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Abstract. A systematic study of spectral and time dependence of the luminescence emitted
by fragments after ir multiple-photon decomposition of silane is presented. Data obtained
at various silane pressures (1-35 Torr) and pulsed CO, laser fluences are discussed and

compared with previous results and interpretations.
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The monosilane decomposition process has received
much attention and growing interest in the last few
years due to the possibility of polycrystalline, amorph-
ous and amorphous-hydrogenated silicon («-~Si:H)
deposition.

In spite of several successful applications [1-3] the
silane decomposition mechanism is not yet clear.

A long debate started in 1966 [4] on the primary
dissociation step. Initiation of silane pyrolysis was
attributed to the homogeneous reaction:

while a gas phase reaction leading to SiH;+H was
discarded on the basis of thermochemistry [4]. How-
ever, in a recent paper [5], Robertson et al. claimed
that silane decomposition is a heterogeneous process
initiated by wall reactions involving deposits of a-Si.

Several papers have been written in the last years
[6-9] which discuss the reaction dynamics of gas phase
silane decomposition. Many of the proposed models
are based on final product analysis, thus overriding the
chemical reactions which occur during the initial
stages of the process.

In our opinion, a conclusive reaction mechanism
has not yet been elucidated and spectroscopic detec-
tion of early reaction products can help in shedding
light on this subject. To this end, we performed a
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detailed study of the spectral and temporal dependence
of fragment luminescence after ir multiple-photon
dissociation of SiH, excited by pulsed CO, laser
radiation,

As pointed out by [10], distinct emissions are
detected when SiH, is irradiated with the 10P(20)
(944 cm ™) line of an unfocussed or focussed CO,
laser. A faint emission around the laser beam path is
observed visually in the first case, while a bright pink
emission illuminating the whole cell is seen in the latter
case [11].

However, to our knowledge, there is no systematic
investigation in the literature of the spectral and
temporal dependence of this luminescence.

In the following, data obtained at various silane
pressures (1-35 Torr) and CO, laser fluences will be
presented. Our results will be discussed and compared
with findings reported by other investigators in this
field.

1. Experimental

A scheme of the experimental set-up is shown in Fig. 1.

Silane excitation was carried out using a pulsed,
multimode, line-tunable TEA CO, laser (Lumonics
Mod. 102). The typical pulse shape consisted of a
100 ns (FWHM) peak followed by a tail of about 1.5 ps
when the laser was operated with a 65:30:11
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Fig. 1. Schematic of the experimental set-up

He:CO,: N, atmospheric gas mixture. Laser energy
was monitored throughout the course of the experi-
ment by collecting on the surface of a Gen-Tec
pyroelectric detector (Mod. PRJ-D) a fraction of the
laser beam which was deflected by a 10% reflectivity
ZnSe beamsplitter. Whenever necessary, the
pyroelectric detector was replaced by a fast detector
(Molectron Mod. P3)in order to acquire the laser pulse
time profile. Two different optical configurations were
used to focus the laser radiation into the 15 cm long
cubic stainless steel reaction cell. In the parallel optics,
the laser beam was mildly focussed in the centre of the
cell by a 2m focal length NaCl lens (L) which
produced a collimated region of radiation along the
cell axis. In this configuration, the optical entrance
ZnSe window was mounted at 1 cm from the centre of
the cell. The beam cross section, as measured by burnt
patterns on thermosensitive paper, was equal to
0.28 cm? in the centre of the empty cell. Typical laser
fluences were in the range 1-3 J/cm?. '

In the focussing optics, the entrance ZnSe cell
window was replaced by an AR coated 2.5” focal length
ZnSe lens (L,) mounted at a distance equal to the focal
length from the centre of the cell. In this configuration,
the laser fluence in the centre of the empty cell was
about 30 J/cm?>.

High purity silane gas was supplied by L’ Air Liquid
with a stated purity of 99.999% and was used without
further purification. The vacuum chamber was
pumped by a 4501/s Elettrorava (Mod. ETP 8/450)
Turbomolecular pump and the background pressure
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was <107° Torr. The SiH, pressure in the cell was
measured with a MKS Baratron capacitance
manometer.

The visible luminescence was detected at right
angles to the laser beam through a quartz window, A
12.5 cm focal length quartz lens (@ =5 cm) collected a
portion of the visible radiation and imaged it (with
lateral magnification M =1) on the entrance slit of a
0.32 m focal ISA spectrograph Mod. HR-320 (fy=5)
supplied with a 150 grooves/mm grating.

A EG & G Optical Multichannel Analyzer
(OMA III) was employed for simultaneous detection of
the luminescence spectrum. An intensified silicon
photodiode array detector (512 elements) was
mounted at the exit of the spectrograph and the
luminescence spectrum was acquired with a resolution
of approximately 5 A per channel. The sensitivity
(photons/count) of the detector (EG & G 1420
BR-512-G) at three points across the spectral range
(180-900 nm) is: 8 at 300 nm, 15 at 550 nm, and 67 at
830 nm. The detector was either operated with a fixed
exposure time of 16 ms or gated by a high voltage pulse
generator (EG & G Mod. 1211) with fast rise and fall
times (a time resolution of better than 40 ns was
achieved in this configuration).

When the luminescence signal was too weak to be
detected by the OMA system, a RCA 1P28 photomul-
tiplier was used as light detector. A rough spectral
apalysis was performed by use of filters ranging from
400 nm to 700 nm (with a bandwidth of about 50 nm).
The photomultiplier output was fed to a digital
oscilloscope (TEK 2430) with 40 MHz bandwidth for
time analysis of weak luminescence signals,

2. Luminescence Arising

from the ir Multiple Photon Dissociation
of SiH, at Low CO, Laser Fluence

2.1. Results

When silane is irradiated with a parallel CO, laser
beam tuned at 944.4 cm !, distinct regimes can be

_ observed in the spectral and time dependence of the

total emission at silane pressures ranging from 1 to
35 Torr.

Atsilane pressures in the range 1-12 Torr, the total
luminescence consists of two different components
(Fig. 2). The fast one has a lifetime of 180 £20 ns and is
delayed of 80 ns with respect to the maximum of the
laser pulse. The slow one has a lifetime of about 0.9 s
and a delay of ~400 ns. These delay times are not
sensitive to changes in the laser fluence and gas
pressure. The maximum intensity of both components
of the total emission increases linearly vs. silane
pressure, as shown in Fig. 3a. Due to the low intensity
of the luminescence, in these experimental conditions
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Fig. 2. Time dependence of fragment emission at p(SiH,)
=7 Torr; $~2.5 J/em?

spectral analysis was performed with filters ranging
from 400 nm to 700 nm (with a bandwidth of ~ 50 nm).
The emission falls in the range 550-700 nm, being
centered at about 650 nm. Both the time components
are detected in the whole emission wavelength range.

As shown in Fig. 3b, the total luminescence intens-
ity increases dramatically above 20 Torr and shows a
tendency towards saturation at pressures greater than
35 Torr. The time dependence of the total chemilumin-
escence signal at 20 Torr is shown in Fig. 4 for two
different laser fluences. Very long decay and rise times
are found, which turn out to be quite sensitive to
changes in laser energy. Spectral analysis of the
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Fig. 4. Time dependence of fragment Iuminescence at p(SiH,)
=20 Torr: a ®~1.5J/em?, b &~ 2 J/cm?

Iuminescence emitted at pressures above 20 Torr was
performed with the Optical Multichannel Analyzer
(OMA). The emission spectrum in the pressure range
15-35 Torr consists of two broad bands peaking at
720 nm and at 820 nm, respectively. Typical spectra,
which are not corrected for the detector sensitivity, are
reported in Fig. 5. The sudden decrease of lumines-
cence intensity at 1=850 nm could be due to the
detector spectral response (see Sect. 1). The spectral
distribution was found almost independent on laser
fluence as well as on time delay between the laser pulse
maximum and the start of signal acquisition. The last
result was found acquiring the emission spectrum with
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Fig 3a, b. Luminescence intensity vs. silane pressure at ®~2.5 J/cm?. (a) p(SiH,) in the range 1.5-12 Torr, (b) p(SiH,) in the range

14-35 Torr
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Fig. 5a,b. OMA spectrum of fragment emission
after ir MPD of SiH, at low laser fluence
&~2.5 J/em?: (a) p(SiH,)=20 Torr; (b)
p(SiH,)=30 Torr
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a fixed exposure time of 500 ns at different delay times
with respect to the laser pulse maximum.

At pressures above 15 Torr, a yellow-brown pow-
dery deposit was observed after several laser shots on
the walls and on the windows of the cell. As discussed
in the following, the powdery deposit was mostly
formed by silicon which does not appreciably absorb
the CO, laser radiation (at 944 cm™*). However, the
whole cell was accurately cleaned before each set of
measurements and the absence of deposit interference
with the luminescence signals has been carefully
checked throughout the course of the experiment.

2.2. Discussion

It is generally accepted that ir laser induced dissoci-
ation of a molecule A is given by the following
mechanism [12]:

A 2P, A @)
Ax Y, s G)
A* + A* > A¥* L A (4
A*+ A > A+ A ®)]
A% L A > A* + A (6)
A** — products. )]

Here A are the unexcited molecules, A* and A**
are the vibrationally excited molecules below and
above the dissociation limit, respectively.

In the low pressure regime, molecules can undergo
decomposition only through the step (3), since no

880
Afnm)

collisions can take place before dissociation, while in
the high pressure regime two molecules with inter-
mediate energy content A* collide to give a molecule
A** which is excited above the dissociation threshold.

Infrared laser induced dissociation of polyatomic
molecules is often accompanied by visible-uv lumines-
cence from electronically excited fragments. In the
collision-free limit, luminescence is expected to build
up almost instantaneously with the laser pulse, the rise
time being independent of substance pressure, while
the luminescence intensity is expected to increase
linearly with gas pressure.

On the other side, collisional activation (step 4)
gives rise to a higher than linear dependence of the
product luminescence on substance pressure and rise
and decay times are expected to be pressure dependent.

At low laser fluences, broad and structureless

.emission spectra due to more than diatomic fragments

should be observed, while at high laser fluences
characteristic ~ frequencies of diatomic and
monoatomic species are expected to dominate the
emission spectra.

Keeping in mind these considerations, we have
interpreted data obtained at low laser fluence as
follows.

The observed chemiluminescence has been tenta-
tively assigned to emission from electronically excited
states of SiH,. At low pressures (<12 Torr), the
emission detected in the range 550-700 nm could be
ascribed to decay from !B, electronic state to ‘A,
ground state of SiH, radical. This assignment is
consistent with the absorption data reported in [13]
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and will be further discussed in connection with the
results obtained at SiH, pressure above 15 Torr.
Moreover, the time dependence of the total emission at
p<12 Torr can be discussed on the basis of the results
reported in [14] about fluorescence lifetimes of indiv-
idual rovibronic levels of !B, state of SiH,. A wide
dispersion in the lifetimes of different rovibronic levels
has been reported, ranging from ~10ns to >10 ps.
This behaviour has been ascribed to a strong perturb-
ation of !B, rovibronic states by mixing with *A; and
3B, states. In our experiment SiH, can be formed in
several excited states, thus the fast decay time of
~180 ns could arise from a superposition of decay
times from different !B, rovibronic states. The experi-
mental value of ~180 ns is also in reasonable agree-
ment with the radiative lifetime of the !B, electronic
state (T,,4=0.3 ps) as estimated in [14] from absorp-
tion data. As for the slow component, it could be due
to triplet emission from 3B, levels strongly coupled to
!B, levels. However, a more accurate spectral analysis
of the luminescence emitted at p<12 Torr is neces-
sary, in order to firmly establish the origin and the
nature of the emitting fragment.

An interesting feature of the measurements in the
low pressure regime is the approximately linear de-
pendence of both time components on silane pressure
(Fig. 3a). This linear dependence, as well as the inde-
pendence on silane pressure of the luminescence onset,
should be indicative of a true collisionless un-
imolecular decomposition [12]. Since polyatomic
molecules are expected to undergo true collisionless
multi-photon excitation at much lower pressures [12],
further investigation is necessary in order to get full
evidence for the occurrence of coherent multiphoton
excitation of SiH,. However, the V-V relaxation time
of SiH, (=5 pus- Torr) [15] is longer than typical V-V
relaxation times of other polyatomics (~ 1 ps - Torr for
SF¢) [16] and collisionless conditions are achieved at
least for SiH, pressure ~1 Torr (the CO, laser puise
duration being 1.5 ps).

At pressures above 15 Torr, the emission has been
ascribed to decay from collisionally excited electronic
states of SiH,. The band peaking at 720 nm has been
assigned to the !B, — 'A, transition. This identific-
ation is based on the following considerations. In [17]
the energy separation between the lowest singlet (*B,)
and the ground state (*A;) has been calculated to be
16936.5 cm™~'. By taking into account the bending
vibrational frequency in the ground state ‘A,
(~1004 cm™! [13]) and in the B, electronic state
(~860 cm ™! [13]), we have verified that band emis-
sion due to the bending vibrational transitions (0, v, 0)
—(0, v5, 0) should fall in the range 500-800 nm. It is the
relevant difference in the equilibrium angle between
the excited state (123° for 'B,) [17] and the ground

state (92° for 1A,) [17] which makes the luminescence
spectrum very broad.

On the other side, as far as it concerns the band
centered around 840 nm, a proper spectral analysis is
impossible due to the lack of spectroscopic data for the
other electronic states of SiH,. Further difficulties in
interpreting data arise from the mixing of electronic
states proposed in [15], which should lead to relevant
perturbations in energy level positions. We believe that
also the emission peaking at 840 cm ™! is ascribable to
SiH, since it is closely related to the emission at shorter
wavelengths. In fact, the shape of the emission spec-
trum does not change either when the gas pressure is
varied in the range 15-35 Torr (Fig. 5) or when the
luminescence is detected at different delay times with
respect to the laser pulse maximum. In principle, a
different behavior is expected for two distinct mole-
cular species.

We have discarded the possibility that other rad-
icals can be responsible for the chemiluminescence
peaking at 840 nm, since SiH displays a well resolved
structure in the range 405-420 nm [18], while the
lowest energy transitions of SiHj lie in the uv [19]. We
can also neglect the possibility of emission due to
reaction products with residual O,, since the lowest
energy transitions of SiO [18] fall in the region
420-430 nm, while chemiluminescence from H,SiO
[20] falls in the range 470-650 nm and exhibits
maximum intensity around 500 nm.

Finally, it is worth mentioning that SiH, has been
identified as a photolysis product in the secondary ir
multiple-photon dissociation of several organo-silanes
[14,21].

The attribution of the observed chemiluminescence
to decay from electronically excited states of the
sylilene radical confirms the occurrence of the homog-
eneous reaction (1).

It seems clear that at pressures above 15 Torr,
collisional activation becomes the dominant process in
inducing multiple-photon dissociation of silane. In
fact a higher than linear dependence of the product
luminescence on SiH, pressure is found, as shown in
Fig. 3b. The trend of luminescence intensity at p(SiH,)
=35 Torr can be explained by the saturation of ir
absorption (at 944 cm™!) in pure SiH, as found by
Pauleau et al. [22]. The influence of laser fluence on the
time behavior of chemiluminescence at p=20 Torr is
shown in Fig. 4. The very long rise and decay times are
due to the collisional process of energy pooling [23]
between molecules excited below the dissociation
threshold (step 4), which provides a continuous source
of electronically excited SiH, fragments until vibr-
ational cooling is achieved by V-T transfer processes
(step 5). The delay time between the laser pulse and the
onset of luminescence (called the “incubation time™) as
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well as the rise of the luminescence signal should reflect
the production of photofragments via V-V pumping
of the parent molecule, while the fall should be
determined by V-T relaxation processes. It is thus
conceivable that the incubation and rise times decrease
as the laser fluence increases (Fig. 4).

3. Luminescence Arising
from the ir Laser Induced Dissociation
of SiH, at High Laser Fluence

3.1. Results

When the laser radiation is focussed in the centre of the
cell, a bright pink luminescence is emitted at SiH,
pressures =3 Torr. Typical emission spectra consist
of sharp peaks in the wavelength range 200-700 nm.
Similar line optical spectra have been detected by
Deutsch [11] in laser induced dissociation of SiH 4, by
Steinwandel and Hoeschele [24] in the shock-wave
induced decomposition of SiH, (at temperatures ex-
ceeding 3000 K) and, finally, by Kampas and Griffith
[25] in silane glow discharge plasma experiments. The
emitting species in all these experiments have been
identified as H, H,, SiH, and Si. The analogy between
our spectra and optical emission in the silane glow
discharge led us to the hypothesis that CO, laser
induced silane breakdown takes place in the laser focal
region. In order to check this idea, two parallel plates
(with a separation of 2.2 cm) have been placed along
the focal region of the CO, laser. Electronic or ionic
current pulses (FWHM =1 ps), are detected when a
potential difference of + or —50 V is set across the
plates.

After having found evidence for the presence of
electrons in the focussed CO, laser field, we are left
with the problem of clarifying the mechanism of silane
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Table 1. Fragment identification from spectral lines of Fig. 6

Line Wavelength  Fragment
(nm)

1 243.9 Si [26]

2 2519 Si [26]

3 263.1 Si [26]

4 288.1 Si [26]

5 298.7 Si [26]

6 381.6 H, [18]

7 386.3 SiH [18]

8 390.5 Si [18]

9 394.1 H, [18]
10 406.9 H, 18]
11 412.8 SiH [18]
12 4340 H [26]
13 456.8 H, [18]

4572
14 486.1 H, [26]
15 505.5 H, [18]
16 5272 H, [18]
17 548.1 H, [18]
18 576.2 Si (2nd order)
19 583.6 H, [18]
20 632.7 H, [18]
21 639.9 H, [18]
22 656.3 H, [26]
23 781.0 Si (2nd order)

decomposition at high CO, laser fluence. In order to
sort out the sequence of reactions taking place after
laser irradiation, the entire luminescence spectrum has
been detected at different delay times with respect to
the CO, laser pulse maximum (Fig. 6). Fragment
identification is reported in Table 1.

The time dependence of fragments emission is
reported in Fig. 7 for selected lines of SiH, H,, Si, and
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H. A fixed exposure time of 500 ns was used through-
out this series of measurements. It comes out that
emission from SiH and H, excited photo-fragments
ends within the first few microseconds, while emission
from H and Si excited states last for about 5 ps and
12 ps, respectively.

In order to identify which fragments are primary
products of silane decomposition, we added a small
fixed quantity of nitrogen to silane (in the ratio 1:5)
and monitored the emission from Si, SiH, H, H,, and
N, as a function of CO, laser intensity. Formation of
emitting excited states of N, require only one clectron,
therefore emission from excited primary products of
silane decomposition is expected to be proportional to

the emission intensity of N, excited fragments when
the CO, laser field intensity is increased [25].

Experimental results reported in Fig. 8 show that
the ratio between silane and N, fragment emission
intensity is roughly independent on CO, laser dis-
charge for all the excited species. All the emitting
fragments should therefore be primary products of
silane decomposition.

3.2. Discussion

It is clearly evident that a different decomposition
mechanism is involved at very high CQO, laser fluences.
The origin of diatomic and monoatomic emitting
fragments will be discussed in the following. Ap-
pearance potentials for emission from excited frag-
ments of SiH, have been measured by electron impact
dissociation (see [27]). The experimentally found
values are 10.5 ¢V, 11.5 eV and 20 eV for SiH, Si, and H
Balmer emission, respectively, thus electrons with
energies higher than 20 eV are produced in the CO,
laser focal region.

The energetically allowed silane dissociation path-
ways are reported in [28]. The appearance potentials
below the 1st IP (ionization potential) of silane
(12.8 eV) [29] are consistent with the following dissoci-
ation channels [28]:

SiH, + e~ — SiH(424) + Hy(X'Z})

+ H(125) (8.6¢V)
SiH, + e~ — Si{ds*P,) + 2H,(X'5})  (9.5¢V)
— Si(ds'Py) + 2H,(X'Z})  (9.6¢V)

Emission from SiH(424) [18], Si(*P,) [26], and
Si(*P,) [26] excited fragments is observed in the
spectra reported in Fig. 6. In the energy range above
the 1st IP, superexcited states of silane can be formed,
which are characterized by a Rydberg nature (see
[27,28]). In fact, when an excitation energy E greater
than the 1st IP is transferred to the molecule, a ground
state electron can be promoted to a level of a Rydberg
series converging to a higher ionization limit. The
Rydberg electron behaves as a spectator orbiting at a
large distance from the nuclei, while the remainder of
the molecule determines the final dissociative pro-
cesses [28, 30]. When the parent molecule dissociates,
the Rydberg electron can be captured by the positively
charged ion entering one of its Rydberg orbitals,
otherwise dissociative ionization takes place.

Autoionizing Rydberg series converging to the
second ionization limit (near 18 ¢V) [29] of SiH,, have
been observed in threshold photoelectron spectros-
copy [31] and large angle electron scattering [32]
experiments. More recently autoionization structure
following resonant excitation of Rydberg states con-
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verging to the 2nd ionization limit of SiH, has been
detected by Borlin et al. [33] in the photoionization
cross section of all the SiH, ions between 15.5 ¢V and
18 eV.

If dissociation from superexcited states into neutral
fragments takes place, emission is observed when the
Rydberg electron cascades down to some lower state of
the fragment. Optical emission from neutral fragments
after dissociation of SiH, superexcited states has been
observed by Perrin and Aarts [27] in e-impact experi-
ments. The AP for H Balmer emission has been found
at 19 eV and a second onset for Si (4s ! P,) emission has
been found at 20 eV. In analogy with the experiment of
Perrin and Aarts, we suggest that H Balmer emission
and a contribution to Si emission in the spectra
reported in Fig. 6 is due to deexcitation of metastable,
high-lying Rydberg states of H and Si formed after
dissociation of superexcited states of silane. This
hypothesis is furtherly confirmed by data reported in
Fig. 7, showing that emission from excited Si and H
fragments lasts more than SiH and H, emission and
terminates well after the end of the electronic current
pulse. Production of high Rydberg fragments has been
observed after dissociation of CH, by e-impact at
energies above the 2nd IP [30] and the hydrogen
fragment lifetimes were found in the range 1.0—0.5
x1077s. These values are of the same order of
magnitude of H fragment emission lifetime observed in
our experiment (= 5.0 ps).

4. Final Product Analysis

Mass spectrometric analysis was performed on SiH,
samples by an Extranuclear (Mod. 011-1) quadrupole
mass spectrometer. Molecular hydrogen was the only
significant gaseous product observed in mass spec-
trometric analysis of silane photolized samples. By
adding 5 Torr of He as internal standard, we have
verified that the silane loss in irradiated samples is
accounted for by gaseous hydrogen formation in the
ratio 1:2.

Disilane or higher silane formation was neither
directly observed on the corresponding masses nor as a
change in Si*/SiH"/SiH; /SiHJ relative intensities
after laser photolysis.

A powdery deposit was observed both on the cell
walls and cell windows after laser irradiation of silane.
At low laser fluence (® <2 J/cm?), the onset for powder
formation was found at p=15 Torr. A larger amount
of dark brown powder was produced during sample
irradiation at high laser fluences.

Infrared spectrophotometry of powders pressed in
KBr pellets by a Perkin Elmer spectrophotometer
(Mod. 283/2996) has shown the presence of small peaks
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corresponding to stretching (~2200-2100 cm ™),
bending (950-850 cm™?!) and wagging (~650 cm™?)
vibrational modes of silicon-hydrogen bonds.

The crystalline structure of the powders was
evaluated using x-ray (CuKa) diffraction analysis. The
x-ray diffraction patterns reveal three peaks corre-
sponding to Si(111), (220), (311). The x-ray diffraction
profile was also used to estimate the crystallinity of the
samples since x-ray diffraction peaks of crystalline
silicon are broadened by the characteristic back-
ground due to the amorphous phase, whenever present
[34]. It has been found that the powders are mostly
crystalline, the amorphous phase (~20-30%) being
present only in Si powders obtained at low laser
fluence.

All these results suggest the occurrence of the
global reaction

SiH, — Si| + 2H,1. )

Further details about final product analysis can be
found in [34].

5. Conclusions

The mechanisms of CO, laser induced decomposition
of silane at low and high laser fluences have been
discussed on the basis of time and spectral dependence
of luminescence emitted by excited photofragments.
At low laser fluence, the chemiluminescence ob-
served in the range 420-880 nm has been attributed to
emission from electronically excited states of SiH.,.
Several studies indicate that the sylilene radical (SiH,)
is a key intermediate in a wide range of silane
decomposition processes including pyrolysis [ 7], CVD
[9,35], glow-discharge [36] and ir laser induced
dissociation [37-39]. But, at variance with other SiH,
decomposition experiments, our final product analysis
suggests the occurrence of a global reaction producing
silicon rather higher silanes. We believe that the major
feature which differentiates the gas phase reaction
sequences following the homogeneous reaction (1) is
the energy state in which the radical SiH, is formed. In
fact, efficient molecular predissociation to Si(*P)+H,
is expected whenever SiH, is formed in the !B,
rovibronic states which are strongly coupled to 3B;
levels, since the barrier to H, elimination is low for the
3B, manifold [15]. The subsequent steps are silicon
particle nucleation and condensation. This reaction
sequence is consistent with the global reaction (8) and
with the absence of polysilanes in our final product
analysis. On the other side, in all the experiments in
which SiH, is formed in the ground state (i.e. silane
pyrolysis and CVD [35], low fluence CO, laser
induced silane dissociation [37,38] (# <1 J/cm?), etc.)
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SiH, insertion into unreacted silane giving rise to
higher silanes is expected to be the dominant mecha-
nism following the primary step (1).

At high laser fluences, silane breakdown takes
place in the focal region at pressures above 3 Torr. In
this regime, line optical spectra have been detected
due to emission from mono and diatomic fragments
formed in a silane plasma. All the emitting species (Si,
SiH, H,, H) are primary fragments of silane formed
after dissociation from excited or superexcited (i.e.
above the lowest IP at 18.2 eV) states.

The use of optical probes for plasma and CVD
silane decomposition processes has already provided
relevant information on the elementary reactions
taking place in these systems. We have shown that in
laser initiated decomposition processes, spectroscopic
techniques can be even more valuable since the time
evolution of elementary processes can be followed and
new information can be obtained about the early
stages of the photoreactions.
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