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ABSTRACT
A new hollow cathode tube argon-iron design was
developed 1o be wused in laser atomic speciroscopy
experiments, were high sensibility is required. This tube
was employed in order to allow laser absorption and
optogalvanic signal measurements. The tube also included
Sused-quartz Brewster angle windows aligned with the
optical axis in each ending of the tube. Therefore, in this
configuration a minimum laser intensity losses through the
windows can be attained  for the appropriate light
polarization. The optogalvanic signal detection was
accomplished using a tunable dye laser resonant with the
Ar, 3p*ap(S,) = 3p*4d(CDY) transition, that corresponds
to 591.2 nm in air. It was also possible to determine the gas
temperature by measuring the Doppler line broadening and
the results were compared fo those obtained from a
theoretical model for gas heat condution. To measure the
temperature of the cathode external surface a
thermocouple was used inside the tube. The analysis of
results showed that a high signal to noise ratio can be
obtained with this tube configuration, that peimits
experimental  invetigation of eletronic (ransitions
presenting low light absortion cross sections.

1. INTRODUCTION

Light-matter intcraction can be investigaled both
theoretically and experimentally using a rarc gas plasma
produced by clectric discharge, where a tunable laser
radiation induccs clectronic transitions in the plasma
atoms. Mctal atom vaporization can be casily obtained
through eclectric  discharges in  a  hollow cathodc
configuration. In this type of tube the cathode itsclf is used
as the clement to be analised. Hollow cathode tubes (HCT)
arc characterized by low temperature metal vaporization,
sputtering processes, where accclerated rarc gas ions colide
with cathode surface, producing free melal atoms. These
atoms become plasma aloms logether with rare gas atoms.
HCT arc useful and versatile devices and a number of
matter-light interation experiments can be made. In this
way scveral spectroscopy paramcters can be determinated,
like somc optical transition absortion cross scctions and
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excited state lifetime. Atom temperature and density can be
mcasured by optical absortion tcchniques [1]. Another
technique that presents a much higher sensibility than
atomic absortion is the optogalvanic spectroscopy [2).

In this work the performance of new geometry HCT was
verified concerning its features, mainly related with clectric
noise. Minimum cathode-anode voltage and low electric
noise are desirable features for a given current density HCT
operation [3]). These conditions indicate a good cleaning of
the internal components and the buffer gas. The gas
temperature was measured by two different processes. First,
by measuring the Doppler broadening of the
3p°4p(’S)) - 3p*4d(*Dy) absortion transition linc in the

optogalvanic signal (OGS). This transition can be seen with
add of Figure 1, wherc the simplyfied argon energy levels
are shown. Sccond, by direct measurement of the outer wall
cathode tcmpcerature and using a heat conduction model to
calculate the gas temperature profile. Both resulls were
compared and discussed.
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Figure 1 - Simplified argon cnergy level
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2. TUBE DESCRITION

The tube esquematic drawing is shown in Figure 2. The
cathode consists of a steel cylinder (0.2% C and 99,8% Fe’
with 24 mm length and 8.0 mm radius with a 2.8 mm
diameter hole. The cathode was supported by two circular
alumina ( A5,0,, 99,5%) disks. The cilindrical cathode is
centrally attached o the alumina disks. In one of the disks a
number of holes were machined in order to allow the
insertion of the cathode feed wires. A thermocouple was
placed in contact with the cathode surface to measurc the

Fe cathode
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cathode temperature. The tube was made of borasilicate
glass type Corning 7740 with dimensions of 40 mm in
diameter and 18 cm in length. The windows were made of
fused-quartz and arranged in Brewster angle. The (ube was
baked for many hours, and several electric discharges were
applied across the tube in order to produce a healing in the
tube internal parts and thereforc a degassing. A turbo
molecular sistem (Balzer, mod. THP 240) was used to
produce a high vacuum. The tube was scaled with 5 Torr
argon pressurc (high purity 99,9995%).
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Figura 2. Fe-Ar hollow cathode tube.

3. EXPERIMENTAL SETUP

In order to measure the optogalvanic signal, the
experimental arrangement described below, was employed.
An argon lascr (Spectra Physics mod. 171) was used to
pump the tunable dyc lascr. The wavclength cmited by the
dye laser (Spectra Physics mod. 380 A) was measured using

hollow cathode, inducing the particular transition
3p*4p(CS,) - 3p*4d (D)) of the argon atoms in the plasma.
The intcraction was measured as a change in the plasma
impedance by a lock-in amplificr. The results were stored

in a personal computer. The cxperimental setup for the
oplogalvanic measurcmient is shown in Figure 3.

a wavemeter (Burleigh mod. WA-1000). The lascr
radiation emited from the dye laser went through the
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Figure 3. Experimental setup for optogalvanic measurements



4. MODEL FOR TEMPERATURE PROFILE

The theoretical model for determination of the temperature
profilc assumes the following hypothesis.

a. The electric power density supplied by the dc power
supply is totally deposited in cathode volume of
discharge; '

b. Thermal conduction is the main mechanism of hcat
transfer;

¢. The diameter of cathode hole is small compared to the
cathode length. So that one dimension is cnough to
characltcrize the system;

d. Steady state is assumed. All temperature measurements
were made after the system became time independent,

In view of these considerations, the following equations can

be wrillen:

For the gas region, 0<r <a, where a is the hole cathode

radius, and r, the radial coordinale, the equation below

holds 4],
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where, it is assumed that dependence of the gas thermal
conductivity k, with the gas tcmperature 7, is given by

k&’(?.;?) = A?‘:’
whese A=177x107"W-m 'K and m=05[5). g§is the
power density supplicd by the electric power supply. For the

cathode region a<r <h, where b is the cathode outer
radius, the following equation is considered

—'—d«(rkc('l;) (”;] -0 2

rodr dr

where, it is assumed that dependence of the cathode
thermal conductivity k. with the cathode temperature 7, is
given by

k(T,) = k(14 BT)

where k, B cocfficicnts were oblained from [6] using a
lincar interpolation. The following boundary conditions
must be satisficd

T =T

=L, forr=a,

dl’ df’
k(TYy—2=k(T)==, forr=a,
10 dr Lo dr
17 =1, for r=h.

where 7, is the outer wall cathode temperature, that was

measured with a thermocouple. It can be shown that the
following expressions arc solutions of Equations (1) and

(2), respectively:
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for 0<r<a and
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and for a<r<b. The inner wall tcmperature 7, s
detenninated by solving the Equation (4) for r=a,i. e,
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5. RESULTS

The results obtained with the theoretical model arc shown
in Tablc 1, together with the cxperimental results. The
cxperiments were carried out for three different power
electric density input. In all measurements the dye laser
oulpul power was attenuated in order to excite the HCT
with about 1mW in order to avoid power broadening. The
beamwaist of laser beam inside of the cathode hole was
cstimated to be 0.3 mm, so the averaged gas temperature
was calculated as:

_ 2 M
Len [z 0war (5)
]

where ?;I(r) is given by Equation (3) and bw is the
beamwaist.

Table 1 - Experimental and theoretical results for the
gas temperature.

meas. VW) T(0)  T(CO)  T0)  TLC)
r=10
1 2.75 247 250 434 464
2 5.08 334 335 651 690
3 7.56 410 413 848 897
The OGS profile obtained from

3p*4p(S)) - 3p’4d(*Df) argon  transition  with  7.56W
power clectric input is shown in Figure 4. This figure
shows a Doppler broadening ( Av,,) of 1.85 GHz for 35mA-
216V discharge operation. The wavelength corresponding
(o this transition is 591,2 nm, that is close to the redish
part of the visible light.



L I
10 Gz ]

e e |

S -

< [

E%

3 \

-

3

ol

e

=N

o]

M‘lw?m Naaudil!
Frequency scanning
Figure 4 - Doppler limited OGS * of the

3p*4p(S,) > 3p’4d(°Dy) argon transition measured for

a 10 GHz laser frequency scanning around the
absorption line center (35mA-216V).

The gas temperature can be calculated from the resulls
shown in the Figure 4, assuming that the main broadening
line mechanism considered is due to the thermal molion of
the atoms. It is assumed that the OGS is proportional Lo
population density difTerence between the vpper and lower
transition levels. As Al is the OGS voltage measured by
lock-in amplificr then it can be written that:

AV (v) o lN"(\-) _& N,(v)]

&

where N, N, are the populations of the upper and lower
levels and their g,, g, statistic weight, respectively, and v
is the frequency around the absortion line center v, . Then
it can be shown [7] that the gas temperature 7, and the
Doppler broadening Av,, arc related by

- n, (&v,)' N

£ 8k,In2
where m, is the argon mass, A is the wavelength in the
center of transition and the k, Boltzmann constant.

Results for three differents input electric power are shown
in the Table 2 where it is also shown percentual difference
between the two methods.

(6)

Table 2 - Gas temperature calculated from the
broadening line.

meas. Av,(GHz) ?; &) % error
1 1.63 536 19
2 1.79 702 73
3 1.85 768 9

6. CONCLUSIONS

The HCT rceported in this work presented a very good
perfomance showing a high signal to noise ratio (>20 dfi)
as one can scen by the Figure 4 analysis. Tt was possible to
compare the gas {cmperature mecasurcments made by the
Doppler broadening of the OGS with those obtained using
the theoretical model. So it can be infered, for the HCT
opcration used in this work, that the Doppler effcct is the
main responsible mechanism of line broadening. Therefore,
for a given electric power supplicd to a HCT, an estimation
for gas (cmperaturc can be made through the measured
value of Av,. Onc additional advantage of the tube design

described in this work is the utilization of quarlz optical
windows with Brewsicr angle, that allows the possibility of
using it in some optical intracavity experiments, where
polarized laser light is used and low losses of laser intensity
are required.
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