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Abstract 

In this work, the effects of dual magnetron configuration on the spatial distribution of glow discharge plasma 

employed in sputtering technique are introduced. Three different configurations of magnetrons in a dc 

sputtering system were tested. Results showed that the configuration choice allows for fine-tuning the 

plasma column's width and focus, giving engineers unparalleled control over the properties of the resulting 

thin films, from thickness uniformity to structural quality. 
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1. Introduction 

Glow discharge plasmas are fundamental to 

modern materials preparation and processing, serving 

as a highly controlled and versatile environment for 

surface modification. Their primary importance lies 

in enabling precise thin-film deposition through 

sputtering and plasma-enhanced chemical vapor 

deposition (PECVD), which are critical for creating 

microelectronic circuits, hard coatings, and optical 

films [1-3]. Furthermore, these low-temperature 

plasmas are indispensable for surface activation, 

cleaning, and etching, effectively removing 

contaminants and functionalizing surfaces to improve 

adhesion. By providing an energy-efficient means to 

drive chemical reactions and modify surface 

properties at low temperatures, glow discharge 

technology is a cornerstone for advancing electronics, 

renewable energy, and functional materials [4-6]. 

A magnetron is a high-powered vacuum tube that 

generates microwaves through the interaction of a 

stream of electrons with a magnetic field [7-9]. Its key 

construction includes a central cathode surrounded by 

a cylindrical anode block containing resonant 

cavities, with a strong permanent magnet providing a 

perpendicular magnetic field. This configuration 

forces electrons into a circular path, exciting radio-

frequency oscillations in the cavities [10-12]. The 

primary advantage of the magnetron is its ability to 

produce high-power microwave radiation very 

efficiently and compactly and remains the cost-

effective heart of the common microwave oven, 

despite competition from solid-state sources in some 

applications [13-15]. 

Dual magnetron assemblies consist of two 

magnetron sputtering sources operated in tandem, 

often in a closed-field configuration. Their primary 

advantage lies in significantly enhancing plasma 

confinement and density above the target surfaces. 

This is achieved by the magnetic fields from each 

magnetron linking together, effectively "trapping" 

electrons and forcing them into longer, spiral paths. 

This intensified confinement dramatically increases 

the ionization efficiency of the sputtering gas, which 

enables high-rate, stable reactive sputtering of 

dielectric materials without the detrimental 

"disappearing anode" effect or target poisoning. 

Consequently, dual magnetron systems provide 

superior deposition rates, excellent film quality, and 

enhanced process control for coatings like oxides and 

nitrides [16-20]. 

In this work, the effects of dual magnetron 

configuration on the spatial distribution of glow 

discharge plasma employed in sputtering technique 

are introduced. Three different configurations of 

magnetrons in a dc sputtering system were tested. 

 

2. Experimental Part 

A dc sputtering system was used to introduce the 

effects of dual magnetron configuration on the spatial 

distribution of glow discharge plasma employed in 

such system. A dc power supply (0-5 kV, 100 mA) 

was used to generate glow discharge plasma between 

two electrodes using argon gas at a pressure of 0.8 

mbar and flow rate of 50 sccm. Figure (1) shows the 

magnetron assembly used in designing the dual 

magnetron configuration while figure (2) shows the 

glow discharge plasma generated inside the vacuum 

chamber. 

 

3. Results and Discussion 

The dual magnetron configuration, particularly in 

an opposed setup, is one of the most effective 

methods for controlling the spatial distribution, 

density, and stability of a glow discharge plasma. 

Unlike a single magnetron, which localizes the 

plasma near the target surface in a 'racetrack,' the 

dual-opposed arrangement creates a sophisticated 

closed-field magnetic topology that fundamentally 

reshapes the plasma column, dramatically enhancing 

uniformity and ionization efficiency. This discussion 
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explores the profound impact of this configuration on 

the spatial distribution of a plasma generated in argon 

between two electrodes (the magnetron targets). 

A magnetron uses a static magnetic field 

configured at the cathode location. The magnetic field 

is located parallel to the cathode surface. Secondary 

electrons which are emitted from the cathode due to 

ion bombardment are constrained by this magnetic 

field to move in a direction perpendicular to both the 

electric field (normal to the surface) and the magnetic 

field. This is known as an E×B drift, which is also the 

basis for the Hall Effect [18]. This drift causes 

electrons to move parallel to the cathode surface in a 

direction 90° away from the magnetic field. If the 

magnetic field is set up correctly, this E×B drift can 

be arranged to close on itself, forming a current loop 

of drifting secondary electrons (Fig. 1). 

The primary mechanism by which the dual 

magnetron controls the plasma column is the 

interaction between the two magnetic fields. A 

standard magnetron uses a center pole (e.g., North) 

and an outer ring pole (South) to create a magnetic 

bottle near the target surface. In the dual-opposed 

configuration, the targets are typically positioned 

face-to-face, with the magnetic poles often aligned to 

ensure field lines from one target's outer pole are 

directed toward the other target's outer pole [21,22]. 

When two magnetrons are properly opposed, their 

individual, localized magnetic fields are 

superimposed, forming a macroscopic magnetic trap 

that extends far into the space between the targets. 

The magnetic field lines often close upon themselves, 

creating a magnetic 'cage' or closed-field confinement 

volume. Electron trapping topology is crucial because 

it efficiently traps the secondary electrons—the 

lifeblood of the glow discharge—that escape the 

immediate vicinity of the target racetrack. Instead of 

being lost to the chamber walls or anode, these 

electrons are forced to follow helical paths along the 

closed-field lines. The increased path length and 

dwell time of the energetic electrons within the 

plasma volume lead to a significantly higher number 

of ionizing collisions with the background argon gas. 

This translates directly to a dramatically increased 

plasma density and a more voluminous plasma 

column [23,24]. 

Figure (3) illustrates this macroscopic 

confinement: the plasma column is shown as an 

hourglass shape that bridges the gap between the two 

magnetrons. The narrowing in the center, often called 

the plasma waist or a region of a magnetic null point, 

is a characteristic feature of this extended 

confinement zone. The spatial distribution of the 

plasma column is directly defined by the density of 

the argon ions and electrons. The dual-opposed 

configuration excels at creating a plasma distribution 

that is both denser and more uniform than single-

magnetron systems [25,26]. 

 

 
(a) 

 
(b) 

Fig. (3) (a) Typical design of annular-shaped plane magnetron 

for plasma discharge [19-20], and (b) The magnetron 

assembly used in designing the dual magnetron configuration  

 

 
 

Fig. (2) DC sputtering system used in this work as the glow 

discharge plasma is seen inside the chamber 

 



IRAQI JOURNAL OF APPLIED PHYSICS LETTERS                Vol. (8) No. (4) October-December 2025, pp. 115-118 

ISSN 1999-656X (print) 2958-6488 (online)  © All Copyrights are reserved  Printed in Iraq  117 

 

 
 

Fig. (3) Schematic explanation of effect of dual magnetron 

configuration on spatial distribution of plasma 

 

In a single magnetron, the plasma density peaks 

sharply at the racetrack and drops off quickly. The 

dual-opposed setup effectively smoothens this 

gradient. By confining electrons across the entire 

inter-target space, the plasma column transitions from 

a highly localized layer to a broad, volumetric 

distribution. For thin-film deposition, a substrate is 

typically placed within this volumetric plasma 

column. The high uniformity of the ion flux across the 

volume ensures that the substrate receives a near-

constant bombardment of argon ions, which is vital 

for achieving uniform film thickness and 

stoichiometry over large deposition areas. The ability 

to control the radial size of this plasma column, as 

suggested by the varying ring sizes in your images, is 

a key engineering parameter [27,28]. 

The design of the individual magnetrons 

(represented by the varying ring sizes in the image, 

which denote different magnetic pole configurations) 

directly impacts the shape of the plasma waist. A 

stronger magnetic field or a smaller gap between the 

inner and outer poles can create a tighter, more 

focused confinement zone. This results in a sharper 

plasma waist (a more pronounced hourglass shape) 

and potentially a higher peak plasma density in the 

center, which can be useful for focusing ion flux 

[29,30]. On the other hand, a weaker or wider 

magnetic field configuration results in a broader, 

more diffuse magnetic field closure. This leads to a 

wider plasma waist and a flatter, more extended 

plasma column, prioritizing large-area uniformity 

over peak density. 

The dual magnetron configuration fundamentally 

re-engineers the spatial distribution of the argon glow 

discharge. By moving beyond the localized 'racetrack' 

of single systems, the opposed magnetic fields create 

a sophisticated, closed-field magnetic cage that traps 

energetic electrons across the entire inter-electrode 

volume. This results in a plasma column that is 

volumetric and bridged, as forming the characteristic 

hourglass shape that fills the space between the 

targets. It also results in dramatically increase in the 

ionization efficiency and smoothing the plasma 

density gradient over the deposition area [31-33]. 

 

4. Conclusion 

In concluding remarks, the configuration choice - 

as subtly indicated by the varying magnetic pole gaps 

in the schematic - allows for fine-tuning the plasma 

column's width and focus, giving engineers 

unparalleled control over the properties of the 

resulting thin films, from thickness uniformity to 

structural quality. 
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