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The spectra of Xe—Cly, Xe—Bry, and Xe—I, excilamps excited by capacitive, glow, and barrier
discharges are presented. The spectra of a barrier discharge Xe—Cl;y excilamp for different gas mixture
pressure (60 and 120 Torr) are obtained and analyzed. The dependence of Kr—Cl, capacitive discharge

excilamp spectrum on the operation time is presented.

1. Excilamps present a relatively recent class of
sources of spontaneous UV and VUV radiation that are
based on the use of nonequilibrium emission of so-called
excimer and exciplex molecules. A feature of these
molecules is their stability in the excited electronic
state and the absence of a strong bond in the ground
state. Some such molecules have the intense B—-X
transition in the UV or VUV regions. This allows high-
efficiency (up to ~60%) transformation of the pumped
energy into optical radiation. Excilamps are now used
in photochemistry, microelectronics, for modification of
surface properties, in medicine, in industrial waste, air,
and water decontamination technologies, etc., and this
explains the great attention paid to their study.!~!! For
exciting working medium, various types of self-sustained
discharge, such as glow discharge, barrier discharge,
capacitive discharge, and high-pressure discharge with
UV preionization are commonly used in practice.

The main features distinguishing excilamps from
available luminescent (mercury and hydrogen) lamps,
as well as thermal sources of spontaneous UV and VUV
radiation are their spectrum and output power. Up to
~80% and more of the total output power can be
concentrated in a rather narrow (less than 10 nm at
halfmaximum) band of the B-X transition of a
corresponding molecule. The conditions for emission of
two and more exciplex molecules are realized as well.
The characteristic output power of excilamps exceeds
that for low-pressure hydrogen and mercury lamps.

Potential advantages of excilamps from the
viewpoint of their application are the photon energy
(4-10 eV), spectral selectivity, high output power,
feasibility of scaling and selecting random geometry of
the emitting surface. Of special note is the absence of
mercury in such lamps, what gives them an advantage
over relatively widely used, but ecologically hazardous
mercury-containing lamps.

From the point of view of practical application,
emission spectrum and its stability, along with such
parameters as efficiency, output power, and service life,
are among the most important characteristics of an
excilamp. This paper is devoted to determination and
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comparison of emission spectra of capacitive, glow, and
barrier discharge excilamps designed in the Laboratory
of Optical Radiation of IHCE SB RAS.9-14

2. Discharge emission spectra were recorded with a
specialized system including an MDR-23 monochromator
(inverse linear dispersion of 1.3 nm/mm) with a
grating of 1200 lines/mm, a broadband FEU-100
photomultiplier, a TDS 3032 oscilloscope, and a
computer. An optical signal at excilamp excitation from
a step-up network transformer (glow discharge lamp)
or a pulse generator with the pulse repetition rate up to
100 kHz (capacitive or barrier discharge) came to the
entrance slit of the monochromator. The electrical signal
from the photomultiplier came to the oscilloscope, then
it was digitized, and the information was transferred
into the computer and stored there.

With the proper processing of the obtained
information, we could get the emission spectrum of an
excilamp for a given time from the beginning of the
excitation pulse, as well as the spectrum integral over
the whole duration of the excitation pulse. In the first
case, we obtained the power spectrum for a given time,
and in the second case it was the pulse energy
spectrum, as in the traditional photographic recording
of a spectrum. In this paper, we present the emission
spectra integral over the pulse duration. The spectral
halfwidth of the instrumental function of the system at
the minimal revolution rate of the diffraction grating
was no wider than 0.02 nm. This mode was used for
determination of line profiles or emission bands. When
recording survey spectra (in a wide spectral region),
the revolution rate of the diffraction grating increased,
thus leading to the increasing halfwidth of the
instrumental function.

In the experiments we used sealed-off Kr—Cl,, Xe—
Cly, Xe—Bry, Xe—1I, capacitive discharge excilamps, Kr—
Cl, and Xe—Cl; barrier and glow discharge excilamps.
In Refs. 9, 12, and 14 the designs of the used excilamps
are described, and the Table presents their general
characteristics.

3. Figure 1 shows the emission spectra of the positive
discharge column of capacitive excilamps for the
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conditions given in the Table. The spectral halfwidth of
the most intense B—X transition of KrCl* (A= 222 nm),
XeCl* (A = 308 nm), XeBr* (A = 282 nm) molecules is,
respectively, ~ 4.5, 8, and 7 nm. The spectra in this
region are characterized, first, by the presence of
pronounced D—X and C—A transitions of the above
molecules. Second, in the case of XeBr* and XeCl*
molecules, a wide and intense blue wing of the B—X
transition was observed. The atomic iodine line at
% =206 nm (Fig. 1d) turned out to be the most intense
line in the spectrum of the Xe—Iy excilamp at low
pressure (~ 1.5 Torr), and the band corresponding to
the B—X transition of the Xel* molecule (A = 253 nm)
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had much lower intensity. As the pressure increased,
the intensity ratio of this line and the band changed,
and at the pressure ~ 10 Torr they had comparable
amplitudes.

Figure 2 shows the emission spectra of Kr—Cl, and
Xe—Cly excilamps at glow discharge excitation.
Comparison of Figs. 1 and 2 allows the conclusion that
the spectral distribution of radiation is almost the same
in the both cases. This is likely the consequence of the
fact that such characteristics of the working mixture as
the pressure and composition, as well as the reduced
electric field strength E/P (E is the electric field
strength, P is pressure) and efficiency are similar.

Table. General characteristics of the studied capacitive, barrier, and glow discharge excilamps

Type of discharge

Characteristic
capacitive barrier glow

Working mixture Xe—Cly, Kr—Cly, Xe-Bry Xe-I, Xe-Cly, Kr—Cl, Xe—-Cl, Kr—Cl,
Working mixture pressure, Torr 6 6 4.5 1.5 120 120 6-9 6-9
Interelectrode gap, cm 20 20 20 50 0.8 0.8 20-80 20-80
Outer tube diameter, cm 3.8 4.2 4.2 3.5 6.5 6.5 1-6 1-6
Wavelength of the maximum of spectral

distribution, A, nm 308 222 282 206 308 222 308 222
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Fig. 1. Emission spectra of capacitive discharge excilamps for mixtures: Kr—Cly at pressure of 6 Torr (a), Xe—Cl, at pressure of
6 Torr (b), Xe—Br, at pressure of 4.4 Torr (¢), and Xe—I, at pressure of 1.5 Torr (d).
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Fig. 2. Emission spectra of glow discharge excilamps for mixtures: Kr—Cl, at pressure of 6 Torr () and Xe—Cl, at pressure of
6 Torr (b).
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Fig. 3. Emission spectra of barrier discharge KrCl excilamp at mixture pressure of 200 Torr (@) and barrier discharge XeCl

excilamp at mixture pressure of 60 and 120 Torr (b—d).

A characteristic feature of the barrier discharge is
a small interelectrode gap, which allows using a high
pressure of the working mixture. Figure 3 depicts the
emission spectra of Kr—Cly; and Xe—Cly excilamps at
this method of excitation. As can be seen from Fig. 3,
the main feature is the presence only of bands of B—X
transitions in the spectrum. The spectral halfwidth of
the B—X transition of the KrCl* molecule is ~ 2 nm.
The bands of the D—X and C—A transitions of the KrCl*

molecule, as well as the band of the Cl; molecule that

were present in the emission spectrum at excitation by
the capacitive and glow discharges, are almost absent in
the case of the barrier discharge. Figures 3b, ¢, and d
illustrate the effect of the pressure on the halfwidth of
the BX transition of the XeCl* molecule. Thus, at the
pressure of 60 Torr it is ~ 3.2 nm, and at the pressure
of 120 Torr it is ~ 1.8 nm. The decrease in the
halfwidth of the emission band is explained by
increasing rate of vibrational relaxation of molecules at
increasing pressure. 13
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The stability of the emission spectrum was checked
for sealed-off capacitive discharge excilamps, whose
service life is no less than 1000 h (Refs. 12 and 16).
Figure 4 shows the spectral distribution for the Kr—Cl,
as a function of the excilamp operation time. The
decrease in the output power was no more than 15%. It
can be seen that the emission spectrum remained almost
unchanged. In extra experiments on recording of a
spectrum after different periods of excilamp operation,
the decrease in the fraction of radiation of D—X and
C—A transitions was noticed as well.

KrCl* (B-X)

KrCl* (D-X)
clz(B—X)

200 250 300 350 400 450 A, nm
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KrCl* (D-X) fo)
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Fig. 4. Spectrum of capacitive discharge Kr—Cly excilamp at
the operation time of 100 () and 625 h (b).

4. In conclusion let us summarize the main results
of this work.

First, only relatively narrow bands of exciplex
molecules were observed in the emission spectrum of
excilamps in the region from 200 to 500 nm. By selecting
a working mixture (and, correspondingly, an emitting
molecule) we can provide the emission in a needed
spectral region.

Second, it should be noted that the spectra of
capacitive discharge and glow discharge excilamps
are similar. These spectra included the bands of B—X,
D-X, and C—A transitions of the corresponding exciplex
molecule, as well as the halogen molecule. At excilamp
excitation by a barrier discharge, the emission spectrum
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included only the narrow B—X band with characteristic
FWHM ~ 2-3 nm. The emission spectrum of the Xe—I,
excilamp depended on the mixture pressure and
included mainly the atomic iodine line at low pressure
and the atomic iodine line and the band of the XeI*
molecule at the increased pressure.

Third, the emission spectrum of sealed-off capacitive
discharge excilamps remained almost unchanged for a
long lamp operation period comparable with the lamp
service life.
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