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U.S. Provisional Patent Application Serial No. (Attorney Docket No.
24061.96), filed on August 29, 2003, and entitled "A DEVICE HAVI NG

MULTI PLE SILICIDE TYPES AND A METHOD FOR I TS FABRI CATI ON. " BAFKeRakido7 The
present disclosure relates generally to the field of seniconductor
integrated circuits, nore particularly, to a device having silicide and a
met hod of fabricating such device. The sem conductor integrated circuit
(1C industry has experienced rapid growth. Technol ogi cal advances in IC
mat eri al s and desi gn have produced generations of |ICs where each
generation has snaller and nore conplex circuits than the previous
generation. However, these advances have increased the conplexity of
processi ng and manufacturing I Cs and, for these advances to be realized,
simlar developnents in |IC processing and manufacturing have been needed.
I n et al - oxi de-seni conductor field effect transistor (MOSFET) technol ogies,
a silicide may be inplenented for reliable contact and | ess contact
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The present disclosure relates generally to the field of semiconductor intcgratéd
circuits, more particularly, to a device having silicide and a method of fabricating such device,

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

echnological advances in IC materials and design have produced generations of 1Cs where each
generation has smaller and more cémplex circuits than the previous generation. However, these
advances have increased the compiiexity of pracessing and manufacturing ICs and, for these
advances to be realized, similar developments in IC processing and manufacturing have been
S needed.

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‘conta(;,t 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 structure. However, although the same silicide is generally used on multiple transistor




when read with the acconpanying figures. It is enphasized that, in
accordance with the standard practice in the industry, various features
are not drawn to the scale. In fact, the dinensions of the various-
features may be arbitrarily increased or reduced for clarity of discussion.

Fig. | is a schematic diagramof exeaplary structure illustpaFeh@as 2007
particular inplenmentation of the present disclosure. Fig. 2ais a flow
chart illustrating a first exenplary nethod for fabricating the structure

of Fig. 1. Figs. 2b-2g are cross-sectional views of the structure of Fig. |
during fabrication wusing the nethod of Fig. 2a. Fig. 3a is a flow chart
illustrating a second exenplary nethod for fabricating the structure of
Fig. 1. Figpe3hicdtedr&i:GhOSTuSRedh ngistovﬁl&@\gsw@/foé he pﬁdg%&l WGry {;pcﬁén
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Fig. | is a schematic diagram of exemplary structure illustrating a particular

Fig. 5a. Fig. 6ais a flow chart

B "- 1. ‘u..l..lL & J'I ol .i

implementation of the present disclosure. -
Fig. 2a is a flow chact iliustrating a first exemplary method for fabricating the
structure of Fig, 1.
Figs. 2b-2g are cross-sectional views of the structure of Fig. | during fabrication
using the method of Fig. 2a.
Fig. 32 is a flow chart il[uétmting a second exempiary method for fabricating the
structure of Fig. 1.
Fig. 3b-3g are cross-sectional views of the structure of Fig. 1 during fabrication using
the method of Fip. 3a.
\ Fig. 4ais a flow chart illustrating a third exemplary method for fabricating the
structure of Fig. 1. '
Fig. 4b-4k are cross-sectional views of the structure of Fig. | during fabrication using
the method of Fig. 4a.
Fig. 5a is a flow chart illustrating 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 faﬁﬁcation using’
the method of Fig. 5a.

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

structure of Fig. 1.



exanpl es of conponents and arrangenents are described belowto sinplify the
present disclosure. These are, of course, nerely exanples and are not
intended to be limting. In addition, the present disclosure nay repeat
reference nunerals and/or letters in the various exanples. This repetition
is for the purpose of sinplicity and3xlarity and does not i nRsgFeb@hfy 2dbrt at e
a relationship between the various enbodi nents and/ or configurations

di scussed. Cenerally, both ?NOS and PMOS devices are fabricated using the
sanme netal or alloy siiicide. Since the silicon source and drain in an
NMOS devi ce has a different doping than the silicon source and drain in a
PMOS device, the work function of the differently doped drains and sources
will be different. Accordingly, it is typically difficult to choose a
siiicide material that has a work function capabl e of reducing both NMOS

and PMOS ! resistance. Referring to Fig. 1, in one
enbodi nmen %WA‘%E%’ EEC 1hrfoy uicide is provided in a single structure that
conproni ses bot hTt&mrdWsderaﬁﬂteagM) 120 BALA s oM 1100 .cand the
PMOS 120 pay,.b % re amc ot tleg on a gem conduct or substrate (not shown). The
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Referring to Fig. 1, in one embodiment, a complementary silicide is provided in a
single structure that compromises both an NMOS 100 and a PMOS 120. Both the NMOS 100
and the PMOS 120 may be fabricated on a semiconductor substrate (not shown). The NMOS
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 [18. The PMOS 120 includes gate electrode region 122, spacers 124 and
126, gate dielectric 128, gate silicide region 134, a source (not shown) and source silicide region -
136, and a drain (not shown) and drain silicide region 138. It 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 elementary semiconductor including silicon or gcrmaﬁium in crystal, polyerystalline,

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



SiGe is forned over silicon substrate. In another enbodinent, a Si Ge
substrate is strained. More generally, the alloy sem conductor substrate
may contain silicon, germanium carbon, or conbinations thereof.
Furthernore, the sem conductor substrate may be a sem conductor on
insulator, such as silicon on insulator (SO), or a thin filagreprBas Bopr
(TFT). In sonme exanples, the sem conductor substrate may include a doped
epi layer or a buried layer. In other exanples, conpound sem conductor
substrate may have a nultilayer structure, or the silicon substrate may
include a multilayer conpound sem conductor structure. The NMOS 100 and
PMOS 120 nay be fabricated using a P-well, N-well, or dual- well structure,
and may be fabricated directly onto or within the sem conductor substrate.
In the present exanple, there is an isolation region (not shown) between
t he NMOS fl@apicsiRMESndibRhboFihele] isdilatad-onds, @gd ORiunBictbiilid; 2€ani 86 at i on
technol o I i f silic L ) d shal'low trench
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120. The isolation region may utilize isolation technology, such as local oxidation of silicon

(LOCOS) and shallow trench isolation (STI). Furthermore, 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 high-stress film.

, ' , 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 muitilayer étmcturc comprising multiple
dielectric materials. Preferably, the dielectric material rﬁay have relatively high integrity and
low current leakage. Examples of the dielectric material include silicon oxide, silico_n 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;—-ALO;)
alloy, or combinations thereof.

The NMOS gate clectrode 102 and the PMOS gate’dielectﬁc 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



spacers 124 and 126, which are positioned on the both sides of the PMOS
gate 122, may conprise a dielectric material such as silicon nitride,
silicon oxide, silicon carbide, silicon oxynitride, or conbinations
thereof The NMOS 100 includes a source and a drain (not shown), which may
be formed directly on the sem conductor substrate, in a P-wlFbhhf0brr e,
or using a raised structure. Silicide may be fornmed on top of the source
and drain to formsource silicide region 116 and drain silicide region
118, respectively. The silicide may al so be fornmed on top of the gate

el ectrode 102 to formgate silicide region 114. The suicide regions 1 1 4 ,
116, and 1 18 inthe NMXS 100 may conprise materials such as nickel
silicide, cobalt silicide, tungsten silicide, tantalumsilicide; titanium
silicide, platinumsilicide, erbiumsilicide, palladiumsilicide, or a
conmbi nations thereof. The PMOS 120 includes a source and drain (not shown),
whi ch may rbe- ﬁf)@llpﬁ’ednolvcﬁvﬁt@lﬁhé silian (bdie Sk ehitduat:ar msuabsidiat epqtal frale N- wel |
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The PMOS 120 includes a source and drain (not shown), which may be formed
directly on the semiconductor substrate, in a N-well structure, or using a raised structure.
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 ia the
PMOS 120 may comprise materials such as nickel silicide, cobalt silicide, tungsten silicide,
tantalum silicide, titanium silicide, platinum silicide, erbium silicide, palladium silicide, or a
combinations thereef.

In the structure of Fig. 1, the silicide used in silicide regions 114, 116, and 118 in the
NMOS 100 (collectivety referred to as "the NMOS silicide regions“) is different from the silicide
used in silicide regions 134, 136, and 138 in the PMOS 120 ("the PMOS silicide regions”). For
example, 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 commposition, 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 structures are sometimes referred to as complementary silicide. Complementary silicide



contact resistance, adhesion, and/or conpatibility. In one exanple of a
conplenentary silicide structure, different conbinations of nickel and
cobalt may be used in its inplenentation. This enables the conposition for’
both the NMOS silicide regions and the PMOS silicide regions to be fine
tuned for desired work functions and sheet resistances. Fo&spéqﬁ,gg#gooﬁ he -
NMOS silicide regions' work function may be tuned bel ow approximately 4.4
eV, while the PMOS siticide regions' work function nmay be tuned above
approximately 4.7 eV. It is understood that the conplenentary silicide
structure is not limted to NMOS and PMOS structures, but may be used to
formany two silicide regions associated with a sem conductor substrate
where the first region has a first type of silicide and the second region
has a second type of silicide. Each region may include structures such as a
doped si | im@rprovide Groiddfipoluymg bl the DM @S géigideans FPIMEEsiliciiedsghing fo impgat e, or
conbi nati o reof rthermore, the.. structures in each region may
conpri se acragtgl\%/t?%sé&agﬁ%ﬁ %émg’ al{'l%ﬁ?dmémﬂm; a CMOS, a FINFET, a bipolar
transi stor, a capaentommpl of esérsplengnioy sdiokbstnatuohisfetienrabin@ionRef erring to
Fig. 2a a | (Y | reference to Figs, 2b-2 i n _ane rent, a
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et hod 20‘3‘9}&@%%%‘{6 aPl?rﬁ%“Fg%%t%? ?ﬁ'e formation of a conplenentary silicide
structure for NMISs amit:RMMIFhat Butcomplgmaatatysadide erriic@irds aR)intive i NIEQSQRS
during a icanduct or fabricatio rocess.where . the first region has one
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an NM3S 240 and the second region.is a. P 270, as illustrated in Fig.
b, e & e ae T TR o B gr S et s R 990y b
f abri cat edogudi poty-dilicot heapx@ottt] Oftaiffa f40€ on@bdOd:i2Q CherdoOrFuekampleethe t he NMOS
240 includes a gate electrode 242  spacers 2 d 2 and_a gate
i el ecrr i Bronu® RateRrat g it s dRBRERe s B e 308 Boers 274
and 276, &NMFET,gatmldieheed i apZdBr, \Wdidlorseshbingidnefeence now to Figs. 2a
and 2c, the met h%%fe%r?apg tg%ggl anrlldnwit%;[z?d%it%%g reference to Figs. 2b-2g, in one embodiment,

a method 200 may be used to form the complementary silicide structure of Fig.1 with an NMQS

and a PMOS. Figs. 2b-2g illustrate cross-sectional views of an exemplary integrated circuit

undergoing fabrication steps that correspond to steps of Fig. 2a. As the method 200 of Fig. 2a is

Py

y ' described below in greater detail, the cross-sectional views in Figs. 2b-2g may also be referred to
for putposes 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 prbcess 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 a2
' PMOS 270, as iliustrated in Fig. 2b. It is understood that portions of the NMQOS 240 and PMOS
270 may be fabricated prior to the execution of the method 200. For example, the NMOS 240
inctudes a gate electrode 242, spacers 244 and 246, and a gate dielectric 248. The PMOS 270
includes a gate electrode 272, spacers 274 and 276, and a gate diclectric 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")



with the deposition of first netal portions 250, 280 (which are forned
using the sanme netal 'A') 7 28 February 2007 over the. NMOS 240 and PMOS
270, respectively. The first netal portions 250, 280-naybe deposited using
physi cal vapor deposition (P VD) such as sputtering and evaporation, or
plating, or chem cal vapor depositiom (CVD) such as plasnma egpsahasd 2600 -
(PECVD), atnospheric pressure CVD (APCVD), |ow pressure GYD (LPCVD), high
density plasnma CVD (HDPCVD) and atomic |ayer CVD (ALCVD), or other
deposition processes. In the present exanple, a sputtering deposition is
used. The first netal portions 250, 280 may be nickel, cobalt, tungsten,
tantalum titanium platinum erbium palladium or any other netal able to
interact with silicon at an elevated tenperature to formsuicide in a | ow
resi stance_phas resent ex firs al..portions
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In step 212 and with additional reference to Fig. 2d, the first metal portion 280 may
be removed selectively, leaving the first metal portion 250 intact. The first metal portion 280

may be selectively removed using such processes as photolithography and etching that are well

know in the art. Such processes may include forming photo-resist on both metal portions 250
and 280, transferring the etching pattern from 2 mask to the photo-resist, etching, and .sttipping.
Alternatively, the etching may follow the stripping. It is preferable that the etching process bhe
chosen based on the first metal portion 280. For example, if the material is nickel, a evet etching
process may be selected using metal etching solution such as sulfuric peroxide mixture

- (HzSO4+H20,7H0). 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 (metal "B, but it is a different metal or matal composttion
than that used to form the first metal portions 250, 280. The deposition precess may use PVD or

CVD. The second metal portions 252, 282 may comprise nickel, cobalt, tungsten, tantalum,




are deposited over the NMOS 240 and PMOS 270, respectively. The second
nmetal portions 252, 282 are forned using the sane netal (netal 'B'), but.
it is adifferent netal or netal conposition than that used to formthe
first netal portions 250, 280. The deposition process nay use PVD or CVD.
The second netal portions 252, 282 nmed conprise nickel, cobgﬁpemﬁypggﬁpn
tantalum 8 28 February 2007 titanium platinum erblun1 pal | adi um or any
other nmetal able to interact with silicon at an elevated tenperature to
formsilicide in a | ow resi stance phase state. In the present exanple, the
second netal portions 252, 282 are cobalt. In step 216 and with additional
reference to Fig. 2f, a silicide is forned on both the NMOS 240 and the
PMOS 270. However, the silicide forned on the NMOS 240 is different than
the silicide formed on the PMOS 270. This i.s because the silicide formed on
the NMOS flQiugoRpaims chotrh philsdsim, metrmotlpomtcfidbﬁblc‘Z@@uf(re:t gith sitvednad asA or
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sthctdatxon processing. Silicidation processing may be a reaction between the second meta] (or
first and second metals) and silicon (ar poly-silicon) at an elevated temperature that is selected
based on the specific métal or metals. Also referred to as annealing, this may use a rapid thermal

43 anneaiing (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 second annealing step or RTA {e.g,
at a higher temperature selected based on a particular metal and intended compound), thereby
forming a stable siiicide phase with reduced resistance. Such & second annealing step may aiso
be implemented after step 218 (described beiow) 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 PMOS 270, as well as other areas {not shown), such
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 completed in two steps, wherein each step may usc a different etching



understood that sone silicides, such as nickel silicide, may be forned in a
one step RTA at a |ower tenperature. In step 218 and wth additional )
reference to Fig. 2g, un-reacted netals may be renoved fromboth the NMOS
240 and the PMOS 270, as well as other areas (not shown), such as an

i solation structure. The netal that |#es on isolation areaszm,ﬁmzbw/e
reacted wwth an oxide or nitride |layer, and nay need to be selectively
renoved using a netal etching solution. Such etching may be conpleted in
two steps, wherein each step may use a different etching 9 28 February 2007
solution and target for different netals. This wll |eave intact the
suicide on the, polysilicon gate and source/drain contact areas.

Generally, .there is no Iithography processing needed to pattern the netal
sui ci de | aytﬁt‘t&nfaﬂdf ta%nﬂba&ftmﬂaﬁ(}ﬁdﬂﬂe ThhevisishiChAe: thSsidid-gnetk tovtike.gate and
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PMOS 370, @shd thintisibh 88 £ Rrfh@ry saide kfudhe d Qrtions of the
NMOS 340 and PMOS . 370 may be fabricated %r :%g{rjﬁg%e‘% dlt@)?(g%nugl“o[‘ﬁ’o& £'¥He

met hod 3009UTED R SEXERRIHEOT Iﬁbr‘i’eatwﬂm‘%m‘“fqfhﬁ;ﬂ”lnau@gloah@aamccehmttroﬁde 342,

spacers 34daail2346nd AP 808Li8 fisSl 8855k & e i ncl udes a
gate el ectrode 372, spacers 374 and dgf%“ Ong,%%uog'f)e rgiorl c 378. Wth

specific refer enda therpisger X arindys theJgst argibndcan Iﬂ]v@mhﬂﬂthaaﬁob@gjom N step

A e T E
The first TR 56@{1{:@@@1’@5@ thg@@euimy obibe method 300. For example, the NMOS 340
: includes a gate electrode 342, spacers 344 and 346, and a gaie dielectnc 348. The PMOS 370
includes a gate electrode 372, spacers 374 and 376, and a gate dielectric 378.
With specific reference now to Figs. 3a and 3¢, the mathod 300 beg{ns 1n step 310
i ) with the deposition of first metal portions 350, 380 (which are formed using the same metal 'A")
o over the NMOS 340 and PMOS 370, respectively. The first metal poriions 350, 380 may be
deposited using PVD or CVD processes. The first metal portions 350, 380 may be nickel, cobalt,
tungsten, tantalum, titanium, platinum, erbium, palladium, or any other metal able to interact
with silicon at an elevated temperature to form silicide in a low resistance phase state. In the
present example, the first metal portions 350, 380 comprise nickel. The nicke! may be deposited
by nickel sputtering, with a suitable process flow including HF dipping, an argon pre-sputter etch
o prepare the surface, and then nickel sputtering.
In 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 different metal or metal composition

than that used to fo.rm the first metal portions 350, 380. The deposition process may use PVD or



deposited using PVD or CVD processes. The first netal portions 350, 380 may
be nickel, cobalt, tungsten, tantalum titanium platinum erbium

pal | adium or any other nmetal able to interact wth silicon at an el evat ed
tenperature to formsilicide in a | ow resistance phase state. In the
present exanple, the first metal portifons 350, 380 conpri se2g)Fets@ary 20dve

ni ckel may be deposited by nickel sputtering, with a suitable process flow
i ncl udi ng HF di ppi ng, an argon pre-sputter etch to prepare the surface,
and then nickel sputtering. In step 312 and with additional reference to
Fig. 3d, second netal portions 352, 382 are deposited over the NMOS 340
and PMOS 370, respectively. The second netal portions 352, 382 are forned
using the same netal (netal 'B'), but it is a different nmetal or netal
conposition than that used to formthe first metal portions 350, 380. The
deposi ti on PYBcészsHay BYd PPYRRTS 218228 yRepusr yickz0ogbali(tunggpn, Fipusecond

met al port iRfsud 3datindBlelBRM, ﬁﬂﬁ@iﬁfﬂs@f Rl 648! metBIQBRLS m[eLaW% ﬁnvon tantal um
titanium platinum erbium palladium or any other netal able to interact

with silicdffvaied Empepiias oo silsien atr esisgndeonpesile & Hepierrnbexponie, the

resistance ;phas sl 8b@ond 3321928 1RIBGEANt exanpl e, the second metal portions
352, 082 are cobalt. in step 314 and with additional reference to Fig. 3e,

the second nmetal poFEPSH FEithpdyitipeal réenee b e dechy spedng matad auripnp e he
second net ghayRREihORd38ZtivAY, qg&vmg-m@se%@%l B&h@& 3329&5&' o1k 38 TR be

sel ectively renmoved using such processes as photolithography an etchlng
Such proced§BENARY riak Bf SrstiT by Femeyedilsog suhaxpossscos Db@it}lltfhfmwélb’ aplodhingns 352

and 382, anShaLLL ik K€ LARhAGBALLEE By LERTR IRk, b Lihaephot o-resi st.

et’chi ng, and stripping. Alternatively, the etc ow't he
strippi ng. ResferEpe Be cpphinpeptésnl Bome ngek wahe pHoe- @Sléﬁhﬂkﬂ‘glc priceasgighased on t he
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additional reference to a sur eis
and t he wacw@asmwmﬂﬂﬂq@@ﬂthﬂ@p@edf!@tahmﬁi@m&lhe Nl VI OS 340 |s

different than tfigssh bichde,fo6iEdh a%?eaﬁ% B O, o Ioie | ToREAANRE, bl

silicide fornmed on the N cont ai ns bot h
first netalNMGEf#omBBOrKRSSKE! §{08¢Wer,@le¢elcmdorsedomuhe m&fﬂ 34(pisdifferom 352
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silicide feorpky driddtbatgantans wduficenedrm@itiondto {ieke mwmaem second metal
portion 352 {cobalt) silicide, while silicide formed on the PMOS 370 contains only second metal
portion 382 {cobalt) silicide.

As illustrated in Fig. 31, silicide formed on the gate, source, drain of the NMOS 340

produces gate silicide 354, source silicide 356, and drain silicide 358. Silicide formed on the

) gate, source, and drain of the PMOS 370 produces gate silicide 384, source silicide 386, and
drain silicide 388. The gate silicide 354, source silicide 356, and drain silicide 358 are alloy
silicides {nickel and cobalt}, while the gate silicide 384, source silicide 386, and drain silicide
388 are cobalt silicide. The A/B metal (e.g., nickel/cobalt) ratio in the alloy silicide maj( be
adjusted to provide a desired work function by optimizing metal deposition processing and
silicidation process'mg._ 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 in 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 that some silicides, such as nickel srhc;de may be

formed in a one step RTA at a lower temperature



produces gate silicide 354, source silicide 356, and drain silicide 358.
Silicide forned on the gate, source, and drain of the PMOS 370 produces
gate silicide 384, source silicide 386, and drain silicide 388. The gate
silicide 354, source silicide 356, and drain silicide 358 are all oy
silicides (nickel and cobalt), whilellthe gate silicide 384, 2§paﬁgayan¢10|de
386, and drain silicide 388 are cobalt silicide. The AAB netal (e. g.

ni ckel /cobalt) ratio in the alloy silicide maybe adjusted to prOV|de a
desired work function by optim zing netal deposition processing and
silicidation processing. Silicidation processing nmay a reaction between the
second netal (or first and second netals) and silicon (or poly-silicon) at
an elevated tenperature that is selected based on the specific nmetal or
nmetals. Such reacted silicide may be in netastable phase and may need a
second anneal i ng 1steps FanRIAh abdl @6RDY QLMoY 3¢ SihablcedsidlCingebpPhase Wit h

reduced resi st gnce. S¢ Ilng step may al sqo be inpl enented
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a one step RTA at .a |lower tenperature. 1 i 28 February 2007 |In step 318
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intact the suicide on the p S|I|con %ate and source/drai n contact areas.
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silicide. F@ferrlng now to Fig. 4a and wth additional reference to Figs.
é
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forth any two regions
material ratio and the second region has a different composition or marerial ratio.

In the present example, the first region is an NMOS 440 and the second region is a
PMOS 470, as illustrated in Fig. 4b. It is understood tha: portions of the NMOS 440 and PMOS
470 may be fabricated prior fo the execution of the method 400. For example, the NMOS 440
includes a gate electrode 442, spacers 444 and 446, and a gate dielectric 448. The PMOS 470
mcludss a gate electrode 472, spacers 474 and 476, and a gate dielectric 478.

With specific reference now to Figs. 4a and 4c, the method 400 begins in step -+10

~ with the deposition of hard mask portions 450, 480 over the NMOS 440 and PMOS 470,

respectively. The hard mask portions 450, 480 may be deposited using PVD processes, CVD
processes, or a high temperature interaction between nitrogen or oxygen gases. The hard mask
portions 430, 480 may include silicon oxide, silicon nitride, silicon carbide, or a cornbination.
thereof. For example, silicon niwide may be formed by high temperature CVD, LPCVD, or
PECVD. LPCVD silicon nitride may be formed by reacting dichlorosilane (SiClHz) and
ammonia (NHj). Silicon oxide may be formed by thermal oxidation or CVD processes. Silicon

carbide may be formed based on PECVD uéing trimeththylsilane.



during 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 440 and the second region is a PMOXS 470, as illustrated in Fig.

4b. It is understood that portions oft2the NMOS 440 and PN{EQSAJQuﬂ?yoaﬁ :
fabricated prior to the execution of the nethod 400. For exanple, the NMOS
440 includes a gate el ectrode 442, spacers 444 and 446, and a gate
dielectric 448. The PMOS 470 includes a gate el ectrode 472, spacers 474
and 476, and a gate dielectric 478. Wth specific reference nowto Figs. 4a
and 4c, the method 400 begins in step 410 with the deposition of hard nmask
portions 450, 480 over the NMOS 440 and PMOS 470, respectively The hard
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and w th agdiifirQRaiuch @RRIBNE S bRy Fthd mA8 abib bd Sle 1B SklelrlL aqré§w fap, 482 are
deposi ted over the N vI0OS.440 and PMOS 470, respectively. The first netal

portions 4BFPeagss todpmn litideg 2 la Fistapes nbaseesiaetiafhe ereeamatiample, i fet
deposi t i ONnPlaDELSshs A8Y, 483 er-RR0r CVD.

In step 416 and with additional reference to Fig. 4f, 2 silicide is formed on the NMOS
440. The silicide formed on the NMOS 240 contains oaly first metal portion 452 (e.g., metal A
or nickel) silicide, However, because the PMOS 470 is covered by the hard mask portion 480,

) '. the metal A (nickel) 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. 4, silicide formed on the gate, source, drain of the NMOS 340
produces gate silicide 454, source silicide 456, and drain silicide 438. Silicidation processing
may be a reaction between metal A and silicon (or poly-silicon) at an elevated temperature that is

~ selected based on the specific metal or metals. The silicidation process may include a second
zinnealing step that anneals reacted silicide in metastable phaée and forms a stable silicide phase
with reduced resistance. Such a second annealing step may also be impiemented after siep 418
(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 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 és other areas such as an



The second netal portions 252, 282 may conprise nickel, cobalt, tungsten,
tantalum titanium platinum erbium palladium or any other netal able.
tointeract with silicon at an elevated tenperature to formsilicide in a
| ow resi stance phase state. in the present exanple, the first netal
portions 452, 482 are nickel. In step’416 and with additiongg rélhifyeose to
Fig. 4f, a SI|ICIde is formed on the NMOS 440. The silicide forrred on the
NMOS 240 contains only first metal portion 452 (e.g., netal A or nickel)
silicide. However, because the PMOS 470 is covered by the hard mask portion
480, the netal A (nickel) that conprises the first netal portion 482 is
unable to interact with the silicon or poly-silicon of the PMOS 470. As
shown in Fig. 4f, silicide formed on the gate, source, drain of the NMOS
340 produces gate silicide 454, source silicide 456, and drain silicide
458. Sili ciodaiph omucpirocessiwg- Thayn trected mesalotsioonel et e MOS0 AstawTtsesi | i con
(or poly-sjd Hpifi&’ms &%ﬁpﬁh&%ﬁé%&ﬁﬂpwﬁ%uﬁ@ 1B ack a8l ﬁqﬁgfgglobq&%g on the
speci fic met nmet a The silicidation process may inc e a second
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a stable l.GL de I €. , d. eallng
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ni ckel silicide, t I r te rature. In
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Such as a 3 yar atjon strug:tureu(n ! The
un-react e L= Ssgﬁ% gg;s)‘{)éél?la le% Yiis ﬁ[mﬁg OJ%\(IN/&“W ST e % hné °F él?s“imdual s of
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ar eas, nlnt1 rlddgn%ls >1<L|0rq§hl§eoaa8 ? 1 a0 9 the PMOS 470 (which is covered by the
hard mask) i's ot reacted wth™"adh oxide or nitride | ayer, and naybe
removed using a retel 4?étaad1wmgadd1te;mwra@rmﬁttaﬂo uheausnﬂ iﬁttﬁieportmﬁs tdie 490

pol ysi licaqn Late t areas 440. I n step
420" and vmafch “addr ?P‘c’%%‘r r'e ?Oﬁaé'g m rE:fﬁ‘fm"t F‘rv ﬁ“af%r" TR2PEFT6n 480 is
renoved fr%madmdamuh}@.thnﬂaﬁplﬂ&rad(dm@ peiitit i0a c48knmayabe meqyoved by an
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s¢ PVD or CV’D. The second metal portions 460, 490 may comprise nickel, cobalt, tungsten,
tantalum, titanium, plattnum, erbium, palladium, or any other metal abie to inieract with silicon
at an elevated temperature to form silicide in a low resistance phaser state. In the present
exampie, the second metal porfions 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 ?he silicide formed the PMOS 470. This is because the silicide formed on the NMOS 440 1s

an alloy silicide that contains both first metal portion 452 (e.g., metal A or nickel) silicide and
second metal portion 460 (e.g., metal B or cobalt) silicide, while silicide formed on the PMOS
470 contains only second metal portion 490 (cobrz.llt) silicide. |

As iltustrated in Filg‘ 4j, silicide fomed 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 silictde 488. The gate silicide 454, source silicide 456, and draih silicide 458 are alloy

silicides (nickel and cobalt), while the gate silicide 484, source silicide 486, and drain silicide

488 are cobalt silicides.



may be selected that has a high etching selectivity between silicon nitride
and other materials, including silicon oxide and netal silicide. In step
422 and with additional reference to Fig. 4i, second netal portions 460,
490 are deposited over the NMOS 440 and PMOS 470, respectively. The second
nmetal portions 460,490 are forned using the same netal (neigepriary zodyut it
is adifferent nmetal or nmetal conposition than that used to formthe first
metal portions 452, 482. The deposition process may use PVD or CVD. The
second nmetal portions 460, 490 may conprise nickel,. cobalt, tungsten,
tantalum titanium platinum erbium palladium or any other netal able to
interact with silicon at an elevated tenperature to formsuicide in a |ow
resi stance phase state. In the present exanple, the second netal port ions
460, 490 are cobalt. In step 424 and with additional reference to Fig. 4j,

asilicide is forﬂ?é’reﬁﬁusﬂf’&e@c&b@$ the%f& sﬂl@cu?erbql han t%@%gmxtﬁe}\ﬂﬁmw’ the

silicide forned on the NMOS 440 er ent 1 Ci ornmed t he
PMOS 470. dusing sieg 4Hedathseumens sicp F?dcthd@lefad)ﬁwéwdwnttﬂﬂé\ﬂ\NWMQ& acs witan al | oy
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_SllICIde 486, and drain s e sSITT1Ci
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descri bed3tf Eréesqré]tsébvlﬁv)swlhmlcﬁedmv@mntrhaetem1 440 unMstmddilthdtacbﬂ1§151fi(ﬂ[e&Ed during

step 416. 1 e t he i i de on the NMOS 440
i nteracts vxllalta%bl%fﬁlqnlrcedlg Jb ) or”rlnagrh“St1pII€rlf‘ aétlalsl?%?rgeé“pe “AJB netal (e.g.,

ni ckel /cobal t) rdeétep $3 anheflfalaﬁ@yona*srefarmﬂe Rigytkpen-reectjed steeds oy i@r ovi de a
Si 11 of dat Lo 5t Soskah M ERls MoAbdhe R RCR R &) PR LET b b tieen ¢ ne
second nekakn Goptidr strettuan dhs meehtitlariet al s)latamdirk kixg 60 hb@rrepoddywisiaki con) at
an el evat %QidE gmg{a%tlat%r? and may need to be selectively removed using a metal etching sofution.
This will leave intact the silicide on the polysilicon gate and source/drain contact areas.
Referring now to Fig. 5a and with additional reference to Figs. 5b-5h, in still another
embodiment, a method 500 may be used to form the complementary silicide structure of Fig. 1
with an NMOS and 2 PMOS. Figs. 5b-5h illustrate cross-sectional views of an exemplary
integrated circuit undergoing fabrication steps that correSpdnd to steps of Kig. 5a. As the method
500 of Fig. 5a is described below in greater détail, the cross-sectional views in Figs. 5b-5h rﬁay
also be referred to for 'purposes' of iIlustrétion. 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 composifion or
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. 5b. It is understood that portions of the NMOS 540 and PMOS
570 may be fabricated prior to the execution of the method 300, 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.



that is selected based on the specific netal or netals. Such reacted
silicide may be in netastable phase and may need a second anneal ing step
or RTA, thereby formng a stable silicide phase wth reduced resistance.
Such a second annealing step nmay al so be inplenented after the step 318
(descri bed bel ow) which renoves un-réacted netal. It is undggséagﬁytzb@t
sone silicides, such as nickel silicide, may be fornmed in a one step RTA
at a lower tenperature. In step 426 and with additional reference to Fig.
4k, un-reacted netals may be renpoved fromboth the NMOS 440 and the PMOS
470, as well as other areas (not shown), such as an isolation structure”
The nmetal that lies on isolation areas may not have reacted with an oxide
or nitride layer, and may need to be selectively renoved using a netal
etching sol ution.y T QesisMdkdrer-28Y€ 1 BLAGH adilte Bt h%&b@'%@d%o%@?n MM@' l'icon
gate and source/drain contact areas. Referring now to Fig™ 5a and with
addi t i onal Wilelhe depgeidon ¢f it gistal Bytigns 55088 {4llth anbrmet usingiboHimeental ) met hod
500 rmay be, xusﬁgmﬂjﬁﬂio%éhﬁo%@’m'1%&}5%&&%{3}@% FisChelg MO8, SsPhafbg- | Wi th
an NMOS and a PMOS. Figs. 5b-5h l'ustrate cross-sectional views of an
exenpl ary dﬁPﬁiﬂié‘bFS&tcePd’%PrQ:\P P*OGPFd@?r dor Ag! pabiriogans 6. 3R epsy bhiekebspbadispond
to steps 0fuflg. udfun Nut e WAL 000 0aEh Gy RRohS HRSCHEREG DRI OW I n
greater detail, the cross- séctional views in F gs. - may al so be
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tHe secon X fﬂere 05|t|on or material ratio. In the
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PMOS 570, as i |1 ussead Edeni nf1t5|aq:lm5rtal refdrencstolingl 6 0 seood nided pogpiond 156ns820f t he
NMOS 540 P 57 r r e _execution .of 1
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wond 'metal portions 552, 582 are cobalt.
In step 514 and with additional reference to Fig. 5e, third metal portions 560, 590 are

deposited over the NMOS 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 2
“sandwich” structure with 2 layer of metal B formed between two 1aycrs_of metal A (e.g.,
nickel/cobalt/nickel). The deposition process may use PVD or CVD. '\f‘he third metal portions
560, 530 may comprise nickel, cobalt, tungsien, tantalum, tl:taniu.m,' platinum, erbium, pall:idium,
or any other metal able to interact with silicon at an elevated temperature to form silicide in a
low resistance phase state. In the present example, the third metal portions 360, 590 are nickel.
The nickel may be depasited by a process such as nickel sputtering, with a suitable process flow
including HF dipping, an argon pre-sputter atch to prepare the surface, and then nickel
sputtering. '

In step 516 and with additional reference to Fig. 5f, the third métal portion 390 may
be removed selectively, leaving the third metal portion 560 intact. The third metal portiion 590

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



tungsten, tantalum titanium platinum erbium palladium or any other
netal able to interact wth silicon at an elevated tenperature to form
silicide in a |l ow resistance phase state. in the present exanple, the
first netal portions 550, 580 conprise nickel The nickel may be deposited
by nickel sputtering, with a suitabl & process flow includi nggFnr@hrpRbéd, an
argon pre-sputter etch to prepare the surface, and then nickel sputtering.
In step 512 and with additional reference to Fig. Sd, second netal portions
552, 582 are deposited over the NMOS 540 and PMOS 570, respectively. The
second netal portions 552, 582 are forned using the sanme netal (netal

"B'), but it is a different nmetal or netal conposition than that used to
formthe first netal portions 550, 580. The deposition process nay use PVD
or CVD. The second netal Portions 552, 582 may conprise nickel, cobalt,
tungsten, tantalum titanium platinum erbium palladium or any other
metal abl e pocestsenpCiclw fdrmsigd pHoaRcil o8 Both BN 3b@ehsEHNRRI Bb UrGsct And Q7 M
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5f, the third netq%qurtiﬁn %20 n%é| be removed sel ectively, leaving the
third metal portidh® SEALHEE. 2 erRdcitniorped st the 2450 Farsndsiomf thediBes40

sel ecti vel yorodrmavad: siidgssueicPsi6essBSad-RNatiahi $530g02R0 Y &08.Ehchi ng.
Such 16 28 F bruaryréQOY processes may i ncl ude form ng photo-resist on
both metal 5§56t 1961is* S EFH LA SBY OS5 T8 RErsier Bifgsifipide 584, source silicide 586, and

drain silicide 588. The gate silicide 554, source silicide 550, and drain silicide 558 are alioy

1

stlicides with a relatively high level of metal A (nicke!), while the gate silicide 584, source
silicide 586, and drain silicide 588 are alloy silicides with a lower level af metal A. The A/B
| metal (e.g., nickel/cobalt) ratio in the alloy silicides may be adjusted to provide a desired wark
) function by optimizing meta! deposition processing and silicidation processing. Silicidation
processing may a reaction between the second metal (or first and second metals) and éilicon_ (or
‘poly-silicon) at an elevated temperature that is_selected based on the specific metal or metals.
Such reacted silicide may be in metastable phase and may need & second annealing step or RTA,
thereby forming a stable silicide phase with reduced resistance. Such a second annéaliﬁg step
may also be implemented after the step 520 (described below) which removes un-reacted metal.
It ts understood that some silicides, such as nickel siiicidé, may be fom:ied inaonestep RTAata
lower temperature.
In step 520 and with additional reference to Fig. Sh, un-reacted metals may be l
_removed from both the NMOS 540 and the PMOS 570, as well as other areas (not shown), such
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. . .




etching pattern froma mask to the phot o-resi st, etching, and stripping.
Alternatively, the etching may follow the stripping. It my be preferable
to select the etching process based on the third netal portion 590. For
exanple, if the material is nickel, a wet etching process may be sel ected
using a netal etching solution such & a sul furic peroxi de By ¥ldtigry 2067 St ep
518 and with additional reference to Fig. 59, a silicide is fornmed on both
the NMOS 540 and the PMOS 570. However, the silicide forned on the NMOS
540 is different than the silicide formed the PMOS 570. This is because
the silicide formed on the LIMOS 540 is an alloy silicide that contains a
relatively | arge anount of netal A (e.g., nickel), while silicide forned
on the PMOS 570 contains a | esser amount of metal A. In other words, both
are alloy suicides containing netals A and B (e.g., nickel and cobalt),

but with different conpositions. As illustrated in Fig. 5g, silicide forned
on the gate, source, drain of the NMOS 540 produces gate silicide 554,
source siljcide SBETRhRPYIP KienSHiivelgeiEam rErPRcEigBiss. 6P Edn srethtie  gat e,
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as wel | as;, gther .4t _(noet, shown), ch. as an isplati structure. The
netal that ﬁEeg 0% ?lgﬁ il |8n§uaa? erbags 4naélg C s hacEe HERETS 9%7“ th an oxide or
nitride layer, riéhﬂnrw»lﬁee&retmﬂm &e\?l‘xgcﬁa el oy, memuﬁdéﬁtsmdggwmmalo et chi ng
sol uti on. with the deposition of first metal portions 650, 680 {which are formed using the same metal 'A")
over the NMOS 640 and PMOS 670, respectively. The first metal portions 650, 680 may be

deposited using PVD or CVD process. The first metal portions 650, 680 may be nickel, cobalt,

Dl
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tungsten, tantalum, titanium, platinum, erbium, palladium, or any other metal able to interact
with silicon at an elevated temperature to form silicide in a low resistance phase state. In the
present example, the first metal portions 650, 680 comprise mickel, which may be deposited
using 2 suitable process flow such as HF dipping, an argon pre-sputier etch to prepare the
surface, and then nickel sputtering, 7

In step 612 and with additional reference to F 1. 6d, the first metal portion 680 may
be removed selectively, leaving the first metal portion 650 intact. The first metal portion 680
may be selectively removed using such processes as photolithography and etching. Such
processes may include forming photo-resist on both metal portions 650 and 680, transferring the
etching patiem from a mask to the phato-fesist, ctchiﬁg, and stripping. Altemmatively, the etching

may follow the stripping. It may be preferable to select the etching process based on the first

metal portion 680.



This will l|eave intact the silicide on the.polysilicon gate and
source/drain contact areas. 17 28 February 2007 Refcrring nowto Fie. 6a
and with additional reference to Figs. 6b-6h, in another enbodinent, a

met hod 600 nay be used to formthe conplenentary silicide structure of

Fig.i with an NMOS and a PMOS. Figsi8 6b-6h illustrate crossggarhdry26d7
views of an exenplary integrated circuit undergoing fabrication steps that
correspond to steps ol Fig. 6a. As the nethod 600 of Fig. 6a is described
below in greater detail, the cross-sectional views in Figs. 6b-6h nay also
be referred to for purposes of illustration. his understood that the nethod
600 is not limted to the formation of a conplenentary silicide structure,
but may be used to formany two regions during a sem conductor fabrication
process where the first region has one conposition or nmaterial ratio and

t he second region has a diff osition teri ratio. e
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gate electr 6 674. an .6 and a.gat di tric
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si licide i n dapdsited svesihs NMCE ophagP \sORALH:, relsﬁbctd?lﬁy W&S@ﬂhﬂtﬂ@aﬁi@hﬁso,td%
first netal gﬁ[tIOI’ISGO 680%8 UZE nigﬁk , Wh‘ICh g: s,ited
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0 prepare w tAc@re dnte Y00KE 2 ISP b BEGRITY forthét SkefRa BdLla fw
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removed sel &t vAé e eESHeP IRV RS Dt i PE EPRETY PREE PEse DU D REACE . TR j 1 st
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form silicide in a low resistance phase state. In the present example, the third metal portions
660, 690 are nickel. The nickel may be deposited by a process such as nickel sputtering, with 2
suitable process flow including HF dipping, an argon pre—éputter etch to prepare the surface, and

then nickel sputiering.

in step 618 and with additional reference to Fig. 6g, a silicide is formed on both the
"NMOS 640 and the PMOS 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 alloyl silicide that contains a felatively large amount of metal A {(nickel), while silicide formed
on the PMOS 670 contains a lesser amount of metal A. In 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 silicide 656, and drain silicide 658 are alloy
silicides with a relatively high level of metal A (nickel), while the gate silicide 684, source

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



etching pattern froma mask to the photo-resist, etching, and stripping.
Alternatively, the etching may follow the stripping. It my be preferable
to select the etching process based on the first netal portion 680. 18 28
February 2007 1In step 614 and with additional reference to Fig. 6e, second
metal portions 652, 682 are depositetd over the NMOS 640 andzd¥dgrufty 2007
respectively. The second netal portions 652, 682 are forned using the sane -
netal (netal'B'), but it is a different netal or nmetal conposition than
that used to formthe first netal portions 650, 680 _ The deposition process
may use PVD or CVD. The second netal portions 652, 682 may conprise

ni ckel, cobalt, tungsten, tantalum titanium platinum erbium palladium
or any other nmetal able to interact with silicon at an el evated
tenperature to formsilicide in a | ow resistance phase state. In the
present exanple, the second netal portions 652, 682 are cobalt. In step
616 and with additional reference to Fig. 6f, third netal portions 660, 690
are deposited over the NMOS 640 and PMOS 670, respectively. The third
netal portions 660, 690 are formed using the sane netal (netal'A') as the
first metal portions 650, 680. This fornms a "sandw ch" structure on the
NMOS 640 with a |aver of netal B forned between two | ayers of netal A
(e.g., nickel/cobalt/nickel). The deposition process nay use PVD or CVD.
The third netal portions 660, 690 may conprise nickel, cobalt, tungsten,
tantalum titanium platinum erbium palladium or any other netal able

t o i nt er adal W4 hpidickdopdn ra iam“eliesvsaiﬁfe@smnpeatawnﬁeo pmvidﬁ@ldmisﬁii@ﬂde in a
l.ow r esi t R !
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such as rmrekeingspykrerimgsiwect hleaecosmmbuahberlqsrmdemncﬁ owisj Iircilsﬂehomg)rHF

di ppi ng, Al e- terw pare surface, g hen ni ckel
sputteri ﬁgn ﬂ%ggﬁé%g élp(lij% A I%éldl Pt onaIDaSr”g 1ér%enP‘,”C”fL mT—Lalo rrbtalis

silicide Sush rﬁmmrm:uma rrta@bhﬁrhaastdﬂmaﬁ:zhﬁd aadntdie sEMiBaﬁﬁ@mgl-éfmeavﬁrm t he
silicide.for differe the silicide fornmed the
PMOS 670 th“ﬁ?pgorfnsm aeséagﬁs?g{?s Ghé’“%l " |‘t@|r?iié‘°efddr%?f‘c%2§tcﬂ§Sﬁﬁ’/ﬁﬁar@&@”’i% ®Pan al | oy
si li ci de mdvatso benm;aftm:eaaﬁtﬁltm dtapad2y (dsatrped BamUNvhie rehRt &l UHAu?(uEHdQlk@il) Whl | e
silicide fo

S b de 10U, 80,116 NS 010, contol e 8 Lesser amunt ol reigl A
ni ckel andvs olagl=tur=. but with different conpositions.
' In’step 620 and with additional refersnce to Fig. 6h, un-reacted metals may be
removed from both the NMOS 640 and the PMQS 670, as well as other areas {not shown), such
* as an isolation structure. The metal that lies on isolation areas may not have reacied with an
oxide or nitride layer, and may need to be selectively removed using 2 metal erching sotution.
S This will leave intact the silicide on the polysilicon gate and source/drain contact areas.
The present disclosure has been described relative to a preferred embodiment.
Improvements or modmcauons that become apparent to persons of ordinary skill in the amt only
after reading this disclosure are . deemed within the spirit and scope of the application. Itis
understood that several modifications, changes and substitutions are intended in the foregoing
disclosure and in some instances some features of the invention will be employed without a
comesponding use of other features. Accordingly, it is appropriate that the appended claims be

construed broadly and in a manner consistent with the scope of the invention.



As illustrated in Fig. 6g, silicide forned 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 gPlicide 656, and drain sgfkdurislg 2608 are
alloy suicides with a relatively high level of netal A (nickel), while the
gate silicide 684, source silicide 686, and drain silicide 688 are all oy
silicides with a lower |evel of netal A The A/B 19 28 February 2007 netal
(e.g., nickelicobalt) ratio in the alloy silicides may be adjusted to
provide a desir6d '"work function by optimzing nmetal deposition processing
and sili ci d&#isgnipToerggDng: Silicidation processing nmay a reaction

bet ween the second tal.éorﬁfj st and second netals) and silicon (or

pol y-silicon) at an eFBUAYEYCPeIEF&PHPEEhat i s sel ected based on the
specific metal escoedrelhiGor shbigftef eacted silicide may be in netastabl e phase
and may need a gﬁﬁgng.gnne%ling.step or. PTA, thereby form ng a stable.
sui ci de phase wi 'R F'eU0ERE TRSFEEAFRY ofdifchbsia6e®¥nd anneal i ng step may

al so be i npl eneatednddii@de ih BeecsheRi62R g8 8565 hlpesrDehaw), M ,chfgooves
un-reacted ;petal . It 1S u?ggrstgod that sone silicides, such as .nicke
silicide, rmy be¥EFAEE Y H g 0rad ¥hapn prigassqne 9f thedipg pilisidrpernsared | n step
620 and w sihciddtiahiabnadilidcieéd erence to Fig. 6h, un-reacted netals may be
renoved from both the %0S 640 and the PMOS 670, as well as other areas
(not shown), such as an isolation structure. The netal that |ies on

i-sol ati on areas2.may MetedianRuEBAGLRE NIk 13Mer@X 188 Phidlkd £ L U8 Lgver. and
may need tqﬂpe selectlvelg renoved using a netal etching sofution. 9 This
will | eave TR hEOWR FEERE YRickHéiliseryrabali dlrdegatssteantdicslouamgingr ai n

contact ar gifiside, tBRAGMPHRSENblHLSE 08 phASRERD Q%&iﬁﬁqisﬁl%ﬁiera%ldg‘(gniql}{neatigr% a
preferred &nbodlnent. | mprovenents or modi fi cations that becone appar ent
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to persons o8f ordinary skill in the an only after reading this disclosure
are deemed within the spirit and scope of the application. It is
under st ood t hat, sevqgal nmodi fications, changes and substitutions are
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4. The semiconductor device of claim [ wherein the first active region has a first

structure and the second active region has a second structure.

3. The semiconductor device of claim 4 wherein the first structure comiprises a
negative metal-oxide—semiconductor field effect transistor (NMOSFET) and the second structure

compriseg a positive metal-oxide-semiconductor field effect transistor (PMOSFET). 7

6. The semiconductor device of claim 4 wherein the first structure comprises a
positive metal-oxide-semiconductor field effect transistor (PMOSFET) and the second structure

comprises a negative metal-oxide-semiconductor field effect transistor (NMOSFET).

7. The semiconductor device of claim S wherein at least one of the first structure and

- the second structure further comprises a raised source and drain structure, a double gate



VWHAT IS CLAIMED IS: 1. A sem conductor device, conpri-sing: a sem conductor
substrate; a first silicide in a first active region of the substrate; and
a second silicide in a second active region of the substrate, wherein the-
first silicide differs fromthe second silicide, and wherein at |east one
of the first silicide and the secondi suicide is an alloy sid kdbirgty 2607 The-
sem conductor device of claiml1 wherein the first silicide is a materi al
selected froma group consisting of nickel silicide, cobalt silicide,
tungsten silicide, tantalum silicide, titaniumsilicide, platinum
silicide, erbiumsilicide, palladiumsilicide, and conbi nations thereof.
3. The sem conductor device of claiml wherein the second silicide is a
material selected froma group consisting of nickel silicide, cobalt
silicide, stungstenusiihisbeeurd, antaalsusis i) d /6 £ <fdct @Rk §ilirghdea
platinumsili.cide, erhbiumsilicide, palladiumsilicide, and conbinations
thereof . A°™HHECEHfCbnduct or device of claim| wherein the first active
region has a first structure and the second active region has a second
structure. 5. The %niconductor device of claim4 wherein the first
structure conpri sezr 8 SSTHE AT de et of clabril et kafi@ne e iGhe firskand sefondct

t ransi st okwr(cMMSRER)=sand t he second structure conprises a positive

met al - oxi de- sem conductor field effect transistor (PMOSFET). 6. The

sem conduct or de¥F¥&Cof claim 4 wherein the first structure conprises a
posi tive netal - oxiide- sgm conductor field effect transistor (PMOSFET) and

t he second structure conprises a negative netal-oxide-sem conductor field
effect transistof S{TNMISICETS 2 87ic dipfretns epd centrddiestiode. devi ce of claim 5 wherein
at” |l east one of the first structure and the second structure further
conprises a raised _source and drain structure, a double gate 21 28 February
2007 st uclLur®e, aThufamiconductesdegpq efciaim & wharshitiphaast ¢lesedd inblmiesat fhn i el d
effect trapshduGFAEELr, or a conbination thereof. 8. The sem conduct or
device of claiml wherein at |east one of the first and second

16. The semiconductor device of ciaim § wherein fhe gate elecirode comprises at least
one of silicon, germanium, and metal.

t1. The semiconductor device of claim § whersin the gate electrode is a material
selected from 2 group consisting of polysilicon, polysiliconi-Ge, metal, metal silicide, metal

nitride, metal oxide, and 2 combination thereof.

12, The semiconductor device of claim 8 wherein the gate diclectric is a material

selected from a group consisting of silicon oxide, silicon nitride, silicon oxynitride, a high k.

dieleciric, and a combination thereof.

~

13, The semiconductor device of claim 8 wherein the gaie dielectric 2 high k
dielectric material selected from a group consisting of metal oxides, metal nitrides, metal
silicates, transition metai-oxides, transition metal-nitrides, transition metal-silicates, oxynitrides
of metals, metal alumina;cs, zirconium silicate, zirconium aluminate, HfO,. ZrOi, HO,N,,

ZrONy, HfS1,0,, ZrSi,0,, HES1L,OyN;, ZrSi,OyN,, ALOs, TiOs, Ta:0s, La;03, CeOs, BiySiOys,




structure conprises: a source; a drain; and a gate conprising a gate
dielectric and a gate el ectrode. 9. The sem conductor device of claim3$8
wherein the Late el ectrode includes at |east one conductive material. 10.
The sem conduct or device of claim8 wherein the gate el ectrode conprises at
| east one of silicon, germanium anzk netal. i i. The sem coiEdrbAY 20@Vi ce -
of claim8 wherein the gate electrode is a material selected froma group
consi sting of polysilicon, polysiliconi-Ge, nmetal, netal silicide, netal
nitride, netal oxide, and a conbination thereof. 12. The sem conduct or
device of claim8 wherein the gate dielectric is a material selected from
a group consisting of silicon oxide, silicon nitride silicon oxynitride, a
high k di et ¥l ab: (o) , r device
of claim8 wher e%dr\? Tf%ggggtaggmglﬂec%l??ﬁ%g%? %Tf( %ﬁzr flrp (:Z%f‘)rg er %

sel ected froRamgnLeuhs #QRstSsting of nmetal oxides, net aI nitrides, netal
silicates, transition nmetal-oxides, transition metal -nitri des, transition
netal -silicates, oxynitrides of netals, rret aI aI um nates, zirconium
silicate, zirconium al um nat ZrONY Hf Si XOyY, ]
Zr Si XOY, Hf Si XOvR, , a?es‘*emtS\?Rﬁ‘mAiﬁ"%mﬁ%} 13 "FE‘FZ?}B the high dranatatiaps 2 Bi 4Si , 012,
22 28 Februar 2007 =W % Y203, L AI B, Bal -xSr.Ti 3, PbTi O3, BaTi (B,

Sr Ti 03, beizaé“ P& preasyjen BPFOXBRRY (0and conbi nati ons thereof. 14. The

sem conductor device of claim13 wherel n the high k material has a
permttivity greater than approximately to. 15. The sem conduct or device of
cl ai m 13 wher ei h51 heTlvisghickndmatoedévade ofidisital 3 iedreih the high thynapriapdzes t han
approximately 15. 16. The seniconductor device of claim 13 wherein the high
K mat eri al peasitteyity gesnier thin afptoximeteai®r t han approxi mately 20. 17. The

sem conductor device of claim| wherein the sem conductor substrate is an

16, The semiconductor device of claim 13 wherein the bigh k material has a

permittivity greater than approximately 20.

7. The semiconductor device of claim | wherein the semiconductor substrate is an

elementary semiconductor.

18. The semiconductor device of claim [ wherein the semiconductor substrate is
silicon.
;) . 19.  The semiconductor device of claim 1 wherein the semiconductor substrate is
) germanium. | | .
20. The semiconductor device of claim 1 wherein the semiconductor substrate further

comprises a multitayer compound semiconductor structure.

21. The semiconductor device of claim 1 wherein the semiconductor substrate

- comprises a compound semiconductor.

22 The semiconductor device of claim 19 wherein the semiconductor substrate

comprises silicon and germanium.



el ementary sem conductor. 18. The sem conductor device of claimt wherein
the sem conductor substrate is silicon. 19. The seni conductor devi ce of
claiml1l wherein the sem conductor substrate is germanium 20. The

sem conduct or device of claim1l wherein the sen conductor substrate further
conprises a nultilayer conpound sem egnductor structure. 21pg¢Ffuary 2007

sem conductor device of claim|l wherein the sem conductor substrate
conprises a conpound sem conductor. 22. The sem conductor device of claim
19 wherein the sem conductor substrate conprises silicon and gernmanium 23
28 February 2007 23. The sem conductor device of claim1l wherein the

sem conduct or substrate conprises an all oy sem conductor. 24. The

sem conduct or device of claim23 wherein the senm conductor substrate
conprises a material selected froma group consisting silicon, germani um
carbon, and a conbination thereof 25. The seni conductor device of claim?24
wherein the senm conductor substrate is SiGe. 26 The sem conductor device
of clai m25 wheleéi n Tihessemdogndiset-op daifasitwiaten thaseraicorgnadi |bdirafi Ge
structure. gm%nsgggm%rmﬁgm%ugtor device of claiml wherein the

sem conduct or “su stra e 1's a ‘Sem conductor on insulator. 28- The

sem conductor device of claim27 wherein the sem conductor substrate is a
silicon on insubatory,, l,.condyct ot eV|c of .c wherein the
first silicide ﬁis aTh\/\érrEw?q%H% cm'me Bl %Wloléﬁl SR ?eérf Sf’“gucﬁoré\y’m%rﬁ The

sen1conducuwnmd@vﬁcewnﬂsckauhhknm@@meummmh%sﬂ&@@@ﬁm@mthhdﬁmhaﬁj@ mork
functlon abQVve: apR", Qragately 4.7 eV.

2
LA

The semiconductor device of claim 24 wherein the semiconductor substraie is
S1Ge.

26. The semtconductor device of claim 25 wherein the serniconductor substrate has a
gradient S1Ge structure.

- : ) ) ) ) . ]

27. The semiconductor device of claim 1 wherein the semiconductor substrate is a

semiconductor on insulaior.

28. The semiconductor device of claim 27 wherein the semiconductor subsirate is a

silicon on insulator.

29, The semiconductor device of claim 1 whérein the first silicide has & work function

below approximately 4.4 eV,

30. The semiconducior device of claim 1 wherein the second silicide has 2 work

function above approximately 4.7 eV,

3L The semiconductor device of claim | wherein the first silicide is a first alloy

silicide, and the second silicide is a second alloy silicide.



31. The sem conductor device of claiml wherein the first silicide is a
first alloy silicide, and the second silicide is a second alloy silicide.
24 28 February 2007 32. The sem conductor device of claim 31 wherein: the
first alloy silicide conprises a first metal with a first nolar conposition
and a second netal; and the second & 1oy silicide conprisesggdifudry bod7
nmetal with a second nol ar conposition and the second netal, wherein the
first nolar conposition is different fromthe second nolar conposition.

33. The sem conductor device of claim 32 wherein the first nmetal is nickel
and the second netal is cobalt. 34. A nethod for fabricating a device on a
sem conduct or substrate, conprising: .depositing a first netal |ayer on a
first region anda secormicrsyriondcvishef €iim 1ihehefdir:st nmetal | ayer conprises
at least a firs ; Lt L o metal layer on.the first region
and the second %g§?%%FWS %?g?#B}%%Sggégggﬁgﬁ@$%1“?3%%?“@3%6??%@ “%to%east a
second mnet #lsiabg@fiecti vely renmoving one of the first netal |ayer and the
second netal | : Lqon: and form first sili.cide
compri sing t he T rer o S ae ] oL B S B e A i ng o
second si | theiserene owph vdiensy: th Brsf inplst copposiBaroindifivehatront hatecnasmstot r enoved
fromthe secopgionhegion. 35. The method of claim34 further conprising
renoving an un-reacted portion of the firs' metal and the second netal
after formng the first suicide and the second silicide. 36. The nethod of
cl aim 34 whereiqy form - first. silicide and.the.second siljcide

i ncl udes hi gh t%r’rperrlg% E%E%?g%%rs%%lﬁa?flw ’?ﬁv eWEttH%HrSto‘T‘ﬁt ISR fifer ei n
the first sesefidonetglonpbielées a first gate stack with a first source/drain
opposite and adjacent to the first gate stack, and wherein the second
region conprises a second gate stack with a second source/drain opposite
and adj acent t ¢4t he Asecbwrifor Ghtiatist addvice on a semiconductor substrate, comprising:

depositing a first metal layer on 2 first region and a second region, wherein the first metal
layer comprises at least a first metal;

depositing a second metal layer on the first region and the second region, wherein the
second metal layer comprises at least 2 second metal;

selectively removing one of the first metal layer and the second metal layer from the
second region; and

forming a first silicide comprising the first and second metals on the first region, and

forming a second silicide comprising the first or second metal that was not removed from the

second region.

35. The method of claim 34 further comprising removing an un-reacted portion of the

first metal and the second metal after forming the first silicide and the second silicide.

36.  The method of claim 34 wherein forming the first silicide and the second silicide

“includes high temperature processing.

-

37.  -The method of claim 34 wherein the first region comprises a first gate stack with
a first source/draiulopposite and adjacent to the first gate stack, and wherein the second region
comprises 2 second gate stack with a second source/drain opposite and adjacent to the second

gaie stack.




25 28 February 2007 38. The nethod of claim 34 wherein one of the first
region and the. second region is a NMJS and the other is a PMOS. 39. The
met hod of claim 34 wherein the first nmetal is nickel and the second netal
is cobalt. 40. The nethod of claim 34 wherein depositing the first netal

| aver and the second netal |aver c@mprises sputtering. 41. gy Begr of
claim 34 wherein depositing the first netal |ayer and the second netal

| ayer conprises physical vapor deposition (P VD), plating, chem cal vapor
deposition (CVD), or a conbination thereof. 42. The method of claim 34
wherein CVD conprises plasma enhanced CVvD (PECVD), atnospheric pressure
CvD (APCVD), |ow pressure CVD (LPCVD), high density plasma CvD ( HDPCVD),
atom c |ayer CV[ (AQFVD,, or conpination thereof. 43. The method of claim
34 wherein sel étti valSyPTEABUTHG CokprTe e ol hsHEY 51408 MRS P FsteEdst ng;
and et chi ngvo2an®B: babriwarmo2007 44. A method for fabricating a device on
a sem conductor substrate, the nmethod conprising: depositing a hard mask
| ayer on a first region and a second region; selectively renoving the hard
mask | ayer fronytherdeimstod beghigms WIRRAS inkifRQ ndiaf & hkeNBE Ak stRYEMme@Nst he
first region and the second region, wherein the first netal |ayer
conprises‘ﬁb@?rst netal; formng a first silicide conprising the first
metal on the first region; renoving an unreacted portion of the first netal
fromthe first region and the second region; renoving the hard mask from
the second regif®bn; Tthepediod phejair Werlkmin Aweanng thy Brst paakiper ppd ¢ sacerfi on and

t he secondnfig@ieMmorpissiShirelidle second nmetal |ayer conprises a second netal
that is different fromthe first netal; and

41.  The method of claim 34 wherein depositing the first meta! layer and the second
metal layer comprises physical vapor deposition {PVD), plating, chemical vapor deposition

{CVD), or a combination thereof.

42, The method of claim 34 wherein CVD comprises plasma enhanced CVD
(PECVD)}, atmosphertic pressure CVD {APCVD), low pressure CVD (LPCVD), High density
plasma CVD (HDPCVD), atomic layer CVD {ALCVD), or combination thereaf.

43.  The method of claim 34 wherein selectively removing comprises:
photolithography processing; and
etching,




formng a second silicide conprising the first nmetal and the second netal
on the first region, and formng a third silicide conprising the second
netal on the second region. 45. The nethod of claim44 wherein the hard
mask | ayer is selected froma group consisting silicon oxide, silicon
nitride, silicon oxynitride, silicoretcarbide, high k materi gg retdtisly 2007
conbi nation thereof. 46. The nethod of claim44 wherein form ng the hard
mask | ayer conprises PVD, CVD, high tenperature reaction, or a conbination
thereof 47. The method of claim44 wherein form ng the hard mask | ayer
conprises reacting dichlorosilane (SiCl2H2) and ammonia (NH3). 48. The
met hod of claim44 wherein depositing the first netal |ayer and the second
netal | ayer conpsd ses spubé €L iciGe (" l 4 erejn
depositing the first netal Iajgg‘gﬁ'agﬁgggg%o%ﬁgc ?gf%kg$§fmc8ﬁ%?lses CVD.
27 28 Febru&fyP2687 50. A nethod for fabricating a device on a

seni conduct or - subpbdi@ie hatdBaR48eNQd: fSOTRGI éid%ecoﬁ@fl@?dnf' ng a first netal

| ayer on first an second regi ons, wherein the first metal [ayer conprises
a first netal; @Fb”ﬁ@oﬁnggbéﬁénﬁﬁf@Vﬂﬁ5§e$ﬂﬁﬁmeeﬂf|rst and second

regi ons, wher ei nichh@ins@GRNG AR A} od (YS! ¢ J&Qmpﬁdﬁﬁése@ong%? dwﬂ&lﬂ%ﬁm

dep05|t|ng a t ird nmetal | ayer on the first and secon ons erein the
third nmetal MeRAGET cuBpfFe] 8t pR8Lfirst netal; selectively renoving one of

the first netal fbamsgaaaamna@aéompmgknmg@ﬂmheaé%mhsfeﬂghh fn;Second  regi on;

and formng a first silicide conprising t first netaf and the second

metal on the fi rfgrflo‘fl'éﬁ'gq“dwmaa‘ﬁ@P%F@e‘efdhﬁjﬁ@ﬁmféﬂd@%tbwbnﬂ wsingartdiee stéongt met al
and the secgpdpietal on the second region, wherein the first silicide has
a greater percentage of the first nmetal than does the second silicide. 51.
The net hod of cFﬁFWﬂ%ﬂhﬁheﬁemﬁ<%@hé@ﬁﬁmeﬂyemenDV|ng one of the first netal

| aver and the tdhﬁ)cfsglnggts@c'oné el lapI %m&et}%@&? nd Eheglu%rr']d Iregf?m uwdneegm the

sel ectively renDV|n? first me
second metal Tayer comprises a second metal that is different from the first metal; and

forming a second silicide comprising the first metal and the second metaf o the first

region, and forming a third silicide comprising the second metal on the secoud rcglon,
45, The method of claim 44 wherein the hard mask layer is selected from a group

consisting silicon oxide, silicon nitride, silicon oxynitride, silicon carbide, high k material, and a

combination thereof,

46. The method of claim 44 wherein forming the hard mask layer comprises PVD,

CVD, high temperature reaction, or a combination thereof,

47, ‘The method of claim 44 wherein forming the hard mask layer comprises reacting
dichlorosilane (SiClH;) and ammonia (NH,).

48.  The method of claim 44 wherein depositing the first metal layer and the second

metal layer comprises sputtering.

49. The method of ¢laim 44 wherein depositing the first metal layer and the second

metal layer comprises CVD.




| ayer prior to depositing the second netal l|ayer. 52. The nethod of claim
50 wherein selectively renoving one of the first metal layer and the third
netal |ayer fromthe second region includes selectively renoving the third
metal |ayer after depositing the third netal layer. 5.1. The nethod of
claim50 wherein one in the first nétal and the second met apg gghruddy 86! and
the other is cobalt. 54. The nethod of claim50 wherein depositing the
first netal |ayer, depositing the second netal |ayer, and depositing the
third netal |ayer conprises sputtering. 55. The nethod of claim50 wherein
depositing the first netal |ayer, depositing the second netal |ayer, and
depositing the third netal |ayer conprises CVD.

30. A method for fabricating a2 devize on a semiconductor substrate, the method
COmprising:

depositing a first metal layer on first and second regions, wherein the first metal layer
comprises a first r{le{al;

depaositing a second meltal tayer on the first and second regions, wherein the second
metal layer comprises a second metal;

depositing a third metal laver 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 mstal and the second metal on the firsi region
_and a second silicide compnsing the first metal and the second metal on the second region,
wherein the first silicide has 2 greater percentage of the firsi metat than does the second silicide.
51, The method of claim 50 wherein selectively removing one of the first metal laver
and the third metal layer from the second region includes selectively removing the first metal

iayer prior to depositing the second metal layer.

52.  The method of claim 50 wherein selectively removing one of the first metal layer
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and the third metal layer from the second region includes selectively removing the third metal

layer afier depositing the third metal layer.

53.  The method of claim 50 wherein one of the first metal and the second metal is

nickel and the other is cobalt,

54.  The method of‘clairn 50 wherein depositing the first metal layer, depositing the

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

55. The method of claim 50 wherein depositing the first metal layer, depositing the

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



