A DEVI CE HAVI NG MULTI PLE SILICIDE TYPES AND A METHOD FOR | TS FABRI CATI ON
CROSS- REFERENCE  This application clainms priority fromU.S. Provisional ‘
Pat ent Application Serial No. (Attorney Docket No. 24061.96), filed on August
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FOR | TS FABRI CATI ON. " BACKGROUND The Ilpresent disclosure relates generally to
the field of sem conductor integrated circuits, nore particularly, to a
device having silicide and a nmethod of fabricating such device. The

sem conductor integrated circuit (1C) industry has experienced 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
previ ous generation. However, these advances have increased the conplexity
of processing and manufacturing I1Cs and, for these advances to be realized,
sim |l ar devel opnments in |IC processing and manufacturing have been needed. In
net al - oxi de- sem conductor field effect transistor (MOSFET) technol ogies, a
suicide may be inplenmented for reliable contact and | ess contact resistance.
The silicide may be wused to provide an interface between netal |ines and
substrate contact mMEPEVRE HININGAH UL TIPOL $HLICIDBTYJHSAN® Si | i con source, and
a silicon drain. Placing ArmETHODIROR O PABRIEABEMY ce and - drain regi ons may
reduce the sheet resistance of the path between the netal contact and the
under | yi ruct ure. However, although the sane silicide is generally used
on mul ti f =2 types, the sheet resistance of different transistors

(e.g., NMOS an@ﬁb@)xcﬁ@yclﬂlﬁfs)pndﬁ@%ﬂi Uﬁg Pr@ﬂsxbmPﬁtyrﬂe\p@fmz{ﬁ%hgbnﬂﬁ\los| l'icide
used. Ac ordin is needed in is a sem conductor device and

‘the met hotfoarey %ﬁﬁaw‘@?a% fi%?%%ﬂﬁ%&ﬁ%mﬁﬂé%%@ HAORYSFEMER$ oned
i ssues. BRIERDESCRPE S oAbk DRAMONGD R Mg presentridiscl osure is best

understood fromthe follow ng detailed description when read with the
acconpanying figures. It is enphasized that, in accordance with the standard

BACKGROUND

The present disclosure relates generally to the field of semiconductor integrated
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.
Technological advances in IC materials and design have produced generations of ICs where each
generation has smaller and more complex circuits than the previous generation. 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.

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 structure. However, although the same silicide is generally used on multiple transistor



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 diagram of exenplary
structure illustrating a particular inplenmentation of the present

di sclosure. Fig. 2ais a flowchart 21lustrating a first exenplary nethod for
fabricating the structure of Fig. 1. Figs. 2b-2g are cross-sectional views
of the structure of Fig. 1 during fabrication wusing the nmethod of Fig. 2a.
Fig. 3ais a flowchart illustrating a second exenplary nethod 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. Fig.
4a is a fligwsahadteet bdiddsts dimGed vhalididl Laof @ADL ligating the
structure %& ..4b-4k are crosg%igg%?gﬁgﬁﬁéﬁgﬁgggfm(ﬁg%gﬁgucture of
Fig. | durdiyp ?é&ﬁﬁ%%ﬂc%ﬂ‘ﬂgiﬁﬁ the nethod of Fig. 4a. Fig. 5ais a flow
chart illustrati n@cardfrfgpyr foharexeEmldah mef&m&aos@mféaﬁd&‘c@bﬁév&%h&‘&e h80q Sft r ”Ct ure
of Fig. 1. Fi g@ are cross-sectional views of e structure o I
during falﬁ’?ainﬂgft?l‘aﬁg Tepighat phdresses thogpovs mpptignedsigsuesi g. 6a is a flow chart
illustrating a fifth exenplary nethod for fabricating the structure of Fig.
1. 3 DETALLED DESCRIPTICN The present disclosure relates generally to the
field of ' & ts, nore particularly, to a device
having mul ti pl e Slblb ﬁieg&lt El)s’dl’@sﬁrea@gesaurm@ztstraggfr% tﬁeafplﬁdﬁr?gtde ed 3ed& txge\“ ce. It is
under st ood, however, that the foll ow ng disclosure provides na i fferent
embodi ment*&en Bad Wit His aseomprpying fresd i armgasifief that, errccdrémmbn s th@fstartdlaxei
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-below to sinplify the present
various features may be arbitrarily increased or reduced for clarity of discussion.

Fig. 1 is a schematic diagram of exemplary structure illustrating a particular

implementation of the present disclosure.

Fig. 2a 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 illustrating a second exemplary 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 Fig. 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. 1 during fabrication using
the method of Fig. 4a.

Fig. 5ais 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 fabrication using’

the method of Fig. 5a.

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

structure of Fig. 1.



di scl osure. These are, of course, nerely exanples and are not intended to be
limting. In addition, the present disclosure may repeat reference nunerals
and/or letters in the various exanples. This repetition is for the purpose
of sinplicity and clarity and does not in itself dictate a relationship:

bet ween the various enbodi ments and/Dr configurations di scussed. Generally,
both NMOS and PMOS devices are fabricated using the sanme 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
wor k function of the differently 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 conpl enentary
silici deg’g 3;2%\6 HEEC-?QP?FR@ ngl e structure that conprom ses both an NMOS 100
and a P 100 and the PMOS 120 may be fabricated on a
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that has a work function capable of reducing both NMOS and PMOS source/drain contact
resistance.
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 118. 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 germaﬁium in crystal, polycrystalline,

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



generally, the alloy sem conductor substrate may contain silicon, gernmani um
carbon, or conbinations thereof, Furthernore, the sem conductor substrate
may be a sem conductor on insulator, such as silicon on insulator (SO), or
athin filmtransistor (TFT). In some exanples, the sem conductor substrate
may include a doped epi layer or a Buried layer. In other exanples, conpound
sem conduct or substrate may have a nultilayer structure, or the silicon
substrate may include a nultilayer conpound sen conductor structure. The
NMOS 100 and PMOS 120 nay be fabricated using a P-well, N-welt, or dual- well
structure, and may be fabricated directly onto or within the sem conduct or
substrate. In the present exanple, there is an isolation region (not shown)
bet ween the NMOS 100 and PMOS 120. The isolation region may utilize
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prpsem example, there is an isolation region (not shown) between the NMQS 100 and PMOS

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 diclectric 128 in the PMOS

120 may be a suitable dielectric material or may have a multilayer étructure 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 2 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,~AL O5)

alloy, or éombinations 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



conprise a dielectric material such as silicon nitride, silicon oxide,
silicon carbide, silicon oxynitride, or conbinations thereof. The NMOS 100

i ncl udes a source and a drain (not shown), which nay be formed directly on
t he sem conductor substrate, in a P-well structure, or using a raised
structure. Silicide may be fornmed ®n top of the source and drain to form
source silicide region 116 and drain suicide region 118, respectively. The
silicide may al so be fornmed on top of the gate electrode 102 to formgate
silicide region 114. The silicide regions 114, 116, and 118 in the NMOS 100
may conprise materials such as nickel silicide, cobalt silicide, tungsten
silicide, tantalumsilicide, titaniumsilicide, platinumsilicide, erbium
silicide, palladiumsilicide, or a conbinations thereof. The PMOS 120

i ncl udes a source and drain (not shown), which nay be formed directly on the
sem conductor substrate, in a N-well structure, or u5|ng a raised structure.
Silicide maywerretrenGHlnepliet: EpeSopres Genrcidr e 1irfomyaspuite silici de
region 13§.@andidcdsRicBmsinktlsiigigedregi on 138, respectively. The silicide may
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PMOS S|NF§F§% ?ﬁ%?%ﬁggﬁggﬂﬁ mﬁu Q‘Ha?§% rﬁ?%% ?ul %uf%eékgﬁﬂgTerent types,
or they nﬁybée@ﬁ*@Wﬁsmﬁwcmusgﬂwh0dn¢&@nbnmmd@np@smtﬁmnMe&Wm&ﬂﬂéﬁn@iIicides of
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silicide drrglg:gﬂ I%E;é %p 18#%1,5\{)\%0&1\61 hel smc.l mayv\ﬁso}J l?o {hFF%I €de f egi ons
may be anﬂameyN§H¢K@n@@¢m®mdvnﬁ®nﬂé¢§ﬁmsﬁh@bmg&mhﬂDLdHSﬁhdUEhURBS are

somet i mesy, to as co tary, si.li.cide. npl enent ar ilicide 6 may
prOV|de fﬂg§%§1e%%?cmnrﬁﬁ?ﬁgggfs¥:55 gb??%&&ﬁgggg@'ﬁWﬁ§m§|¥$ Efde regions
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combinations thereof.

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 in 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 thereof.

In the structure of Fig. 1, the silicide used in silicide regions 114, 116, and 118 in the
NMOS 100 (collectively 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 composition, 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



In one exanple of a conplenentary silicide structure, different conbinations
of nickel and cobalt nay be used in its inplenentation. This enables the
conposition for both the NMOS sillcide regions and the PMOS silicide regions
to be fine tuned for desired work functions and sheet resistances. For
exanpl e, the NMOS silicide regions work function may be tuned bel ow
approximately 4A eV, while the PMOS silicide regions' work function may be
tuned above approxinmately 4.7 eV. It is understood that the conpl enentary
silicide structure is not limted to NMOS and PMOS structures, bull nmay 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 silicon or doped poly-silicon area, a source, a drain, a
gate, or o nd fomde fitkveppiog of thyNivHET sibnds, and RMOSelicide ragioas jimpesaeh r egi on
MRy COMPI,56: e AEMEE Quittioh A% ofed g, | PMOS, a CMOS, a  FENFET, a bi pol ar
transistor, a capacitor, a resistor, of conbinations thereof. Referring to
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Referring to Fig. 2a and with additional 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 NMOS
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. 2ais
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 méy 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 dielectric 248. The PMOS 270
includes a gate electrode 272, spacers 274 and 276, and a gate 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")

t



with the deposition of first nmetal portions 250, 280 (which are fornmed using
the sane metal W 7 over the NM3S 240 and PM3S 270, respectively. The first
metal portions 250, 280 may, be deposited using physical vapor deposition
(PVD) such as sputtering and evaporation, or plating, or chenical vapor
deposi tion (CNrD) such as plasma enhanced CVD (PECVD), atnospheric pressure
CVD (A-PCN7D). | ow pressure CVD (UPCVD), high density plasna CVD ( HDPCVD)
and atomc |ayer CVD (ALCVD), or other deposition processes. In the present
exanple, a sputtering deposition is used. The first netal portion 250, 280
may be nickel, cobalt, tungsten, tantalum titanium platinum erbium
pal | adium or any other netal able to interact with silicon at an el evated
tenperature to formsilicide in a | ow resi stance phase Etate I nht he prefsfent
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de
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wet et chi @b 15|tk foSihiiBRYr dlRCIIAUG SuPdRES Jun@t%'ng THeBriGkes mﬂqe)dgg&(#'e@b‘per oxi de
solution. In step 2) 14 and with additional reference to Fig. second

met al porrtuflbhg)uﬁwa, wifdna suitable process flow including HF dipping, an argon pre- Sput[er 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 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 a mask to the photo-resist, etching, and stripping.
Alternatively, the etching may follow the stripping. 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
(Ha504+H20:tH,0). 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 metal composition
than that used to form the first metal portions 250, 280. The deposition process may use PVD or

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



are deposited over the NMOS 240 and PMOS 270, respectively. The second net al
portions 252, 282 are fornmed using the sane netal (netal 'B'), but it is a
different netal or netal conposition than that used to formthe first netal
portions 250, 2180. The deposition process may use PVD or CVD. The second
metal portions 252, 282 may conprise®nickel, cobalt, tungsten, tantalum 4:~
8 titanium platinum erbium palladium or any other netal able to interact
with silicon at an elevated tenperature to formsilicide in a | ow resistance
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
formed on both the NMOS 240 and the PMOS 270. However, the silicide forned
on the NMOS 240 is different than the suicide forned on the PMOS 270. This

i s because the silicide formed on the NMOS 240 contains both first netal
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288 are cobalt sxhclde Thc L\/B meta‘ (¢.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 be 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. Also referred to as annealing, this may use a rapid thermal
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 second annealing step or RTA (e.g.,
at a higher temperature selected based on a particular metal and intended compound), thereby
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 PMOS 270, as well as other areas (not shown), such
as an 1solation 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 use a different etching



be inplenented after step 218 (described bel ow) which renoves un-reacted
nmetal. It is wunderstood that sone silicides, such as nickel silicide, may be
formed in a one step RTA at a |lower tenperature. In step 218 and with ‘
additional reference to Fig. 2g, un-reacted netals may be renoved from both
the NMOS 240 and the PMOS 270, as wefl 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 layer, and may need to be sel ectively
removed using a netal etching solution. Such etching may be conpleted in two
steps, wherein each step may use a different etching 9 solution and target
for different netals. This will Leave intact the silicide on the polvsilicon
Gat e and.source/drain contact areas. Cenerally, there is no |ithography
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(which are forneg u3|qg t he sanme neta
370 may be Iabricated prior to the execution of the method 300. For example, the NMOS 340

includes a gate electrode 342, spacers 344 and 346, and 2 gate dielectric 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 method 300 begins in step 310
with the deposition of first metal portions 350, 380 (which are formed 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 metal portions 350, 380 may be nickel, cobalt,
tungstep, tantalum, titanium, platinum, erbium, palladium, or any dther metal able to Interact
with silicon at an elevated temperature to form silicide in a low resistance phase state. Inthe
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 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 form the first metal portions 350, 380, The deposition process may use PVD or



over the NMOS 340 and PMOS 370, respectively. The first netal portions 350,
380 may be deposited using PVD or CVD processes. The first nmetal portions
350, 380 may be nickel, cobalt, tungsten, tantalum titanium platinum
erbium palladium or any other netal able to interact wth silicon at an

el evated tenmperature to formsilicid® in a | ow resi stance phase state. In the
present exanple, the first metal portions 350, 380 conprise nickel. The

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
t hen 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 formed using the sane

nmet al (netg "'B) is.a different netal or netal conmposition than
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This is because the silicide forned an all oy silicide

t hat contéﬂﬂ@S@69ﬁﬂ¢ﬂ$§PﬂﬁewﬁlH@oﬁﬁﬁdh3%@mkﬂhmeﬂehym§ﬁﬁ©&ﬁdeméﬁﬁﬁaecond net a
portion 35%:(i60RALHI fodhtd &i BROSWL! S lslblecalugaethé Qﬁ%qo%dtog%ems §ZOOLS contains

only second netal portion 382 cobalt) silicid
an alloy silicide that contains both first metal portion 350 (mcl\e ) stiicide and 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. 3f; silicide formed on the gate, source, drain of the NMQS 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 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 in metastable phase and may need
a second annealing step or RTA, thereby formning 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 silicide, may be

formed in a one step RTA at a lower temperature.



As illustrated in Fig. 3f, 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
sui cide 354, source silicide 356, amd 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 netal (e.g., nickel/cobalt)
ratio in the alloy silicide may be adjusted to provide 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 el evated
tenperature that is selected based on the specific netal or netals. Such
reacted silici deipngy sheaddRvineliasbablerphaseriand waydieetkalanseeond anneal i ng
step or RTA, thereby formng a stable silicide phase with reduced resistance.
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| aver, angmg@%mnﬁgdmtghgga§§g9@5h%§§Ml&gﬁnved using a metal etching solution.
This will |eave intact the silicide on the pol ysilicon gate and source/drain
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material ratio and the second region has a different composition or material 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 that portions of the NMOS 440 and PMOS
470 may be fabricated prior to the execution of the method 400. For example, the NMOS 440
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 to Figs. 4a and 4c, the method 400 begins in step 410

~ with tf;e deposition of hard mask portions 450, 480 over the WNMOS 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 450, 480 may include silicon oxide, silicon nitride, silicon carbide, or a combination
thereof. For example, silicon nitride may be formed by high temperature CVD, LPCVD, or
PECVD. LPCVD silicon nitride may be formed by reacting dichlorosilane (SiCl;H;) and
ammonia (NH;). 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 PMOS 470, as illustrated in Fig. 4b. It

i s understood that portions of the NROS 440 and PMOS 470 may be fabricated
prior to the execution of the nmethod 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 nethod
400 begins in step 410 wth the deposition of hard nmask portions 450, 480
over the NMOS 440 and PMOS 470, respectively The hard mask portions 450,
480 may be deposited using PVYD processes, rocesses, or a high
tenperature i nt erBEtP 6 1 ﬂﬁﬁ@ﬁdWPFFﬁﬁgﬁw6ﬂj%ﬁ elhe tpadask PPREnKAY Baymsk
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metal portions 452, 482 are nickel.

In step 416 and with additional reference to Fig. 4f, a silicide is formed on the NMQS
440. 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,
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. 4f, 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 is
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 after step 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 as 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 to
interact with silicon at an elevated tenperature to formsilicide in a |ow
resi stance phase state. in the present exanple, the first nmetal portions
452, 482 are nickel. In step 416 and3with additional reference to Fig. 4f; a
silicide is formed on the NMOS 440. The silicide formed 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 nask portion 480, the
metal 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. Silicidation
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use PVD or CVD. The second metal portions 460, 490 may comprise 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 second metal portions 460, 490 are cobalt.
In step 424 and with additional reference to Fig. 4j, 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
an alioy 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 (cobalt) silicide.
As illustrated in Fi‘g. 4;, silicide formed on the gate, source, drain of the NMQOS 440
produces gate silicide 454, source silicide 456, and drain silicide 458. Silicide formed on the
gate, séurce, 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

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

488 are cobalt silicides.



including silicon oxide and nmetal 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 netal portions 460,490 are
formed using the sane metal (nmetal 'B"), but it is a different nmetal or netal
conposi tion than that used to formtlhe first nmetal portions 452, 482. The:
deposition process may use PVD or CVD. The second netal portions 460, 490
may conprise nickel, cobalt, tungsten, tantalum titanium platinum erbium
pal l adium or any other metal able to interact with silicon at an el evated
tenperature to formsilicide in a low resi stance phase state. In the present
exanpl e, the second netal portions 460, 490 are cobalt. In step 424 and with
additional reference to Fig. 4j, a silicide is formed on both the NMOS 440
and the PMOS 470. However, the silicide fornmed on the NMOS 440 is different
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i n nmet astalh e;olatxon 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.
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 a PMOS. Figs. 5b-5h illustrate cross-sectional views of an exemplary
integrated circuit undergoing fabrication steps that correspond to steps of F 1g. 5a. 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. It is understood that the method 500 is not limited
to the f(ljrmation 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 compasition 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 a
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 500. For example, the NMOS 540
includes a gate electrode 542, spacers 544 and 546, and a gate dietectric 548. The PMOS 570
includes a gate electrode 572, spacers 574 and 576, and a gate dielectric 578.



phase and may need a second annealing step or RTA, thereby formng a stable
silicide phase wth reduced resistance. Such a second annealing step nay

al so be inplenented after the step 318 (described bel ow) which renoves
un-reacted netal. It is understood that sone silicides, such as nickel
silicide, may be fornmed in a one stép RTA at a |lower tenperature. In step 426
and with additional reference to Fig. 4k, un-reacted netals may be renoved
fromboth the NMOS 440 and the PMOS 470, 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 |layer, and may need to be

sel ectively renoved using a netal etching solution. This wll |eave intact
the silicide on the polysilicon gate and source/drain contact areas.
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second metal portions 552, 582 are cobalt.

In step 514 and with additional reference to Fig. Se, 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 a
"sandwich” structure with a layer of metal B formed between two layers of metal A (e.g.,
nickel/cobalt/nickel). The deposition process may use PVD or CVD. The third metal portions
560, 590 may comprise 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 third metal portions 560, 590 are nickel.
The nickel may be deposited by a process such as nickel sputtering, with a suitable process flow
including HF dipping, an argon pre-sputter etch to prepare the surface, and then nickel
sputtering,.

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

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



with silicon at an el evated tenperature to formsilicide in a | 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
sui tabl e process flow including HF di pping, an argon pre-sputter etch to
prepare the surface, and then nickellésputtering. In step 512 and with
additional reference to Fig. 3d, second netal portions 552, 582 are
deposited over the NMOS 540 and PMOS 570, respectively. The second netal
portions 552, 582 are formed using the sane netal (nmetal 'B ), but it is a
different netal or netal conposition than that used to formthe first neta
portions 550, 580. The deposition process may use PVD or CVD. The second
nmetal portions 552, 582 nmay conprise nickel, cobalt, tungsten, tantal um
titanium platinum erbium palladium or any other netal able to interact
with silicon at an elevated tenperature to formsilicide in a | ow resistance
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Al ternativel 5 SOYrfe, 2Bg I fgthe OS 570 produces gate silicide 384, source silicide 586, and
drain silicide 588. The gate silicide 554, source silicide 556, and drain silicide 558 are alloy
silicides with a relatively high level of metal A (nickel), while the gate silicide 584, source
silicide 586, and drain silicide 588 are alloy silicides with a lower level of metal A. The A/B
metal (e.g., nickel/cobalt) ratio in the alloy silicides 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.
Suchreacted 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 annealiﬁg step
may also be implemented after the step 520 (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 520 and with additional reference to Fig. Sh, un-reacted metals may be
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.

ot



may follow the stripping. It may be preferable to select the etching process
based on the third netal portion 590. For exanple, if the material is

ni ckel, a wet etching process may be selected using a netal etching solution
such as a sulfuric peroxide mxture. In step 518 and with additi onal
reference to Fig. 59, a silicide isitforned on both the NMOS 540 and the PMOS
570. However, the suicide formed on the NMOS 540 is different than the
silicide formed the PMOS 570. This is because the silicide forned on the NWOS
540 is an alloy silicide that contains a relatively | arge anount of netal A
(e.g., nickel), while silicide formed on the PMOS 570 contains a |esser
amount of netal 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 formed on the gate, source, drain of the
NMOS 540 produces gate silicide 554, source silicide 556, and drain suicide
558. Silicide fornmed on the gate, source, and drain of the PMOS 570
produces gate suRtfdes584 Bogreed sl ﬁ@i’@eal%"@fen@n@iﬁ”@lrééiﬁh imiahptbérde 588. The
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source/ drai n conWagkpaifeaserence now to Figs. 6z and 6¢, the method 600 begins in step 610
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,
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 nickel; which may be deposited
using a suitable process flow such as HF dipping, an argon pre-sputter etch to prepare the
surface, and then nickel sputtering.

In step 612 and with additional reference to Fig. 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 pattern from a 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 first

metal portion 680.



17 Referring nowto Fig. 6a and wth additional reference to Figs. 6b-6h, in
anot her enbodi nent, a nethod 600 nmay be used to formthe conpl enentary
silicide structure of Fig. i wth an NMOS and a PMOS. Figs. 6b-6h illustrate
cross-sectional views of an exenplary integrated circuit undergoing
fabrication steps that correspond t® steps of Fig. 6a. As the nethod 600 of
Fig. 6a is described belowin greater detail, the cross-sectional views in
Figs. 6b-6h may also be referred to for purposes of illustration. It is
understood that the nmethod 600 is not limted to the formation of a

conpl enmentary suicide structure, but may be used to formany two regions
during a sem conductor fabrication process where the first region 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
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(which are forned using t sane over 40 and ' PMOS 670,
respectlveIanmmemﬁmwsmmh@ﬂapﬂbéWﬂl@ﬁ@yeg@rmgg@bhdyﬂmémtwébsbwm@dmu5|ng PVD

or CVD pr OCSév%tedTQx‘?‘peHﬁ[é Lo 8k ?‘ilhingé)irnta' 10 §eséé?clj: rﬁggsga{lﬁgé\?ﬁmwe%ﬁ?l‘mmglgq t,

tungsten, tantalum titanium platinum er er net al
abl e to i ntweemstmetylippiions 452c@7 a cohrlt. el evat ed tenperature to form suicide in

a low resistance phags ($4 ﬂd%iti&d&i@%irég«%%ﬁ:g“& %@Y\fgm d%:net&l Srilonl 80, ERLA

portions 650, 680 conprise nickel, eposit using’ a suitable
process fIdeguwhoasﬂHF“dDﬁ@ﬁﬁgﬂﬂaﬂOaﬁabnmpmGWSpUﬂF@nmen@H;bdmpyﬁﬁaﬂé t he

surface, ;9 Ec?%nd %sdngktﬁf%l %étz?rring 'A‘) Qs tlsu% ?’%t mééooo 1on¥%% ﬁ)ddchEsl "gnal

reference to |rs portion I énmov
selectlverSaMEa "HQWIMEOﬁﬂm$@A®%6ﬂ]W@MH@y@ntﬁﬁﬁ Eﬁtmmihﬂﬂhmf@obsfsﬂhtal

portion 680 meta X(ea%_'cﬁc%leﬁﬁgéd}//mc%u)r e[%?YiDpOSlH(%A nrgcesssur%gv LPSE PQ’? ?ﬁ/ljasThe third

phot ol i t hogr ap process 1nc
phot o- re5|Shﬂ@hmhamh6ﬁhﬁ%]mppmxmmmsmaﬁmcdnd ﬁ&@kmtmmm$¢emmmn@ nheumetching

pattern fr of 1um %zﬁlléa%u% érg% ng(ejrt rgetgued%f 10 i’ntn%tc?vrs]/{tkrl]ghco%gg dnsét CI’VI‘IRB Len erature to

AIternatlvéIy,
form silicide in a low resmtance 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 a
suitable process flow including HF dipping, an argon pre-sputter etch to prepare the surface, and
then nickel sputtering.

In step 618 and with additional reference to Fig. 6g, asilicide is formed on both the
NMOS 640 and the PMOS 670. However, the silicide formed on the NMOS 640 is different
tharll the silicide formed the PMOS 670. This is because the silicide formed on the NMQOS 640 is
an alloy silicide that contains a relatively 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 PMQOS 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

t



may follow the stripping. It may be preferable to select the etching process
based on the first netal portion 680. 18 In step 614 and with additional
reference to Fig. 6e, second netal portions 652, 682 are deposited over the
NMOS 640 and PMOS 670, respectively. The second netal portions 652, 682 are
fornmed using the sane netal (netal ' B), but it is a different nmetal or netal
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 nickel, cobalt, tungsten, tantalum titanium platinum erbium
pal | adium or any other nmetal able to interact with silicon at an elevated
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 (nmetal '"A') as the first nmetal portions
650, 680. This forns a "sandw ch" structure on the NMOS 640 with a | ayer of
metal B fornmed between two |layers of netal A (e.g., nickel/cobalt/nickel).
The deposition process may use PVD or CVD. The third netal portions 660, 690
may conprise nickel, cobalt, tungsten, tantalum titanium platinum erbium
pal | adium 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 third netal portions 660, 690 are nickel. The nickel may be
deposi t echehl(ca., privdegslisuchings: Alog kit idsputyteriingsd wirtdyid 2 Gerdiabite process
flow inc - 1.er. -P t he surface,
and 1 nen g B o B o P SRRt e ence to

Fi g. 69, pacessiihg midercicsiof prtwea tbfrlsebrmti hn°tah@>r HNVDE §4id areth) hed PMOS (6170.

However | (o formed, 640 ifferent , than.the silicide
f or med tﬁmbgkég gfﬁqﬁ*ﬁm[mn é%ausgs %;%ﬁd"ﬁépég ?b?%%@”m “fﬁ”mimcs 640 is
an aIIoySwﬁhmmmdehm&ahmcmnmawnsmmepmﬁaﬁﬁvmhymﬁhzgenﬂmnmnhnpﬁ@ﬁmﬂﬁm.J\
(nlckel)tp A { cide | n m %nta n sser amount of
net al PP OH%lrng\%\f)? 5% mﬂ Et‘ha?f it rle?%yﬂ i“ftf?: dé%c 2CEHY |3Pﬁeﬁ Phttals A and B
(e.qg., nrrﬁkﬂl;o mndlpremlaaédaﬁ,er ﬁhblt;tnpf\/ﬁld‘(dfhcﬂfperuelﬁh) GORPasidvOnscads] mblust rated in

Fig. 60, hsxsuuingtiargtgo tgat some sl 1v1 es, sughazgsemcke‘ {c?cl% mg\r t?el fgrrr?efd mt D gnel\!v% I6A ata
lower temperature.

In'step 620 and with additional reference to Fig. 6h, un-reacted metals may be
removed from both the NMOS 640 and the PMOS 670, 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.

The present disclosure has been described relative to a preferred embodiment.
Improvements or modifications that become apparent to persons of ordinary skill in the art only
afier reading this disclosure are deemed within the spirit and scope of the application. It is
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
corresponding use of other features. Accordingly, it is appropriate that the appended claims be

construed broadly and in a2 manner consistent with the scope of the invention.



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 netal A (mMOckel), while the gate silicide 684,
source silicide 686, and drain silicide 688 are alloy silicides with a | ower
| evel of netal A The A/B 19 netal (e.g., nickelicobalt) ratio in the all oy
silicides may be adjusted to provide a desired wort: function by optim zing
nmet al deposition processing and silicidation processing. Silicidation
processing may a reaction between the second netal (or first and second
nmetal s) andmit icana(®EeED Pol y-silicon) at an el evated tenperature that is

sel ected basedlon the specjfic netal or nmetals. Such reacted suicide nay be
in metastabl e phase’afid MY HELY % CBPEHE anneal i ng step or RTA, thereby
form ng a st ablagemitbduder phase; W t h reduced resi stance. Such a second

anneal i ng step y..al. so be inplenented after the step 620 (descri bed bel ow)
whi ch renoves ﬁﬁggéﬁﬁpgﬂl%i%%$$er$m?%“ﬁﬁﬁ%?@?o&é that some silicides, such

as nickel sili aisetend fByddi@ afsedon® detivh redioRBEths b @R AT Avndkidne HAVBl.idemperat ure.
I nstep GZQﬁénd wi th additional reference to Fig# h, un-reacted netals may be

removed fronbaYR FHEN ANEES A0 VAN ehesPes ! §rdist sigcidenld tasseomtier ar eas
(not shown)licidsucin aliag sifitidé.sol ati on structure. The netal that lies on

i solation areas may not have reacted with an oxide or nitride |aver, and may
need to be selectively renoved using a netal etching solution. This wll

| eave intact the siT&ﬁkﬂ@oﬂﬂw%h&wﬂQbY§EhJF@ﬂxQQHEﬁﬁFQﬁﬁgyé%?&ﬂk%in cont act
areas. The present disclosure has been described relative to a preferred

enbodi ment N NEYBE SHYACYSEHGRdiTFlsHicidsrmebalhalicidsemogsenapisaicantialtm  per sons of
ordinary skicid, duhikheiiait, p@thym saitheledifadlng Lhisi. g SelQsune are deemed
within the spirit and scope of the application. It I's ‘unders ood f'iat
several noYf f‘cations, changes and substitutions are intended in the
foregoing disclosure and in sone instances sone.features of the invention

w Il be enployed without a corresponding use of other features. Accordingly,
it is appropriate tHaSCRRedAHpetdEd ot dinnevivecin topsbudieitibrioadbyiand in a
MANNner  CoRsiddaim Wetollp tNBisBHORGRE! s YN QR: 1 22 AT, .S, A, MED I S:

um
silicide, titantum silicide, platinum silicide, erbium silicide, palladium silicide, and corbinations

thereof.

4, The semiconductor device of claim | wherein the first active region has a first

structure and the second active region has a second structure.

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

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

6. The semiconductor device of claim 4 wherein the first structure cornprises 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 5 wherein at least one of the first structure and

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



1. A sem conductor device, conprising: 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 second silicide is an alloy sidlicide. 2. The sem conductor device of -
claim1l wherein the first silicide is a material selected froma group
consisting of nickel silicide, cobalt suicide, tungsten silicide, tantal um
silicide, titaniumsilicide, platinumsilicide, erbiumsilicide, palladium
silicide, and conbinations thereof. 3. The sem conductor device of claim!]l
wherein the second suicide is a material selected froma group consisting of
ni ckel silicide, cobalt silicide, tungsten silicide, tantalum silicide,

tit ani um ssiduireiadeyltiingtrismunrs ialhight dess fembd funiigd tifei desispalHigtiTmorei | i ci de,
and conbi patians , thereof. 4. The sem conductor device of claiml| wherein the
first active region has a first structure and the second active region has a
second structure. 5. The sem conductor device of claim4 wherein the first
structure conprises_a__ne a&&yevggtgjao i,e-set'gonduch r.field effect
transistor ( F ARCTPRESEUSRA 1T d CTHGHEE = S8BT 88e Arshyisesand

net al - oxisdesugensrgonekuct or field effect transistor (PMOSFET). 6. The

sem conduct or dgg&g&yof claim4 wherein the first structure conprises a
positive netal - 0Xi dé=seni conductor field effect transistor (PMOSFET) and the
second structuredragpapli ses a negative netal - oxi de-sem conductor field effect
t ransi st or (NNCSE%T). 7. The sem conductor device of claim5 wherein at

| east one of th& T FYPPEIEIEEGAE SHY 2 hetSHeEdREE st ruct ure further conpri ses
-a rai sed source and drain structure, a double gate 21 structure, a

mul ti-finger ztrugﬁgreh a high-stress film a fin field effect transistor

(Fi nFET , or c OB PAHE I PTHIE D P clam S PErewdhs Bdneecoar ingidicéleest claim |
wher ei n ahetRastivoneeafl the first and second structure conprises:

10. The semiconductor device of claim 8 wherein the gate electrode comprises at least

one of silicon, germanium, and metal.

11. The semiconductor device of claim 8 wherein the gaie electrode is a material
selected from a group consisting of polysilicon, polysiliconi-Ge, metal, metal silicide, metal

nitride, metal oxide, and a combination thereof.

12. The semiconductor device of claim 8 wherein the gate dielectric is a material

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

dielectric, and a combination thereof.

a

13. The semiconductor device of claim 8 wherein the gate dielectric a high k
dielectric material selected from a group consisting of metal oxides, metal nitrides, metal
silicateg, transition metal-oxides, transition metal-nitrides, transition metal-silicates, oxynitrides
of metals, metal aluminates, zirconium silicate, zirconium aluminate, HfO,, ZrO,, HION,,

ZI’OXNy, HfSixOy, ZI’SixOy, HfSixOyNz, ZI‘SiXOyNZ, Ale], TiOz, TaQO5, LazO3, CSO?_, BiqSi]Olz,



a source; a drain; and a gate conprising a gate dielectric and a gate

el ectrode. 9. The sem conductor device of claim8 wherein the gate el ectrode
includes at | east one conductive material. 10. The sem conductor device of
claim8 wherein the gate el ectrode conprises at |east one of silicon,
germanium and netal. 11. The seni c@hductor device of claim8 wherein the -
gate electrode is a material selected froma group consisting of

pol ysilicon, polysiliconi-Ge, netal, nmetal silicide, netal nitrde, netal
oxi de, and a conbination thereof. 12. The sem conductor device of claim8
wherein the gate dielectric is a material selected froma group consisting
of silicon oxide, silicon nitride, silicon oxynitride, a high k dielectric,
and a conmbiwat ivon, thevea,, xsl3no BETISE B SaNdYGtOf P%M' ¢ af b?P%‘Frplv%\Wherel n
the gate dielectric a hi gh k dielectric rateri al ecteciZ roma group
consi sti ngaffcomdtralio@xicdes, nmetal nitrides, netal S|I|cates transition

net al - oxi des, transition netal-nitrides, transition netal-silicates,
oxynitrides of nmetals, netal alum nates, zirconiumsilicate, zirconium
alumnate, H 02, ZrQ2, Hf OX ¥ drOXNy Hf Si XO¥, ZrS|XO Hf Si XOYNZ,

Zr Si XOYNZ, A1203; TiC2Sao0% or g6y Cepes’ VEaaiaits ek k mgerpps ay203, LaAl 08,
Bai _, Sr, Ti Cg%n,mﬁwt a,[pr%;ll'laCBJ Srt'[l% g@ PbZrCB, PST, PzZN, PZT, PMN, and
conbi nat i ons T RErERF T 14T R T dOnduct or device of clai m 13 wherein the
high k material has a permttivity greater than approximately 10. 15. The
sem conductor device of claim 13 wherein the high k material has a
permittivity grléat efhesvarcoagystaoxpnetadiclrind 53 widein Theigemaohductor devi ce of
claim13 wherein the high k material has a permttivity greater than
apprOX|nanémyﬂwﬂbEQ?FTﬁheaEEWHmdmduétor device of claim 1l wherein the

sem conductor substrate is an elenentary sem conductor.

16. The semiconductor device of claim 13 wherein the high k material has a

permittivity greater than approximately 20.

17, The semiconductor device of claim 1 whersin 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 | wherein the semiconductor substrate is
germanium.
. 20. The semiconductor device of claim 1 wherein the semiconductor substrate further

comprises a multilayer 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.



18. The sem conductor device of claiml1l wherein the sem conductor substrate
is silicon. 19. The sem conductor device of claim| wherein the sem conductor
substrate is germanium 20. The sem conductor device of claiml| wherein the
sem conductor substrate further conprises a nultilayer conpound

sem conductor structure. 21. The semBconductor device of claiml| wherein the
sem conduct or substrate conprises a conpound sem conductor. 22. The

sem conduct or device of claim 19 wherein the sem conductor substrate
conprises silicon and germanium 23 23. The sem conductor device of claiml
wherein the sem conductor substrate conprises an alloy sem conductor. 24.
The sem conduct or device of claim23 wherein the sem conductor substrate
conprises a material selected froma group consisting silicon, germani um
carbon, and a conbination thereof. 25. The sem conductor device of claim 24
wherein the sem conductor substrate is Si Ge. 26. The sem conduct or device of
claim 25 wherein the sem conductor substrate has a gradient Si Ge structure.
27. The seni coRduct B sdeigpnsieciof degicap fuldimitvdreadimtht henisedi@ordbctaer substrat e
is a sen1&gﬂgyggkaggmhgéghggpr 28. The semni conductor device of claim 27
wherein the sem condlctor substrate is a silicon on insulator. 29. The

sem conduct or device of claiml|l wherein the first silicide has a work
function belowya 4. 4 conduct evice of claim1l
wherein the Sec%ngpf;h?)g%rg?&%hﬁor dencceyfckzgl%runél nlelélnma e(r)mueonguc?()r 9@ F/Fﬁtteel y 4.7 eV.
31. The sewinposrdacrsraldelviceirof a em@mnn$mmmsﬂemngﬁM&ﬁmﬂsmbmihmtade is a first

al | oy combination thereof,

23. The semiconductor device of claim 24 wherein the semiconductor substrate is
SiGe.

26. The semiconductor device of claim 25 wherein the semiconductor substrate has a
gradient SiGe structure.

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

semiconductor on insulator.

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

silicon on insulator.

29. The semiconductor device of claim 1 wherein the first silicide has a work function

below approximately 4.4 eV.

30. The semiconductor device of claim 1 wherein the second silicide has a work

function above approximately 4.7 eV.

31. The semiconductor device of claim 1 wherein the first silicide is a first alloy

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



silicide, and the second silicide is a second alloy silicide. 24 32. The

sem conduct or device of claim31 wherein: the first alloy silicide conprises
a first netal with a first nolar conposition and a second netal; and the
second alloy silicide conprises the first metal with a second nol ar
conposition and the second netal, @herein the first nolar conposition is
different fromthe second nolar conposition. 33. The sem conduct or device of
claim 32 wherein the first netal is nickel and the second netal is cobalt,
34. A nethod for fabricating a device on a sem conductor substrate,
conprising: depositing a first metal layer on a first region and a second
region, wherein the first nmetal |ayer conprises at least a first netal;
depositing a sééondireeaicopdiypier deyiectohelai Yisthayi on and the second regi on,
wherein the secapd Bt 014636)6% riGQURE: SRS T@lttb ! ﬁ@%ol%ﬁﬁﬁgﬂ%nqﬁ& Aleoond
sel ectively renmoving one of he first neta [ayer an e second netal | ayer
fromthe "&dord region; and formng a first silicide conprising the first
and second net j G i cide
compr i 5ing 1 he T riop BPS SLeke Lok Ry far o R R e b ' S econd
regi on. 3%te sppnad mstahgecsin @ rshrm8lgr famrobigen is diffsransirony theesrond mglaan un- r eact ed
portion of,4h&iiki rst metal and the second netal after formng the first
silicide and the second silicide. 36. The method of claim 34 wherein formng
the first silicide and the second silicide includes high tenperature
processi ng. 373" Theﬂ{%@;rgggndggtopéle@[cwogl}a }Qih'%rvﬁxerﬂm tne fitst 1'1‘1§tt 18,11 gl\e?an (% pri ses a
first gate stack wt rst source/ drain opposite an d ace ﬁo t he
first gateccordikial iapebaitherein the second region conprises a second gate
stack with a second source/drain opposite and adjacent to the second gate
stack. 25

34, A method for fabricating a device on a semiconductor substrate, comprising:

depositing a first metal layer on a 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 a 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/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 second

gate stack.



38. The nethod of claim 34 wherein one of the first region and the second
region. is a NMOS and the other is a PMOS. 39. The nethod of claim 34
wherein the first nmetal is nickel and the second netal is cobalt. 40. The

met hod of claim 34 wherein depositing the first netal |aver and the second
metal |ayer conprises sputtering. #2. The nethod of claim34 wherein
depositing the first netal |ayer and the second netal |ayer conprises

physi cal vapor deposition (PVD), plating, chem cal vapor deposition (CVD),

or a conbi nation thereof. 42. The nethod of claim 34 wherein CVD conprises

pl asma enhanced CvD (PECVD), atnospheric pressure CVD (APCVD), |ow pressure
CVvD (LPCVD), high density plasnma CvD (HDPCVD), atom c |ayer CVD (ALCVD), or
conbi nation thereof,. 43 The nmethod of claima34 wherein selectively removing
conpri ses: pﬁgtol {PHBGPYphy 2B 6c8’g%rial §H° B fgrf‘cr *1%rgéndg%“ SEEQH%A”%I"L%M f or
fabricati Ry devicetheont :@M@I conduct or substrate, the nethod conprising:
depositing a hard mask | ayer on a first region and a second region;

sel ectively renoving the hard mask |ayer fromthe first region; depositing a
first netal |ager ORe fnb@oddftBtm Beghabinandirthe:s samkd medieoaondheraisn t he
first nmetal layer conprises a first nmetal; formng a first silicide

conpri si n@Obﬁlﬁe first metal on the first region; renoving an unreacted portion
of the first metal fromthe first region and the second region; renoving the
hard mask fromthe_second region; depositing a %econd tal | ayer on the
first region dfd thee BERHRS cREgPoRDeRRAFRF IS the I BEGhGYHRPAMPEPE! conpri ses
a second %Iaﬁlhy&h&ﬁpds@s Hudtgpent fromthe first nmetal; and formng a second
silicide conprising the first nmetal and the second netal on the first

41.  The method of claim 34 wherein depositing the first metal 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), atmosphenc pressure CVD (APCVD), low pressure CVD (LPCVD), high density
plasma CVD (HDPCVD), atomic layer CVD (ALCVD), or combination thereof.

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

etching.



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, silicon carbide, high k material, and a conbination thereof. 46.
The nethod of claim44 wherein forninhg the hard mask | ayer conprises PVD

CVD, high tenperature reaction, or a conbination thereof. 47. The nethod of
claim44 wherein formng the hard nask | ayer conprises reacting

di chi brosil ane (Si Cl12H2) and ammonia (NH3). 48. The nethod of claim44
wherein depositing the first nmetal |ayer and the second netal |ayer
conprises sputtering. 49. The nethod of claim44 wherein depositing the first

netal |ayer and44.he geeand forMRirRhinka¥ieVicCHMEMESuENubsitale, BY mefodret hod for
fabrlcatln%aa device on a sem conductor substrate, the nethod conprising:

deposi ti ng “8"Pi¥%t netal |ayer on first and second regions, wherein the first

netal |ayer coagbhis@sa frd hSdlay®bdl firstiepoes hid NBcAd s&fpnd metal |ayer on the
first and second regions, in the second netal layer conprises a second

wher €i _
metal ; deposi ti WAV ORiervingths hadduask layer fomethe fissicgiaid second r egi ons,

wherein the thiddosBicad firsl AMEINayeOHPhE §R6rckDRadd thSlecdBUtrddion, $ALEE VY
renovi ng one I the first metal |aver and the third netal |ayer fromthe

second re§ICBh YHITATPBIERA MG Belir st silicide conprising the first metal and

t he second net afordig b higst bilikiat cdr@BisRP thedid n@ta§§§@1@@l§s§}egioﬁ,j de conprising the
first netal and the second netal on the second region, wherein the first

silicide has a GFeYPer" prrCERPagen ofthe At mptpldomnibe §ist relign agblsseend second
silicide. &kionThe nethod of claimb50 wherein selectively renoving one of the
first metal lTaver and the third netal |ayer fromthe second region includes
sel ectively renf§WPHEs thsdardimask fipmttg secqngdyegionpri or to depositing the second

metal |ayer. depositing a second metal layer on the first region and the second region, wherein the
second metal layer comprises a second metal that is different from the first metal; and
forming a second silicide comprising the first metal and the second metal on the first

region, and forming 2 third silicide comprising the second metal on the second region.

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 (SiCl;H;) and ammonia (NH3).

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

metal layer comprises sputtering,

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

metal layer comprises CVD.



52. The nethod of claim50 wherein selectively renoving one of the first
nmetal layer and the third netal |ayer fromthe second region includes
selectively renoving the third nmetal |ayer after depositing the third netal
| ayer. 53. The method of claim50 wherein one of the first nmetal and the
second netal is nickel and the otRer is cobalt. 54. The nethod of claimb50
wherei n depositing the first nmetal |ayer, depositing the second netal |ayer,
and depositing the third netal |ayer conprises sputtering. 55. The net hod of
cl ai m 50 wherein depositing the first netal |ayer, depositing the second
nmetal |ayer, and depositing the third netal |ayer conprises CVD.

50. A method for fabricating 2 device 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 metal,

depositing a second metal layer on the first and second regions, wherein the second
metal layer comprises a second metal;

depositing a third metal layer on the first and second regions, wherein the third metai
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.
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

layer prior to depositing the second metal layer.

52. The method of claim 50 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.

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 claim 50 wherein depositing the first metal layer, depositing the

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

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.



