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WD 2005/ 034225 PCT/ US2004/ 031037 A SEM CONDUCTOR

DEVI CE HAVI NG A NI CKEL/ COBALT SI LI CIDE REG ON FORMED
wo bbodoSizks CON REG ON 5 FI ELD OF THE PRESENT | NeENTK£M/031037

Generally, the present invention relates to the

f ASEEEONRUCTORMPEYIGE HA VAN G MCSKBh(C A ET SILICIDE REGION

particularly to tFerU@DHRAQLICIONREGION |1 Cide

regions on silicon containing conductive circuit

elements to decrease a sheet resistance thereof. 10

DESCRI PTI ON OF THE PRI OR ART I n nodern ul trahigh

densi ty integrat gdpCh g dSprEAGUCAVIARIHRES are

steadily decreasing to enhance 15 device performance

and functionality of the circuit. Shrinking the
Gede©dlly Uhe pebeh€ faveliDnesetes toahd Abliciticie b1t idteprappd @b @nstnt ate particularly
to tgm%rrga%onlofl le% 8f1{l§§;eglon§0@gl\{&&§lq§1§l n%t&n?dulgg (Q%UII e]l;c]ments to

ure-si zes ner al 'y, ucing t

<k0§ﬁ$ei%¢ﬂfﬁw¥meﬁﬁﬁﬁP% a transistor elenent such as a

MOS transistor, may |ead to superior perfornmance

characteristics due to a decreased channel |ength of

the transistor elenent, resulting in a higher drive

current capabil it YPERIENRPAREIHERRICRART speed. Upon

20 decreasing t he channel Iength of the transistor

ments, haowever, the el cal _resistan P

In ’B?f‘ﬁb‘hli’f‘?i‘féh AFHY “&ﬁ%‘“&%ﬁ‘t%i‘é‘t RGP SrpLureq Arg S‘eé‘i“ % dgreatiue to enhance
devichgbrfpmovécddendefuaatonalgnlof dontigeit. Sbritkieg herfegptrersizes,dowever, entails
certtaEr prBtﬁ@rHsc’ 'tl§it Q{ay %laﬁﬁﬁ{']toﬁset t{ﬁ& 9&@§ta€es rg%la@r[ed' lé/sféﬁuéﬁgnﬁ@ feature sizes.

cross-sectional area of these lines an 3%ons
Gerjegallyy gdugingtieesire ofnfor cryale Soltansision clegrtsuch i@ MpsS transistor, may
1eadllei QupdtifeperiofmAeEidhirattemiicvididtol helecredsad abdnaeli Bhgth Sf afie transistor
[ al g et | ' .
crohli, BRERL 3 o BT B3 , EARGR. BIE ER Bt osca. Upon
decreesnstlﬁne@ntﬂelﬁ%i‘ of b e@pestor @iernrlgheliowrmﬁﬁbéfre giectrical resistance of

con@ﬁcﬁl‘}é‘ Iihes@in@ %ﬂﬁ& r@@énsuﬂé tof 2dgRhs Aad Qroﬁzﬁﬁ léleﬁ:ﬁﬁ:aladfbntact to the periphery
creased nunb I nter Connectl

of tb? Itrértﬁlsttoreqleéw}ﬁ gecowﬁ ?ér}ahor gml feyt Fﬁ os]s,] se\rlﬁonal afea o? these lines and

regiveq)isi Fledredigetier Bondmesstssctiondr asess digwever, adetraminie pie gpmbination with the
cha%ﬁmﬁfcs VUf ttﬁ'e (AR AU BRE s 6 toldbdtiveIBERhS c5RadtNBdiodsh@e cffective
30 avajl able real estate for interconnects becones
eleiRicah 15351289 (PerFtfed.  The majority of integrated circuits
are based on silicon, that is, nost of the circuit
Mox%%feqephtgghgrorfhtrﬁkpof ﬁfc“t%%eﬁﬁ%‘epﬁﬁt aljey afsh Y&Bﬂ'ks !upﬁicreased number of
ycrystal i ne and anorphous form doped and undoped,
mtc\mm&%tlalet bejweer: ShigtCITFYE CHMSAY. VARSI (CRBRPRYY | (pg number of required
mtceébamtselnk:ﬂ'éaslehhﬁ aCauatiaxhr insnndr g@hahe hembdrodeciahitaeldidbis so that the
avallaqzile rea s%qe t%f m?erc n%pc'ts’ bemtli%@ orQ?rr?%ElSI dered as a
i con ication of an appropriate
control voItage to the gate el ectrode, a conductive

TheChBB®lof hrﬁeé‘rﬁEJ@@:uﬂE afebh@scld Bh &11{caE ehfis, MmobtdfNhPatAit elements contain
active r

5111%021%J%g1%sd@20ﬂ5@ Ig‘uB@{mf%\? lmeﬁnfi ﬁglar E&F nugrdﬂ%e d undoped, which act as
conflgdive peasi Ae ibistmtive examplesincghis ebwe s aimrﬁmdﬁeﬁ/i MOS transistor

elerQ&r‘tf\QﬂxﬁiiﬁQ)ebéj%siterea hea 5@19&49&%1 i apps aplpﬁ&%BH of Iuh@pproprlate control
shri nkage ate el ctrode %1” t he

volges s &1y Sesteiey gy shaul s orped LR e fﬁaeﬁigi,ete insulation
iayernmti he actQe segioradf the spagatinaing albenge t Mthggtleecellcmctthmﬁdaure size of a
trar{stsﬁ)‘r efenl%nt F@Ei&%lcgfpertf&ﬁlaﬁ&acﬂg ?A th@lregﬂgedt Jllngnr%melngtﬁ the shrinkage of

nsion (in 9 Irection) of
the @a@cqle(cgﬁgc iTHke palg LFélg@fd’EeFWI hobvrebfiiag’ét’ Irisﬁltdasgylflcim delays in the

signal propagation along the gate electrode, i.e. the formation of the channel along the entire

extension (in the gate width direction) of the gate electrode. The issue of signal propagation delay
1
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WD 2005/ 034225 PCT/ US2004/ 031037 i s even exacer bat ed
for noderately el ongated polysilicon |ines connecting

wo nabsesgdeml circuit elements or different chipCT/US2004/031037
regions. Therefore, it is extrenely inportant to

is gvapreFoeeriaied Ehewmpderately | ongated Ry sgisey slinep coonnderipg dndirigual circuit

elen@ctnl&er)r &ffef&t@%hﬁ%ﬁﬁhﬁ' %e&fbl?d' aetis Eﬁgdnﬂl},suhlﬂ)rﬁhﬂ @Wimprove the sheet
further deyice  scal

s G raELeoEre ot P bbb RIECR el af B pirtorver aeic
scalprgawithogecdmpranisigg devicet fiseforpmned. Fas¢his reaprneitdifis become standard practice

to rQ&ﬁch%Hel éh@&r}eilétgﬁg o@-@gly§1hbdnc9ﬁks Cﬁﬂéﬂsﬁh@&n E&l@dc@?e%lm by forming a metal
formn a net al ICIE@ N an ﬁ$ ﬁr|ate
siligids, injaghen Npr?pﬁ‘é‘erpégk?é&? %reﬁ’qcf‘% (P HHd °#'8%i ons.

Wth reference to Figs. la - 1d, atyplcal prior art
with &R R& Io dﬁﬁé lgr c? ramyggalnﬁﬁ(@lartsﬁrbéegé ﬂ@w%r ?ormmg metal silicide on a
correspon t1'on of transistor elenent wll

coriqERBE BESER MO F@@f*ﬁé*tlklxvew &% 4fsTieed @ ipstrative example
for aareaBsdtingtthdrgdichien sfatel sicktaBsiinct besidvaet resi st ance of
silicon. Fig. la schematically shows a cross-sectional
view of a transistor elenent 100, such as a MOS
Figt tapdiemeiinally shawsi & cropy-spedongh vigwsefbs trpasisior1dameny d0%dsuRly as a MOS
tran@isfok la€ ANFoEAEL &4 51isﬁb@trﬂgtlbl/&clﬁﬁig@sxﬁ&?lrcoﬂaﬁunga&hbé/ ﬁaglon 102. The

actlmgglr?n 1?§9fsheélclﬁf’ rél&é%? ?sgk'igﬁ,patéucltusre b OVI %ezrtl rf%%trelélgrﬁ example is provided
in thoformaf azhalel (rensh tisobation upwby asdddr mhamayedugt@arafedrmrcults Highly

dop§@wﬁh§ta'n§ At £ el € 9643&@1le9 E)Qé’dsIo% 3 dg"'brgihlloy ared@Hﬁ‘éa in the active region
source and drain reglons i nclu ext ens

102y elfieshgca e’ i PPttt ety BErGesihe B ThpDe aperally separated
by S0bdn@e @pidn dioai M gagiimnktidddyentdudengedly eaané yhesisillprisolates a gate
elecqr%gé P(H;Sfi%\gﬁle%ﬁ@eriy%g%ﬂxﬁeyreglgp @6@1: é?p‘%er Q%n@n@h@@mlformed on sidewalls

te insulatron 07 electrical
of thﬁeatbﬁ%‘l’%dél 110§ iAs Efraetay Iaetgla&a@r liP é%@f%%o‘fo@efﬁf@w%hélemem 100
wit D dedknyds g uarbann&le fii@igh procdsdiig irSpatap netat siEibids pdfidnsar e
formed on sidewalls 20 of the gate el ectrode 108. A
refractory netal layer 110 is fornmed over the
A tymieahspwtentional pieedss flpgofor firmingathe HiaessiersdemengdP9.eq shon in Fig. 1a,

mayt Elufidiht I?&fow@r[gos@tﬁﬁs ARGr de‘ﬁnfn@rtﬁg J&gvdﬂég@h 162 bﬂ' ﬂirﬂﬁlg the shallow trench

isol tg(H:snl lﬁésﬁtyﬁgealn%/ 811;1 g? g{uaﬁa pél hgﬁgrali Oan%cezalsﬁshmque \ﬁll established and
well Bpownnaplantagbuistepstanecaratd owtngeat edesiredflomnt profilerip mlga active region

102t A8 nRGhAME] f89h 6. 102 by form ng the shallow trench 25

i solations 103 by neans of advanced photolithography

and etch techni ques, well established and well known
Subs¢rptm@ant éei gare isfuepnasyer ¢et andable gatt ekecrele 488 ercafodesl tyewpphisticated

dcpgﬁ A\ hi}flﬁ&?&b%ﬁph&%gﬁ Q@uﬁfo‘%lc e‘?chrt@&inﬁ{ﬂﬁs t%oo%ta‘?rpg dEmd gate length, which

uent gate 1 nsul at’] on
is tllﬁ‘awlrzmlt@‘?ex&ﬁélmt‘ REthgpaE eéché‘ier ’d’éé €308 “%frléa‘fed}f ﬁ%eddravlng of Fig. la, as
indi2OPd bﬁtHeQﬂtﬂﬁQ arre® 16€ POKdréafion a fipktamplaht eggneapiyy Bachrried out to form
the eéﬁ%%ol%z]r{ 9 \}éhon& elt()g w}}eeeclznhn %S ﬁ: gll ge*g:g? %m%:%%ot:(sr ?cﬂhtg)%ileso called halo
lnuéh@vnﬂdwewmwﬁwﬂ.e., in the pl ane of the draw ng of
Fig. la, as indicated by the double arrow 150.
Ne%-,z A ?%fc%r%ﬁemen{sr}gg ég&f&%@d%ﬁt@éog 131%2%%6 rz%%?t%na? such Qs silicon dioxide
andthe pghictinngitide et ipgtterniog|Lhe alivdevtrsc mathdiat ibonar agisoteqpiid etgh process.

The'?@alftgr al mt@@&ﬁlaﬁ'faﬁfo&?s ﬁ%l’ 6@&%‘&& oud o Pﬁtthe §d?1?cesﬁ§(a@efln regions 104,
el ements 109 are forne

follAwedePy ainealsqyelfs Losackyie Hlfrf%a?%g?’lﬂleat I%gwaava“g chfeclgfice damage created
durfiigitiid idplaancopatctedr ni ng the dielectric material by an

ani sotropic etch process. Thereafter, a further

i mpl ant process may be carriegl out to formthe source

and drain regions 104, followed by anneal cycles to

activate the dopants and at |east partially cure

| atti ce damage created
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40 during the inplantation cycles. 2 W 2005/034225

PCT/ US2004/ 031037 Subsequently, the refractory netal
wo 20081034390 i s deposited on the transistor el enpit/udfd04/031037

by, for exanple, chem cal vapor deposition (CVD) or
Sutphsy_gp@m thgagfgafctqgjéwgil t18h 1{ \w)’lepopl;eéfcé]r glﬁpf,an&lstor element 100 by, for
exJnﬁflJ %Eﬁfcyl Uﬁfoﬁ'deﬁdﬂﬁfdn a(EVD)t(ﬁI’bWHbal caba Hepoﬂh&k@i’\ﬂﬂ)’]d Preferably a
refgﬁttory Wg'\%e%}lglll gss tl?tﬁ%f’m oégllg ngr%al ng rt%gl r<: 1§;I'usgfl fc%r the metQISIay(Jer 110. It turns
outy dbwact.othgt e tchdrgctefistion of tmevaflewﬁfﬁa@ﬁrYometals 51“FFEG e formation of a

meSil slll‘%ldgeanar&ﬂeﬁxfakf%r%@ﬁéjﬁ)rmrbftahxﬁetfalosﬁﬂm&f s@mﬁ@irﬁﬂy differ from each other.
silicide significantl

dlf
Coﬁfﬁﬂ‘ée@a{resﬁ{ef’ & WAPRIPT 1%@ gffﬁp o gﬁgﬂﬁi& igy peagrﬁ%tﬁra of the transistor
cleointf LﬂOtdﬁeWelldasmgmomsr mtrellremestsofl folloaving areséss¢sorFor instance, titanium is

fre?nleﬁ Q ed]fgxofoﬂﬁm%lrllet:ﬁsulfenieBBQE&%&eEW%IEc@%GKt&nin@ portions. However,
processes. For instance, titan

thefeﬁwr@hmoyerugw P FeSPPRAIHGI HHGL gD FBRRGHY (o gimensions of the
traﬁﬁﬁ&eélhhébe 180.| meaiuG Gllicadentmly tp@pglo0erste dtigvay sundafidsef polysilicon
anc? ltl}eege (grI Caalgft 191&% ﬁ% tfié ?0§a1 e{l:f:cIrnzgl %?1‘?13%1{% %f%h‘tséw éﬂ:@ct is %ronounced with
deqr?é’awglfgﬂt“ﬁﬁ S@Fse??é At “ilSO‘G’e offtiaR¥Mm ARy Sof P‘?:?‘iﬂépti‘té?lﬂ’é pP’dsmcon lines, such
as HIGhQFRLALR 188 havidd 1ol Aehadnkios, i@f a pat kapth] @2 miAdneters and less.

therefore may increase the total electrica

resi stance, wherein this effect is pronounced with
Forgcquiasbinmry s maina featisk ziaes efghisivader of magrgtudp prefrrablyj ghalt is used as a

reffRrN Qhetd1© sBRE ERLAD|Bed @ﬁbsﬁﬂhéﬂﬁ" lb(C @khibit NEIendsAt§ Nfor Aocking grain
gate el ectrode 108

vorul e 5 siaTeblgh o U Uit B A gL dygrioraon n v
of Fershexit resistdnce fenmntselhavilelyddvacgs as evild ibz @splained fri gore detail later on.
Ang{h reéangltiatm'aﬁstﬁ%ﬁentlgru@édeﬁqpflnﬂngcpgétlai mhédé»'ﬁ%@ck@lswﬂlch however, may

ractorX si hce cobalt does substanti all é
resggg AR Bideera qdé:ﬁatéﬂcrﬁsqtg].ce B 6%1%105 lwéllhnlocaﬂ) brm]ra%x}nF% Iaforder to discuss
thel &ﬁraﬁ@h&tﬁdsblf cobult thioviey @ﬁperlﬁohﬁkict sliardccirigiécsrmmy is lhewf@ae currently the
pre%ergegl Tater?a?%c%r%ﬁ cﬁ{e% qf 1% 'oQQSguH)]e&’ k alhe %etdl tlazelS DI%Q% c%mprlsed of cobalt so
ance tor ex devi ces

as é»qélom (R rRpHORE EheEmaPr Hanen |6has 3 saRbjeated dayies biaing 2 gate lengih
mulch &ks ingn bRgAUently used in formng a netal silicide is

ni ckel , which, however, may 20 result in a degraded

contact resistance in conblnatlon with | ocal
A finst errcalngyeletis perfqrmed theimitjage alfegetipadetwejgr the cobalt in the layer 110 and the

5111(591?[1131%& B1alnSnid GSurOS regfabﬁl(ﬂ atnh @{e ﬂ%f&%ll&b‘@ﬂﬂh@gat@ eleétesdt 108. Optionally,
characteristics and i.s fore cur

a thpndpm itgde fayeehqvyle & 8P°k§f’s|s ”8: |“l:?er§“g"’| ?frﬁpgmﬁ}c/fwt%%é%ed" 20 nm may be
defidsa¢d ithec Metrafradiay erctal 1:Qei bl0cmivptd sedalof thobdbktratg @01 tpsdecrease the
fm'é\ﬁ’y %tgﬂ%gﬁ}ﬁ Ieglrs%e' &Qhé)f:obtan%lsm%sﬂysltegﬁm@é ﬁ{"?ﬂ&atxjeQQ)f cobalt in the

a sophi sticated device having a gate |
supsgaigny RAFRI 6YHh TR SAneulFEAFaE aleg rnge %@H%P%ﬂnately 450°C 1o
550 tolprédudd @balt dacsilicde. Dedreusen nbh-ﬁeaCt@dbaéualtlmsdlehevdljaytehed away and
the:I:['lg')zg)1 sgc%gd taar?eal %i'clll )P 618)Em%d;§'%tﬂr ah gheq Téég%lllgngegofr ﬁ%’r&ﬂﬁately 700°C to
coxgystti cobral mynosmalds mttam“mhmw Phase| @onmyedr ofirabalhgjsicide
thi ckness in the range of approximately IOnmto 20 nm
Fl%ﬁ% gitz)he{ngg%aﬁlﬁégt ed a?ﬁréslséodt?ge ! ef {O%E%%r%abﬂ?alslhc{d@fg%(hnjs ]1Q1 formed on
th&30rafri pmd Isgur@bteawnew4saméeﬂt C¢b@§|@tlh¢1é¢a regfont hi2 ek gate electrode 108,

Algﬂog‘éﬂ &&hl@@na@%u&%gﬂﬁiy% BEd Q%'f@’éilﬁﬂe Q&e@f)f %b@(llﬁlatblﬂ ot N@hicrometers and
subsequent anneal

cvEb g ACUIFS Ot G EF S AD% HARBE ABOR EBe™ QEgEl tess than
10010m,pthe Gbigee restipmkct ofrivombhli disdeideTdnbaread tgate, electrode 108 increases more
ra]ﬂﬁlv tﬁﬁa\g&u%jbep%@étéd t5ysm§(%iyet§1£1h§/ &ty 285H6NEHe ANRYeddBlure size of the gate
thén a second anneal” cycl'e 1ssperformed with a higher
tenperature of approximtely 700C to convert cobalt
nmonosi licide into | ow ohm ¢ phase conprised of cobalt
di silicide
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35 Fig. I b schematically shows the transistor el enent

100 with cobalt disilicide regions 111 fornmed on the
wale@sn3aesl source region 104 and a cobalt di siPCTUS®04/031037

region 112 on the gate el ectrode 108. Al though cobalt .
clpgizpds L@ s §fq§]i¢x§¢d phat thedppreass offthg resistavityj of dke rggion 112 is caused by tensile
st%@pse@%éeﬂﬂﬁcﬁwua@ cébaltl desi 10T®RE @4ifs, mehby ei¢aifichRBSaffetbding tHE A integrity of

thlcgg})] tHh lfm%e\iv}fenltféesgartet ]%gvdlcef% rderr]% Egenqwge ?tn agsmglggram
resi stance of the cobalt disilici de enhanced gate

Fl qet&mtll% gl{wsetasasanme elem@fd Bboy whdpag rwuédi g@t@ length 150A of
expect ed unt .the r

aqpé(gctumtcélygﬁozrg %q: n{nhzéfte@ (,ﬂ)gnglgtlnt 05%5?;%’63;‘;‘%[%“2%“"6‘1 5111c1§e formation process.
IrRETALISA002A 03 e 3drmebfcfot imstdrce MORIs and integrupadrisaw @t dobalt disilicide region
lfzhoqL tﬁep e&éc?ro@é dsr}ﬁayr o%éﬁr%‘h%&iutsé’ a nghbﬁltlg %g:lré%@e Jf]tge éh%et resistance.
cause y tenS| e stress between i ndividual cobalt
disilicide grains, thereby significantly affecting the
Filgl hdrahd i e@hehytically reIpl‘h@erﬁ ahap vied fithd gitelelevhelas 1 b hgatgea gate length
%é)e%gad)prqmng 2'88 19 ﬁ%ParQ honﬂgrgta{]qgr? @56 Sk 28 x191 élynsonm Fig. 1d

C SC ansi stor e
depisns W tehveploctserols \g&t the eaie d‘f%ﬂ‘llfﬁ@Ac‘ﬁ‘t‘a‘mabEWB&EF‘#&P&F‘WI" grains 113

arefhgbPal1Shk RN herso C@K@i’éa@tdsQleﬁvantlﬁlBlgalDQ\bﬁtyd(ﬁﬁ@fdgbegiam 113 is formed
ac?l?isléll.ﬁ%?e fo'ig@{' qglél? aﬁl%et%ermal strrgsg A I‘d tdlllr?ns ilhe seconr(]i anneal cycle in

e volds and 1 nterruptions
canertiog loellalt momisilicide detoragbplodisilitilp mgfy lteht@mg’aluseted for by the plurality of

gﬁln@%r[)&dtﬁe ljegghr@(y tREGHEe Bt f@ﬁﬁ’e%%cx%sssﬂhg Nn%ihcﬁﬁkllﬂay not allow efficient
i ncrease of he sheet Tesistance.

[ e
abspiREAR Of Ehg) SEGSSy B r By e sathE d’ﬂfe"\ﬂ‘péW c}f1 ‘%%’é ﬂﬂfafogalt disilicide film. As a
codbentincodms sid@Brduamhergpfahgpdlesili@nghte clcbG0deois drastically increased, thereby
pr@?@%ﬂ% héﬁ%sﬁkfé/ d%@&@@l&%%ﬂﬁﬁ%nhlﬁy hék?a(ﬂl?gt fie r%ﬁgsttcﬂ ptl,é%ance
roxi mat e depi cts the gate

el ectrode 108 with the gate length 150, containing a
Ipdiew af the Ybt-csplRigLEprgblaing) ShekdfGre, andcdrgied fad angptdved silicide formation
teLlneHQ(g{ehcn]éélQﬂgnfﬂq%%%g\%Cef s%ﬁ'l nl{éSWIﬁfaégl\rgg%dgﬂltyﬁogfnolm%lﬁgoﬁpg% ’&ggxgyleld

Wiile the thermal stress induced during the second

anneal cycle in 15 gunaRRYIGF tRbDaIVERNDIORSI | i cide into

cobalt disilicide may be conpensated for by the

plurality of grains across the length 150, the single
Gerezdlly, fhepraecht amvengs it Higeckedrign hechdQue thetyenakdes talchmbine the advantages of

a §hdikCigBlke, iaps@rsﬂf)ér%? Haflavﬁ&exnsioﬁr\%%tl&ndvmﬂa% ﬁml?lnfgm?hcon and the
interruption 11 t he caobal t ds

2A
SUPBH I ﬁtc@araeﬁgstém@étw?aétsﬁﬂé?%toe of rtrwégep&w Fppitlopy? fusther device
soghhe with@c tundde cn&ppblnaﬂilg &l shyet irpinteas ©f a dili@nefbature including a metal
mg&gé/?%ﬁd ngTﬁg(gg @§c§' Vﬁ¥eqeo\f'sﬁ{%1d%ctﬁ!it' 1E]guly¥iatnhglw cd-fﬂgféla&/of nickel silicide

% transis erf ormance. I'n view of
follRHedbow Y s Imestah edicide dt érfgbstacnﬂ@l%quoa}Pélsedapf (FeRA sthiqids gay be formed
irf ©HEondtfon ﬂanmmq;r&bisl soithle tﬁ@lsramt:mpbbcutra@hmaquepn cobalt silicide interface
ma\{)ge 516mg%anﬁ§ TCIEIGICI;C %%%be%ﬁco%?l%le na% ;Ynout: EIJ_I:Igu' y

I NVENTI ON 25 Gener ally, the present invention is

Agdohﬁﬁé ﬁdoﬂtelastiaﬁCch Bih6Pdeménd 3t tt@ Laﬁsmkausxo bine8od Bfnprises forming a

lagcér\l,/]cgglltpa gg Hl%@bl}'?bcoﬁ%\f ?Ibdlnm%ali nlg S L?ﬁ%fer Tll)}cl:orrll conBrnl%reglon that is formed
ompmdubstiate. Thgreaficora keantreatment apedfoineed va thi the subktrae biad first temperature to

al®dw hfékgeanﬁcboﬁaﬁt t@ra@@to\)h'tld@lllt:&retopﬁhﬁ nt Lifdiad &f tlfeuflﬁcnﬁrcomalmng region.
device scalin rom sing t

u
NpdsPuyigpded Iblfike al\é\a Fqb&lé A régxpn%éefrqnh eda?sltlréteaanpr@t fgft %;gleat treatment is
pafdrined déhrtkegbubstratd @t b se®némaypeaatdraylet iohighérl thar e firstatemperature to

mioﬁif)sfﬁg§flﬁmej @Lilcﬁ{ h%édﬁﬁ;@inﬂhéﬂ&&%até&n‘t Ltcthgﬁrst temperature.
4
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followed by a layer of netal silicide that is

substantially conprised of cobalt silicide nay be
wo oo0os®si223 N a conmon formation process so thatPe©S2004/031037

probl enms occurring at a silicon cobalt silicide

interface may be significantly reduced or even
In §mkﬁén%oﬁinﬂ\wﬂ'he @@dthod &rﬁ\@ﬁﬂfnﬁﬂn@@ coftrdlgy itlidagSéeaf b Venperature and a
oo Sebes Fenih & FRE0pd BRI, aBylRh une oisgpye eiicioe in
said widicoretcaldiiing mg@ReI over a SI I i con-cont ai ni ng region

that is forned on a substrate. Thereafter, a heat

treatnment is perforned with the substrate %F.g { lateral
In p &yt erpbpdamand said piligRl) FontRERE tSRIG™ COBKITS ¢ 8OV ¥hE ‘“ethﬁ““g o latera
dinsdnkibg dnat fsdesk dramapprsxiinpielydd@0 nanofegrsi | | con- cont ai ni ng

region. Next, non-reacted nickel and cobalt are

removed from the substrate and a further heat
In g ferghepgmbodimend Gaid splicgp RIS & HeCOSRHS s T nggnd f source region of a
fierlegRadrdnsigiper at ure that is higher than the first

tenperature to nodify the silicide, which has forned

during the heat treatnent at the first tenperature, 4
In wEyrfgOSNERipons sEETH icApopinme 158ipn infludes # fifg @prtion and a second portion
an® WROLin BN nelhb@ rireieh 06infrised Hveming QnipdthlSseiscidOsMer @dill ifing pattion prior to

for{nl?rg%a merf:%mpnsm&lq?egal?g g({bg %I%jweatalhae ?Ell on of the heat

0 adj ust an
amount of cobalt dISI|ICIde in said
In 9t ife® Rmb e NVh A K E€8Hr@h compkifesdh drdint B86n @A R Ao egion of a field
sai d silicon containing region conprises a polysilicon
effpGt AU ng a | ateral dimension that is |ess than
approxi mately 100 nanoneters. In a further enbodi nent
In 8 AlrfheSLdi GRRknf QM ?e'c@d Bt%rﬁcﬁlg:'ofﬂﬂn&g ARhde SRStréHe Dt 34if f1@ﬁl¢f1@ct transistor

source reglion of fect transistor.
coyeg b PidotAFRE rﬂerears&ng.ar f2p dAyee 3hd érhﬁreﬂlgsarde@r@ﬁd fither compriscs
rethdelgd RiScap 1dyer & ior pofothiap s@d thyer oepasidg motatlicaabaliamd metallic nickel.
wherein the nmethod further conprises formng a netal
silicide over said first portion prior to formng
In g fijrthet enylodinegpp g3t fangthipd said BIte cleSipds 5 ARty P9 &anometer or less.
ni ckel . 15 In a further enbodi nent said first portlon

Ac?c?rg{%raito % % g{rtlier Hlﬁ] ltvg Fmgci ent P H{ G reserﬁﬁ%v%gugr{ a method Cff forming a

fiegled Badtrpeistor ownnrcsnpforlsels aa)ogszﬂleormoet?w@ﬁj&at‘mle@@ﬂ@j °n a gate insulation

laylel ﬁlafjls%xfn?egtangfea@ﬂbﬁtrﬁé A2(Qalﬁ Qé’g@c‘rﬁﬁd@)’soﬁk@@&@&d ar8 B&@RE in a silicon
el erents and a cap n _sa

coR g GF LB 15 G AP BV AU RSP Py 1 Arpgred adiacen to th
gafeiarirodg. Stdxd sideyell spasempelésintrprenédraied pre sideppmlstof alredgate electrode and a
laﬂft:cgrlradrgﬁl %&zﬁﬁ% cobal? aﬂd fng{atlf&%ck@mqm Bherandadi€ ek QAL Bnd the drain

ectrode 1s approxi mately 50 nanonet f balt and th
an%ﬁOﬁ’@‘s@glOES Aé‘é’é‘f’ﬂﬂlﬁgblf gneans; 4f|said lpygrcA@prisipg (e peplig gobalt and the
me@d”lb@ﬁlllckmni re@fontdomappings@Bilt sinManindanckensitisité tsdfoofied at least in the gate
r£1ng a field effect transistor conprises formng a
electr
po ysrllcon contai ning gate el ectrode on a gate
insulation layer that is fornmed above a substrate. A

In d.lr ﬁhﬁerr &ﬂio@ﬁneﬂﬂ Gid 1504 E&ﬁprl’sﬂ@ B&aldE @ob0r ARdmetallid nickel is formed by
ont ai ni n U tor

demsginﬁ ar}r{axcl ﬂf%népr i on%lﬁcécr:oe over salg%ateglectm({% a%fl salii E%m and source
regjertsené Herositiogle sechled(tayerspmmg m@plére erckelabwerrw fyptdayer.

Inf Of ek Qﬁboﬁln@%\’\@hh Sa}@lf lc&rn}?nsgi%t ﬁet@lllleQ:%Béi’d@ndaﬂgtaﬂlcsrgckel is formed by
mpri sin i

ocp gl BT s i BEYS Bt A AP E o AR e drain and soure

regions and depositing a second layer comprising metallic cobalt above said first layer.
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and source regions. Additionally, by neans of said

| ayer conprising the netallic cobalt and the netallic
WORmEMB4228 regi on containing cobalt silicide apdr/nsmked31037

silicide is forned at least in the gate electrode, 35
In| gpcerddnge ttily y& rasede M hstratie FMbagiarnt hiiei Resegt fvenfonj ¢ method of
foﬁﬂb@'atflél@@ffwttﬂﬂnklh@r BdripeREs foSmfn@raveglerbytackd@piesiihdlindgs at least a gate
msull 18{1 rl%vée a %HRon ?aanlg armst %{1];! fa erc%% L 51(1)1\691[ re%mng‘orgr?etdeon a substrate.

Thydpyss steéinig pattesmsidiﬁ @s It<a§¢em acﬁéWIﬁCé!Pq?ghaWéﬂ &IIPR gurfgpethal is covered by at
leﬁb%éecaﬁ @Aygr f Mogdovdray Qfain }e@mﬂ aﬁlﬂl ratsbﬁfze ﬁiﬁmCﬂrm&edS adjekent to the gate

el?cgy geo? %Ig,esiegxgﬂggrﬁr%gn% aaC rs}m taf%fl efcl),rmegl n;b S(r ?,]m ané source regions.
Fumétmlolrd, ahemogpksetfa@v(grths gitd etpatredeeis equsgtj@nchmdlcga| s@{hcme/cobalt silicide
1afl B AN SORFRE in PR LREIRASANd depositing a second
ayer conprising netallic cobalt above said first
| ayer. 5 WD 2005/034225 PCT/ US2004/ 031037 In
Inacanlidambedintitforytedg dicial hemdé/bduamsﬂatdie\Izweesttnkdbgmmtncmﬁes forming a
la§e|f?f crpr[p% f?igt métQIYlgnéolbﬁp add Lt ?g rgékelfﬂcra tﬁgtn?g fsblﬁlkgxbstrate at a first

nsi st or conpri ses orm ng ayer
tempgrere pa kel and geratt e regsi gt QU Rt 1k in said gate clectrode
seQ@ﬂu}éﬁl |rén‘i‘<ﬁ1[hg| &Mﬁxreacu&ﬂdlcﬁewﬁﬂ doByle Fromakudd/ utdtrate] lafidiheat treating said

suési%{e zﬂ as n%qe pe;(ra u%eqlb%}::e; 9\ n sald EFS% %1&%? tur; tt@%d f)$ SZ%I%FS)IIIClde formed

et feld“S0 ‘a8 or
duging fszid beat kraatinggt @e\ﬁe&te@nmgﬂtm 5 | east t he cap I ayer.
Moreover, a drain region and a source region are
of 5 SRR b 4 P SRRl B Al S et s ormes
degloQtiing afict Sper@eprisigg ongllic dbalt e sod gatetelxgtr@ctgpmd depositing a second
1aydt b AESsifY mdthGe gﬁt«ﬁ a%\ﬁ‘c%ﬁlﬁqgﬁ 14y3r.€xposed and a ni ckel
silicide/cobalt silicid | ayer stack region is forned
in the gate el ectrode. 10 In a further enbodi nent
Infeomiheg efbakednt Shidi leyed @bmpiidhg meiallicciotialt lany erctadiicanikkel is formed by
aepSPhRL'a EREINASR AL ﬂ%,ﬂg?ﬂf‘; HE%Pbver QRS 'gereggslm%ta% \dbfositing a second
layqilsempraging metalic Fehalibovesuddiridaliee to al | ow ni ckel and
InGORAhdr efnBodiRat saidifir§l neetd iscRmptisedfodtdbaR. Silicide in
said gate electrode; selectively renoving non-reacted
ni ckel and cobalt from said substrate; and heat _
At¢ooutag trganrglied illestfotiver emplodimeny of dleco AEPsane ipfeptieny ragfield effect transistor

coMpSiB& a tsh@bn Sg%ledelt:étfoﬁE fBﬁﬁGﬁeérﬁhugaf?e ﬁxﬁuﬁﬁ&l flapes @i The transistor further

co?riplpléc%:sl d ng{:gé?ru}ng a ﬁoHrcgr gﬂnffa réx}ed eaﬁg&edli tl gtgle? roJ?a Addltlonally a
nickeihpilicigle megiovets dbrmied og dlxaditicoargdterad¢carbde @ﬂdm erbelt SIIISIde reglon is formed
abfo%{ﬂ@qwmﬁ sufis?amglzad ng a first layer conprising
'tc cobalt over said gate el ectrode and
dep05| ting a second |ayer conprising netallic nickel
InadbRvtBerSaibdditctisthe FiaeffectABnbisonfuithert doewprigaytaodbatesiticide region formed
skng netallic cobalt and netallic
in Sgld dr+§¥r?drﬁ‘°8r%gpetr§llqb depositing a first layer
corrprl sing netallic nickel over said gate el ectrode
el rifl@Rasbdindek the GE6 ffekt tﬂaﬂsy&‘}dir fmma cobprivgs skl driia and source regions
said first f
ageg?glcfobeﬁp Yc1d I 1on§hact:bsr{ﬁrrm%égléove (%Bldlfll chgglcﬁggg B
to anot her i I I ust rative embodi ment of the present
Ind J‘ﬁﬁﬂﬁeﬂ Sfbodfindnk &l thicEleE Ot sald RGN SHlidfde r&HEMIsi 18R Shah a thickness of said
% élﬁzora gate el ectrode formed on a gate insulation
cqbaly §YICGFSIMr ansi st or furt her
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conprises a drain region and a source region forned
adj acent to the gate electrode. Additionally, a
WmRmEMs4283 | i cide region is forned on the sili cpar/gstoe4031037
el ectrode and a cobalt silicide region is formed 30
above the ni ckel BR{FE REHRIPEYINHAT THE DRAWINGR
enbodi nent the field effect transistor further
Fud&npadvggtgg 0 rug:gs z}néi Itrlol)ﬁé;llnlggtg Fgﬂe aﬂ}?seﬁ)t lﬁeqtlo%grethgedt in the appended
clpile and efif l@ﬁmumter mtegt Bith fte foplepingodpiiiled digsoriptignwgen taken with
re€br@Hch toAME a &OMp £ iz RBHvARS, indwis@cond cobal t silicide
region that is forned above a second nickel silicide
region. In a further enbodi ment a thickness of said
Figs.dkelb aillli sihdmatically elrowi godsesstiontlarews of hicekvartdmalbficld effect transistor
il S ORBhesSi isfiriuteal on 40 6 WO 2005/ 034225
PCI/ US2004/ 031037 BRI EF DESCRI PTI ON OF THE DRAW NGS
Furt her advantages, objects and enbodi nents of the
Fips.agdend 1¢ stheniticoly stoe toefieweof gate ¢léverodgspe ddfénlent gh@ilength, wherein an
0B Ml RO TR SR e | P i L@ 10 v and
t he acconpanying drawings, in which: Figs. la, |b and
Fig€ 2800 &aRdmatiadilyysieiososrseasmslecitwobala fdl@wieaf transistor during varying
martugacgusrltnléf%{;ﬁ,as i cecloddﬁrr?geefwel tlll‘l:.l_!t%ﬂsé ?r{ab%ﬁlmchlty e pql: &‘%B\%ﬂﬁon.
schenatlcally show top views of gate el ectrodes of
different gate | ength,pmigrebmESTRIRNON YV | Ncreased
gate resistance nay be observed at a gate | ength of
| ess than 100 nm and Figs 2a-2d schematically show
Woilo sle- reehi owerltiou|iewWsscobedawith e¢ferendef toghe embedimentpps illustrated in the

foq vang Qe (!lerslg'lptlgﬁ Ry tva‘i; 5§an| tﬂerﬁ@vﬁ@? St éh@ul@ Q)Q Qﬁ@e@ﬁ&ﬁl that the following
lustrative enbodi nents o

d‘i%\?éh’ﬁ?c&ﬁ“m&? PR AT Lhﬁﬂrﬂéé%ﬁmrﬁ?P‘dﬁtWI '8 lt”h‘é tSrREESER| invention to the
partiandit illosiratise dabadimbes dwclokedr éfieralee ghd deschibed illustrative embodiments
mgrg? eQEqulﬁg§hea\$hnoL% Ecﬁsa&feﬂe hlr%sénh ?nvcrrtx%lnl t‘ﬂWs&)ge qgtavﬂich ‘?sddefmed by the
Cri n as we as int draw ngs, 1t shoul
NWﬁﬁ@Fﬁ Bod that the following 20 detail ed descrlptlon
as mell as the dramnngs are not intended to limt the
ﬁcig rgre rho{‘t]e\sae ﬁ‘e opsresa bIlV%l’Rl%gltllﬂg)r rtlt% lah%l eaHx%nEa%Ech\é when applied to the
formelttwgtqfaﬂqld/eff@qtrﬁtamlmrmoﬁ exprpipgdy yedagaspishtufeysizdseas, Hyejigayes [problems?
cRSREET BssBiatRitREERA @Ihc'ida\éefé%i'u@d’]mzets ke wsr 8aewabomiinal significantly be
.S define

It.should b . L
re e 6t PR O v BT AnE P BT ASE GHIERe G GRS The nickel sitci
foamlsdaaj getog Shevkidponag pivis edretlotiph of 1ifiip width iwathowfundilg| qgmpromising the

mﬁ&fice%m c‘h?x@@t&éstn% Sletea?%Elga@tnﬁilMdJ ?deP %ré\@ataﬂﬁ Qve?’l'—e%%%hshed silicide
t he i ssues [problens? concerps associated wt

B S A D ?e‘gh%fc]"%?‘ MBS B A ﬁ’f"gsten and the
likeyhesébgnprbvidiapta yigh@egree diicaapadbiliay @ittl esthnldyrd ptMOB direvgss techniques.

H@\N&telaq}%eﬁfgght 15%%11?& Hoﬁlgqs)( &eoc!%ﬁé Ber§d As b%lng"?esqr?&édatla 'C 1?1@21@ dimensions of

kél l'icon a
109nmeagh dass wipess Suqhi rpgariciios #re \ﬁ/l‘ltl’f‘fﬁl!ts%fﬁﬁﬁ |1rythé BPRS S Laimy
the 30 silicide filmcharacteristics, whereas cobalt

Wsth ref%rence to%l 2aa£’cp r\(he(l;j 1lﬁlstgatwgl b(?d%}-hgg tstlﬂg greﬂnlt iirﬁliexq?on will now be

described in more detail.

In Fig. 2a a field effect transistor 200 is illustrated so as to represent any silicon-containing region
which is intended to receive a silicide portion so as to reduce the sheet resistance thereof. As

previously explained, gate electrodes, drain and source regions, polysilicon lines and the like need
7
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mat eri al providing superior contact resistance to

ot her contact materials such as tungsten and the
wo pdos/o32ber eby provi ding a high degree of conpet1/b81004/§31037

w th standard CMOS process techni ques. However, the
to e anodificd jim {eams PHeisFeRAvaL i especialbnas the prtical dimsapigps of these silicon
fedt @84 ik GleRdllyt Rdeckd td £aike 6H dHeRAIOMGMMOInd LODRES. ADSleds @BRrwise specified

in ﬁﬁlea%g%‘gg‘ﬁglglg‘rseﬁ‘t ﬁg f%gt \@{Sem? e{rsgiﬁ %Lé X(%nm }gefi P E\E%ﬁr%antanve of any
silfcgn tchmtaining | oirseit dtature rerygi the farglalydn thegsinefes Gﬁtal silicide region. The

fleld"é/f?éat {r8fis¥rl2bo @ R8s a d@sGhtk hed Wlﬁchmﬁi)ebéjﬁiyadpbrophﬁe substrate, such
ect tr nS|st illTustr

fle
o gtligon %@Iewwwn bR o, B g Pagrofaigr ecive region
2099 fobmédsini tndz arbslteade 201 araob¢ Vigneasigis| thgpdarpdafined by s isgltion structure
20§ 131@1@ Hl%? bE: I'ﬂ)?ov?cn:@% tﬁeeﬁlrl§to@QQ?en¥:m?s()ﬁggn stﬁ?ttlﬁ‘é e\ﬁlé}ﬂlﬁ hyped drain and

ai ned el ectrodes, drain, and source reg
Sowsq jReioms 8%lqcluﬂél§ TESRECVR EXIERIRD Tigiaps 207 %f%m%msh&?ﬁ'sve region 202
anlP@rd 4d5RA0R4/FEdI EBK otier be anmddiufel egidnn20ber Apobybilibhrepate electrode 208 is
for %Hda%‘o“\;e \ﬁ chnn@f‘&g%aiokyan@?sts graﬁ:ﬁ thér&% %ggae?a% %ﬁlaggn layer 207.

ese Sil1con tures are s O a Sl ze
MesFoet rSrdérYPlll SPsirmee eRPerre el ouidevallschitias aplsilicon gate clectrode
208 PpE6idnt %ﬂlbodlﬂleﬁth@s @lﬂﬂ&lﬂﬂeldgCtaillan&p lbyee 260 elag tef lfoezﬁtd_ above the gate
ele(g{ro esio%t Iztggtﬁ{/eir dcltnt;%glk%grfé:c%nom L C ? %?trci%e 2@9; glsh%rl%?‘iﬁd/\éle 230 may be
comheseﬂopmlmn titrédeei filiesh éwﬁ@te,alsﬂypm eiydirige gpnsin theTHike, and may

ad@mﬁdg@éuglyetfef &ﬁﬁprfsécﬁeﬁh%Mr1a2@9l11§1ﬁﬂ?%b§&$ cﬁarwﬁﬁtlEﬁﬂﬁt enable the cap
rate rS#JflSt rate such

layér %?q }octlts:(r:]uhss\%fl ? Eot é{-ﬂape g?tﬁle ézgzﬁmg pg me ap(ag?r)mng of the gate electrode
208ubstrate, and the like. A transistor active region
202 is forned in the substrate 201 and t he di nensi ons
t hereof are defi ned b¥ an isolation structure 203
A RICEHPTRRESS B B SUmaREy HEI TG SaRTIEPT 200eF ety in Fig. 208 may comprise
sulbsﬁﬁh_h@lﬂy i3 saink Ppedodsseas prievghlsly dkogéad drie fe_feamte te @iy de. Regarding the
emrbga{ngﬁso 3 eﬂlC%] Ql ﬂgnsqs%ﬁ'%%t1'11&&(58%'&1%%%2‘35}!& ng,oi[?%s ?ooée noted that
are torne e active region 10 and are )
dugapie atl'éfdmflg ofihe a8 clsetiede 2B§ by mepRerph 69phistigiteshpmgrdithography a bottom
anﬁQ&ﬂ/e‘éﬁ‘lfei G&ﬁﬁngai sl @6t [s08picABBrdnfoved eftéredie AAMRInENRocess. In some

emég(? gle?tls] o¥ I?l%t I?rn Zﬁ gvearlrt]lo%ioc?nt?fz?rﬁ/go ?he conven%oaal\rﬁg{gesbsyﬂow the bottom anti-

eover
refddcneeprin 209y mgeq‘eg{eﬁ@@]tm isaslagenRdpP| She¢aptlpysr 230 prov1des the possibility

to Meye?\mzﬂtﬁof@nﬂ@tte?al el1R Gk r0d6hs iR U drhﬁl MBQooDFidNEND4 0RShe one hand

Dbl FRpl SRS EDe A0S0 1RRE A 208 Bae secton
208f ort e ghtrehand eyt subehgu@Iy. reﬂihengalp tawyleyer230 andypdpfermiBg a process

%faﬂ&rdss\?ﬂ @dé&ﬁﬂeﬁ%thnk?crrénqgto ﬂgk' S84, dir@xd idein s%hlle'e%@@dlments for
xynitride, and the |1ke nd may  advanta

1nsée5ﬁi,rq §%ltoqqllcadq1ﬁetg&nl mpy ég(ﬁ?rmegllﬁéh%ﬂ{aiubangso%lfg %glons 204, wherein
sul@d&&h&lﬂi)t @k issihd pecdshaquanablg bé pefoedf asl iaperior8Q désoribkd with reference
to LII"S laa %c whgpeﬁg q}?wmg:: téu[: g{xd ?ér 2§6 p‘f‘%gﬂs ng(%g%{tfong)f tcg‘(Falt silicide in the
gawreé@tqs%e ?qsovvhfls; rapplasmmﬂwgwq?és fepwange dgseréhed in FlasﬁsﬁaslthP the ficld effect
trad§1Qo RS0 MY 1h8 cirp Jaye” 08D PERYItSCRANAE ifSrenationlBE tavatti slidige regions 211a,
iné'gﬁ @ng%s?lrcpﬁess ?‘ﬁ?er a?t%\éltgeushyl 9{% r0I rgzrt_e?_lggedrerxrneov?d fcfr fohmmg a nickel
silfcidefegbadf fiigite tegmngi sttecgatemtrpwcmduﬁ@g corfyeniengg, indyefurther description

it ?s?’:Q&w deferded t§ thedR 1M OEQY trﬁﬁ‘s@sttor ﬁU rlédﬂglgtth@c@al5§&V2BO Ngn@fessentially the

ate el ectrode sophi sti.c
saﬁﬁafogfﬁstﬁaea@ﬁ%ea o661 tootte BRI £40 BoPPUB K ik ?2ﬁgthefeby forming 2
ni¢kseglidifddobals siliyide ogldnyin therpateettcafdec?08 phlg. patt er ni ng
process. In sonme 25 enbodi nents of the present
i nvention, contrary to the corgventional process flow
the bottom anti -
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reflective coating may be preserved as the cap | ayer

230. The cap |ayer 230 provides the possibility to
wo nabepencent |y formnmetal silicide regions in P@HUdanmnmw

and source regions 204 on the one hand and, afte
FigoMpscaieneiratly shawe thefield c&fpeetitemgeer 749 Videa el ﬁayah a40 formed thereon,
whRsh CBe MRl Q@)‘a‘er 204 domptiRe @abiac ebeat ﬁmﬂﬁletaﬂﬂﬁmckm t ieone particular

enébﬁ)g n%eg??tg? rzhxe}/al ?Ubs ent l Er?srgoavhrrlg sutpagep QF a sec ?19 sublayer 242,

ayer

proce

whkasio thd Bt wb!ahrerr @fleqoemoeeStcebaﬂil '(g'e th?ﬁ?ﬁ%i Slrbhia@r 24§ comprises nickel. In
otﬁé}r@?nb%mgﬂs ”@\@tf@st sfllﬂﬁyer insirl@;nseeconﬁ)rﬁﬁbﬁ' dick@l hddCingl §econd sublayer 242

i on r our ¢
it Apipi ot ol 0E it P ¢ Bl OB g RRRbe roviea
a Mytahxelupemﬁtomnsdam corspripedvfi omixkuge ofasdaliibecbaitian metallic nickel.
reference to Figs. la-lc, wherein, however, the cap
yer 230 prevents a formation of cobalt silicide
lereetalglaxeé 289 geY poamabi, SHPAYS! VazBpASPPRIoR M g5 REcaL vapor deposition.
FEERLenee waes kid ardl |1xyeFlzgcs comprides at dedsh éhef ivel shbbifyE®cl41l, 242, these

sut%f%érg gnggagt Divid a(ﬁ%o s{?& &ﬂe?egﬁc '@%ﬁ&&ﬁ%ﬁ@%kﬁ %s 4 BYD process or

Ion O
a PN® pracesel By oghes weaoqlmﬁeg wmﬁéheaﬁtagﬂayet R&0 ésaproyigdein the form of a
mg(_%ge Bﬁh‘le@ﬁlcrcﬁﬁﬁlt\/ﬁ@ th&411ié eickal nzgcoﬁhrﬁancK:Qbsmon process may be performed, for
ingtlﬁ%cle dcl?){n%%g\yesﬁ}ltzeﬁlc Cclolga t nﬁ%l c?(nl 0 ¥h|g éegcgt?f?ecflr%%stoqdz%o During the
dépgsitignproedserirresbestiye tof eheftm of @Wseteqﬂ RIPGEPFS |t@t igtio pHepbalt to nickel may

bd &nkbild, tieniaRe Ib?¥@tftr021§\% th$ 12P&GahiRREedRt bﬁlﬂe)éuﬁl@ﬁ:rs mr@d 242, or by
process Stesna ea || e.tr nSl(%tO[‘

coglhraqug shut}-gr Qroc?é pa{aﬁlé}e he?xgcroﬁzﬁ(?hﬁn mck& arﬁ R(ésrteg 1 a common process.
Insdnk ipaitid@lacolttad tmest, [thecdedesiticagiramassi in crtwllghsush Hiae the rmdent of cobalt, in
teS Cﬁotoﬂ)lh}fne Il%réépta%gp@/ }Q 432aén ﬁgdﬁm%&éﬂ%? ulfdtﬂlce 29 this end, in one

emat i ca ows t fect t r ansi st or
epfdinegt H‘étré-’rP‘:?té’(ﬁéPleWO 21‘5%4%&@%&8@8& COB e (oS [10 be?] prater
thﬁﬁtm|cofr3$p6ﬁdlﬁg4@udkﬂﬁp of ElﬁS)tht’EthybEZ‘ﬂO b@i tinchriingnob¢ aletalle nickel. For

n|c Yl

l(e thxanerngS%"élah#l?}}régaﬁl {rplg cqer%&n’png% oafrgs?)té%onxjnzgf 6 selected in a
raggmpfawfoxgmgely 1QHPERB| Wherpas t*‘? fbéqkngsa 3 élVe?“bE‘ﬁT 242 may be selected in a
dpiaa&uﬁaaﬁllb 3ond. tihaosewendhd uhliaYae/ o2 43 eCOigRAdsSE Sof the finally
L e e T
sulvhlyelbei%omrm&eebrmﬁp@éballytbe adapterhe The bamst hodds Wﬁ for the case when the

m@HEPA érr?@tlr lpt‘ﬁ'?dem?ﬁ @l substnBhny2Adheiamds RRnRGOWhEEd tBS ratid of cobalt and
supstantl a

ST T Pl b B el SRRt R B B e st
arldayedlt @uAderackbasdsandridirbatiochem cal vapor deposition

and/ or physical vapor deposition. 10 For instance

when the netal |ayer 240 conprlses at, least the t
quﬁfﬂftﬁyear heap 4rfatmggrt215 Peffeuned Sﬂlﬁpa'lﬁélr @pﬂatg}erﬁgl annealmg at moderately low
tekpeliattir&d Liainpyredl epo sedverdiobyl @bapsattifiatongpeos] b Briescribed with reference

toplglﬁ aSSP n{ﬁ’ry ?alﬂcea% tgn%epurg rrﬁﬁx%%:?nggrof F%rg) Ygitglg%g‘%; 30§ i may be applied

foprwmmtqrwl torﬁeappwmamly 20-6f seende sefasm@t Hifate meta) oiffusion and the
fomekignedradildides Riik@b ,undiarlfy‘lﬁl@rm[toﬁleﬂﬁﬁhé p&cyMrOGSBint¥AY an arrangement

wggﬁgﬁeflisg%%ﬁ% EPII comrPnsef fccolbglyladé)rggosg%(%ndts?llgﬁ%c 2it4grgomprised of nickel
szpx@singhurdsmigs inhtde frmatigroef ricksh spicisiedgnediaiehestp det yngerlyang silicon, for

1rIsﬁ§cet Mlpﬁle(%fllcgﬁ @Q@ lefebt@dic RODERBHe diali}ﬁarfda%hx‘ée Qfglcﬁ‘a@ b@éi tunte@s not covered
ni.c Con

| ] e

by He PF‘iXiPm fﬂﬁ“t?ﬁé ﬁ‘éeéaé é‘g‘C}{}F qi‘h" é@ Z%r ‘“2"4‘}1/“"5%‘& ‘%1 : p“’gem invention
toore fdPrgodxplangiampittis balicprdatbagbe padeasre tarpsranhe ﬂmcru;bta? lheat treatment
R Qi s(l:%ﬁ?illcaﬂ{ %%Qroéllfﬁlﬁgn laBivRty CRTRD Rickt QGRSated tol thle 8YB8IL so that at an
particular e ment, the depgsition process is

controlled such that the amount of cobalt, in terns

of volune percentages, is higher than the anount of

ni ckel . For instance, to this end, in one 20

enbodi nent the respective sublayer 241, 242 incl uding

the cobalt may be selected [to be?] greater
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than the correspondi ng thickness of the other sublayer

241, 242, including the netallic nickel. For exanple,
w@2dosiseeess of the sublayer 241, for instancerPCT/US2004/031037

conprised of cobalt, may be selected in a range of
inigplpphasg wakeélpynemtesomth%@aéaghﬂh@et %?%R%é%@et?ﬁ“fﬁ fignificantly slows
dowh R 18)cibn 3 LobARYWvilkEILE ah@ﬂyﬁ@ silitod. UualﬂgeheO;frogress of the heat treatment,

nl%glpl/rl&r)réasl%g?l}lfflleg 13t(rc:)1)25§ gcgré aié re%ﬁ@v onh%l ?? Q()eIer%fl é% wﬁlle the cobalt silicide
formatikels silll §ignifieandndpwepbdlinally 4 pickd siligide lavegus fcémed Pméhe underlying
silfeOh I QSPANGEE Bake R GRReRIand e drii@ and YbrayRERNZ 404, flfbdved by a cobalt
| lﬂ)‘é correspondi ngly be adapted. The sane hol ds true
silicle 9B case when the netal layer 240 is provided in
a substantially continuous manner, wherein the ratio
Fifhe Q&Qﬁllaﬁca‘ﬁp Qhowd! tﬁg ﬁkld%@fgctttnﬁs&tm ﬁ@%@? c&flpl&tb% of the heat treatment as

cont |1 nuous ayer determ ne_ t he |na®\kl obt ai.n ‘ﬂi)&
AeHTERIDOS NG TAHER BOLPICE 6] 10 TR DL afflt sticide layer
261. heslmllireyt iaonicl@0 siliokie dafet @7Q nay eaformadeiat thee ritain and source regions 204

follP d%g%gbalfﬂﬁadeaﬁﬁeg 25§p'hgcarsbﬁlr '}Eld &%@te@;lns@g)r c&}ﬁprlses a metal silicide

er at ur es conmp
resigng bt fooREAmAkOBhe 1M afch <9hal 6‘H016? dBefgmatipn qfghe nickel silicide layer
270Q8€ bf BRI hilitiat eiyeNe® mhp sttis@ntidly. beRobide@9t anNR@st significantly be
reqtji]ﬁgn}‘lo etltl'gll I IeQaSE]Ior oranrl] ?)nOfrocea{)F} or ﬁ(ll Ir'{gtseq sﬁlcf(%%go%g@%e cobalt silicide
26000 6O gste@bn@@le%?% a@Ytbs spesificaly énln@ti ap a%zltOf frl%ﬁé Mtfrfe@htfments especially

forl J}leop%ﬁlutno&mkhol@y of the |gl]t'e Gled@&deWos h dnhe b'ﬂﬂgleﬁdnw Wkkn the metal silicide
licon,

ran
g LIS o LG A5 1o S BBFY BBt R Garp LA 20, he proces
patahetessaiooricbdSu fidraymegrth@ digracohpdd gidnof1 1mimek &¢ specifically designed so as to
opﬁMsz rthé!: Q@l(}ﬁs &ESJ&{JV{ Sf ju[ﬂctﬁcmedeg)glr ﬁﬁh‘h@‘ﬁk@f Arﬂep Iﬁ?el completlon of the heat

[1cide imediate c%/oag'é licon,
tre?%f“aﬁ%@rmaﬁ {aticny 1%%2@%@81 e2|7% T ot "opEcasisl “teff‘é may be removed
frodlt’ @iensidendll spadese20%egidons ilation ivhass 206t bycosele@te Wyt chemical etch
h r. r. tal silicide 21la (cf. Fig.
pr(%gi%f Ps\ﬁ?% lggst%grﬁége?rlggl%a% the present invention 40 to
the followi ng explanation, it is believed that the
TheR R 2d ﬁc&rﬂrﬂé@tftﬁéatdﬁeﬁit dl-fﬁlinﬁg ﬁ)hﬁlsthﬁh’ét intth€Rkf®0h rapid thermal annealing,
at %Ltgr%h?ergt%g:] élols Iulg tﬁnar}/t g%raql ef](c) ﬁ} Or}_ \% ts I\{éa]é ére%Bent In some
en’@@@@/ﬂ@@@%ﬂﬂ@ﬂ@@%@dﬁ@@l%? rgngg tOif apprpha@@IYnF&Gt“WC whereas in

otlQ? BRbIdAh&Ss ih@tté?nﬂehﬁurﬁ szl%l: s sel@@ﬂeh erotnh@pfo&ﬂhm&fﬂ 500°C 600°C Moreover,

erature si ficant
theC gngglctn % t[hﬁ hfzﬁerel'jxﬂlaeélf, | %/f%edtegltf) IaB%rﬁxmﬂj:?y L(?gf I%eeconds During this heat
trepmegy, egscootertifre ofhiba coltiattesaliaidenin  the wgokeR6l] mri’éasmtn @llyw ohmic cobalt

dlSQII { éeuégﬁtlht@& OD%hLé ﬁl@é’]hépgez{tﬁ@m {h¥ nﬁc@élnﬁhéaé inQ}QE‘lso be converted into a
I Cl cobalt silicide formation is still

Ill%(FlgﬁpqllFlegmhpc}h qumF exqgflﬁgppt)e;rfacg (:]J?Prektél]lstgf Wit the u{ld{ﬂ;l&ng silicon and
aclls&hefrélfyl’mda thffetetoune evdrlyinggrobals Hisilicidn, insthishvayssigiificantly reducing or

eh%%if%n ??sg rr%ggeg 1Qr§glﬁ£}% elrs h)?t fhbglt gﬂgfc%%ulgifeg 'érgh%gltfpé’]gate length of the

gatscirstradd 208115 pf %mwftoﬁé’aﬁﬁu@ld%l okt riggle gﬁl&ﬁ%?@@grdlszwe as previously
explbin€d wiR g elde @@F@E TichRl fi@ak. By @adtrobity aSeasth@s prdcese Parameter of the
he%bgreaqin{:rhteﬁlrégl?l}é tceott)e ;%ra?ur?l gl S heS(IiLllrzllt?OIndSh é%ocesszgg) t?aqgforming the
ma@iostli¢idgs| ipto gisiticigdke may jbiej adjugied.| g@pgrmsg@@e nﬂﬁy‘”b‘é of dhqrdepired low sheet

re§1§ﬂar¢c|9tearﬁ51|§llrﬁhnaﬁﬂltl%oﬁﬁeﬂﬁ Jb@ghe‘an&)n&%vn)f Qlalywéed:tfbh‘m&d on the basis of
coba siircrge |1 a

extttelss DO etoff LS Urokbisa g B B gukel sfrn ThF o and e coban
silfete leyealpl & lpast bireprpasPadmaiered el tteasirdatnsind eay bh earled to identify the
def;te'aEm: i g ofe thenn Gkalnedi lshdel IRsik@YET on 2Kid %G&s@fpaﬁahﬁter These

cobalt silicide |ayer 270 may jpubstanti ally be avoi ded

or at least significantly be reduced so that in this

case the formation process for the nickel silicide 260

and the cobalt silicide
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15 261 in the gate el ectrode 208 may be specifically
tailored so as to neet the requirenents especially
wo ooosasu2ept i mum conductivity of the gate el ectrOresR08031037
On the other hand, when the netal silicide regions
meagurgmends maiby perianmetl Foe a phuadits 96 diffort Ahickesierlipy so as to establish a

plﬂﬁﬂtﬂsofotgeahh@m&ﬁm&aaﬁ&ﬁ vﬁﬁ&\ thle r}ﬁod@fsoﬁ}ﬁﬁﬁeterpaﬂfaﬁ@h&ﬁ Sreatment may be
ve I N

deﬁﬁvi b,%ccgbeé%cinfimgamlntgol 8g§1e hﬁ eat‘zﬁllelzlitsm % nreceeg g{]ssmce rﬁa(el disilicide may
exhibifi apriscreasedy fegigtange qomnelteﬂ mm@bqétmvnmwwevhleteksecobABtséwde shows the
opbB\Ete 6Ot i On of the heat 20 treatnment for formng

the silicide |ayers 260, 261, 270, 271, any

non-reacted netal nay be renoved fromthe sidewall
Fig pat ethsm2@@11anbovishthe i fedd affecvniragsistoc 2 aft@0@nipietian of the second heat

tre%ﬁllleﬁpwlﬁ{ed M@&lfl@ﬁ@&@lhcﬁfeq%er Qg@ac%iﬁ)we@%y asm&ﬁhéd cobalt silicide layer
est abl i shed the a Th

er eaft

260 BARHLRN LS B 6?%@66 5% e Wk éﬁ’@é‘f‘ei’ AickH é“FHiFMYGF 27%a and a modified
cobalpsitcitid ayered 71amorart iimge drdb add scdrdearagiensal0dr enlédsabese segions are not
colxjérgJ]F)[ thterw&/(;ulglg %%%&%}%El%&neé'bﬁﬂ)&e@f g?kthE)ealsue to the combination
of b werens cheragierisig af eobala pbEHs imuies|of ltaswl@s@)e a contact metal and the
chWEe@aks lof nidkENEiliciaewath REgRtStot Nt idi@foe mathuie ufidAggi sSlicon, a low
ov rlﬁlpa ‘éegﬁreszlﬁrtgr{pﬁg rebgei(cl)t{{z?éegltg% %%)O%%tg QIQQrogt%g,? %glj‘lé at Ehlgesame time the
resppyim P depak inferdueQs e shaigy) fowmed rdgn{lg]psfuqﬁ]@atmanufacturing step for the
fidld &odcMBitsistor D60 RANYSShiAReOd atifielecabal t silicide in

the regions 261 and 271 into a | ow ohm ¢ cobalt 30

disilicide is initiated. During this heat treatnent,
Ad heesyli, clegiresid invdnden pwyided 5 Eelpgquedhnat @nabéa tharfoomation of a buried nickel
sﬂﬁ'l&kl%er qh %ilxcbrp&&?mMé Elpcuﬁxf@dtpﬂé §'1t§)§ %@ﬁalltesnﬁmdenlta?errff@%?:d on the buried

haracteristics wth the under| | i con and cts
mikﬁbf’lgﬂ?e Layerg thefﬁgff ﬂaéersorvrtné t}lnen%xcg)lyaéf Flg;lfaﬁ&rlété%?ﬂftcobalt 5111c1de with respect
to dbrhdt r&isthace, ivhilk higﬁlfmylysrb@alnfglo@am&hyg sleduckingntotegradation caused by
P tr
a C%Ib%lg}lﬂ@lgé/ chh %%fﬁf ayer eln{ﬂtrlﬁgeu{zjggr aB{i gl%gb%he& Pl%kci% silicide layer may
bedaimeddn e cemaga ffzeetwrspr@f“t HeheEsiHBE chIraqigrisHry el apfheghickness of the
in&iviagd] il QiR l@y&i 16®ladran Ghe&t kdsﬁtad&:,, add tlﬂhﬁ&’ﬂpw&éy}/ of351e layers may be

r ef erence
t n ameters, suc as la T thlclgrie ndaco o) 10n ratlo and by the
Conrﬁl?6VI%W°“ LS Bn & Ori5cé8s paranetEr ?pfh Y

propesst patrmmrﬁem heat hegatniest, rQSh@tltJ@eréumléwelyawe fermation of a cobalt layer
folldiFeat wyom,mék'erelagsxo@@@sstooi r&ﬁﬁﬂ&fti@ﬁmfriﬁesE Raterials during the formation of

resirlr)gggzglmlhél eg ?f%\}*’ag&}? ac?rrllef %,{rléboglé%ems n?%égw? gﬁgéé%sftfusmn cﬁlrmg the silicidation
proeess sdydraeduceh opti mum of the finally obtained

conductivity may be determ ned on the basis of

experinents, wherein for a given thickness ratio of
F“t"ﬁ%‘ Thpdifications; and (Yi"b"élof‘%‘gféf‘e QBﬁ“Qﬁﬁe“f‘H‘éWEb‘Pfaz}pPa‘&@ to those skilled in the
arSinlviedi df@hik ayseriptzfal Aadordigglg tthodescr(ptios 898 bp asraredders ibfstrative only
ang bsefop g@&{ {?oge‘%tf nﬁl}p?ﬁ%fﬁ s%l}égrlg ?lg exg Qhe#ﬁg}gllrrré Snlng{'og rgarrym%1 out the
pffshiﬂsn‘mﬂb@lbétsls fralicairderateod fhh@ééformﬁ)ow pyemjop 3pymand described herein
arPlo e Wik20 Q¢ {hQ Jdlehlly pedsrdasmmbdimeney be performed for a

plurality of different thickness ratios so as to

establish a plurality of nmeasurenent data from which

t he process paraneters bfdusthd ahpligabitityeat nent may be

derived. A corresponding control of the heat treatnent
Tllgﬁ¥qs% ngvggté%lsr?%éf %g:gsn |G ﬁgbéfcétdont%ltl(ﬁ:‘%dé ngm?%oeleec%(rgrlﬁ? Icct)mponents and
therefogsméetscthel equindvemeefsindwstyal appbicdbilgy.de shows the 5

opposite behavior. Fig. 2d schematically shows the

field effect transistor 200 affyer conpl etion of the

second heat treatment with a nodified nickel silicide

| ayer 260a, followed by a nodified cobalt silicide

| ayer 26la fornmed in the gate el ectrode 208, and with

a nodified nickel silicide |ayer 270a and a nodified
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10 cobalt silicide layer 271a fornmed in the drain and
source regions 204, unless these regions are not

w@eomened29y the previously forned netal siliciPer/vsmoom1037
211a (cf. Fig. 2a). Due to the conbination of the
superior characteristics ofLd8Malt silicide in view of
its resistance to a contact netal and the

i chg{ &e&&gﬁuc§ of nickel silicide with respect to an

i nt'el'f WK &n underlying silicon, a |low overal
sheet reS|stance may be obtained for the gate

fornﬂhéaﬁtlﬁﬂgQZ@Q%omeﬂdlﬂgem%llitcr&bﬁﬁmlﬁ hf®mb@Biclfckel (242) over a silicon-
cal . interconn s (not shown) forned

resi stivi
conaiitedgeian %Zé?’tzg?é)rf%ﬁﬁ%‘fnaacstu P (‘3@{ dep for the field
effect transistor 200 is also maintained at a | ow

heat ©348hg sA8 sBost:ESUbS1) ot faem@tr éﬁlsasm;ent\émuvqncnm @Mlzplgﬁu Bobalt (241) to
techni que t hat enabl e

of bu
reach PER SICOTSp P ATy BROGH L5171 O OB HHSAn AR ing gfsion 208, 202)
features wth a cobalt silicide Iayer fornmed on the

UG 4l i i et S Bh BRI T,

respect to contact resistance, mhlle S|gn|f|cantly

heatl ﬁé‘i}‘thﬁi; r&@ldOJubﬂl\éCH diomg ats heedond esmwtant hd@@r adhatdainfirst temperature to

al.t silicidelsilicon interface. The
modlta B%ll 51llc¥d|e If%rl 9 la}xmifesraldahﬁa t{eﬁ(m adrtheefn stntlerél%er tursf:I licide
Iayer may be fornmed in a common formation process,
2. Wherhe |rr[}(tjﬂob %(fj €1|alﬂﬁ @C\tf}%&élﬁfsdl@ $ay§ru&)|ﬂlpﬁ§1n§ h@tatlh}: &)Bﬂe&ﬁl Rétallic nickel is
I ndj vi dua eral.l. sh

S

forneg By deatiste o ditar Shac it prvalt A0 st Pl yBonng o ang gepositing o
layec ofvnetallic agdkél\abolepaulilavicopf peteldimettaits, such as | ayer

t hi ckness and conposition ratio, and by the process

paraneters of a heat treatnent, respectiv
3. Su rT,Slf: Ingefl}?@o)f/ clapm, L, wherein s3id) }?yscfcoglpgélﬂémeta l&y}épalt and metallic nickel is
forried bl degditiy adayai ctkedtalliayiekel labevd Saitl Giliaon enliading kegion@nd depositing a
, I als: ' tion of respective

lawgpﬁ%%?ﬁgggﬁggg§%§?mﬁ%kgg%g&gﬁﬁg@{ﬁgnts undesi red

ni ckel diffusion during the silicidation process nay
4. be Thedwead.of 20idrur fitier BaMekofling At thiRRiesABOmYdribdkiliGids ferned in said

r.esent tio rent to those

Slhcgﬂc?rﬁ BU"P ﬁegfcﬁ'q)y agr‘ruftm VYl\t}lCléI\lﬁs%?fag ﬁa}%yedescrl pti on.

Accordingly, the description is to be construed as

5. i I hmstnreatoh\be c@m ¥, widiéln i thRkndsd16f srauf mybses chjustt&tagmeagsmng a first
hose.

layc& 8?1?%”% ?ta ﬁ éobaBrvg&re%?re?eﬁwgcﬁ? {sbﬁuckpiss and 3 Sefcgréd layer comprised of
metalhoeickd oadl atphadefitddesedond mcknesst he | nventi on shown and
descri bed herein 35 are to be taken as the presently

preferred epbodi nents. Industri al gpllcablllt%,The,

6. pr dde methof ghtimon Yherei i seepnddliFknsss 1 fegs Pamiaid Bist Bipkness.

nmet hods of m croel ectronic conponents and 40

t her :
- apg Feaberi B b R B ETRS, LR PO T 105
CLAIMS 1. A nethod conprising: 5 formng a Iayer (240)
fornfi TP hbI$si N h@InkngCratoddatodd @44)) onaanghtaribdhtidnQayt ¢108) formed above
aﬁ%gégh gﬁer a silicon- containing region (202, 208)
ornea h a substrate (201); heat treating said
substrate (201) at a first tenperature to all ow nickel

forn(lgélg)draarn%g%k@dﬁ) a(lgéjs).)ur(:@regl’oﬂa(QM)Vib farkllfcbh-lc&ﬁﬂnﬁl@ sk@ichRductor area
(2023,0%5? gliaH)i aﬁlg §1g§q raﬁlol(lszgg% hﬁw) 1sp2)sed adjacent tosﬂle ga(t:e giectrode (208);

forming sidewall spacer elements (209) on sidewalls of said gate electrode (208);
12
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10 selectively renmoving non-reacted ni ckel and cobalt
fromsaid substrate (201), and heat treating said
wenpsosare (201) at a second tenperature hi ghepCt/lisan04/031037
said first tenperature to nodify said silicide forned
during said heat treating at the first tenperature. 15

fon%mgTJ‘%yé‘?e(ch]@dco(ﬂ{pnGﬂr@lrﬁ‘@talhc Mfﬁ[t&lznl)sa&tidndtﬁ}@ﬁuckel (242) over said gate
C, cob allic nickel is

netaH
ele?t@ggé@s d*é’ﬁ(%?‘{‘ Plhdgwgrcf lonsg% fal lic cobalt above
sai d silicon contai ning region and depositing a |ayer

forﬂfn 'Iﬁh@kzlla GayBf @ aQQ@a\hemﬁ@Héj (d6ay 86129 fandBlcRéll diGcide-containing region
% g od of claiml1l, wherein said

Q6Pé§8ﬁ‘%SﬁﬁHP§Pﬁ§mﬁﬁ?ﬁﬁ1Fc cobalt and metallic nicke

is forned by depositing a layer of metallic nickel

8. ab%% ﬁ?thgd st &t <} % &Oﬁcﬁg%ﬁkﬁhm LRG0M: andadeRPsickd @glcme containing

| ayer of neta above said | ayer of neta
reg@@b@ﬂlwdes heat-iegtingeseidsydbRteat Aiflft fempefAtyR &e a‘&%fl%ﬁlllam‘] @"ba“ to react
witR sflibérCleTeraba aficiadstilédsed ssidlgheiettetrdder med in said 25
silicon containing region by adjusting a thickness of
said layer. . 5. The nethod of claim4, wherein the
selqchivelk ratpyingnonagagtefl aipke! apd cobgjt ﬁ@ﬂ'ééldwb%@ﬁo%fldt ing a
first layer conprised of netallic cobalt with a

He% 6%?rfgssgigid58;sltrra%eatt gls‘%c%h ﬁlxsniﬁr%{l]lge ﬂglﬁe? &%Irl] ga18?‘¥? ﬁee d)erature to dmodlfy said
silitide fkmedsduring@ai@ hedffywatingt at o fioft t@hmrawr§ wherei n said

second thickness is Iess than said first thickness. 7.

A met hod of forn1qg |d effect tra S|stor,,the
9. met ASEROGRHFI B e eé%eff‘iﬂ R ﬁ%{“ﬁ‘é‘ FRURSE8nt ai ni ng

gate el ectrode (208) on a gate insulation |ayer (207)

for fg?rqln%gg%@r stgcécs‘iHQ%lﬁ?stha(;@ga)te 1n§19£tm;nﬁgre9(2@5ﬁ'a'ﬁolysﬂlcon layer and

regi o a source region

a cay lpyeeé?rﬁ éetrwap Bilicep Saien PR UiPEmest oy wESUaeOEd): t he
drai n and source regi ons (204) being di sposed adj acent
gga}é:agtr%r eat S%l )%?%tf%gt)% férﬁhozg% e éllg t{oﬁg gﬂfoﬁg%aﬁzg%%"i@ﬁ Lurface covered by at

ka%ﬁ@épmbﬁﬁﬂaﬁﬂ%) 12 WO 2005/034225 PCT/U82004/031037
formng a |ayer (240) conprising netallic cobalt (241)

and_netal ljc nickel (242 ar,

(ot iaag dcip e ot Sieion QP eaRal R s a4y

formng with said |layer (240) a cobalt silicide (261

26lﬁ:}m {g%ﬂ&id‘ek@glorﬁ'(im@ bSlRpr 13 tad Y a1 i e Qbain §rdBQBurce regions (204);

l east 1n said gate el ectrode. 8. The net hod

of cIa|n17 wherein formng said cobalt silicide and

Ni clgbsisg bdiciofd audaabaihaigmg electegic¢208) ;o udes

heat-treating said substrate at a first tenperature to

al l ow nickel and cobalt to react 10 with silicon to

f or fArmingjal ickelralicide/qopgl giligide laxgrdtagh fegiod) (2o PRlddn said Bate clectrode
208¢l ectively renoving non-reacted nickel and cobalt

fromsaid substrate, and Heat-treating said substrate

at a second tenperature higher than said first

tenperature to nodify said

10. A field effect transistor comprising:
a silicon gate electrode (208) formed on a gate insulation layer (209);
a drain region (204) and a source region (204) formed adjacent to said gate electrode (208);

a nickel silicide region (260a) formed on  said silicon gate electrode (208);
13



15 silicide formed during said heat-treating at the
first tenperature. 9. A nethod of formng a field

we@bdosos42e3 ansi stor, the method conprising: forPeTySA04/031037

| ayer stack including at |least a gate insulation |ayer
(209), a polysilicon layer and 20 a cap |ayer (230)
aboyg a silicon region (202) forned on a substrate
(201); patterning said layer stack to forma gate

el ectrode (208) having a top surface covered by at

| eastobahisdicolapedieny@61a) 28Mfd aRe faid picke) sdicie a¢aiora36i0a
source region (204) adjacent to said gate el ectrode
(208); formng silicide regions (270) conprising a
first nmetal in the drain and source regions (204);
exposing said top surface of the gate el ectrode (208);
and 30 formng a nickel silicide/cobalt silicide

| ayer stack region (260, 261) in said gate el ectrode
(208). 35 10. Afield effect transistor conprising: a
silicon gate electrode (208) forned on a gate

i nsul ation layer (209); a drain region (204) and a
source region (204) forned adjacent to said gate

el ectrode (208); 40 a nickel silicide region (260a)
formed on said silicon gate electrode (208); 13 WO
2005/ 034225 PCT/ US2004/ 031037 and a cobalt silicide
region (261a) formed above said nickel silicide region
(260a). 5 14
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