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Results of actinometric study of oxygen dissociation in ICP source are presented. For atomic oxygen the
emission lines of 844.6 nm was chosen having low impact of dissociative excitation. Actinometer gas in the
experiments was argon, with emission line of 750.4 nm. Measurements of the degree of oxygen dissociation were
conducted depending on the RF power supplied to the ICP source as well as on the oxygen gas pressure. The
dissociation degree varies from few percent to 40 % depending on gas pressure.
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INTRODUCTION

Weakly ionized highly dissociated plasmas are
nowadays widely used for processing of different
materials. Oxygen plasma is often applied in different
technologies such as discharge cleaning (degreasing),
plasma activation of organic materials, selective
plasma etching of composites with a polymer matrix,
plasma sterilization of delicate components for
medical application and plasma-synthesis of nano
structured materials [1, 2].

It is known that the plasma activation of the
reactive gas during reactive magnetron sputtering has
a dramatic effect on improving stoichiometry of
synthesized oxide coatings [3], however, the physical
mechanism of this activation has not yet been studied
sufficiently for reasonable selection of the plasma
source parameters to activate the reactive gas
effectively.

One of the possible explanations of the activation
effect is that the neutral oxygen atoms play the
dominant role in surface reactions. Several methods
for measuring the O atom density are known. Mass
spectroscopy is a suitable method as long as plasma is
created at very low pressure. However, the neutral
oxygen atoms tend to recombine on the way from the
discharge to the mass spectrometer so the measured
value does not reflect the value in plasma. In contrast,
optical emission spectroscopy is alternative technique
providing information just from the plasma volume.

In order to find the contribution of molecular gas
dissociation process to the mentioned plasma
activation effect spectrometric investigation of optical
emission from ICP source with Ar-O, filling was
performed. This paper presents the results of
experimental measurements of atomic oxygen density
and the degree of dissociation of the molecular filling
gas using actinometry technique.

1. EXPERIMENTAL SETUP

Schematic diagram of the experimental setup used
in our investigation is shown in Fig. 1. The cylindrical
discharge vessel has a radiusR =7 cm and height
L = 6 cm. The sidewall of the vessel is made of metal.
The glass top cover and the inductive coil are cooled by
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air flow created by a fan. The vessel is evacuated by a
turbo molecular pump down to a base pressure of about
10 Torr. The experiments are performed in the work gas
pressure range 0.5...100 mTorr.

The RF field is induced by a three-turn spiral copper
coil with variable radius. RF power in the range
50...800 W at 13.56 MHz is coupled to the coil via a
matchbox.

The measurings of the main plasma parameters have
been led by means of the Langmuir cylindrical probe of
diameter D, = 0,1 mm and length of L, =5 mm. The probe
data processing was done using the “PLASMAMETER”
device. The sidewall flat probe of 1 cm” was mounted on
the chamber side wall (see Fig.1). The ion saturation
regime was used.
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Fig. 1. Schematic diagram of the experimental set-up

In order to find the density of oxygen atoms
spectrometric investigation of optical emission from ICP
source with Ar-O, filling was performed. In all the
experiments the Argon partial pressure was 20 % of the
total gas pressure. For measurement of optical emission
spectra a spectrometer with spectral resolution of about 1
nm in wavelength range of 400...950 nm was used.

2. MEASUREMENT TECHNIQUE

In order to determine the concentration of ground state
oxygen atoms, we have used the classical technique
which consists of comparing the emission of the O(P-°S)
844 nm transition to the emission of the Ar(2p;-1s,)

167



750 nm transition. The energy levels taking part in the The actinometry technique suppose operations with
mentioned lines emission are presented in the Fig. 2. the ratios of intensities of spectral lines instead of the
intensities themselves. Thus the ratio of the corresponding
I ) excitation coefficients was calculated in dependence of
: ) C the electron temperature T.. The calculation result is
shown in the Fig.4. In the experimental data
interpretation we used the T, values measured by the
Langmuir probe technique.

The de-excitation of excited states Y* is assumed as
radiative:
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The excitation coefficient Ke' depends on the these coefficients as function effective electron
effective electronic temperature T, via the electron temperature
energy distribution function (EEDF):
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The typical emission spectra at different RF power

. . .. and gas pressure are shown in Figs. 5-8.
with the normalization condition
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where E is the electron energy, o.(E) is the

collision cross section with threshold energy E; for i-
level excitation, f(E) is the electron energy distribution
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Fig. 3. Excitation cross sections of the chosen levels of 600 — 800

Argon and Oxygen atoms [4] Fig. 6. Optical emission spectrum of A-O, ICP
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Fig. 8. Optical emission spectrum of A-O, ICP

One can see from the figures that different lines
of Argon and atomic Oxygen demonstrate different
dependencies on power and pressure. Using this
dependencies we can define density of neutral oxygen
atoms, and thus the oxygen dissociation degree. We
have chosen the emission lines of atomic oxygen
844.6 nm instead of 777.3 nm having higher impact of
dissociative excitation.
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Fig. 9. The intensities ratio of O( °P-3S) 844 nm and of
Ar(2p;-1s,) 750 nm, versus ion current density at the
flat probe (power)
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Fig. 10. Variation of intensities ratio of O( °P-3S) 844 nm
and of Ar(2p;-1s,) 750 nm, electron temperature and ion
current density at the flat probe from gases pressure

The main measured parameter was the line intensities
ratio of O(*P-*S) 844 nm and of Ar(2p;-ls;) 750 nm. The
dependencies of this parameter on the gas pressure and
RF power are shown in Figs. 9, 10.

The measured ratios of the line intensities allows us
to find the ratio of densities of the argon and oxygen atom
sin ground state. Taking into account branching ratios for
the selected radiation processes are close to 1 and using
the calculated above ratio of the excitation coefficients,
we can calculate the oxygen atom density, and thus the
molecular Oxygen dissociation degree. The calculated
oxygen dissociation degree 7 is plotted in Fig. 11 in
dependence on gas pressure in the discharge chamber.
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Fig. 11. Oxygen dissociation degree n in dependence on
gas pressure in the discharge chamber
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AKTUHOMETPUYECKHUE UCCJEJOBAHUS JUCCOLUMALMU KUCJIOPOJA
B UHIYKLIHOHHOM PA3PSIJIE

A.H. /laxoe, C.B. /[youn

IIpencraBneHsl pe3yiabTaThl aKTHHOMETPUYECKOTO M3YUEeHUs JUCCOLMALMN KUCIOPOJa B UCTOYHUKE IIa3Mbl Ha
0aze MHIYKIMOHHOro paspsnma. [lns aromapHoro kuciaopona Obuta BeIOpaHa JuHHS u3iaydeHus 844, 6 HM, He
MOJBEPKEHHAS CYIIECTBEHHOMY BO3EHCTBHIO AMCCOLMATHUBHOTIO BO30YXkIeHUs. B kadecTBe rasza-akTuHOMETpa B
SKCHEPUMEHTaX HCIOIb30BajlCS aproH ¢ JuHHed u3myueHus 750,4 HM. Bpiau npoBeneHBl M3MEpEHHs CTENEHU
JUCCOLMAIMN KHUCIOPOAa B 3aBUCHUMOCTH OT BU-MoIHOCTH, MOABOAMMON K HCTOYHUKY IIa3MbI, a TaKkkKe OT
JIaBJICHUS KUCIOpOa. Y CTAaHOBJIEHO, YTO CTENEHb ANCCOIMAIIMM MEHSCTCS OT HECKOJBKHX mporeHToB no 40 % B
3aBUCHMOCTH OT JIaBJICHHS Ta3a.

AKTAHOMETPUYHI JOCJIJKEHHSA JIUCOIIALIL KACHIO B IHAYKIIIHHOMY PO3PSIJII
O.H. /laxoe, C.B. /Iyoin

[IpencrapneHo pe3ysibTaTH AaKTUHOMETPUYHOIO BUBUEHHS AWCOLIallii KUCHIO B JDKEpedi IUla3Md Ha 0asi
iHAyKUOidkHOTO po3psimy. Jlnst aroMapHOTO KUCHIO Oyna oOpaHa JiHis BUNpoMiHioBaHHs 844, 6 HM, HE CXHJIbHA JI0
ICTOTHOTO BIUTUBY JMCOIIATUBHOTO 30Y/KCHHs. B sIKOCTI ra3y-akTHHOMETpa B EKCIICPUMEHTaX BUKOPUCTOBYBABCS
aprod 3 JiHieo BunpomiHioBaHHS 750,4 HM. Bynmu npoBeneHi BHMIpIOBaHHS CTYNEHs AMCOLalii KHUCHIO B
3ajexHocTi Bl BU-nOTYXHOCTI, 110 MiABOAUTHCS JI0 JDKEpela IUla3MH, a TaKoX BiJl THCKY KHUCHIO. BcTaHoBieHO,
IO CTYIIiHb AUCOMIaIlil 3MIHIOETBCS Bil JEKLUIBKOX BiZCOTKIB 10 40 % 3aJe’KHO Biff TUCKY Ta3y.
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