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Comprehensive studies of the influence of dust particles on the properties of radio-frequency

(rf) gas discharges are of importance for both understanding and further development of ex-

periments with complex (dusty) plasmas. It is known that at sufficiently high number densi-

ties of dust particles (of the order of 1011m−3) they can affect the current-voltage characteris-

tics, electron density, electron temperature, emission intensity, spectrum of plasma fluctuations,

etc. In recent years special attention has been paid to the spectroscopic investigations of dusty

rf discharges. For example, in recent works [1, 2] the effect of dust particles on the rf dis-

charges has been studied using the phase-resolved optical emission spectroscopy. In particular

the plasma emission has been resolved within the rf cycle using an intensified charge-coupled

device (ICCD) camera and the experiments have been performed both without dust particles

and with dust clouds trapped in the sheath region near the electrode.

In the present work we report the results of our study on the effect of dust particles on an

argon rf discharge for the case when the particles occupy the entire discharge volume. For this

purpose we have employed an approach similar to that used in [1, 2]. The dust particles have

been trapped in the PK3+ chamber designed previously for the investigation of complex plas-

mas on the International Space Station [3]. The gravity force on the particles was compensated

by the thermophoretic force controlled by heating one of the electrodes. The space and time-

resolved emission of two argon lines near 750nm within the rf cycle has been recorded using the

ICCD camera. The experiments have been performed with dust particles of 1.95 µm diameter at

gas pressures 10-50Pa and peak-to-peak voltages 50-60V applied at both electrodes (push-pull

mode). In order to elucidate the physical mechanisms behind the observed emission pattern,

we have performed 1D PIC/MCC numerical simulations of the discharge with and without dust

particles. A detailed discussion of these mechanisms is presented on the basis of the simulation

results which have been found to be in good agreement with those obtained experimentally.
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