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30 available real estate for interconnects becomes even more limited.

The majority of integrated circuits are based on silicon, that is, most of the circuit elements contain
silicon regions, in crystalline, polycrystalline and amorphous form, doped and undoped, which act as
conductive areas. An illustrative example in this context is a gate electrode of a MOS transistor
35  element, which may be considered as a polysilicon line. Upon application of an appropriate control
voltage to the gate electrode, a conductive channel is formed at the interface of a thin gate insulation
layer and an active region of the semiconducting substrate, Although reducing the feature size of a
transistor element improves device performance due to the reduced channel length, the shrinkage of
the gate electrode (in the gate length direction), however, may result in significant delays in the
40 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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cycles. 21s the honzontal extension of the gate electrode 108 i.e., in the plane of the drawing of Fig. la, as

indicated by the double arrow 150. Thereafter, a first implant sequence may be carried out to form
the extension regions 105 wherein, depending on design requirements, additional so-called halo
implants may be performed.
35
Next, the spacer elements 109 are formed by depositing a dielectric material, such as silicon dioxide
and/or silicon nitride and patterning the dielectric material by an anisotropic etch process.
Thereafter, a further implant process may be carried out to form the source and drain regions 104,
followed by anneal cycles to activate the dopants and at least partially cure lattice damage created
40  during the implantation cycles.
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then a second anneal cycle is performed with a higher temperature of approximately 700°C to
convert cobalt monosilicide into low-chmic phase comprised of cobalt disilicide
35
Fig. 1b schematically shows the transistor element 100 with cobalt disilicide regions 111 formed on
the drain and source region 104 and a cobalt disilicide region 112 on the gate electrode 108,
Although cobalt may successfully be used for feature sizes of approximately 0.2 micrometers and
even less, it turns out that for further device scaling, requiring a gate length of well less than
40 100nm, the sheet resistance of the cobalt disilicide enhanced gate electrode 108 increases more

rapidly than would be expected by merely taking into account the reduced feature size of the gate
3
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followed by a Iayer of metal sﬂlcxde that xs substantlally comprised of cobalt silicide may be formed

in a common formation process so that the problems occurring at a silicon cobalt silicide interface

may be significantly reduced or even completely avoided.

35  According to one illustrative embodiment of the present invention, a method comprises forming a
layer comprising metallic cobalt and metallic nickel over a silicon-containing region that is formed
on a substrate. Thereafter, a heat treatment is performed with the substrate at a first temperature to
allow nickel and cobalt to react with silicon to form a silicide in the silicon-containing region.
Next, non-reacted nickel and cobalt are removed from the substrate and a further heat treatment is

40  performed with the substrate at a second temperature that is higher than the first temperature to

modify the silicide, which has formed during the heat treatment at the first temperature.
4



| ayer conmprising netallic cobalt and netallic nickel over a
silicon-containing region that is formed on a substrate. Thereaft%rﬁppaz 07
heat treatment is performed with the substrate at a first terrperature tg

al | ow ni cR¥P 2005(93¥8balt to react with silicon to form aPST/USHOHBYF t he
silicon-containing region. Next, non-reacted nickel and cobalt are renpved
fromthe substrate and a further heat treatnment is 40 performed wth the
subst r at e Iag fathseenhedimeahnihe mathod Burthprgompriseh ceptfeling pidpast pre of 2 teptperaBHaddt ur e
to nodif ygutden of dk ﬁééﬂ@nedmieﬁtcrbr Ragifyh k tHe eilicidé ton@jushah bt bf RBAN@EIticiad int he
first terrperalure APR 2007 WO 2005/ 034225 PCT/ US2004/ 031037 In a
further erBddi ‘r‘fﬁ‘hfonfaﬁ%“%%od further conprises controlling at |east one of
a terrpérature and a duration of the heat treatnment for nodifying the

silicide tiQ aaghés bmBydiRdRD wid sxﬁf:on%bﬁlnﬁngdbﬁbﬂ é(ﬁipﬂﬁs'arboly%ﬂicéh line having a lateral
silicon- cgptal nbodi nent said silicon

containin PBI‘}%&B%FC}?&PP?B’S‘F‘;,%’:.{P %’ﬁmﬁeﬁe having a lateral di nension
that is | ess than approximately 100 nanoneters. In a further enbodi nent

sai d silicqan KAk 3nBbdibert 88 QNic6H BIHtiH8S redictcBinprisRE dehiS Il £ Souf@Fegih @fa a
10 fi e,ll d efﬁfg gﬁ transistor. In a further enbodi nent said silicon containing
regi on FEcHIrSISOE portion and a second portion and wherein the

met hod further conprises formng a nmetal silicide over said first portion

prior to f,QreyuRg eﬁﬁadﬂn&@m& s&@&lpéo'nﬁﬁﬂ”k% RBbR nkufes GO ;;or@daohnaratsaaohd Fortion
nickel. 15 In a further gﬁuro i nent . sa

frrst portion rain
regi on and™d VE5GICEe meled Aurher omRrispyloring éé‘fetaﬁ)rs‘é'ﬁ‘élf é’f"gr gff“apoftb‘fﬂtpﬁl@f
enbodi mentfossinglsasdlaym dorppisingomnetd berpbalks sl metghit wiclel.ect rode of said field
ef fectyg ransi stor 20 covered by sidewal | spacer elenments and a cap |ayer
and wherein said nmethod further conprises renpvi n%&sal d ca% | a er .p IJ? to
form ng safd falaembetrntSpidfirstRonnqn MPHES Rrdrah featRn; 390 3 QUIGE Lqem of 3 i
further erdifeditrameittoa gate | ength of said gate electrode is approxi mtely 50
nanoneter or |ess. 25 According to still a further illustrative enbodi nent
of the present invention, a nmethod of formng a field effect transi st or

conpri ses IdriHitheg CBOGIYNSRS 54id SPNIRIFHH cawwgsegagaée BPEfs plfaiddir! detfpat gansistor
i nsul &0 oncovtay 8y sidbedll spcdr alamttsadnd\aecap 19eb sid @besein Aaid radtindr fegha Romprisea

source re n.. . :
wnor o n ¢ risduak Bid AT s Rbik 8l LEAT BRI AANTL CARRUE REpLe AR,

el ectrode. Next, sidewall spacer elenents are forned on sidewalls of the
gat e el ect madertRidmbodiflent 3 ¥AE 1D kAHd Bie tredtalid is apgotimbielyeiochan@ieadr ot less.
nickel is fornmed over the gate electrode and the drain and source regions.

Addi tional ly, by neans of said |layer conprising the nmetallic cobalt and the
net al 14% nhederding tg siilb gifeythee BlysEative sgbediment of e Pressng invaripnng srdpd of foymingie j s

formed at h@astrec fradshheor@ahpriscetortiing agmlysifibonl d&ntamfdgrgafé@lec&ﬂm @0t inSiditidn
! ayer Conp{agesrltpag 1{@)}1@&' Ab%vecé) lsjtﬁ)stratg ng\ J;%el f%%llc; Canﬁ' I::1 I?I'CC f'e 10&%&4@%@ in a silicon

deposi ting nprising coba rsai
el ectrode e¢onthining g;nmoaqiqqtoamugbmxgrem the dram and source regions are disposed adjacent to the

gate electrode., Next, sidewall spacer elements are formed on sidewalls of the gate electrode and a
30  layer comprising metallic cobalt and metallic nickel is formed over the gate electrode and the drain
and source regions. Additionally, by means of said layer comprising the metallic cobalt and the
metallic nickel, a region containing cobalt silicide and nickel silicide is formed at least in the gate

electrode.

35 In a further embodiment said layer comprising metallic cobalt and metallic nickel is formed by
depositing a first layer comprising metallic cobalt over said gate electrode and said drain and source
regions and depositing a second layer comprising metallic nickel above said first layer.

In a further embodiment said layer comprising metallic cobalt and metallic nickel is formed by
depositing a first layer comprising metallic nickel over said gate electrode and said drain and source

40  regions and depositing a second layer comprising metallic cobalt above said first layer.
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regi ons and depositing a second |ayer conprising netallic nickel above said
first layer. In a further enbodinent said |ayer corrpri si ng netal l] P@%{ﬁ" t
and rretall @ Q%kel is formed by depositing a first er corrﬁ

metal lic n'QREPO$PE said gate el ectrode and said dral n SWH Y8 ?3&%’7 40
regions ang, deRasict i, fu SSEARhaNAke CORRIRSIW FERALLY GufiMRAl 4 AbRYE oPal d
first layer. 5 13 Al 2005/ 034225 PCT/ US2Q04/ 031037 I n accor dance
with yet aligpReeR ﬁ‘ell‘F ﬁfaf?‘i‘ ARRY O FATPESTTEImIBE 2(lper SReks athich; ineludes i2bF2d Héthod

of _ f or m nipsw@atfoin ddydr, af fobeilicon azmer; sidos capdagpr,isb@s af slidoh Regian ﬂoawlronsat sbdtrate.
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silici de/cobalt silicide |layer stack region is fornmed in the gate

el ectr
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t enper at ur emipéradakd 0\W16W GlcRE aad doban batehct twathls@R64A tooinha Silikide Nsaldogateadidtirade;

Z.In:jl glo(tj)g.l ![ Qefle:?:g\r/ﬁq% g‘entcljpvméb %t-rre c(iie,% nic dﬁ?lagg tc lﬁa?t ?J\ mavéuggra? natr)l[l eh%gtt t%!tlpé Q‘Jﬁg !
second t enpdsiatefte ﬁpfgﬁetpmrqﬁqwes}ashar thag gaid ﬁéhﬁé&pa’@tyre‘ewtr@%dpwﬂwe dormcd
silicige feidmdaidhoat eitinpq: Gaifigst fadkratui€at ing at the first tenperature. In
a further enbodi nent said |layer conprising netallic cobalt and netallic
nickel is fornmed by depositing a first layer conprising netallic cobalt
over said iaedurdiepempasireny rseiid deyso shmpnisgngameteltio gebalt| and apetdbenpickdi ipdormed &¥ 1 i c
ni ckel abOH@boﬁﬁh a fikst Sdyed @x@hsmgQledanlcaeotmavbefauegm@siémaé arflBdefosktBgEN second

t kel f d by d t
Firot | oy ol EBPISRE-RLE ARFTEPRe CREFTBUN cai 0 gate ol octrode and -

deposi20ng a second |ayer conprising netallic cobalt above said first

layer. In g fyidieemssiad ®iatlayedictm ﬂlsrnegt m&eﬂhalcoua& £RANREAINE GicREl 6 IhAel by 25
According to anoth illustrative e nventi on

ent
F el ef f eLtPoRRaRE Rt Gver DGt SRl PLT if BrerBRERoH JBITHR THeard
gat e i nsul &yeorempasies metdllie cotaltnbostsad firyitaybrer  conpri ses a dral n region and

a source regj fﬁ?thér%ﬁ@&im@ms%?ﬂét r&e@al Es%mﬁﬁée@o?éo%&ﬁ rode. Additionally, a
ni ckel €I|ICIde region is formed on the silicon gate el ectrode and a cobalt

silicif region is formed 30 above the nickel silicide region. In a
further entodirdiegito bixehdriibhdratfd egbodimansf steopredeut tuventiosoasields effech traudisdrt

silicide reghOfcd QriRldn daft SRéttbal Binkad8tda SAN GSukRA BRG: Fhe 'tx@ns@st&ufufrthé‘rr

enbodi nent the field effect transistor further conprises in alg ra|H and
source r eglcemlgxses a drain region and a source region formed adjacent to the gate electrode. Additionaily, a

nickel silicide region is formed on the silicon gate electrode and a cobalt silicide region is formed

30  above the nickel silicide region.

In a further embodiment the field effect transistor further comprises a cobalt silicide region formed

in said drain and source regions.

35  In a further embodiment the field effect transistor further comprises in said drain and source regions

a second cobalt silicide region that is formed above a second nickel silicide region.

In a further embodiment a thickness of said nickel silicide region is less than a thickness of said

cobalt silicide region.
40



a second cobalt silicide region that is forned above a second ni ckel
silicide region. In a further enbodinent a thickness of said nickel gPR 7007
silicide Ir:‘Pﬁl on is less than a thickness of said cobalt silici de regi on.

40 6 13 APKO3H9P342D 2005/ 034225 PCT/ US2004/ 031037 BRI EFCHESWR/BHON OF THE
DRAW NGS Further advantagesg Iﬁﬂ@f@%ﬁb’?ﬁtﬁﬁ%ﬁ £ the present
invention are defined in the appen al ns and vm becone nore apparent
with the follow ng detail ed description when taken with 5 reference to the
acconpanyi Rgrtitte advangges, otjecthindlembbdigents bfthe [phesain thvkfion GlRedaineCal thy agpamisd
Cross-sect |, Wi f

di fferept gltgg‘gse%n\éo‘?%% §(I:nt8 %pA/%%JS ‘Eﬁl il ﬁ%gagﬁ% d %Ed e@%@ ?Ig:g‘lrh 3 ga%m\?vvgtl op
vi ews of géﬁf@e@Fé‘tﬁ‘Fé‘@é@PWm@ldegéﬂP H’f‘e | engt h, vvherel n an undul y
increased gate resistance may be observed at a gate Iength of | ess than 100
nm and Fi g%s 21% ?bda Clhggﬁ% h&c%ldhéfhom%’é/s ?Jc 1§r§al vf%&g 6Pan<%nvenhox\1’v§ ﬁg'l];l ec]; lrgtlsgtor

ef fect transistor uring stages accordance
illustrati Wlwﬁb%méﬁg@ Oéfnatl‘tféc“ﬁ?aesent i nvention. 15 DETAI LED DESCRI PTI ON
Wil e the present invention is descri bed with ref erence to the enbodiments
g?a:/\,il lngg tr ?’%g%‘d d arrltfighf)cehex{rj%tifl H%f dgl{e {'11 %?%a% € { s oP E%f Er((jm o%te lex}gﬁt lﬂerem an
descri pti olndudy inedessed gate resisdncsviiay s observedhaita gamlerra@eef lgsg thap 4PQ npkpad pr esent
invention to the parti cul ar i I I ust rative enbodi nents di scI osed, but rat her

t he descrlla ratt ve ment s 1rrere %/f e>§ tlf Yl et\4a ous,
aspects of tgﬁe pressce‘?t‘tla “Hveht ik ‘hmss sﬁ%‘“a op&’% effest FARSISHE 1Y g t'AR"e
appended clmanyfactuig sratgesslh@enodiab@ métlénbtltah@tentbh@mpme okthe ptewenrmnenn is
particybarly advantageous when applied to the formation of field effect
transistors of extrenely reduced | [ t he i ssues [problens?
concerns?] associated with cobal tgéﬁgﬁﬁggsggﬁ?e@ﬁure sizes of well bel ow
100nm may significantly be reduced or avoided by providing a stacked

ni ckel sil wré%&gkeént lﬁ,lettt&u lgleesrceeedowﬁh Iét@rertue Gk ele ShtohifleH® as tmsttetdd in the
adj acent t | ows a reduc

ot om i dlmme dsitif festin@hEs el Srniba FovRes elSnhehnstlobd Bal e Boitne e
is an 2Ppr deteidedadescripebih ae 9tlhb$ itshiedvisgs| arc halantemdzt ¢o lizlit the presedi myeiopav itor

contact r e%hﬁ%@l&c ﬁlu&@atﬂ& Qﬁfbo&ﬂ@&t@%ﬁscl’&ﬁheBﬁtalaﬁxé lttiéhdé&xﬁel{ Qﬁ%ﬁﬂveaaﬂbcidh@ems
i ke, thereb¥ﬁ)8r0w egree of n}l)atl

W I
process t e FHGEEEPIL yl—‘lg?/\é’tfé’t‘?asﬁ’ﬁés ?)frte"s%rﬁ’tenf RvaLe dlhe %“ﬁ?fu‘?fdn‘r\%‘[‘s B‘éfme by‘ €
consi der ed apgentdichgms.estricted to critical dinensions of 100nm and |ess
unl ess such restrictions are explicitly set forth in the appended cl ai ns.
35 WtE reference to Fi %E‘@v 2a-2d, further illustrative enbodinents of the
pr esent?i n¥eforlnbsnetpd thsePreseals iVPIHAR if Banisylerly)a¢vapiegcous when applied to the

formation of field effect transistors of extremely reduced feature sizes, as the issues [problems?

concerns?] associated with cobalt silicide at feature sizes of well below 100nm may significantly be
reduced or avoided by providing a stacked nickel silicide/cobalt silicide region. The nickel silicide
formed adjacent to the silicon allows a reduction of line width without unduly compromising the
30  silicide film characteristics, whereas cobalt silicide is an approved and well-established silicide
material providing superior contact resistance to other contact materials such as tungsten and the
like, thereby providing a high degree of compatibility with standard CMOS process techniques.
However, the present invention should not be considered as being restricted to critical dimensions of
100nm and less unless such restrictions are explicitly set forth in the appended claims.
35 ’
With reference to Figs. 2a-2d, further illustrative embodiments of the present invention 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
40  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



In Fig. 2a a field effect transistor 200 is illustrated so as to represent
any silicon-containing region 40 which is intended to receive a

portion sq _as to reduce the sheet resistance thereof. As revi ou

expl ai ned, V9340322t r odes, drain and sour ce regi ons, pBf ??Wﬁ%”ﬂ nes and
the like nlg%g moﬁxfﬂeﬁ ﬁA‘PBmggp&elr g&dggwoéé Pglfeléﬁglgaqzyxﬁe%;lglggofttf?esP?lllcon
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200 conpr i sessikcos WA & $012@ilicon b ibularey) shxetrazeyanapw R | Atrensswh 3tthatregiossuch

as a sili Cﬂ)’i EN’?orSed mame ggstra‘ez%(gl n(a Q?eoé}men ?ons ﬂ} gele} ar% ld?ts Ic‘i%égﬁ C)Sfﬂqw; Bgﬁlure

A transistor active subs

di mensi ons20t3héfh’ébfmaarbé pa@iqeﬁe’d tlt?yfoaﬁ of Séﬁeafthl 'éﬁate’FlrSﬂEQtBnee Higlg dopgHidctin ARy be
pr 3\“ ded i gduich@eghdk MO Inchding OGELLVE e,hatsidartegsxrsu@s ufeefomléugh kne a@ﬁggldgldﬂi 20N

an rce re IOﬂS I NC | Ve e n re i_ons

For mod o n PRCTOrau P B A7 B SRRSE! ka3 CAMAPN PR Bl
channel relgregd Q@& tha oﬁelnylstegioe Gf6 ga@ és epuad @@eef@esbﬂ & gatp onautﬂdoraWVeZOt’lhe

channel r a@b@avem@de@ad spa%ersaaﬁernastm drb ertd @ffrklbékvaﬁs gaine polysitibait ga@ﬂelk@:ﬁé@d’
207. MNor egyer ewal Il s of the

pacer nt r me
pol ysi | i cofi “ga {n ongI ecf)élmant %gwn IH %e eﬁﬁ:&}a? %3?) a%y g%pocatm? abqs_ze tf?e vzaée
cap | ayer 980rogmiishe dsgo et agtop werfach of thet gate deatroda Hibe TiBScap dayss ZQ%me)ober a

top surg ac@n@tisdah@r g@h&nehmﬁer 04#1%020&0@@%@@&1 | oRYride, 3 @ndTBr¥e bm(el%nd may
conprised of silicon nitri i con. di.oxi.d on Q

Kb and T RSERbAGUIREGRY o5k TR PN O R ERR AR R iobie el PO 58Y ol
char act er i Bydar@80 tbe usedhabd bottameantiagsfledting evatil@ Quiing the paisodhgas the kit tleatmode
anti-refl egfgi ve coating during the patterning of the gate el ectrode 208.
20 A typical process flow for formng the field effect transistor 200 as
shown in Fig. 208 may conprise substantially the sane process as

previ il yA dasal ploeds fpw For fefudrecthe Belt offéit gransistor 2Regrasholvingy Rig €08 evap odhipmisnt

of the fi egudstﬁftiafwtthet gaﬁi@%&teﬁras%gléu@ﬁrl &égérﬁ)gd iR rG@Rnéea%qflézﬁio Régtardm% t§19 be

noted that duri n?BﬁL E t ni n cgate el ectrode_ 2 means

sophi sti catdigkat of e g’rﬁf {1 SHH’(’t’(S)Pn‘“ e the cpR ey, OCBa‘flt‘hae “§t°‘éjélé‘&

t hat i s tygqiringltheyparteming efithafzhte klettingle 208 bemains gf @phistiasd photolitbograrkh a bottom
embodi ”E”tﬁnﬂfeﬂéc'ﬁ@e BEa‘%ﬁEQ ubddV@RL lsorgg[ncéif%”xtein%&% s Hﬁhepéiféﬁ\ﬁ?gnbﬂoﬁéaé' IR'sPHESS

fl ow Eé}g bottom anti - %ec tive co preserveo ayer
230. c%(‘ibb° iRFaLs °§3’EF E)‘F%?(}i ’dé%f‘“f’ﬁe“ﬂ’é% |“bffie| °t°§}"°“t“6‘al Praesse Haw ik ?P‘T"B‘r?ﬁt"
met al si | i efleeive egitiag smay be praendt as the aiydlagn QBE eTHeagp P& 230 4rovfies the ponidithand

and, after, Cﬂﬁ%kxﬁﬁht fo% érfeﬂﬁ’ sm?:gl@lregz&dg iff ‘ttfiecﬁ h@n& E&‘xré@rr@%gﬁs%g on M Gfe han

regions 204 in ectro subsequent |y
r emovi ng t > &6 Cpm e‘F“Z{‘s@‘edPﬁﬂalﬁé}cfdé? " th"gdrame%é%@ regions 201, 46 E818 CFFTC b
descri bed 208 fanrteé emenadty fubgguendlp- rgﬂovxﬂ_@ﬂ{e dap,layien 23@ AR @eAd@MinFEN pRocesk Or
Fogi ordD poffabRErL nAl bl St il it REril A, Tl U5 of S e AR RH! £
per f or med mstapcs, BrCéW‘o%Fl?e gREEEy W%He \ﬁﬁr!‘ﬁd r"eﬂ‘%?r @ﬁ’@eﬂndtsﬁ“m? gegions a?=°l4=cWh°fem

wher ﬁ' N, hawaysially thteamaprotay Sdquehd® mpy BY fittosma@ 4s QY pradibRly Rbcribedalth réirkicei de
In the

to Figs. la-lc, wherein, however, the cap layer 230 prevents a formation of cobalt silicide in the

gate electrode 208. Thus, applying the process sequence described in Figs. 1a-1c to the field effect
35  transistor 200 having the cap layer 230 results in the formation of cobalt silicide regions 211a,

indicated by dashed lines. Thereafter, the cap layer 230 may be removed for forming a nickel

silicide/cobalt silicide region in the gate electrode 208. For convenience, in the further description

it is now referred to the field effect transistor 200 lacking the cap layer 230, since essentially the

same process steps may be applied to the transistor 200 as shown in Fig. 2a, thereby forming a
40 nickel silicide/cobalt silicide region in the gate electrode 208 only.
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gate el ectrode 208. Thus, applying the process sequence described in Figs.
la-lc to the field effect 35 transistor 200 having the cap | ayes 280007

results in the formation of cobalt silicide regions 211a, indicated by
dashed |i MEQ200¥§nfter, the cap layer 230 may be r enoPENUSHP49303Ti ng” a
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240 deter mtaﬁpemeea‘ bddipated t0RicBhvaREbaRI kA1 siBilldtioh PeocedaNsh i€ @bRlibedSiit Rfeghce

thi Cknesses ?nd 1a, For 1nstar;[c|e Oa temperature in the range of approximately 300°C-308°C may be applied

for a time interval of approximately 20-60 seconds so as to initiate metal diffusion and the
35  formation of silicides with the underlying silicon. In one particular embodiment, an arrangement
with the first sublayer 241 comprised of cobalt and the second sublayer 242 comprised of nickel
surprisingly results in the formation of nickel silicide immediately on the underlying silicon, for
instance, on the silicon gate electrode 208 and the drain and source regions 204, unless not covered
by the previously formed metal silicide 211a (c¢f. Fig. 2a). Without restricting the present invention
40  to the following explanation, it is believed that the moderate temperature during the heat treatment

creates a significantly higher diffusion activity of the nickel compared to the cobalt so that at an
9



30 Thereafter, a heat treatnent is perfornmed, such as a rapid thermnal
anneal ing, at noderately low tenperatures conpared to a conventlppg;kﬁ 2007
cobalt silicidation process, as is described with reference to Fi

For instan¥®20%/®¢#perature in the range of approxi rratell’QTG@@@ﬁ”Q@Q% may be
applied £ t

Tt ate il oo piseflgRhdRles do EERC R, e SHEL SERGNIR SRiRBRP sons
under | yi ngdf’s}’inl 4 regeiion|of cefet "p‘ﬁ’r the eadealying isan mPyting ‘éﬂﬁ PEagresh glethe heat tRRMEnY he
first subl ﬁmean 1&Mslﬁgyrprffu5@dnmfsumbaha raaflity fohfs SR@andicfddbinaly afie @l silicide

conpri sed {%rma {o%k;? Istxll 51"ﬁ1mF F}Anﬁh rllcgléeh rﬁéaiﬂg' t § Pfcf?el tsn%xfdre ?Jyg;:altsl f?anegfon rlh& Krﬁ{girlymg

silicide inme I'con

silicorP ga%lbcoé‘l el@il taé)ét@ pEFleghade H8 %ﬁé’ierﬁfalﬁd“% Eﬁ!if“@ée&"égﬂ@ﬁsf"bwd WA @83t not
covered bml&lbelapgrew ously formed netal silicide 21l1a (cf. Fig. 2a).

Wthout restricting the present invention 40 to the foll ow ng explanation,
it is believed that the nbderate tenperature during the heat treatnent
creat es a Biggd fchereatically shpwyhde figidfefigey teansigtor 200 aftgr eompterien pf thR d¢at regipantes to
the cobalt de%@nﬂebasovatmasby femillag A\E’Jac@@@izlae mm@&mﬁeﬁwa&s@pﬁ%&a&w

t t th duc
terper 19 Lr 2051 I Eh TS ST a0 0 RcPTsH ‘BBt TR chpons 204
under | yi nngélpMct:bma CdDgullt suhgldc ke 7dglecase the fieldecfiaetdtansisteratomprises a metal jgidicide

It Ecr ea; I lntmegm@llzflim@rsexhrﬂﬁ@ iSink 'f&ﬁﬂofmbﬁleﬁﬂbxhé/ theOforBatidh lof @R Midkel dididhelapihi | €
e CODbha

t
ni ckel sil ?’?]1 ?)"él ‘ff %F"biaé '}?18 dﬁgﬁ’ebﬁ?‘% fray ﬁﬁdé?ﬁ‘%ﬁ’g%”ﬁﬁ ower Brieask fféﬁ‘%&%‘ui' ﬁ%
gat e el ect redded 20 &anindthisivasedhafonmaivd ps@essder the gickah sili2idd 26(7 and howeebalyyiligide

cobal t15 Si bé Cindfe %a@ey @lEctroEé b8 Bhy &%B@c‘%il? ?Alllobéd SHAR ﬁé@ﬁh@ 'r&fugerﬁ'énftse&faecxally
transi stor 200 affer c

heat ea ,
thereby f ofi2R GPEMHR é?élgfqgéyl‘tl"l g lﬁéaiea@féfm‘fgﬁsal% éﬁ)‘&g%r hﬁﬂ% 3‘5’? Ctﬁ %%”géﬁblde
silicide | esgens 2110 26 Fig. Sp)rhiabapreyipusly bhes K@ned by ineand f kwyoap 1@7023Fathe pecess
formed in phe,deRiRoRBHiSOMiFEmE 8RlaPRACid0% LN jl@mgy peysp@‘:lﬁgatl)@ldksxédeh 's&ésqg

layer 271. In case the field effect transistor conp ‘Jrr%t?‘
regi on 2118Ptimige tl\?%a‘i‘?ﬁ‘%s i V‘?‘ﬁé?f fUCTofePy: ddras f‘k"sl IAftE‘i H’é °°’t“ﬁ'§“‘?‘b? £i6H of
t he ni2Kel trsithexifcdotndygethe sikidile dayeks 60,1268 2900AM t ang inbn-tiacted matpemaybtOremened
substant i akbi HE sRUPLAGHAAE 280 AEARiscikiel KhEFRUN B HEMIESH: SholibiRlechn
this case the tormation process e nickel silic¢ide 260 and the cobalt
silicide 1B9%% alswweﬁsgglf%e%w&wbde 208 may be specifically tailored so
as to neet the requi rerrents especially for an optinmum conductivity of the

gate el ect Eﬂggaf%p 8d Sﬁc d Lgi?trga;tggr{t 1&% w??rﬂtah% gr{ﬁet f%l'm %f 2; a%i(ﬂﬁermﬁfeagx Qiﬂ§g

211a (cf. pr evi ousl or e e ca a er
230, t#e prééé‘gPer%‘gﬁ éh”*ét‘érhéghleh%P \}E“d tqmveqawwhgwtmth%fﬁt mqne*rtdelnr %’aieons
21l a may bembqaétd, GRd leyhpelemicgiRedlcted @s atringe @P tapprbMatelyesss° C- €90 °CN Svherasvine w

o o bl 1 LS S0 Gl S oo

non-r eact edhendration naéyhebéﬂak Bpaspen is F?lﬁﬁ*ﬁdt RepRIoNERED 1059%5@95“20@“&1&0*“&8 H*éat
i sol ation sfehthehtlhe c&%rshm o 1156084l siMEdIVBLthE RQIthe 241 zﬁlﬁth 6 QCes Shmﬁ&obaﬁ
}Aﬁl_ ! i ﬁ§ gg (c:hesshmc% lf hmtlafte%r ?nISuOr -al_; lrgrélga d;[e?t;r{ientatl\seengc%ﬁgsa{llh € may %gg Br% nvér?ed 19

t enper at ur el*ﬂaﬁmll@dm}v@h’e letlh&rﬁxt:ﬂ@mt mrepfagcagharagteristics wethgbfewctsdsma @Hicon and

treat ment. b (5B as a “buffer” to the overlying cobalt disilicide, in this way significantly reducing or

eliminating stress-induced irregularities of the cobalt disilicide layer when the gate length of the
gate electrode 208 is of the order of magnitude of a single grain of cobalt disilicide, as previously
35  explained with reference to Figs. 1¢, 1d and le. By controlling at least one process parameter of the
heat treatment, that is, the temperature and the duration, the process of transforming the
monosilicides into disilicides may be adjusted. For instance, in view of the desired low sheet
resistance, an optimum of the finally obtained conductivity may be determined on the basis of
experiments, wherein for a given thickness ratio of the nickel silicide layer 260 and the cobalt
40  silicide layer 261 at least one process parameter of the heat treatment may be varied to identify the

dependency of the finally obtained sheet resistance on this process parameter. These
10



enbodi nents, the tenperature is selected in a range of approxi mately
450C-650C, whereas in other enbodiments the tenperature range i13 glggted
from apprOX| mat el y 500C- 600C. Moreover, the duration of the heat t reat ment
i s sel ect WO dxi matel y 10-60 seconds. During thi s PREXS200404H83 nent

t he conver I | a_ | ow
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way significan EPiR hat ress-induced 1rregularities of
t he coHéIt°ﬁW§Fﬂ$b$ﬁe Iayer mhen t he gate Iength of the gate electrode 208
is of the order of magnitude of a single grain of cobalt disilicide, as
previously,35,ex e nge. to Figs
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silicide | ay@e sep@amaahmlaaaﬁstnc@ afscdam@@ieaﬁe naﬁa»ret 84 reSiftahidaqo Iaeaﬁta&t rufeaati BRghe MRY

be varied to i al |l y. obtain
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PCT/ US2004 G310 gigectnesistence meayt s qrma,metdefOpehef gatenelebtiods 2Q8, pyhike it itheysagk time the

di f f er emt ;éaisﬁme@soéaahdteso@ecta&ot Qh&dh 3t bufmg Phidthd! mbdurRturi¥B 3RY EMBAL

data from araneters o eat treatnment may be
deri ved. AMSPB‘éCébrﬁ?fgﬁt%égiﬁﬂ? Jrainggingd ps a E“é"alfveﬂreat nment may be ngcessary

since nickel disilicide may exhibit an increased resistance conpared to

ni ckel rmnmlresgn dfe proQag! ﬁaémspea,lvidessa ebﬁuﬁ,@ tﬁab%lemefoéma&msa su%ed nickel
behavi or. ﬁ mat i cal ng owWs transi stor after

conpl et on® bf?‘d‘f Héers"&?B'r?an fuygin F‘é%‘f‘rféaﬁ‘freﬁl\i‘”tﬂha &°bﬁlédihﬂdééayﬁ'i formpgd ‘§‘|tf“i ?:‘i”(ff%
| ayer 2&0apickadlsilividedayby tigravp dirdserethgadaictilesi dhatiteldsticaycobal Gil@idk ovitirarekpean
the gate eleChf0desiddR., Wi si@ntffaaaxgt}yrmﬂlcfn'g%g a%'i(ﬁlll%eiheé'rLélsQa{nq Qeéré@éﬁ& 2408 b?nd

a nodified 10 cobalt silicid la f ormed drai n and source
regi ons 203 coRafjsHicidessiiseninteziacc,, eaFPBalh%‘L‘“declBXPéP‘é’d‘hb)l)“‘i“}‘i‘e‘“ﬁ‘rebﬁﬂl‘ﬁ@f'sllavr 3 ned
metal silibé themedeini ocwmdibnlfarn(acbn plotas, vlrjein el ehdravterisicsasactbasnat ihivknesobf thhe
superi or Ch@{\@tﬁltclpglllﬁhé fa§?]9f thg%p@r!ﬂtl sﬁéel 're%%sgﬁce Enﬁvfhg\'}ﬁm%ho@ O.rf Efﬁé ﬁg&pﬂﬁl{{ tbg a

contacé metal and aracteristics

an i nt€? f af@URieh by Aengsitien Pyramgtessi FRR s, laver |thigkness, A8 qompesiden mF‘é»si"é‘t %vn@é
may be obt giobes piramettief gata teheehf, 0cbpecOly. Bltbligndt, thd S rasim df Iambbdltthyel5
resistivit I r

ranut act ur 1aeve 86 % bt} REPRIBFLSs cPBkn RO Bl RGN de e Hohalfh o
at a low | é%ﬁctw%eh%dqs’e@dbet in sofae ppRodinpntsiyqdesiied eﬁceb Aifupign duzing Be Rifipigeion

t hat enabl grcdshenaf b re@ice@@n of a buried nickel silicide layer on silicon
contaighyng circuit features with a cobalt silicide layer formed on the
buried 20 nickel silicide |ayer, thereby preserving the excellent

char act er i Evitles mgdifieasiony andyptiationgiel the pRsepicigyration vibl kegpparent tq haseskifipdia the

whi | e si gnaiticany bithis@idéteibiich. Akcordifglfl tRgdesdtRAbn 1588 bSEARttucd @9 NRGAkIvOsIgaused
by and is for the purpose of teaching those skilled in the art the general manner of carrying out the

present invention. It is to be understood that the forms of the invention shown and described herein

35  are to be taken as the presently preferred embodiments.
Industrial applicability

The present invention relates to devices and fabrication methods of microelectronic components and
40  therefore meets the requirement of industrial applicability.
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a cobalt silicide/silicon interface. The cobalt silicide layer and the
buried nickel silicide |layer may be forned in a common formation process,
wherein the characteristics such as the thickness of the individuaiR 2007
silicide layers, the overall sheet resistance, and the norphol ogy of the

| ayers may be 25 controlled by deposition paraneters, such as |ayer

t hi ckness and conposition ratio, an MShe process paraneters of a heat
treatment, respectively. Surprisingly, the formation of a cobalt |ayer

f ol | owed Qy alyﬁgm&ug?w§£ leads to a redistribution of these materials
during the formation o respectlve silicides, so that in sonme enbodi nents
undesired nickel diffusion during the S|I|C|dat|on process may be reduced.
30 Fur s hefforitag ia fay@ abrh@isig AREIIV@bilhd AasliOfickeVer AMIRGRMHaining\teithiféeddnl | be
appar ent %kaﬂﬁse skilled in the art in view of this description.

Accordi ngly, e description is to be construed as illustrative only and
is for the purpose of teaching those skilled in the art the general manner
of carryi mgt @éatmgt R subp&aeesaemrsﬂ t&ﬁﬁﬁﬁ;m@anobvtm&a atdQoldf tHBIEF i3 «§ Rah t he
forns of tha nven Hon shown described herein 35 are to be taken as the
presently pV%‘E??%d“§Wb%ﬂ?W§ﬁF§mm I ndustrial applicability The present

i nventlPon rel ates to devices and fabrication nethods of mcroel ectronic
conponent Seigitbly ARoviddgibifata naﬁam ct,m ﬁroaqaa m@@t an@f industrial _
applicability. 11 13 APR 2007 . conprising: 5 formng a
| ayer conmprising nmetallic cobalt and netalllc ni ckel ver a

si | i concomtaaireatinggsakl eghisteate dt Osead teferatare &ighks thapdal firdd@Aperdniredtniondy sdi d

SubSt I at & ofiiadofololSlink SHPREAHEE il Bl Ll g R and cobal t Lo react with
silicon to form a sificide in Said si on containing region; 10

sel ect!Pvel y removi ng non-reacted nickel and cobalt from said substrate, and
heat treating Jaé ﬂetwbﬁtmxauewmeuasaaa@andmﬁr@m@aaﬂlluéoealm¢gma5111&Ihaa isaid first

t enper at u ai d duri ng . sai treating at
the first f?rmgtpbé/r osLX sli}gr (5 me Llc cobdl?:hbo&e Sg% S‘é‘f"af ta%mg\mgéolp é\iuﬂ(}eg 5Itlagzr ayer
conprisindWﬁEfaﬁﬂhEMé@bémﬁSﬁﬁ@Wﬁmﬁm¢$M%mhmckel is forned by depositing a

| ayer of netallic cobalt above said silicon containing region and

deposi ting a | ni ckel above said | ayer of netallic cobalt.
20°3. 2he et hé‘ﬁ B‘?th%dl of R W’\‘ﬁFFé“rsé‘idr‘FYEraYP’BPrfS%?%‘Fm‘Hb??B?"i 28] mgeligtidel 5 ¢ cobal t
and net aI [formediyckigsisitingsa la)feoqrfmedlhbylclcbepmm shid Sifjcon coraajrng regfionnmdt dxbdsiting mi ckel

above sai qla§1‘olflngtgl'ﬂc&‘BQI&%@'SQ@M&&%IQ&H?CQ aﬂeIOOS' ting a layer of netallic
cobal t above said layer of netallic cobalt. 4. The nethod of claim1,

further controlling a thickness of nDdlfled silicide formed in said 25
si | i con cant ai Nihageth@igif claimlyfutic tidmtrolig adhitkakss kMaRFieOfilicsa fdmbaiy &6id .

25 silicon containing region by adjusting a thickness of said layer..
5. The method of claim 4, wherein the thickness of said layer is adjusted by depositing a first
layer comprised of metallic cobalt with a predefined first thickness and a second layer comprised of
metallic nickel with a predefined second thickness.

30
6. The method of claim 5, wherein said second thickness is less than said first thickness.
7. A method of forming a field effect transistor, the method comprising:

35  forming a polysilicon containing gate electrode on a gate insulation layer formed above a substrate;

forming a drain region and a source region in a silicon-containing semiconductor area , the drain and

source regions being disposed adjacent to the gate electrode;

12



5. The method of claim4, wherein the thickness of said |ayer is adjusted
by depositing a first |layer conprised of netallic cobalt with a predefined
first thickness and a second | ayer conprised of netallic nickel3 wWginp
predefi ned second thickness. 30 6. The nethod of claimb5, wherein sad
second thigcknes: ess. 7. A nethod of formng
2 field eff rmm ?wéaﬁspace{eemen ons&ewahsoés% ere%egtfoﬁcb 35 forming a pol ysilicon

cont ai ni ng gate el ectrode on a gate insulation |ayer fornmed above a

substr at eformfngh Egyago@rﬁﬁ@-ﬁlaalﬁ%b%@ﬂgalﬁc ARG sdifhteQRcttdde Fhd said drain
silicon-contal ni gci conductor area, the drain and source regions being
di sposed QCEHT ?HBaP e gate el ectrode; 12 13 APR 2007 fornming sidewal l
spacer el enents on sidewal s of said gate electrode; formng a |ayer

COITpI‘I Si ngorm%%th bafd l%glbéaéotalt%ﬁgld%hﬂici{él %:lhdqdec‘blérﬁalmp ﬁglonsa?f g ig@(}l(?g ?el ectrode and
said drain and source regions; and orm ng Wit salé ayer a cobalt
silicide &S#fsckel silicide-cont ai n| ng region at least in said gate

el ectrode. 8. The nmethod of claim7, wherein form ng said cobalt silicide
and ni ckelg sili i i l.udes heat . sai d
substrat e “at a@%ggtm%t% gﬂ%}é‘? a‘?%?eénoff’meﬁ%sf"g\?\?bﬁ?c g %el S'E)m?etcot“ lg’f’%act with
silicdh tgeefagineiudesseat-ireatiepesaid substeatect a fingt teserierstugpete éIOEIn@kﬁtl prglgebalt gorpastwithy e y
removi ng Rt eReh Sdiidte alekt imath gebRétodd;r om sai d substrate, and 15
Heat-treating said substrate at a second tenperature higher than said first
tenperature to nodify said silicide fornmed during said heat-treating at
the first selestiyrdiramening noreacted priskdh erd colfalt frommaihgbsirattiaed d ef f ect transi stor,

t he net hod corrpri Si ng 20 formng a layer stack including at |east a gate

i nsul ﬁtsl O?t}%lgdly sﬁ %/S| l'i con | ayer and a cap, | ayer above a silicon

regi onl>f o FETERE sAidypFiets g accongipmnsraire fisherthay Sa}“a@’éﬁ‘m@?r&@ﬁ R godifysad a gat e

el ect r ode shigig¢ flagned dirpp sad rehtare@ing ontiey fied tdbperatirel east said cap | ayer; 25
form ng a drain and a source region adjacent to said gate el ectrode;

form ng SI|ICI de regi ons co rising a first netal in the drain and source
regions; 930 e@%ﬁtﬁgf@a%% 51 e8fert Fasistonthe mpBodsameristiect rode; and forming a
ni ckel S|I|C|de/cobalt silicide Iayer stack reglon in said gate el ectrode.

10. A t)l elf 2a9£r sga qpc%udﬁltﬁgtlrleast a rg te msﬂg}gn layer a d)o 53111c3 féyeég%t c?pel er gb%\% €

forme I nsul ati rarn’re sou Ion
f or med adjaaéléfﬁtre&“@ f%?@“gat‘@tf@ ectrode; 13

patterning said layer stack to form a gate electrode having a top surface covered by at least said cap
layer;
25
forming a drain and a source region adjacent to said gate electrode;
forming silicide regions comprising a first metal in the drain and source regions;
30 exposing said top surface of the gate electrode; and
forming a nickel silicide/cobalt silicide layer stack region in said gate electrode.
10. A field effect transistor comprising:
35

a silicon gate electrode formed on a gate insulation layer;

a drain region and a source region formed adjacent to said gate electrode;

13



13 APR 2007 a nickel silicide region formed on said silicon gate

el ectrode; and a cobalt silicide region forned above said nickel silicide
region. 5 11. A method of forming a field effect transistor, the*eilibd
conprising: formng a layer stack including at |east a gate insulation

| ayer, a pol i,),i, on,layer and ,a cap | ayer above a silicon region forned
on a substarnﬁ%/%?' '%‘fiﬁgé’f'%‘?/“ﬁﬁi°§'z§?‘ﬁ“]‘°§9§?‘“§?" ®de:to forma gate el ectrode having
a top surfamte covered by at least 10 said cap layer; formng a drain and a
source region adjacent to said gate electrode; formng silicide regions
conprising a first netal in said drain and source regions; exposing said
top surf a@&obgl siicidedegips fasmed abpyesgigjmickelsilifide smgionng a ni ckel silici de/ cobal t
silicide layer stack region in said gate electrode. 15 12. The method of
claim 11, (wher &l fealBbiibihe 33 Bha liglied! bl GRAYSORALL S111cide |ayer stack
region conprises: formng a |ayer conprising netaltrc cobalt and metallic
ni ckel ; heat t FABnEAKYS sipg incliding ptdeast agate fnsilitios layer. @ mplesiliconlexer and 2880 ow ni ckel
and cobal tlaytrQbdéve asiticokebidn fodledohhksbahtd 0 forma silicide in said gate

el ectrode; selec ivelgz 1rem)viknogﬁ non- r eact edh nj ckel apd cobalt fromsaid
substrate: and PASTYEFFRYS HE G Leieridahayine 4top aui3ss foYLsA Pt e hi gher
t han d8i d s§id eapfay¢renperature to nodify said silicide formed during said

heat treating Q’&mﬁl@iagra;rliaﬁcﬁésoﬁr@JW?S@a{dHEegttoggd%é'elemﬁe; met hod of claim 12,
wherein said Ii%/er C, rrg)rl sing netallic cobalt and netallic nickel is

fornmed by depo rP‘f“ﬁ@‘?i%l SfrPEIRE Sqmpyisipe fshaerabip s didit A SQuECeEssIfATt over sai d
gat e el ectr ode eamsingkeid apistrfaagofaaid g@cantodeay®r conpri sing netal lic nickel

above said fi rsf&rmkn@){gl% el le'c'ide;ué}ﬁltgﬁéi qg'epsftaclg{gé}nni}l }agd g‘fg@%&%dg sai d | ayer

conprising netalli ¢ cobalt and netalli’c nic S orned by depositing
a firdf layer conprising metallic nickel over said gate el ectrode and

deposi ting2a gSmemeanbdlonyisin 1¢.oMpreinTForghg BB AtKel sQicROBAH silR A0 aer SBdkGegidnl St
| ayer. 15.§%‘I$%1 method of claim1l, wherein said first metal is conprised of

cobal t.
forming a layer comprising metallic cobalt and metallic nickel;

heat treating said substrate at a first temperature to allow nickel and cobalt to react with
20 silicon to form a silicide in said gate electrode;
' selectively removing non-reacted nickel and cobalt from said substrate; and
heat treating said substrate at a second temperature higher than said first temperature to

modify said silicide formed during said heat treating at said first temperature.

25 13, The method of claim 12, wherein said layer comprising metallic cobalt and metallic nickel is
formed by depositing a first layer comprising metallic cobalt over said gate electrode and depositing a
second layer comprising metallic nickel above said first layer.

14. The method of claim 12, wherein said layer comprising metallic cobalt and metallic nickel is

30  formed by depositing a first layer comprising metallic nickel over said gate electrode and depositing a
second layer comprising metallic cobalt above said first layer.

15. The method of claim 11, wherein said first metal is comprised of cobalt.

35
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