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1. Introduction

The processes of thin layer formation under plasma conditions (PE-CVD) may be

applied e.g. in the fields of optics (protective and anti-reflective coatings), microelectronics or

in the packaging industry (oxygen and water vapour barrier films) [1,2]. Lately, a new kind of

discharges, glow discharges operating at atmospheric pressure are used in the area of plasma

processes. Such discharges, named by its inventor Satiko Okazaki an Atmospheric Pressure

Glow (APG), can be received when a dielectric barrier is used [3,4]. The following research

was devoted to the process of thin surface layer deposition in the process of discharges

stabilized by a dielectric barrier, which is different from the process of APG discharges. The

discharges studied are of a non-uniform character and are similar to the silent discharges.

2. Experimental

Thin surface layers, composed mainly of silicon dioxide were produced by

polycondensation of tetraethoxysilane (TEOS) vapour in mixtures with helium gas with small

content of oxygen. These layers were prepared in a reactor with two flat parallel electrodes

separated by a discharge gap of a 1 - 3 mm width. The discharge was stabilized by means of

a dielectric barrier - a 1 mm thick glass plate placed directly on the electrode, or a 0.1 - 0.2

mm thick foil made of an organic polymer attached to the surface of the electrode [5]. After

carrying out a number of experiments with one or two barriers (placed on both electrodes), a

system was selected, in which the dielectric barrier made from a poly(ethylene terephthalate)

foil was placed on the high voltage electrode (Fig.l). The grounded electrode was left

uncovered and the substrate (silicon wafer) was placed on it. A constant gas stream was passing

through the discharge gap. The flow rate and discharge conditions were chosen in such a way

that the product layer was formed on the whole surface of the wafer. The frequency applied was

50 Hz and the temperature inside the reactor was close to ambient temperature.
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Fig.l. The silicon wafer P
inside the reactor (Series K.L)
Et - high voltage electode,
Ej - grounded electrode
D - dielectric foil

Fig.2. Discharge current;
TEOS - O2 - He mixture,
1 At, 50 Hz

3. Results

3.1 . Characterization of discharges

Oscilloscope observations of discharge currents showed that irrespective of electrode

configuration, placement and material of the dielectric barrier and gas composition, always

discharges are to a significant degree of non-uniform character. Similar to the silent discharges,

its structure is composed from numerous, short-living microdischarges (Fig.2). Under such

discharge conditions a uniform, continuous layer of the TEOS polycondensation solid product

can be obtained only if separate channels of microdischarges do not leave on the just created

surface solid, lasting traces. These traces were observed, when non-uniformity of discharges

increased and the energy carried by specific channels of microdischarges were sufficiently high.

This is observed when the gap between the electrodes as well as the voltage applied increased.

Also the gas composition influences the degree of discharge non-uniformity and energy carried

by separate channels. In the TEOS + He gas mixture microdischarges with low energy do not

create defects in the deposited layers. Oxygen addition may trigger the discharges with higher

energy causing easily observed traces (defects) on die deposited surface. A majority of the

experiments performed with TEOS + He + O2 gas mixture were carried out under the

conditions given in the Table I and (with proper arrangements of electrodes) uniform, pin-holes

free layers were obtained.
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3.2. Thickness, composition and properties of the layers

Surface layers of up to 2000 nm thick were obtained from a TEOS + He mixture.

Directly after deposition onto the surface, the layers were soft and the thicker layers were

sometimes of a semi-liquid form. When stored at ambient temperature they underwent slow

transformations, which resulted in the formation of solid coatings well adhering to the surface

of the silicon wafer. The observed transformations have a healing effect on the properties of the

SiO2 layers. Pin-holes, voids and other defects which can be created during deposition of a layer

in non-uniform plasma discharges are disappearing by viscous flow of the not solidified SiO2

precursor. This advantage of SiO2 layer formation enables to deposit a pinholes-free layer onto

solid or plastic substrates at relatively low temperatures.

Changes in the composition of the deposited layers during storage were observed by

means of FTIR spectra. It was found that a layer deposited from a TEOS + He mixture,

besides the basic component (silicon dioxide) also shows the presence of a considerable amount

of organic species, which is indicated by the clear absorption bands at 3000 - 2850 cm'1. The

intensity of these bands decreased during storing of the sample at ambient conditions, and at the

same time absorbance of silicon dioxide increased (band at 1080 cm'1). An increase was also

observed in the broad 3600 - 3000 cm"1 band originating from the hydroxyl groups bonded to

silicon (Fig. 3).
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Fig.3. FTIF spectra of the layers deposited from the TEOS - He mixture;
1 - after deposition, 2 - after 6 days, 3 - after 12 days.
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By using a TEOS + O2 + He mixture thinner layers were obtained (up to 500 nm), and

their composition differed from that of the layers deposited from a TEOS + He mixture. No

clear bands assigned to organic fragments were found in a majority of spectra recorded directly

after depositing the layers. A strong band at 3000 - 3600 cm'1 derived, as mentioned, from the

hydroxyl groups bonded to silicon is a characteristic feature of these spectra (Fig.4). The

properties of these layers depended on the oxygen content in the gas mixture. By selecting an

appropriate gas composition, discharge conditions and process duration layers of good

mechanical properties were obtained. They were mainly composed of silicon dioxide.

Ellipsometric studies also confirmed that silicon dioxide was the main component of these

layers.

The described above differences between the composition and properties of layers

obtained from TEOS + He with or without oxygen can be attributed to the different chemical

reactions proceeding during discharges. In the presence of oxygen, a faster and more deep

decomposition process of the organic species derived from TEOS takes place. From the very

beginning, the layers produced are composed mostly from SiO2. In the case of constant gas

composition and flow conditions it can be stated that thickness of the obtained layers depends

on the voltage applied (i.e. on current density) and time of deposition. The thickness of layers

was not uniform for all the substrate surface. Nevertheless, in the centre part of the wafer,

where discharges were not disturbed by electrode edges, a uniform thickness of the layer was

obtained. The influence of the voltage applied and time elapse of the process on the thickness

of the layers is presented in Table I.
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Fig.4. FTER spectrum of the layer deposited from the TEOS - Oj - He mixture
(33 OOOppm
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Table I. Polycondensation layers obtained from TEOS + He + O2

Ellipsometric measurement of thickness. Helium flow rate 9 Nl/h;

TEOS content about 200 ppm (mol); O2 content about 550 ppm (mol); Frequency 50 Hz

Series/
/Wafer

No

K/l

K/2

K/3

K/4

L/2

High voltage
electrode

covered with PET
foil .188mm

as above

as above

as above

covered with PET
foil . 125 mm

Grounded
electrode

without
dielectric

as
above

as
above

as
above

as
above

Gap
distance

mm

2.5

2.5

2.5

2.5

2.5

Voltage

kV

6.2-6.6

6.2-6.6

6.4-6.6

6.4

4.7

Deposition
time
min

120

60

30

15

120

Layer
thickness

nm

400-480

150-200

80-90

50-60

300-330

4. Conclusions

1. Under conditions of electrical discharges, stabilized with a dielectric barrier at

atmospheric pressure, passivating layers were obtained from tetraethoxysilane (TEOS).

2. The layers deposited from a TEOS + He mixture, besides silicon dioxide, also

contained organic species, the share of which decreased during storing.

3. The layers deposited from a TEOS + O2 + He mixture (33000 ppm Oj) contain

mainly SiO2 and exhibit only a small amount of organic fragments.
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