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Repetitively pulsed VUV emitter pumped by a barrier discharge
in a mixture of helium with heavy water (D,0O) vapour

A.K. Shuaibov, A.I. Minya, R.V. Hrytsak, Z.T. Gomoki, [.V. Shevera

Abstract. A gas-discharge lamp based on a barrier discharge in a
He-D,0 mixture at partial pressures pp,o = 0.04-0.33 kPa and
PHe = 10-60 kPa is studied. The emission spectrum of the dis-
charge plasma contains mainly the A — X and C — X bands of OD
hydroxyl (A = 144—160 nm). The intensities of these bands are
optimised by varying the pressure and composition of working
mixtures.
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Currently, sources of spontaneous VUV —-UYV radiation from
Xe; * (A=172nm), ArCI" (2= 175 nm), KrCl" (4 =222 nm),
and other molecules have been developed; they are of interest
for different optical technologies, photomedicine, photo-
chemistry, and ecology [1-3]. These lamp sources contain
expensive inert gases (Xe, Kr) and, correspondingly, have a
higher cost. VUV radiation sources based on mixtures of
helium with water vapour have been less studied, although
such sources are ecologically safe and use inexpensive work-
ing gases.

The characteristics of a cw radiation source pumped by a
longitudinal glow discharge in a He—H,O mixture were inves-
tigated in [4, 5]. At water vapour pressures of 50—300 Pa and
helium pressures of 1.0—8.0 kPa, the discharge radiation was
mainly in the wavelength range of 130—190 nm, which is
related to the spontaneous decay of OH radicals (C — A,
C — X). The use of a glow discharge reduced the lamp service
life because of the contact of the lamp electrodes with plasma.

The possibility of designing a lamp with a microsecond
barrier discharge in an Ar—H,0O mixture and emission peak
at A = 309.2 nm (the A — X transition in OH radicals) was
investigated in [6]. The gas medium was excited by applying
5-kV meander voltage at the electrodes.

The emission characteristics of water vapour plasma in
the spectral range of 200— 1100 nm were obtained in [7] using
excitation of a water jet in air by a nanosecond pulsed dis-
charge; however, the VUV spectral range was not analysed in
that study.

The use of heavy water vapour instead of H,O vapour
leads to an increase in the UV radiation intensity, because the
intensity of the UV emission band of OD radicals exceeds
that of OH radicals by a factor of 1.5-2 [8].
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Thus, the brief review of the studies aimed at developing
and analysing lamps based on water vapour showed that the
emission characteristics of barrier discharge plasma in gas
mixtures containing H,O (D,O) in the spectral range of
130—200 nm have been unknown.

In this paper, we report the results of experimental study
of the emission characteristics of a VUV emitter based on a
barrier discharge in a He—D,O mixture excited by nanosec-
ond pulses. The VUV emission spectra of a nanosecond
capacitive discharge in a low-pressure He—D,0O mixture were
compared with the barrier-discharge spectra, recorded at a
higher pressure.

A repetitively pulsed barrier discharge was ignited in a
20-cm-long cylindrical bulb with outer and inner diameters of
26 and 23 mm, respectively. The diameter of the internal
quartz tube was 14 mm, a value corresponding to a distance
of 4.5 mm between cylindrical barrier surfaces. The inner elec-
trode in the form of a continuous aluminium cylinder was
mounted in the inner tube. A spiral electrode (nickel wire) was
placed on the outer surface of the lamp bulb; the transparency
of this electrode was ~80%. To record the discharge radia-
tion, we used a lithium fluoride window on a special viewport
of the discharge bulb, which was hermetically connected to
the vacuum-monochromator input.

A barrier discharge was ignited using a high-voltage pulse
generator with resonant recharging of accumulating 1540-pF
capacitor. The amplitude of voltage pulses at the modulator
output was increased (using a cable pulse transformer) by a
factor of about 3; it reached 20-30 kV at a separate surge
duration of 5-20 ns (Fig. la). The amplitude of the main
peak in the current pulse reached 50 A at a pulse width of
20-30 ns; the pulse repetition frequency f could be varied
within 40—1000 Hz. The power oscillogram (Fig. 1c) indicates
that about 70% of the total barrier discharge energy is con-
centrated in a time interval of 25—-45 ns. The recording system
was described in [9].

A simplified schematic diagram of the energy levels of
hydroxyl molecule is shown in Fig. 2 [10]. The main reaction
leading to formation of OD" (OH") radicals in the plasma of
He-D,0(H,0) mixtures is the dissociative formation of
hydroxyl in excited states:

e+ D,0 > OD(C, D, B, A) +e. (1)

The lifetime of OD radicals in the C, D, and B electronic
states is 6 ns, which is much smaller than the OD(A) lifetime
(770 £ 47 ns) [11, 12]; therefore, excitation by nanosecond
discharge leads to effective formation of OD(C) radicals.

Figure 3a show the emission spectrum of barrier-discharge
plasma in a He—D,O mixture. At partial pressures of heavy
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Figure 1. Oscillograms of the (a) voltage and (b) current pulses and (c)
the power introduced into the barrier discharge for a lamp emitting in
the C — X band of OD radicals; pp,o = 40 Pa, py. = 20 kPa, and a volt-
age across the working capacitor U= 13 kV (f'= 100 Hz).
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6F —| |= Figure 3. Emission spectra of (a) barrier discharge in a He—D,O mix-
ture at py. = 20 kPa and pp,o = 0.33 kPa and (b) capacitive discharge in
B a He—H,O mixture at py, = 2.66 kPa and py,o = 0.2 kPa.
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Figure 2. Schematic diagram of the terms of OD radical.

water vapour, pp,o = 0.04-0.3 kPa, and helium, py, = 10—
60 kPa, the radiation is mainly concentrated in the VUV
range (A = 144—160 nm). The bands in this range can also be
attributed to the C — X transitions in OD radicals [10]. The
spectrum contains also the A — X UV band of OD hydroxyl,
peaking at A = 309 nm. For comparison, Fig. 3b presents the
emission spectrum of a repetitively pulsed capacitive dis-
charge of nanosecond duration in a He—H,O mixture. The
strongest bands in this spectrum are the C — A bands of OH
radicals, peaking at 4 = 180 and 186 nm; they were not
observed in the barrier discharge.

The increase in the helium pressure in barrier discharge, as
compared with capacitive discharge, leads to fast vibrational
relaxation of hydroxyl molecules to the lower vibrational
C2x* state, which decays with emission in a narrow band
peaking at A = 144 nm when hydroxyl passes to higher lying
vibrational levels of the X *IT state.

sure of water vapour: 0.06—0.2 kPa (Fig. 4a). The optimal
helium pressure, which is necessary to provide the maximum
intensity of the C — X bands in a discharge in a He—D,0
mixture, is 20—46.6 kPa (Fig. 4b).

Thus, the study of the spectral and optical characteristics
of the barrier-discharge plasma in a He—D,O mixture showed
that the A — X and C — X bands are the strongest in the
emission spectra of OD hydroxyl at helium pressures of 10—
60 kPa and heavy water vapour pressures of 0.04—0.33 kPa.
Based on the results of this study, a simple discharge lamp
with an inexpensive working medium and radiation concen-
trated mainly in the A — X (4 =309 nm) and C —» X (1 = 144
nm) bands can be developed.
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Figure 4. Dependences of the intensity of the OD (C — X) emission band of barrier-discharge plasma in a He—D,0 mixture (a) on the heavy water

vapour pressure at py, = 20 kPa and (b) on the helium pressure at pp,o = 0.2 kPa .
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