
WO 2005/086567 PCT/IB2005/001457  1  SILICIDE FORMED FROM TERNARY METAL
ALLOY FILMS BACKGROUND OF THE INVENTION  Field of the Invention [0001] The
invention pertains to fabricating semiconductor strictures,  and more
particularly to nickel silicide on a silicon semiconductor device  wherein
the nickel silicide is formed from a ternary metal alloy film. Description
of the Related Art [0002] Modern semiconductor technology requires the
utilization of low  resistance materials in the active regions of
metal-oxide-semiconductor field  effect transistors (MOSFETs) and other
devices. To satisfy the low- resistance requirements for source/drain and
gate regions, self-aligned  silicide that is simultaneously formed on the
source/drain and gate regions  has been widely used in the manufacturing of
large-scale integrated silicon  circuits, [0003] The most common currently
used materials for creating a silicide  layer are titanium or cobalt.
However, these silicide materials face numerous  process-integration
difficulties and drawbacks for future generations of WO 2005/086567
PCT/IB2005/001457  2 semiconductor structures or devices which will feature
ultra narrow lines as  well as ultra shad(w junctions. [0004] For example,
an unacceptably high sheet resistance results when  



TiSi2 is formed on narrow (sub-0.1 m) gate lines (due to the lack of
nucleation centers for the transition from the undesirable C49 phase to the
low resistivity C54 phase), and this high resistance presents a major
drawback for this silicide material. On the other hand, CoSi2 suffers from
other drawbacks associated with aggressive vertical scaling, and these
drawbacks include severe junction leakage, a relatively large consumption
of  silicon and difficulty in achieving a CoSi2 layer having uniform
thickness.  These drawbacks limit the use of CoSi2 in ultra-shallow
junction devices.  [0005] Nickel monosilicide (NiSi) represents a suitable
low resistivity  candidate for use in future generations of silicon
complementary metal oxide  semiconductor (CMOS) devices. The distinct
advantages of NiSi include low  electrical resistivity, low Si consumption
for its formation, and an ability to  maintain low resistivity even at
narrow line widths (sub- 0.1m). The full  implementation of NiSi in future
generations of silicon semiconductor  structures and devices, however,
depends on the resolution of several  process-integration issues. [0006]
The formation of quality NiSi crucially depends on the cleanliness  of the
substrate's Si surface as well as the pureness of the ambient  annealing
environment during thermal annealing. Any presence of residual  native
silicon oxide on the original silicon surface, or oxygen in the ambient
annealing environment, tends to degrade the quality of the NiSi and may WO
2005/086567 PCT/IB2005/001457  3 even cause the complete failure of NiSi
formation (if the original silicon  



surface is covered by a continuous silicon oxide). In a manufacturing
environment, the presence of native oxide represents the major hindrance to
forming such a high quality NiSi layer. [0007] For example, device wafers
on the production line for Ni deposition  may encounter delays. These
delays allow for the growth of native oxide on  the Si surface. If the
growth of native oxide is substantial, it will act as a  diffusion barrier
for Ni, thereby preventing the diffusion of Ni into the silicon  to form
NiSi. Also, a partial growth of native oxide on localized areas of the  Si
surface will lead to non-uniform growth of NiSi, resulting in rough
interfaces and consequent high diode leakage on ultra-shallow junction
devices. [0008] In addition, NiSi is not thermally stable at relatively
high  processing temperatures. For thin NiSi films, severe agglomeration
(or NiSi  island formation) normally begins to occur at 600 0C, while the
transformation of NiSi to NiSi2 takes place at 700C. Both NiSi
agglomeration and NiSi-to-NiSi2 transformation degrade the electrical
properties of nickel silicide films and cause leakage problems in silicided
shallow junctions. [0009] Related art technologies have attempted to
address the deficiencies  of semiconductor devices incorporating NiSi
films. These related art  technologies are typified by U.S. Patent
6,339,021 (titled "Methods for  effective nickel silicide formation"),
which describes a method of forming a  NiSi layer on a. semiconductor
structure or device iii the presence of native WO 2005/086567
PCT/IB2005/001457  



4 oxide. This method includes at least the following three embodiments: 1)
providing a thin Ti capping layer over an underlying Ni layer; 2) providing
a  TiN layer over a Ti capping layer which is over a Ni layer, in order to
free all  the Ti atoms in the Ti capping layer for reaction with the
underlying native  oxide at the Ni-Si interface; and 3) providing a
monolayer of Ti sandwiched  between the native oxide and Ni. In each of
these embodiments, the Ti is  made mobile to react with and to reduce the
native chemical oxide layer  when the substrate is annealed at 600 OC and
to transform the Ni into NiSi.  [0010] Another approach to the NiSi problem
is typified by U.S. Patent  6,531,396 (titled, "Method of fabricating a
nickel/ platinum monosilicide  film"), which describes a method of forming
a NiSi layer on a semiconductor  structure or device by incorporating a
small amount of Pt (5at.%) into Ni to  increase the NiSi2 nucleation
temperature and NiSi agglomeration  temperature. [0011] This mono-metal
doping approach was also tried in PCT  Application no. PCT/SG03/00096
(titled, "Method for forming a nickel  silicide later on a silicon
substrate"). This application describes a method of  forming a NiSi layer
on a semiconductor structure or device that has a layer  of native oxide on
the Si substrate without an increase in silicidation  reaction temperature
by incorporating a small amount of Ti (5at.%). The Ti  atoms reduce the
interfacial oxide to provide a diffusion membrane  facilitating the influx
of Ni into Si substrate to form NiSi. [0012] The above-described
technologies seek to solve the particular  



process-integration issues that are experienced in established methods for
WO 2005/086567 PCT/IB2005/001457  5  implementation in future generations
of semiconductor structures or  devices. That is, NiPt specifically
addresses NiSi2 nucleation and NiSi  agglomeration, and NiTi specifically
addresses NiSi sensitivity to interfacial  oxides. However, distinct
disadvantages of the above-described technologies  arise from their
inability to solve the two process-integration problems  described above
(non-uniform growth and thermal instability), which are the  most probable
concurrently occurring problems associated with the NiSi  process. As a
result, there is a need for an effective technology that will  permit the
utilization of NiSi in very small subrnicron line width  semiconductor
devices. SUMMARY OF THE INVENTION [0013] It is accordingly an object of the
invention to overcome the  disadvantages of the related art. [0014] It is
also an object of the invention to provide a NiSi layer that has  been
grown uniformly and has thermal stability. [0015] Furthermore, it is an
object of the invention to provide an NiSi  layer that can be grown despite
oxide suppression. [0016] The invention, in part, pertains to a. method of
fabricating a nickel  silicide layer that includes providing a silicon
substrate, depositing a layer of  at least a 3-component metal alloy
comprising nickel on a surface of the  silicon substrate, and annealing the
alloy and the silicon substrate to form a  



silicide layer comprising nickel. WO 2005/086567 PCT/IB2005/001457  6
[0017] The invention, in part, pertains to a semiconductor comprising a
layer of suicide comprising nickel prepared by said method. [0018] It is to
be understood that both the foregoing general description  and the
following detailed description are exemplary and explanatory and  are
intended to provide further explanation of the invention as claimed.  BRIEF
DESCRIPTION OF THE DRAWINGS [0019] The accompanying drawings are included
to provide a. further  understanding of the invention. The drawings
illustrate embodiments of the  invention and together with the description
serve to explain the principles of  the embodiments of the invention.
[0020] Figure 1 shows a silicon substrate and oxide layer. [0021] Figure 2
shows a ternary nickel alloy deposed over the silicon  substrate and oxide
layer of Figure 1. [0022] Figure 3 shows the inventive NiSi layer over the
substrate. [0023] Figure 4 shows a. SIMS depth profile for Ni, Pt, Ti and 0
in an as- deposited sample of Nio.9Tio.a5Pto.oc/SiO2/Si. [0024] Figure 5
shows a SIMS depth profile indicating inter-diffusion  between Ni, Pt, Ti
and Si. [0025] Figure 6 shows an XRD measurement indicating the presence of
polycrystalline NiSi as high as 800 C. [0026] Figure 7 shows an XRD
measurement indicating the suppression of  



NiSi2 formation up to 800 oC. WO 2005/086567 PCT/IB2005/001457  7 DETAILED
DESCRIPTION [0027] Advantages of the present invention will become more
apparent  from the detailed description given hereinafter. However, it
should be  understood that the detailed description and specific examples,
while  indicating preferred embodiments of the invention, are given by way
of  illustration only, since various changes and modifications within the
spirit  and scope of the invention will become apparent to those skilled in
the art  from this detailed description. [0028] NiSi formation can be
effectively suppressed or completely inhibited  if a thin interfacial
silicon oxide (or residual oxide) is present between the  deposited nickel
film and the substrate comprising silicon. This sensitivity of  NiSi
formation to surface native oxide (less than 2 nm thick) is one of the
major concerns for the application of NiSi to silicide process in advanced
complementary metal oxide semiconductor (CMOS) devices. [0029] In addition,
the transformation, of NiSi into high resistivity NiSi2  during high
temperature post-silicidation processes represents another  integration
concern, which also needs to be resolved prior to the  implementation of
NiSi into silicide process. [0030] To overcome the disadvantages of the
related art NiSi. technology,  the inventors investigated the formation of
NiSi and the morphological and  thermal stability of NiSi that is formed
using a ternary metal film, typically a  



Ni(Pt,Ti) alloy film (instead of pure Ni), to simultaneously resolve these
two  integration issues using a single process step. WO 2005/086567
PCT/IB2005/001457  8 [0031] The invention, in part, pertains to a method of
fabricating a nickel  silicide layer that includes providing a substrate
comprising silicon,  depositing a layer of at least a 3-component metal
alloy comprising nickel on  a surface of the substrate, and annealing the
alloy and the substrate to form  a silicide laver comprising nickel. [0032]
The invention, in part, pertains to a semiconductor comprising a  layer of
silicide comprising nickel. [0033] The nickel and the platinum in the alloy
layer react with silicon  atoms at the surface of the substrate and form a
NiPtSi layer on the  surface, and a thin native silicon oxide, if present
on the surface, does not  inhibit the formation of the NiPtSi layer due to
the reaction of Ti with the  silicon oxide to form titanium oxides which
migrate to the top surface of the  NiPtSi layer. [0034] The substrate
comprising silicon includes gate, source and drain  regions and optionally
contact regions. Also, the substrate can be a (001)Si  substrate. [0035]
The 3-component metal alloy is formed in a thickness of at least  about 25
Angstroms. Preferably, the thickness is up to 500 Angstroms.  More
preferably, the thickness is 50 to 500 Angstroms. The method of  forming
the alloy on the substrate is not particularly limited; however, it is  



preferred to form the alloy by sputter deposition, thermal evaporation
deposition or CVD. Most preferably by sputter deposition. [0036] The
annealing of the alloy on. the substrate is performed at a  temperature of
at least 350 C. Preferably the temperature of annealing is WO 2005/086567
PCT/IB2005/001457  9 less than 1000 C. Most preferably, the annealing
temperature is 400 C to  800 C. The annealing step can be performed in a
vacuum, in nitrogen gas  or in another inert gas. Any excess metal alloy
remaining after the  annealing step, which has not reacted with at least
one silicon surface, and  the titanium oxide can be removed from the
semiconductor structure. [0037] The 3-component alloy is Nij_h_YTi,Ptt,
where x > 0 and y > 0.  Preferably, x is less than 0.25 and y is less than
0.25. Most preferably,  ranges include 0.10 ? x ? 0.02 and 0.10 >_ y >_
0.02. [0038] In the invention, NiSi2 formation is suppressed up to a
temperature  of about 800 C. Also, there is no substantial film
agglomeration and there  is essentially no NiS2 formation at temperatures
up to about 800 C. [0039] Figure 1 shows a typical Si substrate 10 that has
a surface coating  of oxide film 20. Figure 2 shows a coating of ternary
nickel alloy 30 that is  deposed over the oxide film 20. [0040] However, if
no oxidation has occurred, the oxide film 20 may not be  present and the
ternary metal alloy 30 may be deposed. directly over the  substrate 10.
Also, the oxide film 20 may not be uniform, and the oxide film  20 may be
in the form of islands or particles (not shown) that have formed  



over the Si substrate 10. [0041] After deposition of the ternary nickel
alloy 30, an annealing step is  performed to convert the structure to a
NiPtSi layer 40 over the Si substrate  10, as is shown in Figure 3. During
the annealing step, the titanium reacts  with the oxygen in the silicon
oxide layer allowing the nickel to diffuse WO 2005/086567 PCT/IB2005/001457
10  through the oxide layer to interact with the Si substrate to form the
desired  NiPtSi layer. It is to be noted that none of Figures 1-3 are drawn
to scale.  [0042] 'the annealing step is preferably a rapid thermal
annealing (RTA)  performed in an inert atmosphere (such as nitrogen, argon,
neon or xenon).  The RTA time is most preferably about 1 to 60 seconds.
However other  times can be used up to about 30 minutes. The preferable
annealing time  range is about 1 second to about 2 minutes. [0043] If any
residual ternary nickel alloy remains or if an oxide of one of  the metals
in the alloy forms on the surface, this residue can be readily  removed
using a dry or wet etching process. [0044] The Ti in the ternary nickel
alloy alters the nature of the interfacial  chemical oxide, from being an
effective kinetic diffusion barrier for Ni to  being a Ni permeable
diffusion membrane, through its reaction with the  interfacial oxide, thus
having facilitated the influx of Ni into Si for the  formation of NiSi.
This function is not restricted to Ti, but any appropriate  metal can be
used, such as Zr or HE The Pt specifically addresses NiSi2  nucleation and
NiSi agglomeration issues. Metals other than Pt can be used  



to control agglomeration, such as Pd. [0045] The preferred ternary nickel
alloy is NiTiPt. This ternary alloy can  typically be Nio,9Tio.osPto.os.
Other compositions can be Nio.sTio.iPto.i or  Nio.s sTio.075Pto.075. [0046]
The substrates used in the invention can include p-type(001) Si  wafers.
However, the invention is not restricted to this substrate, and any
appropriate substrate comprising Si can be used such as (111)Si, (01.1)Si
or WO 2005/086567 PCT/IB2005/001457  11 Sil,Ge,, wherein x < 1. Also the
substrate need not be a Si wafer, but can  be Si grown on another material
such as metal. [0047] The physical mechanism of the reduction of
interfacial oxide by Ti  can be described as follows. First, upon
annealing, Ti in the original Nii-1- yTixPty alloy film reacts with the
interfacial oxide, changing the nature of the  interfacial oxide from being
an effective diffusion barrier for Ni and Pt to a  diffusion membrane, thus
allowing for the downward diffusion of Ni and Pt  through the altered oxide
into the underlying silicon. The Ni and Pt atoms  migrate through the
altered-oxide/silicon interface and then react with the  silicon to form a
nickel silicide layer which contains a small amount of Pt in  an alloy form
(but virtually with no Ti due to the very low solubility of Ti in  nickel
silicides). [0048] Since both Ni and Pt migrate during the reaction, the
altered oxide  layer is pushed towards the free surface as more Ni diffuses
towards the  underlying Si substrate. Si does not diffuse through the oxide
in the  



opposite direction, and therefore the oxide layer is always present at the
boundary between the growing silicide and any unreacted metal still
present. After all the Ni has been consumed by the silicidation reaction.,
the  altered oxide layer is left on top of the silicide layer, The altered
layer present  on the surface is in a form of Ti(Ni,Pt)SiyO, oxide compound
and can be  selectively etched off using a suitable solution. (0049] The
enhanced thermal stability of NiSi by the presence of Pt, on the  other
hand, can he understood from an equilibrium thermodynamic  perspective
using entropy of mixing and classical nucleation theory. Since a WO
2005/086567 PCT/IB2005/001457  12 solution with a complete solubility (like
Ni(Pt)Si) possesses higher entropy,  the phase change nom Ni(Pt)Si (i.e.,
NiSi with a small amount of Pt) to NiSi2  + PtSi results in a decrease in
the total entropy of the system, yielding a  reduction in the drive for the
disilicide, i.e., NiSi2, formation. In other  words, the NiSi2 formation
temperature increases. Consequently, the NiSi  with Pt exhibits much
improved thermal stability. [0050] The invention therefore increases the
thermal stability of the NiSi  layer by almost 100 C. In the invention, the
NiSi is observed to be  thermally stable up to about 800 oC. [0051] It is
important to note that the suppressed sensitivity of NiSi  formation to
interfacial oxide as well as the enhanced thermal stability of  NiSi formed
using Nii-,;_yTi,Pty alloy film are achieved without causing other  adverse
effects, such as an increase in electrical resistivity or the need for  



additional process steps. Also, the Ti in the Nil :,.yTi,Pty does not react
with  thick thermal/PECVD/CVD silicon oxides or other commonly used
insulating dielectrics such as SiNX. This thus assures the selective
formation of NiSi only on the desired regions, i.e., exposed silicon or
native  oxide (less than 2 mu thick regions. Unreacted Nii_;,_yTi,Pty on
top of  thermal/PECVD/CVD silicon oxides or other insulating dielectrics
films can  be easily removed using selective etching. EXAMPLES  [0052] The
substrates rased were p-type (001)Si wafers. After the standard  RCA
cleaning, the Si substrates were dipped in a diluted HF solution prior to
WO 2005/086567 PCT/IB2005/001457  13 metallization. To provide a
well.-controlled form of a thin interfacial oxide  (with a similar
thickness to native silicon oxide, 12-15A thick), chemically  grown silicon
oxide was also grown by immersing the Si substrates in a  boiling
HCI/11202/1-120 solution. Pure Ni and NiosTio.osPto.os films of 30 nm  were
then deposited by magnetron sputtering on the (001)Si substrates. The
metallized samples were subsequently subjected to ex-situ rapid thermal
annealing (RTA) in an N2 ambient atmosphere for 60 seconds at  temperatures
ranging from about 300 to 800 C. The silicide films were  analyzed using
x-ray diffraction (XRD) and secondary ions mass  spectroscopy (SIMS).
[0053] Figure 4 shows the SIMS depth profile for Ni, Pt, Ti and 0 in an as-
deposited sample of Nio.oTio.o5Pto.os/SiO2/Si. An. oxygen concentration
peak  



at the interface of metal and Si substrate for a sputtering time of between
90  to 140 seconds indicates the presence of a thin chemically grown
interfacial  oxide. A similar SIMS depth profile was also seen for an
as-deposited  sample of Ni/SiO2/Si (not shown). Subsequently, the two
samples were  subjected to RTA at 400 C and then SIMS measurements were
carried out.  The SIMS depth profiling for Ni/SiO2/Si exhibits almost the
same depth  profiling as that for an as-deposited Ni/Si02/Si sample,
indicating that the  chemically grown interfacial oxide is an effective
diffusion barrier for Ni,  thus prohibiting NiSi formation. [0054] On the
other hand, SIMS depth profiling of the  Nio.gTio.osPto.os/SiO2/Si sample
(shown in Figure 5) shows that an inter- diffusion between Ni, Pt, Ti and
Si had occur red even in the presence of the WO 2005/086567
PCT/IB2005/001457  14 interfacial oxide. The initial interfacial oxide
characterized by the oxygen  concentration peak (as seen in the
as-deposited samples) has been reduced  to noise level limits within the
bulk NiSi formed. The Ti in the Nio.9Ti0.o5Pto.05  has altered the nature
of the interfacial chemical oxide frorn being an  effective kinetic
diffusion barrier for Ni to being a Ni permeable diffusion  membrane,
through its reaction with the interfacial oxide. The Ti thus  facilitates
the influx of Ni. into Si for the formation of NiSi. [0055] To monitor the
transformation of NiSi to NiSi2, XRD measurement  was carried out for both
pure Ni/Si and Nio.9Tio.osPto.os/Si samples. For  Ni/Si samples, XRD peaks
corresponding to polycrystalline NiSi phase only  



were observed after silicidation annealing at temperatures between 400 and
650C, while epitaxial NiSi2 peaks were detected (not shown) after
silicidation annealing at 700C or above. In contrast, for
Nio.9Tio.osPto.os/Si  samples, peaks corresponding to polycrystalline NiSi
were present for  annealing temperatures as high as 800 C (see Figure 6)
with epitaxial NiSi2  peal: appearing at 790 uC or above (see Figure 7),
indicating an almost 100  OC increase in the NiSi-to-NiSi2 transformation
temperature. 'Phis  improvement in NiSi thermal stability, i.e.,
dramatically increased the NiSi- to-NiSi2 transformation temperature, is
attributed to the presence of a small  amount of Pt in NiSi formed, which
resulted in a decrease of the Gibbs free  energy and. thus stabilization of
the silicide. [0056] in summary, it has been demonstrated that the new NiSi
silicide  process using N.ii_a_,,Ti,;Pt,, alloy film can effectively
address the two major  concerns related to NiSi process integration, i.e.,
NiSi sensitivity to WO 2005/086567 PCT/IB2005/001457  15 interfacial oxide
for its formation and the transformation of NiSi to high  resistivity NiSi2
at elevated process temperatures, simultaneously without  additional
process steps and noticeable adverse effects. The reduced NiSi  sensitivity
to the interfacial oxide for its formation would significantly reduce  the
manufacturing yield loss, which is probably caused by the re-growth of
native oxide on exposed silicon regions during the time lag encountered
prior to metallization process in a manufacturing environment. On the
other hand, the enhanced thermal stability would significantly widen the  



process window for both silicidation and post-silicidation processes. The
use  of Ni1-:<-yTi,,Ptt ensures a robust NiSi process which features a
significantly  reduced sensitivity of NiSi formation to interfacial oxide
as well as highly  stable NiSi films. [0057] It is to be understood that
the foregoing descriptions and specific  embodiments shown herein are
merely illustrative of the best mode of the  invention and the principles
thereof, and that modifications and additions  may be easily made by those
skilled in the art without departing for the  spirit and scope of the
invention, which is therefore understood to be limited  only by the scope
of the appended claims. 16  What is claimed is: 1 . A method of fabricating
a nickel silicide layer comprising: providing a substrate comprising
silicon which optionally comprises silicon oxide;  depositing a layer of
nickel alloy on a surface of the substrate wherein the nickel  alloy
comprises nickel, a first alloy that reacts with the silicon oxide to
change the silicon  oxide from an effective diffusion barrier to a
diffusion membrane, and a second alloy that  increases a formation
temperature of nickel disilicide; and annealing the nickel alloy and the
substrate to form the nickel silicide layer. 2. The method of claim 1,
wherein the first alloy of the nickel alloy is selected from  the group
consisting of titanium, zirconium and hafnium; and the second alloy of the
nickel alloy is selected from the group consisting of platinum and
palladium. 3. The method of claim 2, wherein the nickel alloy further
comprises titanium and  platinum and wherein the nickel and the platinum in
the nickel alloy react with silicon at  



the surface of the substrate and form a nickel-platinum silicide layer on
the surface of the  substrate, and wherein the titanium reacts with the
silicon oxide. 4. The method of claim 1, wherein there is no substantial
film agglomeration and  nickel disilicide formation. 5. The method
according to claim 1, wherein said substrate comprising silicon  includes
gate, source and drain regions and contact regions. 6. The method according
to claim 1, wherein the nickel alloy is sputter deposited to a  thickness
of up to 500 Angstroms. 7. The method according to claim I, wherein the
annealing is performed at a  temperature of up to 800 C. 17  8. The method
according to claim 1, wherein any excess nickel alloy, which has not
reacted with at least one surface of the substrate, is removed from the
semiconductor  structure. 9. The method according to claim 2, wherein the
nickel alloy consists of Nii_x_yTixPty  wherein 0.25 > x > 0.02 and 0.25 >
y > 0.02. 10. The method according to claim 1, wherein the annealing is
performed in an  environment selected from one of a group consisting of a
vacuum, nitrogen gas and  another inert gas. 11. The method according to
claim 1, wherein the substrate is at least one selected  from the group
consisting of a (001)Si substrate, a (011) Si substrate, a (111)Si
substrate,  and Sii_xGex, wherein x < 1. 12. A method of fabricating a
nickel silicide layer comprising:  providing a substrate comprising
silicon; 



depositing a layer of Nil_x_yTi,Pty, where I > x > 0 and I > y > 0 over the
substrate;  and annealing the layer ofNii.x_YTixPty and the substrate.  13.
The method of claim 12, wherein x < 0.25 and y < 0.25. 14. The method
according to claim 12, wherein the annealing is performed at a  temperature
of up to 800 C. 15. The method according to claim 12, wherein essentially
no NiSi2 forms up to a  temperature of about 800 T. 18  16. A semiconductor
structure prepared according to the method of claim 1, wherein the
semiconductor structure comprises: a substrate comprising silicon; and a
NiSi layer over the substrate, wherein the NiSi layer does not form NiSiz
at  temperatures up to about 800 C. 17. The semiconductor structure
according to claim 16, wherein the NiSi layer was  formed by depositing an
alloy of Nil_x_YTi.Pty over the substrate and annealing wherein 1 >  x>0
and 1>y>0. 18. The semiconductor structure according to claim 17, wherein
the annealing is  performed at a temperature of up to 800 T. 19. The
semiconductor structure according to claim 16, wherein the substrate is at
least  one selected from the group consisting of a (001) Si substrate, a
(011) Si substrate, a (I11)  Si substrate, and Sii.;,,Gex, wherein x < I. 


