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Nanostructured Silicon Thin Films Deposited
Under Dusty Plasma Conditions

Marjorie Cavarroc, Maxime Mikikian, Yves Tessier, and Laifa Boufendi

Abstract—Silane-based dusty plasmas are widely used in
plasma-enhanced chemical vapor deposition processes to synthe-
size silicon nanoparticles and/or nanostructured thin films. Under
certain conditions, it is possible to access to the inner structure of
the thin film by scanning electron microscopy, using the ‘hole”” due
to dust particles that moved when the sample is brought back to
atmospheric pressure.

Index Terms—Dust particle, dusty plasma, nanostructured thin
film, PECVD, radio frequency (RF) discharge, silicon.

USTY PLASMAS generated in radio frequency (RF)
D discharges are widely studied since the 1990s. A first
burst of interest has been induced by the contamination due
to dust particles in industrial plasma reactors. In the 2000s, a
second burst of interest appears due to the potential applications
of silicon nanocrystals and nanostructured thin films.

Right now, dust formation in silane-based plasmas is rel-
atively well understood and well controlled. The first dust
generation is known to grow according to a four-step process
[1]-[3], whereas it has been shown recently that the following
generations are growing according to a three-step process, as
long as silane precursors are provided in the discharge [4].

The experimental setup used to perform the depositions is
a typical plasma-enhanced chemical vapor deposition chamber
with a plasma box enclosed inside (13 cm inner diameter and
3 cm height corresponding to the gap). The powered electrode
(RF electrode: 13.56 MHz) is a showerhead one in order to
ensure a homogeneous gas distribution in the plasma box,
which is grounded. Typical experimental conditions are a gas
mixture composed of 8% silane diluted in pure argon, under a
pressure of 12 Pa, at room temperature.

Samples shown in Fig. 1 have been deposited as follows.
The silicon (100) substrates were located on the grounded
electrode. Plasma conditions were the ones presented in the
previous section, and the process was stopped during the third
generation of dust particles (monitored by using an electrical
diagnostics). Samples were then analyzed by using scanning
electron microscopy (SEM).
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Images shown in Fig. 1 allow one to access to the thin film
structure and to get an insight in the dust cloud structure during
the process. Fig. 1(b) shows a SEM picture of the layer of the
deposition with a scale of 200 nm. It gives an overview of
the layer structure. We can evidence that it is made of small
silicon clusters around 20 nm in diameter. This layer appears
to be quite dense. Numerous nanoclusters overlap all over the
sample. Fig. 1(c) shows a SEM picture of the same sample, with
a scale of 2 um. It exhibits several big dust particles of a few
hundreds of nanometers in diameter that were deposited either
during the process or at the plasma extinction. Fig. 1(d) is the
same as Fig. 1(c) but taken on a sample located elsewhere on the
grounded electrode. It exhibits several dust particle populations.
Finally, Fig. 1(a) shows a SEM picture of the same sample as
Fig. 1(b) and (c), with a scale of 500 nm, zooming on a “hole”
in the layer.

The 3-D dust cloud is trapped in the plasma due to the
balance of various forces. At the plasma extinction, most forces
are cancelled, except gravity and neutral drag, leading dust
grains to fall on the samples. We thus obtain on the samples
a quite reliable 2-D image of the 3-D dust cloud. The com-
bination of the four presented images allows one to deduce
information concerning the dust cloud structure during the
deposition process, and the internal structure of the layer.

By looking at Fig. 1(c) and (d), we observe that various
dust populations are present on the samples depending on their
location on the grounded electrode. This reveals that the dust
cloud is not homogeneous and that the dust particle size is not
the same everywhere in the cloud. Moreover, some holes appear
in the layer of those figures. They are due to some dust particles
that moved when the sample was taken back to atmospheric
pressure. When the gas entrance in the chamber is too brutal,
big dust particles that are not totally embedded in the layer can
be pushed away from their original place, leaving holes of a few
hundreds of nanometers in the layer. This last point underlines
that some precautions must be taken to take the samples back
to atmospheric pressure without damage. Nevertheless, those
“holes” in the layer can be quite useful to determine the layer
structure.

By comparing Fig. 1(a) and (b), we can show that the layer
is made of nanoclusters not only at its surface but also in deep.
That means that nanoclusters are deposited all along the process
and not only at the plasma extinction. In fact, dust particles
immersed in the plasma are stochastically and dynamically
charged. Thus, a part of the dust particles constituting the dust
cloud are not charged and are deposited continuously on the
samples due to the combined effects of gravity and neutral
drag force. The hole due to a particle that moved in Fig. 1(a)
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Fig. 1.
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SEM images of a silicon thin film deposited under dusty plasma conditions. (a) Scale 500 nm: Hole due to a dust particle that moved. (b) Scale 200 nm:

Compact layer of the thin film. (c) Scale 2 pm: Overview of the sample with dust particles and holes in the layer. (d) Scale 2 pm: Overview of the various dust

particle populations deposited on the sample.

clearly shows that the layer is made of nanoclusters embedded
in amorphous silicon.

Finally, Fig. 1 shows a very complete overview of both
the dust cloud structure during the deposition under dusty
plasma conditions and of the thin layer structure. It shows
that the result of depositions performed under dusty plasma
conditions depends on the location of the sample in the dis-
charge in terms of deposited dust particles. Moreover, it draws
attention on the way samples must be taken to atmospheric
pressure. To conclude, it evidences a thin layer made of silicon
nanoclusters.
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