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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 
(Ia-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 (Ia-Va) characteristic curves and on the 
cathode fall thickness is discussed. The breakdown potentials (VB) of the discharge are lower 
when the magnetic field is applied. 
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INTRODUCTION 
 
Glow discharges are used in a range of application fields: in the microelectronics industry for 
thin film deposition and plasma etching, as plasma display panels, as metal vapor ion lasers, as 
fluorescent lamps, and also in analytical chemistry [1]. 
 
Glow discharge is characterized by the appearance of several luminous zones and by a constant 
potential difference between the two electrodes independent of the discharge current. The 
relative size of these zones varies with gas pressure and the distance between the two electrodes 
and the glow intensity depends on the number density and energy of the excited electrons [2].  
 
The main effect of the magnetic field on the glow discharge is the cause the electrons and ions to 
move no longer in straight lines but to orbits around the magnetic field lines in circular orbits of 
radius equal to:  
                                  re = mv =eB 
 
Where v is the electron velocity, B is the magnetic field strength and e, m are the charge and 
mass of electrons. This radius is called the Larmor or gyro radius. The particle motion across the 
magnetic field is thus greatly restricted although the motion along the field is essentially as 
before [3]. 
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Clearly the electron Larmor radius is smaller than the ion radius (for comparable Te and Ti) by 
the factor: 
                                 (me/mi)

1/2 

 
As a result, the electrons are more strongly affected by the magnetic field than the ions [3]. 
 
Recently [4-7] , some correlative works are developed to investigate the effects of magnetic field 
on the structure of the plasma sheath.  
 
Zou et al.[4]  has shown that the characteristics of the plasma sheath in an oblique magnetic field 
cannot be ignored compared to the electrostatic field. They investigated the structure of the 
plasma sheath in an external magnetic field without considering the effect of collision. It is 
shown that considering an external magnetic field makes some fluctuations in ion flow velocity 
and density distribution. These fluctuations strongly depend on the component of magnetic field 
in depth direction; bigger the angle between the magnetic field and depth direction, more 
obvious the fluctuations.  
 
In the present work, the distribution of the magnetic field strengths in the radial direction of the 
cathode electrode and the axial distribution between the two electrodes are drawn. Also, the (Ia-
Va) characteristic curves of the glow discharge have been measured for Ar and He gases with 
and without magnetic field. The cathode fall thickness is measured at different gas pressure.  
 

MATERIALS AND METHODS 
 

A stationary DC-glow discharge was generated between two electrodes of metallic discs of about 
5 cm in diameter. The anode was made of copper and the cathode of aluminum or another metal 
according to the sputtering purposes. The two electrodes were placed inside the metallic chamber 
of 15 cm diameter which was evacuated down to about 10-5 mbar using a large rotary pump and 
two stages of diffusion pumps. Pure Argon and Helium gases were introduced into the system 
via a needle valve. The discharge current (Ia) was varied between 4 and 30 mA and the gas 
pressure (P) was in the range 0.5 to 6 mbar for each of the two gases. The device was operated 
using discharge voltage (Va) varied between 200 to 1000 V DC, whereas the current density was 
between 2 and 15 mA/m2. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure (1) schematic drawing of the apparatus used in this study 
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Two permanent circular magnets are placed around the cathode surface to produce the magnetic 
field. The geometry and the dimension of the magnet is shown in Fig. (2). 
 

 
 

Fig. (2) The geometry and the dimension of the magnet 
 
The MG-4D Hall probe, which is a fully portable hand-held Hall effect gauss meter, is used to 
measure the magnetic field strengths B.  
 
A cylindrical single probe 1.0-mm diameter and length 0.5 mm, molypedum wire is used to 
measure the axial potential distribution of the discharge. 
 

RESULTS AND DISCUSSION 
 

3-1. DISTRIBUTION OF THE MAGNETIC FIELD STRENGTHS. 
Figure (3) shows the radial distribution of the magnetic field strength B measured by a Hall 
probe which moving along the cathode surface from one edge to the other. The magnetic field 
strength B is maximum at the two cathode edges and is a minimum at the center of the cathode 
where the magnetic field strength B is very weak.  
 

 
Fig. (3) The radial distribution of the magnetic field Strength 
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On the other hand, Fig. (4) shows the axial distribution along the discharge tube when the Hall 
probe moved from the edge of the cathode to the edge of the anode. The magnetic field strength 
B is maximum at the edge of the cathode fall region then it decrease to the edge of the anode 
passing through the negative glow region.  

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

 
3-2. THE (Ia-Va) CHARACTERISTIC CURVES OF THE GLOW DISCHARGE.   
Figure (5) shows the (Ia-Va) characteristic curves of the Argon gas discharge in the pressure 
range of (0.53 - 4.0) mbar, whereas the distance between the two electrodes was fixed at (3.2 
cm). This distance is long enough for the existence of the different regions of the glow discharge 
[2]. The upper limits of Ia and Va are limited by the power of the DC power supply. Since at low 
pressure, the probability of electron ionizing collisions with atoms will decrease (i.e. the mean 
free path will increase) large values of the discharge voltage will be required to maintain the 
discharge and a small discharge current Ia is expected. At high pressures number of electron – 
atom ionizing collisions increases. Thus, more electrons and positive ions are produced and 
consequently, the discharge current is increased at the same voltage [8]. 

 
Fig. (5)  The (Ia-Va) characteristic curves of the Argon gas discharge at different pressures,  

when the distance between the two electrodes was fixed at (3.2 cm 
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On the other hand, the (Ia-Va) characteristic curves of Argon gas at pressures of (0.53, 1 2, 3, and 
4 mbar) when the external magnetic field is applied are shown in Fig (6). The curves are similar 
to those without magnetic field, although the breakdown potentials of the discharge were lower 
as shown Fig. (7). 

 
Fig. (6) The (Ia-Va) characteristic curves of Argon gas at different pressures 

 when applied the external magnetic field 
 

The breakdown potentials (VB) of the discharge are lower when the magnetic field is applied, 
this can be explained as follows:-  the current density can be increased by the magnetic field , 
due to the  effective increase in the gas pressure . This is related to the fact that the presence of 
the magnetic field increases the apparent gas pressure and thus decreasing the mean free path, 
hence more excitation and ionization processes occurred and consequently the breakdown 
potential decreased as shown in Fig. (7). 
 

 
 Fig. (7) The breakdown potentials measurements with and without the magnetic 

 for the Argon gas at different pressures. 
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The decrease of the discharge voltage in the magnetic field results from the increase in the 
number of collisions between the primary electrons and neutral gas atoms. The effects of the 
magnetic field are qualitatively considered to be effective pressure pe , given by [9] 
 

��/� � �1 � �	
���
� 

 
Where ω is the cyclotron frequency of the electron and τ is the mean free time of the electron. 
Since [9] 
                                   	 � ��

�  

and                              � � ��
���� �

����
�.��

  

                                           	τ � λ���  
!��/�

√� #$�
�/�  

 
Where λo is the mean free path of the electron at 1 torr, B is the strength of the magnetic field, 
(e/m) is the specific charge of the electron and Vo is the acceleration voltage for the electron. 
Taking B = 100 G, p = 1 torr (Ar), Vo = 100 V and λo = 0.05 cm, we obtain ωτ = 5x103, and pe = 
0.05 torr.   
 
Values of the discharge current in the presence of the magnetic field for Argon are smaller to 
those in the absence of the magnetic field. Thus, slopes of the (Ia-Va) curves in the presence of 
the magnetic field are smaller than those in the absence of magnetic field, (i.e. the resistance of 
the discharge is larger when no magnetic field is applied). 
 
For Helium discharge, similar (Ia-Va) characteristic curve are obtained in the gas pressure range 
of (0.53-4.0) mbar as shown in Fig. (8) in the absence of the magnetic field and Fig. (9) in the 
presence of the magnetic field. Also, the breakdown potential is decreased in the presence of the 
magnetic field, as shown in Fig. (10). 
 

 
 

Fig. (8) The (Ia-Va) characteristic curves of the Helium gas discharge at different pressures, 
 when the distance between the two electrodes was fixed at (3.2 cm) 
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Fig. (9) The (Ia-Va) characteristic curves of Helium gas at different pressures 
 when applied the external magnetic field 

 
Fig. (10) The breakdown potentials measurements with and without the magnetic 

 for the Helium gas at different pressures. 
 
The factor of decreasing the breakdown potential for Helium is large than those in Argon which 
may be attributed to the larger ionization energy of Helium. Values of the current discharge in 
the presence of the magnetic field for Helium is larger than those in the absence of the field thus 
the slopes of the curves are larger (i.e. the resistance 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 measured along the axis of the discharge tube using 
single probe; at different Ar gas pressure is shown in Fig. (11). The potential increases rapidly 
near the cathode until it reaches a maximum value at the end of cathode fall region, this rapid 
increase in potential can be referred to the existence of positive space charge within the cathode 
fall region. After the peak, the potential decreases less rabidly due to the existence of the reversal 
field in the negative glow and at the beginning of Faraday dark space (FDS) [10]. 
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Fig. (11)  The axial 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 cathode fall thickness (Xc) measurements with and 
without the magnetic field at different Ar gas pressure. It can be seen from Fig. (12) that the 
cathode fall thickness (Xc) decreases with increasing in the gas pressure. The decreases in Xc as 
the gas pressure increases can be attributed to the increase in the ionizing collision frequency and 
hence the discharge needs less distance to create the negative glow region [3]. 

 
Fig. (12) the cathode fall thickness measurements with and without 

the magnetic field at different Ar gas pressures 
 

When the magnetic field is applied, the cathode fall and negative glow regions are compressed, 
so higher values of potential are expected. It decreased the length of the cathode fall region (Xc). 
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This effect is very powerful because electrons have beam – like properties in this region. This 
will of course increase the electric field in this region and thus ions would accelerate more and 
efficient sputtering would increase [11]. 
 

CONCLUSION 
 
Low-density plasma is generated in a cylindrical DC magnetron discharge tube. The distribution 
of the magnetic field strengths in the radial direction of the cathode electrode and the axial 
distribution between the two electrodes are drawn. Also, the (Ia-Va) characteristic curves of the 
glow discharge have been measured for Ar and He gases with and without magnetic field.  
 
Values of the discharge current in the presence of the magnetic field for Argon are smaller to 
those in the absence of the magnetic field. Thus, slopes of the (Ia-Va) curves in the presence of 
the magnetic field are smaller than those in the absence of magnetic field. 
 
Values of the current discharge in the presence of the magnetic field for Helium is larger than 
those in the absence of the field thus the slopes of the curves are larger. 
 
The cathode fall thickness (Xc) decreases with increasing in the gas pressure. When the magnetic 
field is applied, the cathode fall and negative glow regions are compressed, so higher values of 
potential are expected. It decreased the length of the cathode fall region. 
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