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Particle-in-cell simulation of a magnetized sheet plasma using a magnetron for
sputtering enhancement
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A magnetized sheet plasma source is used for the deposition of TiN coatings on metal

substrate. The device produces a plasma, in a sheet configuration, to sputter ions from

a Ti target and deposit TiN coatings on a negatively biased metal substrate. To

enhance the deposition rates, a pair of Sm-Co magnets is placed under the Ti target.

The magnets are arranged in a closed-field dual magnetron configuration, forming a

magnetic cusp field above the target. Experimental data shows that the deposition rate

is increased fivefold as a result of this modification.To investigate the mechanisms

involved, aparticle-in-cell model is used to simulate the plasma. External electric and

magnetic fields used in the simulation are calculated based on the experimental

parameters, while fields within the plasma are obtained from a solution to the Poisson

equation. To solve for the position and velocity of the plasma particles, a Boris leapfrog

algorithm is used to solve the equations of motion. Resulting energy and charge

distributions across the simulation space are noted. The energies and distribution of

ions hitting the location of the target are also obtained. As the ions hit the target,

secondary electron emissions are also taken into account. It is observed that a

magnetron sputtering setup results in the most amount of energetic ions hitting the

target. The reason for this is that electrons from the secondary emission are trapped in

the magnetic cusp field above the target. These energetic electrons facilitate the

production of more ions, which are essential for sputtering. Sputtering and deposition

are enhanced as a result.
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