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The influence of chamber geometry on the electron impact dissociation and dissociative
excitation processes, in a capacitively coupled radio-frequency (rf) silane discharge, is
presented. This is achieved by examining the influence of geometry, in conjunction with other
macroscopic parameters, on the concentrations of ground state SiH and electronically excited
SiH* radicals, recorded simultaneously by spatially resolved laser induced fluorescence and
optical emission spectroscopy. The geometry of the discharge is modified, by changing either the
interelectrode distance or the electrode diameters, whereas the electric symmetry of the
discharge is monitored by the change of the self-bias direct-current potential of the rf electrode.
Our observations indicate that the specific path and power consumption of the generation
processes of the two radicals are spatially differentiated and sensitive to geometry variations.
Thus, emission and fluorescence spatial intensity profiles are differently influenced. In the case
of the modification of interelectrode distance, a redistribution of the energy consumed by each

of the radical generating processes has been observed.

I. INTRODUCTION

Plasma enhanced chemical vapor deposition (PECVD)
of @-Si:H and related alloys has been the subject of many
studies in the last few years. The large and continuously
growing number of applications of this family of materials
in the fabrication of various electronic devices, has stimu-
lated research activities concerning the fundamental as-
pects of this process, as well as reactor design, character-
ization of the films, efficiency, and stability of a-Si based
devices.

However, the present situation is largely characterized
by a semiempirical approach in understanding and control-
ling the process. This is because a direct relation between
the properties of the deposited film and the entire set of
externally controllable parameters is not yet achievable.

In this context, considerable attention has been paid to
the identification of possible growth precursors and their
role in elementary gas-phase and surface processes, in an
effort to correlate macroscopic plasma parameters to the
film properties by means of a properly formulated mecha-
nism.

Plasma diagnostics have already played an important
role in providing insight and data for a realistic simulation
of these elementary processes. Thus, besides the identifica-
tion of active species,'”> we have now some information
about their number density*® and behavior® during the
deposition of a-Si:H.

However, there are still many open questions, which
originate from the fact that most of the microscopic prop-
erties of these discharges are spatially and temporally de-
pendent, while most often only the energy dependence, of
the time and space averaged properties, is taken into ac-
count.

These microscopic plasma properties are related to the
basic discharge-sustaining mechanisms associated with the
specific power consumption of ionization, dissociation, ex-
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citation, and other gas phase collision processes. Therefore
they are influenced by all the externally controllable pa-
rameters. Namely, they are most sensitive to the magni-
tude, frequency and coupling characteristics of rf power,
and also pressure, flow rate, gas composition, and dis-
charge geometry.

This last parameter is very important because it influ-
ences directly, as well as indirectly through its interdepen-
dence with other process parameters, the values of electric
field and power density, and the discharge sustaining
mechanism.” However, the discharge geometry, and its
correlation with gas phase and surface processes in gas
discharges, has not been studied systematically. Only few
works have partially addressed this subject,®'! despite its
obvious importance.'?

Thus, if the basic geometric characteristics of the cham-
ber (electrode shapes and diameters, interelectrode spac-
ing) are modified, the values of the sheath and plasma
potentials are changed along with the time-averaged shape
and magnitude of the bulk plasma and the electrode
sheaths. Consequently, the specific power consumption of
each elementary process, at each one of these discharge
areas, will be significantly influenced.

Optical diagnostics have proven their sensitivity to these
variations, and therefore, provide a powerful tool for re-
cording the effects of geometry on the production and
space distribution of reactive intermediates.!>!¢

Based on this idea, we have used spatially resolved laser
induced fluorescence (LIF) and optical emission spectros-
copy (OES) in order to study the influence of discharge
geometry on the power dissipation mechanisms, by moni-
toring the specific generation rates of SiH and SiH¥ radi-
cals. Besides the fact that these measurements are the only
direct, spatially sensitive, information available about si-
lane discharges, as it will be shown SiH and SiH* can be
considered as model species for the comparative estimation
of the outcome of electron collisional dissociation and dis-
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sociative excitation of silane and also of its energy and
space dependence.

It was revealed in this study that discharge geometry
has considerable effects on these elementary processes.

il. EXPERIMENT

The experimental arrangement and the diagnostic tech-
niques used in the present work have been described in
detail elsewhere.® In this experiment, we use 2 sets of
round stainless-steel electrodes, 1 pair of 10 and 1 of 6 cm
in diameter, in a 16 cm wide cylindrical stainless-steel dep-
osition chamber. Both, the chamber and the deposition
electrode are grounded.

The 1f electrode is fixed, while the grounded one is
mounted on a linear motion vacuum feedthrough that per-
mits continuous adjustment of the interelectrode distance
(between 0 and 70 mm) without interruption of the exper-
iment. The powered electrode, equipped with a stainless-
steel grounded shield, is connected to the rf generator
(13.56 MHz) through an L-type matching network via a
blocking capacitor. Forward and reflected power is mea-
sured with a low-power SWR bridge (Hansen FS-5S).
Since the probable power losses in the impedance matching
network are unknown, rf voltage and direct-current (dc)
floating potential are continuously monitored on an oscil-
loscope via a high impedance probe connected to the pow-
ered electrode.

The gas is fed by the center of the rf electrode through
a porous disk. Upstream flow control, using mass flow con-
trollers, and downstream pressure control, by means of a
throttling valve, ensures independent variation of pressure
and flow in our range of working conditions. LIF and OES
axial profiles are recorded by moving the deposition cham-
ber, as described in Ref. 6. It is necessary to note that this
method is far more accurate and simple than the often used
technique of moving the excitation and collection optics,
since there is no need for repeating the very laborious
alignment procedure. The signal acquisition method has
been simplified very much by using a digital storage oscil-
loscope equipped with an averaging module (Lecroy
9400). The photomultiplier tube (PMT) signal obtained
from a specific discharge region is converted to a digital
wave form of 1000 ns amplitude. The average of 2000 such
wave forms is integrated in time after the subtraction of the
time-equivalent emission and scattered laser light wave
forms. The entire procedure is automated by using a pe-
based control program. The accuracy of the method has
proven to be much more satisfactory than the usual boxcar
averaging technique which is based on analog signal pro-
cessing.

iil. RESULTS

In the present work spatially resolved LIF and OES
have been employed for the simultaneous detection of both
fundamental and electronically excited states of silylidine
(SiH and SiH*) radicals. These methods were used for
recording of entire one-dimensional (1D) (axial) intensity
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F1G. 1. Emission intensity (f in arbitrary units) as a function of the
distance (X) from the powered electrode for three interelectrode dis-
tances (d). (P= 50 mTorr, W= 12 W, f = 10 sccm pure silane.)

profiles, between the two electrodes, or for recording in-
tensity variations at specific areas of particular interest in
the interelectrode gap. }

In the following, we will present the effects of interelec-
trode distance and electrode area on the space dependent
generation of these radicals.

The first attempt was to modify the chamber geometry
by moving one of the electrodes, namely the grounded one
(momentary anode), in order to see how this affects the
spatial intensity distribution of SiH and SiH* radicals.

Thus, in Figs. 1 and 2, are presented OES and LIF
profiles, for three specific interelectrode distances (d),
while maintaining all the other parameters constant.

A first observation is that the intensity maximum on
both sets of curves does not change location (remains con-
stant at x = 10 mm for LIF and x =5 mm for OES).
However, the total intensity of each curve shifts up as the
two electrodes come closer.

The observed overall intensity shift is easily explained,
since the power/cm? ratio increases as the total power sup-
plied to the discharge by the rf generator remains constant
(Ws= Wi ward — Wieeflectea)- Consequently, fewer silane
molecules are subject to a higher number of inelastic col-
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FIG. 2. LIF intensity (f in arbitrary units) as a function of the distance
(X) from the powered electrode for three interelectrode distances (d).
Same conditions as in Fig. 1. '
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FiG. 3. Overall intensity I;;x(T1) and Iggs(X), and their ratio
I e/ Tops(*), obtained by integration of the LIF and OES curves from
Figs. 1 and 2.

lisions with fast electrons and this results in higher densi-
ties for all kinds of radicals.

If the power density were homogeneous in space (in a
discharge consisting only of a positive column), one would
expect that the total increase, which can be calculated as

d
[(LIF,OES);'J;‘ I(x)dx‘,

where J{x) the normalized LIF or OES intensity profile
should scale approximately with &~ '. However, this is not
observed experimentally. Indeed, as it can be seen in Fig. 3,
the total LIF and OES intensities increase both with de-
creasing d, however, the specific rate of increase of each
intensity is different. Namely, the ratio Iy 1p/Iops decreases
as the interelectrode distance becomes shorter. This behav-
ior suggests a redistribution of the specific power consump-
tion between dissociation and dissociative excitation pro-
cesses in favor of the latter.

These observations must be related to the variation of
the contribution of the sheath and bulk plasma specific
volumes to the overall discharge volume, but in addition
one has to consider also the alteration of the discharge
symmetry due to the contribution of other grounded sur-
faces. The major contribution coming from the grounded
chamber walls can be estimated by measuring V4 (the
self-bias dc potential of the powered electrode with respect
to the ground), which rises as a consequence of the current
drawn by the blocking capacitor.!!® If the ratio of the
powered area (A4,) to the grounded one (4,) is defined as
R = A4,/A,, then

Vee=(1=R""V,,

where I7'p = (1/2) (V4. + V), the average plasma poten-
tial and » is a little higher than or equal to 1.

The value of ¥y, can be used as a criterion of the dis-
charge symmetry and as a reference for the evaluation of
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FIG. 4. Self-bias dc potential (Vd; in volts) of the tf electrode as a func-
tion of pressure, at three interelectrode distances (d) (V=73 V.)

spectroscopic measurements; when the discharge is ap-
proaching electrical symmetry, V,. tends to O (since
R =1), whereas in the case of asymmetric discharges it
has a negative value. This value rises as the discharge be-
comes more asymmetric. For example in Fig. 4 are pre-
sented characteristic ¥, curves as a function of pressure,
for three different interelectrode distances. There is a clear
tendency toward electric symmetry for pressures higher
than 90 mTorr. However, one can also observe a minimum
in the range of 20-50 mTorr.

Additionally, since the positions of LIF and OES max-
ima do not vary with interelectrode distance (Figs. 1 and
2), the intensity shift at the maximum can be used for
recording the influence of d in a more extended range,
simultaneously with V.

Thus, Fig. 5 presents the variation of LIF and OES
intensities recorded at I,,,, 10 mm from the rf electrode,
together with V..
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FiG. 5. LIF and OES intensity (] in arbitrary units) together with V. (in
volts) as a function of interelectrode distance (d). Both intensities are
recorded at X = 10 mm from the tf electrode. (P = 40 mTorr, W = 10
W, f =11 sccm pure silane, ¥ ;=73 V.)
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FIG. 6. Emission intensity (J in arbitrary units) as a function of inter-
electrode distance, recorded at X = 10 mm, for three different pressures.
(W =12 W, f= 11 sccm pure silane.)

Two main regions can be distinguished in this family of
curves:

(i) for d>27 mm where the effective grounded area
includes much of the surrounding chamber walls, resulting
in higher values of Vg,

(ii) for d <27 mm where the effective grounded area is
approximately equal to the surface area of the grounded
electrode, characterized by a sharp linear increase in both
intensities and a decrease of V.

The influence of the surrounding walls is much more
important at low pressures, where the discharge spreads
out, than in higher pressures when it is restricted near the
electrodes and the electrons tend to be trapped in the bulk.

This can be observed in Figs. 6 and 7, where the same
type of OES and LIF curves are plotted for three different
working pressures.

In these figures, one can also observe the dependence of
both intensities on pressure. Namely, emission intensity
increases, while LIF intensity decreases with increasing
pressure. In fact, there is a linear dependence in this range
of pressures. Thus, in region I of these curves, intensity

(1 paxs at X = 10 mm from the rf electrode) is proportional
140
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FiG. 7. LIF intensity ([ in arbitrary units) as a function of interelectrode
distance, recorded at X = 10 mm, for three different pressures. (Same
conditions as in Fig. 6.)
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to Pd~ ! for emission and P~ 'd~ ! for LIF, whereas in
region II it is proportional to Pd~? for emission and
P~ 4~ for LIF, approximately.

Additionally there is a tendency for saturation of the
LIF intensity curves as the interelectrode distance becomes
very short (d <20 mm).

To illustrate this last phenomenon, we have plotted the
rate of increase of the concentration of each radical versus
d in Figs. 8 and 9. This can be calculated as
?(em,L1F) = [dI(x)}/dx, the first derivative of intensity as a
function of distance, giving r., (rate of increase of emis-
sion intensity) and rq;p (rate of increase of LIF intensity).

It is observed in these figures that r,, starts to increase
at distances shorter than 50 mm (approximately equal to
the distance of electrodes from the chamber walls [(D

— d)/2=50 mm], whereas the inflection point of these
curves varies from =21 to =24 mm depending on pres-
sure.

ri 1w also increases for 4 <50 mm and presents an inflec-
tion point at ~27 mm, the position of which does not
depend on pressure. However, the 7y curve presents also
a maximum for d~20 mm when the rate of increase starts
to drop again. This maximum appears at the same 4 where

di(x)/dx

10 156 20 25 30 35 40 45 50 55 60
d (mm)

FiG. 9. Plot of ryp=dI(x)/dx as a function of interelectrode
distance (d).
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FiG. 10. LIF and OES intensity ([ in arbitrary units) as a function of the
distance (X) from the powered electrode, for two different area electrode
sets. (a) (A) LIF and (*) OES for 6 cm cathode and 10 cm anode, (b)
(0O) LIF and (X ) OES for 10 cm cathode and 6 cm anode (P =50
mTorr.)

the value of ¥V is minimum (Fig. 5), and the discharge is
more close to symmetry.

The results presented here clearly show that the two
elementary processes (dissociation and dissociative excita-
tion) are influenced differently by the variation of power
density and discharge geometry.

To further illustrate this difference the diameters of the
two electrodes were modified, thus modifying R = 4/4,.
This was accomplished by using 1 electrode of D = 10 cm
and 1 of D=6 cm diam.

{A) In the first case the big electrode is connected to the
tf generator while the small one is grounded, (B) whereas
in the second case the small electrode is powered and the
big one is grounded (R,/Rp=2.7).

The results obtained (Fig. 10) show that the LIF max-
imum position is the same in both cases, unlike the emis-
sion maximum that is significantly influenced. More spe-
cifically, SiH* concentration is higher in case (A) and
dislocated toward the anode, while in case (B) is nearly
flat in the center of the discharge.

Since our previous results do not indicate any such in-
fluence of pressure, power or any other parameter, this
change is clearly attributed to the change in electrode di-
ameters. Therefore, these observations indicate a close re-
lation of SiH* to the potential and magnitude of both cath-
ode and anode sheaths. In the same time the concentration
of SiH seems to be influenced only by the density of elec-
trons in the bulk, which should be higher in case (B)
(small rf electrode).

V. DISCUSSION

In order to explain the different behavior of SiH and
SiH* species, it is necessary to outline the radical genera-
tion processes and all the various ways they can be influ-
enced by the modification of interelectrode distance.

The two radicals are produced by one-electron inelastic
collisions, as described in the following reactions (given
with the theoretical radical formation thresholds):

SiHy+e~ -SiH+H, + H 5.8 eV, (R1)
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SiH, + e~ —»SiH 4+ 3H 104 eV, (R2)
SiH, + e~ -SiH* 4 H, + H 84 eV, (R3)
SiH, + e~ -»SiH* + 3H 12.9 eV, (R4)
SiH + SiH, - Si,H,

151 -+ Sikl, 15115 (RS)

ks=33%x10"'2 cm®s~! (Ref. 1).

After their generation electronically excited SiH* radi-
cals return spontaneously to the ground state by emitting a
photon, whereas ground state SiH radicals react with si-
lane toward Si,H; [reaction (R5)]. The different dissipa-
tion path of the two radicals explains sufficiently the dis-
tinct response to the increase of pressure (Figs. 6 and 7).
At higher pressures, the increased radical density enhances
emission intensity, whereas the increased silane density af-
fects only ground state radicals. Furthermore, (i) The rate
of the reaction of ground state radicals with silane {reac-
tion (RS)] is sufficiently high and overtakes diffusion at
pressure > 25 mTorr.!® Our previous results® indicate that
the influence of diffusion is limited for pressures above 30
mTorr and not observable within the limits of experimental
error for this pressure. (ii) Also, microscopically, the rad-
icals will move with equal probability to all directions,
despite the differences of the radical concentration in
space. Thus, although the radical diffusion flux is deter-
mined by the gradient of the species this will not influence
the measured LIF intensity at a single point of the dis-
charge.

These arguments prove that the intensity at a specific
location, and at sufficiently high pressure, will reflect the
relative rate of generation of these radicals, since the con-
centration of silane is almost homogeneous in space at low
depletion conditions.

Our previous measurements in the range below 30
mTorr, where diffusion effects are larger and should influ-
ence the LIF profiles, confirm this statement because the
spatial profiles have the same shape (identical position
Jmax) in the range of 15-100 mTorr in pure silane and up
to 0.5 Torr in diluted silane. If the ground state SiH radi-
cals were generated according to a different spatial profile
(as for example the OES profile) one would expect that
actual concentration profiles, measured by LIF, would be
strongly influenced by the modification of pressure. Nev-
ertheless, the hypothesis of diffusion from an initial gener-
ation profile, identical with the emission profile, has also
been checked by numerical calculations but failed to repro-
duce the experimental results.

Although SiH radicals represent a somewhat low per-
centage of the silane fragmentation pattern, there are
strong indications that SiH spatial profiles represent the
stationary silane fragment generation profiles not only for
SiH but also for other low energy radicals as silylene
(SiH,) and silyl (SiH,). Thus, considering the fact that
most of the electron collisional dissociation of silane occurs
by high energy (8-12 eV) electrons, (considerably higher
than the mean electron energy and above the radicals’ ther-
modynamic formation threshold®®) spatial generation pro-
files for SiH , and SiH; should be very close to that of
ground state SiH. Still since these radicals are produced in
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larger proportions, and their spatial distribution is deter-
mined by the specific reaction and diffusion rates of each
radical, their actual concentration profiles can be different.
However, actual measurements of SiH; profiles using in-
frared laser absorption revealed a noticeable similarity to
SiH profiles.! Namely the position of the maximum con-
centration is ~8-10 mm from the rf electrode (d = 30),
but the distribution is much more uniform in space, com-
pared to SiH, due to the much greater lifetime of this rad-
ical.

Therefore, an accurate estimation of the relative spatial
abundance of each radical and their availability to surface
processes is now possible to the extent that direct measure-
ments of the density and behavior of these species (kinetic
and transport coefficients) are available.

On the contrary, the case of electronically excited state
SiH* radicals is different. Their spatial profiles present sev-
eral differences compared to those of ground state SiH.
Although they are also generated by one-electron collisions
with silane, there is a considerable energetic difference (AE

= 2.5 eV, equations R1-R4) in their formation threshold,

compared to their ground state counterparts. Accordingly,
the experimentally determined appearance threshold of
dissociative excitation ( > 10.5 eV) is much closer energet-
ically to dissociative ionization (> 11.9 eV) than to disso-
ciation toward neutral radicals ( > 8 €V).?? This difference,
in conjunction with the spatial variation of the electron
energy distribution function (eedf), which is caused by the
anisotropy of the electron swarm, induces a dissimilar
space distribution and behavior for SiH*, compared to
SiH.®

Consequently, the different types of response of these
two radicals, to energy, space, and density variations can
lead to important conclusions, concerning the variation of
the eedf and the power dissipation mechanisms in low pres-
sure silane discharges.’

The variation of interelectrode distance while maintain-
ing constant total power is affecting the generation process
of these radicals in several ways. Namely, (a) when the
two electrodes approach, the amount of power/cm’® in-
creases thereby increasing the electron density. This causes
a net increase in the concentration of the two species. It
must be noted here, that the power density is usually cal-
culated for the volume defined by the diameter of the elec-
trodes neglecting sidewall effects. However, the experimen-
tal results shown earlier indicate clearly that the
surrounding chamber walls can have a measurable influ-
ence, increasing at lower pressures, if they are located at
distances comparable to the interelectrode distance.

(b) At the same time, the electron temperature
increases,?> at least for three reasons: First, because the
contribution of hot y electrons becomes larger, since the
time-averaged volume of the sheaths is independent of d;
second, because bulk electrons are thermalized by the mov-
ing plasma-sheath boundary (wave-riding electrons);**?
and third, because at short distances a hot electron flux is
generated by interaction with the approaching anode
sheath.? ‘

All these processes essentially modify the eedf, thus fa-
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voring high energy processes against low energy ones.?’

Consequently, r,, is higher and linearly increasing, com-
pared to rp  (Figs. 8 and 9). This is also supported by the
fact that despite the observed decrease of emission intensity
when pressure drops (Fig. 6), r., is faster at lower pres-
sures (Fig. 8), where the sheath potentials are higher re-
sulting in faster y electrons.

This is the cause of the redistribution of energy con-
sumption between dissociation and dissociative excitation
processes, as it is observed by the decrease of the Iy yv/Z s
ratio (Fig. 3).

(c) The net flux of electrons striking the surface of the
two electrodes becomes larger at small d, leading to a de-
crease of the electron density.?>?® This is confirmed by the
increase of V. (Fig. 5) and the decrease of rx (Fig. 9)
for distances below 20 mm. This phenomenon is more pro-
nounced at lower pressures when there is a larger mean
free path for electrons.

All the prior observations and arguments show a direct
relation of the SiH* generation to the potential and the
magnitude of the sheaths, whereas the generation of SiH is
mainly influenced by the power density in the bulk.

The validity of this conclusion is enhanced by the ex-
perimental results concerning the modification of electrode
area. In this case, the emission profile is always displaced
towards the smaller electrode which presents the higher
sheath potential, while the LIF profile is only affected by
the power density which is higher in the small rf electrode
case.

Also, this explanation is in good agreement with the
phenomena observed in previous work of this group and
justifies the explanations given there. Namely, ground state
SiH profiles obtained by spatially resolved LIF measure-
ments present a maximum located inside the bulk plasma
(10 mm from the rf electrode), the position of which is
insensitive to pressure, flow, composition of the feed gas, or
interelectrode distance, while the spatial profiles of SiH*
present a maximum that moves toward the rf electrode as
pressure increases. The same effect can also be observed
here by the crossing of the 22 mTorr OES curve with the
other two pressure curves (Fig. 6). This is observed be-
cause these are single point measurements at the position
of LIF intensity maximum ([,,,). This is in accordance
with the experimentally determined time-averaged sheath
thicknesses, which decrease as pressure increases,*® and the
minimum ¥, observed in the range 20-50 mTorr (Fig. 4).
If pressure increases above 100 mTorr a second intensity
maximum appears near the anode. The same phenomenon
has also been observed by Roth in nonreactive gases like
N,, H,, Ar, and Ne. The displacement of the maxima and
the shape of these profiles was found to depend on the
nature of the gas.”’ He also observed that N, discharges
present two intensity maxima (one near each electrode),
while in the same conditions Ar and Ne present only one.
Especially, H, has a similar behavior with silane; at low
pressures it presents one maximum while a second one near
anode appears at higher pressures. These observations have
been experimentally reproduced by this group, and con-
firmed by other results that can be found in literature.3%-3?
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These changes in the emission profiles of gas discharges
correspond to specific changes in the discharge sustaining
mechanism. Namely, the first transition marked by the
smooth displacement of the emission profile towards the rf
sheath and the small minimum of ¥V, (Fig. 4) corresponds
to the electrode sheath confinement, while the appearance
of the second intensity maximum and the sharp decrease in
V4. correspond to the transition from the o to the y
regime®’ which is characterized by an additional contribu-
tion of ¥ secondary electrons to the maintenance of the
discharge.** The first transition occurs at a characteristic
pressure for each gas, which in the case of pure silane lies
between 20 and 50 mTorr, or the same silane partial pres-
sure in the case of diluted silane.

Recently, Gallagher”® and Kuznetsov®’ have used in
their calculations emission profiles obtained from nitrogen
discharges. As already explained earlier, these profiles
present two maxima located near the electrodes and are
probably close to the silane emission profiles in the y re-
gime. However, since the sheath sizes, and consequently
the exact location of the maxima, depend on the nature of
the gas, this assumption can induce some error in these
calculations. Besides it is clear from the previous discus-
sion that at least in the a regime one should use LIF pro-
files instead of emission.® However, it is suggested that in
the y regime LIF profiles would probably be closer to emis-
sion profiles than in the a regime, but this remains to be
seen in future experiments.

The phenomena observed will certainly affect the gas
phase composition and the ¢-Si:H deposition mechanism.
The latter will change to the extent that the availability of
various radicals to surface processes will be different. This
group has already reported results showing a direct rela-
tion of interelectrode distance with the deposition rate the
defect density of @-Si:H films deposited under the same
conditions.’” In this case, deposition rate does not increase
continuously with the decrease of d, but presents a maxi-
mum at d =27 mm at 50 mTorr, or a tendency for satu-
ration from the same 4 at 100 mTorr. This distance coin-
cides with the inflection point of the LIF curves (Fig. 7)
indicating a possible correlation between a change in the
deposition mechanism and the phenomena observed here.

V. CONCLUSIONS

Generally, the variation of the basic geometric charac-
teristics of a silane discharge influences all the primary
processes, which occur by electron molecule collisions.
This is the case because the electron energy distribution, as
a function of space and time, is affected.

In the present study this influence, on dissociation and
dissociative excitation processes, has been identified by
monitoring the spatial distribution and behavior of SiH
and SiH*. There are several differences in the response of
these species to geometry variations, in conjunction with
pressure and power density, which lead to the conclusion
that the production of SiH* depends mainly on the sheath
characteristics whereas the production of SiH depends on
the power density in the bulk. It is supported by the
present results that the behavior of SiH is representative
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for all the other ground state radicals. Thus, normalized
LIF spatial profiles can be effectively used as the spatially
distributed source of radicals, in the range of our working
conditions, in order to calculate the spatial concentration
profiles of each radical as well as the composition of the
flux incident to the deposition surface.

Secondary gas phase processes, as radical-neutral and
radical-radical reactions, are also influenced by the dis-
charge geometry as silane depletion and/or residence time
are affected.

The resulting modification of the gas phase composition
by primary and secondary processes is affecting the depo-
sition rate and the quality of the film. Thus, the chamber
geometry has also significant effects on the deposition
mechanism.
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