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1. Introduction
Using bare metal planar electrodes and radio-

frequency (RF) power source, a homogeneous, so-
called α-mode radio-frequency atmospheric pressure
glow discharge (RF APGD) is generated in helium at
low RF powers [1]. The RF APGD transits at higher
powers into a γ-mode, which is constricted at atmo-
spheric pressure [1, 2]. γ-mode discharge is an ef-
ficient source of charged particles, metastables and
reactive species [3]. Time-averaged electric field val-
ues in γ-mode RF APGD, obtained from simulations,
reach 12 kV/cm in RF sheaths [4]. In this work, we
applied a method of Stark polarization spectroscopy
of helium 492 nm line [5] for time-resolved measure-
ment of electric field in RF sheath of γ-mode RF
APGD.
2. Experimental setup

RF APGD was generated between bare metal
electrodes in helium (gas purity 5.0) at atmospheric
pressure. The γ-mode was stabilized using hemi-
spherical electrodes, 8 mm in diameter. The dis-
charge gap was 2 mm. Electrical parameters were
monitored by a digital storage oscilloscope (LeCroy
WaveRunner 6100A). The RF power for genera-
tion of γ-mode was 15 W, the amplitudes of voltage
and current were 240 V and 0.65 A. Temporally re-
solved optical emission spectroscopy was performed
by a method of time-correlated single photon count-
ing (TCSPC). The light coming out of the discharge
by optical fibre was first monochromatized (Jobin
Yvon HR-640, grating 1200 gr. mm−1, instrumental
FWHM 0.075 nm) and then analyzed by a single pho-
ton counter (Becker & Hickl SPC-150), with PMT
(PMC-100-4) working in a photon counting mode.
Arrivals of individual photons were correlated with
the RF signal taken from function generator with a
temporal step of 0.8 ns. The light was collected from
20µm region close to the instantaneous cathode.
3. Results

The example of fitted time-resolved spectral pro-
file is shown in Fig. 1. The measured spectral profiles,
consisting of forbidden (2 1P – 4 1F; ≈491.9 nm) and
allowed (2 1P – 4 1D; 492.2 nm) helium spectral lines,
were fitted with a linear combination of pseudo-Voigt
functions. The FWHM of the forbidden line was
larger than that of the allowed line. (The latter had
FWHM 0.1 nm, roughly in agreement with combined
van der Waals, resonant and instrumental broaden-

ing.) This is probably due to insufficient spatial res-
olution or presence of non-axial electric field in the
constricted γ-mode. Since the allowed line included
mostly emission from field-free region, the electric
field was determined from the Stark shift of the for-
bidden component. The instantaneous electric field
reached 32 kV/cm in the RF sheath.
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Fig. 1: Example of fitted spectral profile of He 492 nm
line measured in the RF sheath.
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[3] D. Schröder et al. 2013 J. Phys. D: Appl. Phys.

46 p. 464003
[4] Shi J and Kong M G 2005 IEEE Trans. Plasma

Sci. 33 p. 624
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