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1. Introduction

The formation of nanoparticles (NP) in glow discharges has been for a long time a subject of high interest. In
radio-frequency (RF) discharges, NP growth and its effect on discharge parameters have been studies using
reactive

[1,2], and by sputtering of the electrodes [3]. In direct-current (DC) sputtering glow discharge, NP formation,
dynamics and transport has also been studied using different cathode materials [4-8].

Since the mid-1990’s, RF and DC magnetron-sputtering aggregation sources are commonly used to produce
metal nanoparticles [9, 10]. They normally consist of a high-pressure plasma chamber connected to a low
pressure expansion chamber in which a beam of NP can be filtered and collected. NPs are formed in the
high-pressure side of the MS-AS by cathode sputtering. However, very few studies are devoted to the charac-
terization of the magnetron plasma in which NPs are growing and the link between plasma parameters and
NP growth dynamics.

2. Experimental setup

The experiments were performed in an argon DC unbalanced magnetron discharge having a 3”diameter tung-
sten cathode. The cathode was facing a grounded anode and the inter-electrode distance could be changed
from 5 cm to 10 cm. Either two glass half-cylinders or two stainless steal half cylinders were used to confine
the plasma. A 1 cm gap was kept between them for optical diagnostics and radial Langmuir probe measure-
ments. An argon pressure between 10 Pa and 40 Pa (5 sccm gas flow) was set during the experiments. The
discharge system was contained in a cylindrical vacuum chamber of 30 cm diameter and 40 cm length. A
regulated power supply was used to bias the cathode. The discharge current was kept at a constant value
(from 100 mA to 500 mA). Under the chosen operating conditions, the cathode was sputtered and tungsten
NPs could be grown.

3. Particle-in-cell simulations

The simulation were performed using the VSIM software from TechX corporation [11]. 2D3V simulations
in cylindrical geometry were preformed. The simulation box was cut in 512x512 cells. Dirichlet boundary
conditions were used for the cathode (V=Vbias) and the anode (V=0 V), For the side wall, Dirichlet boundary
condition were used to simulate the metallic cylinder (V=0 V). For the glass cylinder a dielectric was added to
the simulation. The nominal density was set to 1012 cm-3 and the particle weight was variable. A time step of
10-12 s was used and the simulations were run for a few millions time steps until equilibrium was reached.

4. Results

The simulated potential and density profiles were compared to experimental measurements. The influence of
the sputtered atoms on the discharge properties were also investigated. A particular attention is given to the
influence of the sputtered metal on the electron temperature. Results are correlated to NP growth dynamics.
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