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Measurement. of Ar Temperature of Hollow Cathode Discharge
Plasma

Jun-Hoi Lee'® Jae Soo Shin', Sung Jik Lee®, and Min Soo Lee”

Abstract

The plasma temperature of Ar gas in hollow cathode discharge were measured. This is done by

measuring the line profile of the 1s;—2p; transition in Ar, using a single-frequency diode laser. Low

power diode lasers have been successfully used for investigation of the line profiles of Ar transitions
in hollow cathode discharges. It turns out that the plasma temperature of Ar is 640~783 K in the

discharge current range at 7~ 10 mA.
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1. INTRODUCTION

Low power diode lasers in a visible range
have been successfully used for investigation of
the line profiles of Ne and He transitions in
A hollow
is  widely

hollow cathode discharge plasmas.
cathode discharge (HCD)
used as an atomic vapor or emission source for

plasmal1]

most elements in the Periodic Tablel2]. Because
of its high signal to noise ratio and relatively
simple experimental setup, the optogalvanic (OG)
detection method in HCD has been recognized as
a powerful technique for several spectroscopic
studies and plasma discharge diagnostics{3 51, It
is necessary to take great care in utilizing the
0G
quantities because the OG line shapes may be

line shapes for measuring spectroscopic

different from the absorption ((GGaussian or Voigt)
line shapes[6 9].

1. Department of Advanced Materials Science, Daejeon
University
(96-3 Yongun-dong, Dong-gu, Daejeon)

2. Department of Physics, Chungnam University

3. Applied Optics and Electromagnetic, Hannam University

a. Corresponding Author : jh0817 @dju.ac.kr

LR - 2004, 12. 8

1A &AL 2 2005, 1. 3

AlALREZ : 2005. 3. 14 .

381

Optogalvanic effect, Plasma temperature, Hollow cathode

The OG effect technique was developed for

the purpose of laser spectroscopy. When a
self-sustained gaseous discharge is illuminated
by

molecular transition of the elements within it, a

radiation resonant with an atomic or

change in its electrical properties occurs. This
change is observed as an increase or decrease
in the

known

conductivity of the discharge and is
as the optogalvanic effect.

In this report, temperature of HCD plasma at
low discharge current of 10 mA is studied by
illumination a continuous wave diode laser tuned
to the resonant frequency of the Ar metastable
transition. A diode laser is an appropriate light
source for studying the Ar discharge because
most lines for 1s-2p transitions of Ar are
located in the near-infrared wavelength region
[10]. Laser induced fluorescence can be used as
a diagnostic tool for fundamental investigations
interaction

of glow discharge plasma. Laser

provides an excellent method for spatially
profiling plasma species.
The

semiconductor manufacturing in

widely used for
the field of
plasma application such as dry etching, plasma

plasma has been

enhanced chemical vapor deposition, and so on.
In the etching process, a lower temperature is
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required to obtain high quality semiconductor
devices particularly when etching with high
selectivity is required. The HCD plasma system
of the present study was used in the etching
study of silicon surface[11].
In this the
plasma temperature of hollow cathode discharge

experiment, measurement  of
using OG line shapes has been performed in a
801.479 nm (1s; —2pg) metastable transition of Ar.

2. EXPERIMENTAL

is shown schema-
tically in Fig. 1. A commercial HCD tube
(Cathodeon Ltd., model 3QQAY/Gd) was used in
the experiment. Each one consists of cylindrical
hollow cathode
length of 20 mm with two-ring anodes and

The experimental setup

inner diameter of 2 mm and

contains Ar gas at pressure of about 3 Torr.
The discharge current was approximately 7~ 10
mA.

The discharge was produced by a high
voltage power supply (Bertan Associate, Inc.,
model series 105). Current limiting resistors of
10 k2 ere used for each anode and the OG
signal was detected by blocking the dc voltage
using a coupling capacitor of 0.01 pF. We used
a single-mode diode laser system which has
center wavelength of 810 nm (Environmental
Optical Sensor, Inc., model EUC-2010). An
anarmorphic prism pair and iris diaphragm of 0.5
mm diameter were used to make an appropriate
laser beam shape. A small part of the laser
beam was split off by using a thin glass plate
and An anarmorphic prism pair and iris
diaphragm of 0.5 mm diameter were used to
make an appropriate laser beam shape. A small
part of the laser beam was split off by using a
thin glass plate and was sent to a confocal
Fabry-Perot etalon (TecOptics, model SA-300).
The Fabry-Perot etalon was used to measure
the line width for optogalvanic signals.

The laser beam path of 0.5 mm diameter was
carefully adjusted to pass through the center of
the negative glow region inside the cathode. The
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Fig. 1. Experimental setup.

laser beam power in front of the HCD tube was
1 mW and more than 90 % of the input power
was transmitted through the HCD tube with the
discharge off. With the laser wavelength fixed
at the center of a transition line of Ar, the OG
signal was measured through a coupling
capacitor of 0.01 pF by using a digital oscillo—

scope (Hewlett Packard, model 54600B).

3. RESULTS AND DISCUSSION

In our experiment, the cylindrical cathode was
open—ended in both directions and was placed
between two hollow anodes. The use of two
anodes ensured that the whole length of the
cathode bore was covered with a negative glow
in the axial direction. On the other hand, the
cathode dark space and negative glow region
occupied the HCD mainly in the radial direction.
defined
visually by monitoring the appearance of the

These discharge regions were well
plasma emission, as shown in Refl12]. A sketch
of the cylindrical hollow cathode used in the
in Fig. 2. The

cathode represents a unique of dense and stable

experiment is shown hollow
plasma generated due to the hollow cathode

effect.



Negative glow Cathode dark space

Fig. 2. A sketch of the cylindrical hollow
cathode discharge. The cathode dark
space and the negative glow region
occupied in the radial direction. The laser
beam passed through the central part.

is based on oscillations of hot
drop of
cathode at opposite wall in the cathode when
these walls are close to each other, so that they

This effect

electron between repelling potential

cnable interactions of adjacent negative glow.
Hence, the electron density in the
negative glow. This design allows operation

increases

with the negative glow region tapped within the
cathode cavity, reduced discharge sustaining
voltage and enhanced electron multiplication.

The OG signal is a result of the discharge
plasma conductivity variation caused by absorp-
tion of the
transition of the plasma medium. To understand

radiation at a certain spectral
the reason for OG signals, let us consider the
effect of light perturbation. When the laser beam
is irradiated, two atomic processes
generated by the perturbation of the population

distribution among the relevant atomic levels.

can be

Laser excitation of metastable atoms causes the
depletion of those atoms due to decay to the
ground level via short-lived resonant levels (1s,,
Is;) and results in a decrease in the conducti-
vity. At the same time,
metastable atoms to a higher level enhances the

laser excitation of

ionization due to collisions with electrons and
results an increase in the conductivity. These
two processes compete with each in generating
OG signal.

A schematic diagram of the relevant energy
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Fig. 3. Energy level diagram for the 1s;— 2p]-
argon transitions studied in this work.

Each electronic state is labelled by its
Paschen notation.

levels[10] is shown in Fig. 3. The lowest excited
electronic configuration of Ar consists of four
1s; (i=2-5) levels. Two of these states, and are

metastable. The state is quasi-metastable with a
slight The
radiatively coupled with the ground state. The

triple-singlet  mixing. state is

next excited configuration consists of the 2p;

(j=1-10) levels radiatively coupled to the levels.
The OG signal is generated by the perturbation
of the population distribution among atomic
levels (1s-2p) and subsequent relaxation pro-
cesses{13].

A self-sustained oscillation, called the spon-
taneous oscillation, and damped oscillation are
appeared in OG signal of the discharge voltage
occurred at low discharge currents less than
about 3 mA.
different from the absorption line shapes. In the

In this case, OG line shapes

current range over 3 mA, the OG line shapes
resemble those of absorption and are used to

diagnose the characteristics of the discharge

plasma. A typical line shapes at various

discharge currents are shown in Fig. 4. As shown
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Fig. 4. Oscilloscope trace of the optogalvanic line

shapes. The optogalvanic line shapes

resemble those of absorption.

in Fig. 5, the OG signal fits well to a Gaussian
line shape and the Doppler line width of OG
signal is 1.13 GHz at discharge current of 7
mA. The Doppler line widths of OG signal in
Ar HCD 1.13~125 GHz at

current 7~10 mA. The temperature of the

are discharge

plasma, T(K) can be calculated from the width
of line shape, is given by

Av, = 7.16 x 10 “,/%%

where Avp is the Doppler-broadened line width
(FWHM), Y%

transition, M is the mass of the atom[14]. The

(1)

is the center frequency of the

line width, AVp, was estimated from the line

profile of the OG spectrum at 801.479 nm for Ar
HCD. The precision of the line width measure-
ment depends on the accuracy of the free
spectral range of the frequency marker.

The measured the Doppler line width of OG
line shapes and plasma temperatures of the Ar
HCD are summarized in Table 1. The measured
temperatures of Ar hollow cathode discharge are

about 640 ~783 K at discharge current of 7~
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Fig. 5. The OG line shape at a current of 7
mA. It agrees with a Gaussian profile
having a line width (FWHM) of 1.13
GHz.

Table 1. The Doppler line width measured by
the OG line shapes and the plasma
temperature of Gd/Ar HCD at various
discharge currents.

Current (mA) | FWHM (GHz) | Temperature (K)
7 1.13 640
8 1.16 674
g 1.20 722
10 1.25 783

10 mA. This result agrees with the earlier
experimental observation reported by Jonkers,
Bakker, and Mullen[15]. They showed that the
temperature of Ar gas is 810 K at discharge
pressure of 133 Pa and RF power of 80 W.

4. CONCLUSIONS

The plasma temperature of argon in hollow
cathode the
optogalvanic spectroscopy. It was found that the

discharge was investigated by

temperature was in the range of 600~800 K at

discharge current range of 7~10 mA and



increased with increasing in the discharge
current.

The optogalvanic line shapes resemble those
of absorption and are used to diagnose the

characteristics of the discharge plasma, example

plasma temperature and line profiles. The
measurement  of the optogalvanic signal s
demonstrated as  complemental method to

understand the characteristic of hollow cathode

discharge plasma.
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