Australian Journal of Basic and Applied Sciencesl0(14) September 2016, Pages: 51-57

AUSTRALIAN JOURNAL OF BASIC AND L TN
APPLIED SCIENCES Australian

Journal of

Basic and Applied Sciences

ISSN:1991-8178 EISSN: 2309-8414
Journal home page: www.ajbasweb.com AENSI Publisher

Electron Temperature measurements Te spectroscopikgain argon pulsed
cylindrical hollow cathode plasma jet

Khaled Hussien Metwaly, Ali Hassan Saudy, FarouknaEl-Akshar

Center of Plasma Technology - Faculty of ScienskAzhar University - Cairo — Egypt.

Address For Correspondence:
Khaled Hussien Metwaly, Center of Plasma Technolo@aculty of Science - Al-Azhar University - Cair Egypt
E-mail: k_metwaly@hotmail.com

ARTICLE INFO ABSTRACT

Article history: The properties of low pressure argon pulsed holloathode discharge were
Received 26 July 2016 investigated using Rogoviski coil, and time resdiv@ptical emission spectroscopy
Accepted 21 September 2016 (OES) under different conditions of gas flow ra@0-@40 sccm), and at charging
Published 30 September 2016 voltage 4kv. The Electron temperatures were medsuarargon plasmas as a function

of time, using the argon line emission intensitytioraof 46754/4259A and
4348//41594. Also the electron temperature was determined Hging small

Keywords: admixture of helium gas (5sccm) to the working arggms without disturbing the

hollow cathode plasma jet plasma properties, using the intensity helium liagio He 4713A/49214 and
5048/%/4713/. The electron variation density with time was mead using the line
intensity of exited argon ion 4888AThe results obtained indicated that the maximum
discharge current is approximately 6.7kA. It waarfd that the electron temperature
decreases with the increase of gas flow rate; ithattributed to the increase in the
number of collisions between electrons and angiteesma species.

INTRODUCTION

The pulsed hollow cathode plasma discharge wassiigaged as a source plasma jet for deposition of
different thin films. A pulsed discharge is low-pserre high voltage current characterized by thegmee of an
axial hole in the cathode. Pulsed sputtering adloeducing the substrate temperature during deposind
considerably increasing plasma density in the patséime (Cada, Met al, 2006). The increase in the plasma
density can promote formation of more dense anblestfim structure that leads to improvement of fhe
properties. In low pressure cylindrical hollow aadle, the discharge takes place almost entirelydénsie
hollow cathode. The pressure in the experimentahtier 1G torr, while the pressure inside the nozzle is
always higher than 25X1torr, so the incoming working gas forces the disge out of the nozzle into the
experimental chamber and plasma jet interact viithdubstrate (Cada, Mt al, 2003). The hollow cathode
discharge has high ionization efficiency; high ptasdensity, bright discharge, and photon yieldexspscopic
measurement.

Optical emission spectroscopy (OES) is based omgsurement of the optical radiation emitted fthe
plasma as it reflects the properties of the plasnthe immediate environment of atomic, molecuéard ionic
radiators (Behringer, Ket al, 1994). The radiation is the result of electrotiom interaction with other particles
in the plasma. Because of their high velocity, etet interactions tend to dominate the collisioaatitation
and ionization processes. Three electron transitiomy occur during these interactions: bound-bound
transitions; bound-free transitions; and free-fi@msitions. The light emitted as a result of thesasitions
forms line, band, or continuous spectra (AbdouGAramooret al, 2007).
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Time-resolved emission optical spectroscopy wasd tseneasure the electron temperature and the@fect
density and to study the dynamics of pulsed plasifias advantage of this method is monitoring tleehirge
without disturbing plasma (Cada, ¥t al, 2006). A small admixture of helium gas can ddecadded to plasma
without disturbing the plasma properties for thepmses of optical diagnostics

In the present paper, we investigate the intensitiations of the Argon emission lines, which atentified
to different transitions when glow discharge souiseoperated with dc pulsed power supply, in ortter
compare each plasma conditions. Also, the electeomperature Te in Argon gas at different experimlent
conditions was determined by two methods usingcaptmission spectra by the relative intensity liodine
ratio method.

Experimental Setup and diagnostic techniques:

The schematic diagram of the experimental setuphwing in figure (1). The plasma source of this
experiment has been described in some detailspiedous paper (Khaled Hussien Metwalyal, 2016) and
will be briefly described here. The hollow cathaslenade of metal copper of the cylindrical shapeéiameter
25mm to absorb the produced heat by ions sputténirige cathode. There is a hole of diameter S5mrhén
H.C. axis. The anode ring made of copper and hasraar diameter 40mm. The H.C. chamber made from
Pyrex glass with diameter of 75mm and height 150mm.
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Fig. 1: The schematic diagram of the Hollow cathode pladeta

The experimental chamber is continuously pumpedalwptary pump and an oil diffusion pump. The
residual pressure of the vacuum apparatus reahbesrder of 18 torr. The gas flow rate to the experimental
chamber is controlled by a mass flow rate metee d@lscharge can be powered by a negative pulsed DC
system. The power system consists of a sourcéhaffavave rectifier voltage 4kV, spark gap switchndenser
bank (50uF, 8kV) and pulse generator of (SCR) dirdthe discharge current was measured by a Rogowsk
coil.

The intensity of argon emission selected lines fthm pulsed hollow cathode discharge was analyzed b
Mc Pherson scanning monochromator [Model 270] wathcm focal length. The entrance slit of the
monochromator is at 15 cm from optical window sttt sufficient light is transmitted to the slitthout light-
collecting optics. The emission spectra are reabatefunction of time. The wavelength of the momoatator
is calibrated using a mercury lamp before the arpmmt. The emission intensity profiles used for the
spectroscopic analysis are normalized for the splegtsponse of the photo-multiplier tube (type 88B).
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RESULTS AND DISCUSSION

3.1. Discharge characterization:

Figure (2) shows the photograph of light emissioont pulsed hollow cathode plasma jet at charging
voltage 4kV, an argon gas pressuré& 16rr. The photo shows the expanding discharge thighdensest plasma
at the outlet of the nozzle. The emission plasmth@futlet nozzle works as a positive column ef EiC glow
discharge (Hultka et al, 2003).

Fig. 2: Photograph of light emission from pulsed DC hollcathode plasma jet

Figure (3) shows time resolved of intensity exigdm line Arl (41594) and discharge current waveform
at charging voltage 4kV, Argon pressure?1@rr. It is remarkable from experimental resuliattmaximum
discharge current is approximately 6.7kA. The disgk current is dumped oscillation. This is macdysed by
the inductance in the discharge loop. (Hkhiet al, 2003). the half period of the discharge curisrgbout 40
us, and the rise time of discharge current is 20 ps

Figure (4) shows time resolved of intensity exii@a line Arll (4348A%) and discharge current waveform at
charging voltage 4kv, Argon pressure®torr.
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Fig. 3: Time resolved of intensity exited atom lind=ig. 4: Time resolved of intensity exited ion line

Arl  (4159A°) and discharge current Arll (4348A% and discharge current
waveform at charging voltage 4kV, Argon waveform at charging voltage 4kv, Argon
pressure 16, pressure 18torr.

An excited Ar+ level can be reached by either the-step process

Ar +e (E >35eV) -~ Ar”™

Or the two-step process
Ar +e (E >15.5eV) - Ar"”
Ar "+ e (E >19 5eV ) -~ Ar "’
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Since for a typical low-temperature plasméd€V) there are very few electrons with the 35 ejumeed for
the simultaneous excitation and ionization by the-etep process, there is also the possibility lafge signal
contribution from the excitation of the ground etains in the plasma by the two-step process (BoBoffard
et al, 2004).

Emissions from atomic lines have a similar two-séegitation possibility by means of excitation from
metastable atoms present in the plasma. Excitationetastable states would lead to increased emnissver
those predicted from electron-impact excitatiotnhef ground state (Namjun Kaegjal, 2011).

The Arl and Arll line intensities in the spectracoeded during and after the first discharge curprise
shows that during the discharge current period,atioen and ion excitation is caused mainly by impaith
energetic electrons, while at the afterglow theonelgination processes play a major role in the Aud &rll
energy levels population (Surmeian,ét.al 2005). The presence of the hump profile in tmepteral afterglow
of Arl and Arll emission lines is due to recombioat processes involving ions generated by metastabl
metastable collisions, the atom and ion metastabdiisg the only source of excitation and ionizatiorthe
temporal afterglow plasma (Glen, P. Jacksenal, 2003). As shown in figure (3, 4) the after —lp@density
of spectral line is dependent on the dischargeggnér means that in the discharge, the dominantlpetion of
Arll is provided by the three body electron- ioaembination because of the inverse of electron tratpre
and the strong dependent on the electron density.

3.2. Corona Model:

The electron densities and electron temperaturesuned by single Langmuir probe in the previouskwor
(Khaled Hussien Metwalgt al, 2016) were of the order of 1cm* and 4-10 eV, and, therefore, embrace the
regime where the plasma is in Corona model. Hetetagion occurs by electron impact and de-exatatby
radiative transitions. In low density plasma, thenber density of atoms is low enough to neglecitedestate
atom—atom and excited-state ion—atom collisionstheumore, in weakly ionized plasma the electrod &m
densities are low in comparison with the atomicsityn Thus, the primary channels for excitationéeitation
of atoms are with photons and electrons. In coemalibrium (Mc. Whirter, R.W.P., 1965), atomic é@ation
is through electron impact excitation of groundest@oms and de-excitation is through photon decay.

In the steady-state corona model, the plasma isnass to be optically thin, i.e., the radiation ¢m=
without interacting with the plasma and if theraishange in the plasma parameters, it takes pla€eiently
slowly for the population densities to take up the¢w steady-state values at each instant. A Mdiamel
velocity distribution is assumed for the free elecs. The corona model assumes a balance between th
collisional ionization and radiative recombinati@odder, N.Ket al 2004).

In corona model, the electron temperature can berméed the intensity ratio of emission lines ded

+

I
from transitions between levels i-x in the excit#dgly-charged ion (' * * ) and p-y in the excited atom
0
[
( PY ), the electron temperature may be determined safiguthe following expression (Mc. Whirter,
R.W.P., 1965):

ix = C .-I-eo.75_ exp[_{Eg +Ei g _Ep,g}]

0
19 KTe (1)

where k is the Boltzmann constant, Te the eledigomperature, Eg the ionization potential of tharatg,
the excitation energy of the singly charged iomfribs ground state (g) to level ipgthe excitation energy of
the atom from ground state to level p. C is a amstwhich depends on oscillator strengths andsitian
probabilities of the involved transitions.

3.3. Electron temperature of Argon plasma:

Values of the spectroscopic parameters used intiequél) have been taken from (Podder, NeK.al
2004). The first method to determine the electeangeratures in argon plasmas as a function of tiisiag the
argon line emission intensity ratio of 4672594, at 47654 (Ar") (E4 =11.92+14.74=36.66eV), and
425097,50\0 (Ar° (Er,~14.74eV), for this pan of transitions the canst C ) can be calculated and is equal to 0.5
ev™"

Also the electron temperatures were measured iongptasmas as a function of time, using the argon |
emission intensity ratio of 4348M159A° at (Ar') (E, =16.64+19.49=36.13eV), and 4159AAr°)
(Ep,&14.47eV)for this pan of transitions we found thatisGequal (0.8) eV'"® In order to improve the
accuracy Te was evaluated separately and all fngdmtures were averadégure (5) shows the electron
temperature of Ar hollow cathode discharge variatiorring the first waveform of the discharge cutranAr
pressure 10-2 torr, charging voltage 4kV.
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Fig. 5: the electron temperature of Ar hollow cathode dasgk variation during the first wave of the discjear
current at, charging voltage 4kV, at Ar pressuré ttr

The increase in electron temperature with timehim tange (5-2&sec.) is related to the increasing in the
discharge current, more energetic secondary efestice emitted from the surface of the hollow cdéhahich
enhance the ionization events and as a resulel¢o&on temperature.

The addition of helium with small flow rate 5sccm d@rgon in the hollow cathode discharge can give
information to estimate the electron temperaturthedischarge using the ratio of the emitted fediation of
helium from the discharge. Helium has lower efiitig of cathode sputtering owing to its low mass parad
to other inert gases (WagatsumagKal 2001).

The second method to determine the electron temyer# using the intensity ratio of emission hediu
lines He 4713A14921A° and 5048R/4713A°. We used the sensitivity curve estimated by Easéiral 1973 to
measure the electron temperature. Figure (6) shevelectron temperature in argon discharge variatith
time during the first period of discharge currentlfferent gas flow rate (80-240sccm), chargindiage 4kv,
5sccm, helium gas.
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Fig. 6: the electron temperature of Argon hollow cathodeldhrge variation with time during the first perfd
discharge current with different gas flow rate @@Sccm), at charging voltage 4k.

Figure (6) shows that the electron temperatureedseas with the increase in gas flow rate. Thecteztu
of T with rise of gas flow rate may be explained asofgf: when the gas flow rate increases, it causes an
increase in the number of collisions between edestrand other plasma species. Consequently efectiv
collisional transfer of energy occurs, that redubeselectron temperature.

Also gas flow rate increases further the plasmasitheis found to increase since the primary eletirean
free path becomes smaller than the cathode diaraetegas ionization is less efficient and occuose to the
cathode. As expected the electron temperature aseseslightly with increasing flow rate as thermaérgy
transfer to the neutrals increases.

The values of electron temperature measured byielnpurity method are higher than that measured by
argon line ratio. This is attributed that heliunshhe highest metastable energies among the atbdrgases,
making it a powerful Penning reagent for excitingspa species through inelastic collisions (Sugjrtet al
1994).

3.4.Measurements of Argon plasma density:

It was found that the Arll line intensities are pootional to the plasma density (Glen, P. Jackssiral,
2003). For The Arll (48809 line (3PS — 3B(3P)4P [2P — 2§. Since the Arll (Arll 4880A) lower level is
17.14eV above the Arll ground state (Eexc, >> kdie) the line intensity is proportional to the plasdensity
(n) (Qayyum, Aet al, 2005). Figure (7) shows the time resolved ddrisity exited ion line Arll (43483 and
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discharge current at charging voltage 4kV, Argoespure 18 torr. During the high current discharge pulse a
large amount of excited argon atoms, Arll ions afgb long-lived atomic and ion metastables are yred.
Two hump observed in the early afterglow of ArHds indicate the existence of a complex mechanfsarlb
energy levels population during the afterglow. Tleerease of Ar emission is mainly due to reducetitieof

Ar atoms by local gas heating. This density de@ahses not allow the emission from Ar atoms to heiés
maximum simultaneously with that of current. Theigsion drop starts just with current growth due to
reflection of energetic Ar atoms on the anode swrfaesulting from acceleration of Ar ions towatls anode.
The relative number of such atoms is small if tlherent is small, but grows considerably at high pow
discharge (Rossnagle, S.kt.al 1988).
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Fig. 7: Time resolved of intensity exited ion line Arll @8A% and discharge current waveform at charging
voltage 4kV, Argon pressure T@orr.

The electron density depends on the neutral gasit§geBince primary electrons are born at the adehend
scattered by inelastic and elastic neutral colfisjiahe primary electron density profile becomebokhowith
increasing neutral density (Handle,gfal 1984). Figure (7) shows that the electron derdggreases with time
in the afterglow discharge resulting mainly from more electron production by electron impact ioticra
because of the low electron temperature.

Conclusion:

DC pulsed cylindrical hollow cathode of chargindtage 4kV has been characterized by means of time
resolved emission spectroscopy at different ardow fates. The experimental results presented beggest
that electron temperature JT T, was determined using line to line intensity ratiethod according to Corona
model. Te increases with the discharge currentlewhdecreases with argon flow rate. The intenséyiation
of line emission of Arll (48808 with time gives a true trend of the electron digndhe electron density {n
decreases with time in the afterglow discharge bseaf recombination and diffusion processes. Tesgnt
results are important for the usefulness of emissfwectroscopy has a simple and reliable techrimueeasure
the electron temperature without disturbing thesipia.
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