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Abstract

The impact of the Pre Amorphization by Ge Implantation (PAI) on Nio.oPto1 silicide is studied. Reactions
between a 10 nm thick Nio.oPto1 film and Si (100) substrate are analyzed as a function of the induced
amorphous thicknesses. In view of being compatible with the integration constraint of the 28 nm CMOS
technologies, the Ge implantation dose is fixed at a low level. The relative position of the amorphous/crystalline
interface and the silicide growth front is defined for each sample. Then, in-situ XRD analyses, X-Ray
Reflectometry (XRR) and Sheet resistance (Rs) measurements are achieved to provide a deep study of silicide
growth kinetics and silicide properties. First, a clear relationship is established between the silicide growth rate
and the amorphous thickness. Secondly, an easier NiSi nucleation and a decrease of its resistivity is observed
when NiSi nucleates at the 6-Ni2Si/a-Si interface. These observations are discussed considering the impact of
the amorphous layer on the driving force, the nucleation barrier, the lateral growth rate, and NiSi roughness.
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1. Introduction

Silicides are obtained by solid state reaction
between a thin metal film and a Si substrate. In
microelectronics devices and more precisely for
technology nodes below 65 nm, the Ni silicide is the
preferred material because of its low resistivity, low
thermal budget and low silicon consumption
required for the NiSi formation [1]. Nevertheless,
the NiSi has two major drawbacks. First, the NiSi
phase is no longer stable after 600°C due to
agglomeration issues. Then, from 750°C, the
resistive NiSi2 phase nucleates at the expense of
the NiSi. These issues are partly solved with the
addition of Pt to the Ni. Thereby, the Pt alloyed to
the Ni allows to extend the thermal stability up to
900°C from 40 nm thick silicides [2], without
drastically changes the Ni-silicides advantages. In
addition, Detavernier et al. report that the addition
of Pt to the Ni reduces the importance of the
axiotaxy between the NiSi and the Si. This
modification of the texture is assumed to reduce
the agglomeration [3]. Consequently, for 28 nm
FDSOI technologies node devices, the NiogPto.1
mono silicide is the update contact material [4,5].
NiooPto.r silicide phase sequence, Kinetics
parameters and properties are well studied [6-12].
The reaction between the NiogPtor and the Si
results of a sequential growth: the 8-Ni:Si phase
grows first. Then, once the NiooPto1 layer is totally
consumed, the NiSi phase grows at the expense of
the B-NizSi layer. Finally, the NiSi is consumed at
higher temperature by the NiSiz formation. Even if
the thermal stability is improved

with the addition of Pt, the agglomeration is still an
issue, particularly for thin silicide layers around 10
nm. In previous studies, the Pre-Amorphization of
silicon before the silicidation using ion Implantation
(PAI) has been intensively employed. Van Stiphout
et al. report that the PAI modify the kinetic and the
phase sequence of the Ni silicide depending on the
implantation parameters [13]. Indeed, for Ar PAI,
the NiSi nucleation temperature is reduced.
However, for N PAI, the NiSi nucleation
temperature is increased with the dose until the
phase sequence change. For high doses of N
incorporated, the intermediate theta phase is no
longer formed, instead an amorphous phase, a-
NiSi appears. In addition, an improvement in
thermal stability is related to NiSi axiotaxy loss and
higher Nitrogen incorporated into the silicide layer.
Moreover, Lachal et al. and Ozcan et al. put
forward the influence of the amorphous thickness
on the silicide properties and kinetics [14,15].
Lachal et al. studied the impact of the Ge and Si on
the NiooPtoa silicides properties. The silicide
roughness, the thermal stability and the resistivity
are improved. Moreover, a clear dependance with
the amorphous thicknesses formed during the
implantation is evidenced [14].

These improvements and kinetics changes
indicate that the damaged or amorphous silicon
has an influence on the silicidation. However, the
kinetics and mechanisms related to these changes
are not deeply investigated. To continue the work
of Lachal et al, we focused on the impact of Ge
implantations at several energies to make the
amorphous silicon thicknesses vary.
Consequently, our main interest is to determine the
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position of the amorphous/crystalline interface (a-
Si/c-Si interface) compared to the consumed
silicon during the first and second annealing from
which the ©-Ni2Si and NiSi phase grows,
respectively. The purpose of this work is to study
both  ©-Ni2Si and NiSi phases kinetics and
properties as a function of the amorphous
thickness.

2. Experimental

Two identical series of samples were processed,
one in a R&D environment (CEA-Leti) and the
second one in a production environment (ST
Microelectronics). Minor differences linked to tool-
sets differences and variability are expected. As
the same results are obtained for both series, the
repeatability and robustness of the observations
are evidenced. P-type Si (100) blanket wafers with
a resistivity of 20-40 Q.cm were used. Prior to the
pre amorphization step, the samples were
desoxidized using a HF/HCL solution. Then, Ge
implantations were performed in a VIISTA HCP ion
implanter. Implantation conditions were chosen to
vary the thickness of the amorphous Si (a-Si)
between 2 and 15 nm. The implantation
parameters needed to reach the targeted a-Si
thicknesses were determined by TCAD simulation,
with Synopsys Sentaurus process simulator : the
analytical model based on experimental fit was
used and the a-Si/c-Si interface was set as the
depth corresponding to 2E22 cm-® damages. The
dose was fixed at 1E14 at/cm?2 for each sample
while the energy varies from 1 to 11 keV. The as
implanted samples were then characterized by
TEM analyses to control the coherence between
the targeted and measured thicknesses. Prior to
the Nio.oPto.s/TiN deposition, the Si wafers were
cleaned by HF/HCL solution and by in situ chemical
etch and anneal process (Siconi™ Process [16]). A
10 nm Nio.oPto.1 layer and a capping layer of 7 nm
thick TiN were then both deposited by magnetron
sputtering. In addition to the PAI sample, a sample
without PAI is also provided as reference.

The Nio.sPto1/TiN layers deposited on the Si were
then submitted to the standard silicidation process.
First, a rapid thermal anneal at 230°C for 20s
(RTA1) was performed. Then, the unreacted NiPt
and TiN capping were removed by wet selective
etching. Lastly, a second rapid thermal anneal at
390°C for 30s (RTA2) was performed.

Two sets of samples were prepared: the first set of
samples were stopped after the selective etching
while the second ones undergone the whole
silicidation process (i.e., until RTA2). All samples
were characterized by X-Ray Reflectometry (XRR)
to determine the silicide thickness. Four-point probe
was used to measure the sheet resistance (Rs) and
calculate the silicide resistivity.

To estimate the change in phase sequence, two as
deposited samples, the reference, and the Ge PAI
sample with the thicker amorphous layer, were
characterized by in-situ annealing in a Panalytical
Empyrean diffractometer  (in-situ XRD). The
system was configured in symmetrical Bragg-
Brentano geometry and the chamber was under
vacuum (1075 —10"° Torr range). The ©-20
diffractograms were recorded over 26 range from
25° to 60° during a step-by-step temperature
increase of 5°C from 50 to 400°C. Each
diffractogram extracted takes 3 minutes at each
step.

3. Results

Fig. 1 shows the TEM analysis of the Si substrates
after the 5 keV and 11 keV Ge PAI. The
thicknesses of the amorphous Si are about 7 nm
and 13 nm, respectively. However, the amorphous
layer obtained is not perfectly homogenous.
Indeed, crystalline pockets are present toward the
surface. In addition, the a-Si/c-Si interface is quite
rough, and a damage layer of about 2 nm is
observed. Table 1 compares targeted and
measured thicknesses of the amorphous Si for the
different implantation. Despite this effects, the
targeted and measured a-Si thicknesses are well
fitted by including the thickness of the damaged
layer inside the total amorphous one.

Ge PAI 5 keV Ge PAI 11 keV

a-Si=~13nm

amorphous
silicon

: ¢ , \ damaged silicon =~ 2 nm

Som

Fig. 1. TEM micrographs of as implanted undoped
Si(100), with 1E14 at/cm? Ge PAI (a) 5keV and (b)
11keV for R&D environment samples. Production
environment samples show similar results (not
shown here)

Table 1. a-Si thicknesses according to the
implantation parameters
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Fig. 2 shows the in situ XRD measurements for the
reference sample without PAI and the sample with
the thicker amorphous thickness (Ge PAI with 11
keV, thus all the silicidation occurs inside the a-Si).
The XRD peaks intensity are plotted as color level
as a function of the temperature and the diffraction
angle to follow the reaction between the NiooPto.1
film and the Si substrate.

Ge PAl : a-Si=15nm

Reference : no PAI

Temperature °C
Temperature °C

S \T(ONi,Si)
= 15°C

40 45 50 55
2theta® 2theta®

Fig. 2. (Color online) In situ XRD measurements of
the reaction of a 10 nm Nig.oPto.1 film on Si (100) for
a) the reference without PAI and b) the sample with
an amorphous thickness of 15 nm corresponding
to the 1E14 at/cm? 11keV Ge PAI

For both samples the silicide phase sequence are
similar. The ©6-Ni2Si phase grows first by
consumption of the NiPt film. Only the decrease of
the NiPt peak intensity can be seen in Fig. 2.
Therefore, the intermediate phase should be an
amorphous phase or the 6-Ni:Si phase. Indeed, the
0-Ni2Si phase cannot be seen with the 06/26
geometry due to the epitaxy of the 8 phase on Si
(100) [6]. Thus, accordingly to the previous studies
about the Nio.oPto.1 silicide phase sequence [7-12],
the intermediate phase is assumed to be the
crystalline 8-Ni2Si phase. Then, once the NiPt is
totally consumed, there is a temperature gap
before the NiSi nucleates at the 6/Si interface.
Even if the phase sequence is the same, kinetic
variations are observed between the two samples:
kinetic is faster for the Ge PAI sample compared to
the reference. First, the NiPt layer is totally
consumed at lower temperature (minus 15°C),
which reveals that the 8 phase growth rate is
enhanced when growing on the a-Si substrate.
Then, the NiSi appears at lower temperature
(minus 25°C). In addition, the temperature gap

between the total consumption of NiPt and the NiSi
nucleation is reduced by 15°C. During this gap, the
Nio.oPto.1 is totally consumed, thus the 6 phase is
not growing and the NiSi has not begun to
nucleate. Such a gap has been reported [17] and
was recently attributed to a difficult in nucleation of
NiSi by El Kousseifi et al [11]. The lowering of NiSi
nucleation temperature for the PAI sample may
thus imply that the NiSi nucleation is easier at the
B/a-Si than at the 6/c-Si interface.

The in situ XRD measurements allow to study the
silicide phase sequence and kinetics evolution
during slow temperature ramps. However, the
contact formation in microelectronics has much
faster heating rates and shorter times. Therefore,
the silicide kinetics and properties will now be
analyzed for the two rapid thermal anneals used for
the silicide process (RTAL and RTA2).

Fig. 3 shows the XRR curves of the samples after
RTAZ2 (i.e., when NiSi is formed) for different PAI
energies. XRR allows to measure the thickness
and the roughness of the silicide layer through the
spacing and the magnitude of the oscillations. Fig.
3 clearly shows that the spacing between the
oscillations decreases with increasing PAI energy
and indicates that the NiSi thickness increases with
increasing thickness of a-Si that scales with the PAI
energy. This result indicates that the kinetics of
silicide formation is enhanced on a-Si.
Furthermore, the magnitude of the oscillations
slightly decreases with increasing PAI energy. As
the roughness is inversely proportional to the
magnitude of the oscillation, the NiSi roughness
seems to increase qualitatively with the amorphous
thickness, but it was difficult to quantify the change
in roughness from the curves in Fig. 3. However,
the simulation of XRR curves after RTALl (not
shown) and after RTA2 (Fig. 3) samples have
allowed to determine the thicknesses of the 8-Ni2Si
and NiSi layers, respectively.

107

10% -

12 16 20 24 28 32
2Theta (°)

Fig. 3. Evolution of the XRR spectra for the different

implantation conditions, Ge PAIs with a dose of

1E14 at/cm?, and energies from 1 to 11 keV,

corresponding to a-Si thicknesses increasing
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Fig. 4. Evolution of the silicide (a) thickness and (b) resistivity as a function of the a-Si thickness

Fig. 4.a present the B6-Ni:Si and the NiSi phase
thicknesses, respectively formed during the RTA1
and RTA2, that were determined from the XRR
measurements. Both NiSi and 6-Ni2Si thicknesses
increase with the a-Si thickness until the silicide
thickness reaches a constant level. Fig. 4.a shows
also that there is a clear correlation between the
thickness of B-Ni2Si and the one of NiSi. In fact, this
correlation is linked to conservation of matter.
Indeed, since the NiPt has been selectively etched
before the RTA2, the available amounts of Ni and
Pt atoms and thus the NiSi thickness depends only
on the B thickness which grows during the RTA1.
In other words, the NiSi thickness corresponds to
the whole transformation of B6-Ni2Si thickness
formed during RTAL into the NiSi phase. Thus, the
NiSi thicknesses are not representative of a kinetic
variation during the RTA2 but only to the change of
kinetics during RTAl. According to the
conservation theory of matter, as 10 nm of Nio.oPto.1
were deposited on the Si substrates, about 18 nm
of the BNi.2Si phase should have been measured if
the entire NiPt layer had reacted. As the silicide
thicknesses measured are far less than 18 nm, the
NiPt layer was not fully consumed regardless of the
amorphous thicknesses. Consequently, as the
thermal budget of the RTAl was fixed for all the
samples, any change in the 8-NixSi thickness is
representative of a change in kinetic of the 6-Ni2Si
formation.

Fig. 4.a shows that the thickness of the 8 phase is
the lowest for the reference without PAI. For
production environment samples, it increases for
the 2.5, 6 and 9 nm a-Si and reaches a maximum
of 9.8 nm of 6 from 11 nm of a-Si. The slight
variation observed for the R&D environment

samples are attributed to the intrinsic mismatch
between equipment and process. For both series

of samples, these different stages show that the
kinetics of 8 formation is faster when the NiPt
reacts with a-Si than with c-Si. Indeed, the position
of the silicide growth front related to the amorphous
thicknesses vary for each sample. The 6 phase
grows only on c-Si for the reference sample. It
grows first on a-Si and then on c¢-Si for 2.5 and 6
nm and 9 nm. For the three highest a-Si
thicknesses, 8 grows only on a-Si since the a-Si
thickness is superior to the silicon thickness
consumed to form the 6 phase. The Si consumed
is calculated from the silicide thickness, according
to the conservation theory of matter. Thereby about
6.5 nm of Si is consumed for 9.5 nm of 6. The 6
growth rate is thus faster on a-Si than on c-Si.

Fig. 4.b shows that the sheet resistance for the post
RTA2 samples slightly decreases with increasing
the a-Si thickness. The resistivity of the NiSi film
was calculated using the simple expression,
p=h*Rs from the sheet resistance, Rs, and the
silicide thickness, h, determined by XRR (Figure.
4.a). The calculated resistivities decrease for a-Si
thicknesses larger than 6 nm. For production
environment samples, it goes from 30.5 pohm.cm
for the reference to 28 pohm.cm for the Ge PAI
sample. Similarly, it goes from 31.9 pohm.cm to
29.7 pohm.cm for the R&D environment samples.
Therefore, the lowest resistivities are obtained
when some a-Si is left after RTALl and thus NiSi
nucleates at the 8-NizSi/a-Si interface.



4. Discussion

The in-situ XRD measurements and the
thicknesses measured by XRR after RTA1 shows
that the thickness of the 8 phase is larger when the
formation of © occurs between the NiPt layer and
the a-Si. This increase reach about 30%. The
formation of a phase by reaction between a thin film
and a substrate usually follows three steps:
nucleation, lateral growth, and normal growth (or
thickening) [18]. The thickness increase may result
from a change in one or several of these
phenomena. For the 8-NizSi phase, the nucleation
and lateral growth have not been found to be
limiting and a uniform thickening was reported [7].
Therefore, the increase of the thickness measured
might be due to a large driving force for the first
phase formation. Indeed, if the driving force should
have the strongest impact both for the nucleation
and lateral growth, it should also influence the
normal growth [19].

Fig. 5 shows the estimated energy changes
associated to the formation of 8-Ni2Si and NiSi in
the case of c-Si or a-Si and corresponds to a cut
for 10%Pt at 390°C of the Gibbs energy 3D plot. It
has been established using the following
approximations (a) the Gibbs energies for 8-Ni->Si
and NiSi were calculated assuming an ideal
solution between the Ni silicide and the Pt silicide,
a Pt concentration of 10%Pt and using the Gibbs
energies for the Ni-Si system assessed by
Miettinen [20] (b) the Gibbs energy for a-Si was
approximated by the one of liquid Si (about 30
kJ/at.gram [21]). As the a-Si phase is less stable
than the c-Si phase, the free energy of the a-Si
layer (Ga-si) is higher than the free energy of the c-
Si layer (Ge-si) [21]. Fig. 5 shows that this leads to a
higher driving force (AG) for nucleation of 8-NizSi
on a-Si (AGS™2) than on c-Si (AGPTV5),
Indeed, accordingly to the above approximations,
the driving force is increased from AGY V25"~ — 42
kd/at.gram on c-Si to AGS N2~ — 52 kJ/at.gram
on a-Si (Note that an accurate determination of
these driving forces would require the knowledge
of the Gibbs energies for the ternary system). As
the driving force for nucleation that is also involved
in the lateral growth [12] is larger for a-Si than for
c-Si, these two phenomena should even play a
smaller role in the case of a-Si. The growth of B-
Ni2Si should thus be controlled by its thickening
that is given by Eq.1 [22].

E — Dpi A_ﬂ — Dyi _AG (1)
dt kpT L kBT xp; L

Where Dni is the diffusion coefficient of Ni in the
growing phase, L is the phase thickness, Au is the
variation of chemical potential across the growing

phase. Au is proportional to the driving force AG
trough the inverse of the atomic fraction of Ni, Xni.
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Fig. 5. Estimated changes in driving force (AG), and in
chemical potential (Au) that depends on the silicon
crystallinity (a-Si versus c-Si) for the 6-Ni2Si and NiSi
phase formation.

As the driving force is stronger for a-Si, the Ni
atoms will migrate faster toward the 6/a-Si interface
than toward the 6/c-Si resulting of a faster growth

rate. Indeed, AGS V25" should be about 24% higher

than AGY ™" | leading to an increase in growth
rate of the same percentage considering Eq. 1. The
change in driving force may thus account parth-for
the larger thickness measured for a-Si (about 30%
increase). Another factor than can contribute to the
larger thickness can be the change in grain size
since the grain boundary diffusion is preponderant
in thin film [23].

Concerning NiSi, our results show that NiSi has
higher roughness, lower resistivity, and forms at
lower temperature when there are still some a-Si
after the growth of 8. Recently El Kousseifi et al
evidence that the formation of NiSi by reaction
between 6 and c-Si for 10nm NiooPto1 film is
controlled by nucleation and lateral growth. They
found a time (or temperature for non-isothermal
heat treatment) delay between the end of 6-Ni:Si
growth and the appearance of NiSi that was
attributed to the nucleation of NiSi [11].
Furthermore, they observed NiSi precipitates at the
0-Ni2Si/c-Si interface that are representative of
lateral growth [24]. Their findings allow concluding
that the growth of NiSi is controlled by nucleation
and lateral growth for the 10 nm Nio.oPto.1 reaction
with c¢-Si. As the same thickness and content of Pt
was used in our study, the formation of NiSi should
be controlled by the same mechanisms and the
possible change induced by the a-Si will be now
examined.



The decrease of the nucleation temperature and
time delay between the Nio.oPto.1 total consumption
and NiSi nucleation observed for a-Si (Fig. 2) can
be explained by a decrease in nucleation barrier.
Indeed, Eq.2, taken from the classical nucleation
theory, states the direct dependence of the
nucleation barrier (AG*) on the variation of the
interfaces energies (Ac) and the driving force (AG)

of the newly formed phase.
AGT o &2 ()
(26)?

As illustrated by the schematic on Fig. 5, the driving
force increases if the NiSi nucleates at the 6/a-Si
interface (AGMSi~ — 11 kJ/at.gram) compared to
the NiSi nucleation at the 6/c-Si interface
(AGYNSi~ — 18 kJ/at.gram). This increase in driving
force can lower the nucleation barrier and in turn
reduced time delay and nucleation temperature.

The presence of a-Si for the nucleation of NiSi can
also lead the change in the interfaces energies
(Ao) that can be written as follows:

Ao = 0oyisissi + @10nisije — Q209 /si — A306p 3

Where oanisisi and onisie are the energies of the
newly created interfaces NiSi/Si and NiSi/6
respectively and oesi and ocs are the energies of
the vanishing 6/Si interface and grain boundaries,
respectively. It was assumed that nucleation
occurs at the junction between a grain boundary
and the substrate as shown in Fig. 6. In Eq.3, the
lowest interfacial energy for the case of c-Si should
be the 6/Si one since B can grow in epitaxy on c-Si
[6]. When passing from c-Si to a-Si, this interfacial
energy should change to a large extent since the
epitaxy is not possible on a-Si. The other interfacial
energies involved in Eq. 3 (newly NiSi/Si interface
and the vanishing grain boundaries) should be less
sensitive to the change from c-Si to a-Si . Overall,
Ao should be lower with a-Si and contributes also
to lower the nucleation barrier.

a-Si compared to c-Si :

ONi,Si ONi,Si Ao
NiSi nucleus high increase
‘ slight increase
cSi or aSi remains stable

Fig. 6. Schematic showing interface energies (Ao)
evolution depending on the silicon crystallinity.

Therefore, if NiSi nucleates at the 6/a-Si interface,
both the driving force and the variation of the
interfaces energies implies a decrease of the
nucleation barrier and thus an easier nucleation of
NiSi.

In accordance with the work of Lachal et al [13], the
resistivity of the silicide decreases with the a-Si
thickness. There is also a slight increase of the

resistivity for the thicker a-Si thicknesses (Fig. 4.b).
The resistivity of NiSi should depend on the
microstructure (thickness, grain size, grain
boundaries, roughness) of the NiSi film that results
from the formation mechanisms. Indeed, the film
resistivity depends on the film thickness and on the
grain boundary number and nature accordingly to
the Fuchs-Sondheimer model [25,26] and the
Mayadas-Shatzkes model [27,28] respectively. As
the formation mechanisms leading to the film
microstructure have been identified to be mainly
nucleation and lateral growth, the change in
resistivity may be linked to the modification induced
by the a-Si on these mechanism formations of NiSi.
In particular, the increase in kinetics of formation
with the increasing a-Si thickness leads to an
increase in silicide thickness and thus a decrease
in resistivity accordingly to the Fuchs-Sondheimer
model [25,26]. Moreover the position of the a-Si/c-
Si interface related to the silicide nucleation and
lateral growth should play a role in the NiSi
microstructure. On one hand, as discussed above,
the presence of a-Si allows to decrease the
nucleation barrier leading to an easier nucleation of
NiSi. This should lead to a higher density of nuclei
at the interface except if the number of nucleation
site is fixed (for example at triple junction between
two O grains). A higher density of nucleation will
lead to a higher number of NiSi grains and thus a
higher density of grain boundaries. As grain
boundaries are expected to increase the resistance
of the layer, this should lead to an increase in
resistivity [27,28]. On the other hand, the increase
in driving force for NiSi (Fig. 5) is also expected to
increase the kinetics of lateral growth [10]. A faster
lateral growth on a-Si should lead to less grains
since the time to nucleate new grains will be
reduced. As the resistivity is decreased when a-Si
is still present after the formation of 8-Ni2Si (Fig. 4),
the overall effect of a-Si on nucleation and lateral
growth of NiSi should be a decrease of grain
boundaries.

The roughness of the silicide layer is also a
parameter that could influence its resistivity.
Indeed, for a rough sample, the resistivity will be
artificially increased as illustrated with Fig. 7. A
rough layer means that the thickness is smaller in
some places and that the electrons path is reduced
through a lower effective thickness. Moreover, the
increase of surface and/or interface linked to the
roughness may also increase the resistivity of the
film [27-29].



p=Rsxe

p : Resistivity (utohm.cm)
Rs : Sheet Resistance (ochm/sq)

e : Effective thickness that contributes to the resistivity
€ : Measured thickness
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Fig. 7. Schematic impact of the roughness on the
resistivity

According to the XRR spectra, the NiSi roughness
is deteriorated for the larger thicknesses of the a-
Si layer. Therefore, it could not explain the
decrease resistivity since the roughness should
increase artificially the value of the resistivity. This
point confirms that the grain size change
constitutes a clue to explain the resistivity

variations since it cannot be explained by the
roughness variation.

However, even if the resistivity stays lower than the
reference, a slight increase of the resistivity is
observed for the two thicker a-Si. It can be related
to the higher roughness qualitatively observed with
the XRR spectra. This higher roughness could be
due to the damage induced by the PAI. Indeed, if
the a-Si layer is too deep, the silicide growth front
does not pass through the a-Si/c-Si interface and
damage area resulting of a rough interface which
increased artificially the resistivity. Another
possibility is the formation of NiSiz that is possible
at low temperature on a-Si [30]. However, this
formation was not observed in our samples by TEM
or XRD.
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Fig. 8. Schematic representing the position of the a-Si/c-Si interface related with the silicide growth front.

Fig. 8 is a summary of the different situations
regarding the silicon consumed and the a-Si
thickness. Our results show that these situations
influence the silicide formation and properties. To
summarize, if the amorphous thickness is not deep
enough, the NiSi nucleation is not impacted by the
amorphous substrate, thus the grain diameter
remains constant, and the resistivity does not
decrease. However, if the amorphous thickness is
too deep or the damage area too large, the
roughness of the silicide is deteriorated

Therefore, as illustrated on the schematic Fig. 8, a
good compromise is reached if NiSi nucleates at
the 6/a-Si interface and if the silicide growth front
passes through the damaged area. This
configuration is not easy to reach since the
thickness between the silicon consumed after the
RTA1 and after the RTA2 is about 3 nm thick and
the damaged layer is about 2 nm thick. Therefore,

for the same decrease of the resistivity, the
roughness could be less deteriorated if the damage
area is reduced. A simple solution to reduce the
thickness of the damaged area would be to modify
the Ge PAI condition by increasing the dose or
using low temperature implantation.

5. Conclusion

The position of the a-Si/c-Si interface compared to
the silicide growth front is determined after the first
and second anneal from which the 8-Ni.Si and NiSi
phase grows, respectively. therefore, the
environment of the 8-Ni2Si growth rate and NiSi
nucleation site is clearly identified for each sample.
Kinetics and properties variations induced by the
amorphous layer are studied. First, the 6-Ni2Si
growth rate is faster on a-Si than on c-Si. The
change in driving force induced by the amorphous
layer is considered to explain the increase of the 6-

7



Ni2Si growth rate. Then, the decrease of the
nucleation temperature and time delay between the

Nio.oPtoa total consumption and NiSi nucleation
observed for a-Si is explained by a decrease in
nucleation barrier. Finally, the silicide properties
are studied. The resistivity of the silicide decreases
with the a-Si thickness. It is put forward that the
resistivity is lowered when a-Si is still present after
the B-Ni2Si formation and thus NiSi nucleation and
lateral growth occurs at the 8-Niz2Si/a-Si interface.
There is also a slight increase of the resistivity for
the thicker a-Si thicknesses attributed to the
increase roughness caused by the rough and thick
damaged area. Therefore, a good compromise is
reached if NiSi nucleates at the 8/a-Si interface and
if the silicide growth front passes clearly through
the damaged area.
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