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{CROSS- REFERENCE Thi s application clains pri ori ty fromU. S. Provisional :
iPat ent Application Serial No. (Attorney Docket No. 24061.96), filed on

lAugust 2S, 2003, and entitl ed "A DEVI CE HAVING MULTI PLE SILIC DE TYPES AN[

1A METHOD FOR | TS FABRI CATI ON. " BACKGROUND The present disclosure relates |

generally to the field of sem conductor integrated circuits, nore i

lpartl cularly, to a device having silicide and a nethod of fabricat i ng such !
devi ce. The seniconductor integrated circuit (I C) industry has experi enced
rapid grow h. Technol ogi cal advances in IC materials and design have

'produced generations of 1Cs where each generation has smaller and nore
conplex circuits than the previous generation. However, these advances :
thave i ncreased the conmpl exity of processing and manufacturing |ICs and, for :

Ithese advances to 'he realized, simlar devel opnents in |IC processing and
‘manuf act uri ng have been needed. In met al oxi de-sem conductor field effect ;
transi stor (MOSFET) technol ogi es, silicide may he inplenented for

reliable contact and | de may be wused tol
provide an interface Ab‘i’?@&é%@éfg gﬁ@é@%&%& !?éagt%ﬂ():ont act regions, e-
such as a polysilicon gate, a SI i CONn source, an a silicon drain. PIaC|ng
I{m&t al silicide on the source and drain regions may reduce the sheet

resi stance SGROSEEBEBERBN@t\ween the metal contact and the underlying
structure. Howeverrhlsadptlaw%mﬁmmaamn sl m\d@oml?sa@m@pmah% wsedioon mul ti pl e
t ransy st or S,. she esi stance stors
(e.g;-'j, NT %Hlay%%g)%o'rfﬁéi gé)vgrion,“éep%ngﬂ i “mg h/téPD'lt:E 3}1& %jfwma al or

sui ci de usedUIAGESHSHIOPEY YPIhaNDissMiBEdeDR ﬁSchérJﬁﬁtT P5."a sem conduct or
device and the nethod of rmanufacturing thereof that addresses the
above-rrenti oned issues. BRI EF DESCRI PTI ON OF THE DRAW NGS The present

d| scl osure BAGBEROUNer st ood from the fol l owi ng detail ed description
when read with the acconpanying figures. It is enphasized that, in

accor dance with t ée prandarigure priags ginerelhi hithe Add piremisendyctoniniggiands f eat ur es

are not dr awp. hOmbREarBGRIE to o AvitBGling SiRBe SHaTBREL O TR aithpBuch device. ,

The semiconductor integrated circuit (IC) industry has experienced rapid growth.

Technological advances in IC materials and design have produced generations of ICs where each
generation has smaller and more complex circuits than the previous generalion. However, these
advances have increased the complexity of processing and manufacturing ICs and, for these
advances to be realized, similar developments in IC processing and manufacturing have been

needed.

: \_aj

In metal-oxide-semiconductor field effect transistor (MOSFET) technologies, a
silicide may be implemented for reliable contact and less contact resistance. The silicide may be
used to provide an interface between metal lines and substrate contaét regions, such as a
polysilicon gate, a silicon source, and a silicon drain. Placing metal silicide on the source and
drain regions may reduce the sheet resistance of the path between the metal contact and the

underlying structurce. However, although the same silicide is generaliy used on muliple transistor
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various features may be arbitrarily increased or reduced for clarity of
di scussion. Fig. 1
illustrating a particular inplenmentation of the present disclosure. Fig.

is a schematic di agram of exenplary structure

illustrating a first exenplary nmethod for fabricating

the ' structure of Fig. 1. Figs. 2b-2g are cross-sectional views of the
using the nethod of Fig. 2a. Fig.

during fabrlcatlgn
illustrating a second exenplary nmethod for fabricating

the structure of Fig. 1. ' Fig. 3b-3g are cross-sectional views of the
structure of Fig. |

during fabrication using the nethod of Fig. 3a. ' ( 1;
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Fig. 22 is a flow chart illustrating a first exemplary method for fabricating the

structure of Fig. 1.

Figs. 2b-2g are cross-sectional views of the structure of Fig. 1 during fabrication

using the method of Fig. 2a. -

Fig. 3a is a flow chart itlustraling a second exemplary method for fabricating the

structure of Fig. 1.

the method

Fig. 3b-3g are cross-sectional views of the structure of Fig. 1 during fabrication using
of Fig. 3a.
Fig. 4ais a flow chart illustrating a third exemplary method for fabricating the

structure of Fig. 1.

the method

Fig. 4b-4k are cross-sectional views of the structure of Fig. 1 during fabrication using
of Fig. 4a.

Fig. 5ais a flow chart illustraiing a fourth exemplary method for fabricating the

structure of Fig. 1.

Fig. 5b-5h are cross-sectional views of the structure of Fig. 1 during fabrication using

the method of Fig. 3a.

Fig. 6a is a flow chart illustrating a fifth exemplary method for fabricating the

structure of Fig. 1.




l-ﬁexarrpl es. This repetition is for the purpose of sinplicity and clarity and:
does not initself dictate a relationship between the various enbodi ments
and/ or configurations discussed. CGenerally, both NIviOS and PMOS devi ces
are fabricated using the sane netal or ' alloy silicide. Since the silicon
source and drain in an NMOS device has a different doping than the silicon
source and drain in a PMOS device, tHe work function of the differently i
:doped drains and sources will be different. Accordingly, it is typically
difficult to choose a silicide material ' that has a work function capable'
of reducing both NMOS and PMOS source/drain contact resistance. '.
Referring to Fig. 1, in one enbodi nent, a conplenentary suicide is prOV|ded
in a single structure that conpronises both an NMOS 100 and a PMOS 120. :
Both the NMOS 100 and the PMOS 120 may be fabricated on a sem conductor !
substrate (gt SPRWPrscRIEr 100 includes a gate el ectrode region 102, ;
spacers 104 an ectric 108, gate silicide region 114, a -
source (not shownﬂ“éﬂﬁ“@@ﬁ@@@f§$*$Gﬂﬁ@”r@@1@ﬁdiﬁﬁmwaﬁdﬂa”ﬂmakn (not shown) ;
and drain S“lrc{ultghd@ pir@@laﬂn lo]a]dgvne-lﬂlaﬁnfmm]ﬂa%ak %éslé%§mg%%f§\gr@§[tnr30de regi on
122, spacersu%% ctrlc 128, gate silicide region 134, a

3 g 12 (gg e di 6|§ i
source (not “SASHMET AKARES @? OREY iR the T @dﬁdﬁ“omi@gm“ﬁhﬂma e (not :
shown) and dmaﬂnmawbr&mﬂﬂ%r@gn©Mm&ﬁ&;mﬁhﬂt&muﬂdﬁm&hmﬁﬂmﬁhakdmiher |

conmponent s apdl QL o d-AYEHS Y, shown,_ for purposes of
clarity. ' Thepse%fcd% uétoﬁ"%ﬁgg%gg%g&%ﬂ ﬁﬁﬂgh%sﬁg r?ﬁb and PMOS 120

are, fﬁbrlca@éﬂ“”ﬁaywﬁ§é'%ﬁm§1éﬁ%ﬂl@ﬁ?m§éﬁqﬁbﬁﬁmévﬁﬂ"ﬂﬁ@huwgn@ silicon or

ger ma |un1|mmmmysmaﬁummmkwaﬁyﬁgah#mﬂﬂnmm@mm@ﬂEQQMQuﬁw§hﬁMﬁEMﬁe, a conpound
senlconduct% ILc %dlng | i.con carbl um
pe 1 H

m ar aII|
phosphi dc,  RIPG aaantke o af Gy wrbmRen SR TRERL R b hsifte: or an
al | oy semi @Ma@blebelwwctmmﬂn@ “Sbc@eﬂen@aw@comhdmﬁss, didbs@aAs, Gal nAs, Gal nP,

and Gal NAsP; or a oMl Rathas arn@%@@fae\laas Qpﬁbrﬁmb@mm@%mt @)1 oy
sem conduct or substraté nmay have gradient feature In ich the Si

and Ge conpSEWﬁWdﬁeéﬁhﬁﬁ%“WPbﬁ*%ﬁ@dPﬁPmeéﬁ“%%%“F et PdRrerdopngiBFher ratio -
at anot her li@céitdnesur@fand dign 1gEaad[DSIa£v1cS] tGchfrlGﬁBdﬂlE)ﬁoftﬂ]&ﬂnmtlhﬁfwcﬁfﬂbﬂdi ment ,

[ he al | oy and%lmgges 'wﬁlbfegrffggrq ch%.nﬁl) 1[ &ﬁgnczﬁq‘“&%&.uﬁgo cho? ilaSlll err]nea\ engnb()dl nent

A Si Ge substrate 1s straine g sem conduct or
substrat e nﬁV”BbﬁW%}ﬁmgpPP@@HPf§@WW§ whHWK§3ﬂUHﬁOS6wmééﬁﬁrwwﬁlons t her eof .
Furt her nor e restsigeSeni conduct or substrate may be a sem conductor on
nsulator, such asRe%el L L &) ﬁ n onn%gll) 1m=nt %com ?efn rgr ICQ:I n gvllcled rt ransi st or
TET). In some exanples, ' & he" Yo condttt SFPElpLty SHaR 115" ide a doped
epi | ayer oﬁmdfﬁwmweﬁwvavE?ﬂw$mmbmH@ﬂOék%hp¢e@WOS1ﬁbﬁpmumdﬂ@@ﬁﬂ@onductor
>ubstr ate mayy hHaMeoR 2.y bd fieliesh b $atidbh&ictoXubd A€ (3t dhbeANTRUBRDE at e may
100 includes a gate electrode region 102, spacers 104 and 106, gate dielectric 108, gate silicide
region 114, a source (not shown) and source silicide region 116, and a drain (not shown) and
drain silicide region 118. The PMOS 120 includes gate electrode region 122, spacers 124 and
126, gate dielectric 128, gale silicide region 134, a source {not shown) and source silicide region
136, and a drain (not shown) and drain silicide region 138. 1t is understood that other
components and/or layers may be present, but are not shown for purposes of clarity.

The semiconductor substrate on which the NMOS 100 and PMOS 120 are fabricated
may use an clementary semiconductor including silicon or germanium in crystal, polycrystalline,

or amorphous structure; a compound semiconductor including silicon carbide, gallium arsenic,




'include a nmultilayer conmpound sem conductor structure. The NMOS 100 and

|
‘PMOS 120 may be fabricated using a P-well, Nwell, or dual- well structure,
‘and may be fabricated directly onto or within the sem conductor substrate. .
[Iln the ' present exanple, there is an isolation region (not shown) betmeen
the NMOS 100 and PMOS 120. The |solq}|on region may utilize isolation ;
t echnol ogy, such as |ocal oxidation of silicon ' (LOCOS) and shall ow !
trench isolation (STlI). Furthernore, the NMOS and PMOS may have a raised
source and drain structure, a FINFET structure, a double gate structure, or
a multi-finger structure. In addition, the NMOS and PMOS may include a '
hi gh-stress film The gate dielectric 108 in the NMOS 100 and the gate
dielectric 128 in the PMOS 120 nay be a suitable dielectric material or
may have a nmultilayer structure conprising multiple dielectric materials. !
Pref erabl y, stlhe rpebide trdive rhaptedsi iadivmayenhiawved in@dnatniimedide; diiaghiioy nt egrity and .

| ow curr ent sdakags: mcﬁmg@l@es(smsp taeA diaRt 86 tdain&s '@i@ﬁnﬁ h@bari Aplpge silicon
oxi de, S|I|con nitrid i con ((;x%nltrld, and a h ghkdle ectric. The
i

hi gh k mat ef .”za?r"aﬁwcr%&%“ %F‘H?‘id‘t"i §2lgy Eapcapductorsypsipleimry hpvg gladiefit ng
perm ttivit iCs fegrueart enchtthei aiiSieaorabodion chinge férgthe latidlht@h€i6datidnGo MY i1 ncl ude ‘

haf ni um oxi erlilo L Q% oH 65 e de, . a haf nium di oxi de-al um na
(Hf 02- A12(’\)/D§%g§i;ggﬁ{ﬁ%§rogél ﬁglﬁﬁgén}%%ts h@%ﬂeg?ﬂ %h [qlf ﬁe’l ectrode 102_
t ._

and the P € WFrELicrT wos¥B9 Iy pifer icakodimeaintitict i“bfémtﬁétsié%fl“%llf@f%nd may
have nul ti | gyesliysthe 46§ teecondibier sgRi-fe @immma&omymbﬂunsldrb&% cont ai ni ng,

ger meni um contai nin ni.ng, or i nation. The conductive
material 1° tbmatlons tgéreowrelit%genﬁ%r &“&S%' g]fhfcf(’ﬁ%‘%?ia’ief“@(ﬁe“BB’F%Pdgi"j °" hol y- Si Ge

nctal . net allnsuﬁqnlSeqhdesmcne@famSUhiOt 1SPBeqr a tmefilmltragisiod@FT)oin same od@bplesat | on

t her eof . Spac@h&oddldoranddirbRay lmdgpaﬁ&?eoplgﬁl & a@%ﬁild?‘q PO Riggs of the
NI MOS gate 102, and. spacers 124 and 126, which are positioned on the both !

si des of th“é’mﬁﬁxﬂésegé% ugtomsubsirate maygyagy e HavET P et thy Sél’cﬁ‘hsc“@ﬁi“%ﬂ“avsuch as
si i con ni tinglde a nsititayg osmmxndbenicaidlcct efucoar bi de, silicon oxyrl t nde, or

combi nat f ons. ther aphiss Mo40%nd90,J1cl Uelgs A sour op- apd. &, drain (ot

shown), which may sem onducet” subst rate, in
a P-wel | st‘?"’d‘é‘trﬂﬁ“é" angrmay §F F\‘b”“ae‘r‘a1°§hyd’“°§t°f\Yllé‘t“}ﬁ‘@em‘v@idl“i‘%Fld’é"ah*ay‘ tse f or med
or, top of ﬂrﬂ&lSﬁUfp@&haﬁd’h@i aldlic@itiBn fe@lorf adsmos\mme&&ersmd wabdeoregians 116 and
g:]a![ (r)]pSIO:‘ : ffﬁzge'l‘he x%ﬁa?oq re%?n rhca u?li8ﬁol€tlon$ecp{nﬁ1logg‘?uc & ltlfc:djli:og atnoP éaﬁ%%oll])fel f .?_LrerEd
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nmaterials sl sedcdthfdth sifilcluleCd HRFETCARAL, 2 GbbleGhild@ncdhMNISLAR rgdel | Ci de,

structure. In addition, the NMOS and PMOS may include a high-stress film.
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.. ' The gate dielectric 108 in the NMOS 100 and the gate dielectric 128 in the PMOS
120 may be a suitable dielectric material or may have a multilayer structure comprising multiple
dielectric materials. Preferably, the dielectric material may have relatively high integrity and
low current leakage. Examples of the dielectric material include silicon oxide, silicon nitride,
silicon oxynitride, and a high k dielectric. The high k material may have permittivity greater
than 10, including permittivities greater than 15 and 20. The high k dielectric may include
hafnium oxide, zirconium oxide, aluminum oxide, a hafnium dioxide-alumina (HfO;~Al03)
alloy, or combinations thereof.

The NMOS gate electrode 102 and the PMOS gate'dielectric 122 comprise
conductive materials and may have multilayer structure. The gate electrode may be silicon-

containing, germanium-containing, metal-containing, or a combination. The conductive material




titani um

tantalum silicide,

palladiumsilicide, or a
source and drain (not shown),
sem conductor substrate, in

structure. Silicide maybe

The silicide may al so be for

source silicide region 136 and drain silicide region 138,

silicide, platinumsilicide, erbiumsiacide,
conbi nati ons thereof. The PMOS 120 includes a
whi ch may be formed directly on the

a Nwell structure, or using a raised

formed on top of the source and drain to form
respectively.

rned on top of the gate electrode 122 to form

gate silicide region 134. The silicide regions 134, 136, and 138 in the

PMOS 120 may conprise materials such as nickel

silicide,

t ungsten silicide,

tantalum silicide,

titaniumsilicide,

cobalt silicide,

pl ati num

silicide, erbiumsilicide, palladiumsilicide, or a conbinations thereof.

In the structure of Fig. 1, the silicide used in silicide regions 114, 116,
and 118 in the ' N MOXS 100 (collectlvely referred to as "the NMOS SI|ICIde
regions") i s™# PPEFEALYFEEHT HsosPri-ED-daly SiiEgrrd i piddegred 8fitns 134, |
135, and 138mikial okide oPMoBbidaion fhertdie PMOS silicide regions"). For exanple,

t he NMOS S|I|C|de regi n S t al
silicides, but Hg??eréﬁ%%§“'“ e HBHPWQ cg%“bsaTFang F??@P&gg of
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di fferent mt&x{phﬁla urca'&thpl%alen%' Juiy Aki lid6n ot e, sm%xﬁé Liichd8uhediignRs my be a !

metal silicide, ile PMOS silicide regions may

be an alloy silicide,
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eV whi | e thedntEMCx@lhsi!lj !qule#snlEn%Q'pQﬂﬁum y\pl;ck crofdrlrns(ng,lcgq: ln‘BMxp] llrtaUrnl)eg above
appr oxi mat el y eV. It is understood that the conplenentary silicide

structure is® %ﬁ?g‘WhWFgﬁ to NMOS and PMOS structures, but may be used to
formany two S|I|cnﬁemﬂ@gkmnﬁmaﬁs@@hﬂb&wmmmmnmwmseﬁinmmﬁMﬂtm%dsubstrate
where the fi Eixsntct]\ro%ghc% mlCOﬂ§J %‘ Su\)gtéllt& 1% Y}Q cﬂfslru%tlurel 0(; Iusgneb aafzrtll(sjedtsm.lctur second region
Silicide may be formed on top of the source and drain to form source silicide region 136 and
drain silicide region 138, respectively. The silicide may also be formed on top of the gate
;) electrode 122 to form gate silicide region 134. The silicide regions 134, 136, and 138 in the
. PMOS 120 may compnse materials such as nickel silicide, cobalt silicide, tungsten silicide,
tantalum silicide, titanium silicide, platinum silicide, erbium silicide, palladium silicide, or a

combinations thereof.

In the siructure of Fig. {, the silicide used in silicide regions 114, 116, and 118 in the ;
NMOS 109 (collectively referred to as "the NMOS silicide regions") is different from the silicide ;
used 10 silicide regions 134, 135, and 138 in the PMOS 120 {"the PMOS silicide regions"). For
exampie, the NMOS silicide regions and PMOS silicide regions may both be metal silicides, but
of different types, or they may be alloy silicides of different comnposition, or alloy silicides of the
same composition but with different material ratios. Similarly, the NMOS silicide regions may

be a metal silicide, while the PMOS silicide regions may be an alloy silicide, or vice versa. Such

silicide structurcs are sometimes referred to as complementary silicide. Complementary silicide




has a second type of silicide. Each region may include structures such as a
‘‘doped silicon or doped poly-silicon area, a source, a drain, a gate, or
.conbi nati ons thereof. Furthernore, the structures in each region may . '
conprise a device such as a NMOS,- a PMOS, a CMOS, a ' FINFET, a bipolar
transistor, a capacitor, a resistor, or combinations thereof. Referring to!
Fig. 2a and w th additional referend% to Figs. 2b-2g, in one enbodi nent, a
nmet hod 200 nay be used to formthe conplenentary silicide structure of |
‘Fig.l with an NMOS and a PM3XS. Figs. 2b-2g illustrate cross-sectional
views of an exenplary integrated circuit wundergoing fabrication steps that
correspond to steps of Fig. 2a. As the nethod 200 of Fig. 2a is described:
below in greater detail, the cross-sectional views in Figs. 2b-2g may al so
lbe referred to for purposes of illustration. It is understood that the )
met hod 200 i saynetvidk Redticethe it lhéthf BMEPESIiotr 2nd TMQF silipide gaiplsehEniont y sil i ci de .
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described below in greater detail, the cross-sectional views in Figs. 2b-2g may also be referred to
for purposes of illustration. It is understood that the method 200 is not limited to the formation
of a complementary silicide structure for NMOS and PMOS, but may be used to form any two

regions during a semiconductor fabrication process where the first region has one composition or

material ratio and the second region has a different composition or material ratio.

In the present example, the first region is an NMOS 240 and the second region is a
PMOS 270, as illustrated in Fig. 2b. It is understood that portions of the NMOS 240 and PMOS
270 may be fabricated prior to the execution of the method 200. For example, the NMOS 240
includes a gate electrode 242, spacers 244 and 246, and a gate dietectric 248. The PMOS 270
includes a gate electrode 272, spacers 274 and 276, and a gale dielectric 278.

With specific reference now to Figs. 2a and 2c, the method 200 begins in step 210

with the deposition of first metal portions 250, 280 (which are formed using the same metal 'A")




"i' generally requires a | ower thermal budget than some other suitable

metals This enables nickel silicide to be forned in a single heating step§

'Jat a relatively |low tenperature of about 250 Cto about 600 C, with an

attendant reduction in siiicon consunption in the substrate, thereby ‘
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jenabling the formati on of ultra-shal I ow sourceidrain junctions. The nickel

may be deposited by ' nickel sputterlng with a suitable process fl ow ;
i ncl udi ng HF di ppi ng, an argon pre-sputter etch to prepare the surface; ;
and then nickel sputtering. In step 212 and with additional reference to
Fig. 2d, the first metal portion 280 may be renoved sel ectively, |eaving
the first nmetal portion 250 intact. The first nmetal portion 280 nay be
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metal porti O%a;&%alé&i@@@c%gved using such processes as photolithography and etching that are well

/ﬂ\ know in the art. Such processes may include forming photo-resist on both metal portions 250
and 280, transferring the etching panem from a mask to the photo-resist, etching, and stripping.
Alternatively, the elching may follow the stnpping. It is preferable that the etching process be
chosen based on the first metal portion 280. For example, if the material is nickel, a wet etching
process may be selected using metal etching solution such as sulfuric peroxide mixture
(t12S0¢+HL0,+Hz0). If the material is cobalt, a wet etching solution may include a mineral acid
(e.g., HCI} and a peroxide solution.

In step 214 and with additional reference to Fig. 2e, second metal portions 252, 282

are deposited over the NMOS 240 and PMOS 270, respectively. The second metal portions 252,
282 are formed using the same metal (meta! ‘B'), but it is a different metal or metal composition
than that used to form the first metal portions 250, 280. The deposilion process may use PVD or

CVD. The second meial portions 252, 282 may comprise nickei, cobalt, tungsten, tantalum,




'As illustrated in Fig. 2f, silicide formed on the gate, source, drain of

‘the NMOS 240 ' produces gate silicide 254, source silicide 256, and drain%

'suicide 258. Silicide formed on the gate, source, and drain of the PMOS

270 produces gate suicide 284, source silicide 286, and drain silicide i
288. The gate silicide 254, source s%licide 256, and drain suicide 258 are}
alloy silieides (nickel and cobalt),” while the gate silicide 284, source !
silicide 286, and drain silicide ' 288 are cobalt silicide. The ?./B netal,
(e.g., nickel/cobalt) ratio in the alloy silicide may be adjusted to
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(___ ) annealing (RTA) process in a gas atmosphere such as Ar, He, N2, or other inert gas. Such

reacted silicide may be in metastable phase and may need a secoud annealing step or RTA (e.g.,

at a higher ternperature sclected based on a particular metal and intended compound), thereby r

forming a stable silicide phase with reduced resistance. Such a second annealing step may also |

be implemented after step 218 (described below) which removes un-reacted metal. It is

understood that some silicides, such as nickel silicide, may be formed in a one step RTA ata

lower temperature.

In step 218 and with additional reference to Fig. 2g, un-reacted metals may be _
removed from both the NMOS 240 and the PMQS 270, as well as other areas (not shown), such i
as an isolation structure. The metal that lies on isolation areas may not have reacted with an
oxide or nitride layer, and may need to be selectively removed using a metal etching solution.

Such etching may be complsted in two steps, wherein each step may use a different etching




'300 of Fig. 3a is described belowin greater detail, the cross-sectional ,
iviews in Figs. 3b-30 may also be referred to for purposes of illustration:
y It is understood that the nmethod 300 is not Iimted to the formation of a:
conpl ementary suicide structure, but may be used to formany two regions
tduring a sem conductor fabrication process where the first regi on has one
conposition or ' material ratio and the second region has a different ,
conposition or material ratio. in the present exanple, the first region is:
an NMOS 3-10 and the second region is a PMOS 370. as illustrated in Fig. j
3b. It is understood that portions of the N MOS 340 and PMOS ' 370 may he'
fabricated prior to the execution of the nethod 300. For exanple, the g
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370 may be fabricated pnor 10 the execution of the method 300. For example, the NMOS 340

includes a gate electrode 342, spacers 344 and 346, and a gate dizlsctric 348. The PMOS 370
includes a gate electrode 372, spacers 374 and 376, and a gale dielectric 376.
With specific reference now to Figs. 3a and 3¢, the method 300 bcéns 1n step 310
) with the depasition of first metal portions 350, 380 (which are formied using the same metal 'A")
over the NMOS 340 and PMOS 370, respectively. The first metal portions 350, 380 may be
deposited using PVD or CVD processes. The first meta! portions 350, 380 may be nickel, cobalt,
tungsten, tantahun, titantum, platinum, erbium, palladium, or any other metal able to interact
with silicon at an elevated iemperature to form silicide in a low resistance phase state. In the
present example, the first metal portions 350, 380 comprise nickel. The nickel may be deposited
by nickel sputtering, with a suitable process flow including HF dipping, an argon pre-sputter etch
to prepare the surface, and then nicke! sputtering,
ir. step 312 and with additional reference to Fig. 3d, second metal portions 352, 382
are deposited over the NMOS 340 and PMOS 370, respectively. The second metal portions 352,
382 are formed using the same metal (metal 'B'), but it is a differen metal or metal composition

than that used to form the first metal portions 250, 380. The deposition process may use PVD or
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step 314 and with additional reference to Fig. 3e, the second netal portiod
382 may be renoved selectively, |leaving the second netal portion 352 i
The second nmetal ' portion 382 nay be selectively renmoved using
such processes as photolithography and et ching. '
i ncl ude form ng photo-resist on both nmetal portions 352 and 382,
transferring the etching pattern froma mask to the photo-resist, etching,
and stripping. ' Alternatively, the etching may follow the stripping. It
may be preferable to select the etching process based on the conposition !
of the second netal portion 382. In step 316 and with additional reference
to Fig. 3f, a suicide is fornmed on both the NMOS 340 and the PMOS 370. :
However,
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eby doaied sigida tietabbis teihlfire meke! ppliasB0widi) siediuesdeqoesnst ance.  Such;

a second a““%hloﬂgszs(fcﬁﬂn)w.d@mﬁ’e DRIk PRELATE AL B RE I RLn S h &Ry 3fhaldascri bed
bel ow) which ' renoves un-reacted netal. It is understood that sone
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39’ un-react eclocﬂ? gat§ sxrra(}/e 3?4? source silicide 356, and drain silicide 358. Silicide formed on the

SIROAIOSENcerBI5!6Hs-| ci de, may be forned in a one step RTA at a

gate, source, and drain of the PMOS 370 produces gate silicide 384, source silicide 386, and
drain silicide 388. The gate silicide 354, source silictde 356, and drain silicide 358 are alioy
silicides (nickel and cobalt), while the gate silicide 384, source silicide 386, and drain silicide
388 are cobalt silicide. The A/B metal (¢.g., nickel/cobalt) ratio in the alloy silicide may be
adjusted to provide a desired work function by optimizing metal deposition processing and
silicidation processing. Silicidation processing may a reaction between the second metal (or first
and second metals) and silicon (or poly-silicon) at an elevated temperature that is selected based
on the specific metal or metals. Such reacted silicide may be ir: metastable phase and may need
a second annealing step or RTA, thereby forming a stable silicide phase with reduced resistance.
Such a second annealing step may also be implemented after step 318 (described below) which
removes un-reacted metal. It is understood thaf some silicides, such as nickel silicide, may be

formed in a one step RTA at a lower temperature.
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lrermved fromboth the NMOS 340 and the PMOS 370, as well as other areas
\(not shown), such as an isolation structure. The netal that lies on |
i solation areas may not have reacted with an 1 oxide or nitride |aver, and:
lrna% need to be selectively renpved using a metal etching solution. This,
iw Il leave intact the silicide on the polysilicon gate and source/drain
lcontact areas. ' Cenerally, there is'no |ithography processing needed to
pattern the netal suicide layers for contact because the silicide is a
"self-aligned silicide. Referring nowto Fia. 4a and with additioral
reference to Figs. 4b-41:, in yet another V enbodinent, a nethod 400 may
be used to formthe conplementary silicide structure of Fig.l ' wth an
?NCS and a PMOS. Figs. 4b-4k illustrate cross-sectional views of an :
exenplary integrated circuit undergoing fabrication steps that correspond
to steps of Fig. 4& stuf\SIStah@»\ﬂEztdhxﬂdlal rdidBn:ofo Fid. g3, ud@adie® ndesary bed below in
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regionis a P 470, .8 Fig. 4b. It is understood that
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P 470 may be fabricated prior to the execution of the method 400. For example, the NMOS 440

. 3 includes a gate electrode 442, spacers 444 and 446, and a gate dieleciric 448. The PMOS 470
includes a gate electrode 472, spacers 474 and 476, and a gate dielectric 478.

With specific reference now 1o Figs. 4a and 4c, the method 400 begins in step 410

* with the deposition of haré mask portions 450, 480 over the NMOS 440 and PMOS 470,
respectively. The hard mask portions 450, 480 may bs deposited using PVD processes, CVD
processes, or a high temperature interaction between nitrogen or oxygen gases. The hard mask
portions 450, 480 may include silicon oxide, silicon nitride, silicon ca_rbide, or a combination
thereof. For example, silicon niiride may be formed by highk temperature CVD, LPCVD, or
PECVD. LPCVD silicon nitride may be formed by reacting dichlorosilane (SiCl;Ha) and
ammonia (NH;). Silicon oxide may be formed by thermal oxidation or CVD processes. Silicon

carbide may be formed bassd on PECVD using tnmeththylsilane.

ion of the nmBelns e Figde amvaingidions rérqumosus @b+ iictidedca gat e

includes a gate rodg 472, spagers 474 and 476  and ate dielectric
478. Wth spé&??“g\h‘?ﬁé@gfgﬁég' H?ﬂlvgt{ PR U A PRE €”‘eg}]tnﬁrdd 400 begins |

NNDS 440 and  NPS, 470, FEFRSE! b vkt e DaLd ABSH voROF EpOBSa450, 480 may
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17 111 12 1°' In step 412 and with additional reference to Fig. 4d,
t he hard nask portion 450 may be renoved selectively, |leaving the hard
hask portion 480 intact. The hard nask portion 450 may be selectively.
renmpved using such processes as photolithography and etching that are wel |
tnOM/in the art. Such processes may include form ng photo-resist on both
ard mask portions 450 and 480, trandferring the etching pattern froma
mask to the photo-resist, etching, and stripping. Alternatively, the
'etching may follow t he strlpplng It may be preferable to select the
et ching process based on the material formng the hard mask. For exanple,
after the photo-resist iIs applied, exposed, and devel oped, a silicon
nitride hard nmask may be dry etched according to a pre-designed pattern
transferred froman optical mask to the photo-resist. In step 414 and with
addi ti onal referencé“?@4¢r@dwiémmFPWéF&ﬁﬁﬁéPF%d@ﬂ?&ﬁgnﬁﬁfom@8§°&ﬁé
deposited ovebe r’élhsledi.kd%eléllll@iva.dle RIMDR ast pOiod 458 heat Theabiyd madkhperiibd 458t 1 net ai
portions 452, i . Th
Bepost b1 on-pr Geae Bhf, SERLp R M o RRo Rl Bents IR Gy B B0E 255 20
may conprise Kiowkethe ag olyell Arocestimys trelde foraneahuniesist pr bomi hammaswérpfvsnum :

er bi um  pal I af§olun 480; raddidfriQlieEchNE bk 3D Q ndadk b mma@e;mvvum,gsanhl con at an
| evat ed ngeratx [e t.o
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tate. In
the present e E?W@V?TﬁJFKmW%VgﬁggoFQS§ﬁ§g§%55§ 8L° %?@ Eﬁg Qm§ aIe "

st ep 416 and WiﬂlfmP&ddiﬁbZISUiI’Pa“hCFT@vaFIéHmelgU@hFﬁ glaslf4F0'e»amslpIaﬂmtrdehqtosrea‘mbr med on
he f 449 nldﬂgxp%échlaﬁa aienlép% %ﬁco%u&da%armmn%ﬂ& PR RS @Ry, T11 st

et al.- portion 4 .g., ni ckel ) silicide.” However, because the
PMOS 470 i s cBV@F@ﬂ“BV“?%@mHQFﬂIﬁﬁ§k°%6?ﬁ?%ﬁ°%8@wm'?ﬁb metal A (ni ckel)
{ hat conprlses t he ﬁmﬂ@Mlﬂﬁﬁ&hhﬁﬂhbmm&&ﬁﬁ&tb&gumabiﬁxm®mmmtema&namnth t he

51 11 con or osstec, ovcrqpe >5’Mo§ Ié?éﬁ) ?&Zﬂ)ereiﬂmf% h]gxwprst u%diupog‘lons{lib’? 4§i licide |

formed on th urce, draln o ces gate silicide
154, sour ce swﬁﬁwﬁﬁemmﬁﬁeﬂaﬁdwﬂﬁﬁP%lé?I?@Pd@b%EB“W%EWHYéFdéFFbﬁ‘BroceSS|ng

ey be a reacy &n@@ok&%&@%&nmbsﬂ 284 n@a@dorﬁdnlsd ke ((o@d'lt tprollstyrr shhiu@amhivat an
2| evat ed tenper at ur e t hat ' my;a d_based t he ecific metal or

P!
t allad s metq able Lo inte "lw th silicon al an elovated
retal s. The siPiePdAl o B ETedd™ Y TheFids "B Eetond “anheal i ng step that
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lanneal S react sapsitrE i fom Sll'n‘drr@taam ab#l@cmelatanb e prepegt gtk 6'sui ci de
phase ' w threduces se3k84a068:. Such a second annealing step may al so be
| mpl enent ed after step 418 (descrj bed hel o ich rempves uanﬁ%gted

lnTEt al. It is understdve ‘W}%ﬂd Va3 At iuong! Felrepasio Fig 4 siggide is formed ont

£40. The silicide formed on the NMOS 240 contains only first metal portion 452 (e.g., metal A
or nickel) silicide. However, because the PMOS 470 is covered by the hard mask portion 480,
"j the metal A (nicke]) that comprises the first metal portion 482 is unable to interact with the
- silicon or poly-silicon of the PMOS 470.

As shown in Fig. 41, silicide formed on the gate, source, drain of the NMOS 340
produces gate silicide 454, source silicide 456, and drain silicide 458. Silicidation processing
may be a reaction between metal A and silicon (or poly-silicon) at an elevated temperature that 1s
selected based on the specific metal or metals. The silicidation process may include a second
annealing step that anneals reacted silicide in metastable phase and forms a stable silicide phase
with reduced resistance. Such a second annealing step may also be implemented afier step 418
(described below), which removes un-reacted metal. It is understood tha: some silicides, sgch as
nickel! silicide, may be formed in a one step RTA at a lower temperature.

In step 418 and with additional reference to Fig. 4g, un-reacted metals may be

removed from both the NMOS 440 and the PMOS 470, as well as other areas such as an




'nickel silicide, may he forned in a one step RTA at a | ower tenperature. '
ln step 418 and with additional reference to Fig. 49, un-reacted netals
énaybe removed fromboth the NMOS 440 and the PMOS 470, as well as other

areas such as an 11 11 1 13 1" isolation structure (not shown). The .

iun-reacted netal associated. with the N*v10OS 440 conprises the residuals

of metal A after the silicidatior. of® step 416. Metal associated with

i solation areas, nitrideioxide spacers, and the PMOS 470 (which is covered

by the hard mask) is not reacted with ' an oxide or nitride layer, and may !

be renoved using a netal etching, leaving intact the silicide on the ‘
pol ysilicon gate and source/drain contact areas on the NMOS 440. ' In step

420 and with additional reference to Fig. 4h, the hard mask portion 480 is .

renoved fromthe PMOS 470. The hard mask portion 480 may be renoved by an :

etching proceéssy sisugch (asshwved Btohiagedoraatesyocatce hithye NHOE 4¢bcamptises in wet |
etching, an gt ching oBRLALIEN e TBY.0 PE: oselc@.@ltﬁeg« thabchaswia, .magan gLghi ng
sel ectivity between silicon nitride ther materials, incl udlgg silicon

oxi de and netiElegiqeisprgeand thy P MC@WQMICQW&OW“PH‘ REbAS TSkt " BPePefite to Fig.
4i, second ne{oald= ut’ldjeOzQ'Sr A@&ay&k&@novacr@ngememetoedo G eing ihtag NEL4BS 440 and
PMOS 470, res F g second metal  po tEeW? 460, 490 are for.ned
usi ng the saffe enpé)y’él “% " R = R 1V e R i W | ?erent metal or netal
conposi tion than thameptﬂ@eadd vigh aﬁ@lrlmatrhfemﬁcwcsﬁlﬂ Apthghapopticonsn #82 452. The

deposi tion prRGesSo ey pMaserdP VR Rk IQJDDOHTCJHQBLSﬁQ)QJ@%HM%B arpQ'FhH OI’]S 460 490
rray,_cﬂ]rrprl se ni ckel cobal t, tungsten tantal um titan '

or bi'um  pal | BOTENTUCIor YArRFhBE HEP FrBEI ToABERPE d“]*ﬁt“‘él?l g W“{nﬁ SCRL’" O|ncon at an .
el evat ed t enpeyi@tstléotd tiar Haorhghgtching sebexivitpbawd=owiide sitrsit am!cneuephza@e‘ost ate. Ln

[ he present ' e | 1 e Jretal portions 460, 490 are cobalt. In __
étep 424 andmvéi %%ngddloxldg%gﬁ’ 8Pﬂglrence to Fig. 4j, asilicide is forned on

both the NVOS 440 Lnwwt 48asd RNCRAMTS! refegspieaaiie. 4t Freoneimeibrodons BFEl on t he
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silicide for Q?:(#’V@rbr tbﬁ MOI)G' metal portions 460, 490 may comprise nickel, cobalt, tungsten,

tantalum, titaniur, platinum, erbium, palladium, or any other metal able to interact with silicon
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at an elevared temperature to form silicide in a low resistance phase state. In the present
example, the second metal portions 460, 490 are cobalt.
In step 424 and with additional reference to Fig. 4), a silicide is formed on both the

/\ NMOS 440 and the PMOS 470. However, the silicide formed on the NMOS 440 is different
than the silicide formed the PMOS 470. This is because the silicide formed on the NMOS 440 is
ar alioy silicide that contains both first metal portion 452 (e.g., metal A or nickel) silicide and
second metal portion 460 (¢ g., metal B or cobalt) silicide, while silicide formed on the PMOS
470 contains onty second metal portion 490 (cobalt) silicide.

As 1llustrated in Filg. 4j, silicide formed on the gate, source, drain of the NMOS 440
produces gate silicide 454, source silicide 456, and drain silicide 458. Silicide formed on the
gale, source, and drain of the PMOS 470 produces gate silicide 384, source silicide 486, and
drain silicide 488. The gate silicide 454, source silicide 456, and drain silicide 458 are alloy
silicidzs {nickel and cobalt), while the gate silicide 484, source silicide 486, and drain silicide

488 are cobalt silicides.




1470 contains only second netal portion 490 (cobalt) silicide. As
“sillustrated in Fig. 4j, silicide forned on the gate, source, drain of the
‘NMOS 440 produces gate silicide 454, source silicide 456, and drain . ;
suicide 458. Silicide forned on the gate, source, and drain of the PMOS l
470 produces gate silicide 384, sour?e silicide 486, and drain silicide" |
488. The gate silicide 454, source s 1icide 456, and drain silicide 458 are
alloy silicides (nickel and cobalt); while the gate silicide 484, source }
silicide 486, and drain silicide 488 are cobalt silicides. 1 It i 14 As

formed during step 416. In the current step 424, the netal A silicide on
the NMOS 440 interacts with ' the nmetal Bto forman alloy silicide. The
A/B netal (e.g., nickel/cobalt) ratio in the alloy silicide nay be

adj usted to provi deAs%rcd%@lJ@QﬂMr tlﬁe &)Hﬂgtsllxglge Mh%éﬂé@'w@gmmg "‘.x"clrmgepoSI tion
processing and. silicidation processing dation gl’ ocessi ng may
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silicon (or polmgasB lofeomn) aly séitide|Tay atbettd @R eikatwba) ntidiatthdatboysel ect ed
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anneal i ng st eeporiarw:madosmsdmd deall Bl%l@taﬁdjsdﬁﬁrt @fpoﬁyhﬁ.c&i) apn ¢13kttd (cHpSLld bed
bel ow) whi ch_ renoves un-re cted od t

| ower” t enper atasr a¢ mizynegd egpcoh? Gungatide siiptohR BYd dicteb olalingrasfable eihod phase F| g. 4k,

as well as other areas (not shown as ‘an isolation structure. The
netal that IFB%ﬂ%ﬂ“’%bﬁ&@WBH“SW@@%“WEVWﬁ8?“h§#§m¢§§€?@6SWF?W“§W oxi de or

sol uti on. This wil l stl e@ggld L&{g‘ cltltlo;lzn?etﬂrclx{ eCtI Eg gnu Qete(plgétécq§ﬁ1 JbgOI’l gate and

sour ce/ drain contaé? r eas. erring now ba and W't h additi onal
F ef er ence tOPFPQ§fmS%m@HV’ﬁﬁO%TWFW“hﬂ@MﬁéWOPSéﬁb@d@ﬁéﬁ#(“%Sﬁwﬂhﬁﬁ‘500 may

and a PMOS. FlgeO ustrate.cr sect | iews of an. exenmplary

Fig. 5a. As ﬁmeWMBmhngd5@@ﬂ©ﬁeﬁugﬂwﬁammsgﬁ%@éﬁﬂbééﬁ%é@@%ﬁ?%9greater

detai |, the cross- seetiQnal w\ g@anﬂ Quleldg@onaﬁbf‘eék"e ﬂﬂ;ygs ﬁlﬁom l&ﬂl ahfeerred to
for purposes of jllustration. i s understood th .500 i s not

imted to FRAPISFRARHRY °8F may tt’?d)‘f'teﬁ I‘?H@HP%QO?P@TT“F‘&Y Sd'é‘ §1°.‘tf“°t('§‘i°ﬁ & hut may be
ised.t o for mvamyn NMOS BEIGINMTES. Figs. 5b-Sh illustrate cross-sectional views of an exemplary
) \) integrated circuit undergoing fabrication steps that correspond to steps of Fig. Sa. As the method
500 of Fig. 5a is described below in greater detail, the cross-sectional views in Figs. 5b-5h may
also be referred to for purposes of illustration. 1t is understood that the method 500 is not limited
to the formation of a complementary silicide structure, but may be used to form any two regions
during a semiconductor fabrication process where the first region has one compaosition ot
material ratio and the second region has a different composition or material ratio.

In the present example, the first region is an NMOS 540 and the second region is 2
PMOS 570, as illustrated in Fig. Sb. It is understood that portions of the NMOS 540 and PMOS
570 may be fabricated prior to the execution of the method 500. For example, the NMOS 540
includes a gate electrode 542, spacers 544 and 546, and a gate dielectric 548. The PMOS 570

includes a gate electrode 572, spacers 574 and 576, and a gate dielectric 578.

previously described, the metal A silicide on the NMOS 440 was initially é
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:corrpositi on or material ratio and the second region has a different

conp03|t|on or material ratio. i In the present exanple, the first region
iis an NMOS 540 and the second regionis a 1 PMOS 570, as illustrated in
Fig. 5b. It is understood that portiqns of the N'MOS 540 and PMOS 570 may |
be fabricated prior to the execution of the nethod 500. For exanple, the
NMOS 540 ' includes a gate el ectrode 542, spacers 544 and 546, and a gate
dielectric 548. The PMOS 570 includes a gate el ectrode 572, spacers 574
and 576, and a gate dielectric 578. 11 1 15 1 Wth specific reference
now to Figs. 5a and 5c, the nethod 500 begins instep 5-10 1 with the
deposition of first metal portions 550, 580 (which are forned using the

same nmetal " A') ovef, sﬁehlﬁvmvség) NG P%QQ@ lﬁJ{QﬂthO@@ﬁ(pc%GlH1¥@1L}y310The first
metal portions 550, 580 may be 1 depgsited usin

first metal pokfiGA ”'85@ firs ‘86”@&9‘0‘563%9%‘%\“}‘ 2’ct)%‘é’l'fj using "Eﬁf@’get’@ “thant al um
titanium pl afeh HURYOB B4 PV PRE10adspddivel O rThafi xmndnecrmcmetiml wsah’da@bct 0 interact

with silicon ggsuaﬂjsnﬁl’ E\V@‘Leq %&&ngsat'ﬂ{ l?mgngta)f %[Tghssilbh ng [q% }Jerrllc@“] O

resi stance pF’I se state. In pr esent exa first nmetal port i ons
550, 580 CONPPESE ikl The:asiuekebivmey e de pos et By inker

sputtering, Wi dlican & HabkOeRF-RGRSS fcfnlnemmelmioudésragndelgrm@z@d n@ieart argon
pre-sputter etch 1 to t he surf ni ckel s utterlng In

step 512 andP$et - Adsi ‘i’bﬁéﬂm ‘E’F?P%ﬁgﬁ(ﬂ ‘iﬁ’”‘P”SQ “‘pkseél ﬂ?@cbﬁﬁmﬁe‘jt 2 Sor ti ons

second net al o n . A 8,9l med using the same nmetal (netal
"B but it :%%Eéé@ 5.{f5§2wdh§)8r§191 Q1]

or CVD. Theasesedneh dvertnaelwrm{JJ@ﬁtSP\‘é(SégvoS&g n&y) cmmasmsmm Bkehs s5g0bal t,

t ungsten, t ant alel%r‘lqmd tit n| um ﬂapgm u§! lsaC}J | .adi um or ny ot her

o f a 1 cial
metal able toimtarat R s ”]e eda cenperatire®to form

silicide in &ai tbwusr“éswfsrtrarroe-t phagersbsab@ S580 Mhy dfveosproesrew:ﬂss rezxsaﬁq)l?\é) ot he
second net al Lpgrtrmeqr@nmm@ﬁ%nggﬁe £a0al Lomo b nﬁcmao@l 14, 20d W.ih, addi tional

f or ned usi ngelthed sapearie todbm (siEitiain 2"l psisdScetph@e ftie. Sih thapteadn: pangls, ons 550,
580. This fOFm%d% Jalpoﬁ%ﬂ gp,"d LS‘:CO%HP'EUI’G with a layer of netal B forned
al’

bet ween two [ayers
hl step n4 and w1th addmondl reference to Fig. Se, third metal poruons 560, 590 are

deposited over the NMQOS 540 and PMOS 570, respectively. The third metal portions 560, 590
) are formed using the same metal (metal 'A’) as the first metal portions 550, 580. This forms a
“sandwich" structure with a layer of metal B formed between two layers of metal A (e.g.,
nickel/cobalt/micke!). The deposition process may use PVD or CVD. :f;he third metal portions
560, 590 may comprise nickel, cobalt, tungsten, tantalum, titanium, platinum, erbium, palladium,
or any other metal able to interact with silicon a: an elevated temperature to form sihicide in a
low resistance phase state. In the pressnt example, the third metal portions 560, 590 are nickel,
The nicke] may be deposited by a process such as nickel sputtenng, with a suitable process fiow
including HF cipping, an argon pre-sputier etch Lo prepare the surface, and then nicke!
sputiering.
In step 516 and with additional reference to Fig. 5f, the third metal portion 590 may
be removed seleciively, leaving the third metal portion 560 intact. The third metal portion 550

may be selectively removed using such processes as photolithography and etching. Such

during a sem conductor fabrication process where the first region has one

D or rocesses The_

552; 582 1 arecidepositedihovenot hechVDS i5A40inaHE (MBS 5#Gn oreeppectutvel y. The

erent netal or metal conposition ' than that used to?
formthe first net#ls'96itnensh B5OnabBETiE HEPHEEPId tie! proCess: ey use PVD | |

reference to Fig. third netal portions 560, 590 are eposi t ed over the'
NMOS 540 and“mpf?%‘m "résrﬁ@éltlai‘"*\?‘é‘l 9/””‘"[?1@ PH? PRl P?é'ﬁ‘élac‘bﬁ?f]iﬁ% “860, 590 ar e




ni ckel i cobal tinicke!). The deposition process nmay use PVD or CVD. The third
'metal portions 560, 590 may conprise nickel, cobalt, tungsten, tantalum °
iti tanium platinum erbium palladium or any other netal able to interact
with silicon at an el evated tenperature to formsilicide in a 1 |ow i
resi stance phase state. in the presepnt exanple, the third netal portions !
560, 590 are nickel. The nickel may be deposited by a process such as ;
ni ckel sputtering, with a suitable process flow ' including HF dipping, an
argon pre-sputter etch to prepare the surface, and then nickel sputterlng
In step 516 and with additional reference to Fig. 5f, the third netal :
portion 590 may be renoved selectively, leaving the third netal portion
560 intact. The third netal portion 590 nmmy be selectively renoved using
such processes as photolithography and etching. Such 1 11 16 | processes
may include form ng photo-resist on both netal portions 560 and 590,
transferring &FPEF ERT AY-PHEATTEE ROFT O en Trdigteld prrichesop utses, mestrsibg anet chi ng,

and stri ppi ng.etchht @earatroy hysk td dﬂepr{amalsngchr{m{%dfstgg)ﬂl,@WARJ;,g“se;) theoetpghmg I | t may'.

be preferable 1.0 ihe g tch ase the thi me -,
portion 590. éc)?fzggﬁ‘%% PR kn%?tge)r?b?cal ?°§[ Wi ¢ '&?pm“ﬁss\}i’é*ﬁd %“t”&?i‘r’i“ﬁg process '

may be sel ect &4 w9&ioRe%a F‘Pfér%!’mlfetf dhimaigria olnigkdl.ervestrbing precess msiybd seledi@ per oxi de

mxture. ' LnUﬁﬁ@pﬂ@l&dﬁ@dolWo&hucﬁQﬂd %ff&ﬂgl\rfc&&gﬁg%ﬁg to Fi gt h5g’ Ia si ldl ci de'_
wever , e silicide

is forned on boththlze(i Ng/txﬁ 4&3@
formed on the NMOS 546 7% By fHonalrpepnce W tes 78 ¢ wicifis isHesrordnd beth e PNVOS 570.
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silicide ' forrred or. contains a [esser anpun Al A, In
ot her words, Bbt'RY a'ﬂ%dcg}d! BYieinsg Firdicl dsecematrapimiergA (et alckeDAVERGIBIc(e. g. |
ni ckel and Cobaarhstd)o,r tHa OB st dcodliaff ematamwmm phat koiﬂ%shcrworde\%oﬂhlaxle'a'l%grat ed in

Fig. 59, siligide.formed ogstha% source, ai n
produces gat eQS|q i gl & B BT &5 CZ i Eg o%a% tdé)g?r%ﬂ‘ FPT8PY°Et de 558.

Silicide formed on thelusiglt & Fig daisdiede famdd oir thd gateoefourtdweanPMt@S\J%GSJSctpr oduces

gate suicide 5{8&0%%@@519@&%'5!1 g&h&!@né@@;o aRFcain qxﬁ&é'sg'a %hk!a@loﬂ%otreﬁi The gate
silicide 554, source S‘IP%W and dral n silicide 558 are

silicides witHa PEFAL Ui é‘ﬁoﬁ T BIPUGES FHEE AP Im Atk iiyide %r“lde the gate
silicide 584, deogitice: 588 Biclgarcsitkade386 souaneiti ddﬁbﬁl a&wrm Aleido 88 waneoyal | oy

silicides w thlmad nggrellat%\éﬁlhlg fievﬁ%h%l'an (n I\Qﬁ whllc he E;“?c qlCld% ?8agsox’xrcc
ni ckel /cobalt) ratio in QISITICIdleS ad) to provide a
desi red work silicide 586, and dram smmde 588 arc alloy silicides with a lowcr level of metal A. The A/B

metal (e.g., nickel/cobatlt) ratio in the alloy silicides may be adjusted to provide a desired work
f} function by optimizing metal deposition processing and silicidation processing. Silicidation
processing may a reaction between the second metal (or first and second metals) and silicon (or
poly-silicon) at an clevated temperature that is selected based on the specific metal or metals.
Such reacted silicide may be in metastable phase and may need a second anncaling' step or RTA,
thereby forming a stable silicide phasc with reduced resistance. Such a second armealihg step
may also be implemented after the step 520 (described below) which removes un-reacted melal.
It is understood that some silicides, such as nickel silicide, may be formed in a one step RTA ata
lower temperature.
In step 520 and with additional reference to Fig. 5h, un-reacted metals may be
~removed from both the NMOS 540 and the PMOS 570, as well as other areas (not shown), such

I
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as an isolation structure. The metal that lies on isolation areas may not have reacted with an
oxide or nitride layer, and may need to be selectively removed using a metal etching solution.

This will leave intact the silicide on the polysilicon gate and source/drain contact areas.




ifunction by optim zing netal deposition processing and silicidation

processing. Silicidaiion processing nay a reaction between the second
ymetal (or first and second netals) and silicon (or poly-silicon) at an
el evated tenperature that is.selected based on the specific netal or

jmetals. Such reacted silicide may bg

in nmetastable phase and may need a
second anneal i ng step or RTA, thereby forming a stable silicide phase with
reduced resistance. Such a .second annealing step may also be inplenented ;
after the step 520 (described bel ow) which renoves un-reacted netal. It i s
understood that sone silicides, such as nickel silicide, may be forned in a
one step RTA at a ' lower tenperature. In step 520 and with additi onal
reference to Fig. 5h, un-reacted netals may be renoved fromboth the NNCS
540 and the PMOS 570, as well as other areas (not shown), such ' as an
isolation structure. The netal that lies on isolation areas may not have
reacted with an oxide or nitride r d.t ctively
renoved using a neta1 et Chi'n méﬁfﬁﬂ% o qfﬂmxh %Ifsfgggngﬁégct t he
silicide on @h@omhtysmqtroééw rgaatbeusam f%drf@eﬁrdmmétbﬁrifa%mmar edse!l jjJ~. .| hf

1y ..y, W ]Ar[h;r)NT\l@) arBefPﬂrorslngs BOWM rtrelrﬂeessbeauaqerdqewsBrhnaedrprar)onal
reference to Fi not her ' d. 600 maN; be

met h ?
used to formt® w%&ﬁﬂf ”HF§r§”§?PT%?8@ms?Tﬁ%T Pémﬁﬁlﬁﬂﬁ 12VTTW&5W NMOS and
a PMOS. Fi gs.co®GihFighpaisldessster bdley ic posg-dseit the onatseariomhvgevafin &ips. éx@npdyar y
integrated ci o lmum)ers %Qrgrggs ofrﬁra [ra%t Qi 34603 14ahﬁetm&eers@c§,99mmm st eps ofr
Figi va. As the neth . ba is describ bel ow I n greater :
detail, the ér6§§m§eﬁﬁfbﬁ§PkWF@W§”PﬂfFF@%Wtﬁbnﬁﬁ’ﬁﬁ?mf§F§6 De t@Perred to |
for purposesc@%nhhhuﬁhmﬁﬁrmw&mmﬁpmﬁxumdenehﬁoeg$#wﬂmﬁh@hﬁﬁh&ﬂﬁ 600 i s not ;

limted to the.f nat.i.or co nentary silicide structure, but may !
rnrena r"mo %n the stcbnd recron ha a di Leren' COMDOSHION OF male t]p
be used to form 1 'ons r|n a sem conduc abrication process

where the first regﬁ'lI @nvrhae @melwhﬁfbesq"ton onn YMOS Or’rmlertheaftcorrdatﬂl@ and t he

second regi 0ml\4h)§%7@asqllisfr§5deﬂqftrc%QrﬁpQ%hJﬂ!sQQc Of ph¥BSELI §d N8B bR and PMbbe Present
exanple, the first region is an NMOS 640 and the second region i is a PMS

670, as |IIu§t%%?§dmwhmﬁ?ﬁmfﬁﬁwer%mPgodWH@W§Pﬁ%df?ﬁ%?”ﬁ%?? SHE 85f the NMOS
640 and PMOS incG0 = pagyclheodt a43r speats @¢k pr bor anti @ sivhdéclexesut. i Un PEOShe et hod

600. For exanp| g , LR R 64 acors@GJ H,@'e% ﬁcgaﬁrgdlﬁrLc‘?&t&Qde 642. spacers 644
and 646, and a gate diel ectri i ncludes a sate

el ectrode 672, space‘rhs“’ﬁ‘fﬁf%dc‘mﬁ o} asrdwae@%te alrerdé@% peets 5782 CW t h
specific refememeemamwmbmvﬁheeumﬁam&ﬂd6anynkmeenﬁﬁﬂaﬁnﬁﬁewaeginSAnn step

610 over the NMQOS 640 and PMOS 670, respectively. The first metal portions 650, 680 may be
/3 deposited using PVD or CVD process. The first metal portions 650, 680 may be nickel, cobe\t,

[
N

tungsten, tantalum, titanium, platinum, erbium, palladium, or any other metal able to interact
with silicon at an elevated temperature 1o form silicide in a low resistance phase state. In the
present example, the first metal portions 650, 680 comprise nickel, which may be deposited
using a suitable process flow such as HF dipping, an argon pre-sputter etch 1o prep_are the
surface, and then nickel sputtening.

In step 612 and with additional reference (o Fig. 6d, the first metal portion 680 may
be removed selectively, leaving the first meta! portion 653 intact. The first meial portion 680
may be seleciively removed using such processes as photolithography and ztching. Such

processes may include forming photo-resist on both metal portions 656 and 680, transferring the

elching pattern from a mask 1o the photo-resist, etching, and stripping. Alternatively, the etching
may foliow the stripping. It may be preferable to select the etching process based on the firs:

metal portion 680.




I}t with the deposition of first nmetal Portions 650. 680 (which are forned
‘using the sane nmetal 'A') over the N ACS 640 and PMOS 670, respectively.
The first metal portions 650, 680 nay be deposited using PVD or CVD

process. The first nmetal portions 650, 680 may be nickel, cobalt,

‘tungsten, tantalum titanium platlnun1 er bi um paIIadlun1 or any ot her

metal able to interact wth silicon®at an el evated tenperature to form

silicide in a |l ow resistance phase state. In the present exanple, the
first netal portions 650, 680 conprise nickel, which may be deposited
using a suitable process flaw such as HF di pping, an argon pre-sputter etch
to prepare the surface, and then nickel sputtering. In step 612 and with
addi tional reference to Fig. 6d, the first netal portion 680 may ' be
removed sel ectively, leaving the first nmetal portion 650 intact. The first
metal portion 680 el agl S as

Phot ol i t hogr aphy angHIX M§ &ﬁg ﬁﬁcxmgggggigFl &Q%ﬁgﬁﬁgﬂBrﬂﬁ?& o

phot o-r esi st ofi® B@P%CWF%{’P" ‘g\%@? P¥rpac @S %ﬂr‘?d%t’?ﬂ"eln et F‘F‘Hg”’z‘%‘é“ et ching |

Rlattern frolm aGHTﬁi&kfoﬁn@d ﬁsh@mabmeqnertae@ﬂe&t's ). 8LGhHE D@ffcrﬁﬂﬂvtﬁtofxh@zpbd'xt@osmonf el
ternatively, the etchi in efera ef

to select the BFE) tuxggrégégga%gg d’og'onS g86$ prgmmg?awnw P%V“CP 8 11 18

1 In step 614 Wl WletSbPOatmhtatl pohcl 62§83 men eoenptisy nfckey col@l, ’Ursé@ofnfdalqmt al |

portions 652, H&2um dla8ndCRtith!RGdOMES: ah 't NNER aﬁég irfdagd PG 6 a0an :

respectively. The Eecond nmetal portions 652, 82 ar%%forned u5|n t he sane_
met at™y (et al .+ BEFeC Py fodorg s ‘F‘FT‘éFé‘}‘i’tm‘r‘Fé“f‘%lPhﬁF ot ai EEHHGEMPFOH  t han

t hat - &sed to f@mmﬁhhehhnm$msnéﬂa$e@bﬂ¢|ons 650, 680. The deposition process
jray use PVD or 6?6%%90»911 55‘?1&@1141 QRFCB&QJ‘I?T% %5%’@ @1@!@1 anS%WO av%e

ni ckel , cobalt, tungsteﬁ pl atinu
bal | adi um or deagsitest arerthetBE@s G%Wep‘fl%s PRt repgrETeliv Thhisd W%W'%Jfﬁﬁar?%

el evat ed t enpesatoh wtifs hosnmt Slhi(Gl@ea] H i1 lomeL 6tist ancaophasemst ate. 1 n
t he present exa

| e porti 5 copalt. In
step 616 and mnqﬁwégdﬁ??%ﬁgvgcﬂggggﬁBﬂmt?VEO mﬂ@%f%Fh?§%W%n?muw%Srtlons
660, 690 are mayos®Eedd@WebM$h@ﬂNHW58m64®nan@%PNESW67@NNﬁé@pé@ﬂﬁWely The

third netal p%ttmqeslo,@@@o 6@9\9")1 c@rﬁﬁlsé Q*l@E@bMSluﬁQt\.ﬁ h@nsAMR e, aimmpt al"A)
as the first neta qrtlo tructure on

the NMOS 640 wit'H"e? m&?‘%@?Eﬁm8b¥5¥ﬁé&”ﬁ&?ﬂﬁﬁﬁme%“Tﬁd5?%ﬂf “metal A
e.g. nickel/mobahﬁwnnehek¢mmmhemgepmsmtmom%pngwesblmaanséN@VDmor CVD. ?
The third metgl, pa b3 B0Qick &Ry RYoSRIBY § 36ocRisGK & nicreQPRkdng, fiviRgST €N,

tantalum titanli um at1 num
suitable prcE)'*css flow including HF dipping, an argon pre-sputter etch to prepare the surface, and

.,/"} then nickel sputtering.

R In step 618 and with additional reference to Fig. 6g, 4 silicide is formed on both the
NMOS 640 and the PMQS 670. However, the silicide formed on the NMOS 640 is different
than the silicide formed the PMOS 670. This is because the silicide formed on the NMOS 640 is
an alloy silicide that contains a relatively large amount of metal A (nickel), while silicide formed
on the PMOS 670 contains  lesser amount of metal A. 1n other words, both are alloy silicides
containing metals A and B (e.g., nickel and cobalt), but with different compositions.

As illustrated in Fig. 6g, silicide formed on the gate, source, drain of the NMOS 640
produces gate silicide 654, source silicide 656, and drain silicide 658. Silicide formed on the
gate, source, and drain of the PMOS 670 produces gate silicide 684, source silicide 686, and
drain silicide 688. The gate silicide 654, source siiicide 656, and drair. silicide 658 are alloy
silicides with a relativety high level of metal A (nickel), while the gate silicide 684, source

silicide 686, and drain silicide 688 are alloy silicides wilh a lower ievel of metal A. The A/B




'%Hblun] pal |l adium or any other nmetal able to interact with silicon at an
el evated tenperature to formsuicide in a | ow resistance phase state. In
the present exanple, the third netal portions ' 660, 690 are nickel. The

ni ckel may be deposited by a process such as nickel sputtering, with a

.sui tabl e process flow including HF dipping, an argon pre-sputter etch to

prepare the surface, and then nickel” sputtering. In step 618 and with E

addi tional reference to Fig. 6g, a silicide is formed on both the NMOS 640

and the PMOS 670. However, the silicide fornmed on the NMOS 640 is different:

than the silicide formed the PMOS 670. This is because the silicide formed
on the NMOS 640 is an alloy silicide that contains a relatively |arge
anount of netal A (nickel), while silicide formed on the PMOS 670 contains'

a | esser anount of netal A In other words, both are alloy silicides

containing netals A and B (e.g., nickel and cobalt), but with different

conpositions. As illustrated in Fig. 6g, suicide formed on the gate,

source, drain of the NMOS 640 produces gate silicide 654, source silicide :

656, and drain silicide 658. Silicide formed on the gate, source, and .

drain of the PMOS 670 produces gate silicide 684, source suicide 686, and

drain silicide 688. The gate silicide 654, source suicide 656, and drain ’

silicide 658 are alloy silicides with a relatively high | evel of nmetal A
nickel), while the gate silicide 684, source suicide 686, and drain ;

silicide 68&manega$&@yn5ﬂimgideﬁdm$hhm&shmmemmh@waimmmkmmaafjwmmThe AB 1.

1 119 | eodlckel i Lh silicides

may - bi adjui?ggnbngﬂgﬁg&ag%élpéggﬁn %8$%mfﬁﬁé§%tﬁo%9; §lhﬁézfyng nmet al

deposi ti on preoveegpag ramd: iy dee ihelgedng meprydes srldr%@wﬂdsrqtfilﬁ Pefet o

processi ng &Bysﬂqﬁﬁﬁﬁiﬂﬂnaﬁﬁﬁﬁﬁ%&t&ﬁ@sﬁéﬁ@agmﬁﬁmﬁhwémtnékMﬁhw@@d second
met al s) and silicon ly-siljcon) at an e] evated tegggraty;e that is

sel ect ed basdd 'GAY Tl‘éf‘“%ﬁé‘cq 9 QP A PP HBE I @ SO RSP 8T 5T i ci de rra\
pe in net astiabbefophasebindidayphaeeth ads@candnanbeak ingdstegingsieiRTA,

 her eby T Or H.08 % $h %,ﬁé%le%cos k] i 68 ARG 1) CRNFER L1 3LARGR: Such a

>econd anneal 1 'enent e ter the steg
descri bed HEF6&#“%ﬁﬁ@ﬁmWeﬁbe§5%hm¥ ¢t dBeae formpq iniE grqfa Sl 61%bd t hat
some Sill i dovere@pedras nickel silicide, nay be forned in a one step RTA at

'
A | over tenper alr uter‘ 620 and with additional reference to Fig. 6h, un-reactzd metals may be
removed from both the NMOS 640 and the PMOS 670, as well as other areas (niot showr.}, such
as an 1solation structure, The metal that lies on isolation areas may not have reacted with an
oxide or nitride layer, and may nzed 1o be selectively removed using a metal etching solation.
This will leave intact the silicide on the polysiiicon gate and sourceidrain contact areas.

The present disclosure has been described relaiive to a preferred embodiment.
Improverments or modifications that become apparent to persons ol ordinary skill in the ari only
afier reading this disclosure are deemed within the spinit and scope of the application. Il is
understood that several modi fications, changes and subsiitutions are intended in the forzgoing
disclosure and in some instances some {catures of the invention will be employsd without 2
corresponding use of other features. Accordingly, it is appropriate thai the appended claims be

construed broadly and in a manner consistent with the scope of the invention.
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li nstep 620 and with additional reference to Fig. 6h. un-reacted netals me%
‘be renoved fromboth the NMOS 640 and the PMOS 670, as well as other areas
(not showy.), such as an isolation structure. The netal that |ies on
i solation areas may not have reacted with an oxide or nitride |laver, and
may need to be selectively renoved using a netal etching solution. This

will [eave intact the silicide on thegpolysiitcon gate and source/drain :
l‘cont act areas. 1 The present disclosure has been described relative to a
‘preferred enbodi ment. inprovenents or nodifications that beconme apparent

to personsygiaprenamestg: 1l in the art only after reading this disclosure
‘are deened within the spirit and scope of the application. It is .
lunder st ood t hat several nodifications, changes and substitutions are
i ntended in t hea fREOfN Gabricdling Gl @F14E SnaNeenicbnB@N® Jubdhr casprisinge feat ures |
f the invention will be enployed without a correspondi ng, use of other
features. Accordpeiginga firgt mefaldpysr o iflEY S°GRANd (33EC0R ;5%ghﬁleg'h?ff“§iﬂ?‘?s be
‘construed broadfiv Aasl 1hyRr @orﬂ_\;ﬂm&aj’t [aanstisitedil; Wpbditiighesesandpeetadflaybhe .
invention. 1 i 20 1  WHAT IS CLAIMED I'S: 11 A nethod fO{ flabri cating a
l evice on a senifc&idfiet meca st thrsecond JRgPR syhrgein they seopleh B NG a fir st
netal |ayer on @nfpibestat QG O Eecafidmatals Sehidely eghdving sResfahenfitshenetaf i r st net al
| ayer conprises at least a first netal; ositing a segond Ottﬁé | ayer on
a ;

d
l_k he first regi ofveaned theecwad a5t fagil ,ﬂwe? G087 FreiMpandRBiaA | ayer

onprises at | eagbiiRlySRARMEg MIMIng aSEsESsiliéive kymprzipvhaigirsoned sécobdie fir st
smetal layer and the second netal | ayer from tsﬂe.%econd I e i N gnd
ubsequent to tﬁ@a“@BI@cﬂﬁSVéB‘?“’rf’é‘%‘?)%f@ﬁ?eB?’Wi Y PIPEISTECT de

ONpPrising the fdckmitmedd habREABEremERidahom Rascchel tgiest regi on, and forning a |
econd silicide conprising the first or 1 second netal that was not
enoved fromthe second region. 2. The nethod of claiml| further conprisin

ermovi ng an, un- tRagtReH §Fldih Qrfuder tdiprising rahovivitaalunaewdtet perticecbivd net al
fter formng t thlrest ];nletrals Emdstlhle Isecclorcxide m%tgfial%err]%ogn%?gotﬂg ﬁrs%'s!li'cﬁ;l'e qu the sccond

silicide.
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3. The method of claim 1 wherein forming the first silicide and the second silicide

includes high temperature processing.

4. The method of claim 1 wherein the first region comprises a first gate stack with a
first source/drain opposite and adjacent to the first gate stack, and wherein the

second region comprises a second gate stack with a second source/drain opposite

and adjacent to the sccond gate stack.




isecond region conprises a second gate stack with a second source/dral n

3. The method of claim1l wherein formng the first silicide and the second!
silicide includes high tenmperature processing. 4. The nethod of claim1l |
ywherein the first region conprises a first gate stack with a ' first

Isour ce/ drain opposite and adjacent to the first gate stack, and wherein t he

D~

opposite and adjacent to the second2gate stack. 1. 1 1j 21 5. The nethod
of claiml| wherein one of the first region and the second regionis a
NMOS and the other is a PMOS. ' 6. The nethod of claiml wherein the first:
met al is njckelThan@thobher aaﬁondhdmﬁ ahe df3he Bi@D@Eibn and. thiTheomiatdiadisaf cl aim 1
wher ei n deposi H\h\?g t he f| t % | ayer and the second netal |ayer
conprises sputt ﬁ@“dthe%‘ er'Fhae feEPhod of claim 1 wherein depositing the
first netal Iayer and the second netal Iayer corrprises physi cal vapor

deposition .. chem cal de |on Do @F 2

conbi nat i oy ?Péé‘%‘hog O?glﬁl{\“ H6Y tgef ‘% TR “Wg‘g ﬁs ng)r%‘}l ses plasma|
enhanced C,\/D 'cobdRECVD) , at nospheric pressure CVD (APCVD), | ow pressure C,\/Lf?
'(LPCVD), high density plasma CVD (HDPCVD), atomic |ayer CVD (ALCVD), or
conmbi nation thereof. 10. The nethod of claim| wherein selectively renovi ngi;
conpri ses: 7phot1m|enﬁdmgro;mwn 1Iwiptaic eapesinigg tharist edetahilayer anidfthq seeond 11. A _
met hod for fabri c% a device on a sem conductor substrate, the method ' |
conprising: depgt¥t "]yﬁgcoﬁ‘pﬁﬁeﬁapuﬁﬁé’lg | ayer on a first region and a second
region; selectively renovi ng t he hard mask | ayer fromthe first region;
dep05|t|ng a fi er re ond
regi on, whérein {]’Fﬁ’éetlfqdr{ff?%t a hel'eéﬁzg?m #hlezlersst néegaf] qgs?&%etbggecgﬁr mng a
first silicide magmiyes tmg)rtsénq)hfyi;idsaktvapmeﬂqiosmm (FV®), plating, chemical vapor

deposition (CVD), or a combination thereof.

9. The method of claim ! wherein CVD comprises plasma enhanced CVD
(PECVD), atmospheric pressure CVD (APCVD), low pressure CVD (LPCVD),
high density plasma CVD (HDPCVD), atomic layer CVD (ALCVD), or

combination thereof.

10.  The method of claim 1 wherein selectively removing comprises: photolithography

processing; and etching.




first region and the second region; renoving the hard mask fromthe second

different fromthe first ' metal; and formng a second silicide conprising
I‘.t he first netal and the second netal22on the first region, and formng a
‘met hod of claim11l wherein the hard nmask |ayer is selected froma group
consi sting1si | i&oRetd defabEi:dtlhgandincE foinCke sensiédnitl@ondt snksyxlaiet thedecthasl | i con
icarbide, high k material i nation_t her eof

" first region; renobving an unreacted portib_h of the first metal fromthe

region; depositing a second netal layer on the first region and the second
region, wherein the second netal |ayer conprises a second netal that is

third silicide conprising the second netal on the second region. ' 12. The

hod of
clai m 11 wher ei W™PBYNE r‘?@p"ls‘ﬁ‘@g ﬂal[‘f’rg ’WE I%ayF /e TESHIFRIOT 84 2 ﬁ??ﬁmp &leO hlogh

t enper at ure r eagletdsly rerhoxang:mémarﬂ&ﬂaslorayérkfmhemé first rebibn; ddpesitinet hfimt of cl ai m
11 whereinform'n the h npri.ses.react i orosi | ane
(Si d, sub. 2H. su'Bet Yasghep @ﬁfdfﬁh'ieﬁlo? Nﬁytgﬁﬁec%r)d regiom whergin Ihe 1 fnr?’ ?]Aﬁ%%cl aimi1l
wher ei n deposi tdoﬁ@nﬁd@@ firstmsdialnfefrsihg hﬁyselslhalddcddmlsmgalarﬁtst metlain thayer
conpri ses sputt rin 16. The met hod, of.. cl i.tjng the
first netal y@?” ﬁ&“ FHROVEIE 2B AT AN POFIn S éf Fé% m"‘?ﬁé&'}@%&@?&d i ~ 23!
17. A et hod f oandf ﬁhbl’geé‘(ﬁ:tilﬁgloﬁ dﬁmwmg e }ardsmlcdmdumeosecs@bsﬁgmte, t he
method '. conprisin posi t i rst metal r d second
G B s reron g oty g o Rglob ey

regi ons, wher ei FPPH i'Ses’ a deposi ti ngj
a second netal ﬂhay@bnd)ﬂaeﬁahayerfcbmsmseaade®e¢(mtzll ﬁeglsolrfﬁsrem\ﬁemethhﬁtshe second !

metal |ayer conprises second t.al 05|t ayer on
the first and g@&‘%aﬂﬁ g’é’?’ﬁ‘ﬁsa Se%ﬂ?g‘r%g’icﬁé cﬂm " tlpggirsng{rfe P‘ll Flgdy{eﬂr@tsgéon& rises the |
first metal; semew@kdnvbd firstregion iangfoonieg ofthitdhsdicide cernprisingtie setaag retabhnd t he '
third nmetal |ayer fromthe second region; and formng a first silicide
conprising the ?1PEFHIAS#%Und the second metal on the first region and a
second silicide conprising the first nmetal and the second netal on the

fsle;:g{ldma{ g_| I2?Rail]lr\{\g1r%ret%ocpo% N&uf 11 Shersh el I8 1S 1afer W GARE RA £eRUpIE OF T he

consisting silicon oxide, silicon nitride, silicon oxynitride, silicon carbide, high k

material, and a combination thereof.

13.  The method of claim 11 wherein forming the hard mask layer comprises PVD,

CVD, high temperature reaction, or a combination thereof.

14.  The method of claim 11 wherein forming the hard mask layer comprises reacting

dichiorosilane (SiCl.sub.2H.sub.2) and ammonia (NH.sub.3).

15. The method of claim 11 wherein depositing the first metal layer and the second

metal layer comprises sputtering.

16.  The method of claim 11 wherein depositing the first metal layer and the second

metal layer comprises CVD.




l,;does the second silicide. 18. The nethod of claim 17 wherein selectively
iLem)vi ng one of the first netal layer and the third nmetal |ayer fromthe |
second region includes selectively renoving the ' first netal |ayer prior}
to depositing the second netal |ayer. 19. The nmet hod of claim 17 wherein
‘sel ectively renoving one of the first metal layer and the third netal
{Fayer fromthe second region includeg3sel ectively renoving the ' third
'.-:rret al layer after depositing the third netal layer. ' 20. The nethod of
'claim 17 wherein one of the first netal and the second netal is nickel and

L he other iI'p. cokahdthod2fbs féBh&tlﬂ@tahdbﬁhcefonCd @érﬂltdhﬂudmhesubématedéﬁaﬁéthddng t he
first netal |aye

I.n second neta d ositing t he

third netal | afé’P’pEﬂﬂgtdF@é‘é‘“g?)hfs{ BPtpkigyer ?'Qgrs‘ﬁ?g S?ﬁ?f“ﬁ%ﬁ”% Bf’rg'lnﬂi)l? wher ei n
depositing the fﬁrbtﬁﬁétalﬂ@}eﬁhorb;ﬁhé&ra fndemetsl uepmginh@e secsm:ma«su lapdrah theayer, and
dep05|t|ngthefth|r %I |.ayer mpLLs clC\/ Jr

irst and second regioris, whcrem € secon efal Tayéer comprises a second
metal; depositing a third metal layer on the first and second regions, wherein the
third metal layer comprises the first metal; selectively removing one of the first
metal layer and the third metal layer from the second region; and forming a first
silicide comprising the first metal and the second metal on the first region and a
second silicide comprising the first metal and the second metal on the second
region, wherein the first silicide has a greater percentage of the first metal than

does the second silicide,

18.  The method of claim 17 wherein selectively removing one of the first metal layer
and the third metal layer from the second region includes selectively removing the

first metal layer prior to depositing the second metal layer.

19.  The method of claim 17 wherein selectively removing one of the first metal layer
and the third metal layer from the second region includes selectively removing the

third metal layer after depositing the third metal layer.

20. The method of claim 17 wherein one of the first metal and the second metal is

nickel and the other is cobalt.

21.  The method of claim 17 wherein depositing the first metal layer, depositing the

second metal layer, and depositing the third metal layer comprises sputtering.

22.  The method of claim 17 wherein depositing the first metal layer, depositing the
second metal layer, and depositing the third metal layer comprises CVD.




