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channel length of MOS transistors. One nmgjor problem
in this respect is the devel opnent of enhanced
photol i t hography and etch strategies to reliably and
reproduci bly create circuijt elenents of critica

di mensi ons, such as the gate 35 el ectrode of the
transistors, for a new device generation having
reduced features sizes. Moreover, highly

sophi sticated dopant profiles, in the vertica
direction as well as in the lateral direction, are
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represents a critical design criterion in view of

| eakage current control. Hence, reducing the channe

length also 1 WD 2007/005136 PCT/ US2006/ 019720
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In a nodified nobility for el ectrons and hol'es,
exanple, creating tensile strain in the channel reglon
increases the nobility of electrons, wherein,
depending on the nmagnitude of the tensile strain, an
increase in nobility of up to 20% or nore may be
obtai ned, which in turn directly translates into a
corresponding increase in the conductivity. On the
ot her hand, conpressive stress in the channel region
may increase the nobility of holes, thereby providing
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insul ation | ayer conprises at |east one etch stop
| ayer or liner and a further dielectric |ayer that nmay
selectively be etched with respect to the etch stop
wERFoRizsl i ner, In the follow ng, this insulpgtin@hesoione
| ayer. wi || be referred to as contact layer and the
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advanced transistors. For this reason, In sone
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Synergem%fec s and the like. In view of the above-descri bed

tuation, there exists a need for an inproved
t e’er?rﬁﬂrqweonr Hatraten ipftodigiend pf theenadseampiesttionmt reshod tdmprisesoeme first
transisto® clatbel BB BisiBO st Qhite abckrod@bitrdcfR iRRGNEr fird €0&viafl bR structure having a
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width. Uckesvert afieti nregl silgfde sobicdBPRClS irokisthd sEmbm VeI de@Rd mdthl isiicide is

fonnecﬁx'f! m@@&bﬁml téns@t@rt elﬁﬁnt%@hﬁiﬁe‘ & argl\é{g:gﬁ{i' ngr:‘g{rl1 tgfxcu!eb ffer in at least one of a
| i f

e SFIOBT. P BAER 0 PP e B0y » 6 T e e fyfamed
above the Bugigraggfstor drancit pndarstdowirontict leduks fomed povghd sgcotdoransistor element,
whereip he Sebd s‘é@ﬁfﬁ:oﬁ&ﬂﬁl@xﬂly&s Hifferdn o8 le¥nb iﬁf‘n%fénffi anﬁ?bsﬁ%n ﬁ‘id internal siress.

pr.el ude tQ r cri
Acco}'(l:lmg 10 arilo er 1Iln%it67f: mgoadrmerltl oid t%es ﬁrese t mvcntro i ﬁ%ﬁ)fuilu&tﬁr device

resen
compriseg a Hrstrﬁéetserflerneﬁ having & il 298 ee%hc&ﬁmeﬁ@mc@@na st frorenrrnipphaving
a first @fith Chind £ R kandiyep elementifavihg DR@hSiae relcrﬁﬂo&l'ﬁedi&tﬁe, incBildi@fla @8ond spacer
structuP 'hm@'ars]&l)ndtur oﬂnﬁdt EtQ'E §on?‘lglgﬁrls\t" “QJ?I@ nlﬂ? em?c&%@o% rﬁevxcg %rther Qomprrses a

m% an enhance r mance aracterjstic
R0 I S0 e A A,
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obtain an overall synergetic effect. 25 According t
one illustrative enbodi nent of the present |nvent|on
a method conprises formng a first transistor el enent
conprising a first gate elsectrode structure including
a first sidewall spacer structure having a first
wi dth. The nethod further conprises formng a second
transi stor el enment conprising a second gate el ectrode
structure including a second sidewall spacer structure
having a second width that differs fromthe first
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above the first transistor elenent and a second
contact liner layer is forned above the second
transi stor elenment, wherein the first and second
ve® R aeks 135 ner Iayers differ in at |east onepe§ﬂmzmymﬂnm,
mat eri al copposition and internal stress. According t
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in which i =E : ) 0 i ke
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ection
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achievé thé desdlspas’ | sweeifie BB ChudXR N othp Ricetulle syst@:ﬁ—ﬁaﬁi%ﬁ bnd VBRI constraints,
which @nﬂm&' Qrmﬁ |ogﬂq£1ﬁ§rr<%étm%% a?‘lgtpeg nﬁngeovgr 1 vx:&%e ?pgrecuaed that buch Ga develogment

Cross-secti ona
oot Fight, b PGttt ARG (St HYBSvHrcier Ty e or tose of

OKMmSQMﬂm@ndub@mgm@bwﬁuuﬁ&d&dmmmreat|ng internal stress is

f Qﬁef@&‘eml Bvent@g qﬂxlt ﬂo@@c Ee@cn@édn&% re?el}eﬁ@td’]th&arttgc@& 138kes. Varions structures,
or rTHtl on techni ques accord

ovienf B GPHEIET 0t PRFES B - SiBen arressr ot Qg PR B o s o o
obscur fhy et dryentigh ite detdie thitraveerrl i koawn te thes Siilqatin Ik ert.t Nevertheless, the
attachel wifdd Sre MROKlic koCRcHIRRK e@;ﬂﬂn ﬂ!:strﬁ;ﬁzé’@&rhp\fe@ of 1Y pﬁﬁmt u%@ﬁﬁh f41€ words

and phﬁEEp ggii %Q& Scho%k} %e unragr toeo(a ncl1 ﬁt\ér%rep g ?onhave a meaaa e%coﬁi%egt wxfhnthe under-

eln
Sta“dma éf %i‘i’“F worydg ang W%ﬁea%féose eh#&é Ffsftlft)’é’é"a“tff’ﬁ\/\é‘{i’épema‘t defnitiopntyga term or

phrase, deseoiem}itton Gt idefFe@ein Froaif t]l@ﬂﬂﬁ#yfa:hd&;uﬁﬂﬁ@dieﬂﬁ@EﬁmﬂeSstoB@lEy those skilled
in the ah rﬁ ﬁ@gﬁ(gto t;é)lmkaflemb§ co‘ilshs?bml u@a\éﬁ g}ttl'!e?epm Srguhra;e rﬂg‘ﬁn@ alK tl%e e)%%n%{hat a.term or

i.scl osed
phrase ¥ 6nteg%esé ha‘glalqu%ld?qm?n@azﬁ 8 ﬁ]ganm% Efbﬁr Prg!erqtgﬁéuy skilled artxsans such
a specig)|dpfgnitiom tvilMimsafreshly san gprtinint thé spedifivatios i « ddfinicionel BOGP @atQfirectly and

unequiob@y proNRHh @Ebla@&aﬂﬂ@fn'ﬁﬂ@g temor?)ﬂgse append e d c : |a| rrtB .
ustrative

Dﬂe’%f e ""““ f“"‘i"H%’ ﬂdﬁ?féeﬁ g’f* BRvit 5\%‘& “6‘8 mipeiiE o A contact
liner layep, ge. fﬁ’t“éla é@tstoéﬂayﬁflﬂ&m sy in prptbingtloh witheredotfreg diclectyif: Iaga, to the channel
region SfOtsyalivel thgisRBBhats] Mile 35 SuhEREICH RS Bedittit Bl SBrming appropriate metal

specification. It will of course be appreciated that

in the developnent of any such actual enbodi nent,

numer ous i npl enent ati on-specific decisions nust be

made to achieve the devel opers' specific goals, such

as conpliance with systemrel ated and busi ness-rel at ed

constraints, which will vary fromone inplenentation

to another. Mreover, it wll be appreciated that such

a devel opnent 25 effort m ght be conpl ex and
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systens and devices are schematically depicted in the
draw ngs for purposes of explanation only and so as to
not obscure the present invention with details that

VA RioVRlstsgknown to those skilled in the art. perusagosnioro
Neverthel ess, the 30 attached drawi ngs are i1 ncluded to

silicidpeeptond ib ghe aapbotaX fngister clelpbtsst FreMided: eFoe R Pb®@S tioflocktive of a respective
metama&&sgtonl“rw @3’3&@ Bks aidibiee ﬁ/ua;rtmhanwggsa%@&% k@24 B BioRor other

characterzstlcs gf tpe z?elfla?s: %cﬁle, pmzﬁrgl)e dcte %1t gmceFS ch%l%ons dgn n?}g rt]ormg ion of

the “ﬁﬁlr %\@é’é By PHOSEssRY Pl fan‘h‘t F?é’e‘?"é? Bapginer chgment, smtantm"y without
adversfediecaig defobrtbiohodn f@fhatdn bEhenenl siplE ases ot:her @ugsis@r type. Thus, a
dlffergrﬁgdaﬁﬁl;dléqElspgch@t:hahél rgﬂacrng ﬁgy%m:reﬂct %E]h%ptg st sgé ﬁ¥ elgghgl region of an

Nech ezt ary meaning as unhers %’ﬁ %se S , 1
~chang ‘%‘Fim‘ ""P"s""f”ﬁff’sé‘ﬁ“osé‘ﬁ‘“ frgheste gm&,-af Ay E"Gﬂé‘?@?t@ht"“ﬁé‘é"é‘éhe css
the regfectivihmetyl eitieieo mapivriosed fudriet e ool phémexdeehtactt tnatisia type may be
increg{gﬁfemn%mss phrase is intended to have a speci al
u

fo re%x'ence o%he acwmpa?n%’gﬁira%m sgg{:ef %]xs?rzg ? Tn%oc{:mcp ﬁeogm gcf ;ires%némxyentmn
will ﬂe‘x b""r Eagheg i "S‘é‘tfe fit ﬁgwmlaﬁ%@n@w@t PP cesprignRdiiciar ggvice 100 comprising a

substieh@ 0 1 itidh R lepBA BB apiirbhailite Ginfo@@bdiy subiiGhe forl ALY slDEEaleY transistor
elemddfs. oﬁ{ug B2 suggxgte ?ﬁ %&( %k:resglﬁf 's:HJoL bl@ipsugsggte cgr Q %11&)9 msgl[ator (SO I.?]ubstrate

h ase Gener a resent 1 nvention addresses
b T QAR GPPTEF ST BN PTG S PR B gt or s, o
the enghoditnent thowil in fignre Laagpesubstipte &1 repfercotanedD] atbafate Siviip frdydelereon a first

trans:It(t} %Iemén$ 12@%@&1 a .l;eEbn@ Qmﬁlbtﬁaeiehxgﬁ MIM tvmc}ﬁnz@%@ tse%&&teddiy%ll &6itdoh Giructure

nne
102, 1{/111 ma he, provzdeecF i :Li%%% ofa \ﬂ;ﬂ A treg% 1SOR1P]0£hé de ﬁﬁ 8%151%{%{ element 120, which
may rpgre@%t, qnp fllystrptiye ¢n@j)|oqlnnwg an]3phaopst Fatiorpepia plectrddeWycture 121 is formed
on a Z@0dh@EH 136 RLMIHER ARGAD 3Pl sufdurd R Ry bEPPAS bihidhlyioped
polys:qu%ﬁ Rﬁ&cﬂ Ixsvt§ Ig]etccr i rzﬁdeé{ s‘ﬂfmdg %e%Q;P Qst v§xll Ibus dchnQ Iag gn 1':9101]115 !;u‘ aa%recmted

that, Wélg%ﬁla ﬁvamstecﬁtedr @glgfét&?ﬁ5= fbs gpte §ICC&P%%%PP&‘§ 1=2r1 Y thﬁ’é Ay #ﬁ@b ie., the
horizan@igiromsicrrd e patd dreuadattectival 21 GORPOSiaf ¢fa00 @ and &¥e fess, or even 50 nm
and legsr}@rd%tasec%}ré dn&%ﬁpfhe &(ﬂﬁl tgﬁﬁﬁo@xlgy %lolxﬂeg brps%ewé{‘!@bf‘%ﬂ ﬂE@M@cQ&ie structure
21 1 QELEr L ned DY & 3, Which 2ray B conditlgns dur! 5‘&‘%

vl peste gt 3 & PPEPten ey pr Py drye e
la, Oftaalpdsmledchfswp laydy @23y o pepeder q}feieﬁtrl%ﬁos«twnpkeﬁleprénﬁ@p layer 123 may be
compiBstu3 tiadak H@hde}/wli«% ﬁ:@@hﬂer SRnB Y RI 1§ h;é/coﬁfnis@ﬁif lsxﬂ:gn hi@e. However, other

conﬁgura{;l ElSe 1%{) I' g Hsgd T twluc rtexa%gl.?,ﬁhe e%cl'l] stop layel?#li% is GOII{lpCI!IS('i: of mhcox}: (Q;ymmde or

silicory piiaidy g d@cﬁ@?c‘v‘/fe‘ﬂ‘-‘@ﬁ‘ﬁ r}ﬁ‘é s cp@gisfes*rfg sgey %@“E‘F’eﬁ‘t"é‘d dlﬂ’gfﬁ’cﬁﬁd ihs like.
Moredvesbidiie 1294 sfaleRpatd stiubi@re chranm@tantaBygienmtd Bf dilitoral Nrersiand €k foot of
the splcr:x@féﬁéﬁ IZQ cﬂpgleﬁ %ﬁﬁﬁehly ﬁet%ﬂléaﬂ lg]ter!ilr&is%ﬁgot%%mﬁ?lﬂde to be formed

regi on of transi stor e nevert hel ess
""“l““tdﬁé‘ PEEPETERYE l%jr'é‘fl%l FesREPY ' LTEBEl TRy LFOPT PR it 4 pource

regiong [#8. overal | performance of each transistor type nay be
| RERiRAS 86 848 ealﬁg&%lem&@zwntaﬁ CJ@L@&%&@ @ectr&iefsthl@mm 141 comprised of

r.a
highlyadc%g gglh@%{%ﬂ glggl i }I;I\)ngne PIé g é;ijﬁ_ 1ns|uF él r{?%erglzlg R s:ld?waH 8?/%066 étmcture 142 is
formegjg dliersidgyells 9friberppir eloaedeaivdcrueHit hoherein de spatre pttive a2 njay comprise at
teast af® h@ﬂﬁaa@z rﬁeﬁﬂt@@ﬁdﬂ;&f AAla c&iﬁé{aiox&lﬁlg w&tcﬁw&ﬂiﬁh% oter spaccr element 146

iormec%’xllg%s e@ts ctgh sil'o’p la h V\n@¥e peaQortgesrgateglal%g] Iot er etc% ap layers 143,
ST SR el

145 aﬂé ﬁ*ﬁﬁ@f%f‘@r@nm é%lﬁ% e éamemﬂg ap&lwé e@lﬁb‘%‘i %ﬁ’ﬁ é’r t:be maawagkmem 124 and
the etch @¥ lese B ofuhsSiirhtivaiBintolldniint 20 M@t aovidiial42a of the spacer structure 142,
ie, ltssl:itir:h QR {hQ §)B|t| o@ﬁx@gpa&%&uréf&p %Effe@tﬁ@m tl@ @éﬂeﬁlygndtng ';;vmﬁldi 22a, since
hereon an appropriate silicon-based crystalline |ayer
for form ng respective transistor devices. In 15 the
enbodi ment shown in Figure Is, the substrate 101
represents an SO substratse having formed thereon a
first transistor elenment 120 and a second transistor
el ement 140, which nay be separated by an isolation
structure 102, which may be provided in the formof a
shallow trench isolation. In the first transistor
el ement 120, which may represent, in one illustrative
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121 is a sidewal|l spacer structure 122, which may be
conprised, in the manufacturing stage as shown in
Figure 25 la, of at |east one etch stop layer 123 and
wa) spaserssel ement 124. For exanple, the etchPéh@@u%@M@ﬁo
123 may be conprised of silicon dioxide, whil
the ltepshdiamoced! @ etk silide repiaryto fhe foraad iy ﬁt@@@ndﬁaﬂmtdnebmwt 140 may require a
differ@it Vallue b2 entdrOMIBM B Fruan@loNBe tranG@in élbx&lﬂkrlaﬁ bsQf e vidayly &lﬁauﬂzﬂ Qdh dedpect to

the dx%én?é}rfmin lagd Pb&(gketragstibfom il v\Pof maXl%Fm 623 i s

|se i con ox Icon nitride
a n}a’“f‘el“f%"‘% ﬁ&@é‘i‘m’é‘}‘%ﬁtce 024"‘1‘%‘“&6%? jageef mpufasiuing ag fich mask 104
to cowxtyaedond tdsjstosdldniett 00 il OXkde tamic: itahsstol dde@nt 120Vb kel @nbienal 05.

Wi ﬂie?enﬂc%&ﬁct@fdev‘icg @GOSaQ %@ﬁ mﬁg{ulé l@% %Méys)g ?O?n;)ed liaccordance with the following
subst.an
pocei G bmples ST A Bl o G S S BRY p pcehy.
etch, §?§@%‘ 011 prsaloliyy tetriqupsnp drereof |zefe @F%ﬁordmmr@m by florgredyfor dlstance, by
advanSdd| okiBdrikeant/6r dogsifier praRekses Wb Iu’&ir:d% tﬂﬁ&{hﬁbé Aria$ BJAHERiok B ItIRSess as

are ne;l:%%ryvxﬁ l'f-lgfﬂ))’ agxﬁngc%cg Lran£1s90r giez%bx% h p exaltuelg Ia Qipcol]f % %&e%%@& I%]%r ma[y be formed

with & ‘ﬁlé““%“é&tdrfoﬁ Gy §‘i“’§‘f°8’r ai’%‘}"@ﬁ%’*n { hei‘?ig“"ﬁéi}""ré’é?ft?reileg‘é’d%\miﬁ%‘ﬁles“"h as
pre-dpbeplysibae sy el dépurited Gyddhiadiohp plosetiedyks, fdiiiglatey iddpediow pressure

chem@z@lvyp%i 'déigs‘afan (Wﬂ) Cﬁdltﬁe fllgr nﬁgse&h@ut@ S&d Ifﬂcﬁ&ﬂﬂﬁgrhlﬁg techniques in

accon%agr%é %law ltest?qlfglecgreca@mm bg p%g)mteﬁ, éollé\g%:dté)y éﬂgié%xﬁtcg atéh processes in order to
form ¢ gatgelpaypds sttugtires 174 erddit hhavihethespatdratsikrthet ure 142 may
C OITREAREE tha bpabeP 8Bt 112G 45 RACR fordk £ NBBdordd “tao R;v@lﬁgitabhshed

proceégg; s@ch%spc{e 081 rTEg%?rréiI?E dmgre%n.rs%oep a;P E15 an%)éonformﬁl% fiaposqm%% sg?]cer nfaterxai which

on ares
is fhefr a&%w“fﬂxsewth pptaingligyeseectitespagds elepprie-ePuring 2né HiepbIcE® qumce for
formigh®e @€ hlesb@psthayar 211448, impldhtiodncbctskhe n&p&ﬁ&feﬁﬁh&lﬁﬁnﬁ)& the
corresg«o‘}lé’m% cﬂoéa@t pr&fheefmstmang gﬂdt:.&we %gﬁ%ﬂw l@swl%}%%l t@el sBé%Q s@&%? 122, 142

acer el enent
wtn 05 oo FHPRE G S PSEBrRE MR TS, NBPBgYapged
depengiprintihe Jod:Rrtexof ofttilmdatsgiale}@nt pedfitetie the) frein dndiRouredQegione 137, 147 Sone, two,
three Bxaﬁ(ﬁJ Alivi@xt @Eb%ﬂ ©fnaiidn ﬁe'ﬂﬁxnﬁsp&t usé%f Pﬁ)hﬁstﬁ&aﬁlecrum?lﬁw h@lﬁdéé‘deprocess

el S B B e S iy B0
122, 16 myvaneme epfbodimepgstba pergimiefl aubiatislip geyepily fr @‘Ef@t@ﬂwe‘ic’m transistor
elemedith @205 @MHORGretnl B Sast Qidie b 2IRN the LOndMBYsisioR Glaink® iBselected so as to

subbtamaflsr SJ@&HJ xe&{lé%n%ﬁts i‘opg suﬁ@ﬁl@ﬁl%%lqag&? gtf n%{a%grﬁ§ leIe dfagxemd sgurce regions

ransi st or revio xpl a
147, Eaf fﬁmi’l‘é%@*&men%dm&tsw Y indrws @ﬁt‘he pﬁfé‘FF‘BfrH?"é‘?ﬂ'@@‘c‘b?f Prgfinis! 4gistors
may bPpADBcdd ba e viditeor ghlyrrondhaive :0dtal pitbdida) suchiad pigkld@icide, rather than forming a

cobalt F%&e%m@{h@spa&m(nﬁ &5, Gehg Q&Ec%ed %@deﬁ@gnhl@@ £ 91'95]9 L8880 the width

ma aCt et
1422 V& c\) é?"lcftﬁ useg q’“é% RePt F‘Q‘?ﬁ% ??E‘P\af’m‘ipi‘ﬁte g'alﬂmflﬁl Séﬁ?‘ﬁ‘b%"@ to the
previopshyecxpliised tpiping gifesi eftriskel em@q*re rﬂn to@het radin relueh lagab igtice of metal
siliciddl B the chitflel $3idh 6010 OALBLQH tElRMbGRy %@Qdeﬂaﬁhaﬁd’é@ Morinﬁncg @A At8he cost

ofa re!iu%ed%%ucpwty op t#:et resrpec% me? Psol C(i!% 50911eat W]{ m%?sﬁlce balt snhﬁrge mag lgdvf'mtageoualy

be usefimsowa%qﬁ@l%%h@nebva%% S‘é@t“ﬁ @m@%ﬁ “}S‘F?b%“éfl‘die PROYE AP s, small
a spacetvadith asdk@PeS fok RON-cBanst] poikifusdiiod. eChRin@iigSthe imbrdye 6¢ B inner spacer
eiemcxg @Llecmd tnﬁldlf tﬁé QpQJQr emgrﬁ ﬁéﬂhayg@%lcg(% stxéﬁ IHFaq ’appfrcgﬁaté xgaém?fgo’t durmg

advanced atlon an sit]on hrocess

the ‘“‘51%/‘6‘"’\/‘1”6%‘1‘{‘3’??8 ¢ %’ﬁ‘bﬁ"?“é’d vithe doi smelh Wﬂﬂis‘uz%au it ﬁr‘fﬁfmpi'smd Far this
purpost, Hiecdoh esisk B4, Bi0inganee ingicegaeiia kst kghb yorashvaneedance with weli-
establi$hEAPSbBERf IS 1 ENBRLSK Bl S¥BNRA Bmol® Flohtl:GPRer ARl gxch as the

based | ayer may be formed with a thickness of 1.5-5

am i n advanced applications. Thereafter, a | ayer of

gate el ectrode material, such as pre-doped

pol ysilicon, may be deposisted by established process

reci pes, for instance involving |ow pressure chem ca

vapor deposition (CVD) and the |like. Subsequently,

advanced photolithography techniques in accordance

with well-established reci pes nmay be perforned,

foll omed by sophisticated etch processes in order to
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20 correspondi ng dopant profile for the drain and
source regions 127, 147, wherein the spacer structures
122, 142 act in their correspondi ng nmanufacturing

wo 3880RS: espective inplantation masks. |t e
appreg?3¥éd that, depending on the Conplex§?3H§%m%1)n0

spa¢eptiercat 1Qapand coﬁd’sﬂ;ﬁdulg&tch E‘topt Rer QB Qé iﬁha]‘?&nﬂwﬁ(ﬁﬂ sifaber stmchge 1%2 for the
nal v

1rstr ek B espon cipes 10T eec rORGSS are.well-es
first't Q;ﬁ QP éléiZo Ci!:é'lp cgl%% r;}a ’th thpap @ér ﬁ@{;ghlbsged:rit]ilfart

tion ste
?lsr;%‘ﬁet Ivcgaﬂ’\a/té?ﬂ@é‘a"“ﬁ F'%?éé“é’%°“d"§1°f driegi®@sin a éur@g-ad‘aihdeé ghanufacturing
Sfag? r Hpb.en siplermask 10gpior caadte irevidkd @ el oy a Hieeeksist LA, ﬁrf&ﬁ‘@isaﬁove the

devikOT00 ff:@c{xﬁ]s@gpci{laﬁ otsaﬁﬁr@ %skﬁ&y&l{@* &U&\?esthezfﬁst gr%%rt?r]eﬁ%en% Sl covering

o d tantia
th ?%{e’@l § r{;oeol ard 1Pasl£ %aelehqopgpée? gcﬁa ﬂt%#éc%%%%ﬂorte mend 144G oMoreover, the

Sem’é?ﬂé%éﬁtdngi 28 is prosedibver wleriive bieh sbEeelos Wir délhitiky dandfy tHa @xposed

portipe gﬁmlatdrnmlsm;at or. Bleane mfasku@ersm’v aet b%%n%&i d%ShetmeS of well-established
Gy

PIaS!%:J bl?{lgl@&% E@% f;thlrlEmFeg | ghg I(I%OC : %:sﬁlg%qﬁnn% la aycr a é;Hxao %ﬁ( giar;er a silicon

oxyni lg,e Brisand g ke &ospmee%ewﬂveétss agthipy it st ey e otiaeven) sieetm fermed prior to

the ﬁa’f‘ﬂ?;i’@a)ﬁ the hdndhinask hger { 7an slistyGrop pe k0@ R Q68 Gifhol? 'Sl%mﬂﬂﬁﬁldamagmg
senshifed St EPlE Sirst Hﬁ&iqt&’ %leﬁglk' @ﬂ)c efke m{taﬂg Qavéﬂgtpigox%e r]aygr ra%/ be deposited

such as nic

follo%QJ].ﬁ% d% osmon f’} a 51110011 altrge !?ffr ; 618511:'{1 mgﬁk ayek II Qj’e In t@%@ﬁa tiuf etqgl [y@cess 108
may §‘f>°d&°éllde we@gtﬁe q@z@, Wwhieh rehy beprevaiddissedisfropic @dlpakdss in order to remove the
etch st lhyed after.etoingmmdgh ty@ldigsif 10k foie Wi dth  142a whi ch

COl{’«‘lggre he s&ﬁt?xﬁaqiica\m/ tslﬁwg 9\9 %criuconéut:wrcdegge gﬁrﬁ eaftf:r tg? ﬁOénplehonbof the above-

descb%% rop rll%e W t
rb e ﬂagefs?/ éf{‘}jﬂ '13(:(1“ Hxéa:mb‘{abqf ﬁ@ ctelf masle 106 o€ onppieekibl theijehicoidger device

100 @mptidgea birdhenask et diat @virete eedd |traTsE{bxallenﬁhtSIE@9tﬁ @oé&fnotm@\te@{he fitst

transStod él&ﬂeQQZé [ 2187 naﬁc G 'ﬁ@ﬂﬂ&h s:'h&cgzl bgffo %e?( r}lﬁ Igi]lg ttln‘sp tran%stcg clement 120,

Whm%r Q%& tg&ing%ifg &: de enhance g
he®cost ot R i dRiREA! ity ofghe imectireamyya itigideeiom the
Chamﬁb*?%?n 13§ | Masdorre poeesy chraftionsfapwelliantht @k@iey ofanh@ditd Sdtdl prédul& may be
perfoffigey sz&ﬁiMﬂﬂty&gﬁfQU@ibe)’se@ §ffebﬁhg WR 8 oildNraREPL AL 194) chﬁ 1@ oy red by the
nard Nisk i@nel transi stors, since the formation of ef

silicide may not allow as small a spacer MAdth as
deSETel sthapatisly fhowsibaterairondisinf degierr1 81 iforthe f@onive qading byt silicide

in thetfine rabbiserRBinGM 1201 Thuk @hel fif) @4nsiGd 36BNt 128 |:rﬁ%ﬂﬁmsl @R metal sificide
reg:oatsbmoﬁlfed fnlarﬁi or ﬁx@@r@xﬁ axﬁls&r&g [‘L 101;15%?'7f a%%ﬁ ar&ie on?he .ﬁe f?'t:leﬁ%ode qtmpmre 121. In

onell |'l f %{orgr Opél at e nmaski

EhapRe N CEgUtree! Ve S Ml o W“tdﬁn e #ais fd eepree regions
127 “@ﬁ‘ﬁﬁ” pompjisdd pf PR ailigidey widle, imcib® m&tdd&hﬁd othbrQlicitidd if&med from refractory
metal@ﬂb}pﬁﬁamuxﬁ h\.ﬁ:gﬁﬁ %hco[ﬁ&ﬁ%xor%%veoffa(ﬁa thé ﬁét 319 65 r(g\;he& he form

in accordance W th well 40

f
0 h@bf{rs§s Al dﬂlgﬁ tm tlhe ?OHB aF gxeﬁcigm{lsegﬁm:aa l,lféébr’f“?fi ]@’nfgb fogmgng process

esta
sequengg| st p Gléa“% WeWilmabf’e netitraed tg paoeranedoenmindng andikedialaidues from

the prlgbt@lg efh Mﬂ)rf@@t@%{) &35 TE&E&A&ZQ&% %&%%Qneta‘ﬁ Ré&f @sra cobalt layer, may
c 4 si o thieeds R ce
Bl B U e P w s

14 filna
depos%naﬁue ’Ne*t artgit h‘ta? iRty tn@fbeép@qﬁlgpﬁ WhERE® & pEOgFSY espyovd andjp duration of the
first h¢ae@qap“@g afe@ppriph@eletcehicdps ies s clﬂeﬂﬁala&aaloﬂ\/ﬁét\kreeﬁﬁlta aaki S8 siticon
contanlteﬂ vhihﬁ R date JebEL Qrul:rg}e §§1h mﬁe % a: d Lrl]rcocwr‘?a ons q 7. For example, a

r device in a Vanced

nduct
temperafurﬁ a0 gmge q%@l’pmé’t“ﬁ'ﬁlé .4°°r@P €, mayrpe érpéﬁl fﬁ‘ﬁ%i@fai %qndsf @prto 60 seconds,
dependingzprie desprdohigkdkachofitia rdgloes BOr Teeffenap Rl 0408 feﬁ&ctoﬂ&ﬁvjﬁﬂ foknSed on
the harll @iadX8 &aam\ﬂﬁr Jlehz%mc 15, 161@ Vshcfﬁ%s &Qs%acter%n%peoﬁfau% &g%{rﬂtatllog thgt{lre 102,

first tra

e ""e"aﬁ” ?i% rorGaloRy ‘3“ Bﬁéw i “’l‘*ﬁ{é?sebtd’PT"F&ﬁg%? elqofide piatptpre 121 and

mask | ayer 107 forned above the second transi stor

el ement 140. Mreover, the semniconductor device 100

is exposed to a selectlve .etch anbient 108 for

sel ectively renoving the exposed portion of the hard

mask |ayer 107. The hard mask |ayer 107 may be forned

on the basis of well-established plasna enhanced CVD

techniques in the formof a silicon nitride |ayer, a

silicon dioxide layer, a silicon 10 oxynitride |ayer
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Figure Ic schematically shows the sem conductor device
100 after the conpletion of the above- described etch
process 108 and after the renoval of the etch nask

widawrgeengequent |y, the sem conductor devi cepcdBn6/019720
conprises a hard mask 107a that covers the secon

the digip aiMiSPusde ergiows| 1@Tvpaytbe fedbOvethbit a selergs: efrb proe@o)ierwhich @velf-dswiglhed process
recipds i@ BI&)IWS tnGife 2R bR R EHals 4:20as cbbal Qlﬁhl&n,%&lﬁﬁand e ﬁdcer St met al

?.IZ Oéxg ggﬁ%t trea%mcfnﬁ Iélgane aff‘rﬁ)rn}fi gg_h aS sa%nﬁf;& lh%%er ‘,ﬁn‘rperamre and%or a specxﬁed
duretigrpip @A ooyt thecobaltsipiss fomFd dusinecte fot hew@atm@fsts ebiglilysenductive phase
comprigxtzal sigsifidahiimchent §ircotlt iiigicideC iahmil be ppghiasy e Ge piVRECOM@Iss used

dunn@ﬁl@ﬁ}ﬁ%@at Qéaﬂ‘gxlxttaﬁd%p fhe %anwﬁéa! treggxerlt IQL%h §s§ixe§&1§ :jrgtﬂre Qlﬁe d@l‘g%n of the heat

metal precurs
weangiclt i, i fiior o) Ser g y‘a%f‘$“é€t‘,"f“|“¥1 et utetsriggos of the
regions rlghwithsiespect | thefreskettricel) Behavish prg hvith sespovie figid pdofyoaive durinarhe further
manuﬁ&&*]ﬁg dsace. Fh @&ﬂx[e%mb&hnﬁ&‘@ ecﬁ@;trbc@s@'c&ﬁﬂm&l@ Qcyx\ﬁhet fﬂ%atmn of the first metal

snhcm? er;:n Ele %gigr%tlg)(f n%f t\)lal cF s1gne<g§§cilat£at ?1htl1er ]pxio%egs€3, tn rpgrl;]%upaé tngi}vmg further heat
gt FFé ftmieea. o sl?falt PHside jiry G seprdnispuistop eleming fridn tay PO taken into
consifemionC Gorpisiase, if @S Ppaetivie tiredcald neul Nicdeto bk e»gﬁee MSthels3édnd transistor

eiemeﬁtq[}@?ﬁ réqgueaan)gat ‘i’c&ﬁrﬁentemﬁil %o@er%g%%ﬂ{p%ﬁurg %% jg_é%gh% hg'ag rea%lgﬁjt during

e £ fg e ate el ectrode 'sttuc
o TR U YRS DB ot g mPOseEEr s Bt SPrert | iilae e th
combm@igﬁrffmh sf 4 @Oeshb@pinelbal tryatamd doing thadordytian of tendoosduieid @ilicide and the

proceds @cﬂ!ieﬁ&%nor 1244 Mg e G RIPE f)e&@r%e(p ﬁurﬁ@@@de(toncﬁ%!ﬁthr@dtr%ﬁ for forming the
Cl ges
regmr¥s\'qéd m:ilyeken in %om%mdtmn e{?ag{xs%es ﬁsé ﬁleidl sqltzxd? m elfﬁ%m“f h{?&@wfn@nthe desired

charagistiéhnbi nat i ons t her eof , " and the Ii ke, may be
p N@dtdotke,dn ond Dlustrrgre &hHoSTnerl’{ﬂte atderF ointileG@pdeiive Bl sichaﬁerl‘bgﬂﬁls may be
selectédr}x?acﬁ(ﬁ&hc@ %h gh@ %mﬂ@é(ur? %3 H'QJ Hp‘gchb&f thte I'rln%taI bqllClb(:Q Wﬂn@ig?n grocesg:s so that

4o oo £guence. FIrst ning process nay
¢ Pf‘f“&“ FoaYERG dho digher iR SAPSIHE @aYai’ﬁ aef%fte% fifstgfocrpby §i°ﬂ‘é’égsa iighcsigree of
“decotphes” pricoedihn frsetd rcan cemleditigd. Bi Mt o HemSasaf the hard mask 107a

may bﬂi\a@i&%@j &)%&aer tfe ﬂirﬁYrﬁ{smt@ﬂ( eleﬁn@xtt il ﬁf:atn@gxégosgﬁg %goln? géﬁgigor%{%m%t 140, when

the formap ion. o#‘ the aééi)rﬁllnéegg éll(:éd% i thgl &e&c&d é%ﬁxétgr %rr{) o lé% ingbrleﬁ{ugﬁé@gher anneal
tem?e’tﬂ'é’@ mqmwés@ eyl gdicidp it beeformed ép dwi firit ornsiste diemena 150} 1 Bit other
embodaf, thd fﬁ‘ﬁbﬁ[ﬁd@&onﬂﬁe}ﬁsx@& Gakdid 20| IQMErxay :\é&,&é Stk sﬁmﬁé‘sQ&ﬁ&ﬁﬁom the

same Jr&:ﬁpog rn@!’:lu (vﬁere%pa %ﬁ’erengr I%ttl%e Irst %{d s}:zcor?d[ m% fsihcu?e ss %ug 'intialléobtamed by

tment are appro
using ?:‘ﬁ%‘?’i’f progess crgikipns @t lﬁwm@ﬁlcft o é"“@’éb gp f”irswmél SeF‘Wé el silisids may be

selecteg d)xrnbcardmgedw%m thdxd dandithes. gﬁtwﬁy eleembieatbanct Jillsaib i@rink 2% hidieg anneal
tcmpenjétbl@ mg)r l@:'ﬁﬂm@:ﬂgst SSQHH&?I? i a%g'fe% m]p%:;Zess (!: Q&txoe%ﬂmg (ﬁ)’taglgd bé V?T%mg the

pr oxi mat

a““e’“B%’nEb i P e ey b et ersplsipeieng o DL SN s,
dépendé Frgeraicatthaiodeht sadtotdustaldaessi0din 4 fagher alyimomsmai@nuring

stage, -fnhtﬂlﬁ @;@Jcteﬁfrst c@ﬁ& 1iRd? rhy&@@lct £ b8 & Qru%d Fﬁ‘bﬂl!)maftl&r HRd d%ﬁcmc
layer 9, tge foHned QO cacldse tl%a us% cp Sego aﬁ-ins%tﬁra ? QS

enclose the T u th 0r i %?rng ﬁve the f%:st transistor
elemenéﬂqobpe{i the éecg_r(ngans&‘@r ggm% MO, wdchanstillrorseed da de digfd mask 107a. In one
illustrativ@ femBuin@ityan Bk Adp HyRal2 HBI}!O Hiricll bn tbeﬁfirﬂ c@&aMber &p@\lﬁ tFh@xample,
the ﬁrsgc%ﬁtgct ﬁrlerq { @gﬁ d;b% rﬁ(ﬂ& L gf an%/ ;Dpr%]grgte dielectric 1113931‘:33 xhat may %Zﬁ}mled with

CI/ US2006/ 11197 source re

a S*’e‘“ﬁ‘hs?‘e‘i’j‘é‘ SFEhNR Y By & fs%‘la'éﬂdv‘?\‘}’é legrerclpy ther 5t é*é@stmf %ﬁrmvm?% hin one
illustragiye | dmbaiieat lthie St doppacO G@E Sayerr BE inpe e atmprikad ofnilicd Lith@ af dilicon
oxyniteld®) eor LR LhiBdsv1SIeG BepBsiofs %ﬁéston ik bdsRBf e Jﬁnﬂﬂ&ﬁ% t@ﬂﬁlques are

the |like. Next, a second heat treatnent may be

performed with a specified higher tenperature and for

a specified duration in order to convert the cobalt

silicide fornmed during thg first heat treatnent to a

hi ghl y conductive phase 5 conprising a significant

anount of cobalt disilicide. It should be appreciated

that the process conditions used during the first heat

treatnment and/or the second heat treatnent, such as

the tenmperature, the duration of the heat treatnent,
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consideration. For instance, if the formation of the
second netal silicide to be formed in the second
transi stor elenent 140 may require a heat treatnent
wih $007/@siseder at el y hi gh tenperature, the secgaﬁllugﬁ@(;mmm
treatnment during the formation of the regions 130 may
knowpyewligreint thee titempl strepy o die rfiess poacti gl Mpyeb @3 Ishor beespprdpriately adjusted by
contrdifig Sud\ ¥norel dfositién ;ﬁx@ﬂ@drﬁ adn %fpfrcﬁ&te, Q&pe?&tugeoﬁtﬁse[ﬁQQr&Qd ke, of the

piasmlg %I%‘Atﬂlilc'é({ Eﬁg g%(gg s, q:lgr ex? le sx?con m{mqat O([}m onna ge dgé%osgﬁ with ﬁ“ internal

eqguen C
steess it Foggs iR apqr?xggategn]cp G?af coﬁ‘@rf’”’ﬁ’ﬁ‘f fiied, to GRPFQ"W@“’J’(V He Ghademily stress.
Similjnlyseilictrr s attnideiday ﬁecfbnnfsmxﬂiinﬂgwdehaﬁﬁge df egipeasie Io3thsikRYesd. MRfending on

the m!itguaﬁzgmsﬂﬁitolf a0 ﬁr@%&@a@tl I1he§ E}ﬁ z]cn af; nag(? a@énal‘chwnlgg'hgﬁetéhlgelectwuy
30 aV|n ? desire aracteri st

i 0
to thel\}ﬁ’re A O WieEfao o ity S bt fhent Ting e g pebpege s
transiftqy plmmgmp dspeateicl prows e ke ite fded neghtorsmpraiAoties lai@@age. For
instanSe? iR BiekidcNnaa G Qlectans en &M):toﬁ'xafe hﬁte;fef}’ 7R @ LM K6 18RALE W88 the first

contaJt ﬁﬁer ﬁ?e? tf3 101; su‘i:stant: qunlansed otJ scixccin imﬁ %ﬁtéqlp Qlef%rglodf sellscon mttiﬁe may be

used af %‘ﬁff@’rsé?t’ H‘V"é 13(?&9““5@‘ op@iifds s ﬁﬁﬁ‘a‘fﬁ‘w @ﬁhﬁ fstrertesbiregneviPli ng
a Higught dﬁ@f&&@llﬁfﬂmws isbeafieipductgdevibet 06 Ofring MQ:tch PRcdd 108 For exposing
the se@ﬂ@traﬁﬁ&@ @1%&(?%46" Th§§ lh!a Eelvgeel%f) m%q{ave f&'ﬁl‘étﬁgege%n ant e?ﬁ mdské 10 whmh may

be P“’a’gef‘rm thf %8“ ? |ar“§t“ Wa r%‘f‘ ”Efretca Prases0”: 1*12 etc%mfer lygddsd pf"ﬁ‘éed e,
the expiaednrtiont thesan§ ingyt loreneled ity afl 4Qroprinke@ioh clichistyf Thavafidr,oln fiof contact

liner [UB;EIBS ﬁiﬁyﬂﬁden{ﬁﬁetdahd f&hﬁy‘ i ek nias@c liygl'q 0R&kRe thet&lédaa% &tt&rbasw of well-
estabheheg remFes il'ri somcf F]IMJO(E]I‘H%% as é)reivmusfyg:ép?atmec? At a(ﬁmoxﬁefacth S%E Fﬁeé (not s?mwu)

may hfiYer‘@%ﬂ Vil prior rtheeramiontof the berd ppskdfRewbicheyadi fre aed during the
removblld€thd liafdsiaslanth S £6i0 kidud dadiRs InFHeQhde Rl R BTdSr kR Qs clchd@ 1408y

r Q"fg%llewg scﬂ@ﬁaﬁéaﬂféhl)\lmctﬁecggﬁlcofn&fc\gF%FJ:er 1‘65”311&B|E‘ %e cd %ﬂﬁ%n of the etch npéocess

rern a erence I nt

cur sor
109 ok TR f SR P 6 s PR BPRYP OBESl HaoByss e
contacgigierigyedi3t hazing it figrigg @b gres aridptiondin Se anidsidpaayed 3t foedtheles. On

the othef hatup mms&gudtmmfof a&temaa@ hdsﬁg ap Qpamfst 134, @dt & 'ezﬁ)bg@ Shd TRY 1€ been
hese con it on

biect l i n accorda Yi
subjec e? ) )Pmchlmé cle'{nﬁlé PTOCCss ¢ Fr rgmqvm% ?na é,ox}tagwilt§ 'f‘“ﬁ éna{eﬂ reﬁl éf‘l@f‘u ting from
the Pf@aﬁwé’a’Plf%@edte@W@PsaﬂQ?r e may be formed first. Simlarly,
I fF1gar_a ati d‘c]ﬁeﬁnﬁt&ﬁl%hdw@ thP4eRACRRGtS AREE 100 QIS deSond Qeta@ ﬁltclde in the form of
metal &Rfd@ keggxgs lgty foxl%!’i X1| tﬁ]:%eﬁtgghetraﬁs%ung& tdlﬂ a‘{‘he metial s1hc)§e IS mns ll 50 may be
y be

ere
comprigaf e O dlffFrgE%th#@f SoReraT e w%ﬁw@ Freifes 18t teast regarding the
metal @il coimeu oY bimedlia e d@in B Gobtr r@ichurdt helitheathubilie @6 regions 130 formed

in the ammﬁ @&tcu reglezg ms 1AL S prodd s&A?ég§ ﬁ%gea gzﬁwnrléh el ek 511%91@ Fn8%arain and

ayer use

s b 3180 Bt I BT o ieds st 'y G atpofigens e
metal sgliqidpsd Santl K@ nfai differ ithicknsewainth depth ndhesbrosmndiR@raindDspuriegegions

127 an? ﬁf’? AR &b @ﬁ%sptnl’dﬁg Edtd eRbtrolid BRSIS U D anB P ﬁiaﬁﬁ@rﬂwg d}ugtgd B0 Bagsistor-
e s

specific manneregno%ne 1i§uﬁtmpﬁ: emé od[ mentkgnengi sghlc gé reﬁt%nsq!;'q Tnatu}/sttc cgrp;ir\/eél of nickel
Sﬂw*deewkféem h’éﬁi{ﬁl diggecenf 81 rgioap! 5P At Fesppg 2o 1hg clgpngbregion HB db sobytantially
determinkiebyftiiervdth BioNdaCH plobiter sulficitt® Eafedyddargilia Mie® X2 i8ng efﬁchﬁequently
observédl Wik 'incfepﬁl‘icﬁlgt In o'th'&%;ub&d@yeﬁtg tl;]e%‘getargﬂ%ﬁp %gﬁ% q?({)lln%eog comgased Xf other

ppropriate dielectrigc teria

‘“at"’”‘% F t a8 CU%éE‘F‘F? » Eitapiygy é‘i‘rﬁ‘ﬁi foagsipipElicidg gncyde fi %/'6 SErRiioply giplained,
howevg ttiegéeiond 130 froned g thealyp@rand owrcetrbpiong 147 giffertiivantigicategondaly eiamintlicide

120. In one illustrative enbodi nent, the first

contact liner |layer 131 nmay be conprised of silicon

nitride or silicon 40 oxynitride, for which

wel | - establ i shed deposition reci pes on the basis of

pl asma enhanced CVD technisques are S WD 2007/ 005136

PCT/ US2006/ 019720 known, wherein the internal stress

of the first contact liner layer 131 nay be

appropriately adjusted by controlling one or nore

deposition paraneters, such as pressure, tenperature,

bi as power and the Iike, of the plasm enhanced CVD
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transi stor elenment 120 during an etch process for
exposi ng the second transistor elenent 140 in a |l ater
stage. For instance, silicon dioxide nmay be sel ected
vasafoeangropriate material for the etch stopctRaygisdid2o
when the first 10 contact liner layer 131 is
regignytia i Atl¢astiohechgotepstic wathvih asidividoinddiatidniatiperfdRankd i@orease for each

oftmut;ﬁ{mmgm@olmpon nitride may be used as the etch
on o%nltrlde is the materi

© sec%’nﬁ met]1 s:%cxdetr%&ﬂs 45? ﬁxéyrbe g}eglrm g)idancglwﬁmzeg e?tafbhshed plrocesses for
mst@&ﬁw‘wﬁioww|a|!a;'er§ﬁ@ﬁ@towh@tasw@omm tho devite Wi0@eis 1Q@red for initiating &
chewglica! ketxgforaRithalicORdeflifCHR o il BQorfi0ke BX ROSL H:Qu::exﬁcﬁ% ﬁ@g@x@ﬂg the selection

of a ;fr(ﬁanz§ @;}&:Qs% ccﬁlh:%ﬁ? ﬁyt‘ ﬂlél't%gnatxon%ﬁ §1ii 60!1? \rlr\;ﬁqq 1?1101(% ¢ 10nsDIr§R ucE as 1mt1al layer

thi I‘I'f tﬁer eon an etc
° ’FSS\‘/’ BT AL PEeh i Peratp caieal dupios jead thy e by SPhecrisyie Apply as

wam“mslsneﬂ 091 refefvece ettigtirs hay siliadeasgiod320. Th bne praanmiivd @Blhodiment, nickel
siliclde Guay belfémEJ"l?y %@ﬁl@d@cﬂ@fu& '119@111@h@ega§8]cs preHPer Den 59%@& eda carbonyl

rlate etch chem stry her eaf
RS e RRRT R Ao apih et gt rese famebg ek iA-00C
Subgfequagily] fyetherrnpneplgyotbs ey pérfoyoed tols@Fitizena yuebissiligiticih el re@i@ Y SO M other

procts @ral @& Sseddhd ARl cycl@iﬁlt(,@:mez’txﬁélﬁéjrné'ta@ﬁi'zc@@ fhto 2t Qciﬁﬁuctwe phase may be
I Oha

requ@éﬁbﬁegéng@ on%lie maﬁan% use¥ I%F]ms nj:e, w%ﬂslsx%gvl@lt Bretgﬁqgrgrwqoacbﬂneal process
is cagief! g a% the W@OT%?frfax jopFragsd ntckib thasbychrontns khe hBTR condniing metal silicide
phaseras proxvuddedititsed, 6yl SigoifPant RBuende@IBY @hce&ffortf&ﬁm@ Bk ot Setal silicide
reg:o]ap ?5@ oB Bhe %yspxlrlgai %ﬂg&é@e 9’08!‘1%%8 r],ep degurgg tl'e sgcg rXetap%thQ’d% ?s sgedcted S0 as to

transi stor el enent a
ey, £ L EPEBRGIPER BolR B8 08 Slpfior 1 fgance, in tho istaive
erbesdiypppt ét iWieh wfkel Hipidetic Forpadoio 8lsregih®AS@NEE Afukr@l adnb¥® temperature of
appréx@HRW%ako e g b@sﬁ&ll}icﬁ%slgse tnd0s co &ﬁﬁ Hlﬁ tetnbgreﬁ&re for fo?nmg the first

metafsﬂmr&em st or, el §msnt nprises rst  con
Fy &40 1 SR ReriCrRpris 8 ‘1”?3\“§’f‘°“ik’nt ernal str ess and
opfFicepal ﬂcymtheﬂygb@h tigt sopicdngiye@r dekB 1 fooritrRcedbiiedoa@n lindkyer 151

forméd 1600 thh Bkt aRBa@nd tabhBstos ﬁ&&ﬁg lﬂO r ﬁﬁl Stis Ee@c(nd @:’nﬁmr laQeArg 1 may exhibit a

speciE@YJetqg sttr hse Wi P] % ren:tl'éorﬁ thcé éeaqcﬁléc ieggﬁ?%sqo%&e g.&séégtac[t Brf,er layer 131.
In one é‘h‘ﬂ(ﬁ‘?“f’?gmla“ﬁ’yméfoﬂw ﬂ’mﬂﬁ afwta§ lingydeyerelts b isifaincdrethicotomeesssive stress so as to
provifie § Whibyirdagvel @M witRh theh@arRb1eMieU $48Yor RRS éa@sﬁs't‘@ d4(f—‘t &N some illustrative
embo@ﬂr@xﬁ? e thQ gpace'r:la Qf}rlzﬁnem!s Ell bgt(ﬁ\?\ﬁ)%neﬁglerge%ls 1% ?4'8 3{ be remode puor &%fom}mg

conquct or eVI

the S‘?“?f’q]“?f‘é"‘“f BTG Pt §Iar G d‘@é@%@% ?f§°1‘1150 ¢ ooy Frplaied wih
referqnépeio diwdos dontactalings 180 131 pdppnpiate lekBs reliB@® forak@latis hicedl Aess in a
d1eIcJtrﬁ:gé)@Jb$e @eﬁgstm%ecplﬁ the Qz@ mrﬁeﬁ%ﬁec@\feiy‘%e 12°)1 gnrfiarf’i)tlng ‘hlg @éco d contact liner

(iig respective net

layer 1 Fot msta:fgg 16 scecl?n F%lglgttjmef éﬁé}ﬂlnﬁé bet Oﬁ@pnsm %[fco%qquilecqllﬁgz oxynitride
and f‘Feé F c‘ﬁgfﬁlﬂ 8 fifsogfrsgon nontandinglriaiom 130 851 90y be e gf SNisr drdfiferent
mater@ R HepeB@ng MR hadkesSdnd H&ieﬁ@qﬁr@ﬂﬂn@ ng s&?ﬂ@enfb&ﬁr{ﬁg #1200kt L8 of the first

contagrllﬂérq g%ngl %n%%cgeﬁ Et@ I ohn§1f1taai Zeknrefi stram Iél tﬁa c%%:rﬁ Srﬁ?otg I%St gr%eated in

combigpfg fbeé@ﬁoa%fmf@tﬂmardﬂer AL {Thes ISg'éthefaEﬂll i s s £ gpoe stes,
while 12 Jayerd 51f @libiB @ conipreS3@ip afeds Be Shs@PSiess bNtheIHBEL3 Bﬂbﬂﬂ sIRQA Sufficiently
high sta I3§to 5%&0@&13/5‘“3} &hlgfﬁé:ga‘l 519 ctﬁzﬂ)gss}v@ QueEE%\f th%I Ilagg ?gdl hlereba ﬁnallﬁ inducing

kness $ corres

e oSy SR Qi ?@@ﬁi G 1255 7 i “Thepimgig g pppostcss fth poron o
secong gmpegtdperidientf! damel ghechs Beietrstita ekuee$2012d bamtditidilin order to
substaRfEYly @bpEQs DRinBchdd ot Bindeal ks RSkt @i~ speci fic manner.
In one illustrative enbodi nent, the netal silicide
regi ons 150 may be conpri sed of nickel 35 silicide,
wherein a lateral distance of the regions 150 with
respect to the channel region 148 is substantially
determ ned by the width 142a so as to provide a
sufficient safety margin in view of the piping effect
frequently observed with nickel silicide, In other
enbodi ments, the nmetal silicide regions 150 nay be
conprised of other materials, such as cobalt
silicide, titaniumsilicide, tungsten silicide and the
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5 chem cal reaction with the underlying silicon in

accordance with device requirenents. Regarding the

sel ection of appropriate process conditions for the

wioofadosep of the second netal silicide regi paggdnbsoiero

such as initial layer thickness of the refractory

net'agure Lpsraaticallvabry fha samicandugior devis 100 arcatlinoty oagitlustritige embodiment,
in whittktgs intbrie stRgrRthedetdn@éohidet BRPhyr B is ei}ﬁ!’n@Mﬂ/ ﬂi&ﬁﬂie}{ toef&m:eaﬂs R@6knce on
the Wsttnlansfsgf Qén?egtcﬁot f*’ortt}ﬁse ut'plosres H%JIE 5 ﬁl sushl as a. reskste xinasg Qnaly .b& foamed which

one illustrative e
°°"%’§? S%C&ndr‘fa?**ﬁ@uelwﬂté‘“bw PPRiEe %f&tﬁﬁmﬁ@ elemant \34; dThe dawce 100 may be
subigstyd oUmatwene Eidr Bloeh, mag rphiseaisin mieGilathatite@nb@ingar D@ytive d€h process for

remdvil (HeGhble) pHAML B&REQNT QRg: | lu@r fayeg @ﬁo§he§émolﬂe Qapfrcﬁpztna)ﬁrghably be

t
oy TR Tl o b By Hay A5 EVBet Fgreepmorio an
o DRG] APl Yign WA hieieR fon triagiosy segpiapxrmon] B&n, ehimanium
and Ot Her whlthaﬁﬂﬁﬁl&lteﬂhiftca&egdp&&l podlioS &GIRNG e 3N %tebﬁéﬁ%ﬁtmﬁl? Feiaxmg the

mtarf?a‘p Q}é@rtﬁelreggby} %r&%@égm Itl & égktgﬁnalbtmct%e%f FIF] %hlr)i 1C onnd pproprlate set of

eria

ol J‘&&%f Pafﬁ*&%“% HrRB e e El“stl“ﬂ’@m(f’gWa‘l“‘ttm’é)‘falct“?tt"a i ogfkeg fo gyoid unduc
pencsaipipyfthe Srrremict pedoesi8l. is carried out after the
r e RVl @ﬁemﬁ\:ﬁ?ﬂly@%s e %ﬁc@nﬁu&@ Ee@lee 105 Qt?e[' fﬁp%mﬁfe&ﬁtof falo I eal- 112,

wherem gn tlh% eungj ég;;fa:? sélg%rg g[ggctcoaﬁ]d f;ongct él{xe ?ﬁ"? Il:)cl af?ﬂneq eﬁ?\le &Elﬁ&-;étraa?mtor element
120 ltah‘@e‘}ﬁ‘@@ a feglt of thy rertmgni i He T@eel@ debicrBi0abmpsipds the iraheistor 120 having
formédaiipe@Stirst ptalalickidd tHeifdrs bor thErte@dns 53’0' Mﬁdh%y Eeﬁgin gd o¥' § QuethiSilicide

that & %progga% %re&mg tfé?]ﬁ&d %geotg qw c anne re%xon 12§: Wq'i e he second trgri,s:étar e?cgmnt 140

requi re a | ower érau re co
comptnff,é aﬁ?cingltm%flgqme dy fhe &g éf thq;:{f,gloqs st afgleare ﬁaﬁ:ra@lh @vaced apart from the
respeptivi ehgtineladeiov @48 saintaodilymioiding tolthe whtitCIA2aN [nG Kiati®d dnib€dirbhts It regions

130 11‘1;19 bR pdishd (tfla&aﬂ =o1%e) %ﬂgéeoregﬁnp @50 %S%Je' %@gisé%%glgmel silicide, whereas, in
other emg%;e regtt Uhs tge a (P Q rtoxl 1li;raa\tt1e lo characteristics of the
T AR P PRSI SRS %W?Ye@ﬁﬂ??&fl iy %ﬁwﬁééﬁ
feﬁPef*E?rﬁé'P'&t 19,6159 e irfdiyidpdlin gdaptad tof ther ®vice @rirenehalof 8 rds@hbtthe transistor
elemdn® g:zooms ﬂ(&@eveﬂ fhe fi llﬁtrcodtaﬁﬁiné?} ns& iﬂqm&k §<§:§ire@f‘usﬁ99@]ntthe channel region
e |
128, sﬁ&h als % leg‘. & Stl?! gvlﬁ et{w./e né%sm%b %H&ﬁpxieﬁ%s anéi\Te z'%nﬁ%’%&%ﬁt{) g{u[e |ﬂ16 ﬁeé?nd contact

sem con
liner faypy 31 prayifles ff’b”r fienhiieip ér Phesppdtiyesthanadl eegive d4nid accordance with device

requitethants Sif SheO frangibt@neint SCo]ﬁ%Q;entﬂAQanméﬂiQacﬁ&ﬁﬂlw 5 QNEAGE hdn88ds and
P- chalu@ytﬁﬁmélo'?s]me{m}{dnﬁ%g ymetmc@asecﬁﬁ'efgxlmul Qhel AL 1|pcr;]c{e D€ ané the 1esgectwe

ferent e res ect Ive rna
strain- (5 uciuﬁ éay?rf fracg({rdutgdﬁrth%‘%rf)cefs SYTESRY qewgeld alI)gel therc}:lyﬁIS@ﬁémtalmng a Iugh degree
of proje¢st {esibiligt withent emibowhitme interactbh &f 18qoonts OO Rtmied thé fildRd second metal

silicidesA Y€houldh aj:;ftecfa@& MRG: % 5%&9%@&%&4% Sho@RSutsS Ro ﬂx%ﬁ & Qe second

S e OEERG
'mnC@ﬂ%%HWﬁ%ﬁF@mﬂ%ﬁ@mmmm@whspaoewuws%mmhhm&ﬁ&k@wﬁbmmhmcfmtmmof
the m&aiQde @GRt G bAdmask 4672 Wgubzelcf QHQMS-QpIQJaHQE a c@respondmg hard

tact
mask 1fl18*r bm%glgcd F%J;l % e§c%%9tﬂe formatn on?eéuence? 1?)efl(‘)mnmﬁ¥he resg&%nv%xru%te} S%ﬂéel rgg;ons if

ance
an e"f@%’tﬂ ST 6 1S B e Ber 0 e Ferdione e meeiotiid

conmdleracygqtpplfb@ib;e & ptmmmp:ltel, Aatrup regiesseds ©c el doRidege REraldindgk layer,
which |nﬂ{ &&NR! atl%ltngaecacf %pbs@ th@ sec&'d @én@gﬂgr eiégicn e géd ik ma3é }hen I:B removed after

art tiv

the f°“ﬂ’§‘5’8 {aﬁ ’P‘?ﬂl ﬁﬁs 5t gl ié% T G EPRRr ﬁ@FeSW“F’E?’@?Y bg gepformed
to fompffergnigtirppsddirst 4nf eccwid cwfact livvo laveactherdby previdibeatenh ddabek oftByipatibility
with c6@cnGRPFbSEMtatetfiesSi | 1 cOn nitride, silicon oxynitride

and the like, wherein the first and second contact

liner layers 131, 151 may be formed of simlar or

different materials, depending on process and device

requirenents. In sone enbedi nents, the internal stress

of the first contact liner layer 131 may be sel ected

such that a desired strain in the channel region 128

is created in conbination with the second contact

liner layer 151. That is, if the layer 131 is forned

to exhibit a tensile stress, 35 while the |ayer 151
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in which the internal stress of the second contact

liner layer 151 is efficiently nodified to reduce its

influence on the first transistor elenent 120. For

wdegpeiseose, a mask 111, such as a resist pE$ks0BHor20

be forned which covers the second transistor el enment

1 4G tipateterse todimuest Rrefct Sadhesf iflysisative anipriiients of thepresene invendd@Cyill now be
describdien Aoy d-ea, rﬂ-@ﬁclﬂ'ﬁ&}{ddbﬁnaf?sti§1H—l§ljd&ﬁ1§; @Qch&zﬁ%mﬁna@ heRLNRAld b Lén further

enhan\é\ﬂiw%ber rfmr‘fa[’aﬁeeo%?anglstore e%ge i1lustrative enbodi nent, a
sel ect1ve et or renoving the exposed

poftiedT %8f? f°ﬁ§°‘§’é°é% Hevie it suprises 4 dirst frappigter dompnt 33 apded preond
transigtdy @lepnC O firap hifitanmyub@kinabigy. ehe esibapRadhomat thd Ast tdiistor element

22¢ nﬁfr %Bkes%ﬁt QPNJG@A}{&[ tra]’nggor, v&hﬂe @L Qz@trnd ernngtgtte[‘eﬁLAt yi% may represent a P-channel
e treat nent

10
translsgor igarmnér%ntilétorsegglﬂxt 5 Ay c?l%mei an%ﬂe éﬁf‘rﬁ% sa—hct\w %lel Walﬁh is enclosed by
disposalﬁiﬁpﬁj}gp 269t accap layer gqg@@q adgrd mesk@R2. d¥miledn 0w secand gromistor element 240 may

compi@e HEHbId Fpac@Nho tahe a |c:ika@yer W Qe thermzlv@é’]i(f@ Gualy BE QubfeB& to an
amsotﬁ)ﬁpg&l%qoc&g{lg 0 &m cesg 973 aﬁy 61):{ 6)Jt'115e speosab spac s 270,

bst ant | ress thereof
by P& &7t B0y %‘&‘f‘ﬁa‘g i wgre e Jaspa ip P%‘édaﬁ‘ter"e‘é el @iaffshed ppgoessos,
compriisay the palibriing orhe gqdpAicorde atnaurseb 1, 041 foliotgal beAtAbet PAnation process and a
cozresﬁﬁﬁl §s§t§n %PX 1151% axgzlsljc Yaygewﬁght glgj hglh ?éj paQt%mtdhlg' Bl%ﬁﬂ?bg%ghy and

G tion in_ or
wiso SIS B g0 P 6 L OGiSaieh PG T Foreggd on e i of
well-efrybligipdestch feclmigipe rierbic Bk fliyposbiowscets BE), Senp Brnil ot ol of vy hagdmask
262, altQ0anddich @faskd MBer&AFPhEL D00 tha RQWELRALAB My phldoaning processes, 10 a
mhﬁM@%%Im mw%p tge enbodi nent shown, the second contact
% T81™F or med above the first transistor

o Fiste A shopmiotly ety e tsen20h vy iflegiie gpitprisbypnth gypooss RES to grow a
semicdnive@t svepdundl dithin tﬂ'el‘l’etSssestthE tdemi cﬁﬁﬁtuﬁk@@lxﬁxﬁﬂrﬂﬁﬂe&ﬁ& sefnfR@ductor region
274. th{ ﬁﬁl@a@k Qynbédgrgmb a»)\(ﬂeﬁ] %e Sg{ﬂﬁ% gangxggrr Zgrb r}?geégnls r S§ }E&%latran%stor the

licide 1n_the form of regl ons %
Se““"“&%%‘ﬁfr ?0?8?31“%?74 R A §“da%'ﬁ}ab‘b‘1* \j Brepy fogping a
region joEjompyeshinr shred wiiblosslitivarteff@ieon haninedt corgghisonr stl@Belowmtht k@ electrods

structufel @1, Sl@ Ql@\ﬂ&j bet aﬁ)ﬂr%ltea th@&/ev@tl &M&ord]:éq) de%@é@c{ulxrél%ﬁts %Th%%%ductor
1 on

compotr;rr%s Slt(.‘.h %S sﬂxccin axg/cF carh ncaécgge [5k§i‘lflay$? g)mle Hleor Ji.ig gsba@%s?ia\qeéxre typft] of strain
in the @H’&‘rﬁ‘ﬁ%‘lhﬂﬂrﬂ@ dflson &%Ps%'ﬁefam ¢piiiay eranett orighs my Welbestablghed in the art
and mapetidchivelli42 Gsed duﬂng thd fdsebsk alsi WRerR#HR, ki dRBILbR spab A 70 QGG Srask 262
and thczﬁspgsg’o@e SBRXIS mg}o gg}gdlo%gcfjan&) Ihe glgg)e]g prgcessk%i)fctﬁed Vzce\@EBerlnay b'c;: Do%tlnued

egi ons.

s1m1larm%1rs éeéchbedl Vﬁth re@(elq@rto @ﬁ‘ﬁe@ dﬁx H’E ﬁ“{:aé is, ﬁipnmeﬁt@qillcéib ﬁg[@ﬁ frrghedormed
in the digrizidrnatonrd mnpay: digese hatl elg c&Slecﬂ disgho@ So tekpective channel regions and

add:tmﬁ*ﬁ]?fe@@&@er c'orﬁ'tc{ Iﬁl@r l:%faxs E'Iraiﬁf‘ereﬁt%egﬁﬁs‘irlasy fay it @ipas 130, 150

devi ce requi renents of

t %ur? :510 sﬁgxgiulca@é 51%/ oW, gzg Feg/tc%%OO agefr & ﬁmpgndfg @roceismquence as is described
with reffenes v/ Beurestlndl. fHenet the st targsistol pleneent 2@ ypayr coinBrse ia INEiteC @Sictare 222

having A6&dK exta, fvlrh'icﬁ tsub&ﬁxftlﬂlymcﬂ:fds 1 kb%rag ﬁl@ﬂﬁ@!}f A BYIQRI sid2B reghl 64) with
respect?) c?amm?re 10n Sllt{L ?rﬁp meta\g%}hc%de reﬁlon I‘ 6}1?}7% be \Aﬁmqnée:!i %éanglglé*&ﬁ%f cobalt

- S ‘an
silfcide a @flat%ls [Whiglamay alfgesp mm@retebrsw} et 232 o 24 togfivhapes tis performance

of an Nsdhir@d] Mrarisiiod NMrdo@s i@ Glusisdr Qhafaf] &Jmpﬁ@@ I5@NcoREdS lihe layer 231 having a
specxﬁe@qlﬁéyafj@@sg Sudftial Qtegs%g L6, in FROU, L8 ?Bc%rcg tra'in ?thte %mi?é %&1911"228

é@g Consequent transi st.or or mance
Similar %%??ﬁ%?“a“i‘imé ﬁ%‘n‘%‘% B0 gnay fegeprigs. aéﬁaé?f oo 24niaviag ¢ pidthfads, which
may difffen #ony thelwiih 2322 b tienlbstatseobdimehor whishghdtiagsismedi@dent 240 represents a
P-chanr®i thahsGstof] @ne QG ﬁ%@@g A8 b OSOSGH be theRoby &er deQMﬁéer&ilstance

| ayers according to the process strategy describ

above, thereby al so maintaining a high degree of

process flexibility without undue nutual interaction

of the processes for formang the first and second

metal 30 silicides. It should be appreciated that in

t he above-described illustrative enbodi nents, the

first or the second contact liner |ayer 131, 151 nay

be used as a mask during the formation of the

respective netal silicide of the non-covered
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40 wi th conventional process strategies. 11 WO
2007/ 005136 PCT/ US2006/ 019720 Wth reference to

Fi gures 2a-2c, further illustrative enbodi nents of the
“ﬂ)’@ﬁﬁ{ﬂ)ﬁmi‘; nvention will now be described in @gpF@s2006/019720
detail, in which an additional strain-inducing

for 2 fRaquA Atk Hicidn yeeior 210re e Fom af tdkeltsicidy faw foe repivesive cheplarpria 245,
theretly hpepviding kisbhrlce DR b@BIBRE @ POhankdl GRSbET Ofhe Rle@NBRIIS reghbi 250 may be
formeE WHME @e ggﬁ’ramaﬂy ?S\% &&Qcﬁ&psgzgi Oélgd%t\é} 55032299 w%glltTBgog:‘?o%%es%nhanced strain

transi stor el ene
in the °Fa£ﬁei [EPD e e itthora0 051 Podrnehipapsisigr, peiigpuiesaiyoh g ixture in the
regiongX/ g pyey. crepin addhienabevisomkisinentin B ite wapnet degonf2its. Mordoveq A sdc@t! omitact liner
layer 851 G}ﬁ}amprov%&ohaﬂﬁé’ a $p8c GRBRL s @8 Whkee RANRS kio Lt ANS LtBhte to the total
Mmmﬁn%cﬁ ep € nd transi stor el enent 240 may represent
%f ranS|stor The first transistor el enent
2%5’“%%‘&‘?“”@0 Apricges a0gutse @dibt crhand Petorpraeey Flerg@itioptrmprred to
conveht®nad GRI06 S&tteDiyith HikapaI@blsers $Ha6 rBeddRkin @ BRdddi yiQfially prown
sealuc%ﬁgctomgo@ I\Moger,%estb tllg%'acte$lstm J)t%{c!cey Slhchlg %nﬁ%ﬁ)ﬁ%% may be efficiently

é nsi stor el enen onpr ¢ ]
forme B@&*P%S“ﬁ%@ﬁlﬁa*wa f@@ﬁbzﬁ‘*a‘y}‘é? w3y fhmeypy é@?}’élfsﬂwtdﬁ Efefirpg! o the
region@ZX. may be subjected to an 10 ani sotropic etch

PrQRcLS it Zt%é'rpxteﬁntfxﬁ’\reﬁﬂoﬁ B3 88 ebbre ARLLAEEN: Fogmxtlgh&amed transistor

elemexgs o% Q&S rerg{ S %%121 ré?d&p )ﬂlh? Cﬁﬂ%%og%?%ﬁié}éhc%e {eﬁxons are SpeCiP cally tallored
Wﬂ“%ﬁ*VQ@@ﬂ%ﬁﬂqﬁ%W@Geﬁﬁﬁﬁﬁsﬁegnmw@@ﬁbﬁﬁsmﬂ@mtwuypamméﬁﬂwwgwhs
the foffatide@® dgRfer @hee of MM Qilisilids, ek 65 the ddin-ikildne Qdch-0ME %a@)ﬁe used
indivi ai§9§%£{1 trzfnggtm of%rﬁ§ 91% gxgt% sf’fl[]cge farmv\ﬁn(l) Irn%?/exgé?u%e %%Ecgengateral position

epos itiron o
of *‘lep‘aﬁt‘al‘ SPASTrB9s ph dteolr Ab grap ny"saﬁu typegnherelty rpémdelg étlapred design
flexibititlpt Boir imstérke NWEISdramviask redibihg 2 Tha kigafct etweet themed glvidp @icieSBannel

regxongr;]a ben@ﬁfne@ gor&%x@(h@m%a&ﬂoﬁ r}gluﬁﬁgsé lﬁghq,forédgzgxlwty of the metal silicide, which

bl
my oo BT THRGIE 5T TR QA oo e e § gty
large disiece heyagn tresital siigde andgbetchameel wrioret ch mask. Thereafter,
t 78e Levi16 Bmbd@iReiPdscbRd &U‘QJ a@@l!u&&'twe%ﬁly & th@ﬁyentmn may be modified and
prachcpc{ & vcf\{f%nee%up %RQIQ ?nsar%lgrg k:! ent %‘h thgs% sFﬁed 1 1e eaﬁ 11avmg tﬁ benefit of the

roce
‘ea"h"@%b‘i‘%‘é waier ﬁ@ i’ﬁ’“ése?‘@&ﬁ‘i‘ Jth éb‘i"ﬁ m m mgﬁemw P P Fifferens order.
Furthe@ibfe, fo0ingGi@ins @e infe@dEd CORILEION ARG VE ddigh Bdrdin §uBn, other than as
descrite@RAR SRR . T RSFLRY: e%&@&atrag Pl féﬁb@cﬁgen%m§gsgcﬁzgaove may be

n uctor regi.on

stered S AR RS o F e §‘“é8‘wﬁ€f“e(‘r“é[ﬂ§| 8% grpreond sl ipgtion

AccordgglP-tedpamanddn s¢ugla heeist avset frthé tisehinsbedduct or conpound 274
may be conprised of a mixture of silicon and
germani um thereby formng a region of conpressive
stress, which results in an efficient creation of
conpressive strain below the gate el ectrode structure
241. It shoul d be appreciated, however, that,
according to device requirenents, other sem conductor
conmpounds, such as silicon and carbon and the I|ike,
may be fornmed in order to establish a desired type of
strain 25 in the respective channel region,
Appropriate selective epitaxial growh recipes are
wel | -established in the art and may effectively be
used during the process 215. Thereafter, the
di sposabl e spacers 270, the hard nmask 262 and the
di sposabl e spacers 260 may be renoved and the further
processing of the device 200 may be conti nued
simlarly as is described with reference to Figures
| a-1k. That is, different netal silicide regions my
be formed in the first ampd second transistor elenents
havi ng the desired distance to respective channe
regions and 30 additionally respective contact |iner
| ayers of different internal stress may be forned.
Figure 2c schematically shows the device 200 after a
correspondi ng process sequence, as is described wth



of an N-channel transistor. Mreover, the transistor
220 may conprise a first contact liner l|layer 231
having a specified internal stress, such as a tensile
stress, in order to create a desired strain in the
channel region 228. Simlarly, the second transistor
el ement 240 may conprise a spacer structure 242 havi ng
a wdth 242a, which my differ fromthe wi dth 222a.
ChAIMSBe illustrative enbodi ment in which the transistor
el ement 240 represents a 40 P-channel transistor, the
w dth 242a nay be greater than the w dth 222a, thereby
1. pr ow déthod eoraptisingei ent di stance 12 WO 2007/ 005136
PCT/USZOO6/$19720 for a second netal silicide region
250fqIRigha St MaBtispy elemens epipplities pr Bi Al ¢leedet dneture
mcﬁfﬂiﬁﬂﬁ?ﬁrsf ﬁgév@ﬂl A& s‘u&d@ﬁ%% m%’d gy diqig . enhanced
performance for a P-channe ansi stor. The netal
SI | femie 4 esgooth raB0iareyentmt Cfﬁmplmd; awsctchnch gathelectrode structure

i | ded se nm. cond £4at.0n T
TR LARhY (BN STBRAE, SR ROPSL N BB A s
widtkgi on 248. Thus, in the case of a P-channe

trapsi stor, the ﬁ%@% on/ gerjmani um m xture in the 5

r egi OGN B AAlIEY et ﬁ&ﬁ@ﬁw8ﬁﬁpmﬁﬁhﬂ?@§§1ve strain in

t herehanne! fike gir@8-ikd8ing MRy %el \;/%19 GBe% cant f?x@tt transistor

l'iner Iayer 251 may be "provi ded ing a specific
elempitend spid Sirytaratal silisideh nay al so S|gn|f|cantly

con t trai nne
ﬁ)ﬁ%@lﬁsa:a%g%{ Pr?et&! %E d&e\%' ¢ gj %66” ranSI x%%‘?”i’e"éﬁﬁghgoéﬁ””%
SM®ﬁmtaﬁﬂ&nnmcmgaommﬁammsmmts conpared to conventional
evi ces th P- transi stors having forned
t heP@T‘WgaanS“é%méea%fE%“gk‘?F’t g&‘(?‘a‘?q%’c pigviconglgransistor element, said
firs6 QREsCATIULIAE @bnth&JineR layMOLRCURI sccd&ohRict r Jayer differi ing in at
characteristics of nickel silicide, the regions 250
ma%ﬁ?%% @?@P@ﬁ@ﬁWPVU?®Wﬁ@ﬂmmﬁiﬁ“ﬁsthe silicon/ ger mani um
region 274, while at the sanme tine a cobalt silicide
may be forned in the regions 230. As a result, the
2. pr eBennethed, entlhion! prlevéio ésrmamg sixhincad feeatinirapyioh @fements
cm{ﬁﬁ&g ng strained transistor elenents of different
ypes, wherein additionally the corresponding netal
si lfbehidg ssiegirQand adcen® peeieldcgald druk@bdsQbfcontisWatal least an
resgect to a further perfornmance enhancenent. For this
inngyapd B Quer spapi GieEeal &t ategy i s provi ded that enabl es
t he LAk f n p S ides _
uni ERTTY Aol SR gty TR STk B Riggoce
struglgti vi dual |y for each transistor type. Fbreby, t he
nmetal silicide formation may include a different
| ateral position of the netal silicide regions in the
3. fi rdie nm‘ﬂlﬁbc&ﬂh:dmtﬂ] 2, fafiet 8&@pridiyPRmovindek Yt 'r\%[é)sﬂél@ﬁenl of
enha Ce si gn erX|b|I|ty For instance,
saidSpepid; 8’? S?%’&h?r*HCW@e aftes sy forraption oh s3id seond wstal pilicide.
metal silicide and the channel 20 region may be fornmed
along with PMOS transistors, requiring a high
4. corddacnethpd yﬁfdﬂaltﬂhé N@Ei&ﬁn Soriviing daid ﬁvlsl Uh:ial myudtfe comprises

fon
dcp%ﬁ%@&dbﬁpq%ep% m b cwg\éch? eg?téogl \gltl% lélﬁ?rf P'd%{n'f)l fy:mmg

saidlseqoge nditd tsdivae. betmeen the netal silicide and the
channel region. The particul ar enbodi ments di scl osed
above are illustrative only, as the invention may be
nodi fied and practiced in different but equival ent
manners apparent to those skilled in the art having
the benefit of the 25 teaﬁpings herei n. For exanpl e,
the process steps set forth above may be perfornmed in
a different order. Furthernore, no limtations are
intended to the details of construction or design
herein shown, other than as described in the clains
below. It is therefore evident that the particul ar
enbodi nents di scl osed above may be altered or



1. A nmethod conprising: formng a first transistor

el ement conprising a first gate el ectrode structure
including a first sidewall spacer structure having a
first wwdth ; form ng a second transistor el enent
conprising a second gate el ectrode structure

i ncl udi ng a second sidewal |l spacer structure having a
second width other than said first wdth; formng a

5.10r dbhe mdttladd sfi ¢lbiad dewhareaicimingr Slid ¢RRS lnﬁﬁrmlﬁﬁlcﬁ:ﬂ&ﬂﬁpl ises
i nduci ng contact liner |ayer

t st S
o0 g gl el f et hERRmaor o SRbfenat i d 1 1 e
netal silicide; formng a second netal silicide in
said second transistor elenent after formng said
6. £ i r $he gethed of pmdueion glacnmécwhwmefprmaag gaid 6rs’tmmgseaond metal
SIIE%?{gﬁgtgg@gs'rag ngléctmlagﬂcagtac}/ ¥el tf’r iénse 35 Oﬁabulg?iﬂld/ metal, a heat
iregombEICH phiamer arfday Beat a;mdtmseat du:ﬁﬁ@@ﬂdﬁet@ny&@ﬁ sald fGF and second
layer. differing in at |east one of materi al
”“&@%ES@F?lon and internal stress. 2. The nethod of
claiml, wherein formng said first and second
transi stor el ements conprises fornmng said first and
7. secobmgheg of pry: profectaitsulc b.uvksscin fotniog mpd ifsitsyesstinducing
t .and
o s o e o1 e oty B TR Bl ST By i e
indfiging confattdinet bgtir gebee ssidrfust mdesecaad thsisoetdioends sclectively

o 1 LRGBS P B R et P TS
cledtiiterand hfeuﬁmg nRid Qecolll ol IBEPNE cPalbale Shilll fisH8nd Aecond

The nethod of claim3, wherein formng said first
trangsfoqielegieniSci de conprises depositing a cobalt |ayer

and initiating a chemcal reaction with silicon prior

to forming said second netal silicide. 14 5. The

8. met ﬂtﬁdﬂ@fm(td)fanfanmﬂ,, whiaesirefonm fgrsaidr g stoadadl sifieide nehn ]mﬁeal
ilici e after

¢ neP s At RR RS b S iaur 6 b governgld second
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silicides. 7. The nmethod of any one of clains 1-6,
wherein formng said first stress-inducing contact
liner layer and said second contact |iner |ayer
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10. € SR Shod of claim 9, further comprising forming an etch stop layer prior to

depositing said second contact liner layer.

1. The method of claim 10, further comprising selectively removing said second

contact liner layer above said first transistor element,



8. The nethod of claim7, wherein formng said first
nmeal silicide conprises formng a hard mask to expose
said first transistor elenent and cover said second
transi stor elenent, formng said first nmetal silicide
and formng said first stress-inducing contact |iner
| ayer. 9. The nethod of claim@8, further conprising
sel ectively renoving said hard mask and said first
stress-induci ng contact liner |ayer above said second
transi stor elenment, formn ai d second netal
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10, further conprising selectively renoving said
second contact liner |ayer above said first
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. claims 1-11. further canprisi form ng an enbedded
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silicide conprises nickel silicide. 16. The method of
any one of clainms 1-15, further conprising: formng a
di el,ectri c, layer above. sai d. f.i rst stress-induci ng
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