
A DEVICE HAVING MULTIPLE SILICIDE TYPES AND  A METHOD FOR ITS FABRICATION
CROSS-REFERENCE This application claims priority from U.S. Provisional
Patent Application Serial No.  (Attorney Docket No. 24061.96), filed on
August 2S, 2003, and entitled "A DEVICE HAVING  MULTIPLE SILICIDE TYPES AND
A METHOD FOR ITS FABRICATION." 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 'he realized, similar developments in IC processing and
manufacturing have been  needed. In metal oxide-semiconductor field effect
transistor (MOSFET) technologies, a  silicide may he implemented for
reliable contact and less contact resistance. The silicide may be  used to
provide an interface between metal lines and substrate contact 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 suicide is generally used on multiple
transistor  1  2  types, the sheet resistance of different transistors
(e.g., NTMOS and PMOS) may y vary , depending  on the type of metal or
suicide used. Accordingly, what is needed in the art is a semiconductor
device and the method of  manufacturing thereof that addresses the
above-mentioned issues. BRIEF DESCRIPTION OF THE DRAWINGS The present
disclosure is best understood from the following detailed description '
when read with the accompanying figures. It is emphasized that, in
accordance with the standard  practice in the industry, various features
are not drawn to the scale. In fact, the dimensions of the  



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. I 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. I during fabrication using  the method of Fig. 3a. ' ( 1
Fig. 4a is 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. I 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 fabrication using  the method of
Fig. 5a. 1 Fig. 6a is a flow chart illustrating a fifth exemplary method
for fabricating the  structure of Fig. 1. 1 1 3  DETAILED DESCRIPTION The
present disclosure relates generally to the field of semiconductor
integrated  circuits, more particularly, to a device having multiple
silicide types and a method of fabricating  such device. It is understood,
however, that the following disclosure provides many different
embodiments, or examples, for implementing different features of the
invention. Specific  examples of components and arrangements are described
below to simplify the present  disclosure. These are, of course, merely
examples and are not intended to be limiting. In  addition, the present
disclosure may repeat reference numerals and/or letters in the various  



examples. This repetition is for the purpose of simplicity and clarity and
does not in itself dictate  a relationship between the various embodiments
and/or configurations discussed. Generally, both NIvIOS and PMOS devices
are fabricated using the same metal or  ' alloy silicide. Since the silicon
source and drain in an NMOS device has a different doping than  the silicon
source and drain in a PMOS device, the work function of the differently
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 embodiment, a complementary suicide 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
germanium in crystal, polycrystalline:  or amorphous structure, a compound
semiconductor including silicon carbide, gallium arsenic,  1 4  gallium
phosphidc, indium phosphide, indium arsenide, and indium antimonide; or an
alloy  semiconductor including SiGe, GaAsP, AlInAs, AIGaAs, GalnAs, GaInP,
and GaInAsP; or a  combination thereof In one embodiment, the alloy
semiconductor substrate may have gradient ' SiGe feature in which the Si
and Ge composition change from one ratio at one location to  another ratio
at another location of the gradient SiGe feature. In another embodiment,
the alloy  ' SiGe is formed over silicon substrate. In another embodiment,
a SiGe substrate is strained. More  generally, the alloy semiconductor
substrate may contain silicon, germanium, carbon, or combinations thereof.
Furthermore, the semiconductor substrate may be a semiconductor on
insulator, such as silicon on insulator (SOI), or a thin film transistor
(TFT). In some examples,  the semiconductor substrate may include a doped
epi layer or a buried layer. In other examples, ' compound semiconductor
substrate may have a multilayer structure, or the silicon substrate may  



include a multilayer compound semiconductor structure. The NMOS 100 and
PMOS 120 may be fabricated using a P-well, N-well, or dual- well structure,
and may be fabricated directly onto or within the semiconductor substrate.
In the  ' present example, there is an isolation region (not shown) between
the NMOS 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
dielectric 128 in the PMOS  120 may be a suitable dielectric material or
may have a multilayer structure comprising multiple  dielectric materials.
Preferably, the dielectric material may have relatively high integrity and
low current leakage. Examples of the dielectric material include silicon
oxide, silicon nitride,  silicon oxynitride, and a high k dielectric. The
high k material may have permittivity greater ' than 10, including
permittivities greater than 15 and 20. The high k dielectric may include
hafnium oxide, zirconium oxide, aluminum oxide, a hafnium dioxide-alumina
(Hf02-A1203)  ' alloy, or combinations thereof. The NMOS gate electrode 102
and the PMOS gate dielectric 122 comprise  conductive materials and may
have multilayer structure. The gate electrode may be silicon- containing,
germanium-containing, metal-containing, or a combination. The conductive
material  1 5  may comprise polycrystalline silicon (poly-Si), poly-SiGe.
mctal. metal silicide, meta; nitride,  metal oxide, or a combination
thereof. Spacers 104 and 106, which are positioned on both sides of the
NIMOS gate 102, and  spacers 124 and 126, which are positioned on the both
sides of the PMOS gate 122, may  comprise a dielectric material such as
silicon nitride, silicon oxide, silicon carbide, silicon  oxyritnde, or
combinations thereof he M'40S 100 includes a source and a drain (not
shown), which may be formed  ' directly on the semiconductor substrate, in
a P-well structure, or using a raised structure.  Silicide may be formed
or, top of the source and drain to form source silicide region 116 and
drain silicide region 1 18, respectively. The silicide may also be formed
on top of the gate  electrode 102 to form gate silicide region 114. The
silicide regions 114, 116, and 1 i 8 in the  tNMOS 100 may comprise
materials such as nickel silicide, cobalt silicide, tungsten silicide,  



tantalum silicide, titanium silicide, platinum silicide, erbium siacide,
palladium silicide, or a  ' 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 maybe 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 for rned on top of the gate  electrode 122 to form
gate silicide region 134. The silicide regions 134, 136, and 138 in the
PMOS 120 may 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  ' NIMOS 100 (collectively referred to as "the NMOS silicide
regions") is different from the silicide  used in silicide regions 134,
135, 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  ,I 1  6  ' may provide
flexible fine tuning of the NMOS silicide and PMOS silicide regions to
improve  contact resistance, adhesion, and/or compatibility. In one example
of a complementary silicide structure, different combinations of ' nickel
and cobalt may be used in its implementation. This enables the composition
for both the  NMOS suicide regions and the PMOS silicide regions to be fine
tuned for desired work ' functions and sheet resistances. For example, the
NMOS silicide regions' work function may be  tuned below approximately 4.4
eV, while the PMOS silicide regions' work 'function maybe  tuned above
approximately 4.7 eV. It is understood that the complementary silicide
structure is not limited to NMOS and  PMOS structures, but may be used to
form any two silicide regions associated with a  semiconductor 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
combinations thereof. Furthermore, the  structures in each region may
comprise a device such as a NMOS, a PMOS, a CMOS, a ' FINFET, a bipolar
transistor, a capacitor, a resistor, or combinations thereof. Referring to
Fig. 2a and with additional reference to Figs. 2b-2g, in one embodiment,  a
method 200 may be used to form the complementary silicide structure of
Fig.I 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. 2a is  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 ' I 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 NTMOS 240 and the second region is a  PMOS 270, as illustrated in Fig.
2b. It is understood that portions of the NMOS 240 and PMOS  ' - 270 may be
fabricated prior to the execution of the method 200. For example, the NMOS
240 includes a gate electrode 242, spacers 244 and 246, and a gate
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 'P')  1 I 7
over the NMOS 240 and PMOS 270, respectively. The first metal portions 250,
280 pia' be  deposited using physical vapor deposition (PVD) such as
sputtering and evaporation, or plating,  or chemical vapor deposition (CVD)
such as plasma enhanced CVD (PECVD), atmospheric  pressure CVD (APCVD), low
pressure CVD (LPCVD), high density plasma CVD (HDPCVD)  and atomic layer
C\'D (ALCVD), or other deposition processes. In the present example, a
sputtering deposition is used. The first metal portions 250, 280 may be
nickel, cobalt, tungsten,  tantalum, titanium, platinum, erbium, palladium,
or any other metal able to interact with silicon  at ar. elevated
temperature to form suicide in a low resistance phase state. In the present
example, the first metal portions 250, 280 comprise nickel, which may
offer advantages in suicide technology where the feature size is below 0.
1j m, because nickel  



' generally requires a lower thermal budget than some other suitable
metals. This enables nickel silicide to be formed in a single heating step
at a relatively low temperature of about 250 C to  about 600 C, with an
attendant reduction in siiicon consumption in the substrate, thereby
enabling the formation of ultra-shallow sourceidrain junctions. 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 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 '.
(rH'S04+1-I'02+H20) If the material is cobalt, a wet etching solution may
include a mineral acid  (e.g., HCl) 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
:petal 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. Tile deposition process may use PVD or  CVD.
The second metal portions 252, 282 may comprise nickel, cobalt, tungsten,
tantalum, 1 I 8  titanium, platinum, erbium, palladium, or any other mccal
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 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 suicide formed on the NMOS 240 is different  than the silicide
formed on the PMOS 270. This is because the silicide formed on the NMOS
240 contains both first metal portion 250 (e.g., metal A or nickel) and
second metal portion 252  (e.g., meta! B or cobalt) (referred to as alloy
silicide), while silicide formed on the PMOS 270  contains only second
metal portion 282 (cobalt). 



As illustrated in Fig. 2f, silicide formed on the gate, source, drain of
the NMOS 240  ' produces gate silicide 254, source silicide 256, and drain
suicide 258. Silicide formed on the  gate, source, and drain of the PMOS
270 produces gate suicide 284, source silicide 286, and  drain silicide
288. The gate silicide 254, source silicide 256, and drain suicide 258 are
alloy  silieides (nickel and cobalt), while the gate silicide 284, source
silicide 286, and drain silicide ' 288 are cobalt silicide. The ?./B 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 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 silieides, such
as nickel silicide, may be formed in a one step RTA at a  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 use a different etching 1 I i 9  solution arid tar Oet for diff_-rent
metals. This will 1-ave intact the silicide on the polvsilicon gate  and
source/drain contact areas. Generally, there is no lithography processing
needed to pattern  the metal suicide layers for contact because the suicide
is aligned to the gate and source/drain  areas by the selective reaction
and etching (referred to as self-aligned suicide (salicide)). Refemng now
to Fig. 3a and with additional reference to Figs. 3b-3g, in another
embodiment, a method 300 may be used to iorm the complementary silicide
structure of Fig. 1  with ar NMOS and a PMOS. Figs. 3b-3g illustrate
cross-sectional views of an exemplary  integrated circuit undergoing
fabrication steps that correspond to steps of Fig. 3a. As the method  



300 of Fig. 3a is described below in greater detail, the cross-sectional
views in Figs. 3b-30 may  also be referred to for purposes of illustration.
It is understood that the method 300 is not limited  to the formation of a
complementary suicide structure, 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 3-10 and the second region is a  PMOS 370. as illustrated in Fig.
3b. It is understood that portions of the N'MOS 340 and PMOS  ' 370 may he
fabricated prior to the execution of the method 300. For example, the
N?v1OS 340 includes a gate electrode 342, spacers 344 and 346, and a gale
dielectric 3118. 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 3c, 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 P\%D 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
nickel may be deposited 1 '  by nickel sputtering, with a suitable process
flow including I-IF dipping, an argon pre-sputter etch ' to prepare the
surface, and then nickell 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 35  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  I 1 t  1 I 1  10  1 ' CVD. The
second metal portions 352, 382 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 352, 382 are cobalt. In
step 314 and with additional reference to Fig. 3e, the second metal portion
382  may be removed selectively, leaving the second metal portion 352
intact. The second metal  ' portion 382 may be selectively removed using
such processes as photolithography and etching. ..  ' Such processes may
include forming photo-resist on both metal portions 352 and 382,
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 composition
of the second metal portion 382. In step 316 and with additional reference
to Fig. 3f, a suicide is formed on both the  NMOS 340 and the PMOS 370.
However, the silicide formed on the NMOS 340 is different  than the
silicide formed the PMOS 370. This is because the suicide formed on the
NMOS 340 is ' an alloy silicide that contains both first metal portion 350
(nickel) suicide 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 NVIOS 340  produces gate silicide 354, source
silicide 356, and drain silicide 358. Silicide formed on the 1 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  1 silicides (nickel and
cobalt), while the gate silicide 384, source silicide 386, and drain
silicide 388 are cobalt silicide. The AB metal (e.g., nickel/cobalt) ratio
in the alloy silicide maybe  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 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 silicide, may be  formed in a one step RTA at a
lower temperature. 1   In step 318 and with additional reference to Fig.
3g, un-reacted metals may be 



removed from both the NMOS 340 and the PMOS 370, 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 1 oxide or nitride laver, and
rna%- 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. ' Generally, there is no lithography processing needed to
pattern the metal suicide layers for  contact because the silicide is a
self-aligned silicide. Referring now to Fia. 4a and with additiora!
reference to Figs. 4b-41:, in yet another  V embodiment, a method 400 may
be used to form the complementary silicide structure of Fig.l  ' with an
?NOS and a PMOS. Figs. 4b-4k illustrate cross-sectional views of an
exemplary  integrated circuit undergoing fabrication steps that correspond
to steps of Fig. 4a. As the method  400 of Fig. 4a is described below in
greater detail, the cross-sectional views in Figs. 4b-4k may ' also be
referred to for purposes of iliustration. IT. is understood that the method
400 is not limited  to the formation of a complementary suicide structure,
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 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 dielectric 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 the deposition of hard mask portions 450, 480 over the
NMOS 440 and PMOS 470,  respectively. The hard mast, portions 450, 480 may
be deposited using P\'D 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  PPCVD. LPCVD silicon nitride may be formed by
reacting dichlorosilane (SiC12H2) and  ammonia (N). Silicon oxide may be
fonned by thermal oxidation. or CVD processes. Silicon  carbide may be
formed based on PPCVD using trimeththylsilane. 1 1 1  



1 'i  11 I 12  1 ' In step 412 and with additional reference to Fig. 4d,
the hard mask portion 450 may  be removed selectively, leaving the hard
mask portion 480 intact. The hard mask portion 450  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
hard mask portions  450 and 480, 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 material forming the hard mask. For example,
after the photo-resist  is applied, exposed, and developed, a silicon
nitride hard mask may be dry etched according to a  pre-designed pattern
transferred from an optical mask to the photo-resist. In step 414 and with
additional reference to Fig. 4e, first metal portions 452, 482 are  '
deposited over the LIMOS 440 and PMOS 470, respectively. The first inetai
portions 452, 482  are formed using the same meta' (metal. W). The
deposition process may use PVID or MID.  The second metal portions 252. 282
may comprise nicker, cobalt, tungsten, tantalum, titanium,  platinum,
erbium, palladium, o- 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 452, 482 are nickel,. In
step 416 and with 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., 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 suicide
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 he formed in a one step RTA at a lower temperature. '
In step 418 and with additional reference to Fig. 4g, un-reacted metals
maybe  removed from both the NMOS 440 and the PMOS 470, as well as other
areas such as an  1 1  1 1  1  13 1 ' isolation structure (not shown). The
un-reacted metal associated. with the N^v1OS 440 comprises  the residuals
of metal A after the silicidatior. of step 416. Metal associated with
isolation areas,  nitrideioxide spacers, and the PMOS 470 (which is covered
by the hard mask) is not reacted with ' an oxide or nitride layer, and may
be removed using a metal etching, leaving intact the silicide  on the
polysilicon gate and source/drain contact areas on the NMOS 440. ' In step
420 and with additional reference to Fig. 4h, the hard mask portion 480 is
removed from the PMOS 470. The hard mask portion 480 may be removed by an
etching  process, such as wet etching or dry etching. For example, in wet
etching, an etching solution  may be selected that has a high etching
selectivity between silicon nitride and other materials,  including silicon
oxide and metal silicide. In step 422 and with additional reference to Fig.
4i, second metal portions 460, 490  are deposited over the N1`4OS 440 and
PMOS 470, respectively. The second metal portions  ' 460,490 are for.ned
using the same metal (metal 'B'), but it is a different metal or metal
composition than that used to form the first metal portions 452, 452. The
deposition process may  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. Ln
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 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 (cobalt) silicide. As
illustrated in Fig. 4j, silicide formed on the gate, source, drain of the
NMOS 440  produces gate silicide 454, source silicide 456, and drain
suicide 458. Silicide formed on the  gate, source, and drain of the PMOS
470 produces gate silicide 384, source silicide 486, and  drain silicide
488. The gate silicide 454, source silicide 456, and drain silicide 458 are
alloy  silicides (nickel and cobalt), while the gate silicide 484, source
silicide 486, and drain silicide  488 are cobalt silicides. 1 It i 14  As
previously described, the metal A silicide on the NMOS 440 was initially
formed  during step 416. In the current step 424, the metal A silicide on
the NMOS 440 interacts with ' the metal B to form an alloy 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
forming a stable silicide phase with reduced resistance. Such a second
annealing step may also be implemented after the step  318 (described
below) which removes un-reacted meta!. It is understood that some
silicides,  ' such as nickel silicide, may be formed in a one step RTA at a
lower temperature. in step 426 and with additional reference to Fig. 4k,
un-reacted metals may be ' removed from both the NMOS 440 and the PMOS 470,
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 suicide 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 t embodiment, a method 500 may
be used to form the complementary silicide structure of Fig.I  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
Fig. 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 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
composition or material ratio and the second region has a different
composition or material ratio. i In the present example, the first region
is an NMOS 540 and the second region is a  1 PMOS 570, as illustrated in
Fig. 5b. It is understood that portions of the N`MOS 540 and PMOS  570 may
be fabricated prior to the execution of the method 500. For example, the
NMOS 540 ' includes a gate electrode 542, spacers 544 and 546, and a gate
dielectric 548. The PMOS 570  includes a gate electrode 572, spacers 574
and 576, and a gate dielectric 578. 1 1  1  15 1 With specific reference
now to Figs. 5a and 5c, the method 500 begins instep 5-10  1 with the
deposition of first metal portions 550, 580 (which are formed using the
same metal 'A')  over the NMOS 540 and P10OS 570, respectively. The first
metal portions 550, 580 may be 1 deposited using P\'D or CVD processes. The
first metal portions 550, 580 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
550, 580 comprise nickel. The nickel may be deposited  by nickel
sputtering, with a suitable process flo i including HF dipping, art argon
pre-sputter etch 1 to prepa-e the surface; and then nickel sputtering. In
step 512 and with additional reference to Fig. 5d, second tneta' portions
552, 582  1 are deposited over the NMOS 540 and PMOS 570, respectively. The
second metal portions 552,  582 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 550, 580. The deposition process may use PVD
or  CVD. The second metal portions 552, 582 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 52, 582 are cobalt. In step 5 14 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 a 1 "sandwich" structure with a layer of metal B formed
between two layers of metal A (e.g.,  



nickelicobaltinicke!). 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 1 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 1  1 I 16  I processes
may include forming photo-resist on both metal portions 560 and 590,
transferring an  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 third  metal
portion 590. For example, if the material is nickel, a wet etching process
may be selected  using a metal etching solution such as a sulfuric peroxide
mixture. ' Ln step 518 and with additional reference to Fig. 5g, a silicide
is formed on both the  NMOS 540 and the PMOS 570. However, the silicide
formed on the NMOS 540 is different  than the silicide formed the PMOS 570.
This is because the silicide formed on the NI<4OS 540 is  an alloy silicide
that contains a relatively large amount of metal A (e.g., nickel), while
silicide ' formed or. the PMOS 570 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. 5g, silicide formed on the gate, source, drain of the NMOS 540
produces gate silicide 554, source silicide 556, and drain silicide 558.
Silicide formed on the  gate, source, and drain of the PM.OS 570 produces
gate suicide 584, source silicide 586, and  ' drain silicide 588. The gate
silicide 554, source suicide 556, and drain silicide 558 are alloy
silicides with a relatively high level of metal A (nickel), while the gate
silicide 584, source  1 silicide 586, and drain suicide 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. Silicidaiion  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 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. 5h, 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. jjJ~..lhf
i1Y ..y. W. 1' 1. 17  Referring now to Fie. ba and with additional
reference to Figs. 6b-6h, in another  ' embodiment, a method 600 maN; be
used to form the complementary silicide structure of Fig.1 with an NMOS and
a PMOS. Figs. 6b-6h illustrate cross-sectional views of an exemplary
integrated circuit undergoing fabrication steps that correspond to steps of
Fig. 6a. As the method  0,30 of Fig. 6a is described below in greater
detail, the cross-sectional views in Figs. 6b-6h may  also be referred to
for purposes of illustration. it is understood that the method 600 is not
limited  to the for-natior, 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 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 640 and the second region is a  PMOS
670, as illustrated in Fig. 6b. It is understood that portions of the NMOS
640 and PMOS  670 may be fabricated prior to the execution of the method
600. For example, the NMOS 640  includes a gate electrode 642. spacers 644
and 646, and a gate dielectric 648. The PMOS 670  ' includes a sate
electrode 672, spacers 674 and 676, and a gate dielectric 678. With
specific reference now to Fios. 6a and 6c, the method 600 begins in step
610  



t with the deposition of first metal Portions 650. 680 (which are formed
using the same metal 'A')  over the N AOS 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 flaw 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. 1 1 18
1 In step 614 and with additional reference to Fig. 6e, second metal
portions 652, 682  are deposited over the NMOS 640 and PMOS 670,
respectively. The second metal portions 652,  682 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 650, 680. The deposition process
may use PVD or  CVD. The second metal portions 652, 682 may comprise
nickel, cobalt, tungsten, tantalum, t 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 652, 682 are cobalt. In
step 616 and with additional reference to Fig. 6f, third metal portions
660, 690 are  deposited over the NIMOS 640 and PMOS 670, respectively. The
third metal portions 660, 690  are formed using the same metal (metal'A')
as the first metal portions 650, 680. This forms a  "sandwich" structure on
the NMOS 640 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 660, 690 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 suicide 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 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, 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 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, suicide formed on the gate,
source, drain of the NMOS 640  produces gate silicide 654, source silicide
656, and drain silicide 658. Silicide formed on the  gate, source, and
drain of the PMOS 670 produces gate silicide 684, source suicide 686, and
drain silicide 688. The gate silicide 654, source suicide 656, and drain
silicide 658 are alloy  silicides with a relatively high level of metal A
(nickel), while the gate silicide 684, source  suicide 686, and drain
silicide 688 are alloy silicides with a lower level of metal A. The A/B  1
1  1 19  I 1  i  metal (e.g., nickelicobal') ratio in the alloy silicides
may be adjusted to provide a desired work function by optimizing metal
deposition processing and silicidarion 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 ma\
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 the step 620
(described below) which removes un-reacted metal.  It is understood that
some sill id s, such as nickel silicide, may be formed in a one step RTA at
a  ' lower temperature. 



instep 620 and with additional reference to Fig. 6h. un-reacted metals me%
be  removed from both the NMOS 640 and the PMOS 670, as well as other areas
(not showy.), such  as an isolation structure. The metal that lies on
isolation areas may not have reacted with an  oxide or nitride laver, and
may need to be selectively removed using a metal etching solution.  This
will leave intact the silicide on the polysiitcon gate and source/drain
contact areas. 1 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  after 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 a manner consistent with the scope of the
invention. 1  i 20  1 _ WHAT IS CLAIMED IS:  11 A method for fabricating a
device on a semiconductor substrate, comprising:  I1. 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
subsequent to the  selectively removing, forming a first silicide
comprising the first and second  metals on the first region, and forming a
second silicide comprising the first or  1 second metal that was not
removed from the second region. 2. The method of claim l further comprising
removing an un-reacted portion of the  first metal and the second metal
after forming the first silicide and the second  silicide. 



3. The method of claim 1 wherein forming the first silicide and the second
silicide  includes high temperature processing. 4. The method of claim 1
wherein the first region comprises a first gate stack with a  ' first
source/drain opposite and adjacent to the first gate stack, and wherein the
second region comprises a second gate stack with a second source/drain
opposite  and adjacent to the second gate stack. 1. 1 Ij 21  5. The method
of claim l wherein one of the first region and the second region is a  '
NMOS and the other is a PMOS. ' 6. The method of claim I wherein the first
metal is nickel and the second metal is  cobalt. 7. The method of claim 1
wherein depositing the first metal layer and the second  metal layer
comprises sputtering. ' 8. The method of claim 1 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. 9. The method of claim I wherein CVD comprises plasma
enhanced CVD  ' (PECVD), atmospheric pressure CVD (APCVD), low pressure CVD
(LPCVD),  high density plasma CVD (HDPCVD), atomic layer CVD (ALCVD), or  '
combination thereof. 10. The method of claim I wherein selectively removing
comprises: photolithography  1 processing; and etching. if { 22  11. A
method for fabricating a device on a semiconductor substrate, the method '
comprising: depositing a hard mask layer on a first region and a second
region;  selectively removing the hard mask layer from the first region;
depositing a first  ' metal layer on the first region and the second
region, wherein the first metal layer comprises a first metal; forming a
first silicide comprising the first metal on the  



' first region; removing an unreacted portion of the first metal from the
first region  and the second region; removing the hard mask from the second
region;  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 a
third silicide comprising the second metal  on the second region. ' 12. The
method of claim 11 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. 13. The method of
claim 11 wherein forming the hard mask layer comprises PVD,  ' CVD, high
temperature reaction, or a combination thereof. ' 14. The method of claim
11 wherein forming the hard mask layer comprises reacting  dichlorosilane
(SiCl,sub.2H.sub.2) and ammonia (NH.sub.3). i 15. The method of claim 11
wherein depositing the first metal layer and the second  metal layer
comprises sputtering. 16. The method of claim 11 wherein depositing the
first metal layer and the second  metal layer comprises CVD. I  I i ~.  23
17. A method for fabricating a 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 metal layer comprises the
first metal; selectively removing one of the first  metal layer and the
third metal layer from the second region; and forming a first  silicide
comprising the first metal and the second metal on the first region and a
second silicide comprising the first metal and the second metal on the
second  region, wherein the first silicide has a greater percentage of the
first metal than  



does the second silicide. 18. The method of claim 17 wherein selectively
removing one of the first metal layer  and the third metal layer from the
second region includes selectively removing the  ' first metal layer prior
to depositing the second metal layer. 19. The method of claim 17 wherein
selectively removing one of the first metal layer  and the third metal
layer from the second region includes selectively removing the  ' third
metal layer after depositing the third metal layer. ' 20. The method of
claim 17 wherein one of the first metal and the second metal is  nickel and
the other is cobalt. 21. The method of claim 17 wherein depositing the
first metal layer, depositing the  ' second metal layer, and depositing the
third metal layer comprises sputtering. 22. The method of claim 17 wherein
depositing the first metal layer, depositing the  second metal layer, and
depositing the third metal layer comprises CVD. 1 1 


