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METHOD AND STRUCTURE FOR RETARDING 
HIGH TEMPERATURE AGGLOMERATION OF 

SILICIDES USING ALLOYS 

FIELD OF THE INVENTION 

[0001] The present invention relates to complementary 
metal oxide semiconductor (CMOS) devices, and more 
particular to a method of fabricating CMOS devices having 
at least one metal silicide contact in Which high temperature 
agglomeration of the same, typically caused during source/ 
drain activation, is substantially eliminated. The present 
invention also provides CMOS structures having non-ag 
glomerated metal silicide contacts prepared by the inventive 
process. 

BACKGROUND OF THE INVENTION 

[0002] In current CMOS technology, metal silicide con 
tacts are formed by a self-aligned process after the devices 
of the structure have been completed. The temperature 
necessary for silicide formation is high enough to signi? 
cantly affect the dopant distribution in devices With shalloW 
p-n junctions. The silicide anneals are also of suf?cient 
duration to cause potential deactivation of dopants Whose 
concentration is higher than the solubility limit at the 
siliciding annealing temperatures, leading to higher source/ 
drain resistance. 

[0003] In order to keep the dopant pro?le as tight as 
possible and avoid possible dopant deactivation, it Would be 
advantageous to form the silicide before the dopants are 
implanted into the substrate. The disadvantage of changing 
the order of the processing steps is that if the silicide is 
formed before dopant implantation, the silicide needs to 
Withstand the high temperature anneal (temperature of about 
900° C. or above) necessary for activating the implanted 
dopants. At these high temperatures, the electrical charac 
teristics of the silicides in logic devices are severely 
degraded by the agglomeration of the silicide ?lm. 

[0004] One alternative to the above problem is to increase 
the thickness of the silicide ?lm. If the dopant implantation 
occurs after silicide formation, the larger consumption of the 
silicon does not affect the junction depth as in current prior 
art processes. HoWever, a thicker silicide ?lm requires a 
deeper junction and has the disadvantage that increased 
diffusion during formation may cause stresses in the struc 
ture and slight changes in the effective dimensions. 

[0005] In vieW of the above mentioned draWbacks With 
prior art methods of fabricating metal silicide contacts, there 
is a continued need for developing a neW and improved 
method Wherein suicide contacts can be fabricated Without 
causing any substantial agglomeration of the same. 

SUMMARY OF THE INVENTION 

[0006] One object of the present invention is to provide a 
method for fabricating CMOS structures in Which at least 
one metal silicide contact is formed prior to activating the 
source/drain regions of the structure. 

[0007] Another object of the present invention is to pro 
vide a method of fabricating a CMOS structure that contains 
metal silicide contacts Which exhibit little or no agglomera 
tion upon high temperature annealing. 
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[0008] A further object of the present invention is to 
provide a method of fabricating metal silicide contacts that 
have increased high temperature stability, yet have a resis 
tivity value that is Within current operational standards. 

[0009] A still further object of the present invention is to 
provide a metal silicide contact that eXists in its loWest 
resistance phase. For eXample, When a cobalt (Co) silicide 
contact is desired, the present invention forms the Co 
disilicide phase; and When a titanium (Ti) contact is desired, 
the present invention forms the C54 phase of TiSi2. Both of 
the above mentioned phases, i.e., Co disilicide and C54 
phase of TiSi2, represent the loWest resistance phase of the 
metal. That is, the Co disilicide phase is of loWer resistance 
than the Co monosilicide phase, While the C54 phase of 
TiSi2 is of loWer resistance than the C49 phase of TiSi2. It is 
noted that the higher resistance silicide phase material is 
highly resistance to etching, i.e., substantially nonecthable, 
in the etchant solutions mentioned hereinbeloW. That is, the 
higher resistance silicide phase material is substantially 
non-etchable compared to the unreacted metal alloy layer. 

[0010] These and other objects and advantages can be 
obtained in the present invention by adding at least one 
alloying element to a metal Which is capable of producing a 
metal silicide upon annealing prior to activation of source/ 
drain regions in the structure. By alloying the metal prior to 
the high temperature source/drain activation anneal, the 
metal alloy silicide contact of the present invention does not 
agglomerate. Speci?cally, the method of the present inven 
tion comprises the steps of: 

[0011] (a) forming a metal alloy layer over a portion 
of a silicon-containing substrate, said metal alloy 
layer comprising Co or Ti and an alloying additive, 
said silicon-containing layer not containing activated 
source/drain regions embedded therein; 

[0012] (b) annealing said metal alloy layer at a tem 
perature Which is effective in converting a portion of 
said metal alloy layer into a metal alloy silicide layer 
that is highly resistant to etching as compared to the 
unreacted metal alloy layer; 

[0013] (c) removing any remaining metal alloy layer 
not converted in step (b); 

[0014] (d) optionally, annealing said metal alloy sili 
cide layer produced in step (b) so as to convert the 
same into its loWest resistant phase; and 

[0015] (e) forming activated source/drain regions in 
said silicon-containing substrate by at least anneal 
ing at a temperature of about 900° C. or above, 
Whereby the metal alloy silicide layer formed in 
steps (b) or (d) does not agglomerate during said 
activation annealing, and is in its loWest resistance 
phase after said activation annealing. 

[0016] Another aspect of the present invention relates to 
CMOS structures containing the inventive non-agglomer 
ated metal silicide contacts. Speci?cally, the CMOS struc 
tures of the present invention comprise: 

[0017] a substrate having an eXposed region of a 
silicon-containing semiconductor material, said sili 
con-containing semiconductor material having 
source/drain regions formed therein; and 
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[0018] a substantially non-agglomerated metal alloy 
silicide contact formed on a portion of said silicon 
containing semiconductor substrate, wherein said 
substantially non-agglomerated metal alloy silicide 
contact Withstands high temperature annealing con 
ditions Which are employed in fabricating the source/ 
drain regions and is in its loWest resistance phase, 
said source/drain regions being formed after the 
metal alloy silicide contact is formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIGS. 1a-1g are cross-sectional vieWs illustrating 
the basic processing steps that are employed in the present 
invention in forming a non-agglomerated metal alloy silicide 
contact. 

[0020] FIG. 2 is a graph of sheet resistance (ohm/sq.) vs. 
anneal holding time (seconds) at 1000° C. using a ramp rate 
of about 100° C./second. 

[0021] FIG. 3 is a graph of void density (um_2) in CoSi2 
vs. initial Co thickness (nm) using a ramping rate of about 
100° C./second. 

[0022] FIG. 4 is a graph of light scattering data, i.e., 
normaliZed intensity (arbitrary units) vs. Temperature (° C.), 
for pure Co (prior art) and Co alloy silicide ?lms (invention). 

[0023] FIG. 5 is a graph shoWing the variation in sheet 
resistance (ohms/sq.) of a C0 alloy disilicide caused by a 1 
second, 1000° C. anneal. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] The present invention, Which is directed to a 
method and structure for retarding high temperature agglom 
eration of silicides using metal alloys, Will noW be described 
in greater detail by referring to the draWings that accompany 
the present application. It is noted that in the accompanying 
draWings like reference numerals are used for describing 
like and/or corresponding elements. 

[0025] Reference is ?rst made to FIGS. 1a-1g Which 
illustrate the basic processing steps of the present invention 
that are capable of forming a CMOS structure in Which high 
temperature agglomeration of the silicide contact is avoided 
by employing a metal alloy layer—in prior art processes, the 
silicide contact is made from a pure metal Which agglom 
erates When the source/drain areas of the structure are 
activated by high temperature annealing. Speci?cally, the 
structure shoWn in FIG. 1a comprises a Si-containing sub 
strate 10 Which has a metal alloy layer 12 formed thereon. 
The Si-containing substrate may optionally include a thin 
oxide layer that is present near an exposed surface of the 
substrate; the oxide layer, if present, is at the interface 
betWeen the metal alloy layer and the Si-containing sub 
strate. Suitable Si-containing substrates that can be 
employed in the present invention include, but are not 
limited to: single crystal Si, polycrystalline Si, SiGe, amor 
phous Si, silicon-on-insulators (SOIs) and other like Si 
containing materials. 

[0026] In embodiments Wherein the oxide layer is not 
present, as is shoWn in the draWings of the present invention, 
the oxide layer is removed from the structure prior to 
employing the processing steps of the present invention. In 
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such an embodiment, HF may be used to completely remove 
the oxide layer from the structure. 

[0027] Si-containing substrate 10 may contain various 
isolation and/or device regions therein. These regions are not 
shoWn in the draWings of the present invention but are 
nevertheless intended to be included therein. In accordance 
With the present invention, the Si-containing substrate does 
not, hoWever, contain activated source/drain regions therein 
prior to formation of the metal alloy silicide contacts; 
activation of the doped source/drain regions occurs after the 
metal alloy silicide contact of the present invention is 
formed. 

[0028] Metal alloy layer 12 is formed on the surface of 
substrate 10 (or over the optional oxide layer) using con 
ventional deposition processes that are Well knoWn to those 
skilled in the art. For example, the metal alloy layer may be 
formed by chemical vapor deposition, plasma-assisted 
chemical vapor deposition, evaporation, sputtering and other 
like deposition processes. Of these techniques, it is preferred 
to form the metal alloy layer by sputtering. Alternatively, the 
metal alloy layer may be formed by ?rst depositing a metal 
layer on the surface of the Si-containing substrate, and 
thereafter doping the metal layer With an appropriate alloy 
ing element utiliZing ion-implantation or other like doping 
process. 

[0029] Metal alloy layer 12 of the present invention com 
prises at least one metal selected from the group consisting 
of Co and Ti. That is, layer 12 may comprise a C0 alloy or 
a Ti alloy. Of these alloys, it is preferred that the alloy 
comprises a C0 alloy. The metal alloy layer of the present 
invention further comprises 0.01 to 50 atomic % of at least 
one additive, i.e., alloying element, said at least one additive 
being selected from the group consisting of C, Al, Si, Sc, Ti, 
V, Cr, Mn, Fe, Co, Ni, Cu, Ge, Y, Zr, Nb, Mo, Ru, Rh, Pd, 
In, Sn, La, Hf, Ta, W, Re, Ir, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, 
Ho, Er, Tm, Yb and Lu. Mixtures of one or more of these 
additives are also contemplated herein. More preferably, the 
additive is present in the metal alloy layer in an amount of 
from about 0.1 to about 20 atomic %. Of the above men 
tioned additives, C, Al, Si, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, 
Ge, Y, Zr, Nb, Mo, Ru, Rh, Pd, In, Sn, La, Hf, Ta, W, Re or 
Ir are preferred in the present invention. The most preferred 
alloys are Ti, V, Cr, Ge, Nb, Rh, Ta, W, Hf, Zr, Mo, Re or 
Ir. 

[0030] The term “alloy” is used herein to include Co or Ti 
compositions that have a uniform or non-uniform distribu 
tion of said additive therein; Co or Ti compositions having 
a gradient distribution of said additive therein; or mixtures 
and compounds thereof. It should be appreciated that When 
a C0 alloy is employed, the additive cannot be Co. LikeWise, 
When a Ti alloy is employed, the additive cannot be Ti. 

[0031] Next, as shoWn in FIG. 1b, an optional oxygen 
barrier layer 14 may be formed on the surface of metal alloy 
layer 12. The optional oxygen barrier 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 optional oxygen barrier layer 
include, but are not limited to: chemical vapor deposition, 
plasma-assisted chemical vapor deposition, sputtering, 
evaporation, plating, spin-on coating and other like deposi 
tion processes. The thickness of the optional oxygen barrier 
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layer is not critical to the present invention as long as the 
oxygen barrier layer is capable of preventing oxygen or 
another arnbient gas from diffusing into the structure. Typi 
cally, the optional oxygen barrier layer has a thickness of 
from about 10 to about 30 nrn. In the case of Ti, the optional 
barrier layer is typically not needed. 

[0032] The optional oxygen barrier is composed of con 
ventional materials that are Well knoWn in the art for 
preventing oxygen from diffusing into the structure. For 
example, TiN, Si3N4. TaN and other like materials can be 
employed as the oxygen barrier layer. Although the draW 
ings of the present invention shoW the presence of the 
optional barrier layer, it is possible to use the method of the 
present invention in cases Wherein the optional barrier layer 
is not present. As stated above, the optional barrier layer is 
not typically ernployed When Ti is employed. 

[0033] When Co is employed, the structure shoWn in FIG. 
1b may optionally be pre-annealed under conditions that are 
sufficient in forming a metal rich alloy silicide phase layer 
16 in the structure (See FIG. 1c). Pre-annealing is carried 
out using a rapid therrnal anneal (RTA) process. Typically, 
the optional pre-annealing step is carried out in a gas 
atmosphere, e.g., He, Ar, N2 or forrning gas, at a temperature 
of from about 350° to about 450° C. for a time period of 
about 300 seconds or less using a continuous heating regirne 
or a ramp and soak heating regirne. Other temperatures and 
times are also contemplated herein so long as the conditions 
chosen are capable of forming the metal rich alloy silicide 
phase layer in the structure. 

[0034] In accordance With the next step of the present 
application, See FIG. Id, an annealing step is carried out on 
the structure shoWn in FIG. lb or optionally FIG. 1c so as 
to form a metal alloy silicide layer 18 in the structure Which 
exists in a high resistance phase, i.e., Co rnonosilicide or the 
C49 phase of TiSi2. That is, the ?rst annealing step forms a 
silicide phase of Co or Ti that is substantially dif?cult to etch 
utiliZing the etching techniques and etchants described here 
inbeloW. To form the high resistance phase of the metal alloy 
silicide layer in the structure, annealing is carried out using 
a rapid therrnal anneal (RTA) process using a gas atmo 
sphere, e.g., He, Ar, Ne or forrning gas, at a temperature of 
from about 400° to about 700° C. for a time period of about 
300 seconds or less using a continuous heating regirne or a 
ramp and soak heating regirne. Other temperatures and times 
are also contemplated herein so long as the conditions 
chosen are capable of forming a high resistance silicide 
phase of Ti or C0 in the structure (i.e., a silicide phase of Ti 
or C0 that is dif?cult to etch). It is noted that When the 
optional pre-annealing step is employed, the annealing tern 
peratures used in the formation of the high resistance silicide 
layer are higher than the pre-annealing ternperatures. 

[0035] After the ?rst annealing step, optional oxygen 
diffusion barrier 14 and any remaining metal alloy layer 12 
are removed from the structure (See, FIG. 16) using con 
ventional etching techniques that are Well knoWn to those 
skilled in the art. For example, any Wet etch process may be 
used in removing the optional oxygen barrier layer and the 
metal alloy layer from the structure. The chemical etchant 
employed in the Wet etch process must be highly selective in 
removing the oxygen barrier layer and the metal alloy layer 
as compared to the substantially non-etchable (i.e., high 
resistance) silicide phase of Co or Ti. A suitable etchant that 
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can be employed in the present invention is a mixture of 
hydrogen peroxide and nitric or sulfuric acid. Other chemi 
cal etchants can also be employed in the present invention. 

[0036] It is also Within the contemplation of the present 
invention to use a dry etch process in removing the optional 
oxygen barrier layer and any remaining metal alloy layer 
from the structure. Suitable dry etching techniques that can 
be used herein include, but are not limited to: reactive-ion 
etching, ion beam etching, plasrna etching and other like dry 
etching techniques. 
[0037] An optional annealing step may required to convert 
the high resistance Co and Ti silicide phase layer into a C0 
or Ti silicide layer that has a loWer resistance. That is, for 
Co, the ?rst annealing step forms the Co rnonosilicide phase 
(high resistance, non-etchable material) and the optional 
annealing step converts the rnonosilicide phase into Co 
disilicide (loWer resistance silicide phase as compared to the 
rnonosilicide phase). Insofar as Ti is concerned, the ?rst 
annealing step forms the high resistance C49 phase of TiSi2, 
and the optional annealing step converts the same into the 
loW resistance C54 phase of TiSi2. 

[0038] The optional annealing step is carried out at a 
temperature that is higher than the temperature used in either 
the pre-anneal or ?rst anneal. The optional annealing step is 
also carried out by RTA using a gas arnbient. Typically, the 
optional annealing step is carried out at a temperature of 
from about 700° to about 900° C. for a time period of about 
300 seconds or less using a continuous heating regirne or a 
ramp and soak heating regirne. Other temperatures and times 
are also contemplated herein so long as the conditions 
chosen are higher than the pre-anneal and the ?rst anneal 
steps so that the loWest resistance silicide phase of Ti or C0 
is formed in the structure. The resultant structure that is 
obtained using the optional annealing step of the present 
invention is shoWn in FIG. 1]”. 

[0039] After the ?rst annealing step, subsequent etching 
and optional anneal, source/drain regions 22 are activated in 
the Si-containing substrate using conventional techniques 
that are Well knoWn to those skilled in the art. For example, 
source/drain regions 22 are activated using a high tempera 
ture (900° C. or above; time duration 1 second or less) 
activation anneal step. More speci?cally, the doped source/ 
drain regions formed in the Si-containing substrate are 
activated by RTA at a temperature of from about 900° to 
about 1100° C. for a time period of about 60 seconds or less. 
Other temperatures and times can also be used in activating 
the source/drain regions. The source/drain regions may be 
formed in the structure prior to conducting the above pro 
cessing steps by utiliZing conventional ion implantation. 
Alternatively, the source/drain regions can be formed after 
forming the metal silicide contacts by utiliZing conventional 
ion implantation and annealing. In either case, the activation 
anneal takes places after the metal alloy silicide is formed 
and selective etching is preforrned. 

[0040] It is noted that under the above activation anneal 
conditions prior art rnetal silicide contacts made from a pure 
rnetal agglornerate. This agglorneration is undesirable since 
it causes an increase in resistance and leakage. By ernploy 
ing a metal alloy layer, as described above, the resultant 
metal alloy silicide Was found to Withstand high temperature 
activation anneals thereby avoiding the problems With prior 
art structures containing metal silicide contacts. 
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[0041] After forming the source/drain regions in the 
CMOS structure, conventional processing steps can be 
employed to fabricate other device regions such as gate 
regions on the structure. 

[0042] The electrical contact of the present invention 
comprises: 

[0043] a substrate 10 having an exposed region of a 
silicon-containing semiconductor material, said sili 
con-containing semiconductor material being doped 
With an impurity; and a ?rst layer of a metal alloy 
silicide contact 20, Wherein said alloy is present in 
said ?rst layer in an amount of from about 0.01 to 
about 50 atomic %, said metal is selected from the 
group consisting of Co and Ti and said metal alloy 
silicide contact is in its loWest resistance phase. 

[0044] The present examples are given to illustrate the 
present invention and to demonstrate some of the advantages 
that can arise therefrom. 

Examples 

[0045] In the folloWing examples, studies Were performed 
using Co alloys that contain various alloying additives and 
comparisons Were made to pure CoSi2 contacts. 

High Temperature Degradation of CoSi2 Made 
From Pure Co Metal 

[0046] A CoSi2 contact Was made in accordance With 
standard silicide processing steps (starting from a TiN/Co 
bilayer) in Which a ?rst anneal at 550° C Was used to form 
a monosilicide layer and a selective etch Was then employed 
to remove both the TiN cap and any unreacted Co. Asecond 
anneal Was thereafter employed at 750° C. for 20 seconds to 
form the disilicide layer. High temperature degradation Was 
then studied by subjecting the samples to 1000° C. for 
various periods of time. 

[0047] The degradation of pure CoSi2 ?lms Was ?rst 
measured, as shoWn in FIG. 2, as an increase in sheet 
resistance (SR) as a function of increasing annealing times 
for starting Co thicknesses of 9, 11 and 15 nm, respectively. 
These Co thicknesses correspond to 32, 39 and 53 nm CoSi2. 
For the 9 nm Co ?lm, a 7 second hold at 1000° C. increased 
the SR by more than 50%. The increase Was not as pro 
nounced for thicker ?lms. For annealing times up to 3 
seconds, the SR of the thicker Co disilicide did not signi? 
cantly change, While an increase in SR Was clearly observed 
for the tWo thinner ?lms. 

[0048] The thermal degradation Was also measured by the 
number of voids in the ?lm observed by scanning electron 
microscopy (SEM). The density of voids as a function of 
starting Co thickness is illustrated in FIG. 3. These results 
again shoWed that the thicker ?lms are more stable. Com 
paring the silicon dopants, the degradation Was Worse for 
boron doped substrates as compared to As doped substrates. 

Comparison of Pure CoSi2 With Films Made From 
Co Alloys 

[0049] The folloWing results compare the high tempera 
ture characteristics of the pure CoSi2 ?lms and the ?lms 
formed from Co alloys, as in accordance With the present 
invention. In FIG. 4, the roughness of the ?lms Was mea 
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sured using elastic light scattering during a ramped thermal 
anneal of 3° C./sec up to 1150° C. in puri?ed N2. The 
geometry of detection Was such that the detected light Was 
scattered by lateral length scales of about 0.5 pm. The three 
disilicides samples studied Were from 8 nm thick ?lms of 
pure Co, Co With 5 atomic (at.) % V, and Co With 5 atomic 
% Re. It Was clear from the increase in scattering that the 
roughness of CoV and CoRe silicides at high temperatures 
Was loWer than that of pure CoSi2. Not only Was the 
roughness smaller for the alloyed sampled, but more impor 
tantly for this application, the temperature onset for thermal 
degradation Was also higher. This is an important ?nding 
since it alloWs for an increased processing WindoW as 
compared to the prior art sample. 

[0050] The light scattering measurement during annealing 
only gave information on the ?lm morphology. Although the 
roughness Was loWer, it Was important to verify that the 
resistivity Was still Within the acceptable range for Working 
CMOS devices. At higher temperatures, the alloying ele 
ment could precipitate or diffuse to interfaces or grain 
boundaries and contribute to a signi?cant increase in resis 
tivity even if the surface is smoother. FIG. 5 shoWs the 
variation in sheet resistance caused by a 1000° C. anneal for 
1 second for Co alloys of Ge, V and Re compared to pure Co. 

[0051] Compared to pure CoSi2, the increase in sheet 
resistance is similar or larger for the ?lms containing Cr or 
V (the highest increase in SR). Note that from FIG. 4, it Was 
determined that the V sample Was smoother than the pure Co 
?lm. This result illustrates the contribution of V in the 
resistivity increase. TWo of the alloy silicides, 
(Co0_95ReO_O5Si2 and Co0_964GeO_O36Si2) presented here 
shoWed a stable sheet resistance after high temperature 
anneal. These tWo alloy ?lms are thus good candidates to 
delay and/or prevent the agglomeration of silicides to higher 
temperatures Without signi?cant increases in resistivity. 

[0052] While this 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 and illustrated, but fall Within the scope of the 
appended claims. 

What is claimed is: 
1. A method of fabricating a substantially non-agglomer 

ated metal alloy silicide contact comprising the steps of: 

(a) forming a metal alloy layer over a portion of a 
silicon-containing substrate, Wherein said metal alloy 
layer comprises Co or Ti and an alloying additive, said 
silicon-containing layer not containing activated 
source/drain regions embedded therein; 

(b) annealing said metal alloy layer at a temperature 
Which is effective in converting a portion of said metal 
alloy layer into a metal alloy silicide layer, said metal 
alloy silicide layer being dif?cult to etch compared to 
said metal alloy layer; 

(c) removing any remaining metal alloy layer not con 
verted in step (b); 
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(d) optionally performing a second anneal that is carried 
out at a temperature that is effective in converting the 
metal alloy silicide layer formed in step (b) to its loWest 
resistance phase; and 

(e) forming activated said source/drain regions in said 
silicon-containing substrate by at least annealing at a 
temperature of about 900° C. or above, Whereby the 
metal alloy silicide layer does not agglomerate during 
said activation annealing and it is in its loWest resis 
tance phase after said activation annealing 

2. The method of claim 1 further comprising pre-anneal 
ing the metal alloy layer prior to step 

(b) at a temperature sufficient to form a metal rich alloy 
silicide layer. 

3. The method of claim 1 further comprising forming an 
optional barrier layer over said metal alloy layer prior to step 
(b), Wherein said optional barrier layer is removed by step 
(c). 

4. The method of claim 1 Wherein said alloying additive 
is C, Al, Si, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Ge, Y, Zr, Nb, 
Mo, Ru, Rh, Pd, In, Sn, La, Hf, Ta, W, Re, Ir, Ce, Pr, Nd, Sm, 
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu or mixtures thereof. 

5. The method of claim 4 Wherein said alloying additive 
is C,Al, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Ge, Y, Zr, Nb, Mo, 
Ru, Rh, Pd, In, Sn, La, Hf, Ta, W, Re, Ir or mixtures thereof. 

6. The method of claim 5 Wherein said alloying additive 
is Ti, V, Cr, Ge, Nb, Rh, Ta, W, Hf, Zr, Mo, Re, Ir or mixtures 
thereof. 

7. The method of claim 1 Wherein said alloying additive 
is present is said metal alloy layer in an amount of from 
about 0.01 to about 50 atomic %. 

8. The method of claim 7 Wherein said alloying additive 
is present is said metal alloy layer in an amount of from 
about 0.1 to about 20 atomic %. 

9. The method of claim 1 Wherein said metal alloy layer 
comprises a C0 alloy and step (b) forms a C0 alloy mono 
silicide phase. 

10. The method of claim 3 Wherein said optional oxygen 
barrier layer is composed of TiN. 

11. The method of claim 1 Wherein said silicon-containing 
substrate comprises a single crystal Si, polycrystalline Si, 
SiGe, amorphous Si, or a silicon-on-insulator (SOI). 

12. The method of claim 2 Wherein said pre-annealing 
step is carried out using rapid thermal annealing (RTA). 

13. The method of claim 12 Wherein said RTA is carried 
out at a temperature of from about 350° to about 450° C. for 
a time period of about 300 seconds or less. 

14. The method of claim 1 Wherein said annealing step (b) 
is carried out by RTA. 

15. The method of claim 14 Wherein said RTA is carried 
out at a temperature of from about 400° to about 700° C. for 
a time period of about 300 seconds or less. 
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16. The method of claim 1 Wherein said optional anneal 
ing step is carried out by RTA. 

17. The method of claim 16 Wherein said RTA is carried 
out at a temperature of from about 700° to about 900° C. for 
a time period of about 300 seconds or less. 

18. The method of claim 1 Wherein said remaining metal 
alloy layer is removed utiliZing a Wet etch step that includes 
the use of an etchant that is selective for removing said 
layers. 

19. The method of claim 1 Wherein said loW resistance 
phase of said metal alloy silicide layer is Co disilicide or 
C54 phase of TiSi2. 

20. The method of claim 1 Wherein said metal alloy layer 
is formed by a deposition process selected from the group 
consisting of chemical vapor deposition (CVD), plasma 
assisted CVD, evaporation and sputtering. 

21. The method of claim 1 Wherein said metal alloy layer 
is formed by ?rst depositing said metal and thereafter doping 
the deposited metal With said alloying additive. 

22. An electrical contact to a region of a silicon-contain 
ing substrate comprising: 

a substrate having an exposed region of a silicon-contain 
ing semiconductor material, said silicon-containing 
semiconductor material having source/drain regions 
formed therein; and 

a substantially non-agglomerated metal alloy silicide con 
tact formed on a portion of said silicon-containing 
semiconductor substrate, Wherein said substantially 
non-agglomerated metal alloy silicide contact With 
stands high temperature annealing conditions Which are 
employed in fabricating the source/drain regions and is 
in its loWest resistance phase, said source/drain regions 
being formed after the metal alloy silicide contact. 

23. The electrical contact of claim 22 Wherein said 
alloying additive is C, Al, Si, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, 
Cu, Ge, Y, Zr, Nb, Mo, Ru, Rh, Pd, In, Sn, La, Hf, Ta, W, Re, 
Ir, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu or 
mixtures thereof. 

24. The electrical contact of claim 23 Wherein said 
alloying additive is C, Al, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, 
Ge, Y, Zr, Nb, Mo, Ru, Rh, Pd, In, Sn, La, Hf, Ta, W, Re, Ir 
or mixtures thereof. 

25. The electrical contact of claim 24 Wherein said 
alloying additive is Ti, V, Cr, Ge, Nb, Rh, Ta, W, Hf, Zr, Mo, 
Re, Ir or mixtures thereof 

26. The electrical contact of claim 22 Wherein said 
alloying additive is present in said ?rst layer in an amount 
of from about 0.01 to about 50 atomic %. 

27. The electrical contact of claim 22 Wherein said loW 
resistance phase of said metal alloy silicide layer is Co 
disilicide or C54 phase of TiSi2. 

* * * * * 


