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We report the results of enhanced nickel induced crystallization of intrinsic hydrogenated
amorphous silicon thin films under vacuum conditions. Crystallization was performed by
conventional furnace annealing at both atmospheric pressure and vacuum or low pressure
conditions (~=107° Torr) for comparison. We have investigated the influence of low pressure during
annealing on the resulting polycrystalline films by means of optical microscopy, ultraviolet
reflectance, and photoacoustic spectrometry measurements. A faster crystallization and a smaller
grain size were observed when the process is carried out under vacuum, with an annealing time
reduction of more than 50%. We discuss, from a thermodynamical viewpoint, some possible
causes by which vacuum annealing influences incubation and nucleation stages due to the presence
of mobile hydrogen atoms inside the amorphous silicon matrix. Large grains with diameters of
30 and 100 um were obtained at vacuum and atmospheric pressure, respectively. © 2012 American

Institute of Physics. [http://dx.doi.org/10.1063/1.4757574]

. INTRODUCTION

Polycrystalline silicon (pc-Si) thin films have been
intensively studied along the last two decades. Their applica-
tions in micro- and large-area-electronic devices, such as
thin film transistors (TFT) and solar cells, have grown con-
siderably."> The pc-Si films can be obtained from a rela-
tively inexpensive hydrogenated amorphous silicon (a-Si:H)
film, deposited by plasma-enhanced chemical vapor deposi-
tion (PECVD), after a suitable thermal annealing process.”
Several processes have been proposed and thoroughly inves-
tigated in order to crystallize a-Si:H in the most efficient
way.” Among them, the most simple and common is solid
phase crystallization (SPC), which can be accomplished by
conventional furnace annealing (CFA).>™ To avoid contami-
nation of the sample with reactive impurities, mainly oxy-
gen, the annealing is generally carried out under a constant
flux of an inert gas such as nitrogen or argon. This provides a
clean ambient while keeping the furnace at atmospheric pres-
sure (AP) during SPC (AP-SPC from now on). The main
drawbacks of AP-SPC are the requirement of long annealing
periods and the relatively small grain size achieved, yielding
nano- or micro-crystalline silicon thin films."” Metal
induced crystallization (MIC)® appeared as a convenient
technique to increase the final grain size while reducing the
AP-SPC annealing temperature. Although MIC methods
provide pc-Si thin films with grain sizes above 10 um, if Ni
is used as the metallic catalyst the annealing periods of AP-
SPC by CFA are not appreciably shortened.” Some authors
have used rapid thermal annealing (RTA) instead of CFA to
accomplish AP-SPC of a-Si:H, in order to obtain ultra-thin
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(<100 nm) pc-Si films after shorter annealing periods of sev-
eral minutes.®®

In previous works we have studied MIC induced by Ni
(or NIC, from nickel induced crystallization).7’9’lO It is
known that the addition of very small amounts of Ni
(~10"-10" at./em?) to the a-Si:H film surface induces the
growth of large grains after AP-SPC at temperatures below
600°C. NIC proceeds by the formation of Ni-disilicide
(NiSi,) nuclei after thermally activated diffusion of Ni
atoms, previously deposited on top of the a-Si film.*”'" The
formation of NiSi, nuclei creates a Ni-depleted zone around
them and a crystallization front starts to advance in the
surrounding amorphous material.'”> This is possible because
Ni atoms in the NiSi/a-Si interface lower their energy by
diffusing to the a-Si network and reacting to form a new
NiSi,/a-Si crystallization front.'? Since the lattice parameter
of NiSi, differs by only 0.4% to that of single-crystalline sili-
con (c-Si), Si atoms that are left behind after Ni diffusion
can rearrange themselves to form a c-Si network.'' This pro-
cess is not endless and is limited by the fact that the amount
of Ni atoms decreases as long as the crystallization front
advances. It is also known that certain density of Ni atoms
remains trapped at the c-Si network although a higher den-
sity is always present at the advancing front."* Therefore,
crystallization continues until Ni concentration in the crystal-
lization front is sufficiently reduced or until neighbouring
grains collide. This procedure allows achieving pc-Si films
with grain sizes above 100 um after annealing for periods
longer than 24 h. However, the effect of vacuum or low pres-
sure (indistinctly vacuum or LP from now on) annealing on
NIC of a-Si:H has not been systematically investigated to
date nor compared to AP-SPC. Recently, Shanavas er al.'’
have studied the crystallization of non-hydrogenated a-Si at
high pressures by means of classical molecular dynamics
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simulations, being one of scarce works we could find con-
cerning the influence of pressure on crystallization of a-Si
(or its alloys). They have found that high pressure regimes
have a direct impact on crystallization temperature.

In this work we report experimental results concerning
NIC of a-Si:H by means of SPC at LP as compared to AP-
SPC, featuring drastically reduced annealing periods for
obtaining pc-Si thin films with considerably large grain sizes.
Also, we discuss a possible cause of vacuum-enhanced NIC
of a-Si:H in relation with evidence gathered from optical mi-
croscopy (OM), ultraviolet (UV) reflectance, infrared (IR)
transmittance, and photoacoustic spectrometry (PAS)
measurements.

Il. EXPERIMENTAL DETAILS

We deposited 350 nm-thick intrinsic a-Si:H samples on
Schott AF-37 glass in a capacitively coupled PECVD reactor
operating at a frequency of 50 MHz and a power density of
120 mW/cm?. The reactive gas was pure silane (SiHy). The
substrate temperature during deposition was set at 200°C
and the gas pressure was 0.45 Torr, leading to a deposition
rate of 15-20 A/s. Ni was subsequently deposited on top of
the films by dc-sputtering, leading to surface atomic densities
of ~10" at./cm?. A conventional tubular furnace was condi-
tioned in order to allow the simultaneous SPC of the samples
at AP and LP regimes. A turbomolecular pump was con-
nected to the vacuum branch of the setup, allowing a final
pressure of about 10~® Torr. The AP branch was maintained
under a N, flow of 20 sccm to provide an inert atmosphere.
The samples were kept at the same transversal position of
the furnace to ensure the same temperature during annealing.
This was checked by two thermocouples, one at each branch,
differing by less than 3°C which can be practically
neglected. After a dehydrogenation step at 420 °C, samples
were annealed for 24 h at 580 °C.

In order to get insights on the mechanisms favoring
crystallization during SPC under vacuum we have carried
out OM, UV reflectance, IR transmittance, and PAS meas-
urements. OM images, obtained with a digital camera
attached to an Olympus DX-50 microscope, were used to
calculate the crystalline fraction (X.) and the average grain
size (D). From UV reflectance spectra, obtained in a Shi-
madzu UV-3600 spectrometer, we have confirmed the crys-
tallization of the films and obtained the crystallinity (AR)
and crystalline quality (Q) parameters, which quantify the
similarity of the sample spectrum to that of c-Si.

IR transmittance measurements were carried out in a
Nicolet 8700 FTIR spectrometer to follow the evolution of
the hydrogen content inside the films with thermal annealing.
This allows inspecting for differences in the effusion rate of
hydrogen from the samples under different pressure condi-
tions, which may act as a nucleation inductor. Measurements
were performed on equivalent a-Si:H samples deposited onto
¢-Si in order to have a suitable background for the spectra,
after annealing at 400 and 500 °C stages.

On the other hand, we have studied the variations of the
PAS signal of the films, induced by thermal annealing at AP
and LP regimes. The PAS technique allows determining
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some important parameters such as the heat capacity (C,),
which is useful for a thermodynamical analysis of crystalli-
zation. To carry out PAS measurements we deposited
500 nm-thick a-Si:H samples under the same conditions as
before. The annealing process was performed at AP and LP
and consisted in isochronic stages of 6h at the following
temperatures: 400, 415, 430, 445, 460, 475, and 500°C.
Measurements were performed after each stage in order to
inspect the evolution of C,, allowing us to calculate the
excess entropy (AS), the enthalpy (AH), and the free energy
(AG) at the beginnings of the crystallization process (i.e., at
the incubation stage, prior to nucleation). We have evaluated
and compared the results obtained in both regimes (AP and
LP) in order to have a clue about the way in which vacuum
conditions favors NIC process on a-Si:H.

Ill. RESULTS AND DISCUSSION
A. UV reflectance and OM results

As a first result of our work, the annealing process at
580 °C during 24 h resulted in a fully crystallized sample at
LP and a partially crystallized sample at AP. The crystalline
fraction, X., of the AP sample was estimated to be of 71% by
OM measurements. Fig. 1 shows an OM transmission image
of this sample. The transitory mean grain size or diameter,
D, was calculated from Fig. 1 (left-side inset) and resulted in
D =(99.1 = 8.7) um at this intermediate state of crystalliza-
tion. Hence, it is expected that the final grain size will be
around 100 um. The right-side inset of Fig. 1 shows an
amplified image of colliding grains, which give rise to well-
defined grain boundaries. In contrary to AP, the crystalliza-
tion under vacuum was completed but the final grain size
was quite lower. A mean final grain size of D =(26.7 = 3.0)
um was obtained from OM measurements.

Fig. 2 presents the UV reflectance spectra of samples
annealed at LP and AP during 24 h. This figure also presents
the spectra corresponding to c-Si and a-Si:H, for comparison.
The usefulness of UV reflectance comes from the fact that c-
Si shows two characteristic peaks at A=274 and 365 nm,
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FIG. 1. OM transmission image of the sample crystallized at the AP regime
after 24 h. The calculated crystallized fraction is X, =71%. The insets show
(left-side) the grain size histogram, with a transitory mean diameter of
99.1 um, and (right-side) a grain boundary in higher detail.
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FIG. 2. UV reflectance spectra of samples annealed at LP (dashed curve)
and at AP (dash-dotted). Both spectra show crystallization signs and are
compared to c-Si spectrum (solid curve) and as-deposited (dotted curve)
spectrum.

approximately, which correspond to optical interband transi-
tions at the X point (band E,) and along the I'-L axis (band
E,) of the Brillouin zone, respectively.'® Thus, the presence
of these transitions in the samples ensures the existence of
crystallized material. By comparing the measured spectra to
that of c-Si it is possible to roughly estimate the “crystalline
quality”, O, and the “crystallinity”, AR, of the film by means
of the following expressions'’

1| Ry Ry
Q = E |:R(l:_5i + R(z:_Si:| ) (1)
R — R,
= Rcl:-Si _ RE—Si ’ (2)

where R; and R, are the heights of the peaks at 2 =274 and
365 nm, respectively, and the “c-Si”” superscript refers to the
analogous values of the c-Si reference spectrum. The quan-
tity Q is a figure of merit which quantifies how similar is the
sample spectrum to that of c¢-Si, being them identical for
Q = 1. The definition of AR is based on the fact that the peak
centered at 274 nm is influenced by roughness and crystallin-
ity, while the lower energy peak centered at 365 nm accounts
mainly for roughness. These parameters are generally used
to determine the surface quality of pc-Si films, where a devi-
ation from the c-Si spectrum is associated to the lack of
long-range order in the material.'®

From UV reflectance results we obtained values above
0 =0.95 and AR =0.93, for both samples, regardless of the
pressure during annealing. However, the spectra correspond-
ing to the samples annealed under vacuum result systemati-
cally more likely to that of c-Si, as is shown in the particular
case of Fig. 2. The high Q and AR values obtained reveal a
high crystallinity and crystalline quality of the films.

To investigate the evolution of crystallization under vac-
uum and to estimate the annealing time required for full
crystallization we experimented with shorter annealing peri-
ods. As a result, after a 6 h annealing at 580 °C under vac-
uum the crystallized fraction of the sample was X.=88%
and the transitory mean grain size was D =(27.8 = 2.3) um,
as can be seen in Fig. 3, which indicates that the final grain
size will not be too different. The insets show, as before, the
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FIG. 3. OM transmission image of the sample crystallized at the LP regime
after 6 h. The calculated crystallized fraction is X. = 87.7%. The insets show
(left-side) the grain size histogram, with a transitory mean diameter of
27.8 um, and (right-side) a grain boundary in higher detail.

grain size histogram (left-side) and a zoomed image present-
ing the grain boundary formation (right-side). This result is
in clear agreement with that obtained for the sample
annealed under vacuum during 24 h, since the final grain
sizes are comparable inside the experimental error in both
cases. As can be seen from Figs. 1 and 3, the grains obtained
at AP look more compact and with better defined boundaries
whereas at LP the boundaries present some dendritic
branches although the disk shape is conserved. From the
above results we conclude that full crystallization was
achieved soon after a 6h annealing period under vacuum
conditions.

In order to ensure this conclusion, the vacuum annealing
was extended for a 6 h period, resulting in a 12 h total anneal-
ing time at 580 °C. After this, the crystallization was com-
pleted (X.~100%) and the final grain size was
D =(25.3+2.6) um. The final grain size after 24 and 12h
remains almost the same than the transitory grain size after
6 h, calculated from Fig. 3, indicating that full crystallization
was effectively achieved between 6 and 12h of vacuum
annealing at 580 °C, as previously hypothesized.

Fig. 4 presents the evolution of the UV reflectance spec-
trum from the as-deposited (amorphous) state to the crystal-
lized state after a 12h annealing under vacuum. The 6h
curve reveals crystalline peaks with O =0.94 and AR =0.77.
After 12h, the measured spectrum was enhanced, having
0 =0.98 and AR =0.91, and mimicked better the c-Si curve
revealing that crystallization has effectively continued.
Hence, full crystallization of the sample was achieved after
an annealing period ranging from 6 to 12h (i.e., less than
12h), at 580 °C and at a pressure of 107° Torr.

Neglecting the incubation period and supposing that
grains nucleate altogether, one can estimate roughly the av-
erage grain growth velocity, v,, by means of the quotient
between the transitory mean grain size, D, and the elapsed
annealing time, t,,,,, i.e.,

Vg =—. 3)
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FIG. 4. UV reflectance spectra of a sample annealed at LP at three different
stages of crystallization: (dotted curve) amorphous, (dashed curve) partially
crystallized after 6 h at 580 °C and (dash-dotted) fully crystallized after 12h
at 580 °C. The c-Si spectrum (solid curve) is also presented as reference.

In this way, for AP annealing after 24 h the mean grain
size was 99.1 um and thus v,=4.1pum/h, while for LP
annealing after 6h, with D=27.8 um, one obtains
vy =4.6 um/h. Therefore, besides the fact that full crystalli-
zation was achieved faster under vacuum, it is well worth to
remark that the average grain growth velocity was roughly
the same in both cases. This similarity allows discerning that
the difference between LP and AP crystallization may come
from the incubation/nucleation stage and not from the
growth stage. Another clear evidence of this is the higher
nuclei density observed at vacuum, which finally led to a
smaller grain size, indicating a different behavior at the ini-
tial stages of crystallization. In order to discard any oxygen
induced effect due to unwanted impurities, we have based on
the results obtained by Lin e al.'” They have found that the
annealing atmosphere (oxygen or nitrogen in their study)
does not influence the lateral growth rate in NIC at AP. Also,
they have observed that oxygen incorporated into the films
previously to annealing (in the form of NiO) affects the incu-
bation/nucleation process in the same way regardless of the
atoms present in the annealing ambient.

B. FTIR results

Due to the relatively high initial hydrogen concentration
of the films, which is in the range of 10-15 at. %,4 and being
based on the fact that hydrogen induces nucleation,**’ we
tried to look for any differences in the hydrogen effusion
rates from the samples due to the pressure difference during
annealing, which may be responsible of favoring the incuba-
tion/nucleation of NiSi, precipitates under vacuum. The evo-
lution of the IR transmittance spectra of equivalent samples
annealed at AP and LP, at 400 °C for 4 h and after at 500 °C
for 2h, is presented in Fig. 5. In their initial as-deposited
state both spectra are identical and only one of them is pre-
sented for clearness. Moreover, after each stage of annealing
there were no significant differences between both regimes,
despite one was tempted to expect a higher effusion under
vacuum. This result is in agreement with that of Beyer
et al.*"** who have intensively studied the hydrogen effusion
in a-Si:H and other materials, concluding that it is a diffusion
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FIG. 5. IR transmittance spectra of samples annealed simultaneously at AP
and LP. The hydrogen content in the samples evolves almost at the same
rate in both regimes, and the effect of pressure on hydrogen effusion appears
to be negligible.

limited process which should not be influenced by an exter-
nal pressure drop.

We have presented enough evidence indicating that the
incubation/nucleation stages of the NIC process are
enhanced at vacuum. These evidences are lower annealing
times to achieve full crystallization, a higher amount of
grains per unit area and, consequently, a diminished grain
size. Also, the similarity of the average grain growth velocity
between AP and LP regimes constitutes evidence supporting
the influence of vacuum on the initial stages of crystalliza-
tion. However, hydrogen effusion does not seem to be the re-
sponsible of influencing nucleation. In the following section
we present results obtained from PAS measurements, which
may put some light into the problem.

C. PAS results

From a thermodynamic viewpoint, the heat capacity at
constant pressure is related to thermal diffusivity simply as>

C=-, “

where k is the thermal conductivity and « the thermal diffu-
sivity of the material. In the case of a-Si:H, &k can be consid-
ered constant and equal to 1.7 W m™'°C™' in the range
between room temperature and 500 °C, which is the range
we have used to study the incubation/nucleation stage. Thus,
C, can be determined from PAS measurements since « is a
fitting parameter in the classical approach to PAS theory
developed by Hu er al’* The relevance of knowing C »
resides in the fact that phase transitions are generally charac-
terized by an abrupt change in C,,.

We performed at first a thermodynamic interpretation of
the thermal process through an analysis of the enthalpy
change dH = d(U + PV)=dQ + VdP, where U is the internal
energy of the system, P and V are the pressure and volume,
respectively, and dQ is the amount of heat absorbed (=T74dS).
The heat capacity, C,, in accordance with previous formula-
tion can be also expressed as>
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since VdP =0 at constant pressure. In this way, the combina-
tion of Eqs. (4) and (5) allows to calculate the enthalpy
change during annealing at constant pressure.

Despite the fact that this is an irreversible process in
which the PV work is negligible (dV/dT ~0) or AH ~ 6Q;,,
(where 0Q;,, stands for irreversibly absorbed heat), the
a-Si:H film increases its enthalpy because the incubation is
not a spontaneous reaction and, therefore, AH should be pos-
itive. For simplicity, we take Ho(Py, T¢) = 0. Thus, AH corre-
sponds to an activation energy, which is needed to reach the
incubation and nucleation of crystalline nuclei. This pro-
duces a change in C, during annealing and gives place to a
glass transition, at temperatures near 420 °C. The variation
of C,, with annealing at AP and LP is presented in Fig. 6,
together with the enthalpy changes at both regimes. It is
known that in this kind of transition there is neither volume
change nor latent heat.”® This implies that the entropy is a
continuous function around the transition point.

According to Remes et al.,27 the mass density of a-Si:H
obtained by different deposition methods decreases for
higher hydrogen concentrations. It has been shown that a
reconstruction of the Si—Si bonds at about 430 °C leads to a
slight thickness diminution and a density increment of about
3% for hydrogen concentrations around 9 at. %. However,
this change in density does not explain the observed varia-
tion of C,. The metastability in a-Si:H favors a rearrange-
ment of Si-Si bonds and principally of Si—H bonds at a
widespread level.

By placing the samples under vacuum, a negative PV
work is done. Hence, in this case the initial enthalpy is lower
than at AP (i.e., HOLP<HO ap) and, therefore, the relation
AHyp > AH p holds. In both cases, the values of the slope
dH/dT give as a result a rapid change in C, as shown in
Fig. 6.

The excess entropy is one of the most important thermo-
dynamic extensive parameters, being useful to inspect and
quantify processes taking place far from equilibrium condi-
tions, as would be the case of the transformation of a mate-
rial from its amorphous state to a crystallized one. In
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Enthalpy change, AH (J/cm®)

Heat capacity (J/cm*/°C)

400 430 460 490
Annealing temperature (°C)

FIG. 6. Enthalpy change calculated from PAS measurements after annealing
stages of 6 h at temperatures in the 400-500 °C range, at (dashed curve) AP
and (solid curve) LP. The C, = (dH/dT),, curves are also presented. System-
atically higher values are obtained for AH at the LP regime.
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particular, the relation between entropy and the change of C,
due to a thermal induced microstructural evolution is

- i. c- i dT
A = Sesin = Sess = | (G5 - ) T ©)

where emphasis is done in the fact that for the calculations
we have taken as a reference the known values for c-Si, as
denoted by the “c-Si” and “a-Si:H” superscripts.

Vacuum annealing results in a less abrupt change of C,,
yielding ASyp > ASap, as can be seen in Fig. 7. Thus, the en-
tropy during dehydrogenation at LP results to be higher than
at AP, increasing the structural disorder by means of the for-
mation and redistribution of Si—H bonds. This may favor the
formation of NiSi, nuclei under vacuum, since it is well
known that disorder and H mobility induce nucleation and,
consequently, crystallization.**® It is worth noting here that
this does not imply a faster H effusion at vacuum, which is
mediated by surface desorption, but only a higher H mobility
or diffusion inside the amorphous matrix induced by vac-
uum. In this way, Si—H bonds can be thought as “solidifying”
to a glassy phase, which upon reaching a new equilibrium
state causes an entropy drop. Also, the maxima of the curves
are located near 420 °C, which is thought to be the glass tran-
sition temperature. One point should be made clear here,
which is that although the second law of thermodynamics
says that TAS > 6Q;,,, we got TAS < AH. However, this is
not a contradiction since we have used the c¢-Si (i.e., the
more ordered, or lower entropy, state) as a reference for the
calculations. Another implication of the second law is that
the entropy of an isolated system tends to increase with time
and, in this sense, higher entropy values under vacuum (as
seen in Fig. 7) would indicate a time gain for crystallization
at the expense of heating and reducing the pressure of the
system.

With the previous gathered information, we can estimate
the Gibbs free energy which is defined as AG =AH — TAS.
This is a quantity of great importance in chemical processes
at constant pressure. As said before, it is possible to distin-
guish two different processes concerning hydrogen mobility:
(1) H rearrangement by internal diffusion (ii) H effusion by
surface desorption. The results obtained for the free energy

—=—LP

0.61 —o— AP |

0.5

/

0.4

0.3 S -

Excess entropy, AS (J/lcm*/°C)

400 430 460 490
Annealing temperature (°C)

FIG. 7. Evolution with annealing of the excess entropy curves obtained

from PAS measurements. The higher values observed under vacuum are re-
sponsible of increasing the structural disorder through Si—H bonds redistrib-
ution, inducing nucleation by H mobility.
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FIG. 8. Change in free energy after the 6 h annealing stages at temperatures
in the 400-500 °C range, at AP and LP. The slight difference between both
regimes may be due to a change in the diffusion coefficient of hydrogen
inside the a-Si:H matrix at lower pressures.

calculations are shown in Fig. 8. We consider that the incre-
ment of AG with the annealing sequence is mainly due to H
effusion, which is observed both at AP and LP.

From this analysis, and taking into account our previous
conclusion of an equal effusion rate at both regimes, we can
infer that the H mobility within the sample is rather different
(higher) at LP than at AP. This may be due to a variation (in-
crement) of the H diffusion coefficient, induced by the pres-
sure difference of about six orders of magnitude. According
to the general Arrhenius model for diffusion coefficient, i.e.,
Dy = Dyexp(-E,/kT) in the present case, we may assert from
our experiments that £, is pressure dependent and decreases
as pressure diminishes. However, according to the Meyer-
Neldel rule,” Dy, could also depend on pressure. This analy-
sis exceeds the scope of the present work and would need
further study but, in any case, Dy seems to vary with pres-
sure during annealing as AG does. The extended hydrogen
glass model®® assumes that weak Si-Si bonds are reconfig-
ured on a local scale due to H diffusion inside the a-Si:H ma-
trix, which may be the reason of the slight difference
between AG at LP and at AP as seen in Fig. 8.

In our previous works concerning NIC of a-Si:H”"'? we
have obtained fully crystallized films only after 24 h, and
generally near 48 h, of AP-SPC at 580 °C. Thus, the results
obtained in this investigation represent an advance in the
direction of crystallization time reduction by means of vac-
uum annealing. We state that despite the final grain size
reduction of about 60%, a considerable annealing time
reduction greater than 50% is advantageous for practical pur-
poses. A lower grain size is generally related to a greater
defect density at grain boundaries which are detrimental for
the electrical performance of the material. However, consid-
ering the application of these pc-Si thin films for TFT or so-
lar cell devices, the final grain size is still adequately large if
compared to other works in this field.”*'~** Also, proper pas-
sivation of grain boundaries can greatly avoid the prejudicial
effect of this defective zone on the electric transport.*”

IV. CONCLUSION

In summary, NIC of a-Si:H thin films is enhanced by
CFA at pressures of about 10~°Torr. In comparison to crys-
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tallization at AP in an inert ambient, the final grain size is
lower but still relatively large, of about 30 um. Since the av-
erage grain growth rate was found to be nearly the same at
both regimes, we conclude that the pressure settled during
annealing influences the incubation/nucleation stages and
not the growth stage. From the analysis of hydrogen effusion
rate by means of infrared transmittance, no important differ-
ences were found between LP and AP which is in accordance
with previous results from other authors. In this way, the
mechanism by which the formation of NiSi, nuclei—and
therefore crystallization—is enhanced under vacuum is
attributed to a faster hydrogen inner diffusion and redistribu-
tion of Si—H bonds at lower pressures. This is consistent with
the well-known nucleation induction caused by mobility of
hydrogen atoms and was evidenced by PAS measurements
and/or calculation of thermodynamical parameters, which
showed a systematic difference between annealing at LP and
at AP. Reduction of grain size and crystallization time sup-
port the conclusions attained so far. Further research is being
done in order to get a better understanding of this
phenomenon.
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