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ABSTRACT

Low-density plasma is generated in a cylindrical DC magnetron discharge tube. The radial and
axial distributions of the magnetic field strengths are drawn. The discharge current and voltage
(I-Va) characteristic curves of the glow discharge have been measured for Ar and He gases
pressures. The effect of the applied magnetic field on the (1,-V,) characteristic curves and on the
cathode fall thickness is discussed. The breakdown potentials (Vg) of the discharge are lower
when the magnetic field is applied.
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INTRODUCTION

Glow discharges are used in a range of applicdtedds: in the microelectronics industry for
thin film deposition and plasma etching, as plaslisplay panels, as metal vapor ion lasers, as
fluorescent lamps, and also in analytical chemigt}y

Glow discharge is characterized by the appearahseweral luminous zones and by a constant
potential difference between the two electrodespeesdent of the discharge current. The

relative size of these zones varies with gas pressod the distance between the two electrodes
and the glow intensity depends on the number deasi energy of the excited electr¢d@k

The main effect of the magnetic field on the glasctiarge is the cause the electrons and ions to
move no longer in straight lines but to orbits a@whe magnetic field lines in circular orbits of
radius equal to:

e F mv =eB

Where v is the electron velocity, B is the magnéetd strength and e, m are the charge and
mass of electrons. This radius is called the Lararagyro radius. The particle motion across the
magnetic field is thus greatly restricted althoufke motion along the field is essentially as
before [3].
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Clearly the electron Larmor radius is smaller thia@ ion radius (for comparable @and T) by
the factor:
(émn_)llz
|

As a result, the electrons are more strongly affétly the magnetic field than the ions [3].

Recently[4-7] , some correlative works are developed to invesitize effects of magnetic field
on the structure of the plasma sheath.

Zou et al[4] has shown that the characteristics of the plasraatshn an obligue magnetic field

cannot be ignored compared to the electrostatid.fiEhey investigated the structure of the
plasma sheath in an external magnetic field withaurisidering the effect of collision. It is

shown that considering an external magnetic fietk@s some fluctuations in ion flow velocity

and density distribution. These fluctuations stitgriepend on the component of magnetic field
in depth direction; bigger the angle between thegmetic field and depth direction, more

obvious the fluctuations.

In the present work, the distribution of the magnéeld strengths in the radial direction of the
cathode electrode and the axial distribution betwthe two electrodes are drawn. Also, the (I
V) characteristic curves of the glow discharge hlawen measured for Ar and He gases with
and without magnetic field. The cathode fall thieka is measured at different gas pressure.

MATERIALSAND METHODS

A stationary DC-glow discharge was generated betviwe electrodes of metallic discs of about
5 cm in diameter. The anode was made of coppethendathode of aluminum or another metal
according to the sputtering purposes. The two rldet were placed inside the metallic chamber
of 15 cm diameter which was evacuated down to ab®timbar using a large rotary pump and
two stages of diffusion pumps. Pure Argon and Hheligases were introduced into the system
via a needle valve. The discharge curregt \las varied between 4 and 30 mA and the gas
pressure (P) was in the range 0.5 to 6 mbar fdn eathe two gases. The device was operated
using discharge voltage {Wvaried between 200 to 1000 V DC, whereas thesatigensity was
between 2 and 15 mA/m

Gas Inlet

|

Cathode

Two per manent
magnets Tovacuum

Figure (1) schematic drawing of the apparatusused in this study
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Two permanent circular magnets are placed arounddthode surface to produce the magnetic
field. The geometry and the dimension of the magnshown in Fig. (2).

15¢cm

Insulator material
PTV spacer

Fig. (2) The geometry and the dimension of the magnet

The MG-4D Hall probe, which is a fully portable faheld Hall effect gauss meter, is used to
measure the magnetic field strengths B.

A cylindrical single probe 1.0-mm diameter and En@§.5 mm, molypedum wire is used to
measure the axial potential distribution of thecharge.

RESULTSAND DISCUSSION

3-1. DISTRIBUTION OF THE MAGNETIC FIELD STRENGTHS.
Figure (3) shows the radial distribution of the metic field strength B measured by a Hall
probe which moving along the cathode surface fror edge to the other. The magnetic field

strength B is maximum at the two cathode edgesisadminimum at the center of the cathode
where the magnetic field strength B is very weak.
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Fig. (3) Theradial distribution of the magnetic field Strength
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On the other hand, Fig. (4) shows the axial distidn along the discharge tube when the Hall
probe moved from the edge of the cathode to the efithe anode. The magnetic field strength
B is maximum at the edge of the cathode fall redlmn it decrease to the edge of the anode
passing through the negative glow region.

350 : : : , : : : : 350

—&— center of the cathode
300 4 —&— 14 mm from center in x-direction 4 300
—&— 16 mm from center in x-direction

250 p - 250

N

o

o
1

- 200

=

a

o
1

- 150

B(gauss)

100 + - 100

50

Fig. (4) The axial distribution of the magnetic field along the dischargetube

3-2. THE (1,-Va) CHARACTERISTIC CURVES OF THE GLOW DISCHARGE.

Figure (5) shows the £V;) characteristic curves of the Argon gas dischangéhe pressure
range of (0.53 - 4.0) mbar, whereas the distanteda: the two electrodes was fixed at (3.2
cm). This distance is long enough for the existesfake different regions of the glow discharge
[2]. The upper limits ofJand 4 are limited by the power of the DC power supplyncs at low
pressure, the probability of electron ionizing matins with atoms will decrease (i.e. the mean
free path will increase) large values of the disghavoltage will be required to maintain the
discharge and a small discharge currgns lexpected. At high pressures number of electron
atom ionizing collisions increases. Thus, more ted&xs and positive ions are produced and
consequently, the discharge current is increasdteatame voltage [8].
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Fig. (5) The(1,-V,) characteristic curves of the Argon gas dischar ge at different pressures,
when the distance between the two electr odes was fixed at (3.2 cm
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On the other hand, the{V ;) characteristic curves of Argon gas at pressuré€8.68, 1 2, 3, and

4 mbar) when the external magnetic field is appéiesl shown in Fig (6). The curves are similar
to those without magnetic field, although the boeakn potentials of the discharge were lower
as shown Fig. (7).
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Fig. (6) The (1,-V,) characteristic curves of Argon gasat different pressures
when applied the external magnetic field

The breakdown potentials gY of the discharge are lower when the magnetid fislapplied,
this can be explained as follows:- the currentsidgrcan be increased by the magnetic field ,
due to the effective increase in the gas pressuihgs is related to the fact that the presence of
the magnetic field increases the apparent gasyessid thus decreasing the mean free path,
hence more excitation and ionization processes rostuand consequently the breakdown
potential decreased as shown in Fig. (7).
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Fig. (7) The breakdown potentials measurementswith and without the magnetic
for the Argon gas at different pressures.

127
Pelagia Research Library



M. A. Hassouba et al Adv. Appl. Sci. Res,, 2011, 2 (4):123-131

The decrease of the discharge voltage in the miagheld results from the increase in the
number of collisions between the primary electrand neutral gas atoms. The effects of the
magnetic field are qualitatively considered to Hedative pressuredy given by [9]

pe/p = {1+ (b))

Whereo is the cyclotron frequency of the electron and the mean free time of the electron.
Since [9]

__eB
w=— .
and T=—F"—s
p[2Gve?]
wr = roB() 2
VZpvy'?

Wherel, is the mean free path of the electron at 1 tonis Bie strength of the magnetic field,
(e/m) is the specific charge of the electron andsvthe acceleration voltage for the electron.
Taking B = 100 G, p = 1 torr (Ar), )= 100 V and, = 0.05 cm, we obtaint = 5x1C, and p =
0.05 torr.

Values of the discharge current in the presencihefmagnetic field for Argon are smaller to
those in the absence of the magnetic field. Thiopes of the ¢+V,) curves in the presence of
the magnetic field are smaller than those in theeabe of magnetic field, (i.e. the resistance of
the discharge is larger when no magnetic fielgpiad).

For Helium discharge, similar,{V ) characteristic curve are obtained in the gasspresrange

of (0.53-4.0) mbar as shown in Fig. (8) in the aloseof the magnetic field and Fig. (9) in the
presence of the magnetic field. Also, the breakdpatential is decreased in the presence of the
magnetic field, as shown in Fig. (10).
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Fig. (8) The (la-Va) characteristic curves of the Helium gas dischar ge at different pressures,
when the distance between the two electrodes was fixed at (3.2 cm)
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Fig. (9) The (la-Va) characteristic curves of Helium gas at different pressures
when applied the external magnetic field
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Fig. (10) The breakdown potentials measur ementswith and without the magnetic
for the Helium gas at different pressures.

The factor of decreasing the breakdown potentiaHelium is large than those in Argon which
may be attributed to the larger ionization enerfjyHelium. Values of the current discharge in
the presence of the magnetic field for Helium rgéa than those in the absence of the field thus
the slopes of the curves are larger (i.e. the teesie of the discharge is small in the presence of
the magnetic field).

3-3. The CATHODE FATT THICKNESS MEASUREMENTS.

The axial potential distribution has been measwaledg the axis of the discharge tube using
single probe; at different Ar gas pressure is shawhRig. (11). The potential increases rapidly
near the cathode until it reaches a maximum valubeaend of cathode fall region, this rapid
increase in potential can be referred to the exigtef positive space charge within the cathode
fall region. After the peak, the potential decredgss rabidly due to the existence of the reversal
field in the negative glow and at the beginnindrafaday dark space (FDS) [10].
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Fig. (11) Theaxial potential distribution along the axis of the discharge tube
using single probe at different Ar gas pressures.

On the other hand, Fig. (12) shows the cathodetlfatkness (%) measurements with and
without the magnetic field at different Ar gas me<. It can be seen from Fig. (12) that the
cathode fall thickness Xdecreases with increasing in the gas pressume débreases inoas
the gas pressure increases can be attributed todtease in the ionizing collision frequency and
hence the discharge needs less distance to cheategative glow region [3].
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Fig. (12) the cathode fall thickness measurementswith and without
the magnetic field at different Ar gas pressures

When the magnetic field is applied, the cathodediatl negative glow regions are compressed,
so higher values of potential are expected. Itegsed the length of the cathode fall regiog).(X
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This effect is very powerful because electrons Has@m — like properties in this region. This
will of course increase the electric field in thegion and thus ions would accelerate more and
efficient sputtering would increase [11].

CONCLUSION

Low-density plasma is generated in a cylindrical D&gnetron discharge tube. The distribution
of the magnetic field strengths in the radial dim@t of the cathode electrode and the axial
distribution between the two electrodes are draiso, the (}-V,) characteristic curves of the
glow discharge have been measured for Ar and Hesgagh and without magnetic field.

Values of the discharge current in the presencihefmagnetic field for Argon are smaller to
those in the absence of the magnetic field. Thiopes of the ¢+V,) curves in the presence of
the magnetic field are smaller than those in treeabe of magnetic field.

Values of the current discharge in the presencddeimagnetic field for Helium is larger than
those in the absence of the field thus the slopdseacurves are larger.

The cathode fall thickness {Xdecreases with increasing in the gas pressurenwhe magnetic
field is applied, the cathode fall and negativenglegions are compressed, so higher values of
potential are expected. It decreased the lengtheofathode fall region.
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