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(57) ABSTRACT 

Methods of forming complementary metal oxide semicon 
ductor (CMOS) devices having multiple-threshold voltages 
Which are easily tunable are provided. Total salicidation With 
a metal bilayer (representative of the ?rst method of the 
present invention) or metal alloy (representative of the 
second method of the present invention) is provided. CMOS 
devices having multiple-threshold voltages provided by the 
present methods are also described. 
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METHOD AND PROCESS TO MAKE 
MULTIPLE-THRESHOLD METAL GATES CMOS 

TECHNOLOGY 

FIELD OF THE INVENTION 

[0001] The present invention relates to semiconductor 
devices, and more particularly to methods for forming 
complementary metal oXide semiconductor (CMOS) 
devices Which include metal gates having multiple-threshold 
voltages Vt associated thereWith. 

BACKGROUND OF THE INVENTION 

[0002] In current metal oXide semiconductor ?eld effect 
transistors (MOSFETs), a polysilicon gate is typically 
employed. One disadvantage of utiliZing polysilicon gates is 
that at inversion, the polysilicon gates generally experience 
depletion of carriers in the area of the polysilicon gate that 
is adjacent to the gate dielectric. This depletion of carriers is 
referred to in the art as the polysilicon depletion effect. The 
depletion effect reduces the effective gate capacitance of the 
MOSFET. Ideally, it is desirable that the gate capacitance of 
the MOSFET be high since high gate capacitance typically 
equates to more charge being accumulated. As more charge 
is accumulated in the channel, the source/drain current 
becomes higher When the transistor is biased. 

[0003] MOSFETs including a gate stack comprising a 
bottom polysilicon portion and a top silicide portion are also 
known. The layer of silicide in such a gate stack contributes 
to a decrease in the resistance of the gate. The decrease in 
resistance causes a decrease in the time propagation delay 
RC of the gate. Although a silicide top gate region may help 
decrease the resistance of the transistor, charge is still 
depleted in the vicinity of the interface formed betWeen the 
bottom polysilicon gate and gate dielectric, thereby causing 
a smaller effective gate capacitance. 

[0004] Another type of MOSFET that is available is one 
Where the gate electrode is made entirely of a metal. In such 
MOSFETs, the metal of the gate prevents depletion of 
charge through the gate. This prevents the increase in 
effective thickness of the gate capacitor and the capacitance 
decreases as: a result of the depletion effect. 

[0005] Although metal gates can be used to eliminate the 
poly-depletion effect and to provide loWer gate resistance, it 
is generally quite dif?cult to offer multiple-threshold volt 
ages With metal gates. Multiple-threshold voltages are 
needed in the semiconductor industry in order to provide 
design ?exibility for loW-poWer, high-performance, and 0 
miXed-signal applications for overall system performance. 

[0006] US. Pat. No. 6,204,103 to Bai, et al. disclose a 
method for forming ?rst and second transistor devices. This 
prior art method includes the steps of forming a ?rst region 
of silicide over a portion of a gate dielectric that overlies a 
?rst Well region in a semiconductor substrate; forming a 
second region of silicide over a second portion of the gate 
dielectric that over lies a second Well region in the substrate; 
and forming ?rst and second doped regions in the ?rst and 
second Well regions. 

[0007] In Bai, et al., different metals are employed in 
forming the ?rst and second silicide regions. The prior art 
does not disclose the use of a bimetal layer in forming one 
of the silicide regions, nor does it disclose a process Where 
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metal alloys are used. Bai, et al. does make a general 
statement, See Col. 5, lines 2-24, that “metals may eXist at 
a desired Fermi level in their natural state or by chemical 
reactions such as alloying, doping, etc.” No disclosure of 
using metal alloys in this prior art process is hoWever made. 

[0008] In current CMOS technology, impurity doping into 
the body of the MOSFET via ion implantation is employed 
for short-channel effect control and threshold voltage tuning. 
HoWever, carrier mobility is degraded With ever increasing 
impurity doping Which, in turn, degrades the device perfor 
mance. The threshold voltage variations due to doping 
?uctuation Will also limit the effectiveness of the doping 
technique. It is therefore highly desirable to provide an 
alternative Way to adjust the threshold voltage in metal gated 
MOSFETs. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides methods for adjust 
ing the threshold voltage of MOSFETs Which do not involve 
body doping, thus providing CMOS devices having mul 
tiple-threshold voltages. In the present invention, total sali 
cidation With a metal bilayer (representative of the ?rst 
method of the present invention) or metal alloy (represen 
tative of the second method of the present invention) is 
employed to tune the threshold voltage of the MOSFETs. 

[0010] Speci?cally, the ?rst method of the present inven 
tion comprises the steps of: 

[0011] providing a structure Which comprises a plurality 
of patterned gate regions located atop a Si-containing 
layer, each of said patterned gate regions including at 
least a patterned polysilicon region; 

[0012] forming a ?rst metal on a ?rst predetermined 
number of said patterned gate stack regions, said ?rst 
metal is in contact With said patterned polysilicon 
region; 

[0013] forming a second metal on said ?rst metal as 
Well as a second predetermined number of said pat 
terned gate stacks, Wherein said second metal in said 
second predetermined number of said patterned gate 
stacks is in contact With said patterned polysilicon 
region; and 

[0014] annealing so as to cause reaction betWeen the 
?rst and second metals and underlying silicon regions 
and subsequent formation of silicide regions, Where 
said ?rst predetermined number of patterned gate stack 
regions comprises an alloy silicide of 

[0015] the ?rst and second metals and said second 
predetermined number of patterned gate stack regions 
comprises a silicide of said second metal. 

[0016] Another method of the present invention Which 
includes a metal bilayer to tune the threshold voltage com 
prises the steps of: 

[0017] providing a structure Which comprises a plural 
ity of patterned gate regions located atop a Si-contain 
ing layer, each of said patterned gate regions including 
at least a patterned polysilicon region; 

[0018] forming a ?rst metal on a ?rst predetermined 
number of said patterned gate stack regions, said ?rst 
metal is in contact With said patterned polysilicon 
region; 
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0019 annealin said ?rst metal to rovide a ?rst metal g P 
silicide in said ?rst predetermined number of patterned 
gate stack regions; 

[0020] forming a second metal atop the ?rst metal 
silicide as Well as on a second predetermined number of 
patterned gate stack regions, said second metal in said 
second predetermined number of patterned gate stack 
regions is in contact With said patterned polysilicon 
region; and 

[0021] annealing said second metal to form a second 
metal silicide region, Wherein said ?rst predetermined 
number of patterned gate stacks comprising at least an 
alloy silicide of said ?rst and second metals, and said 
second predetermined number of patterned gate stacks 
comprises said second metal silicide region. 

[0022] A second method of the present invention, Which 
includes a metal alloy layer to tune the threshold voltage of 
the MOSFET device, comprises the steps of: 

[0023] providing a structure Which comprises a plural 
ity of patterned gate regions located atop a Si-contain 
ing layer, each of said patterned gate regions including 
at least a patterned polysilicon region; 

[0024] forming a dielectric stack on exposed surfaces of 
said Si-containing layer, said dielectric stack having an 
upper surface that is coplanar With said patterned 
polysilicon region; 

[0025] forming a metal alloy layer atop said upper 
surface of said dielectric stack and an exposed surface 
of said patterned polysilicon region, said metal alloy 
layer comprising a metal and at least one alloying 
additive; 

[0026] forming a capping layer atop said metal alloy 
layer; 

[0027] ?rst annealing to form a partial silicide region in 
an upper portion of said patterned gate stack regions; 

[0028] 
[0029] second annealing to convert remaining portions 

of said patterned gate stack region and said partial 
silicide regions into a metal alloy silicide region. 

selectively removing said capping layer; and 

[0030] Another aspect of the present invention relates to a 
CMOS device Which comprises: a Si-containing layer hav 
ing source/drain regions present therein; a gate dielectric 
present atop portions of said Si-containing layer; and at least 
one alloy silicide metal gate located atop said gate dielectric, 
said alloy silicide metal gate is comprised of a metal bilayer 
or a metal alloy layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIGS. 1-9 are pictorial representations (through 
cross sectional vieWs) shoWing the basic processing steps 
that are employed in the ?rst method of the present inven 
tion. 

[0032] FIGS. 10A-10C are pictorial representations 
(through cross sectional vieWs) shoWing the basic process 
ing steps that are employed in an alternative processing 
scheme of the ?rst method of the present invention. 
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[0033] FIGS. 11-16 are pictorial representations (through 
cross sectional vieWs) shoWing the basic processing steps 
that are employed in the second method of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] The present invention, Which provides methods for 
fabricating metal-gated CMOS devices With multiple 
threshold voltages, Will noW be described in more detail by 
referring to the draWings that accompany the present appli 
cation. 

[0035] The ?rst method of the present invention, Which is 
illustrated in FIGS. 1-9, and FIGS. 10A-10C Will noW be 
described. In the ?rst method of the present invention, a 
metal bilayer is used to tailor the threshold voltage of the 
CMOS device. 

[0036] Reference is ?rst made to FIG. 1 Which illustrates 
an initial silicon-on-insulator (SOI) Wafer that can be 
employed in the present invention. Speci?cally, the initial 
SOI Wafer of FIG. 1 comprises buried oxide layer 12 
sandWiched betWeen Si-containing substrate 10 and Si 
containing layer 14. The buried oxide layer electrically 
isolates Si-containing substrate 10 from Si-containing layer 
14. It is noted that Si-containing layer 14 is the region of the 
SOI Wafer in Which active devices are typically formed. The 
term “Si-containing”-as used herein denotes a material that 
includes at least silicon. Illustrative examples of such Si 
containing material include, but are not limited to: Si, SiGe, 
SiC, SiGeC, Si/Si, Si/SiC, and Si/SiGeC. Buried oxide 
region 12 may be a continuous buried oxide region, as is 
shoWn in FIG. 1, or it may be a non-continuous, i.e., 
patterned, buried oxide region (not shoWn). The non-con 
tinuous buried oxide regions are discrete and isolated 
regions or islands that are surrounded by Si-containing 
layers, i.e., Si-containing layers 10 and 14. 

[0037] The SOI Wafer may be formed utiliZing conven 
tional SIMOX (separation by ion implantation of oxygen) 
processes Well knoWn to those skilled in the art. In a 
typically SIMOX process, oxygen ions are implanted into a 
Si Wafer utiliZing ion implantation. The depth of the implant 
region is dependent on the conditions used during ion 
implantation. After the implant step, the implanted Wafer is 
subjected to an annealing step Which is capable of convert 
ing the implanted region into a buried oxide region. Alter 
natively, the SOI Wafer may be made using other conven 
tional processes including, for example, a thermal bonding 
and cutting process. 

[0038] In addition to the above techniques, the initial SOI 
Wafer employed in the present invention may be formed by 
deposition processes as Well as lithography and etching 
(employed When fabricating a patterned SOI substrate). 
Speci?cally, the initial SOI Wafer may be formed by depos 
iting or thermally groWing an oxide ?lm atop a Si-containing 
substrate; optionally patterning the oxide ?lm by conven 
tional lithography and etching; and thereafter forming a 
Si-containing layer atop the oxide layer using a conventional 
deposition process, including, for example, chemical vapor 
deposition (CVD), plasma-assisted CVD, sputtering, evapo 
ration, chemical solution deposition or epitaxial Si groWth. 

[0039] The thickness of the various layers of the initial 
SOI Wafer may vary depending on the process used in 
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making the same. Typically however, Si-containing layer 14 
has a thickness of from about 5 to about 200 nrn, preferably 
10 to 20 nrn. In the case of the buried oxide layer, that layer 
may have a thickness of from about 100 to about 400 nrn. 
The thickness of the Si-containing substrate layer, i.e., layer 
10, is inconsequential to the present invention. It is noted 
that the thicknesses provided above are exemplary and by no 
Ways limit the scope of the present invention. 

[0040] In the present invention, portions of Si-containing 
layer 14 Will serve as the body region of a rnetal-gated 
CMOS device. Note that Si-containing layer 14 may be 
undoped or it can be doped utilizing conventional techniques 
Well knoWn to those skilled in the art. The type of doping is 
dependent on the type of device to be fabricated. In the 
draWings of the ?rst method of the present invention that 
folloWs, the Si-containing substrate is not shoWn for clarity. 
Nevertheless, Si-containing substrate 10 is meant to be 
included in FIGS. 2-9 and 10A-10C. 

[0041] FIG. 2 shoWs the SOI Wafer after trench isolation 
regions 16 and gate dielectric 18 have been formed. The 
trench isolation regions are fabricated by ?rst forming a 
sacri?cial oxide (not shoWn) and a hardrnask (not shoWn) on 
the surface of the SOI Wafer and thereafter forrning trenches 
into predeterrnined portions of the SOI Wafer such that the 
bottom Wall of each trench stops either in Si-containiing 
layer 14 or on a top surface of buried oxide layer 12. The 
sacri?cial oxide layer may be formed by a thermal oxidation 
process or by a conventional deposition process such as 
CVD. The hardrnask is formed via deposition atop the 
previously forrned sacri?cial oxide layer. The hardrnask is 
composed of an insulating material Which has a different 
etch selectivity as compared to the sacri?cial oxide layer. 
Typically, the hardrnask is composed of a nitride or oxyni 
tride. 

[0042] Trenches are then formed through the hardrnask 
and sacri?cial oxide layer into the SOI Wafer utiliZing 
conventional lithography and etching. The lithography step 
used in forming the trenches comprises the steps of: apply 
ing a photoresist (not-shoWn) to the top surface of the 
structure, exposing the photoresist to a pattern of radiation, 
and developing the pattern-into the exposed photoresist 
utiliZing a conventional resist developer. The etching step, 
Which may be conducted in a single step or multiple etching 
steps, includes the use of a conventional dry etching process 
such as reactive ion etching (RIE), plasrna etching, ion beam 
etching; chemical etching; or a combination thereof. In 
forming the trenches, the pattern formed in the resist is 
transferred to the hardrnask via etching and then the pat 
terned photoresist is removed. Further etching is employed 
in transferring the trench pattern from the hardrnask into the 
SOI Wafer. 

[0043] The SOI Wafer containing trenches is then sub 
jected to an optional oxidation process which forms a thin 
oxide liner (not speci?cally labeled) on the exposed trench 
sideWalls that are composed of a Si-containing material. The 
trenches (Without or Without the liner) are ?lled With a 
dielectric (or insulating material) such as TEOS (tetraethy 
lorthosilicate) utiliZing a conventional deposition process 
such as CVD or plasrna-CVD. Thereafter, the structure is 
planariZed using a conventional planariZation process such 
as chernical-rnechanical polishing (CMP) or grinding, stop 
ping on the upper surface of the hardrnask. An optional 
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densi?cation step may be performed after ?lling the 
trenches, but prior to planariZation. 

[0044] The remaining hardrnask is then removed utiliZing 
an etching process that is highly selective in removing 
nitride as compared With oxide and thereafter the remaining 
sacri?cial oxide layer as Well as nub portions of the ?lled 
trenches are removed utiliZing an etching process that is 
highly selective in removing oxide as compared to Si 
containing material. Note that after the sacri?cial oxide has 
been removed, surface portions of Si-containing layer 14 are 
noW bare. 

[0045] Gate dielectric 18 is then formed atop the bare 
Si-containing surfaces as Well as the trench isolation regions 
utiliZing a conventional thermal groWing process or by 
deposition. The gate dielectric is typically a thin layer 
having a thickness of from about 1 to about 10 nrn. The gate 
dielectric may be composed of an oxide including, but not 
limited to: SiO2, oxynitides, A1203, ZrO2, HfO2, Ta2O3, 
TiO2, perovskite-type oxides, silicates and combinations of 
the above With or Without the addition of nitrogen. 

[0046] After forming the gate dielectric on the exposed 
surface of the structure, polysilicon layer 20 and oxide layer 
22 are then formed so as to provide the structure illustrated 
in FIG. 3. The polysilicon layer is formed utiliZing a 
conventional deposition process such as CVD. The thick 
ness of polysilicon layer 20 may vary, but typically poly 
silicon layer 20 has a thickness of from about 40 to about 
200 nrn. The oxide layer is formed by a conventional 
deposition process or a thermal groWing process atop the 
previously forrned polysilicon layer. The thickness of oxide 
layer 22 may vary, but typically oxide layer 22 has a 
thickness of from about 20 to about 200 nrn. Note that 
polysilicon layer 20 and oxide layer 22 are used in de?ning 
the gate region of the present invention. 

[0047] Gate patterning of oxide layer 22, polysilicon layer 
20 and gate dielectric 18 is then performed utiliZing con 
ventional lithography and etching so as to provide a plurarity 
of patterned stack regions atop the SOI Wafer. FIG. 4 shoWs 
the formation of tWo patterned stack regions labeled as 24 
and 24‘. Insulating spacers 26 are then formed on each 
exposed vertical sideWall surface of the patterned stack 
regions by ?rst depositing an insulating material, such as a 
nitride or oxynitride, and then selectively etching the insu 
lator material. 

[0048] FolloWing spacer deposition and etching, source/ 
drain regions 28 are formed into Si-containing layer 14 by 
utiliZing conventional ion implantation folloWed by activa 
tion annealing. FIG. 4 shoWs the structure after the above 
processing steps have been performed. 

[0049] Barrier layer 30 composed of an oxide or other like 
barrier material is then formed by conventional deposition 
techniques on top as Well as abutting the patterned stack 
regions. Resist 32 is then formed via a deposition process 
such as spin-on coating or CVD atop barrier layer 30. The 
resultant structure, including barrier layer 30 and resist 32 is 
shoWn, for example, in FIG. 5. 

[0050] The resist is then patterned by lithography such that 
some of the patterned stack regions are left protected With 
resist 32, While other patterned stack regions are left unpro 
tected. That is, a ?rst predetermined number of patterned 
stack regions are exposed, While a second predetermined 
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number of patterned stack regions are protected With resist 
32. In FIG. 6, the patterned stack region 24‘ remains 
protected With resist 32, While patterned stack region 24 is 
left unprotected. 

[0051] After patterning resist 32, oxide layer 22 is 
removed from the structure providing the structure shoWn, 
for example, in FIG. 6. Note that oxide layer 22 is removed 
to expose polysilicon layer 20. The removal step of the 
present invention is carried out by utiliZing an etching 
process Which is highly selective in removing barrier layer 
material and oxide as compared to silicon. The etching may 
be performed in a single step, or multiple etching steps may 
be performed, for removal of oxide layer 22. 

[0052] A ?rst metal 34 is then formed atop the exposed 
surfaces of polysilicon layer 20 utiliZing a conventional 
deposition process including, but not limited to: sputtering 
plating, CVD, atomic layer deposition or chemical solution 
deposition. The ?rst metal is comprised of any metal that is 
capable of forming a metal silicide When in contact With 
silicon and subjected to annealing. Suitable ?rst metals 
include, but are not limited to: Co, Ni, Ti, W, Mo, Ta and the 
like. Preferred ?rst metals include: Ni, Co and Ti. The 
deposited ?rst metal has a thickness of from about 10 to 
about 110 nm, With a thickness of from about 10 to about 85 
nm being more highly preferred. The resultant structure, 
including ?rst metal 34, is shoWn, for example, in FIG. 7. 

[0053] After forming the ?rst metal 34, resist 32 is 
removed from the structure utiliZing a conventional resist 
stripping process Well knoWn to those skilled in the art so as 
to expose barrier layer 30 Which Was-not-previously 
removed from the structure. Note that in some embodiments 
of the present invention, resist 32 is only partially removed 
to expose some of the previously protected patterned stack 
regions, While still protecting some of the remaining pat 
terned stack regions. 

[0054] Oxide layer 22 is then removed utiliZing the etch 
ing process mentioned above so as to expose polysilicon 
layer 20 of the previously protected region. Second metal 
36, Which has a different Fermi level than ?rst metal 34, is 
then deposited on the ?rst metal and the noW exposed 
polysilicon layer 20. Suitable second metals include, but are 
not limited to: Co, Ni, Ti, W, Mo, Ta and the like, With the 
proviso that the second metal is different from the ?rst metal. 
Preferred second metals include: Co, Ni and Ti. The depos 
ited second metal has a thickness of from about 10 to about 
110 nm, With a thickness of from about 10 to about 85 nm 
being more highly preferred. The resultant structure, includ 
ing second metal 36, is shoWn, for example, in FIG. 8. 

[0055] In some embodiments, the above procedures of 
resist removal and metal deposition may be repeated any 
number of times. In such an embodiment, each metal that is 
deposited has a different Fermi level than the previously 
deposited metal. 

[0056] Next, the structure containing the ?rst and second 
metals is subjected to an annealing step Which is carried out 
under conditions that are effective in causing the ?rst and 
second metals to react With the underlying silicon regions, 
i.e., the polysilicon layer, to form silicide regions 38 and 40, 
respectively. Silicide regions 38 is comprised of an alloy 
silicide of the ?rst and second metals, Whereas silicide 
region 40 is comprised of a silicide of the second metal. It 
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is noted that the thickness of the ?rst and second metals 
mentioned above is such that the reaction betWeen the 
metals and the underlying portions of polysilicon layer 22 
entirely consumes the polysilicon layer. 

[0057] The annealing step is typically carried out at a 
temperature of from about 450° C. to about 900° C. for a 
time period of from about 15 to about 90 seconds. More 
preferably, the annealing step is typically performed at a 
temperature of from about 500° C. to about 700° C. for a 
time period of from about 20 to about 80 seconds. Note that 
other temperatures and times may be performed so long as 
the conditions are capable of causing the formation of 
silicide regions. The annealing step is typically carried out in 
a gas ambient that includes He, Ar, N2 or a forming gas. 

[0058] In some instances, not shoWn, some portions of the 
?rst and second metals are not used up in forming the 
silicide regions. In those embodiments, unreacted metal 
remains, and the unreacted metal is typically positioned atop 
the silicide regions. Unreacted metal is then removed pro 
viding the structure, shoWn, for example, in FIG. 9. Spe 
ci?cally, the unreacted metal, if present, is removed utiliZing 
an etching process that is highly selective in removing metal 
as compared With silicide. For example, a mixture of hydro 
gen peroxide and sulfuric acid can be used in removing the 
remaining unreacted metal from the structure. 

[0059] It is again noted that in the structure shoWn in FIG. 
9 silicide region 38 is comprised of an alloy silicide of the 
?rst and second metals, While silicide region 40 is comprised 
of a silicide of the second metal. Hence, the resultant CMOS 
device has metal gate regions that have multiple-threshold 
voltages associated thereWith. The threshold voltage of the 
CMOS device can be tuned by adjusting the ratio of ?rst and 
second metals employed. The gates formed utiliZing the 
method of the present invention are comprised entirely of a 
silicide; therefore the inventive method provides CMOS 
devices that do not exhibit any poly-depletion effects. The 
CMOS devices also have a loWer gate resistance as com 
pared to polySi gates and/or gates made from a stack of 
polySi/silicide. 

[0060] In an alternative processing scheme of the ?rst 
method of the present invention, the processing used in 
forming the structure shoWn in FIGS. 5-9 are replaced With 
the folloWing scheme. First, oxide region 22 is removed 
from the structure shoWn in FIG. 4 and then ?rst metal 34 
is formed atop the exposed polysilicon layer 20. The ?rst 
metal is then patterned via lithography and etching to 
provide the structure shoWn in FIG. 10A. After patterning, 
the ?rst metal is subjected to annealing as described above 
to form a ?rst metal silicide region 50 in the structure. The 
resultant structure including the ?rst metal silicide region is 
shoWn, for example, in FIG. 10B. Note that if any unreacted 
?rst metal remains after annealing, the unreacted ?rst metal 
may be removed as described above. Second metal 36 is 
then deposited and thereafter, the second metal is annealed. 
Note that if any unreacted second metal remains after 
annealing, the unreacted second metal may be removed as 
described above. The annealing forms silicide region 38 that 
is comprised of the ?rst and second metals, as Well as silicide 
region 40 that is comprised of the second metal. See FIG. 
10C. 

[0061] The alternative to the ?rst method of the present 
invention provides CMOS devices that have metal gate 
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regions that have multiple-threshold voltages associated 
therewith. The threshold voltage of the CMOS devices can 
be tuned be adjusting the ratio of ?rst and second metals 
employed. The gates formed utiliZing the method of the 
present invention are comprised entirely of a silicide; there 
fore the inventive method provides CMOS devices that do 
not exhibit any poly-depletion effects. The CMOS devices 
also have a loWer gate resistance as compared to polySi 
gates and/or gates made from a stack of polySi/silicide. 

[0062] The above description provides a method Wherein 
a metal bilayer is employed in providing CMOS devices that 
have multiple-threshold voltages Which can be tuned by 
simply varying the ratio of ?rst and second metals used. The 
folloWing description and FIGS. 11-16 illustrate the second 
method of the present invention Wherein metal alloys are 
used in providing multiple-threshold gate regions Which are 
tunable. 

[0063] Reference is ?rst made to the initial FET structure 
shoWn in FIG. 11. Speci?cally, the initial FET structure 
shoWn in FIG. 11 comprises Si-containing layer 14 having 
isolation trench regions 16 and source/drain regions 28 
formed therein. The initial structure also includes at least 
one patterned gate stack 24 Which comprises patterned gate 
dielectric 18 and patterned polysilicon gate 20 located atop 
a surface of the Si-containing layer. Insulating spacers 26 are 
located on opposing vertical sideWalls of the patterned gate 
stack region. The initial structure shoWn in FIG. 11 also 
includes silicide regions 52 Which are located in the source/ 
drain regions. Si-containing layer 14 may or may not be part 
of an SOI Wafer. The Si-containing layer thus could be 
comprised of single crystal Si, poly-Si, SiGe, amorphous Si 
or an SOI Wafer. 

[0064] The structure shoWn in FIG. 11 is fabricated using 
conventional processing steps that are Well knoWn to those 
skilled in the art. Since the fabrication of the initial structure 
shoWn in FIG. 11 is Well knoWn a detailed description of the 
same is not provided herein. Any conventional CMOS 
device With a poly-Si gate can be used to form the alloy 
silicide gates. 

[0065] A dielectric stack such as a layer of ?rst dielectric 
and a second dielectric is then formed. Speci?cally, a layer 
of ?rst dielectric 54 is then formed via a conventional 
deposition process or a thermal groWing process on the 
structure shoWn in FIG. 11 so as to cover the exposed 
surface portions of Si-containing layer 14 and silicide 
regions 52. The ?rst dielectric layer may be composed of a 
nitride or oxynitride, and it typically has a thickness of from 
about 10 to about 100 nm. 

[0066] A second dielectric layer such as SiO2 layer 56 is 
then formed by conventional techniques such as CVD atop 
dielectric layer 54. The second dielectric layer may be 
composed of a nitride or oxynitride, and it typically has a 
thickness of from about 10 to about 100 nm. Note that the 
top surface layer of layer 56 is coplanar With the top surface 
of polysilicon layer 20. To provide such coplanarity, a 
conventional planariZation step such as chemical-mechnical 
polishing may folloW the deposition of the SiO2 layer. The 
resultant structure including dielectric layers 54 and 56 is 
shoWn, for example, in FIG. 12. 

[0067] Metal-alloy layer 58 is the formed atop-layer-56 
and the exposed polysilicon layer, See FIG. 13: The metal 
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alloy layer of the present invention comprises at least one 
metal, Which is capable of reacting With the underlying 
polysilicon to form a silicide region and an alloy additive. 
The metal of the metal alloy layer employed in the present 
invention includes any of the metals listed above in con 
nection With the ?rst and second metals. Preferred metals for 
the metal alloy are Co or Ni, With Co being highly preferred. 
The alloy layer of the present invention also include 0.1 to 
50 atomic % of at least one additive, said at least one 
additive being selected from C, Al, Ti, V, Cr, Mn, Fe, Co, Ni, 
Cu, Ge, Zr, Nb, Mo; Ru, Rh, Pd, Ag, In, Sn, Hf, Ta, W, Re, 
Ir and Pt, With the proviso that the alloy additive is not the 
same as the metal. Mixtures of one or more of these 

additives are also contemplated herein. More preferably, the 
additive is present in the alloy layer in an amount of from 
about 0.1 to about 20 atomic %. Of the above mentioned 
additives, Al, Ti, V, Ge, Zr, Nb, Ru, Rh, Ag, In, Sn, Ta, Re, 
Ir, and Pt are preferred in the present invention. 

[0068] The metal alloy layer may be deposited by physical 
vapor deposition (sputtering and evaporation), CVD includ 
ing atomic layer deposition, or by plating. The metal alloy 
layer has a thickness of from about 10 to about 100 nm, With 
a thickness of from about 10 to about 85 nm being more 
preferred. 

[0069] The term “alloy” is used herein to include metal 
compositions that have a uniform or non-uniform distribu 
tion of said additive therein; metal compositions having a 
gradient distribution of said additive therein; or mixtures and 
compounds thereof. 

[0070] Next, as also shoWn in FIG. 13, a capping layer 60 
is formed on the surface of metal alloy layer 58. The capping 
layer is formed using conventional deposition processes that 
are Well knoWn to those skilled in the art. Illustrative 
examples of suitable deposition processes that can be 
employed in the present invention in forming the capping 
layer include, but are not limited to: chemical vapor depo 
sition, plasma chemical vapor deposition, sputtering, evapo 
ration, plating, spin-on coating and other like deposition 
processes. The thickness of the capping layer is not critical 
to the present invention as long as the capping layer is 
capable of preventing oxygen or another ambient gas from 
diffusing into the structure. Typically, the capping layer has 
a thickness of from about 10 to about 30 nm. 

[0071] The capping layer is composed of conventional 
materials that are Well knoWn in the art for preventing 
oxygen from diffusing into the structure. For example, TiN 
and W and other like material can be employed as the 
capping layer. 

[0072] Next, the structure including the capping layer and 
the metal alloy layer is subjected to a ?rst annealing step 
Which is capable of causing partial interaction betWeen the 
metal alloy layer and the underlying polysilicon layer. The 
?rst annealing step forms a partial silicide layer 62 in upper 
portions of the polysilicon layer, See FIG. 14. The silicide 
layer formed at this point of the present invention is a 
silicide material that is not in its loWest resistance phase. For 
example, When the metal alloy includes Co the ?rst anneal 
ing step forms a CoSi in upper portions of the polysilicon 
layer. 

[0073] The ?rst annealing step is typically carried out at a 
temperature of from about 450° C. to about 600° C. for a 
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time period of from about 1 to about 120 seconds. More 
preferably, the annealing step is typically performed at a 
temperature of from about 500° C. to about 550° C. for a 
time period of from about 20 to about 90 seconds. Note that 
other temperatures and times may be employed as long as 
the conditions are capable of causing the formation of 
silicide regions. The ?rst annealing step is typically carried 
out in a gas ambient that includes He, Ar, N2 or a forming 
gas. 

[0074] After the ?rst annealing step, the capping layer and 
any unreacted metal alloy is removed from the structure 
utiliZing a conventional etching process that is highly selec 
tive in removing both of the layers from the structure. The 
resultant structure Which is formed after the selective 
removal process is shoWn, for example, in FIG. 15. Next, 
the structure shoWn in FIG. 1-5 is subjected to a second 
annealing step Which converts the partial silicide/polysilicon 
region into a metal alloy silicide region. The resultant 
structure, including metal alloy silicide region 64, is shoWn, 
for example, in FIG. 16. 

[0075] The second annealing step is typically carried out 
at a temperature of from about 600° C. to about 850° C. for 
a time period of from about 1 to about 60 seconds. More 
preferably, the annealing step is typically performed at a 
temperature of from about 650° to about 750° C. for a time 
period of from about 20 to about 45 seconds. Note that other 
temperatures and times may be employed so long as the 
conditions are capable of causing the formation of silicide 
regions. The annealing step is typically using a gas ambient 
that includes He, Ar, N2 or a forming gas. 

[0076] The resultant CMOS device has metal gate regions 
that have multiple-threshold voltages associated thereWith. 
The threshold voltage of the CMOS device can be tuned by 
adjusting using the metal alloy layer. The gates formed 
utiliZing this method of the present invention are comprised 
entirely of a silicide; therefore the inventive method pro 
vides CMOS devices that do not exhibit any poly-depletion 
effects. The CMOS devices also have a loWer gate resistance 
as compared to polySi gates and/or gates made from a stack 
of polySi/silicide. 

[0077] The folloWing example is provided to illustrate 
some advantages that can be obtained using one of the 
methods of the present application. In particular, the folloW 
ing example illustrates the use of the second method of the 
present invention Wherein a metal alloy layer is employed. 

EXAMPLE 

[0078] In this example, a C0 alloy containing 5% Sn Was 
compared to pure Co using the second method of the present 
invention. Speci?cally, a MOSFET structure including a 
patterned gate stack comprising 40 nm polysilicon gate and 
a 140 nm capping oxide layer Was prepared. The patterned 
gate stack included 1.4 nm Wide oxynitride spacers formed 
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on opposing sideWalls thereof. The oxide capping layer Was 
removed prior to activating the source/drain regions. The 
threshold voltage for NFET (263 nm gate Width) poly-Si 
control device Was 0.4V. When pure Co Was used to form the 
CoSi2, the threshold voltage value Was 0.77 V. When Co 
containing 5 atomic % Sn Was employed, the CoSi2(Sn) gate 
thus formed had a threshold voltage of about 1.02 V (a shift 
of about 250 mV toWard the pFET direction). This example 
clearly demonstrates that the fully silicide metal alloy gate 
can effectively adjust the threshold voltage of a MOSFET. 

[0079] While the present invention has been particularly 
shoWn and described With respect to preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
the foregoing and other changes in forms and details may be 
made Without departing from the spirit and scope of the 
present invention. It is therefore intended that the present 
invention not be limited to the exact forms and details 
described, but fall With the scope of the appended claims. 

1-27. (canceled) 
28. A CMOS device comprising 

a Si-containing layer having source/drain regions present 
therein; 

a gate dielectric present atop portions of said Si-contain 
ing layer; and 

at least one alloy silicide metal gate located atop said gate 
dielectric, said alloy silicide metal gate is comprised of 
a metal bilayer or a metal alloy layer. 

29. The CMOS device of claim 28 Wherein said metal 
bilayer comprises a ?rst metal and a second metal, said 
metals having different Fermi levels. 

30. The CMOS device of claim 29 Wherein said ?rst metal 
comprises Co, Ni, Ti, W, M0 or Ta. 

31. The CMOS device of claim 29 Wherein said second 
metal comprises Co, Ni, Ti, W, M0 or Ta. 

32. The CMOS device of claim 29 Wherein said ?rst metal 
is Co and said second metal is Ni. 

33. The CMOS device of claim 28 Wherein said metal 
alloy layer comprises a metal and an alloying additive. 

34. The CMOS device of claim 33 Wherein said metal of 
said metal alloy layer comprises Co, Ni, Ti, W, M0 or Ta. 

35. The CMOS device of claim 33 Wherein said alloying 
additive comprises C, Al, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Ge, 
Zr, Nb, Mo, Ru, Rh, Pd, Ag, In, Sn, Hf, Ta, W, Re, Ir, Pt, or 
mixtures thereof, With the proviso that the alloy additive is 
not the same as the metal. 

36. The CMOS device of claim 35 Wherein said alloying 
additive comprises Al, Ti, V, Ge, Zr, Nb, Ru, Rh, Ag, In, Sn, 
Ta, Re, Ir, or Pt. 

37. The CMOS device of claim 33 Wherein said metal 
alloy layer contains from about 0.1 to about 50 atomic % of 
said alloying additive. 

* * * * * 


