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INVESTIGATION OF THIN FILMS DEPOSITION
INTO POROUS MATERIAL
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Although the direct contact of the treated material with the plasma is assumed by the plasma community as a
necessary condition of successful plasma treatment, several references mention penetration of active species into the
porous material. Hydrophylity enhancement has been observed even inside porous material. The aim of this study is
experimental investigation of plasma. This work is aimed to experimental investigation of thin layers deposition on
porous substrates.

The porous substrate was simulated with a specimen made from two glass wafers, on the margins of which two
difference strips of varying thickness were placed. These strips define the thickness of the slot in the middle. After the
deposition the substrate was decomposed and the film deposited inner walls of the glass wafers was investigated. Layers
were deposited by method PECVD used RF plasma from gas C2H2. The film thickness was measured in dependence on
the distance from the margin into the centre of the slab by optical profilometer. Penetration dept was tested in
dependence on deposition conditions and geometric configuration of the substrate. Depending on deposition conditions,
the film deposition was observed even on the whole substrate.
PACS: 52.77.Dq, 68.00.00

1. INTRODUCTION
By deposition on porous material overall coverage is

an important factor, i.e. penetration of active particles into
single pores of the substrate. SiO2 and TiO2 layers were
deposited on porous material (textile fabric) by method
sol-gel. Resulting layer was only on surface of the fabric
and material inside of binding points of fabric remained
untreated [1]. This undesirable effect could be avoided by
application of PECVD method. Owing to active particles
motion in plasma discharge is achieved more effective
penetration into porous substrates. This work is focused
on investigation of above mentioned methods and
processes of plasma treatment.

Penetration of plasma effects is subject of research at
many institutions. Many of the works are focused on
penetration of porous material plasma modification.
Measurement of penetration is carried out by many
various methods. Testing of penetration at powder
materials is based on wettability change of modified
material. Wettability of separate layers of modified
material is measured [2-4]. Testing of plasma effects
penetration into textile structures also uses wettability-
based method [5]. Other approach involves chemistry
detection of separate layers of treated fabric by ESCA
method [6].

2. EXPERIMENTAL
The low-pressure PECVD device was RF planar

reactor schematically shown in Fig. 1. The reactor
consists of a high-voltage electrode and a vertically
adjustable substrate holder. Distance between substrate
and RF electrode are 60 mm. The volume of the vessel
was about 125 l. The powered electrode was capacitive
coupled to the RF generator via a matching unit. The
applied power was up to 15 W with the frequency
13,56 MHz. The vessel was evacuated by pumping

system consisted of rotary oil pump and Root’s pump.
Ultimate pressure was below 1 Pa. Pressure during
deposition vas 2, 5, 8, 10 Pa. The pumping system was
protected by a cold trap cooled by liquid nitrogen. The
butterfly valve was used to reduce the pumping speed and
control the pressure. C2H2 was used as the working gas.
The gas was introduced into the reactor through the tube
positioned on the side of the reactor. The flow of the
working gas was controlled by mass-flow meter. Mass
flow of the working gas C2H2 was 10 sccm.
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Fig. 1. Schematic diagram of the vacuum PECVD
deposition device

The porous substrate was simulated with a specimen
made from two glass wafers, on the margins of which two
difference strips of varying thickness were placed. These
strips define the thickness of the slot in the middle.
Thickness of difference strips 0,8; 1,6; 6; 10 mm was
used. Length of slot was 80 mm and width 8 mm. Fig. 3
shows the model substrate.
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Fig. 2. Model substrate with defined slot

After the deposition the substrate was decomposed
and the film deposited inner walls of the glass wafers was
investigated. The resulting film thickness depending on a
distance from the slot opening was measured by means of
the optical profilometer. In addition to the model
substrate, reference sample without slot was deposited.
This reference sample was used for confrontation of
deposition process with and without slot.

3. RESULTS AND DISCUSSION

This paper is focused on testing of penetration depth
into defined slot. This slot was model for porous
substrate. Penetration depth was tested in dependence on
deposition conditions and geometric configuration of the
substrate. Thin film was ascertained in the whole length
of substrate.

Layers thickness at the opening of the slot was
measured in tenths micrometers. Towards the centre of
the substrate the layer thinned beneath measurable values.

The thickness was measured in defined intervals from
opening of the slot by optical profilometer. For greater
clarity and comparability is a relative thickness indicated.
The relative thickness determines ratio of layer thickness
measured in the slot and respective layer on plain sample
without the slot.
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Fig. 3. Dependence of relative layer thickness on distance
from the opening of the slot for different size of slot.

Deposition pressure was 10 Pa
Fig 3 shows dependence of relative layer thickness on

distance from the opening of the slot. Dependence on

geometric configuration of the substrate is shown also on
the fig 3. Results for substrate with 0,8 mm slot high
describes line A. Line E is for 10 mm slot high.
According to presumption was highest penetration
ascertained on samples with bigger slot.

Fig. 4 depicts influence of pressure during deposition
process on active particle penetration. Highest penetration
was ascertained on samples deposited at pressure 10 Pa.
The layer was still measurable 14 mm from the slot
opening. The lowest penetration showed the sample
deposited at pressure 2 Pa. This sample's layer was
measurable only 6 mm from the slot opening.

This result supports presumption based on mean free
path of active particles. This mean free path lowers with
increasing pressure. Higher pressure causes higher
number of active particles collisions. Due of this effect,
some active particles can be bounced perpendicular in the
direction of the field activity between the electrode and
the substrate.

These active particles could form the layer in the
limited space of the slot.
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Fig.4. Dependence of relative layer thickness on distance
from the opening of the slot for different deposition

pressures. High of slot was 10 Pa

CONCLUSIONS
Most suitable deposition conditions in relation to

penetration of active praticles were tested. Complex form
substrate was simulated by glas substrate with the slot.
The deposition pressure is a distinctive factor influencing
the penetration into the limited space of the slot. Highest
penetration was ascertained on samples deposited at
pressure 10 Pa. The layer was still measurable 14 mm
from the slot opening. The lowest penetration showed the
sample deposited at pressure 2 Pa.

Mass of work gas and distance of substrate from
electrode could be next factors, which influence the
penetration. These parameters wil be further tested.
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