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Abstract

Amorphous hydrogenated silicon films were grown using an atmospheric
pressure helium and hydrogen plasma with silane added downstream of the

source. A maximum deposition rate of 120 + 12 A min~

was recorded at a

substrate temperature of 450°C, 6.3 Torr H,, 0.3 Torr SiHy, 778 Torr He,
32.8 Wcem™3, and an electrode-to-substrate spacing of 6.0 mm. The
deposition rate increased rapidly with the silane and hydrogen partial
pressures, up to 0.1 and 7.0 Torr, respectively, then remained constant
thereafter. By contrast, the deposition rate decreased exponentially as the
electrode-to-substrate distance was increased from 5.0 to 10.5 mm. The total
hydrogen content of the films ranged from 2.5 to 8.0 £ 1.0 at%. These
results together with a model of the plasma chemistry indicate that H atoms
and SiHj; radicals play an important role in the deposition process.

1. Introduction

Amorphous hydrogenated silicon is widely used in solar
cells and thin film transistors (TFT) for flat panel displays
[1-10]. This material is normally grown on glass substrates
at temperatures below 500°C by plasma enhanced chemical
vapour deposition (PECVD). Radio-frequency capacitive
discharges are often used for this process, although inductively
coupled plasmas (ICP), electron cyclotron resonance (ECR)
sources, and helicon waves have been explored for this
purpose as well [1-4,11]. Capacitive discharges exhibit
electron densities in the range 10°-10'' cm~3 with average
electron temperatures near 3.0eV. By contrast, ICP, ECR,
and helicon wave sources generate higher electron densities,
between 10'° and 10'3 cm™3, but are more difficult to design
and operate for large-area PECVD applications [11].

We have developed an atmospheric pressure plasma
that exhibits physical and chemical characteristics similar to
low-pressure discharges [12—-18]. The plasma is generated
by flowing helium and a reactive gas between two closely
spaced metal electrodes, in which one of the electrodes is

connected to a radio frequency power source. The discharge
is capacitive and is sustained by bulk ionization of the gas
suspended between the sheaths. For a pure helium atmospheric
pressure plasma, we have measured an electron density of
3.0 x 10" em™3, an average electron temperature of 2.0eV,
and a neutral temperature of 120°C [12,13]. Recently, it
has been shown that this plasma source may be scaled up to
uniformly treat large substrate areas [19]. The high-pressure
operation combined with the reasonably high electron density
suggests that this gas discharge may have certain advantages
for materials processing.

In this paper, we examine the deposition of amorphous
hydrogenated silicon using an atmospheric pressure helium
and hydrogen plasma with downstream addition of silane. The
effect of the process variables on the a-Si : Hdeposition rate and
hydrogen content in the films has been determined. In addition,
anumerical model of the plasma chemistry has been developed
to identify which reactive species are likely to be involved in
the deposition process. A comparison of the model results with
the experimental data indicates that ground-state hydrogen
atoms and SiH; radicals are the most abundant reactive
intermediates.
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2. Experimental methods

A schematic of the plasma source used in the PECVD
experiments is shown in figure 1. The source consisted of two
aluminium electrodes, 33 mm in diameter, separated by a gap
1.6 mm wide. Both electrodes were perforated to allow helium
and hydrogen to flow through them. The upper electrode was
connected to a radio frequency power supply (13.56 MHz),
while the lower electrode was grounded. A third aluminium
plate was installed beneath the lower electrode. It contained
an internal network of channels and holes that mixed silane
with the plasma afterglow. Located 5.0-10.5 mm further
downstream was a rotating sample stage and heater, both with
adjustable heights.

The films were deposited by the following procedure: a
Corning 1737 glass substrate was rinsed with acetone and
methanol, and placed on the sample holder. Then, helium
and hydrogen were fed to the plasma source at flow rates
of 40.01min~! and 0.0-920 cm® min~!, respectively. After
a 10min purge, the sample was heated to a temperature
between 100°C and 450°C, and the discharge ignited with
45W of RF power. Then, after one additional minute, the
PECVD reaction was started by feeding 5.0% SiH, in He at
0.31-48.0 cm>® min~—'. Growth was carried out for 10 min, after
which the silane flow was stopped, and 1 min later the plasma
was extinguished. All the runs were performed at 32.8 W cm—>
(45W), 778 Torr helium, and a rotation rate of 200 rpm.
Periodically, to check the reproducibility of the process, the
films were deposited at 300°C, 6.3 Torr Hy, 0.3 Torr SiHy, and
an electrode-to-substrate distance of 6.0 mm. Atthese standard
conditions, the growth rate was 62.0 5.0 Amin~!.

The thickness of the films was measured with a Tencor
Alpha-Step 200. A step was created by first protecting half
of the film with a silicone sealant (GE Translucent RTV 108).
Then, the unmasked region was etched in heated potassium
hydroxide solution. After etching, the silicon sealant was
removed by rinsing it with acetone and methylethylketone.
The uniformity across the deposited region in several films
was found to be 3.2% of 1o, and was determined by taking
the standard deviation of 30 points across the substrate. For
each sample, the thickness reported is an average of five points
taken along the substrate. To calculate the deposition rate,
the measured thickness was divided by the 10min reaction
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Figure 1. Schematic of the atmospheric pressure PECVD chamber.

time. In separate experiments, it was confirmed that the rate
remained constant over a 0—30 min growth period.

The hydrogen composition in the films was analysed
by infrared spectroscopy, using a Bio-Rad FTS-40A with a
DTGS detector. For these measurements, the hydrogenated
amorphous silicon films were deposited on gallium arsenide
internal reflection elements that were 4.0 cm long by 1.0cm
wide by 0.6cm thick with 45° bevelled edges. The beam
passing through the crystal reflected 37 times off the front face
that was coated with the film. The spectra were collected at
a resolution of 4cm™! and signal-averaging 512 scans. The
infrared absorbance spectrum was obtained by taking the ratio
of the single-beam spectrum of the wafer and the film minus
that of the blank wafer. The hydrogen content in one film was
analysed by hydrogen forward scattering using a 2.275 MeV
He?* ion beam with a detector angle of 30°. The structure of
one of the samples was determined by Raman spectroscopy
with a 514.5nm Ar* laser.

3. Results

3.1. Trends in growth rate

In figure 2, we show the dependence of the growth rate on the
substrate temperature. The temperature was varied from 100°C
to 450°C, while holding the H, and SiH, partial pressures
constant at 6.3 Torr and 0.3 Torr, respectively. The temperature
in the plasma afterglow was 100°C, which established the
lower limit for this experiment. As can be seen in figure 2,
the growth rate increases linearly with substrate temperature,
from 70 to 120 A min~!. The etch rate of the films (with KOH)
was estimated to determine if the density of the films change
with substrate temperature. The etch rate varied by less than
10% between the 100°C and 450°C samples. This constant
rate indicates that the density of the films did not change
appreciably with temperature and, therefore, the deposition
rate was not corrected for the density.

The dependence of the deposition rate on the electrode-
to-substrate distance is shown in figure 3. The other
conditions were 300°C, 6.3Torr H, and 0.3 Torr SiHj.
The rate decreases exponentially from 92 to 13 A min~" as the
distance increases from 5.0 to 10.5 mm. Evidently, the reactive
species that are responsible for film growth rapidly decrease in
concentration as they move downstream away from the plasma
source.
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Figure 2. The dependence of the deposition rate on substrate
temperature.
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In figure 4 we present the dependence of the a-Si:H
growth rate on the H, partial pressure. The conditions were
300°C, 0.3 Torr SiH4, and an electrode-to-substrate distance
of 6.0mm. Note that deposition does not occur unless
hydrogen is added to the plasma. The growth rate increases
from 0.0 to 65.0 A min~" as the hydrogen pressure increases
from 0.0 to 7.0 Torr. Thereafter, the rate remains constant
as the H, pressure is raised to 18.0 Torr. These data show
that the hydrogen plasma produces reactive intermediates
(i.e. H atoms) that are required to drive the PECVD process.
Above about 7.0 Torr Hy, these intermediates are no longer the
limiting reagent.

In figure 5 we show the dependence of the a-Si: H growth
rate on the SiHy partial pressure at 300°C, 6.3 Torr H, and
a spacing of 6.0mm. Initially, the rate increases rapidly as
the silane pressure is raised from 0.0 to 0.1 Torr. Then, it
stays constant at 62.0 A min~" with further increases in SiH,
pressure. These results suggest that silane is the limiting
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Figure 3. The dependence of the deposition rate on
electrode-to-substrate distance.
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Figure 4. The dependence of the deposition rate on the H, partial
pressure.
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Figure 5. The dependence of the deposition rate on the SiH, partial
pressure.
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reagent for a-Si: H deposition below 0.1 Torr, but is present
in excess quantity at higher pressures.

3.2. Film properties

The hydrogen content in the films was determined as a function
of the H, partial pressure and the substrate temperature. In
figure 6 we show the infrared reflectance spectrum of the
Si—H stretching region for an a-Si: H film deposited at 300°C,
6.3 Torr Hy, 0.3 Torr SiH4, and an electrode-to-substrate
distance of 6.0 mm. Deposition occurred for 20 min, yielding a
thickness of 1400 A. After deconvolution of the spectrum, three
peaks are obtained at 2003, 2080, and 2120 cm~!. The peak
at 2003 cm™! is attributed to silicon monohydride stretching
vibrations, whereas the peak at 2120cm™' is due to the
asymmetric stretching mode of SiH, groups [20,21]. The
feature at 2080 cm ™' may be due to the stretching vibrations of
silicon hydride clusters, or to the symmetric stretching mode
of SiH, groups [9, 10, 22-25].

The concentration of the SiH and SiH, species were
calculated from the integrated area under the peaks at 2003
and 2120cm™!, using their known absorption coefficients.
These coefficients are 1.11 x 1072% and 4.55 x 1072! cm?
per oscillator, respectively [26,27]. The peak at 2080 cm™!
was not included in the H content calculations because it
can be either due to SiH, stretching or SiH clusters, whose
concentrations were calculated from the other two peaks. The
hydrogen content of a film grown at 100°C was determined
by hydrogen forward scattering as well as by vibrational
spectroscopy. The HFS measurement yielded a value of
6.5 at% compared to 5.5 at% from the infrared absorbance.

The microstructure parameter, R*, which is defined as the
ratio of the integrated area of the peaks at 2120 and 2080 cm™!
to the sum of all three peaks, was determined from the IR
spectra. This value is 0.35 for the data shown in figure 6.
The R* parameter gives an indication of the fraction of H that
is bonded in the dihydride form and to internal surfaces of
voids, versus that bonded in the monohydride form [28-31].
It ranges from O to 1 and the closer it is to 0, the less voids and
the denser the film [31]. Films with values less than 0.1 exhibit
carrier mobilities that are suitable for use in photovoltaic
devices [32,33]. The Raman spectra of a sample deposited
at 6.3 Torr Hy, 0.3 Torr SiHy, and 450°C showed only one peak
at ~480cm™!, indicating that the film was amorphous.
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Figure 6. Infrared spectra of an a-Si: H film deposited on a GaAs
crystal.
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The dependence of the hydrogen content on the H;
pressure is shown in figure 7. The conditions were 300°C,
0.3 Torr SiH4, and an electrode-to-substrate distance of
6.0 mm. The total hydrogen concentration decreases from 8.0
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Figure 7. The hydrogen concentration in the a-Si: H films as a
function of the H, partial pressure.
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Figure 8. The hydrogen concentration in the a-Si: H films as a
function of the substrate temperature.

to 5.0 = 1.0 at% as the H, pressure rises from 4.3 to 17.6 Torr.
The silicon monohydride species follows a similar trend,
decreasing in concentration from 5.5 to 3.0at%. In contrast,
the silicon dihydride species stays constant at 2.0 at%. At the
higher hydrogen pressures, approximately three quarters of the
total hydrogen is in the monohydride form. The microstructure
parameter remains constant at 0.3£0.1 as the hydrogen partial
pressure increases from 4.3 to 17.6 Torr.

The dependence of the hydrogen content on the substrate
temperature is shown in figure 8. The amount of hydrogen
incorporated into the films declines from 6.0 to 3.0 £ 1.0 at%
as the temperature rises from 100 to 150°C; thereafter it
remains constant at ~3.0 at%. The total amount of H present
as silicon monohydride increases with temperature as well,
from 36% at 100°C to 90% at 400°C. The microstructure
parameter decreases from 0.7 to 0.3 &= 0.1 as the temperature
increases from 100°C to 150°C; thereafter, it remains constant
at ~0.3 = 0.1 up to 400°C. This implies that the films grown
at 100°C contain a much higher density of voids compared to
films grown at 150°C and above.

3.3. Model of the plasma chemistry

A one-dimensional ‘plug-flow’ model has been developed
to investigate the reaction chemistry in the plasma and the
afterglow [16]. In the model it was assumed that the process is
at steady state, and the gas is perfectly mixed in the cross-flow
direction, but unmixed in the flow direction. The reactions
used in these simulations are listed in table 1. In the discharge
region, only reactions 1 and 2 are needed, since no silane is
present there. On the other hand, in the afterglow, one may
assume that the electron and ion concentrations are negligible,
so that this portion of the process may be modelled with
reactions 2—20 [12,16]. The rate constant for reaction 2 in
table 1 has been changed to a pseudo-bimolecular rate by

Table 1. Gas phase reactions used in the model.

Reaction Rate constant at 373 K (cm?s™) Reference
1* Hy+e — H+H+e 5.7 x 107°(T29%) exp(—8.5 x 10*/T,)  [34-36]
2 H+H+He— H,+He 1.4 x 1071 [37]
3 H + SiH; — SiH; + H, 2.0 x 10712 [38]
4 H + SiH; — SiH,; + H, 1.0 x 10710 [35]
5 H+SiH, — SiH+H, 3.3 x 10710 [40]
6  SiH; + SiH; — SiH, + SiH, 7.0 x 10712 [39]
7 SiH, + H, — SiH4 3.0 x 10712 [40]
8 SiH, + H — SiH; 2.3 x 1071 [39]
9  SiH+H, — SiH; 2.0 x 10712 [39]
10 SiH, + SiH; — Si,Hg 1.0 x 107" [39]
11 SiH; + SiH; — SiyHg 1.0 x 1071 [39]
12 SIH2 + SizH5 —> Si3H8 3.9 x 10_10 [40]
13 H+ Si2H6 — SIH3 + SIH4 2.9 x 10713 [40]
14 H + Si,H¢ — Si,Hs + H, 5.5 x 1072 [40]
15 H + SisHg — Si,Hs + SiH, 8.4 x 10712 [40]
16 SiH + SiHy; — H, + Si,Hj 4.4 % 10710 [40]
17 SiH; + Si,Hg — Si,Hs + SiHy 5.0x 10713 [40]
18 SIH3 + Si2H5 — Si2H4 + SIH4 1.0 x 10710 [41]
19 H + Si,Hs — SiH; + Hy 1.0 x 10710 [41]
20 SIH3 + Si3H8 —> Si4H9 +H2 1.0 x 10_” [39]

2 T.isin K.

Reactions 2 and 7—12 are three-body reactions with the concentration of the third body already

accounted for in the constant.
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multiplying the termolecular rate with the concentration of He
present in the system. The rates for reactions 7—12 have also
been changed to bimolecular rates in the references they were
obtained from. In these simulations, the gas temperature was
assumed to be constant at 100°C.

In order to calculate the rate of electron impact
dissociation of H,, reaction 1, one needs to know the electron
density, n., and temperature, 7.. These parameters may
be estimated for the atmospheric pressure plasma using the
procedure given by Park et al [13,14]. For an alpha-mode
capacitive discharge, the current density, J, depends on
the bulk electric field strength, E, as follows:

J = —neeuE, 1)

where e is a unit of electron charge, and u. is the electron
mobility, equal to 1.7 x 10° cm? V~'s~! at 780 Torr [11]. The
discharge voltage and current for the plasma was measured
with an advanced energy impedance probe (RFZ 60). At
the standard process conditions, these parameters were 225V
and 3.25 A, yielding a current density of 0.38 Acm™2 and an
electric field of 1406 Vem™!. Based on these values, the
plasma density was calculated to be 1.0 x 10'2 cm~3,

The electron temperature may be estimated from a power
balance, which assumes that the plasma energy is dissipated
by electron heating of the gas [13]:

3 3 Mme
Pn~ne | =kTe — kT, | 2 Ven- 2)
2 2 NMye

Here, P;, is the input power, k is the Boltzmann constant, 7, is
the neutral temperature, 1. is the mass of an electron, my is the
mass of a helium atom, and vy, is the electron—neutral collision
frequency. Using this equation and the value of n. already
calculated, a T, of 1.0eV is obtained. For an electron density
and temperature of 1.0 x 10'2cm~ and 1.0eV, the pseudo-
first-order rate constant for electron impact dissociation of H,
is 6.9 x 1072 cm3 s,

The simulation was carried out in two parts. First, the H
atom concentration in the discharge was calculated given an
H, feed concentration of 2.0 x 10'7 cm™3 (6.2 Torr). Then,
the species profiles in the afterglow were calculated for an
SiHy feed concentration of 8.0 x 10'*cm™3, and the H atom
concentration obtained from the previous model. Based on
a two-dimensional numerical model of the hydrodynamics in
the showerhead, it was concluded that only 10% of the silane
mixed with the plasma stream. For this reason, a concentration
of 8.0 x 10'* cm™3 was used in the simulation corresponding
to an SiHy feed pressure of 0.03 Torr (10% of the actual value).

The design of the perforated electrodes was such that
the gas was well mixed in the plasma zone. Consequently,
the residence time in the plasma equalled the volume
between the electrodes divided by the volumetric flow rate,
i.e. 2ms. The relationship between the time and distance
downstream of the electrodes is more complicated than in the
plasma zone. The gas emerges as a series of laminar flowing
jets. The velocity of the fluid in the jet varies from the centre to
the edge, and as it travels downstream due to radial expansion.
Simulations of the fluid dynamics were performed using a CFD
software package (FEMLAB). It was found that the average
velocity in the jet 1, 3 and 6 mm below the bottom electrode,

12

at the standard process conditions, was 13.2ms™!, 10.3ms™!,

and 8.5ms™!, respectively. Therefore, an overall average gas
velocity of 10.0ms~! was assumed.

In figure 9 we present the species profiles predicted from
the numerical model. The shaded region from O to 2ms
represents the plasma, while the unshaded region from 2 to4 ms
represents the afterglow. According to the model, the hydrogen
atom density is a maximum, equal to 2.6 x 10'> cm™3, at the
end of the discharge. Then, this species is rapidly consumed
by reaction with silane to produce SiHj radicals and H,. After
2 ms, the concentration of H atoms in the afterglow falls to
about 2.0 x 103 cm™3. The products of the H atom reaction
with silane are disilane and the silyl radicals, SiHs, SiH,, and
SiH. The latter three species attain maximum concentrations
0f 3.0 x 10'3,5.0 x 10'2, and 5.0 x 10'> cm—3 just beyond the
leading edge of the afterglow. Thereafter, the SiH, and SiH
species decay rapidly due to reaction with H, (steps 7 and 9 in
table 1). On the other hand, the concentration of SiH3 declines
more slowly through binary recombination reactions 4, 6, 17,
18, 20, and the termolecular reaction 11. The rate constant for
the reverse of reaction 3 was calculated, using thermodynamic
data, to be ~1.0 x 107 cm?s~!. This rate is too slow to
affect the consumption rate of SiHj; radicals in the downstream
region. The six consumption reactions for SiHj all involve
collisions between two species present in low concentration,
<10 ecm™3, consequently, the SiH; concentration falls off
slowly from 2.5 to 4.0ms in the afterglow. Given that the
substrate is located between 5.0 and 10.5 mm downstream,
the simulation indicates that H and SiH; are the dominant
reactive intermediates present in the gas immediately above
the growing film [41-47].

The numerical model was used to investigate the
dependence of the SiH; concentration in the afterglow on
the SiHy pressure in the feed. These results are shown in
figure 10 for the SiHj3 concentration calculated 6 mm below
the bottom electrode (equivalent to an afterglow reaction time
of 0.6ms). Note that only 10% of the SiH, feed pressure
was input into the simulations to account for the inefficient
mixing in the real system. One sees that the silyl radical
density quickly rises to about 1.5 x 103 cm™ at 0.1 Torr
SiHy4, and thereafter remains constant as the silane pressure
increases further. The knee in the curve corresponds to the
‘titration point’, where the concentration of SiH4 equals that
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Figure 9. The predicted concentrations of the species in the plasma
and the afterglow as a function of time and distance.



PECVD of hydrogenated amorphous silicon

~ 20e+13 , , . . 100

g . g
T Lseri3f e : 1% 2
=] a Z.
= a ©o0© ° e Jg) =
£ 10e13} * > 3
g o 14 %
=} —_
S 5.0e+12 p >
mm b 20 5
= g
2 00 . . . . 0 <

0.0 0.1 0.2 0.3 0.4 0.5

SiH, partial pressure (Torr)

Figure 10. The dependence of the predicted SiH; concentration and
the observed deposition rate on the SiH, partial pressure.

of the H atoms. A pressure of 0.02 Torr yields a molecular
density of 2.1 x 10" cm™3, compared to the calculated H atom
concentration of 2.6 x 10" cm™3.

In figure 10, we show the observed dependence of
the deposition rate on the silane pressure, so that it may
be compared directly to the simulations. The trend in the
deposition rate closely follows that exhibited by the SiHj
concentration. Based on these results, one may surmise that H
atoms and SiH; radicals are important reactive intermediates
in the PECVD process, and that the concentration of H atoms
produced by the helium-stabilized, atmospheric pressure
plasma is in the range of 2.0 + 1.5 x 105 cm ™.

4. Discussion

The gas-phase radical reaction chemistry presented in table 1
can explain in a qualitative way the influence of the process
conditions on the PECVD deposition rate and the hydrogen
content in the films. Electron impact dissociation of hydrogen
molecules in the plasma produces ~10'> cm™ ground-state
hydrogen atoms. It should be noted that this density is in the
same range as the densities of O or N atoms generated by
the helium-stabilized atmospheric pressure plasma when O,
or N is substituted for H, in the feed [15, 16]. The ground-
state hydrogen atoms emerge from the discharge and mix with
silane, where they react with it to form SiHs, and to a lesser
extent, SiH, and SiH. The growth rate is proportional to the
flux of SiH; to the substrate (as shown in figure 10). The
dependence of the deposition rate on the hydrogen pressure
(cf figure 4) has a similar explanation. For an SiH, feed
pressure of 0.3 Torr, the H atoms limit the conversion of SiHy
to SiH3 below an H, partial pressure of about 8.0 Torr. At
lower H, pressures, less SiH3 is produced, hence the deposition
rate decreases. Above 8.0 Torr H,, SiH4 becomes the limiting
reagent, and no change in growth rate is seen. The exponential
decay in the deposition rate with electrode-to-substrate spacing
(cf figure 3) is harder to explain, but could be related to the
rapid fall off in the density of the H radicals with distance in
the afterglow.

In order to understand how the process conditions
influence the hydrogen content in the film, one must combine
the gas-phase chemistry with the surface reactions that result
in a-Si:H deposition. According to the literature [43-49],
some fraction of the SiHj radicals adsorb on to the film

surface and become part of an active SiH, layer. Then, silyl
radicals impinge on the adsorbed SiH, abstracting H atoms,
and causing the surface silicon to be incorporated into the film.
According to figure 7, the H content in the film is unchanged
above 8.0 Torr H,, whereas it increases with decreasing Hj
pressure below this point. The 8.0 Torr value corresponds to the
transition point from H-atom to SiH4 limited growth. Above
8.0 Torr the flux of silyl radicals to the surface is constant, so
that the abstraction rate and in turn the H content of the film
is unchanged. Below 8.0 Torr, the SiH; flux to the surface
decreases with decreasing H, pressure, leading to an increase
in the H content of the film.

In the following paragraph we present a comparison
between the atmospheric pressure and low-pressure PECVD
of amorphous hydrogenated silicon. Our attention is restricted
to remote systems where the substrate is located downstream
of the plasma, and there is no ion bombardment. A deposition
rate of 5 A min~! was obtained with an ICP source at 0.2 Torr
pressure, 200°C substrate temperature, and the silane plus
hydrogen added to the plasma [20]. On the other hand, a
maximum growth rate of 35 Amin~' was observed with an
ICP hydrogen-helium plasma at 0.3 Torr pressure, 200°C, and
the silane added downstream [50]. These results may be
compared to this study, where a deposition rate of 65 A min™!
was recorded at atmospheric pressure and 200°C. It should be
noted that rates as high as 6000 A min~! have been achieved
with an expanding thermal plasma (cascaded arc), which
although a remote system, has a high density of ionic and
thermally activated species that can be involved in the gas phase
reactions [51].

A further difference between low-pressure and atmo-
spheric pressure PECVD is the hydrogen content in the films.
We recorded values ranging from 3.0 to 6.0 at% H. This may
be compared to hydrogen contents of 7.0-15.0 at% in remote
low-pressure PECVD reactors [21,22,27,49,52-56]. This is
most probably related to the higher concentration of radicals
produced in the atmospheric pressure discharge, e.g. 10'> cm™3
of H atoms and 10'3 cm ™3 of SiHj; [57-59]. The increased rad-
ical pool should lead to higher abstraction rates of hydrogen
from the film surface [60-62].

5. Conclusions

We have examined the deposition of amorphous hydrogenated
silicon films using a low-temperature, atmospheric pressure
hydrogen plasma with downstream injection of silane. It is
concluded that H atoms and SiH; radicals are the principal
reactive intermediates involved in film growth. The low
hydrogen content in the films, ~3.0at%, attests to the
high radical density in the atmospheric pressure plasma.
Nevertheless, deposition rates are relatively low in this process,
ranging from 70 A min~" at 100°C to 120 A min~" at 450°C.
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