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Abstract. A 308-nm XeCl laser with an active volume of 600
L is studied experimentally. The laser is pumped by a radially
convergent electron beam from an accelerator with vacuum
insulation. The output energy of 1.9 kJ and power of
~7 GW are achieved upon pumping the Ar-Xe-HCI
mixture. The laser pulse FWHM is ~ 250 ns.
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1. Introduction

Research and development of high-power laser systems
using exciplex lasers operating on halides of inert gases are
being pursued at present [1 —5]. The laser systems consist of
a master oscillator and several amplifiers. The final
amplifier is usually an electron-beam-pumped wide-aperture
laser [1—-7]. In most of the wide-aperture electron-beam-
pumped exciplex lasers [1—4, 6], high pump powers were
achieved by using intermediate water lines charged by
pulsed generators. The use of an additional energy accumu-
lator complicates the laser design.

In electron accelerators developed at the Institute of
High-Current Electronics, Siberian Branch, Russian Acad-
emy of Sciences, Tomsk, the inductances of the pump
generator and the vacuum diode were reduced considerably
by using vacuum insulation [8, 9]. This made it possible to
design compact wide-aperture exciplex lasers [5, 10—12]
directly pumped by Marx generators with vacuum insu-
lation. These lasers were excited by four [5, 10] and six
[5, 11, 12] radially convergent beams.

In this work, we carry out detailed investigations of a
wide-aperture XeCl laser pumped by a radially converging
electron beam. In this laser, a single-loop pump generator
circuit is used owing to vacuum isolation.

2. Laser design and measuring technique

Figure 1 shows the setup. The accelerating complex of the
device contains 12 vacuum diodes fed by 12 pulsed voltage
generators (PVGs) and arranged in accordance with the
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design of a two-tier six-point star [9]. Cathodes with a
smooth emitting surface made of PU carbotextim and
covered with velvet are used in accelerating modules.
Electron beams from all the accelerating modules are
injected into the gas volume of the laser chamber through a
system of partition windows fastened to a tube with an
outer diameter 62 cm. The residual pressure in the casing of
the accelerator did not exceed 2 x 107> Pa for an excess
pressure up to 3 atm in the laser chamber. This was
achieved due to the simultaneous operation of three
vacuum AVP-400/1600 pumps, each having a pump rate
of 3000 Ls™".

370 cm

300 cm
—

Figure 1. Scheme of the setup: (a) cross section of six PVGs and (b)
longitudinal two-tier arrangement of PVGs.

The switches of all the 12 PVGs (96 in all) operated on a
70 : 30 mixture of dry air and sulphur hexafluoride under a
total pressure 1.3—1.7 atm, and the capacitors were charged
to a voltage 70—95 kV. The PVGs were controlled using 12
air-filled multiple spark gaps and an equal number of
coaxial-cable pulsed transformers. The spread in the opera-
tion time of PVGs did not exceed 100 ns. The output voltage
of each PVG was ~ 0.6 MV and the current of 60 kA.
Accordingly, the total current of 12 PVGs was 720 kA. The
voltage pulse front did not exceed 0.2 us for the pulse
FWHM of ~ 0.5 ps.

The system of foil partition windows had a complicated
construction and was made on a common frame, a system of
12 support grids and the foils themselves, fastened by a
bracing mechanism. Titanium foil of thickness 40 pm was
used in the system. The total area of the foil window was
~ 3 m?, the geometrical transparency of the support grid
alone was ~ 80 %, while the overall transparency was
~ 70 %.
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The diameter of the active region was 60 cm, its length
was 200 cm, the active volume was 600 L, and the overall
volume was 980 L. The distance between two plane internal
mirrors was 335 cm. For the totally reflecting mirror, we
used a mirror with a K8 glass substrate covered with
aluminium coating. The output mirror was in the form
of a plane—parallel quartz plate. Figure 2 shows a photo-
graph of the laser from which radiation was extracted
vertically downwards.

Figure 2. Wide-aperture laser with an active volume of 600 L pumped by
12 electron beams.

The electron beam energy transferred to the gas was
determined from the increase in the laser chamber pressure
following the electron beam injection. A pressure pulse was
detected by a gauge based on a 6MDKh-3B mechanotron
calibrated using a reference manometer upon a slow
variation of pressure in the laser chamber. The input energy
obtained in this way corresponded just to the energy spent
on heating of the gas. The part of the energy dissipated in
the form of radiation through the output mirror, as well as
the energy spent on heating of the walls and formation of
acoustic waves, was neglected. However, our estimates
reveal that no more than 10 % —20 % energy was lost in
this way.

We determined the laser radiation energy and its
distribution over the output beam cross section by using
an automated measuring system based on TPI-2M.1 calo-
rimetric transducers operating in the energy range 1—100 J
per calorimeter in the spectral range 0.2—20 pm. The
working area of the detecting element of a calorimeter
was 36 cm?. To increase the detecting surface area, up to 31
calorimeters were combined into a single block. The energy
absorbed by each calorimeter, the energy distribution
among calorimeters, and the energy absorbed by the total
working surface of the block of calorimeters were recorded
for each pulse. Since the admissible density and the
radiation power of TPI-2M.1 calorimeters are limited,
the IMO-2N and IKT-1 detectors were used for additional
calibration of these calorimeters. The energy distribution

over the output laser beam cross section was also deter-
mined from the autograph on photographic paper, whose
darkening upon a change in the radiation energy density was
practically linear.

The temporal characteristics of the pump were deter-
mined by using voltage dividers and Rogowski loops.
Measurements were made simultaneously for all 12
PVGs. Laser radiation pulses were recorded with the
help of vacuum photodiodes FEK-22 from which the signals
were supplied to the oscillographs C8-14.

The working mixtures consisting of argon, xenon and
HCI were prepared directly in the laser chamber which was
passivated beforehand.

3. Simulation of accelerator operation

To determine the optimal working conditions for the
accelerator, a modular unit was first constructed by using a
single vacuum PVG [9, 13]. The scheme of the diode of the
accelerator is shown in Fig. 3. The same figure shows the
electron trajectories and the corresponding beam current
density distributions at the anode for various voltages
across the diode, obtained as a result of numerical cal-
culations with the help of the Poisson-2 program package
[14]. The electrode gap of the vacuum diode with a smooth
cathode was used for obtaining a beam with a cross section
of 25 x 100 cm and with an electron energy of 500—600
keV. The beam current attained values of 60 kA for a pulse
duration of 1.5-2.0 us at the base. The power source was a
Marx generator with a vacuum insulation. The cathode was
placed in the last stage of the generator; the accelerator did
not contain a bushing vacuum insulator. The 190 x 810-mm
emitting surface of the cathode was prepared from
graphitised carbon felt. The radius of curvature of the
supporting grid of the output window was 528 mm. The
cathode—anode distance d in the diode symmetry plane was
60—65 mm. The rated current density distributions in
direction / on the anode surface in the absence of the
anode plasma were sufficiently uniform.

Figure 4 shows the oscillograms of voltage and current
pulses in the diode, the time dependence of the electron
beam power and energy as well as the diode perveance
calculated using these oscillograms, and the energy distri-
bution in the electron beam extracted behind the anode foil,
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Figure 3. Scheme of the vacuum diode of a PVG (a) and the beam
current density distribution at the anode for a voltage U across the
vacuum diode equal to 500 (b) and 300 kV (c) as well as in the case of an
additionally created anode plasma for U = 500 kV (d). Curves (/—-3) in
(a) show electron trajectories; / is the coordinate along the anode surface
(foil window).
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which was recorded in a pulse using TPI-2M.1 calorimeters
(48 in all). It can be seen that the voltage and current
oscillograms are similar, which indicates an effective power
transfer from the generator to the electron beam. The time
of perveance stabilisation can be put in correspondence with
the time of formation of the plasma emission boundary,
which is approximately equal to 50 ns; the diode current
appears almost simultaneously with the voltage across the
electrode gap. The diode perveance varies insignificantly
during the pulse, indicating the invariable position of the
plasma emission boundary in the electrode gap during the
major part of the voltage pulse.
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Figure 4. Oscillograms of voltage pulses in a vacuum diode (a) and of
beam current (b) for a cathode—anode gap of 60 mm, as well as the time
dependences of the beam power and energy (c) and the diode perveance
(d) and the energy density distribution in the electron beam extracted
behind the anode foil at right angles to the longitudinal axis of the
window, obtained with the help of 48 TPI-2M.1 calorimeters arranged in
two rows along the foil window (e).

The discrepancy observed between the theoretical beam
current density distribution at the diode and the experi-
mentally obtained beam energy distribution behind the
anode foil can be due to the presence in the electrode
gap of a space charge of gas ions desorbed from the anode,
which was disregarded in numerical analysis. The rated
value of the current for a voltage of 600 kV across the diode
and an electrode gap of 60 mm is 47 kA, which is also
noticeably lower than the experimental value. The total
beam energy in the diode is ~ 17 kJ, the energy behind the
foil is ~ 10 kJ, while the energy stored in the Marx
generator is ~ 22 kJ. It was noted above that 12 such

PVGs were used for pumping the laser, and any number of
such units (from 1 to 12) could be actuated simultancously
irrespective of their arrangement.

4. Experimental results on lasing and discussion

We have studied the effect of the pressure and composition
of the working mixture, charging voltage, and the number
of PVGs actuated in the setup on the lasing parameters of
an HCI laser, as well as the dependence of radiation energy
on the number of pulses and operation time for a single
portion of the mixture. The distribution of the radiation
energy over the output beam cross section was also studied.
The data obtained in this way are illustrated in Figs 5—8.

The radiation energy increases by 30% as the working
pressure increases from 1 to 1.5 atm, while the correspond-
ing increase upon a pressure increase from 1.5 to 2 atm is
just 20 % (see Fig. 5). This is due to the fact that, for a
charging voltage U, = 85 kV, the main part of the electron
beam energy is supplied to the working mixture, and only a
small part of the energy reaches the opposite wall. Accord-
ingly, the energy contribution to the working mixture varies
insignificantly as the pressure increases from 1.5 to 2 atm.
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Figure 5. Relative radiation energy of the laser as a function of the
pressure in the Ar—Xe—HCI mixture for a charge voltage U, = 85 kV.

Figure 6 shows the dependences of the radiation energy
on the number of PVGs actuated for two mixtures with
different compositions of the constituent gases. For a
comparatively low concentration of Xe and HCI, the
increase in the pump power associated with the number
of PVGs leads to a decrease in the radiation energy, while
the highest radiation energies are attained for small pump
power in mixtures with an optimal concentration of the
constituent gases. The dependence shown in Fig. 4 was
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Figure 6. Dependence of the relative radiation energy of the laser on the
number n of actuated PVGs for different gas mixtures and pressures at
Uy =85 kV.
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obtained for a charge voltage of 85 kV. Mixtures with a
higher concentration of Xe and HCI should be used for a
further increase in the pump power due to the charging
voltage.

Figure 7 shows the dependence of the radiation energy
and efficiency on the energy supplied to the Ar : Xe : HCl =
750 : 10 : 1 mixture for U, = 85 kV. The maximum radia-
tion energy was 1.6 kJ for an efficiency 3.8 % of the energy
supplied to the working mixture. In this case, the radiation
pulse duration was ~ 250 ns and its delay relative to the
beginning of the beam current pulse was ~ 100 ns. As the
charging voltage in the Ar: Xe : HCl = 750 : 25 : 1 mixture
was increased to 95 kV, the radiation energy assumed the
value 1.9 kJ at a pressure of 2 atm. The radiation energy
distribution in the output beam was different in two
directions in view of a small wedge formed by the surfaces
of the output quartz plate. The nonuniformity in the
radiation energy distribution along the axis perpendicular
to the wedge was less than 10 %.
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Figure 7. Dependences of the radiation energy of the laser and the
efficiency on the energy supplied to the gas and determined from the
pressure jump for the Ar—Xe—HCI mixture for Uy = 85 kV.

The maximum radiation energies are achieved in the first
pulses. After 3—5 switchings, the radiation energy is
stabilised at a level of 80 % of the first pulse energy and
then remains unchanged for a long time. Figure 8 shows the
dependence of the radiation energy per pulse on the number

of laser pulses and the operation time for one portion of the

mixture after the attainment of steady-state conditions. The

difference in the radiation energies of the 13th and 41st m=
pulses was only ~ 20 % for operation with one portion of
the mixture for 146 h. Because of an increase in the ratio of

the inner surface of the laser chamber to its volume, a more
rapid degradation of the working mixture was observed in
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Figure 8. Dependence of the radiation energy per pulse on the number of

pulses and the operation time for a portion of the Ar—Xe—HCI mixture
for Uy = 85 kV and p = 1.5 atm. The figures at the symbols indicate the
pulse number.

=12,

such a laser with an active volume of about 30 L [10]. Our
experiments were carried out for the same specific energy
contribution, the same mixtures and the same pressures, and
for the same preset ratio between the active and total
volumes of the laser chamber as in [10].

The fraction of IR laser radiation spent on Xe atomic
transitions was less than 1% of the total radiation under
optimal conditions for the given XeCl laser at a wavelength
of 308 nm. Even for IR generation alone in an Ar—Xe
mixture, the radiation energy spent on Xe atomic transitions
for a specific pump power of ~ 100 kW cm ™ did not exceed
10 J, and the lasing efficiency was below 0.05 % [12].

5. Conclusions

Thus, the analysis of a high-power wide-aperture XeCl laser
with an active volume of 600 L has shown that a radiation
energy of 1.6 kJ] was achieved in the Ar:Xe:HCl=
750 : 10 : 1 mixture under a pressure of 2 atm for U, =
85 kV at A~ 308 nm, while the corresponding radiation
energy for Uy = 95 kV was 1.9 kJ. Owing to the injection of
an electron beam into such a laser from six sides, a uniform
distribution of radiation energy over the output beam cross
section was obtained. The large value of the ratio of the
volume of the laser chamber to the area of its inner surface
has made it possible to work with the same portion of the
working mixture. Owing to the one-loop scheme of the
pump generator, the laser studied here is distinguished by
simplicity of construction and a comparatively small size.
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