyéﬁ AMoerederprroess comditibises fvall avgiteisdertiaf of hiyeledi@d fletilpSdsursor may be
perfoﬂm@cy %sté‘r)qzuytvgth&ﬁ B&@Q&ly af&(:t‘ﬂl% tﬁe@@coﬁ& &Jﬁsﬂgr rehRm 1%9 %v ich is covered by the
wi t hout substantial [y damagi ng sensitive areas SR s
hard npask 1072.¢ 1 ansi stor el ement 120. For instance, a silicon
di Bixirdiel stlgpeticallyayiovisghedafiodithiced déchls b covag et tlh'b)foﬁrﬁﬁbn of a first metal silicide
in the Qigspge?ﬁlgtb%rrgﬁt 1@?} Shlué ?h% Qirsrg %r%mstgr el antelgO ScoTa)ése res&/)ecp‘fae %etal silicide

is cdase proce:
regions {70 forened i aadqnelaq drajipand PQPFFG seiops 12wn¢dehaqmy tho @atpelespdtetiucture 121. In
one ill@Sra@R emBMnien) thea&ttHé BRI PIGRR Feglohs BY @ﬁxﬂedtlﬁ’ arfd%HQl‘é @ratnnlﬁd source regions

127 ml?& 8&Dco§ufgi%d oﬁyo%alt tdgergﬁ Cll;]llo i3 et I%F) m ’ ot er, S Hg{dgs fggned from refractory
metal%%lﬁh Bodivet terrgsterevq ce@blwonsamereeﬁ attdile like mal eet providedf t he
abﬂM 6L ikt Bi8ddehGhe MQ@% 16836hs "’I@@j nﬁ{:‘ € orhBe by @Mlﬁ)lwmg process

mask 106 Hp uent e sem conduct or

sequencc{e flrs? a f%ﬁlm@ d’fﬁff’sis g]g)ébeape derRov%/_ @oy. oilthlg_lflan&sc;\l}% poategigl, gesidues from

the pregedingretbh eudapsst gtippro@bsesrdhereatidiDa ydr oftefe@tonahetd,Gu@ras b Bebalt layer, may

confoxfnhlﬁysﬁe Jeﬁo@ﬂaﬁ'w?thg pé@iﬁ@c{'qﬁlame;szlg acc!n]a E@*vﬁfh ecéta@ﬁsﬁed t?cmfu%t{ess such as sputter
suj_ci de be tormed I n Irst trans

deposififn %ﬁ& fifztd‘eat\}m*’é?@it Pt rerasiptitvh szzla 3 SIPR%S tRpqraiyre gnd a duration of the

first heletr@mmhin@sapplogridtedit seleaidd 16l iiSdaCahertibal Haéhoﬁ Baﬁ)&ﬁtﬂie\kﬁbalt and the silicon

contaidé8 tvmhmstﬂé gétg QleJJoQJQtLJHﬁre CIPFQHC? Lhe d?a% O 1t1rce reglo?s &:2 For example, a

process conditions as wel | as the sel
tempefd‘@@l ip & rense af approsimately $P0-AYC ey p@#ﬁpbwrlfedsesqnhstcanﬂS|ualtd §0 seconds,

dependMgthﬂQlLétdeﬁxd&/ BcRRbYof @fefr%%é 49, &H&eaﬁ?ﬁﬁ@ Qod- {em 'rthtapcBr_y metal formed on
e nar

i s, covered

e 09 4 QSR PP SO S I CoAREL by 08 et 107,
as wellj43 @n)aﬁmeqactﬁd'n@frzfcmymettal dnat oy llbe predentribdva lthe it eled®@dd dhructure 121 and

the first transistor elenent 120. Thus, the first

transi stor elenment 120 may conprise respective netal

suicide regions 130 forned in and on the drain and

source regions 127 and in and on the gate el ectrode

structure 121 . In one illustrative enbodi nent, at

| east the metal suicide regions 130 fornmed in and on

the draln and source reglons 127 may be conprlsed of

e

______
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first heat treatnment are appropriately selected to
initiate a chem cal reaction between the cobalt and
woheo7gsizeon contai ned within the gate el ectro#eT/US2006/019720
structure 121 and the drain and source regions 127.
the draingnd égga:ﬁfﬁg@ns 127 P’éh‘ii?é?%‘t"ﬁf’rté’ g sﬁeqtlﬁeeetﬁmgss &¢r which well-established process
recipeSdiinO¥h Bt Yor 4ARriAONER aeopall) Gtasifpp) tinled 404 the @xeer al
S ﬁ\l% tggssecolrjlg h?ap?ﬁ%gaerslt%a(})f %gée‘rfi%gg gu?.ﬁa f—pgm%tq }urglﬂer te%?nga{n%(gnd for a specified

ness
duratiqadmarsles scoprdrt fhe pebals sibwidp formeduringyheriret hoat treatraenta p dighiy qaductive phase

compritid @ sighiflcadf MRt @f &Jbﬁﬁ&lﬁlildﬁef ﬁ@h&ﬂtﬁbe @M@J’btéﬁ&hﬁt the pfoPRE &nditions used

dunngsfherflursQ Ewag treagfnent an &ge SEco Iptg lg tqreatr%gnt Sstu{huat(s: L e tem eratul’e tﬂef c}u\rN%on of the heat

treatmmt éheelnlﬁlalabdmess pﬁ e gﬁqaeore Ime@t lmd enastsem@eaeﬂieafie@ﬁhfaWﬁeﬂstws of the

region§l ml WithAGhec wmeeew&%mﬁavﬁz anmam r@s%ecﬁ m&eg&rﬂaﬁfnaace durmg the further
ective et

roce
manuf%c?uélg% geguqmé Igl esglg%fﬂgbq%ﬁrg% t enprt)cﬁ:%s cg%thn% ?or rtfbét x?t}agcfn of the first metal
silicidg uehtha@gle@tﬂép,tmaytbp designerhsuclt tha digtherpreresdest in@artipulas invileing further heat

treatméhtss§>9 ?&Qﬁl@ ﬁaagecgnﬁ er@étaﬁ%ﬁfmd{rﬂy B e.:e&%ﬁc[ al@ar e el\%aénh 1@0 may be taken into
cifie erature

an ed
cons1daratf,03t IF %rr}nﬁtaﬁc }f akgrforfna q?d)ifl% Isetcoqdﬁgetaé 6‘5‘&‘% to 8? folrraeiddxé the second transistor
elemeift O40nfey rebpiré migpat theetnientvgth a eddratdly Bl wBprantre) tig stvoghtleyt treatment during

U r |
the fo&%q g‘tttg%/ gel Ffl?lﬁlg &é}:’ﬂt% dS ﬂg:gg)a a§ (;i’rgsgrog% gﬁﬁ?ﬂ%d En this way, the

comblfﬁd 6@@% ef & eEsreRdingdicyf dpment Id}lrﬁ‘@ t]e nqap?nsqf theesggond metal silicide and the

procesk k@t&hﬁ@ﬁ&r taund/deding tikedirs aﬁlaﬂﬁbrﬂaﬁkﬁtﬂ dufirgabededohd heatizhtmas for forming the
t LI h. t

reglon% Eﬁ) ? %Jrﬁlbg% 1%12%&8219%;1%} hfg‘g rng%a} %{E OFI?/ %}?e r%%fn% lg(?gakzing the desired

Chafacf?ﬁiﬁlcel gn| ficantly affect the characteristics of the

I EHr@RG, il 3 ilsidfive SHP@SE IR &d&ﬁéﬂforﬁin@ edspektt@ meREINIRIE Bgions may be
selecte? Er? %cFloréan wxgxf Ct mte(r)an}rg] 1%' Jlre&) %I; ea%ﬁ nPtlﬂe mre]gglusghcjag g)rma%ortl grocesses so that

I nNg sequence.
the pracgpe remlomheshlzi?@n@mai @mserﬁftm mgshies n%(fmm firgntheyfbytpieyidingradgh degree of

“decoupBieBlin ﬁMlﬂthéjﬁst aﬁ(f-‘secongl Hl@talrsﬁﬂid%n ForkidPmcd TRY fd?rﬁati@@&* H¥REI mask 107a
maybwuﬁ%g that furt oce ses, parti %ul ar .involv

TSP OfeLT U ‘éséfr eI“BFt L?%F‘Wmeﬁ*ﬁ’sea‘ %?&‘B‘ﬁé‘a‘}?ﬁ‘("éfmgem 140, when
the foigiatidncifdie second haetalsselmmadn the aevgudsttapsist@| ebmenit140 4@y reqeiye dligher anneal
tempextalﬁ%ée&mbﬁgé) toC fﬁ@ Shllega? glh'd@% bé: @Jnnédn il B0 Gt tfaflsm'iol? eelement 120 In other

formati on of e second netal silicide to f.or med
embodjrpeats.ofhe Bigiopnd ﬁ%fﬁgf% %‘"t“ﬁi?tOfeﬁleéﬁ’Eﬁtlzoi &‘t? el me%ﬂ%ﬁlc}?e &rmed from the
same fréc@@drimRitl, Wwiedetd aadiffched mttrd fisthuing) kecbrlmnedl aititideis sitis@ntially obtained by
using dc' % q’e%@ ﬁro&%a%?n&{l&gémgceq é&g Pit %gmilgg%grﬁxtesis a?lg n%];mdt 1P§al silicides may be
selecteg Hmceogf}q@c@ ‘with ﬁxegewpgdltwggf Byy g oE@:ﬁ@plﬁ dhe mefaf @]@qideé‘fqulamg the higher anneal

tempelﬁtﬁlre Erﬁ‘y" PRkl Grsh %ﬁllaﬂ? eed diesdncdihl bﬂo% dofBtich©i BdeloBBinddlby varying the
anneal SurFtIOI’I tge me z}l] d cag}e re%lg &w g‘prter ﬂ%at treagnegtrr?agr%sﬁ)fme%q{a e nce
dFighnd etshiemgtiselbradotetit storieradusion devicorl0q ox irrﬁwgeftalfi@nced manufacturing

stage. rh?ﬁﬂsgﬁéa tg-gfl%t MCtthH& nayélnl?;@ Q@M's@ﬁ la@ecrtuﬁlalnﬁ &thbtn%n with a dielectric
a

e
layer t& 8% ?‘P’@g"e e W&?J%E t”@r‘%‘%tal‘“& §e°°‘;g}dfa8% &t g #%o ﬁe‘a oef %%"c"f’ Hipi e transistor
elemeng AIRDAhd Misndegont] trenstod elemert 1400 witrichn g stxégp@mﬂlbvehmdainask 107a. In one

111ustra§$e| e'rn%bcgrﬁen’i 1Y) Etgps%opmr B@ i %L} ?&‘Itn&fjon tllﬂe & QQﬁaqgﬂlgﬁa})M IZH For example,
enperature required for each t he net al

t he
the ﬁr% 'fomae L e A e cmseesoé By agqsoarﬁfafile{eﬁec 1Biesiekilat may be formed with
a specifi€ Gittirial fGsstsaas ki give s ann@sihdutiegPedsr dbrutefinEymnddor element 120. In one

1llustraB\¢ gn%rogﬁgnt h-ng Sffrst ckﬁl?q'i %Qé(’ IE}!‘ep }ﬁ 1d kng}g b@ é&h&geddgtggiﬁc%n %fltride or silicon

secon

oxymﬂsﬁm fes w@@ wg\cﬁstablﬁlseﬂ &m?etlontrwepesr o th@aleqse Af Pasme jggharegd GVReskniques are

107a may be perforned to cover the first transistor

el enent 120 and expose the second transistor el enment

140, when the formation of the second netal silicide

in the second transistor el&nent 140 may require a

hi gher anneal tenperature conpared to the netal

silicide to be formed in the first transistor el enent

120 In other enbodi nents, the flrst and second

o s o, o e A NN A AN o .
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| ayer to be formed to enclose the first and second
transistors 120, 140, is fornmed above the first
wonrentgosi3er el ement 120 and the second transi sPOT/US2006/019720
el ement 140, whi.ch is still covered by the hard mask
knowny (yhefein |the igifealj firesrsdfrthy it comirBloteRRser, 134 rmagt kenapgiopsfstely adjusted by
controllify 6ife o} Zdrel cﬁpaaius;opafrmemdswm ast fi@sulrd, lishperGiOia} las:atpolyémn the like, of the

plasmalﬁanced:l&é) process eJ%(or damgl!e glpcon mtndset ?f?gx%f Z‘C%L\ | IencFePosﬁe%yWJh an internal

nprise
stress fhpt @pdes from eromgﬁelbé Sf@‘rdrﬁ@@pwsm staesss ppeppfokimatelsitley By tensile stress.

slrmlaay rsﬂi&fm oﬁﬁutﬁcﬁa the) b8 BIHE vaﬁuna vﬁ&erréﬂgg oiT oﬁﬂliai@sisﬁg tol tam-rstrés@ I Depending on
one

the male enq c%m L(% of ?12 glrs (}OP %t ?1%66 rﬂ/eéé%l > 711 aﬁ%errfag }yg}enzllﬁivm&aa g:ljl et%h selectivity
to the émrpiﬂi sar| boelosid pwrio miffigidnde profectshd firstorntax yirer flayprdi@] above the first

transmfo@élerﬂgﬂl Qb d\ﬁﬁk bt &c?ntp?&gs‘s £ @%\/@%ﬁ&%b&)h&&mﬁﬁ&'eﬁﬁ&t o4Y ih B Biter stage. For
nced D.te

e
instanGRe B eV fRp e ST ST BECP THL Pt Bt CEONRDEE: F2mhen th fir
contact lnyelayet 331 isrsupstiveialapiompied oft sdicyn wtlide s the bperdomt, sibdoninfigde may be

used aé)tﬂ@et@l sto 5& lgﬁpgﬁz'oﬁ b}@ﬂltrﬂ@ fsm a€e¥1§1 of ﬁyﬁxrs]t c@ﬁacpflrﬁﬁﬁ%; 1.
t enper.at u bi as power | asn|

i ke, o
e HARdEEFD WB"”H?’ 6‘&’@@ be S‘F’E‘ii"’“@iﬁ?hﬁflvﬁe 1% ‘1“f”&goe}’i‘ eltﬁhtpf‘ic?f% I4Pgffr exposing
the secomitfanyivna kleyiend 810d EB Sthd delican 00 ma@hnve formsddnigteos b eahiSnatkidD, which may
be pro{u@é’&gx?éle Eommaarg dt ékn—%%%l‘g%heletc% P s ?@ITBE gt@l’%étar%q?yy {3% Si?prowded ie.,

appr oxi mat e tensile stre
the GX@quupeta?P Bssphimay PRI E5EDYa8 FPREPTGR ?‘Ph qherastw Jéer?aétﬁrg@e first contact
liner 149¢r 16 DARY RSEhHEd 4nQ ﬁhaﬂ]??ohdh@rd&ﬁaﬁlﬁ%&r 1d3emeﬁﬁia difeddwal Bi€the basis of well-

. er. al tion of the % r
estabh%é Tmpes In so%re Sﬁli??dé eélts nag 1éev1.ou y eﬁc ame an e%ﬁ]iloxﬁli Q%ql shopqyyer (not shown)

may hsvelbe@tnrwctes}/ ptiay te e forapption of 3 lwﬁynalgle 1%7e| @e‘thetaaygwd@ usest during the

remova bf thd mﬁﬁ% W 7Pl BEIndbBmbde hirthe @eaisyag Eec&dd%ﬁsm{oﬁm@fﬁenﬂ-ﬁ@

apove _t I sstoree n e

° PRUE 0t Sgpeckl stoRa R S lsh 4o te ARThel B b gt process
109 anidrpfter theatempval eialyestclFoaskil & t Henge  thesfirititewistod Floment é2hevpphies the first
conmcﬁlﬁlkﬁ%ﬁfkl %u%nheafm% Er{?é?ﬁal aie@ aﬂ@(‘ipﬁ&iaﬁ}t thf swh &Jaqaﬁxt Bh f&&&ahereon On

132 wh tact |1 ner er 13
the °tb§h%‘§‘i Sersng S}ané‘ﬁﬁ’pﬁlﬁnse%to“‘%f‘a"é‘igl‘ﬁ‘ecsai‘fe‘ﬁﬁ’"r| is e’@ﬁsef]i H‘%d may have been
subjected toar prévading, clednihg wonessrfmtrﬁmdzmgmwcdnemmsm‘sjana&lateh&i r&stdods resulting from
thepre%‘gg,ple@%ﬁgd R Prdedss ffo!l 1 cOn oxynitride is the materi al

rst contact liner |ayer 131. Figure If
s Eiserak sebamatisplly Higwg the ﬁ@wglémtercsiﬁwd%wm?oe%mitel@ﬂwlde in the form of
metal sliside ﬁtgloamse tf&lﬁed)lh aeessndlisift@releen 080. Nihe hldg] SIRIBREkons 150 may be

compn%ed%?% %aﬁ thg c&f%?sné—o 1t§i of Eh %§pfﬁ. &rh % mﬁﬁsﬂl;}n%@ reél%g %yat heng %éardmg the

on an e C
metal giljgide rﬁgloflso]ﬁﬁ]ﬁ@fledan fhggqagltanmqge TeDORS| lﬁ’@ar{dﬁlg ngetad ﬁhcpc}eo’g%:glg 130 formed

in the &&9 andts&ﬁceeéggdﬁs $470¥heh @ﬁﬁ)ﬁesg-&awgyl if uded, G&Wvld@ﬂhe thetd sﬂlclﬁehﬁ the drain and
I I st

source éﬁ%@? Z??d zﬁngtn éhe egft ﬁfe%ﬁg?ﬁ%g%t?re lﬁﬁ é’fnée% 4 sg;garat% she S. In rs(}/n%e embodiments, the
metal Squlmlét) afjdj 1p@may| diffee in tn@mesﬁag/thﬂ@ dpmhm@eaomn@mmm yndtsppace regions

127 an!i| W’?c!m cb@éé ndlwga?e e‘f@t\‘odp @(ru%ﬁb?ﬁ aﬁﬁ/\@ﬂl’ nﬁf‘ albd R a@ﬁ@s?tédsin a transistor-
wel Iesta@llshed regi di_pent

Spec‘ﬁ‘bF’é'W U81%)° ERyFpiLe r?§‘8°d“5 é}&cﬂ’ettail S‘ﬁgﬁ r@?&‘ﬁ 1Y apY fs’%ﬁﬂé‘}pr‘sed of nickel
silicide{ widreis hdarrdl divayce lvéivhe ripian 159 withi depelct oy the changel tdgion 148 is substantially
determfn@c{ Mé \Qlﬁthqfna s!;' & tb g{odldy?%ci'egg Qfety%&g%hn %M o@ &Wp#ﬂﬁ"lg gﬁe%{jfrequently

dur ng e renoval har d avoi d
obsew‘ffn\ﬂ&léma%{ rigide- i IR OE}IFfé“{H?ﬂH‘é‘f“FSy'ihﬁ @etélée’aﬂareelpf&déi) gpyppe comprised of other
materi#, QERRE cAD silidideq tfasiurh Gilisidd) @umadténCsllcldy asdedikd. h&s previously explained,

e S0 DR} B 5e0 1 R GOS8 Sl s

mask 110. Hence, the first transistor elenent 120
conprises the first contact liner |ayer 131 having the
first internal stress and optionally the etch stop

| ayer 132 fornmed thereon. On the other hand, the
second transi stor elenent 1940 having the spacers 144,
146 i s exposed and may have been subjected to a
precedi ng cl eani ng process for renoving any
contan1nants and naterlal reS|dues resultlng fron1the

Y I o A NN
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127 and 147 and/or the correspondi ng gate el ectrode
structures 121 and 141 nay al so be adjusted in a
wonrentgosit3er speci fic manner. In one illustrati veCcT/us2006/019720
enmbodi ment, the petal silicide regions 150 may be
fegioefb}ﬁgrilp dastope ehprarieristisstp piogidelan indifidyabidaptation andenerigrmance increase for each
ofthelirﬁ]ham&n@;{ts i2bei40. egi ons 150 with respect to the

L AT SRR e AP B o
mstaiqu bv deppsitiste atldyer ¢f |r<;ﬁaﬂgy affkant héat eoptiethd deviob Y8y @deqnirddHfor initiating a
chen{'ﬂapﬂé&horﬁdvlltﬂ tﬁé Qﬁerlyir@ sfitdaes a@&%@é \Vlﬁﬂfeﬁce Itaclﬂﬁ'erﬁ@%!salRegardmg the selection

o s T SR 2 e JRAMon G I R P SRR 150 s il v
thickpegh gfstherefractdry mpteleamaend tetmberatiuk kegnealpdirqtipreaidchesliky, the same criteria apply as
prev16ﬁ%[§1| eﬁﬂ»lﬂﬁeq with UABMEY to 1 ARt L&Y 'siﬂﬁ@e rlgrhgls f152)r lﬁ?&le lllﬂstl:ati@e embodiment, nickel

B IS T S RN R AU A ——
Ni(@&ML) nhafeqedvidied &t 4 depbshiop aadiéntl et aarelevadi torhpibtbire mg;ﬁb;amtaga 250-400°C.

Subs?ﬂﬂglrtrlg %l’thglr Jéﬂ%ﬂf:c% EBJE‘&#%QS‘%OLI% éoes%a%l? tfne mgel s{]jlclge in the r?%ons 150. In other

he secon

procefwafﬁﬁgﬁb@sefw arserl pysledercomvering e w:telrslhwéer ioadislyicpadheive phase may be
requlﬁﬂ Cﬂ'éﬁ&lﬁ@on théhatérAGisad) GBr AMard€ RASI dsinp) Qobalt br&i{aﬁfumoi second anneal process
is came ougclé i« the den%ovg of an and heattedtnrée?agtr‘]cféelgfc]%% 5r|e§1|p%§1 th}gglﬁ ]éé)ﬂ%tlcﬁi%e metal silicide
phasq h%ss mwdwly yisqueped; |1ﬂ q swrﬁcann mamm d dlreqeocess iy fatming ¢fe second metal silicide
regioh£130 ioh YRR Seta RAGRIE e ldHs tsh Qs SR L&k 8L séegndm QARLidAL Slected so as to

ess condl tions for t formati o t he second

e T e PR O EP SO OO ] Higeal T dpapes, in the ilusive
embodimientk ire g/8iclp fnickdl esilicidé nsammdymnm adgionanfpake tequifod raaenlr @©mperature of
appro@ﬂrﬁ%fy 256j %OB(F 1n9}nbe% glﬁ!-:alﬂ lleés lﬁﬁn a EoPrgslpe n at?nrelllii h%%r?tu.rr%g%lfé/rming the first

previ ous alne
metalrfé’ﬁ’&? regigpsdpY éf f?ré‘g‘Faﬁﬁc’nlﬂB’@ed of epbglrdlicidp.| ust r at ive

e n’Bigfﬁb e E&lemdﬂbaﬂlk €howsS WieGsedRondyor eviéeOrT00BRA QVse@n@V@uﬂcﬂ KRr layer 151
formed gckve th 11§ anld sec%n Brgrl; >1chl>r «?Te\lrlnse?m §) {Oe Ci.hl rS%%)E’ld contg \} 11aeé Zay?rr%S ]amay exhibit a
Spem@tep@@hltsrrefﬁ Vémﬂbuwedaffer@t fremm the |r@mam@dnt@raqirp¢@pseaf hedirg fontact liner layer 131.

In ond ﬂlﬁﬁtﬁﬁ{rd'@{b&hlf{letga% 4064 Q&tacﬁﬂ@ﬁﬁﬁy etk Yormé&k(u%hh?&p@ﬁﬁ@ @Jress $0 as to
he netal sui

ronf S Sy P S0 B0 L 32t 8 LA et

embodigewf the@ntasspicecylanieat 16 pr totsyeertdengnts g, e tnay bsummed @rior to forming
the sécEHon@achthmayer (fplnsq qg{o'eﬂﬁn&h@%@es@ﬂynsgﬁeff &&U}L r@sdpreweously explained with

endi n on the materjal used. For 1nstance
ety Rl - Ppiag o i UnfoPEoPaRE BREPwTTER forgepraig iigmal stross in a
dieleatrivrliieegte @tit-esasblished it ke art@bmayl effoftiveln Pe 0 i fodtdganl second contact liner

layer E@t %Lr’m Ean&r tﬁpééco%ﬁ @&%thgertl;l}gr lgi %w B cgrgpﬂgé’&co} IYC%H ni E s1hcon oxynitride

silici

pha
and the; ke Tieeitribe wrHP e caRact st vt Bd a1 giay oo ifWWgOftSWélaf or different
materﬁtﬁp@ﬁﬁdlﬁﬁblﬁﬁro&kﬁ an€ tledﬁe feﬁigieﬁiélﬁs 115 Qonﬁrbnbmnénks[ ¢ infBfaBdtress of the first

°°ntaal11nercla s gll O % Se% g 25 gh as oeS%r &q ﬁtra}nema 9 ¢ %m%‘?preﬁlﬁ[éig is created in
combingtipp evrththe FEGOY@G?PMF’IE’GT lmr ¥SheThat wsf theyipyen [ 314 foime{l theexhibiby tensile stress,

whlleltHéSzIy&rﬁ@ exhhlﬂs 1 E&p‘rdsil\lé%&tfsﬁttﬁe\f&ts&@&g RN hyer 13 b€ Riected sufficiently
n e re

is
ich g5 5 et S ERERN AL S hel HRLBFS 5oy goaly indusing
the dQB@drﬁaym trethg iclgpniel reg@mti28y Ineder ¢niwdimants direristepd 3uésn gf the portion of the

secon@@%i hﬁeg &’ Bt lfcgrﬁlecf Xovd B Frdd FradsR®r Elekisit 156%@51 be modified in order to
i ci de reygll ons if for instance conprised of

S“"“*‘BB%‘&F‘{PP@?SI*‘P P%l@nceﬁv &&P&"’F‘ fress ehbsiater Bd |y shows the
sem conduct or device 100 with a second contact |iner
| ayer 151 forned above the first and second transistor
el ements 120, 140. The second contact liner layer 151
may exhibit a specific internal stress, which is
different fromthe respecti®e internal stress of the
first contact liner layer 131. In one illustrative
enbodi nent, the second contact liner |ayer 151 is
forned mnth conpre33|ve stress 'S0 as to prOV|de a

o A A Y
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contact liner |layer 131 nmay be sel ected such that a

desired strain in the channel region 128 is created in
woandiosiss on with the second contact |iner | ayecTa51006/019720

That is, if the layer 131 is forned to exhibit a

t efigPPd hematdeally shpvy the feppisondyssedevics 0@ acerping &9 oge illustrative embodiment,
in witahniRriSe sdl wiesssSdf e S&ondicbtact BRElayee 1 Ftid &ﬁcsenﬂﬁmbmd i@ @ice its influence on

the ﬁ]’s:t'3 gr anﬁ%le Z?)C tF%xdthi?éEJ n%l)s(él £ s!kx tlﬂ gclﬂ 52 res1st mask may, be be formed which

I cant e conpressi VE 'S
covery fhe ffﬁ%ndl tr&WFOf glgment %%e‘#léwpqsmﬁ ﬁlle ifigst tranelsiericlygpent 0. dée derved 100 may be
subjestbd @ianrehtiedt €2, Gzhﬂlﬂ Rey reﬁx@@htolﬁ oﬂe&ﬁustrﬁtﬁfe b lment, a selectlve etch process for

e BB W0 o S 0 5
stoppe¢ witin e efeh @orclayenis2] Jo Otimyllubteatlvmmbbdledlta, the dreatent i 1 may comprise an
ion b&hMAGIRM] duél ds ¥n ﬁh' Gﬁﬂaﬁﬁﬁon&ﬂﬂﬂ ah EHp}oFI@J?&@n PBrids \chi a0 Ice%fnp &leon, germanium

and t e{qék% szhrlﬁ%ca6enlglpléflt8¥ e%‘? %(8osﬁfg%£t§8 8%?18 faﬁe@'q?{jl G agy Xubstantlv\ﬁy relaxing the
interrja] tngssttirezgiof Wnesemqrtin dinmaging the jcrystaltinecitrudtive of the &yeralls1.s An emsopriate set of

1mp1a9fat13n|f';h§ral§§&9ﬁgy 1A BeCedstabiisiRE b MEWSHE ofkRehuldiSn &lclih&nSrkef to avoid undue
its influence on the first

pe“etfa“%{h°§ h§?f§?°°§ﬁa‘éﬂﬂeﬁ$‘y?fiél For this purpose, a mask 111,
S UEigure $k whanegdally showstie semivyndo@orfdeviceeldo afiet thbiconpieadisof tha @reatment 112,
wheréx? (ﬁptﬂéjent&;o@iﬁléﬁéﬂo% tﬁé &%@ l;xﬁlilaétgmmwexe lfg é&ﬁg‘d Jllgvett&eﬁrgt In£1§s¥stor element

transi stor el enent
120 has hsprrespeygd #53 regulf ?fé%ﬁt’f?é‘H‘Pm 112 Thygihedpvigaipo w@mr’é@s&ﬂtranﬁlsrpr 120 having
formadni@reiid d firstincddl sillcdegdirthe tirf@Nthe re@to&ﬂb@ﬁﬁhicﬂ Ehaf bEdnPFRE 65Bmetal silicide

. ' t t f cond .cont
that 1% : ré)?gf{ﬂg;fél'e E&rfﬁ&egm)é@% etlg %etg arnnell ?e%ﬁg f1 ?ule t%e secor1d traBﬁls%)r element 140

COMPHES & (5¢5 etqfsiliide, in fhe fosm of ths egiens &3Pe wvhlszlg e lqtqqallatsh@pd apart from the
resped:tivé ﬂﬁﬁxiéﬂégldﬁ4$§{i3§£ﬂt1ﬂ@m:&rdu& Rand wigd MmNty 1ﬂ11$3at1W@éfnbodlments the regions
riLse n

130 nlna conipnie of cogalt sﬁlclqb whqg%e re%mng;{g(g] in@lf]be §E)lg%18%d80f nlglﬁe& ﬂhCé%ﬁ whereas, in

other ﬁ@mﬂnnenﬁ,r@w Wthelg@l)wamﬁtmmnamdlon lmay b kedsctedvlas hg ay e characteristics of the
respeétlﬂp kepidhL B0l H00rd Hl@lvﬁif@@ %@c{;te@@cf tnb QBViQf re&uﬂ@mén%yo@ rthe]1§s:laect1ve transistor

bstantl rea the internal stre
clem R AE - BUEAG dy HA t Fo Tt SPTeRf Soh ofamme egion
128, sg¢h a b @ndilayteun, WBch. theAnanﬂpnp M@pcpr@tn& ag &tchahelitmipisen twilé eisecond contact
liner RGE @fﬁeﬁr%&s WY éfﬁa@em Atr)imth? th€ ‘?‘Jsﬁeptll\}e %Ha%gel 10BH§8 pxaa%l:&dagje with device

s1 nmul at|0n calculation in order to avoi
roiTaE Fiat GBI UHD. (G PAeEueed aRSCF gy it Nghgnne] wansisors and
P-chahtieQutnastdrk nag heiviinillyde liyoradao g fdriiBg SR hetd Biflt18d ﬁﬁwﬂi&\d«ﬂ @R respective

strain- :l'r%an%f lé%glrs a&clal%ﬁlg ?J‘iﬁn%&&e?s%%igg %ggnbeé %ﬁ)g Qrte%yﬁa 0'm H){aénérig a high degree

of Prqcfr‘Sh 8?x1hﬂa>y withopbundyegpyiindl injgreting of ﬂpe Plopesist for Fammisg §1e dirst and second metal

silicided. @@Bild ﬂ@@pféa&ecblﬁﬁnn the B&V&&s@iﬁedﬁllﬁs&z&ﬂé Em&fim{eﬁt@ the first or the second
ri ses

conto BERMPETz). 100 F B RIRTE e Gt sfice of e
non- cgvgqeé frepeistprelamisat, therehm ugfotat heely egiitres si@B hadimagkhfonfasmitpshe first one of
the m&ﬂm&k@%gloﬁ%f (i.8, HBhAd medi l@‘}’aq{% FlebRtic). Sin B a?grﬁécﬁése f:oQIrespondmg hard

t he channe] r
st B 0 S B Sy T Hhe oty i eions. i
an exppeiradt tbmfusq @ @ecpm dohtect fliogr ayerf to theeracesg cadsionk 3G, fomtineChmetal silicide is

consld@xreﬁ3 mlaﬂ)tr [‘lﬁgl Vor%p%?ed 1n‘¥?§hrr4 lef he %&rh@l ¥n§§ cﬁ&)'ﬁéuy 4% & Imask layer,
T he om0

gi on substanttal |y accordrng

whichy “ﬁ‘y #16? E&Wﬁ?ﬁd%exg?fs B ssrartansiston é‘ew@ HQﬁgd vrlgél el ge removed after
the fozatiqarof the chetaf silizlb sgionsI0.CTidRaftevilany ppibftfitepRGésd Ebﬁue]a&ﬂn%y performed
to fonp ﬁiggrg rrél!ﬁ%s%g fug{‘] an! Le%ﬁle rcoxg% I‘rﬁ%rqr erasl%l}ge?eg)g ﬁ%;\u%lg% a }%ﬁh Gk ree %f compatibility
‘“m°§€P€€¥%ﬂm§§smﬂﬁ§Sas t he characterlstlcs of the

respective regions 130, 150 are individually adapted

to the device requirenents of the respective

transi stor elenments 120, 140. Moreover, the first

contact liner layer 131 inddces a desired first strain

in the channel region 128, such as a tensile strain,

when the transistor 120 represents an N channe

tranS|stor mhlle t he second ~contact Ilner Iayer 151

N L_.. 11" a . .
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the netal suicide regions (Le., the hard nmask 107a in
Figure Ic). In other approaches, a correspondi ng hard
waoaslk/oosnge be fornmed prior to each of the for maPCoMwS2006/019720
sequences for formng the respective netal suicide
r dfjfhdference fo Eigpres Riydts drer dliusiratize grbodimensy of disqsitent ingeifigreyvill now be
descritled @ord deyaétSin tviicht hﬁd&ﬁ@ﬁl&ﬁ&n—@ﬁﬁﬂiﬂgtme@}ﬁﬁrsrﬁ @y boihdtpdghted to even further

enhanclerﬁlte @lzelra?l%&!rg E;cé &trm% lr%r 9%}% &d 1nappropriate. For

e layer 131 may be consi dered
aéﬂ Blgwaﬂa Womay*er devm?—e% cmylsqs trefrstoleangidert edanpraig240gpnd a second
tranmsﬁi(@éiﬁeﬁt 140 et H8664 chabufRAGhSIHQE. Rl BIRAbbAih4D sidRE, tMuEthraﬁ&)br element

220 ng represe %an ﬁnganne tr%fg%t%rr ,]A{I%Jrllee th!; ?etcon tj.du\: i(/)r elemen? 24%‘5 mae/ represent a P-channel

e regions
transistgy. OB@ digst §em§teh@enenfa%20 vy pemrfiey Freae ql@tr«ﬁde rsm«"«mref 328 rvdjeh [iyyenclosed by

dlsposﬁwtersﬁa‘é&@%Of d &ap tay&@ng1 &ﬁ%‘%\d nﬁﬂ%@CQmﬁMrﬁeﬁle {808 HrBnsistor element 240 may

compn(s: %1\3})0?% ps{:]a%%/rs gJ{({] %gsascagg?ygli g gi :@orWVfr g-gpdgtél?eb#%)lglég%' be subjected to an
anisotrpfligRITheo@a2 A do fofmureteses 275 ladjersattaths dimoshtbadiersfit.s of t he

p Frﬁec-'@eﬂke badeE Mok Wkllr«l: 24QW RS ﬁ’lrahégﬁﬁnc% RyitH Weff-established processes,
n-1nau

ditional_. st
compe g R PR B B BT B2 o b LT DY £ s B goses nd
corresgiotiiing0yeppsitioh dfer haad masic &yaf whiclamsy Sheorbeepagersydt sy, photplithography and

amsotr?ﬂrcgéfgh% gb@am ffle ﬁ‘aﬁﬂ]negg %u %é}gaftg‘et‘ﬁe &&1 pg(Q:st ey |b§ séfoﬁned on the basis of

transi stor_ el enent second transi st
well-esiaplished fich soghpiques. wherginythe ih%ﬂosahlé Fﬁi"ﬁeé%:?ﬂ Brrtirerpap laengyd. aswsll f‘sn%" bard mask
262, a@ ﬁbﬂekitcmemsk Shﬁmﬁﬁer tiikaiefite X0 niay Be1SibRttaY, afek enyRid-cl2dilg payesses, to a
wbmh%%g&%ﬁ Schannel transistor, while the second
nsi st or e enent 240 na represent a P-channe
t Fighrs P schgmatipeshpyvy e detvwagwuderrera selpceyrespitaxabgovh process 215 to grow a
senucoﬁ&zﬁ@f &oﬁr@ou‘id gahie 1R l-eedkd:de tifetebl G&dﬂﬁ@a ddbebthizdett Semlconductor region

274, %nguarahve %‘}{’ogj LSO bl g‘l S£1:on§ rtr%ms125 OF] 24(? r ? 1 azy ? chann transistor, the

t ransi or
semicopduetpepmpound Zﬁf’ayﬂa)cmnps@d df p@@ab b%sﬂspla e@r gn@?l@maﬂnerelaf forming a
region Gﬁambr@s\éﬁé strésh IwhidMREBRMSEn efﬁclﬂﬁt %Mdn%@co%@@ss‘f%)ﬁtrﬁ@below the gate electrode

e O an ahi sotropic etc rocess 214 to
sruor? S o S 58 A AR O B {1 i BB & TEPHARPG G temiconductr
comporidg sl s GlEoP@ cabonshd i likenmpy gueree®@@m orvianyto beebishrardedred type of strain
in the é&b@%@jaﬂ&ﬁl ﬁéél&h )ﬁﬁko%nﬁec' geﬁp&vje %ﬂ%al%%@%&ﬁé’are%thﬁﬁﬂeg in the art

CF)atterr”n ate el ectrode structures
and maz&ﬁ‘e ol Rwesd deéheSpﬁ%Esé AL ohereafien e pERoeaRlesPagery) 274) the hard mask 262
and theCdidp6saisppacttsgo ﬂl@{]ﬁe&bxﬁdv&i’larﬂfthe&urhﬂr mlocasRiag off theyd@kice 200 i@k be continued

81m11ar§%¥1s td&@rﬁ)eg) glﬂp%}e{egcre@?lq s IQHQt ﬁla. ig qgglregtg{\}\/%%ﬂ%e regions may be formed

sotr opit C etc
in the ‘ﬁFFéla’éfiafeF‘é\d trapgigtor efegignty Wees@e 2&5&3%9‘“19% IpEpRegireingr regions and

additiohdl@ reBR& VS cdfactBdr layers beditfersahiBEmalls@d3s m@«w runqwe S, wherein
gglegltlr% gg’ %g%m?i‘géﬁ‘g%ﬁ oy%grr ‘aevrce 900 afgr ac %esﬁor%}lng lgroce[sF] q@e‘?&?e}(\%slril’s described

as an e
with refeppacedte Figarss Polk. rHeycepibe ﬁr;b]r@@lﬁt@rcplengmﬂée mgy]yomprrse a spacer structure 222

having Rl a6 288N kvhish %Qﬁﬁﬁ@e&ﬁréets Q lﬁehr§ledls$&5el ?flea ﬁ‘r&' rﬁe’?&f'sﬁilnde region 230 with
roc l.gur e che ca
respoct L RS | T T LT SR B S b o B B o i e, ol

silicide2fibothap mgtedals, ahlslemsc@lnd @atoderatelp ppadluwidih A2k 99 a8 to behance the performance
of an N- &Q&éﬁ%ﬁmﬂsM&m %@ytraﬁsrrs@@tﬂmlgaﬁco& fise Ia rﬁ?sd ccﬁﬂptqglgﬁgyer 231 having a

sem conductor region 274. In illustratjve enbodi ment
specifiediipipmal iEess sweh ay2 forsilp sirest &t °r§*'4(5° ?’é‘}ff‘r plegipd strajn 5. tE%%m?'Péll region 228.
Similartyl the Sdcidaransiston elemen2400nguotmise @ GPIPO WG u 242 IEynetrewidth 242a, which
may dlﬁ'e& [Egﬂiltlﬁi%?dtﬂ 5229 fpﬂétifﬂ{sﬁatlgg ohﬁngrgnn \@1&9\ tgeetfamr léfcl.}n\e\% 240 represents a

ormng a region of conpressive stress
-chamreéwﬁxﬁtgn thp widh %arrmybéﬁteaterrﬂéaatﬂremﬁdtbfﬂ% SheRbs oyigias sﬁwffaweﬁt distance
bel ow the gate el ectrode structure 241. It should be
appreci ated, however, that, according to device
requi renents, other sem conductor conpounds, such as
silicon and carbon and the 12i ke, may be forned in
order to establish a desired type of strain in the
respective channel region. Appropriate selective
epitaxial gromﬁh reC|pes are mell-establlshed in the

- Y Y o
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with reference to Figures |a-l1k. Hence, the first

transi stor elenent 220 nay conprise a spacer structure
wa2f7havizng a Wi dt h 222a, which substantial |l y #etriuse®e6al9d720

| ateral distance of a first nmetal suicide region 230

for a sgopd, metalsyicide reston 25¢ ot Brm pegjFishsiliois fromifhe fepnedive ghopug] region 248,
therebys prioGillifle edh@xgbd Perfakhnstetfr HE-cEBARP iasBbr.0fThd mbtaANill4fil region 250 may be

formedstyithﬁt tgee epttgxgﬁ? g% Wﬁ utngédg sgtrlligo&?tﬁpééegmn Eﬁr {vﬁic}t alsoggﬁlcdgs dIB¥ced strain

a So
in the fbtenebea% PHParides. ¢t tha ﬂasw%&ﬁhtetel trngipigh, e gHliconfgpmmeniya rmlxture in the
region Q"')anfyrcﬁats b&itdhal CohiprdITms sﬁﬁrﬂﬁﬁ:ﬂe&ﬁanﬁel f‘elgfoﬁ b48C Mdked G, a|sécﬁﬁi' contact liner

layer 25 9%5 e}r be ov1de{~I gla | ng s;laecf? P d:rnaf stte.ress vcr/}uc%rnn y also sén(lefs cargly n)u%%o the total

cr eat e
S“mnmﬁwPM@m%haﬁﬁ@B reglon 228. Sinmilarly, the second

t IceRsdustt9r 1Rl &REt2084Mhy n'&‘l‘ubﬁ Oéﬁﬁz{nbe%e p&foﬁﬂﬁ&e EhafabtehibGdsU Ecupared to

convert §83%iCh W RS i G B G RO sy govn

semicopdpetot regiors i Maresveredue frethyt ch@dd@eristisp psdrltsdicide, e cdzann0 may be efficiently
formed \K/lﬁlﬂtsthesgﬂﬁzt)n/ geliIQzﬁnu\M 1%!311 %Zﬁulggtyth@s%mg fie&d &bait Digke tnﬁ? be formed in the
wi_dt h 222a, t hereby prOV|d|ng a sufficient distancefor
reglons‘aﬁgecond metal suicide region 250 in the form of
NiAs leetesuiyiihe iptkgent ingentibh erovids pe chhaneed atramiqe| for fghion s@dfd transistor
elementtsn)? ﬁlﬁlé}Xnt %sttv Jﬁgddglﬂ Wéjqo SsE)&ﬂanﬁQ&ﬁﬂfcfaé re@toxg a&@ﬁé@ﬂ@%ly tailored

transi stor. sul Cl e regron
with regegtio ﬁfuftt?épeéfsmaasa eatwm@%tm %weaaeapfgefﬁsepw (g Qypded that enables
the forfr@GHn0dT d@feflent WhHesCHT nidtaS Giliided Vil Sstilt rilkadhaia Ghdsdiigtiethanisni Mgy be used
48, . - n ..
md1v1dﬁzﬁlg Ecg‘%gsch grgrgist%ﬂtél%s ?ﬁerleﬂc—)g mg!ralrr%g%ﬁcg f%ﬁ%%g Ig%y eu?clltjr(::ie % Elgtle}en? llateral posnton
of the rmastl Gijcider zegionsy inc the frs 2pdy eﬁctqddrﬁatlst@dbmﬁ eeeby eprasiding phgnged design
ﬂembutth €F g baarte Im@&&aast&é&qmmrae@&edismae wRecant: can tsﬁiéiﬂe and the channel
region manger tﬁ; e\ée{on w1 Pﬁm%s Eﬁns stror%Vrleigu%dmg gndgctf?n?)f gfl the metal silicide, which
may b espamplithad by the ptOhfewtl of la¢keleﬂtlmdp rwhlqh Otlttl@ attien hame Ineqeegqte@m significantly

h@edgé§mb&@&ﬁﬂﬁ%ﬁﬁhﬁ%de&ﬁ%m@ﬁ&h&%g%go may exhi bit enhanced
p nce 1ar act er i tlcs cqmpared to ﬁonventlon

?rc‘?é@o il dtsclgsﬁ e o ‘Eﬁ%‘t"%f"&‘ -8° %\\?V"t‘?bf”t‘myﬁﬁﬂmd‘ﬁed and
practlctdtercefifdbnamtenbwmtenha@ps tappereat] b ythaye ekilfed S the ariduiog G benefit of the
teachm%@ Héré:hp ngéxgzgfflgrthe gtldgesst erg Q& t&lﬁé‘ﬁ%% ﬁlB}L 8d F&&nﬁgd 19' C(h@e!rent order.

Sul CI e he regl ons be ef I clent for ned
Furthelwo'tehv%lntnﬁeoeuarq lefawﬁgatﬁfaiiﬁa}ﬁpt EYHHFHion Py dest%ﬁ ihprein ghowppgther than as
describSdiiBhet dlaifes 181000 18 thefefbreCdvident HaYthd Rarticoln@tbodiferttddisclosed above may be

alteredrog%o%géd %§cp all ’s ﬁﬁhav;i{t }itl gr c&ﬂﬁle é St tthé Epé n!ntdo%irit eo(f:‘l the invention.

es an e ance tec ormn

Accordtftgb(n*ét metentionionghbhrran ipps gl f?rf-hé? @ﬁ t’laltnykféfé" wher ei n
additionally the correspondi ng netal suicide regions
are specifically tailored with respect to a further
per f ormance enhancenent. For this purpose, a process
strategy is provided that enables the formation of
different types of netal suicides, while still the
strain-induci ng mechani sm may be used individually for
each transistor type. Hereby, the netal suicide
formation may include a different [ateral position of
the nmetal suicide regions in the first and second
transi stor types, thereby providi ng enhanced design
flexibility. For instance, NMOS transistors requiring
a short distance between the netal suicide and the
channel region may be forned al ong with PMOS
transi stors, requiring a high conductivity of the
metal silicide, which may be acconplished by the
provi sion of nickel silicide, which on the other hand
necessitates a significantly | arge di stance between
the nmetal silicide and the channel region. The
particul ar enbodi nents di scdBosed above are
illustrative only, as the invention may be nodified
and practiced in different but equival ent manners
apparent to those skllled |n the art haV|ng the

Y LR Y T o
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1. A nethod, conprising: formng a first transistor
el ement (120, 220) conprising a first gate el ectrode
webroarabsise (121, 221) including a first sidewabPCTAR2a61019720
structure (122, 260) having a first width (122A,
222A); formng a second td@&or el ement (140, 240)
WHAI:ampLAJMEn; a second gate electrode structure (141,

[ n cond sidewal | spacer structure
Ali 3‘7‘46#‘% cgm ﬁlg second width (142A, 242A) ot her

t rﬁaﬁung & fastfttansss(wr \Me@m (1202298) coppisie affisyt ghtp glegiroflq ptypture (121, 221)
met al Srmuamg@fu@tk;ﬁ@wau%gmr_ stribnSei1 2h, ﬁeoy Bevink b BRGIiGH glzzA 222A);
(elf%gxeﬁlmé é@%gnzd%ansmgor gbmen?{)lg% B t aonzp%fsag%a selc’:rEt %% f ec{riéfdgucture (141, 241)

secC
240), dwluding p pasend(sitis@all spRe)straqtide 4 @mi hevB(p se@BOvidth (1424, 242A)

nmet al s,mblqhaq%df}gtfvﬁgﬁ(mgq bt | east one of a material

conposi |on a roc dition used
COPRRR = PR Fuicd PSR R e R e ot O kT ey
( I@nl,ing 2 3Lyndaiptal glicide (H50f 25051 stid senwid swistoetleman(l4q, 220 said first (130,

220) ;386 afdAedShd@ 56 2505 ﬁlgtaﬁufefaatd@f?ehn% ih B8Eas! AY &'a n(ageﬁgl composition, a
251) abo e said second transjstor_elenment (140, 240),

sai d fitFEPesy 3P Prosess fondifiep wekBHRE forigton; 251) cont act
| iforming b &xsetostac lidef ydr (1 1,i1281) abovk eitisirst omsisiof clamghtet305320); and

C‘?&H‘&ﬂlﬁ Iatsécg\ﬁi Bk lhpetr ?aryélﬁ(ll513§§1?§b%ve san JEﬁd Hﬁl&lﬁl&dele%rg (140, 240), said

larm1 ereln first

s econd st 481, 251 @yd seqous) élg é@ép C@rt@hlém lgyeaochf&%asat least one of material

f or m ng@og@bitonfabd Blernblkddss. 241) and second (141, 241)

gate el ectrode structures each conprising at |east an

inner (124, 144) and an outer spacer el ement (146),

s@l ect {ThenghodeRpeimrgvhdwin foring safiat 820.8PO tathtecqnd 469, 269) transistor
elemerfstoflprsks St gate el ectrode structure (121, 221) and

;e%'nrgl}# Q ag \5vall Ollzi eag% siprgongflrﬁflljgt ﬁngtg%licir%&6 %rese com%rlﬁmg at least an

f or mat |1rm¢r(@l‘4 @&a@dmtm@amlmendmw de (150, 250). 3.

TQ&ecHﬁtﬂQﬁ’ov&E the t)@larrgbaleer R ateN ?1'4@) Jr Midrk QatSé athodeistniture (121 221); and

nmet al . sui . ci de epositin

| SRSy ing iRy 9UfsT ff’g‘céf Flﬂ@e“hgéﬂé’gf E{aﬁe %ﬂget“P@ PR £ °‘§Tel(?450%41) after the

(127) frmgion dizaifl ercondmgtassliotie $60,250). net al silici de and

wherein form ng said second netal suicide (150, 250)

conprises form ngi a nickel suicide after the formation )

of: sai dP¥ reled pletlaim b Yhegeingforypingsepid fish petaly silicpdea(l3a Zi@)goomprises
depositideg a@btait My andnfigsitap B cleatidal ragtiGavitl sflicong(127§ 30 fo f2rafis saith 6kcond metal
s1l1c:1de a%& Qlﬂgen( Eoéxgng gagos)ecopf };ng!al sﬁ:lglldg {(19@ %S(S %?;R %qbc’rmlc‘n la%?c&cél Qﬁflde after the

east one neéss o ract
fomatanhféaéﬁts?wﬁhqﬂeu@ Q)r ature and a heat treat rrent
duration differently for said first (130, 230) and

S QC ond il“ Eelrg Qhod o? OPalf’nng rﬁ%erem%o g gxdgfegl ¥st 1}9 %3683\? )second d(150 250) metal

sicido eqrumes (semnng 2513 oo ik qfap,ﬁeqt@y gopn g eatment temperature

and a hbQ GrBRG: ®aikith Sttty £PRIAES: (130N20) dnd Sdond 2@@)256)%@‘&[ silicides.
above said first (120, 220) and second (140, 240)
transistor elenents, selectively renoving said first
cont acihd metled of ABih, 1, 2B&yin feayivy sabiveg(13akd) selcerdd (151, 251) contact

liner 1a§r£r@£b%{pﬁ§e9 E‘onﬁxlng Eg?d’]ﬁrst( ébﬂtgct hgeAl‘ 893’1 ﬁnfjlaﬂzlep Eﬂpvé’] anﬁﬂkt%z?)i%ﬁ gld second

tact liner |ayer above said firs
(140, zi@d‘)ansgf?él elé%%nfﬂ’leftf’&lﬁ "’*‘Wﬂ’)‘% Sf’(“? HisGoRpg fings (S erit)classt abpyfesaid second
transistoiedldnek (00, TR b Brmidgshit kesndeompr it lagr (150r261)ngova sdidfiset (120, 220)
andsec%m(%gg@m& el@ﬁg&qsse said first transistor el enent
cover said second transistor el enent

(140, 240), formng said first netal suicide (130,

230) and form ng said first contact |iner layer (13 1,

23 1); selectively renoving said hard mask (107A) and

said first contact |iner (131, 231) |ayer above said

second transi stor el enent (1340, 240);
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form ng said second netal suicide (150, 250);
depositing said second contact |iner |ayer (151, 251);

wand7ges,seti vel y renovi ng sai d second contact PCDAIS2006/019720

| ayer (151, 251) above said first transistor el enent
(120, 220). 7. The nmethod of claim1, further
canpr i QIhé]@etﬁc(ﬂl‘oﬁtlﬂ@SaﬂJrﬂ&Hhﬂ[ﬁdﬂﬂg corrpound sem conduct or

r 89100 a (h%rﬁ‘h%asll lsloﬁsg & QJSE‘se AN FRPHS o EHeR R 223 arl(iecgé& said second

one oOf econd transistor elenen
240) . ansigtoselemeadiithutObr devi ce (100, 200),
c @mnig SdidMarst nibtal dilicsde (1t30 ane)iasd Pfmisy LBt contdad Bner BRH)131, 231);

i nc%cg%ly reInIO\;h?%t sag% mas ?lt()l} da%d SS§1£ Hrs{ io&% t(l % 31h av% layer above said

st space ructure
first \Rﬁcdmwa(lqsmﬂem@mﬂe 240% second transi st or el ement

( Mﬁ%mg%@s)acdﬂamamgﬂ@w@gpﬂ))gat e el ectrode structure

( %%Oélﬁn Aée:!'l)i secon% conQacpl eranaygi @9 1 25&3 aFer structure (142,

a secon 242A) ot her than
S aﬂ@tlfql}rrsmomgdelh se@MZont@mzyer layer €15}, 96 1) wetve paidsfirst ¢rpugistor element (120,
(130, 239) formed in said first transistor elenent
(120, 220) and having a first characteristic; a second
nmetal suicide (150, 250) formed in said second
t Fansi Shometgddesfehtm (1dher Roadyisivgiironag smngnbeddse cwipdund semiconductor

reglon?”@flﬁg &k Iarfdt s'o&cqug]cﬁrof L @El o&%f Qw fﬁi’s[ ahH s&&ﬂ'ﬁ%‘sﬁf él%énﬁ (22@ 240).

rst contact liner layer (131, 231) having a first
internal stress and fornmed above said first transistor
elsenmentA shidéhdudi? @gvice @00, 280)s@mprishgcont act | i ner | ayer

( ]iai%st %E%S);r cflé?ﬁ (g%/of‘géb‘/ gavﬁlg adﬁrsg G0 ngct&ﬁﬁaﬂﬁéuﬁé @51 ezbﬁq}?éﬂldmg a first

con Internal stre
t han séﬁ’adefﬁ'ﬂc%‘fe( 23t B2 rhayingy frgaddth §22A7R22Adeni conduct or
davécei t(al@&br%ﬁﬁl}nt 040,24 @) Havills a Wbl @ita elSarbdb sfridtsd (141, 241) including a

transi gt or, el emen 0) re
transi SFOF Aha 9 mdé é g’c’)?' ﬁé%?%m k Qe {%ngyf%@ Wb than s st
repr eSé‘mﬁS(léz Imzc};hannel transi st or 10 The

SQMré %QUﬁﬁdﬁfe (SR 2P folrlddCn s Bdst RdnsigibradidRedt (1304p30) BAd having a first
conpr | sl a%ﬁan enbedded sem conductor conpound (274) in

a drai F 5" YEur ce region of one of said first and
second wetdsdicids G0, APV rfomed m(s@@@eco@ﬂ@@nsmtor element (140, 240) and having a

second characteristic other than said first characteristic;

a first contact liner layer (131, 231) having a first internal stress and formed above said first transistor
element (120, 220); and

a second contact liner layer (151, 251) formed above said second transistor element (140, 240) and

having a second internal stress other than said first internal stress.

9. The semiconductor device (100,200) of claim 8, wherein said first transistor element (120,

220) represents an N-channel transistor and said second transistor (140, 240) represents a P-channel transistor.

10. The semiconductor device (100, 200) of claim 8, further comprising an embedded

semiconductor compound (274) in a drain and source region of one of said first and second transistor elements
(220, 240).

15



