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Received XXXX, revised XXXX, accepted XXXX
Published online XXXX

PACS 84.60.Jt, 78.66.-w, 78.66.Jg, 78.67.Bf, 81.15.Aa, 81.15.Gh

∗ Corresponding author: e-mail pfrigeri@ub.edu, Phone: +34-934-039-221, Fax: +34-934-039-219

The scaling up of the Hot Wire Chemical Vapor Depo-
sition (HW-CVD) technique to large deposition area can
be done using a catalytic net of equal spaced parallel fil-
aments. The large area deposition limit is defined as the
limit whenever a further increment of the catalytic net
area does not affect the properties of the deposited film.
This is the case when a dense catalytic net is spread on
a surface considerably larger than that of the film sub-
strate.
To study this limit, a system able to hold a net of twelve
wires covering a surface of about 20 cm x 20 cm was
used to deposit amorphous (a-Si:H) and microcrystalline

(µc-Si:H) silicon over a substrate of 10 cm x 10 cm
placed at a filament-substrate distance ranging from 1
to 2 cm. The uniformity of the film thickness d and op-
tical constants, n(x, λ) and α(x, h̄ω), was studied via
transmission measurements. The thin film uniformity as
a function of the filament-substrate distance was studied.
The experimental thickness profile was compared with
the theoretical result obtained solving the diffusion equa-
tions. The optimization of the filament-substrate distance
allowed obtaining films with inhomogeneities lower than
±2.5% and deposition rates higher than 1 nm/s and 4.5
nm/s for (µc-Si:H) and (a-Si:H) respectively.

Copyright line will be provided by the publisher

1 Introduction Hot Wire Chemical Vapor Deposition
(HW-CVD) is a very promising technique for the improve-
ment of the microcrystalline silicon layer deposition in-
volved in the production of micro-morph solar cells. The
structural uniformity of the intrinsic microcrystalline (µc-
Si:H) silicon layer is crucial to preserve the efficiency of
the cells when scaling the process to large deposition areas
[1,2].

The standard PECVD technique is affected by the
standing surface wave effect, which can compromise the
uniformity of the film [3,4]. This fact makes it difficult
to achieve high deposition rates (>1 nm/s) using the Very
High Frequency (VHF) sources, and, simultaneously keep-

ing a low non-uniformity (< 5%) on the whole substrate
[5,6].

The HW-CVD film’s growth kinetic is governed exclu-
sively by the diffusion of the different radical species cre-
ated at the surface of the catalytic filament. This makes it
much easier to scale up this technique to large area while
maintaining the uniformity of the film [7,8]. Moreover, this
technique has the potentiality to deposit µc-Si:H material
at very high deposition rate [9,10].

In this work, the uniformity results of µc-Si:H and a-
Si:H films, deposited with a new HW-CVD system devel-
oped at the University of Barcelona, are reported. The pur-
pose of the new design was to improve the films’ unifor-
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mity and deposition rate compared to the actual HW-CVD
state of art.

Firstly, the model for the prediction of the deposition
profile used during the design stage of the prototype is in-
troduced. It will show that the only phenomenological pa-
rameter influencing the film’s thickness profile, for a given
wire configuration, is a length scale l. This leads to an un-
certainty in the best filament to substrate distance df−s in
order to minimize the film’s inhomogeneity. For this rea-
son, we deposited at different df−s to empirically optimise
the homogeneity. The second section explains the experi-
mental set up used for the deposition and the characteriza-
tion of the samples. Finally, we show the obtained homo-
geneity results.

2 Design of the HW configuration The chemistry
involved in the film’s growth is very rich in radical species
[11]. It includes the primary radicals Si and H, which
are generated at the wire surface. Moving away from
the filament these primary radicals start reacting with
silane (SiH4), arising new species involved in the process.
Among them, SiH3 is considered to be the most important
in order to obtain high quality material. However, if the
substrate is placed too far from the filaments, large radi-
cals, are produced by secondary radical-radical reactions,
which should be avoided. This simple schema justifies the
existence of an optimal value, C, for the product

Ps · df−s = C. (1)

where Ps is the partial pressure of silane and C is a con-
stant of the order of some cm·Pa. This argument is based
on the fact that the probabilities of the different chemical
reactions involved rely upon the value of C [12].

In the case of a wire net covering an infinite area, the
deposition rate G can be raised following different strate-
gies: increasing the filament temperature Tf , the catalyser
surface Sc, and/or Ps. Thin wires of 0.15 mm diameter
were used in our design in order to build a dense catalytic
net, thus permitting to reduce as maximum as possible
df−s while mantaining a reasonably low radiated power
onto the substrate ( 1.5 W/cm2) for Tf =1850◦C. Therefore,
following Eq.(1) Ps can be considerably increased.

The model used to compute the film’s profile assumes
that the thickness d(x), in the coordinate x of the substrate,
is proportional to the total flow of radicals J(x) reaching
this point during the stationary regime of the deposition,
i.e. d ∝ J(x) · n, where n is the unitary vector normal
to the substrate plane. J(x) = D∇c(x) is just a diffusion
flow, being D the diffusion constant and c(x) the radicals
concentration. If we exclude the secondary radical-radical
reactions, the total amount of radicals is preserved [12].
Hence, the stationary diffusion equation takes the form of
the Poisson equation

∆c(x) =
ρ(x)
D

for x ∈ S, (2)

where ρ(x) = ∂c(x)/∂t is the radicals generation rate at
the wire surface. The domain of definition S was consid-
ered to be a parallelepiped, where a face was occupied by
the substrate. Equation (2) is subject to Milne boundary
conditions [13]

n ·∇c(x) =
1
l
c(x) for x ∈ ∂S, (3)

with l = 2λ(2 − β)/3β the characteristic length scale,
where λ is the mean free path of the radicals and β is
the sticking coefficient. Equation (2) has been solved using
the images method [14]. The Milne boundary conditions,
which are formally Robin type conditions, can be replaced
by Dirichlet boundary conditions, c(x) = 0, located at a
distance l behind the boundary of the domain ∂S . This ap-
proximation is valid as long as l is small in relationship to
the other length scales of the problem.

Figure 1 shows the level curves of the normalized
thickness profile obtained by solving Eq. (2). The wire net
is composed of 12 filaments of 19.5 cm length. The fila-
ments are aligned parallel to the Y axis and the filament to
filament distance was df−f =1.6 cm. l was estimated to be
0.4 cm, while the domain definition box S was defined by
(Lx, Ly, Lz) = (30, 20, 3.5)cm. df−s was fixed at 2 cm.

Figure 1 Normalized thickness profile obtained by solving the
diffusion equation (2) for df−s = 2cm. The thick continous line
delimitates the area where thickness variations should be lower
than ±2%, while the 10 cm x 10 cm substrate area is delimitated
by the dashed line.

3 Experimental details This work is focused on the
optimization of the deposited µc-Si:H and a-Si:H films ho-
mogeneity over an effective area of 10 cm x 10 cm using
the aforementioned hot wire assembly of 12 tungsten fila-
ments of 0.15 mm diameter and with a filament to filament
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distance df−f =1.6 cm. For all the depositions, a base pres-
sure of 10−4 Pa was considererd low enough taking into
account the aim of this study. Regarding the µc-Si:H films,
the deposition conditions were Ts=275◦C, Tf =1850◦C,
Φ(SiH4)=12 sccm, Φ(H2)=188 sccm, P=10 Pa, with three
different filament to substrate distances (df−s=1, 1.5 and
2 cm) and a deposition time td=900 s. In the case of the
a-Si:H films, the deposition conditions were Ts=275◦C,
Tf =1850◦C, Φ(SiH4)= 60 sccm, Φ(H2)=140 sccm, P=
10 Pa, with two different filament to substrate distances
(df−s= 1.5 and 2 cm) and td=180 s. The optical transmis-
sion measurements were carried out with a home made ex-
perimental set-up. The light source covered a wavelength
range from 400 nm to 1000 nm and the light was guided
to the spectrofotometer via fiber optics. An X-Y table was
used to scan the samples over an area of 170 mm x 170 mm
with 1 mm step between measurements. The whole system
was completely automatized. The well known Swanepoel
envelope method [15] was used to determine the thickness
and optical constants of the deposited films. However, for
each scan, one measure with profilometer was necessary to
fix the interference order.

4 Results and discussion

Figure 2 Thickness profile d along the x axis (centered at y=0)
for five samples deposited with different filament to substrate dis-
tance df−s = { 1, 1.5, 2}cm, corresponding to the {4,−, ◦}
markers. The thick lines show the results for the µc-Si:H samples
while the thinner continuos line those of the a-Si:H ones. The
dashed thinner lines show the profiles obtained solving Eq. (2)
with l=0.4cm.

4.1 Thickness uniformity Figure 2 shows the thick-
ness profiles along the X axis while Y=0 of the five sam-

ples studied in this work. The X direction is transversal to
the orientation of the hot wires, for this reason is the most
interesting to be studied. It shows that, for df−f bigger
than df−s, small variations of the substrate position lead
to strong changes in the film thickness profile. However,
the thickness profiles predicted by the diffusional model
show good agreement with the measurements. The deposi-
tion rates for all samples were higher than 1 nm/s and 4.5
nm/s for the µc-Si:H and a-Si:H material respectively.

Figure 3 shows the absolute thickness deviations along
the X axis for the µc-Si:H samples. For values of df−s

smaller than 2 cm the thickness variations are corre-
lated with the filaments positions, but if we move further,
this correlation is lost. Particularly, for df−s=2 cm the
strongest inhomogeneities factors are others, because at
this distance the substrate can be considered already sub-
ject to a plane radicals front with variations smaller than
±1%, see Fig. 1.

Figure 3 Absolute thickness deviation profile ∆d along the x
axis (centered at y=0) for three µc-Si:H samples deposited with
different filament to substrate distance df−s = { 1, 1.5, 2}cm,
corresponding to the {4,−, ◦} markers.

Hence, the smallest distance to obtain an uniform layer,
is df−s =2cm≈ 5/4 df−f . Our ratio df−s/df−f ≈ 5/4 is
much smaller than those found by [8], i.e. df−s/df−f ≈2,
which was probably not working in the large area limit.

The complete thickness map obtained for the sample
deposited at this distance is showed in Fig. 4. The thick-
ness inhomogeneity affecting the 10 cm x 10 cm area of
interest is lower than ±2.5%. This is slightly higher than
what predicted solving the diffusion equation (Fig. 1).

4.2 Optical constants uniformity To study the ho-
mogeneity of the optical constants n(x, λ), and, α(x, h̄ω),
determined via transmission measurement, the aver-
age deviation of these quantities, defined by ∆q(x) =
1/T

∫
|q(x, r) − q̄(r)|/q̄(r)dr were computed, where r

corresponds to λ, or, h̄ω respectively. T is the length of
the integration interval: λ ∈ [650, 850]nm for n(λ) and
h̄ω ∈ [1.5, 1.9]eV for α(h̄ω). The mean function values
q̄(r) were evaluated on the 10 cm x 10 cm area of interest.
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Figure 4 Thickness profile, in nm, of a µc-Si:H sample with
df−s = 2cm. The thick continuos line delimitates the area where
thickness variations are lower than ±2.5%, while the 10 cm x 10
cm substrate area is delimitated by the dashed line.

Figure 5 Profile of the average deviation of the optical constant
n(λ) and α(h̄ω) along the x axis (centered at y=0) for three µc-
Si:H samples deposited with different filament to substrate dis-
tance df−s = { 1, 1.5, 2}cm, corresponding to the {4,−, ◦}
markers.

Figure 5 shows the profile of the average deviation ∆n,
and, ∆α for the µc-Si:H samples deposited with differ-
ent filament to substrate distance. The average deviation
of both constants decreases when the filament to substrate

distance df−s is increased. This behavior is in agreement
with the trend observed for the thickness deviation.

5 Conclusion In this work we presented the obtained
results concerning the optimization of the samples homo-
geneity deposited with the new HW-CVD net configuration
developed at the university of Barcelona. Our approach of
building a dense net of thin wires of 0.15mm diameter, per-
mits depositing very uniform films, with an inhomogeneity
lower than ±2.5%, at very high deposition rate (> 1nm/s
for µc-Si:H and > 4.5 nm/s for a-Si:H), mantaining rela-
tively low the temperature of the substrate, Ts ≈ 275◦C.
The future confirmation of the possibility to deposit high
quality material, combined with the facility to scale up this
design to industrial area, would prove the validity of this
system for the deposition of the intrinsic µc-Si:H layer for
the production of micro-morph solar cells.
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