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In this paper presents the research results of mass-spectroscopy of the RF discharge plasma in the
controlled magnetic fields. The discharge was conducted in the gases containing halogens and mixtures with the
oxygen. The evolution of the main plasma components from the oxygen content was investigated.

PACS: 52.77.Bn, 81.65.Cf

INTRODUCTION

Plasma in gases, which contain halogens in pure
form or in admixtures with other gases, is widely used
for  plasma-chemical  processing of  different
semiconductor materials. The mixtures of the gases,
which containing halogens most often used with the
addition of oxygen (0O,). However, not all processes
occurring in plasma-chemical reactor (PCR) sufficiently
explored. Therefore, these researches are attracting the
attention of national and foreign researchers.

The chemical processes occurring in PCR are
multivariate and extremely complex. Probe techniques
do not allow fully understand the component
composition and to determine the main parameters of
chemically active of the plasma of high - frequency
discharges.

The mass spectrometry is one of the most effective
methods of the control of plasma-chemical processes
that occur in the PCR. This method of analysis of the
plasma environment allows determining the qualitative
composition of plasma and choosing the most effective
operating conditions of the discharge processes for
optimum etching of technological layers.

Such research is allowing to predict the formation of
harmful gases that can endanger human health and life,
is gives the opportunity to prevent their release into the
atmosphere.

Therefore, research in this area will enable more
clearly understand the kinetics of physical and chemical
processes that occur in the PCR. This in turn will
improve the results of the process of plasma-chemical
etching (PCE) of materials.

1. MAIN PART
1.1. EXPERIMENTAL COMPLEX

Mass-spectra of chemically active gases are formed
in the reactor chamber obtained using the mass
spectrometer MX-7304 [1]. The oil vapor of diffusion
pump is a strong hindrance for the analysis of plasma
components. Since, they have wide range masses of in
the range of 30...150 amu. The best way was to ensure
no oil pumping, which schematically shown in Fig. 1.
The high vacuum ensured by means of magnetic
discharge pump PMDC 100. It is connected to the mass
spectrometer flexible sleeve made of stainless steel. Pre
vacuum created in PMDC-100 via diffusion pump.
After this, the volume of the mass spectrometer is
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overlapping from the vacuum post PCR with using a
mechanical valve. The mass spectrometer MX-7304
was connected to the camera PCR through the flange
with a metal seal and fluoropolymer hoses.

It was created to avoid the influence of RF and
magnetic field of the mass- analyzing sensor of the mass
spectrometer.

Fig. 1 Scheme of the experimental complex:
1 —PCR; 2 —mass-spectrometer (MX-7304);
3 —magnetic discharge diode cooled pump
(PMDC-100); 4 —diffusion pump;

5 — valve; 6 —the connecting hose

The researches of chemically active plasma were
performed on the plasma-chemical reactor with the
closed electron drift [1]. RF discharge is formed
between two electrodes one of which (active) in the
form of three sided prism. The processed samples
placed on the surface of this electrode, and to him was
applied RF voltage. The outer, grounded electrode has a
cylindrical shape and the length of 420 mm. The
chemically active plasma formed in crossed RF electric
and controlled magnetic fields depending on the gases
which inlet in the plasma-chemical reactor.

The gas composition for the treatment of process
layers can vary depending on the task. It all depends on
the desired selectivity etching process of one-layer
relative to another, anisotropy etching, and the required
profile.

In this work, we used the following gases: Sulfur
hexafluoride (SF¢), Freon-14 (CF,), Freon-218 (CsFs) in
the mixture of oxygen (O,). These gases were chosen
for research because they are most commonly used in
the electronics industry for carrying out plasma-
chemical etching of materials.
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1.2. RESULTS AND DISCUSSION

Mass spectra of plasma gas mixtures (a) SFg/O,, (6)
CF4/O; Ta (8) C3Fg/O, shown in Fig. 2. Analysis of the
mass spectrograms shown that common to all is the
presence of residual gases: H," (2 amu), N* (14 amu),
0" (16 amu), H,O" (18amu), N, (28 amu), CO"
(28 amu), O," (32 amu), Ar" (40 amu), CO," (44 amu).
The discovered peak of argon selected as the value of
the calibration weight.

The ion HF" observed at all mass spectrogram. It is
formed due to the high reactivity of atomic fluorine with
atomic hydrogen and products of dissociation of sulfur
hexafluoride with water vapor. Desorption of their can
occur with the inner surface of the chamber walls of the
PCR.

The peaks SF* (51 amu), SF," (70 amu), SF5"
(89 amu), SF," (108 amu) and SFs" (127 amu) are
observed in the mass spectrogram (see Fig. 2,a). They
are the main decay products of sulfur hexafluoride.
Maybe peak CF observed, but it is poorly divided with
molecules of nitrogen and carbon monoxide.

It should be noted a large number of oxy-fluoride:
SOF,, SO,F,, SOF,; etc. Sulfuryl fluoride (SO,F,,
102 amu) and thionyl fluoride (SOF,, 86 amu) are the
dangerous substances. They can cause pulmonary
edema in concentrations that exceed maximum
permissible norm [2]. Since, they are insoluble in water;
this class of substances is dangerous when working with
sulfur hexafluoride.

On the mass spectrogram in the gas mixture CF4/O,
(see Fig. 2,b) detected atomic carbon ion (12 amu) and
the radical ions CF," and CF5". They are responsible for
the polymerization of carbon - fluoride on the surface of
the processed samples at plasma-chemical etching.

The molecule C, (24 amu) is not observed. Oxygen
reacts with these radicals, freeing up additional fluorine
atoms and the resulting reactions [3] molecules are
formed CO (28 amu), CO, (44 amu), COF (47 amu).

At the same time, there is an extremely toxic
substance phosgene fluoride (COF,, 66 amu). Its toxic
effect is ability to easily hydrolysable in contact with
mucous membranes of the respiratory tract and lungs.
As the result, stands out hydrogen fluoride, this causes
severe chemical burns inside the lungs. The hydrolysis
of fluoride phosgene, which happens either in the air or
directly on mucosa of its effects on the body, is equally
dangerous [4].

Analysis of the mass spectrum of the plasma
C3Fs/O, (see Fig. 2, ¢) showed a large number of small
oligomers formed in the process of dissociation CsFg.
The molecules CsF;, CsFg, CoFs, CsF4, and C,F, have
very small intensity. The intensity of peaks decreases
with the addition of oxygen. This is due to the
interaction of fluorine-carbon radicals with atomic and
molecular oxygen. The discharge mode was selected in
which manages to get rid of fluoropolymer films on the
surface of the processed sample using this methodology.

The radical CF"; have a very high intensity, which is
5 times more compared with the intensity of the CF™,.
Atomic carbon observed but the molecule C, in the
plasma of CF,/O, was not detected. The minor peaks
CFO and COF, are observed in this gas mixture.
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Fig. 2. Mass-spectrograms: SF¢/O; (a); CF,/O, (b) and
C3Fg/O, plasma (c) Process parameters Upias = 100 B,
P = 5.0-10° Torr, Iy=7A4,P=1000 W
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Fig. 3. The evolution of the intensity of the main
components of the O, content plasma in the chamber
rector: in SF¢ (a); in CF4(b)

The evolution of the main plasma components are
observed on the mass spectrogram depending on
changes in the content of oxygen (O,) in the reactor
chamber during the discharges in mixtures of oxygen
with sulfur hexafluoride shown in Fig. 3.

There is an almost linear decrease in the intensity of
the radical ions SFs', SF;", with the increase of the
amount of oxygen in the discharge (see Fig. 3.a). This
may be due to the occurrence of a number of possible
chemical reactions, which shown in the article [5]. The
decrease in the intensity of the peaks of the lower
fluorides, said the increase in the number of oxidation
reactions, leading to decrease in their concentration in
the reactor volume.

There is a growth of intensity HF* with increasing
content of O, in the reactor chamber. This indicates the
increase in the concentration of atomic fluorine.

The intensity of the CF;* (see Fig. 3,b) decreases
with the addition of O, in CF,. This increases the
intensity of CO, due to the high reactivity of carbon
with oxygen.

CONCLUSIONS

Depending on the oxygen, content in the PCR
chamber was observed decrease in the intensity of the
primary product of the working gas reactions. This
indicates an increase in the number of oxidation
reactions.

The research of freons showed the presence of
carbonyl radicals and their decrease depending on the
oxygen content.

The toxic substances were found which could
threaten human health. The gas composition and
regimes of discharges were selected under which

harmful substances are practically not observed.

REFERENCES

1. E.G. Kostin, V.V. Ustalov, O.A. Fedorovich. Mass
spectrometric investigation of chemically active plasma
in high-frequency discharges in controlled magnetic
fields / Collection of Scientific Works: Institute for
Nuclear Research. 2004, v. 13, Ne 2, p. 86-95.

2. Encyclopedia of occupational safety and health.
[Electronic resource] / Sulfur compounds, inorganic.
Access mode:
https://base.safework.ru/iloenc?d&nd=857300067&prev
Doc=857300067&spack=110LogLength%3D0%26Log
NumDoc%3D857300024%26listid%3D010000000100
%261istpos%3D38%261s2%3D40%26nd%3D85730002
4%26nh%3D1%26start%3D20%26 (Reference date:
08/08/16) The name of the screen.

3. A.G. Gorobchuk, Y.N. Grigoriev. Effect of high-
frequency discharge in the process of plasma-chemical
silicon etching in CF,/O, # Computing Technology.
2007, v. 12, Ne 12, p. 52-67.

4. http://e-tech.pp.ua/18320-ftorfosgen.html

5. M.W. Chase. Thermochemical Tables // J. Phys.
Chem. 1998, v. 9, p. 1963.

Article received 22.10.2016

AHAJIN3 COCTABA IIVIA3MBbI BU-PA3PALA METOAOM MACC-CHEKTPOMETPUN

B.B. I'naokoeckuii, b.I1. Ilonozos, 0.A. @edoposuu
IIpencraBieHbl Pe3yJbTaThl MacC-CIEKTPOMETPUYIECKUX HMCCIICA0BaHui miasmbel BU-paspsima B ympaBisieMbIX
MATrHUTHBIX MOJsAX. Pa3psj mpoBOAWIICS B YHCTBIX TaIOTCHCOACPXKAIIUX Tra3aXx M B CMECH C KHCIIOPOJIOM.
HccnenoBana 3BOIIONUS OCHOBHBIX KOMIIOHEHTOB TUIA3MBI OT COJIECPIKaHUS KHUCIOPOa.

AHAJII3 CKJIAZTY TVIA3MM BY-PO3PSIJTY METOJIOM MAC-CIIEKTPOMETPII

B.B. I'naoxoecexuii, b.11. Ilono3zoe, 0O.A. @edoposuy
[IpencraBneHO pe3yNbTaTH MacC-CIEKTPOMETPHYHIX HOCIHIIKEHb 1ia3Mu BU-po3psay B KepOBaHMX MarHiTHUX
noisiX. Po3psii mpoBOAMBCA B YMCTHX TAJOTEHOBMICHMX Ta3ax 1 B CyMillli 3 KUCHEM. JIOCTIIKEHO EBOIIOLI0

OCHOBHHX KOMITOHEHTIB TUIa3MH BiJl BMICTY KHUCHIO.
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