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Dynamics of a Homogeneous Dielectric
Barrier Discharge in Xenon Excited by

Short-Voltage Pulses
Robert J. Carman, Ian S. Falconer, and Richard P. Mildren

Abstract—We report streak images of the emission from a fast-
pulsed excited Xe dielectric barrier discharge infrared lamp.

Index Terms—Lamps, light sources, plasma measurement,
vacuum ultraviolet generation, Xenon.

I N a dielectric barrier discharge (DBD) lamp with a Xe buffer
gas, recent studies have shown that the use of fast rising

voltage waveforms can dramatically increase (3x) the
electrical to vacuum ultraviolet (VUV) nm conver-
sion efficiency and VUV output from these sources compared
with conventional sinusoidal voltage waveforms [1]. Using very
short voltage pulses ( 100 ns full-width half-maximum), the
discharge visually appears to fill the region between the elec-
trodes more or less uniformly, rather than appearing as dis-
crete microdischarges, as seen for sinusoidal voltages. However,
the dynamics of this type of homogeneous discharge have not
been investigated in detail. In our previous modeling study of a
short-pulse Xe DBD, it was predicted that electrical breakdown
of the discharge gap ought to be characterized by the appearance
of a fast-moving ionization wave or a streamer propagating from
the anode toward the cathode [2]. Furthermore, the ionization
wavefront in the model was found to be strongly correlated with
the spatio-temporal evolution of the visible and infrared emis-
sion from the discharge but weakly correlated with the more in-
tense VUV emission. The infrared emission is derived predomi-
nantly from the radiative decay of the (764–893 nm)
and (823–1083 nm) levels [2]. In this paper, we re-
port streak images of the infrared emission from Xe excited
states from the short-pulsed discharge, where the spatial infor-
mation is provided as a function of position across the discharge
gap.

The streak images were recorded for a cylindrical lamp of
30-mm outer diameter consisting of two concentric quartz tubes
of wall thickness 1 mm and spaced to create a 3.5-mm-wide
discharge gap, as shown in Fig. 1(a). End-windows made of
VUV grade fused-silica (Suprasil), glued on to the ends with
low vapor pressure epoxy, allowed line-of-sight optical mea-
surements to be performed in the direction parallel to the dielec-
tric surfaces. Electrodes made of brass shim were applied to the
inner and outer surfaces of the lamp, over an arc of 120 , to
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Fig. 1. (a) Coaxial DBD lamp with discharge. (b) and (c) False color “framing”
images of the Xe discharge for P = 160 and 640 mb, respectively. Exposure
time � 1 �s. Inner electrode is negative polarity. Streak image is recorded for
a slice of plasma as denoted by the green box in Fig. 1(c) or actual dimensions
5� 1 mm, and depth�7 mm. False color scale (linear) is shown bottom right.

provide a partial discharge, as illustrated in Fig. 1(b). The lamp
was excited by unipolar pulses of voltage 6–8 kV of duration

200 ns, at a pulse repetition rate of 25 kHz. The current pulse
for the pulsed discharge is approximately 30 ns duration and
is similar to the small-scale DBD lamps reported previously by
us in [1] and [3].

Streak images were recorded of the infrared lamp radiation
from a narrow stripe ( 1 mm) of a radial spoke of emission. A
Hamamatsu 4187 streak camera was used to record the intensity
of the infrared emission as a function of radial position and time
I(r,t). A slit of width was used to define the region
of the discharge of interest. This corresponds to visible/IR radi-
ation from a sector of angular extent of .

The discharge was observed to be spatially homogeneous up
to 600 millibar (mb) Xe pressure, as illustrated in the framing
picture in Fig. 1(b). For higher Xe pressure, the beginning of the
transition from homogeneous to filamentary structure is shown
in Fig. 1(c).

The streak images of the infrared light from the plasma are
shown in Fig. 1(d) for Xe pressures 150–550 mb. The images
are shown to be broadly similar over this pressure range with
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Fig. 2. Streak images of the infrared intensity I(r,t) from the discharge as a function of Xe pressure (false color scale as in Fig. 1). Inner (bottom) dielectric
electrode is negative. Approximate duration of the discharge current is indicated by the bar below the streak images.

the infrared emission lasting 50–100 ns. A slight reduction in
the overall duration of the light intensity can be observed as the
Xe pressure is increased from 150 to 450 mb. Infrared emission
consistently begins near the cathode dielectric at early times

ns (however, we also observed that the discharge cur-
rent pulse was observed to show a 15-ns incremental delay
for each 100-mb increase in the Xe pressure). In all cases, a re-
gion of intense infrared emission adjacent to the lower cathode
electrode can be clearly identified. Emission from this region
lingered at later times whilst emission from the central region
of the discharge gap diminishes more rapidly. These features
are well reproduced in detailed modeling of a pulsed DBD, as
is the relatively short duration ( 100 ns) of the infrared output
compared with the VUV output [2]. However, we have not yet
observed conclusive evidence of the existence a fast cathode di-

rected streamer (starting near the anode) from the streak images
of infrared emission. We believe streak images of the infrared
emission Xe recorded at lower pulse repetition
rates (<5kHz) may reveal streamer type features.
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