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Enhancement of the formation of theC54 phase of TiSi2 through the introduction
of an interposed layer of tantalum

A. Mouroux,* S.-L. Zhang, and C. S. Petersson
Department of Electronics, Royal Institute of Technology-Electrum, Box E229, S-164 40 Kista, Sweden

~Received 16 December 1996!

When annealing a Ti/Mo bilayer deposited on Si substrate, a layer of~Mo,Ti!Si2 forms first and then acts as
a template for the growth of theC54 phase of TiSi2 at 650 °C that is about 100° lower than what is usually
needed for theC49–C54 phase transformation. We show in this paper that using Ta instead of Mo as the
interposing layer between Ti and Si also leads to the formation of theC54 phase apparently without going
through the otherwise usual sequence for the formation of TiSi2, i.e., theC49 phase forms as a result of the
Ti-Si interaction and theC54 phase forms as the product of phase transformation. The choice of Ta here is
based on simple crystallographic considerations; the in-plane lattice mismatch between the basal planes of the
hexagonal TaSi2 phase and thê010& planes of theC54 phase is within 0.3%, a factor of 10 times better than
that between the basal planes of the hexagonal~Mo,Ti!Si2 phase and thê010& planes of theC54 phase. No
ternary phase seems to form in the Ta-Ti-Si ternary system, and Si is the dominant diffusion species in both
binary systems Ta-Si and Ti-Si. Hence, the formation of the hexagonal TaSi2 phase at the interface between Ti
and Si is expected to be straightforward without complications. The template growth of theC54 phase is found
unaffected by varying the conditions used for the metal deposition. The present results with Ta as well as with
Mo confirm that the template mechanism is responsible for the enhanced formation of theC54 phase of TiSi2.
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I. INTRODUCTION

The formation of TiSi2 is of great importance not only fo
practical applications in the microelectronics industry, b
also for the fundamental understanding of the phase for
tion of intermetallic compounds. TiSi2 may exist either as the
base-centered orthorhombicC49 phase~with a resistivity of
60–70 mV cm! or as the face-centered orthorhombicC54
phase~with a lower resistivity of 15–20mV cm!.1,2 Usually,
the C49 phase forms first as a result of Ti-Si interaction
300–550 °C; and then, theC54 phase forms at aroun
700 °C as the product of theC49–C54 phase transformation
As the low-resistivity stableC54 phase is desired, one of th
main issues with the conventional self-aligned silicide p
cess, used for the formation of TiSi2 for applications in very-
large-scale-integration technology, concerns specifically
C49–C54 transformation. This is particularly the case f
metallization of devices with dimensions below 0.3mm.3 It
is well established that the temperature required for
C49–C54 transformation increases with increasing dop
concentration in Si,4 decreasing thickness of the preform
C49 phase,5 or decreasing linewidth.6–8 In spite of numerous
intensive studies, the formation of TiSi2 is not completely
understood. Alternative methods of forming theC54 phase
have been actively searched for.9

It has been shown recently that the temperature nee
for the formation of theC54 phase can be lowered by 100
150°, either by ion implantation of Mo or W to a dose
small as 1013 ions/cm2 into Si substrates prior to Ti sputte
deposition,10 or by deposition of a thin Mo layer of about
nm thickness between Ti films and Si substrates.11–13 The
dependence of the transformation temperature on linew
is also greatly reduced in the presence of Mo.14,15 The en-
560163-1829/97/56~16!/10614~7!/$10.00
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hanced formation of theC54 phase by the Mo or W ion
implantation is interpreted resulting from the increased nu
ber of active triple junctions in theC49 phase where theC54
phase nucleates.10 The enhanced growth of theC54 phase by
the interposition of a Mo layer is, however, attributed to t
formation of a layer of the Mo-Ti-Si ternary phase of he
agonal structure, i.e.,~Mo,Ti!Si2, between the remaining T
films and the Si substrates.11,12 Once formed, the~Mo,Ti!Si2
layer acts as a template for the growth of theC54 phase. The
in-plane lattice mismatch between the basal~i.e., ^001&!
planes of the hexagonal~Mo,Ti!Si2 phase16,17 and the^010&
planes of theC54 phase18 is within 3%.

If the template growth is the true mechanism respons
for the enhanced formation of theC54 phase, a system dif
ferent from Mo-Ti-Si can also be considered. According
simple crystallographic considerations,19 either Ta or Nb can
be used to replace Mo as the interposing layer between
and Si, since both TaSi2 ~Ref. 20! and NbSi2 ~Ref. 21! have
an identical crystallographic hexagonal structure
~Mo,Ti!Si2 with an even better in-plane lattice match b
tween their basal planes and the^010& planes of theC54
phase. An added advantage of using the Ti/Ta/Si or Ti/Nb
structures is that the formation of hexagonal phase TaSi2 or
NbSi2 at the interface between Ti and Si is anticipated to
straightforward without complications, since the terna
phase, if it exists, in either a Ta-Ti-Si or Nb-Ti-Si terna
system, does not form at the temperature of interest.22–25

Moreover, Si is the dominant diffusion species in all t
relevant binary metal-Si systems in the two ternary syste
being considered here.26

In the present work, the effect of an interposed Ta la
on the formation of TiSi2 is first investigated. It will be
shown that Ta indeed has the same effect as Mo in enhan
10 614 © 1997 The American Physical Society
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56 10 615ENHANCEMENT OF THE FORMATION OF THEC54 . . .
the formation of theC54 phase via the template mechanis
The impact of interfacial impurities on the formation of th
silicides will then be studied by varying the conditions f
the deposition of the Ti/Mo bilayers.

II. EXPERIMENT AND ANALYSIS

The substrates used in this work were always Si wafer
^100& orientation, 100 mm in diameter, lightly boron-dope
with a resistivity of about 10V cm. Prior to metal deposi
tion, the wafers were cleaned following the standard wa
cleaning procedure which ended with native oxide remo
by a short immersion in diluted HF (HF:H2O51:10) and
then were water-rinsed and spin dried. Three different m
depositions were carried out in a dual source electron-b
evaporator: one with 60 nm Ti as control, one with a bilay
of 60 nm Ti on top of 0.5 nm Mo, and one with a bilayer
60 nm Ti on top of 0.5 nm Ta. All thickness values a
nominal ones. For the bilayer depositions, the metals w
deposited consecutively without breaking the vacuum. T
base pressure in the evaporator was 231027 Torr. The
vacuum chamber was always first purged with N2 and then
pumped down to the base pressure before metal depos
In order to study how impurities could affect the silicid
formation, no N2 purge was made for some depositio
where the time spent for pumping down the chamber to b
pressure was considerably longer. Annealing, from 600
750 °C for 30 s was performed in N2 with an AG Associates
Heatpulse Rapid Thermal Annealing~RTA! system. Silicide
formation was monitoredex situby sheet resistance measur
ment using a four-point probe. To facilitate the resistan
measurement of the silicide layers, unreacted metals as
as any surface TiN formed during RTA were removed sel
tively by immersing the wafers sequentially in H2O2:H2SO4
~1:4! at 90 °C for 10 min. and then in NH4OH:H2O2:H2O
~1:1:5! at 40 °C for 10 min, followed by a water rinse an
spun drying. The layer configuration, thickness and com
sition were determined by Rutherford backscattering sp
trometry ~RBS! with 1He ions at an acceleration energy
2.4 MeV. A u-2u ~Bragg-Brentano geometry! x-ray diffrac-
tometer~XRD! equipped with a Cu tube and a post-sam
monochromator was employed to identify phase format
and to study crystallographic orientation. Cross-sectio
transmission electron microscopy~TEM! was used to study
local morphology of the silicide layers as well as to provi
lattice images of the silicides formed. Depth profiling of t
elements involved in the metal-Si systems was carried
using secondary-ion mass spectrometry~SIMS!.

III. RESULTS AND DISCUSSION

A. Influence of Ta on the formation of the C54 phase

Figure 1 shows the variations of sheet resistance of
silicide layers versus the annealing temperature used for
formation of the silicide. The~equivalent! thickness of the
Ta layer is 1.33 nm and that of the Ti layer 87 nm, calcula
from the RBS spectra with the bulk density of the respect
metals. It is seen clearly in the figure that Ta has the sa
effect as Mo on the reduction of the sheet resistance of
silicide layers formed at 650 °C and above. Only after a
nealing at 750 °C, the sheet resistance of the silicide form
.
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on the control wafer with pure Ti reaches the same low va
as the two wafers with either Ti/Mo or Ti/Ta bilayer. They
axis of the figure, i.e., sheet resistance inV per square, is in
the logarithmic scale.

In order to understand the variation of the sheet resista
depicted in Fig. 1, the wafers were analyzed with XRD; t
results~partial spectra from 38 to 44°! are shown in Fig. 2.
The y axis of the figure, i.e., intensity in counts per seco
~c/s!, is also in logarithmic scale to display weak diffractio
peaks while still showing the full features of intense ones.
600 °C, only theC49 phase of TiSi2 is found on the control
wafer, evidenced by theC49 ~131! peak at 2u541.2° shown
in Fig. 2~a!. At the same temperature, the ternary hexago
~Mo,Ti!Si2 phase forms in the presence of Mo@see the broad
peak at about 2u541.5° in Fig. 2~b!, which is assigned to
~003! of ~Mo,Ti!Si2#, in agreement with our previou
results.11 However, phase formation cannot be concluded
XRD for the wafer with a Ta interposing layer and annea
at 600 °C, cf. Fig. 2~c!. These results are in accordance w
the sheet resistance data shown in Fig. 1; for the Ti/Ta
structure, the sheet resistance is the highest among t
three wafers annealed at 600 °C.

Raising the annealing temperature to 650 °C does
change the phase formed on the control wafer, except
the intensity of theC49 ~131! diffraction peak is now in-
creased by a factor of about 3@Fig. 2~a!#. The formation of
the C54 phase of TiSi2 is evident on the wafer with a Mo
layer, as two diffraction peaks of this phase are detec
unambiguously, i.e.,~040! at about 2u542.4° and~022! at
about 2u543.4°, together with the~Mo,Ti!Si2 ~003! peak
@Fig. 2~b!#. On the wafer with a Ta layer, a diffraction pea
at about 2u540.3° is detected and assigned to~111! of the
hexagonal TaSi2 phase. However, theC54 phase is not found
according to XRD@Fig. 2~c!#, which appears inconsisten
with the resistance measurement results which indicate
formation of this phase~Fig. 1!. The discrepancy betwee
the XRD results and the sheet resistance data will be
cussed later.

Increasing the annealing temperature further to 700
does not change the basic features of the silicide forma
with only one exception: theC54 phase now becomes de

FIG. 1. Sheet resistance of the silicide layers formed with
different metal systems deposited on the^100& Si substrates as a
function of anneal temperature. The sheet resistance was mea
after selective removal of unreacted metals and surface TiN by
chemical etching.
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10 616 56A. MOUROUX, S.-L. ZHANG, AND C. S. PETERSSON
tectable together with the TaSi2 ~111! peak on the wafer with
Ta @see theC54 ~311! peak at about 2u539.3° in Fig. 2~c!#.
However, the intensity of this peak seems to be too wea
account for the amount of the TiSi2 formed as can be con
ceived from the corresponding resistance value in Fig. 1

When annealed at 750 °C, theC49 phase is converted t
theC54 phase for the entire TiSi2 layer on the control wafer
@Fig. 2~a!#. TheC49–C54 phase transformation completes
a very narrow temperature window (;50°), typical of such
processes controlled kinetically by nucleation.27 On the other
hand, no fundamental changes can be observed for the
cides formed on the wafers with an interposed layer of eit

FIG. 2. Diffraction patterns of the silicide~s! formed at various
temperatures~a! on the control wafers with pure Ti,~b! on the
wafers with the Ti/Mo bilayers~deposited with the N2 purge!, and
~c! on the wafers with the Ti/Ta bilayers.
to

ili-
r

Mo or Ta. For the case with Mo, theC54 ~220! peak begins
to become comparable~in intensity! with the~040! peak, Fig.
2~b!. For the case with Ta, the~311! peak of theC54 phase
continues to increase in intensity, but the TaSi2 ~111! peak
seems to disappear altogether from the spectrum in Fig. 2~c!.
As the hexagonal TaSi2 is the stable phase in the temperatu
range studied in the presence of excess Si, the disappea
of the TaSi2 ~111! peak in the XRD spectrum can only b
attributed to a slight change in the crystallographic orien
tion of the TaSi2 crystals with reference to the wafer norma
The~Mo,Ti!Si2 and TaSi2 layers formed are both found to b
strongly textured but with different preferential orientation
The former has a clear̂001& texture and the latter tends t
have a^111& orientation. Thus, alignment of the crystallo
graphic orientations of the crystals in these layers in relat
to the wafer normal is important for the XRD analysis. Th
is considered to be the reason also for the undetectableC54
~311! peak for the wafer annealed at 650 °C. How the pr
erential orientation of TaSi2 will influence the texture of the
C54 phase subsequently grown on its top will be made c
below.

What is significant with the results above is the appar
suppression of the formation of theC49 phase of TiSi2 with
the presence of an interposed layer of either Mo or Ta. As
the case of Mo,11 the TaSi2 is found to remain at the interfac
between theC54 phase and the Si substrate during t
growth of TiSi2, according to the RBS results shown in Fi
3. How TaSi2 enhances the formation of theC54 phase of
TiSi2 is discussed as follows.

The in-plane lattice mismatch between the basal plane
the hexagonal TaSi2 phase and thê010& planes of theC54
phase is within 0.3%, 10 times better than that between
basal planes of the hexagonal (Mo,Ti!Si2 phase and thê010&
planes of theC54 phase.11,12 Therefore, it is reasonable t
suggest that the hexagonal TaSi2 phase, like the hexagona
(Mo,Ti!Si2 phase, also acts as a template for the formation
the C54 phase of TiSi2 already at 650 °C. According to Fig
4, the angle between the^111& and ^001& planes of the hex-
agonal TaSi2 is 70° ~left sketch!, and that between thê311&
and ^010& planes of theC54-TiSi2 is 74.4° ~right sketch!.
Thus, matching thê010& planes of the TiSi2 with the ^001&

FIG. 3. RBS spectra showing the growth of TiSi2 on top of
TaSi2, as can be concluded by the energy position of the Ta p
for the wafer annealed at 750 °C. For the annealed wafer, unrea
metals and surface TiN were selectively removed.
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56 10 617ENHANCEMENT OF THE FORMATION OF THEC54 . . .
planes of the TaSi2, equivalent to epitaxial growth of the
TiSi2 on the TaSi2, will give rise to a small angle of 4.4
between thê311& planes of the former phase and the^111&
planes of the latter one. The simultaneous observation of
~111! peak of TaSi2 and the~311! peak of theC54 phase in
Fig. 2~c! is then considered as a consequence of the epita
alignment of thê 010& planes of theC54 phase towards th
^001& planes of the hexagonal TaSi2 phase.

The epitaxial growth of transition-metal silicides on
substrates has been systematically studied.28 On a clean Si
surface, hexagonal MoSi2 can grow epitaxially on̂100& Si
with the normal of its basal planes parallel to Si^100&. Thus,
~Mo,Ti!Si2 may also grow epitaxially on̂100& Si either via
MoSi2 or directly, as (Mo,Ti!Si2 and MoSi2

29 differ very
little in their lattice parameters. Hence, it is the epitax
planes that are observed in Fig. 2~b! for the Ti/Mo/Si struc-
tures, i.e., the~Mo,Ti!Si2 ~003! peak as well as theC54 ~040!
peak. As the epitaxial growth of hexagonal TaSi2 on ^100& Si
occurs under different conditions from MoSi2,

28 it can be
understood that different diffraction peaks are observed
the TiSi2 /TaSi2 silicide bilayers@Fig. 2~c!#. The observation
of the C54 ~311! peak relies on the epitaxial alignment
another crystallographic orientation~i.e., ^010&! towards the
^001& orientation of the underlying TaSi2. The angle of 4.4°
between thê111& planes of TaSi2 and the^311& planes of
TiSi2 ~Fig. 4! is thus concluded to be responsible for t
failure ~a! to detect the TiSi2 ~311! peak on the wafer an
nealed at 650 °C and~b! to detect the TaSi2 ~111! peak on
the other wafer annealed at 750 °C, i.e., Fig. 2~c!. That the
TaSi2 layers tend to be preferentially oriented towards^111&
instead of the reported28 ^11̄0&, ^1̄24&, or ^1̄22& may depend
on the conditions used for the deposition of the Ti/Ta bila
ers.

B. Influence of interfacial impurities on the formation
of the C54 phase

The preparation of the metal layers has an important b
ing on the growth of the silicide layers. Figure 5 shows t
XRD results of the silicide formation from the Ti/Mo bilay
ers deposited without purging the vacuum chamber with2.
They will be denoted as samples B hereafter, in oppositio
the previously analyzed samples A. The TiSi2 layers grown
are again only composed of theC54 phase according to
XRD and sheet resistance measurement~below!. But they
are characterized with â311& preferential orientation, simi-
lar to the TiSi2 layers formed from the Ti/Ta bilayers@Fig.
2~c!# but different from those formed from the ‘‘clean
Ti/Mo bilayers deposited after purging the chamber with2

FIG. 4. Schematic presentation of the angular relationship
tween thê 111& and^001& crystallographic planes of the hexagon
TaSi2 phase~left sketch! and the^010& and ^311& crystallographic
planes of theC54 phase of TiSi2 ~right sketch!.
he
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~denoted as samples A hereafter! @Fig. 2~b!#. Further, the
ternary~Mo,Ti!Si2 phase is not found in Fig. 5.

The preferred^311& orientation of theC54 phase on
samples B is confirmed by the cross-sectional TEM analy
of these wafers. As seen in Fig. 6~a!, the TiSi2 layer formed
at 750 °C is characterized with a very smooth surface and
interface with the Si substrate. On Fig. 6~b!, the lattice image
of the C54 phase is shown and the distance between
adjacent columns of atoms is found to be about 0.365
This value coincides precisely with the interplanar distan
for the ^111& planes of theC54 phase, i.e., 0.373 nm.18 The
angle between the horizontal line~e.g., along the TiSi2-Si
interface! and these atomic columns is measured to
around 30°, which corresponds to the angle between
^111& and ^311& planes of theC54 phase. Thus, thê311&
planes are parallel to the sample surface and are detec
by XRD ~in the present diffraction geometry!. The angular
relationship illustrated for TaSi2 in Fig. 4 is also quite valid
for ~Mo,Ti!Si2. That the ~111! peak of ~Mo,Ti!Si2 is not
found in Fig. 5 is interpreted as resulting from the very sm
amount of this hexagonal phase with the very low scatter
efficiencies of the Mo and Ti atoms as compared with tha
the Ta atoms. In addition, thê111& orientation of the
~Mo,Ti!Si2 crystals may also be slightly off from the wafe
normal.

The sheet resistance measurement results from samp
are depicted in Fig. 7. For the sake of comparison, the re
tance results from samples A as well as those from the
cide layers formed on the control wafers are also included
the figure. The resistivity, with the thickness information o
tained from the RBS measurement, of the TiSi2 layers is 16.3
mV cm for the silicides formed on samples B. This value
slightly higher than those of the silicide layers formed
samples A~15.2mV cm! and formed with the Ti/Ta bilayers
~14.5mV cm!, but quite comparable with that of the silicid
layers formed on the control wafers without either Mo or
~16.6mV cm!. Nevertheless, these low-resistivity values pr
vide immediate evidence of the formation of theC54 phase
of TiSi2 at 650 °C with an interposed layer of Mo or Ta
despite the difference in the preparation procedures~with and
without chamber purging with N2! prior to the deposition of
the Ti/Mo bilayers.

e-

FIG. 5. Diffraction results depicting the formation of theC54
phase of TiSi2 with the Ti/Mo bilayers deposited without the N2

purge~denoted as samples B!.
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10 618 56A. MOUROUX, S.-L. ZHANG, AND C. S. PETERSSON
The sheet resistance of samples B is consistently hig
than that of samples A~Fig. 7!. This difference in sheet
resistance results mainly, according to RBS, from the diff
ence in the thickness of the TiSi2 ~C54 phase! layers formed.
For instance, the TiSi2 layer is 95 nm thick on samples A bu
only 63 nm on samples B after annealing at 750 °C. T

FIG. 6. Cross-sectional TEM pictures of the TiSi2 formation at
750 °C with the Ti/Mo bilayers deposited without the N2 purge
~samples B!. The surface TiN is kept unetched. Besides, a Pt lay
was deposited on top of the sample surface in order to protect
silicide layers during the sample preparation for TEM.~a! The TiSi2
has a smooth surface and a flat interface to the Si substrate~b!
Lattice image of the section indicated by the arrow in~a! shows the
atomic columns of thê111& planes of theC54 phase of TiSi2. The
ternary~Mo,Ti!Si2 phase between TiSi2 and Si substrate is howeve
too thin to reveal.
er

-

e

SIMS depth profiling of these two particular samples a
shows clearly this thickness difference, Fig. 8~with the sur-
face TiN layers being kept unetched!; the displacement of
the Mo peak towards longer sputtering time for samples
indicates a thicker TiSi2 layer formed on top of it, as com
pared with the TiSi2 layer on samples B. However, wheth
purging with N2 has any influence on the growth rate of th
C54 phase cannot be concluded here, since the thicknes
the initial Ti layers is different for these wafers, 83 nm f
samples A and 58 nm for samples B.

It is now established that purging of the chamber with2
not only affects the resistivity of the TiSi2 layers grown but
also has a noticeable impact on the preferential orientatio
the ~Mo,Ti!Si2 andC54 phases formed. The thickness of t

r
he

FIG. 7. Sheet resistance of the silicide layers formed with
Ti/Mo bilayers deposited on thê100& Si substrates with~samples
A! and without~samples B! the N2 purge. The resistance results o
the silicide layers formed on the control wafers are also shown
comparison. As in Fig. 1, the sheet resistance was measured
selective removal of unreacted metals and surface TiN by
chemical etching.

FIG. 8. SIMS depth profiling showing the distribution of th
elements involved in the systems after the silicide formation
750 °C, with the Ti/Mo bilayers deposited with~samples A, filled
symbols! and without~samples B, open symbols! the N2 purge. The
surface TiN is kept unetched. The displacement of the Mo p
towards longer sputtering time indicates more TiSi2 formed on
samples A than on samples B, under the same conditions for
silicidation anneal. It is worthwhile to point out that the oxyge
level at the interface between the silicide and the Si is below
detection limit of SIMS for both samples.
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56 10 619ENHANCEMENT OF THE FORMATION OF THEC54 . . .
Mo layers deposited is 0.76 nm for samples A and 0.52
for samples B, according to RBS. However, the variation
the Mo thickness from 0.5 to 2.0 nm does not influence
growth of the^001&-oriented hexagonal~Mo,Ti!Si2 and then
the^010&-orientedC54 phase of TiSi2.

11 Moreover the initial
Ti thickness cannot make such a difference in the silic
formation in terms of the resistivity and preferential orient
tion of the TiSi2 layers.12 Thus, it is suggested that othe
factors, possibly interfacial oxygen including the oxygen
native oxide and the oxygen incorporated in the depos
Mo layers, are responsible for the difference in the silici
formation on samples A and samples B.

As Mo cannot reduce SiO2,
30 the presence of interfacia

oxygen can hinder the diffusion of Si towards the metal la
ers to form ~Mo,Ti!Si2 and TiSi2. Interfacial oxygen can,
however, be removed from the interface once it is in cont
with Ti at the annealing temperatures used.30 This may ex-
plain why the oxygen level at the interface between the s
cides and Si substrates is below the detection limit of SIM
for both samples~Fig. 8!. Therefore, the interfacial oxygen
if ever introduced because of the variations of the prepa
tion procedure for the Ti/Mo bilayer deposition, does n
seem to stop the formation of~Mo,Ti!Si2. The direct growth
of the C54 phase of TiSi2 is then guaranteed.

IV. CONCLUSIONS

It has been demonstrated that with the interposition o
thin layer of either Mo or Ta between Ti and Si, theC54
phase of TiSi2 can be formed apparently without the need
go through the otherwise usualC49–C54 phase transforma
tion. The formation of the hexagonal~Mo,Ti!Si2 or TaSi2
phase is found to be responsible for the easy, early forma
of the C54 phase. Although the resistivity and preferent
f
e

e
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d
e

-

ct

i-
S

a-
t

a

n
l

orientation of theC54 phase formed can depend on th
preparation procedure used for the deposition of the m
layers, the template mechanism resulting in early growth
the C54 phase seems to be unaffected.

As the in-plane lattice match between theC54 phase of
TiSi2 and the template~crystalline! phase is of prime impor-
tance for template growth, a number of other phases suc
NbSi2 and ~W,Ti!Si2 ~Ref. 31! can also be utilized for the
purpose of enhancing the growth of theC54 phase. How-
ever, caution should be exercised in choosing a new m
system and at least two properties need to be examin
compound formation within the new metal system in conta
with Si and the mobility of the metals involved in compar
son with Si.

The template mechanism may also be operative in
experiments with ion implantation of Mo or W into Si prio
to Ti deposition.10,14 A continuous layer of~Mo,Ti!Si2 or
~W,Ti!Si2 does not have to be a prerequisite for the enhan
formation of theC54 phase. Small particles of these terna
phases spread over the interface between the Ti layer and
Si substrate can act as seeds for the nucleation of theC54
phase. Whether this hypothetical mechanism is true rem
to be investigated.
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