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Abstract. The paper describes a quadruple mass-spectrometer method, which
is used to analyze the content of residual gas in a vacuum chamber of the ARM
NTM (Automatised Working Area) ion-plasma unit. This unit is used to perfect
the magnetron deposition process for coating radio-reflecting surfaces. The
intake of pure argon into the chamber revealed up to 0.3 % of impurities in the
plasma-supporting gas, including 0.02 % of water and oxygen. A significant
presence of hydrocarbon gases is explained by the presence of solvents sorbed
in rubber washers, joints of internal equipment, and other components inside
the chamber. In order to decrease the level of impurities in the plasma-
supporting atmosphere inside the chamber and improve the composition and
properties of the coatings, it is necessary to take additional measures to cleanse
and degas the surface of the chamber from condensation products and
hydrocarbon compounds. To provide a minimal level of impurities in the
coated surfaces it is vital to clean and degas the surfaces of the chamber,
removing residual moisture and hydrocarbon compounds.

Target dispersing and coating condensation processes are conducted in a gaseous
environment, containing residual components of the vacuum chamber atmosphere. Inleakage,
wall desorption, gas emissions from spluttered components and specimens cause the residual
atmosphere to intake various chemically active gases, e.g.. water, oxygen, hydrocarbons,
hydrogen, and carbon dioxide. The quantity of these elements and compounds depends on a
number of factors. In laboratory and industrial apparatuses operating in vacuum not exceeding
10 Pa the sum of partial water, nitrogen, and oxygen pressures normally comprises a greater
part from residual gas pressure [1]. The degree of impurities in the plasma-supporting gas
depends on the residual gas pressure; it is individual for each vacuum chamber and depends
on its state before deposition, along with the properties and amount of components prepared
for vacuum depositing and the operating pressure of the plasma during the process of

“This research has been made possible through the financial support from the Ministry of Education and Science
of the Russian Federation. State contact Ne 02.G25.31.0043.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



XVII International Scientific Conference “RESHETNEV READINGS” IOP Publishing
IOP Conf. Series: Materials Science and Engineering 70 (2015) 012001 doi:10.1088/1757-899X/70/1/012001

depositing targets. The typical pressure levels during a magnetron process of depositing
aluminum onto a carbon fiber component are as such: the residual gas pressure is (1-10)x10™
Pa; the operating plasma pressure is 0.07-0.2 Pa. Thus, the expected volume of additives is
from 0.05 to 1.5 %. As these active components — including chemically active gases — are
drawn into the plasma deposition operating area, the following chemical compounds are
formed with the target’s material — oxides, nitrides, carbides. These substances might
significantly change the properties of the deposited surface [2].

Analyses of the residual and plasma-supporting gases composition were conducted in the
chamber of the ARM NTP vacuum unit — previously used for developing multilayer radio-
reflecting deposition techniques. A diagram of the unit is shown in Figure 1.

The unit is primarily used for depositing multilayer thin-film coatings onto surfaces of
various templates, the ion-flow processing of material specimens, performing ionic-plasma
experimentations, and testing technological processes, applied during deposition on different
surfaces.
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Figure 1. Diagram of the vacuum chamber of the ARM NTP unit:
1 —air lock; 2 — vacuum seal; 3 — ion source with a continuous drift of electrons; 4, 7 —
magnetron unit; 5 — source of high-energy gas ions; 6 — limiting slit; 8 — reverse chamber; 9 —
rails; 10 — operating chamber; 11 — transposition system surface.

The chamber of the ARM NTP unit consists out of an air lock chamber and an operating
chamber. The operating chamber is used for conducting magnetron deposition and plasma
treatment of specimens. The chamber is equipped with magnetron and ion sources,
reciprocating and rotatory systems for moving templates, and screens for limiting the
deposition area for the magnetron targets. Mechanical and turbomolecular pumps are used to
pump out the chambers.

The operating chamber has a significant internal surface area; as a result, during deposition
operations, the surfaces on the chamber walls, screens, and components inside the chamber
become covered in condensation products from the deposited substances. Replacement of
targets and maintenance operations inside the chamber expose it to the atmosphere. As a
result, the condensates become a source of water and atmospheric components such as
nitrogen, oxygen, carbon dioxide. When added to the gases generated by templates during the
initial treatment and deposition processes, these substances are found in the volume of gas,
pumped from the chamber.
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Prior to conducing radio-reflecting aluminium coating deposition treatment, the ARM NTP
unit undergoes certain maintenance. During this process, the internal surfaces, components
and screens of the chamber are cleaned of condensation products and other foreign materials.
The surfaces are then wiped clean using oil solvent and ethyl alcohol.

In order to provide the monitoring of residual gas, an HPQ-2S quadruple mass-
spectrometer has been installed on one of the flanges. The device resisters mass spectrum
within a range from 1 to 100 Da with a maximum working pressure at 1 Pa.

The spectra mass of the chamber had been registered prior to operation and after the
installation of necessary targets into the magnetrons and cleaning the screens and surfaces of
the chamber, performed with high quality argon (Russian state standard nomenclature: GOST
10157-79) being pumped into the chamber to enable a plasma-supporting environment.

Fig. 2 depicts the mass spectra of residual gas after vacuum pumping to a pressure of
1.5x10™ Pa. Fig. 3 shows the spectra of plasma-supporting gas in the presence of argon.
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Figure 2. Mass spectrum of residual gas after pumping the ARM NTP chamber to a
preparatory high vacuum.
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Figure 3. Mass spectrum of plasma-supporting gas in the ARM NTP chamber during the
intake of argon.

The mass spectra diagrams show that the primary components of residual gas are water
(peaks at 16, 17, and 18) — partial pressure at 1.2x10™* Pa, nitrogen (peaks at 28 and 14) —
partial pressure at 2.2x10 Pa, oxygen (peaks at 32 and 16) — partial pressure at 4.5x10°° Pa,
light hydrocarbons (peaks at 26, 27, 29, 30, and 31) — with a total partial pressure at 1x10
Pa. Other substances include hydrogen, helium, carbon, and hydrocarbon particles with a total
partial pressure at 1x10° Pa

After the intake of argon into the chamber (masses 40 and 20) to a pressure of 1x107 Pa,
the pressure of residual gas components (including impurities in the argon) became as
follows: for water (peaks at 16, 17, and 18) — partial pressure at 2x10° Pa, for nitrogen (peaks
at 28 and 14) — partial pressure at 2x10™ Pa, for oxygen (peaks at 32 and 16) — partial
pressure at 6x107 Pa, for compound of carbon (peaks at 15, 19, 21, 26, 27, 29, 35, 36, 37, 38,
39, 41-44) — total partial pressure at 2.7x10™ Pa. The pressure of argon isotopes with mass
numbers 36 and 38 (Ar*®® and Ar®®) have been excluded from this figure. Components, having
a partial pressure of 1x10® Pa and less than this figure have also not been considered. Thus,
the result shows that the total percentage of impurities in the plasma-supporting gas is 2.9 %,
including 0.2 % water and oxygen. Further vacuum pumping in the chamber to an operating
pressure of 0.1 Pa revealed that the impurities proportionally decreased to 0.3 %, including
0.02 % water and oxygen.

In comparison we can see that the high quality GOST 10157-79 argon, used in the test has
the following percentage of impurities: under 0.0007 % oxygen, under 0.005 % nitrogen,
under 0.0009 % water, under 0.0005 % hydrocarbon compounds. The total percentage of
argon is over 99.99 % [3]. Thus, the percentage of water and total sum of impurities in the
plasma-supporting gas is significantly greater than required by the state standard for argon
intake.

The analysis of the mass spectra show the following: after cleaning the internal surfaces of
the chamber and high vacuum pumping, the residual gas in the chamber and plasma-
supporting gas continue to have relatively high percentages of chemically-active gases, e.g.:
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water (masses 16, 17, 18), oxygen, nitrogen, hydrocarbons (masses 32, 16, 28, 14, 12, 12,
etc.). The presence of hydrocarbon gases indicate residue from solvents sorbed in rubber
washers, joints of internal equipment, and other components inside the chamber.

In order to decrease the level of impurities in the plasma-supporting atmosphere inside the
chamber and improve the composition and properties of the coatings, it is necessary to take
additional measures to clean and degas the surface of the chamber from condensation
products and hydrocarbon compounds.

During the process of magnetron deposition the percentage of chamber residual gas
components in the plasma-supporting gas can significantly increase the percentage of
impurities in high quality GOST 10157-79 argon.

Thus, to provide a minimal degree of impurities in the coated surfaces it is vital to clean
and degas the surfaces of the chamber, removing residual moisture and hydrocarbon
compounds. Another recommendation is to conduct a mass-spectrometric analysis of residual
and plasma-supporting gases before beginning the vacuum evaporation treatment of surfaces.
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