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ABSTRACT

A pair of stainless steel (ss) plates separates the source and target regions of a double plasma device. Two sets of tung-
sten filaments, placed at different distances from the ss plates, are then used to produce plasma alternately and the
plasma parameters in the source and target regions for different discharge voltage, discharge current and plate separa-
tion are measured using Langmuir probes. It is found that plasma density and electron temperature are considerably
affected and respond differently to changes in the plate separations and the position of the filaments.
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1. Introduction

Amongst the plasma parameters, electron temperature (T.)
and plasma density (n.) are considerably important be-
cause many plasma processes are influenced by even
subtle changes in their magnitudes. As many plasma ap-
plications are also dependent on them therefore it has
always been the effort of researchers to find ways to con-
trol these two parameters effectively. Alexeff and Jones
[1] were among the earlier researchers who demonstrated
the way to reduce the electron temperature. MacKenzie
et al. [2] performed an experiment and showed how to
increase the electron temperature. Using a grounded plate
and by changing its position in a multi-dipole capacitively
coupled RF plasma, Hershkowitz et al. [3] studied the
change in the electron temperature and plasma potential.
By using pins in a hollow cathode discharge, Sato et al.
[4] showed how the electron temperature could be con-
trolled. Kato et al. [5,6] used a grid and also slits of dif-
ferent sizes to effectively regulate the electron tempera-
ture and plasma density.

Due to their versatility, magnetic multipole devices
have been used from as early as 1975 onwards to conduct
basic studies in plasma [7]. The conditions which multi-
pole devices have the capability to produce are favorable
for conducting various basic studies. They are capable of
producing quiescent plasma with magnitudes of plasma
density and temperature that are found in many naturally
occurring plasma systems and man made plasma devices.
By using a grid between two multipole magnetic cages,
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the entire system can be divided up into two regions
called the source region, where plasma is produced, and
the target region, to which plasma diffuses after passing
through the grid. As plasma can be produced in both the
source and target regions hence the name “double plasma
device”. Depending on the nature of the experiment and
purpose of investigation, plasma can be produced in only
the source region and after passing through a meshed
stainless steel grid or a magnetic filter field, placed be-
tween the source and target regions, it can flow to the
target region. Mishra et al. used a meshed grid to study
the role of energetic electrons in controlling diffused
plasma parameters in a DP device [8]. In another study
the magnetic cages as well as the grid were biased to see
the changes in the plasma conditions [9].

In a new experimental investigation we have changed
the spacing of the stainless steel (ss) plates placed be-
tween the source and target regions of the double plasma
device and also used two sets of filaments placed at dif-
ferent distances from the plates to see their effect on the
electron temperature and plasma density in both the
source as well as target regions. In a fusion device, neu-
tral beam injection heating is used along with other heat-
ing methods. Neutral beam injection (NBI) utilizes ener-
getic neutral particles to heat fusion plasma. Energetic
neutral particles are produced in NBIs by converting en-
ergetic ions through charge exchange collisions. Ions
(positive or negative) are produced in an ion source
(positive ion source or negative ion source). In a negative
ion source, a transverse magnetic field and bias plate (BP)
are placed [10] in front of the plasma grid. The bias plate
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is in the form of a plate like structure and it is immersed
in plasma. It is electrically connected to the plasma
chamber and isolated from the plasma grid. The plasma
grid is biased positively with respect to the bias plate [11]
to reduce the co-extracted electron current in the ex-
tracted negative ion beam. The shape of the bias plate is
similar to a photo frame and it surrounds the total beam
extraction area on the plasma grid [12]. In this manu-
script we have studied the influence of the bias plate
(stainless steel plate—in this study) on the plasma pa-
rameters in the source and target regions, with respect to
the filament positions in an arc discharge plasma.

2. Experimental Methods

The sketch of the arrangement used to conduct the ex-
periment is shown in the Figure 1. The experiment is
performed in a stainless steel plasma chamber of length
1.1 m and diameter 0.3 m. The two regions namely
“Source”, where plasma is produced, and “Target”,
where plasma diffuses, contain two full lined cusped
magnetic confinement cages both of which are cylindri-
cal in shape and of length 0.32 m each. Fourteen stainless
steel channels containing vacuum sealed 0.12 T stron-
tium ferrite magnets are arranged in the form of a cylin-
der to form each cylindrical cage. Four stainless steel
channels filled with 0.12 T strontium ferrite magnets are
used to form each end plate of these cages in both the
source and target regions. The plasma chamber and the
magnetic cages are grounded. Two stainless steel plates
are placed between the source and the target magnetic
cages. These plates cover the entire space between the
chamber walls and the centre where a gap is kept be-
tween the two plates through which plasma can diffuse

from the source to the target region as shown in Figure 2.

The gap between the plates can be varied and it is fixed
at three separation distances of 0.15 m, 0.115 m and 0.08
m. In the source region, two sets of tungsten filaments,
F1 and F2 (in Figure 1), are placed at 0.125 m and 0.235
m away from the ss plates at the centre of the two mag-
netic cages. Each set consists of five tungsten filaments
of length 0.03 m each and all of them are mounted in the
magnetic field free region within the magnetic cage.
Based on their distance from the plates, F1 and F2 are
respectively called the “near plate” and “far plate” fila-
ments. Vp represents the discharge voltage power supply
and Vg, Vg, are the filament current power supplies for
the near and far plate filaments. A diffusion pump
backed by a rotary pump gives a base pressure of 3.04 x
107 Torr in the plasma chamber. By feeding Hydrogen
gas the working pressure is fixed at 3.8 x 10~* Torr. The
filaments, which serve as cathode, are heated from the
filament heater power supply which is either Vg, or Vg,
as is the requirement. For producing plasma the discharge
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Figure 1. Sketch of the experimental setup.
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Figure 2. Stainless steel plate arrangement between the source
and target regions.

voltage power supply Vp is used and the discharge volt-
age is applied between the filaments and the grounded
chamber. Plasma is produced by using the filaments F1
and F2 alternately. By changing the discharge voltage
(Vy) from 60 V to 100 V and discharge current (I;) from
0.5 A to 2 A the plasma parameters in the source and the
target regions are measured using Langmuir probes LP1
and LP2 which are inserted radially and positioned at the
centre of the source and target regions. The cylindrical
tungsten probe tip is of length 0.01 m and diameter
0.0001 m. LP1 and LP2, Hiden’s Advanced Espion
Langmuir probe system, are used for data collection and
analysis.

Before taking the first set of readings, the plate separa-
tion between the source and target regions is set at 0.15
m. The discharge voltage V4 is fixed at 60 V and the
discharge current I is varied from 0.5 A to 2 A, in steps
of 0.5 A, by changing the filament current for F1 fila-
ments from the filament power supply V. In the source
region, using the Langmuir probe LP1, I-V characteristic
curves at each I, are obtained and the plasma parameters
determined. Then the procedure followed for taking the
readings at V4 = 60 V is repeated by setting the discharge
voltage first at V4 = 80 V and then at V4 = 100 V. The
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above procedure is repeated for the F1 filaments. Once
the readings in the source region are completed, the read-
ings in the target region are then taken with the Langmuir
probe LP2 by following the same procedure as in the
case of the readings taken in the source region. The plate
separation is then decreased to 0.115 m and finally to
0.08 m and the procedure stated above is repeated in both
the source and target regions to complete the sets of
readings for the three plate separation cases. The read-
ings taken at the three different plate separations for both
F1 and F2 filaments and at different discharge conditions
are then compared and analyzed.

3. Results and Discussion

For the near plate (F1) and far plate (F2) filaments, in the
source region, the change in the electron density n, at
various discharge current I for the three plate separations
and at discharge voltage V4= 80 V is shown in Figure 3.
For F2 filaments, n. is highest at plate separation 0.15 m
and lowest at 0.08 m separation. In all the cases of plate
separation there is a gradual increase in n. with increase
in 1. The plates present a loss area for the charged parti-
cles of plasma which are produced in the source region
and are moving to the target region. When the plate
separation distance is decreased from 0.15 m to 0.115 m
and then to 0.08 m, the loss area presented by the plates
increase from ~250 cm” to 300 cm” and then to 360 cm®
and plasma density will fall. This is observed in the plot
of Figure 3 where the plasma density is seen to decrease
as the plate separation is decreased thereby increasing the
plate loss area for the plasma particles. When the near
plate (F1) filaments are used then plasma density is
found to be highest at plate separation 0.15 m and lowest
at 0.08 m separation. n. is found to increase gradually
when the discharge current is increased from 0.5 A to 2
A and this change is observed for all the three cases of
plate separation. The observations in the source region
for the near plate filaments and the reasons for these
changes, discussed above are similar to those observed
for the far plate filaments in the source region.

In the target region, plasma density is seen to change
with discharge current and plate separation for F1 and F2
filaments as shown in the Figure 4. Here, for both F1
and F2 filaments, n. is found to be highest for plate
separation 0.15 m and lowest for plate separation 0.08 m.
The magnitude of the plasma density (n.) at a particular
discharge voltage (V) and discharge current (I4) is found
to be lower in the target region than in the source region.
This is because plasma particles are lost on the plates
before they move from the source to the target region. As
in the source region, the increase in n, with Iy for F2
filaments is found to be regular. As plasma is produced
in the source region therefore whatever changes occur in
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Figure 3. Change of n, with I for F1 and F2 filaments at V4 =
80 V in source region.
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Figure 4. Change of n, with I for F1 and F2 filaments at V4 =
80 V in target region.

the source region is found to similarly occur in the target
region. However, the regularity with which n, is found to
change with I and plate separation in the source region
for F1 filaments is not seen in the target region and n,
versus Iy curves for plate separations 0.15 m and 0.115 m
are thus found to almost touch each other. Such cross
over for F2 filaments is however not seen to occur. The
relation ON/6T =n,ol (I,/e) gives the plasma pro-
duction rate in the source region [13], where N is the
total number of electron-ion pairs in the system, n, is
the neutral density, o is the ionization cross section of
the neutral gas to be ionized by electrons, I, /e is the
total number of electrons emitted from the filaments per
second and 1 is the effective primary ionizing electron
path length. The production of uniform and quiescent
plasma will depend in the manner in which the primary
electrons from F1 or F2 filaments ionize the gas in the
source region. As F1 and F2 filaments are at different
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distance from the plate separation therefore the number
density and energy of primary electrons moving from the
source to the target region through the open space be-
tween the plates will also be different. Primary electrons
from the filament collide with neutral and plasma parti-
cles in the plasma chamber. Since the degree of ioniza-
tion is low (~107) therefore collision of primary elec-
trons with neutrals is dominant. In low pressure plasmas
~3.8 x 107" Torr to ~3.8 x 107 Torr, a primary electron
of energy 80 eV, where 80 V is the discharge voltage,
will have a mean free path of a few tens of centimeters
only. As the F1 filaments are at 0.125 m distance from
the plates and the F2 filaments are at 0.235 m away from
the plates therefore, on its way towards the plate, a pri-
mary electron emitted from the F1 filament will encoun-
ter fewer neutral particles than a corresponding primary
electron from the F2 filament. As F2 filaments are lo-
cated near the cusped magnetic field containing end plate
of the magnetic cage so when these filaments are used
then the primary ionizing electrons from these filaments
having longer 1 traverses a longer path after making
many bounces from the end plate of the magnetic cage
and the surrounding surface magnetic field of the cylin-
drical magnetic cage before reaching the plate separation.
This results in the production of uniform and quiet
plasma in the source region. Also, as they travel a longer
path therefore the primary electrons also lose a greater
fraction of their energy due to cooling by inelastic colli-
sions with neutral gas molecules before they are lost to
the plate separation or move to the target region. As the
F1 (near plate) filaments are nearer to the plate separa-
tion therefore some of the primary electrons from the F1
filaments impinging on the plate arrangement will be lost
and some will pass directly to the target region and in
comparison to the primary electrons from the F2 fila-
ments, a greater fraction of the primary ionizing electrons
from the F1 filaments will move directly to the target
region. The rest of the primary electrons will contribute
to the production of plasma in the source region. The fact
that a considerable fraction of primary electrons from F1
filaments move to the target region is evident from the
smaller value of the plasma density obtained in the
source region when the near plate filaments are used (left
axis of Figure 5). Due to the movement of a considerable
fraction of the primary electrons to the target region,
these energetic electrons also cause ionization of the
neutral gas molecules present there. Plasma density in the
target region for the F1 filaments is thus found to be
higher than the corresponding cases when F2 filaments
are used (right axis of Figure 5).

Figure 6 shows the change in electron temperature
with discharge current at discharge voltage of 80 V for
far plate (F2) and near plate (F1) filaments in the source
region. For F2 filaments electron temperature is found to
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Figure 6. Change of T.with I, for F1 and F2 filaments at V4 =
80 V in source region.

be highest for 0.08 m and lowest for 0.15 m plate separa-
tion with the values for 0.115 m plate separation falling
between the values of the other two. Due to the presence
of the plates, some of the primary electrons from the
filaments as well as plasma electrons in the source region
are lost and some move to the target region directly
through the open space present between the plates. When
the separation distance becomes narrower then the loss
area for the charged particles will increase. It has been
found that T. increases with increase in the loss area
formed by the plates [3]. As the discharge current is in-
creased from 0.5 A to 2 A in steps of 0.5 A, electron
temperature is found to increase. In order to increase the
discharge current more primary electrons are injected
into plasma by increasing the filament current. As a re-
sult the number density of primary electrons in the
plasma volume will increase and this will result in an
enhancement of the electron temperature. The electron
temperature variation in the source region for near plate
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(F1) filaments, in a similar manner like the far plate
filaments, is maximum for 0.08 m plate separation and
minimum for 0.15 m plate separation. There is gradual
increase of T, with I4. For these observations the same
reasoning as in the case of T, variation for the F2 fila-
ments is applicable here. However, electron temperature
for near plate (F1) filaments is always found to be more
than far plate (F2) filaments. In the source region when
F1 filaments are used, the plasma electrons resulting
from the inelastic collision of the primary electrons from
F1 filaments with gas atoms and molecules will have
higher energy as these primary electrons do not undergo
many collisions as do their counterparts from F2 fila-
ments.

Figure 7 shows the change in the electron temperature
in the target region for F1 and F2 filaments. For F2 fila-
ments T, is found to be minimum for 0.15 m plate sepa-
ration and maximum for 0.08 m plate separation. The
magnitude of T, increases as the discharge current is in-
creased. The changes observed here are similar to those
observed in the source region. The T, values are found to
be lower than the corresponding T, values in the source
region. This is due to the decrease of electron tempera-
ture due to collision with neutrals in the target region.

Figure 7 also shows the change of T, with 14 for F1
filaments. The manner in which T, varies is found to be
similar to the variation of T, for F2 filaments but the
magnitude of T, is found to be more than the corre-
sponding T, values for F2 filaments at a particular dis-
charge current and ss plate separation. This indicates that
a large number of primary electrons move directly from
the source region to the target region so that even after
losing energy through inelastic collision with neutrals in
the target region their energy is higher than the case
when the F2 filaments are used. It is also seen that for
both F1 and F2 filaments difference in T, values between
the source and target regions is much more at 0.08 m
plate separation than at 0.115 m or 0.15 m separation. As
plasma production takes place only in the source region
therefore with increase in loss area in the ss plates there
is fall in movement of electrons from the source region to
the target region and there is an overall decrease in en-
ergy of the electrons in the target region. The difference
in the electron temperature between the source and target
region thus increases. This shows that for smaller plate
openings between source and target regions the differ-
ence in T, will be higher.

The observations on the plasma density and electron
temperature at V4 = 80 V are also similarly observed at
V4=60V and 100 V. The plots for all the observations
have not been given due to the similar nature of the plots
as seen at V4 = 80 V. However, as an illustration, plasma
density and electron temperature variations with dis-
charge voltage at a discharge current of 1.5 A and vari-
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ous ss plate separations are plotted in Figures 8 to 11.
The discharge voltage has been found to differently af-
fect the magnitudes of the plasma density and electron
temperature for near and far filaments. For far filaments
there is gradual increase in the plasma density with dis-
charge voltage in the source as well as target regions in
almost all cases (Figures 8 and 9). For the near plate
filaments, plasma density in the source is found to re-
main almost constant at the various discharge voltages
whereas in the target region it shows an increase in mag-
nitude with discharge voltage although not as regularly
as the far plate filaments (Figures 8 and 9). In the source
region, electron temperature for the far plate filaments is
found to remain more or less at the same value with in-
crease in discharge voltage but for the near plate fila-
ments T, shows a slight increase with V4 (Figure 10). In
the target region T, for far plate filaments decrease with
increase in discharge voltage in almost all the cases and
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Figure 7. Change of T, with I, for F1 and F2 filaments at V4 =
80 V in target region.
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for near plate filaments the values are found to remain
more or less same and no definite variation is noticed
(Figure 11). The effect of discharge voltage is thus not
found to follow any particular trend. The magnitude of
plasma density and electron temperature do not change
much in response to the discharge voltage. This could be
due to the selection of the voltage difference of just 20 V
above and below the optimum discharge voltage of 80 V
for Hydrogen.

4. Conclusions

In conclusion, in the source region of a double plasma
device, using filaments placed at different distances with
respect to plate separations we have performed an ex-
periment to demonstrate that filament location and plate
separations can considerably influence the way in which
plasma parameters respond to various experimental con-
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figurations. The experimental plots show that in the
source region the values of plasma density are higher for
far plate filaments than for the near plate filaments. Also,
for far plate filaments, the variation of plasma density
with discharge current at the different plate separations is
found to be much more regular than for near plate fila-
ments. In the target region the plasma density for near
plate filaments is higher than for far plate filaments but
the change in plasma density with discharge current is
more regular for far plate than for near plate filaments.
Electron temperature in the source region for near plate
filaments is found to be slightly more than for far plate
filaments. In the target region electron temperature for
near plate filaments is found to be considerably higher
than for far plate filaments.

Among the important observations of our experiment
is the dependence of the electron density on the position
of the filaments and the dependence of the electron tem-
perature on the plate separation between the source and
target regions. It has also been found that filaments
placed at far distance from the plate separation give bet-
ter change in the electron density with discharge current.
The location of the source region filaments with respect
to the plate separation in the double plasma device thus
affects the plasma parameters in both the source and tar-
get regions.

Plasma density and electron temperature have always
aroused interest because their values determine the val-
ues of the other parameters in plasma. Many plasma
phenomena are also dependent on their magnitudes such
as in negative ion sources where the magnitudes of n,
and T, in the source and extraction regions are crucial for
efficient production of negative ions. Our experiment on
the changes in the plasma parameters with filament posi-
tion, the plate separation, discharge current and discharge

SS plate = 0.15 m —&— (L axis), —w— (R axis)
1.7 - SS plate = 0.115 m —@— (L axis), (R axis) —1.7
SS plate =0.08 m (L axis), —4— (R axis)
1.6 I,=1.5A, Target region. L16
] <

154 « 15
= 0
2144 - L14 €

[}
E E
I K
S 1.3 13 &
5 @
< V- o}
Li2] o L122
S v =~
>
()

2114 o L1128
ik B o
e [

1.0 - — o L1.0

09+ \ L0.9

B u -
0.8 . . . . . . . 0.8

60 70 80
vy (V)

Figure 11. Change of T, with V4 at I3 = 1.5 A in target re-
gion for F1 and F2 filaments.
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voltage has helped us to improve our understanding on
the way the experimental configurations should be fixed
to obtain the desired results.
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