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Highly efficient chemical HF laser

PACS numbers: 42.55.Ks; 42.60.Lh

with inductive stabilisation of the discharge
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Abstract. A chemical electric-discharge laser with a new
design of the electrode unit was developed. Both electrodes
consisted of a set of electrically insulated plates connected
to a common bus of a pump source with separate stabilising
inductances. It was found that a stable diffuse discharge
occurred in such a device in a wide range of active-gas
pressures 20— 130 Torr for an electrode gap of 10—50 mm.
A radiation energy of 1.2 J and a technical laser efficiency of
3.5% were achieved for an H, — SF¢ mixture.

There is currently an upsurge of interest in chemical HF
(DF) lasers with a large volume of the active medium [1].
An increase in the active volume of chemical lasers hinders
its preionisation, requires an increased pump source voltage,
and leads to an increase in its inductance, which lengthens
the duration of the discharge and results in the loss of its
stability. Development of a simple design of the electrode
unit capable of forming a homogeneous stable discharge
without the use of special preionisation devices is therefore
a topical task. This task was performed successfully [1] for
mixtures based on hydrocarbons (deuterocarbons), the use of
which instead of H,(D,) makes it possible to stabilise sig-
nificantly the volume discharge.

The stabilisation of a self-sustained discharge in various
active media by limiting the discharge current with the aid
of resistive electrodes made of a semiconducting material
[2, 3], ballast resistors [4, 5], and inductances [6, 7] is
employed in various gas lasers based on HF [2, 3, 5], KrF
(XeCl) [6], and CO, [7].

A resistive anode in an HF-laser cavity was made of
~2000 needles, the upper parts of which were covered by
a solution of copper sulfate [5]. The maximum lasing energy
of 11 J with a technical efficiency of 3.8% was achieved on the
basis of the H, : SFq = 1:25 mixture at a total pressure of
156 Torr and for a specific input energy 0.072 J cm >, A vis-
ually homogeneous discharge was observed at active-mixture
pressures below 30 Torr.

In another study [3], the anode of an HF laser was made
of polycrystalline Ge with a resistivity p = 50 Q cm, whereas
the cathode consisted of a brass grid, through which UV pre-
ionisation radiation passed. Stable radiation pulses based on
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a C3Hg — SF¢ mixture at a pressure of 55 Torr were generated
with an efficiency of 2.5% in a laser with such an electrode
module. The radiation energy fluctuations did not exceed
1% from pulse to pulse.

Since the resistive stabilising components are heated dur-
ing the operation of a laser in the repetitively pulsed regime
and this entails energy losses, the application of inductive sta-
bilising components is preferred in such a regime.

Inductive stabilisation of a discharge in the active medium
of an excimer KrF(XeCl) laser has been achieved [6]. A sec-
tioned cathode, consisting of insulated segments connected to
a common bus with the aid of 150 nH inductances, was
employed. The UV preionisation radiation passed through
a grid anode. The interelectrode distance was 2.5 mm and
the gap between the segments was 0.79 mm. The maximum
efficiency was 1.07% for the KrF laser and 0.6% for the
XeCl laser (the total radiation pulse duration was
~ 100 ns). The laser operated at a pulse repetition frequency
up to 70 Hz without circulation of the gas mixture. These
results indicate a high discharge stability.

Inductive stabilisation of the discharge in a CO, laser has
been attained [7]. In that case the laser anode was a solid alu-
minium plate with rounded edges. Metal sections 0.35 mm in
diameter, distributed with a density of ~200 cm ™2 and con-
nected by ballast inductances to a common bus, were placed
on the active surface of a sectioned cathode. This made it pos-
sible to expand the pressure range of the spark-free discharge
by a factor of 2 -3, to increase the laser output energy by a
factor of 34, and to improve significantly the reproducibil-
ity of the results.

This communication reports a study of a new design of
the electrode module of an electric-discharge HF laser based
on an H, — SF¢ mixture with inductive stabilisation of the dis-
charge [8], but without the preionisation of the active volume.
A stainless steel discharge chamber 24 cm in diameter and
50 cm long was used in the experiments. An electrode mod-
ule, consisting of two identical plate electrodes approximately
280 mm long, was located in the chamber with the aid of feed-
through insulators. Each electrode consisted of 44 copper
plates (insulated from one another), I mm thick and with a
200 mm radius of the working edge. They were distributed
at 6.5 mm intervals. The electrodes were mounted in such
a way that each cathode plate was in the plane corresponding
to the anode plate and the distance between the working
edges of the anode and cathode plates could be varied in
the range 3050 mm. Each plate was connected to one of
the two common buses of the pump source with the aid of
~ 500 nH stabilising inductances. A laser cavity was formed
by plane dielectric mirrors with the reflection coefficients of
98% and 65%. These mirrors served simultaneously as the
end-face windows of the discharge chamber.
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Fig. 1 illustrates the electric circuit of a chemical electric-
discharge laser. A high-voltage pump generator was
assembled from 32 K15-24 capacitors (4.4 nF, 30 kV), based
on a circuit comprising two LC oscillators, and it was charged
to a voltage of +22 kV from a bipolar power supply. After
switching-on the P;-P, (RU-73) spark gaps, the voltage
across the discharge gap increased at a rate determined by
the recharging time of the C, capacitors.
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Figure 1. Electric circuit of a chemical laser.

In a wide range of pressures of the active mixtures, a
homogeneous diffuse spark-free discharge was excited, with-
out the preionisation of the active volume. A side view of the
discharge revealed individual barrel-shaped diffuse plasma
formations between the anode and cathode plates located
in one plane and overlapping in the central part of the dis-
charge.

Fig. 2 presents typical oscillograms of the voltage pulses
across an interelectrode gap of 50 mm and of the discharge
current in an H, : SF¢ = 1:12 mixture at an overall pressure
of 68 Torr and for a discharge voltage U, = +22 kV. The dis-
charge resistance in the maximum current region was 6 —7 Q.

The dependence of the output energy on the gas pressure
of an H, : SF¢ = 1:10 mixture is shown in Fig. 3 for an inter-
electrode gap of 50 mm at a discharge voltage U, = +22 kV.
At a total working-gas pressure of 68 Torr, the maximum
output energy was 1.2 J and the technical efficiency was
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Figure 2. Oscillograms of the voltage pulses across the discharge gap (a)
and of the discharge current (b).
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Figure 3. Dependence of the output energy on the pressure of the active
mixture for an interelectrode distance of 50 mm.

3.5%. In this regime, the cross section of the laser beam in
the near-field zone was ~49 mm x 25 mm, the specific input
energy was ~0.1 J cm™>, and the average specific output
energy was approximately 3.5 mJ cm™>. At minimal pres-
sures, spark formation was not observed in the discharge,
but individual faint sparks appeared on increase in pressure
above 120 Torr.

Data on the change in the efficiency resulting from dou-
bling of the input energy by reducing the length of the active
volume by a factor of 2 were obtained. Each electrode was
assembled from three batches of electrode plates at
3.25 mm intervals. In each batch, there were 15 plates and
the distance between the batches was 45 mm. In this version
of the electrode module, the output energy and the efficiency
decreased by approximately 30%.

The input energy deposited in the active medium was also
increased by reducing the discharge gap to 30 mm by retain-
ing the 6.25 mm interval between the plates. The region of the
overlap of discrete plasma formations shrunk appreciably,
the cross section of the laser beam in the near-field zone
was ~28 mm x 21 mm, the average specific input energy
was ~0.2 J cm >, while the average specific output energy
was approximately 6 mJ cm ™. The maximum input and out-
put energies were approximately 1.5-2 times greater (0.3 —
0.4 J cm™> and 9—12 mJ cm™>, respectively) when account
was taken of the discrete nature of the plasma formations.
The maximum output energy (1 J) was obtained in this ver-
sion for a mixture of the composition H, : SFy =1:13 at a
pressure of 106 Torr and with a technical efficiency of 3%.

The satisfactory operation of the electrode module with
the plate structure and with inductive stabilisation of the dis-
charge in a discharge gap of 120 mm was tested in a
cylindrical discharge chamber made of a dielectric material.
The high-voltage pump pulse generator was based on two LC
oscillators which could be charged to a voltage of +80 kV and
a peaking spark gap. A stable diffuse discharge was generated
in an H, — SF¢ mixture. The resulting efficiency of the chem-
ical laser was up to 3.5% and the specific output energy was
up to 5 mJ cm 3.

An electrode module with an interelectrode distance of
10 mm was assembled to test the efficiency of the plate elec-
trode module of a chemical laser with a small interelectrode
gap and to check the stability of the frequency regime without
circulation of the active medium. The total number of plates
on each electrode was increased to 100. The distance between
the plates was 1.2 mm and their thickness was 0.3 mm, which
corresponded to an interval of 1.5 mm. The length of the
active component of the electrode was 150 mm and the radius
of the working edge of the plate was 120 mm. Each plate was
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connected to a common bus with the aid of a ~200 mH
inductance. The discharge in the interelectrode gap was
excited by a high-voltage generator assembled on the basis
of a two-circuit (C—C) oscillator with an RU-73 spark
gap. A 2.7 nF peaking capacitor, assembled from KVI-3
capacitors (0.68 nF x 20 kV), was placed directly inside
the working chamber near the electrode plates. A 3 nF stor-
age capacitor was placed outside the working chamber and
the charging voltage on the storage capacitor was varied in
the range 26 —30 kV.

The working chamber was filled with an H, : SFg = 1:12
active mixture. The laser beam in the near-field zone was
~9 mm high and ~8 mm wide. The dependence of the out-
put energy on the pressure of the active mixture is illustrated
in Fig. 4. The maximum output energy of 38 mJ and the spe-
cific output energy of ~3.4 mJ cm™> were obtained for a
pressure of the active mixture of 114 Torr and a storage
capacitor charging voltage of 30 kV, whereas the maximum
technical efficiency obtained at the optimum pressure of
the active mixture for each charging voltage was 2.7%
(26 kV), 2.9% (28 kV), and 2.8% (30 kV). The technical
efficiency remained constant on increase in the specific input
energy to 0.1 J cm™>. A further increase in the pump energy
as a result of an increase in the storage capacitance to 4 nF
(charging voltage 30 kV) reduced the efficiency to 2.5%.

In the latest version of our chemical laser, a repetitively
pulsed regime was achieved without circulation of the active
mixture. A homogeneous diffuse discharge was observed vis-
ually up to a pulse repetition rate of ~20 Hz, indicating a
high discharge stability.

Comparison of the experimental results obtained in the
present study with those of Ref. [9], where the energy charac-
teristics of lasers with solid electrodes and spark preionisation
of an H, — SF¢ mixture were investigated, would be of interest.
The maximum technical efficiency of the DILAN device with
an active volume of 1 cm x 1 cm x 20 cm was 2.2% for a spe-
cific input energy less than 0.05 J cm ™, whereas for a specific
input energy of ~0.1 J cm™>, the efficiency fell to ~ 1.5%. The
efficiency on the LIDA device with an active volume of
2.5cm x 1.1 cm x 60 cm was 1.6% for an output energy of
1.2 Janda specificinput energy of ~0.4 J cm~>. The efficiency
of the lasers with the interelectrode distances of 10 and
30 mm and inductive stabilisation of the discharge exceeded
almost by a factor of 2 the efficiency of the DILAN and
LIDA lasers for specific input energies deposited in the active
medium of lasers similar to those used in the present study.
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Figure 4. Dependences of the output energy on the pressure of the active
mixture for an interelectrode distance of 10 mm at charging voltages of
26 kV (1),28 kV (2),and 30 kV (3).

The use of plate electrodes in combination with inductive
discharge stabilisation thus makes it possible to construct
highly efficient chemical lasers which are simple and easy
to make. A significant advantage of the proposed electrode
module is the feasibility of circulation of the working gas
through the electrodes. In this version of the laser, it is pos-
sible to employ a discharge circuit with a minimal inductance,
placing the pump source on both lateral sides of the discharge
gap. This is important in the design of large-volume chemical
lasers with a considerable input energy. The interelectrode
distance with such an electrode design is determined by
the characteristics of the pump source (its inductance and
working voltage) and may reach 300 mm or more for a volt-
age of about 500 kV. Assembly of the laser pump source from
individual sections, as specified in Ref. [8], makes it possible
to increase linearly the laser energy by a reasonable increase
in the length of the discharge gap.

Moreover, the high stability of the discharge and circula-
tion of the gas through the electrodes should make it possible
to operate with a near-unity clearance ratio of the working
gas, which is especially important in the operation of a laser
at a high repetition rate.

References

1. Apollonov V V, Kazantsev S Yu, Oreshkin V F, Firsov K N
Kvantovaya Elektron. (Moscow) 25 123 (1998) [ Quantum Elec-
tron. 28 116 (1998)]

2. Hatch C B J. Phys. E 13 589 (1980)

3. Malyuta D D, Tolstov V F Kvantovaya Elektron. (Moscow) 10
441 (1983) [Sov. J. Quantum Electron. 13 253 (1983)]

4. Beaulieu A L Appl. Phys. Lett. 16 504 (1970)

5. Pummer H, Breitfeld W, Wedler H, Klement G, Kompa K L
Appl. Phys. Lett. 22 319 (1973)

6. Sze R C 1 Appl. Phys. 54 1224 (1983); USA Patent No. 4601039
(1986)

7. Lytkin A P, Romanov A V, Suchkov A F Zh. Tekh. Fiz. 60 53
(1990) [Sov. Phys. Tech. Phys. 35 30 (1990)]

8. Lazhintsev B V, Nor-Arevyan V A, Russian Patent No. 2105400
(12 November 1996); Izobreteniya (5) 481 (1998)

9. Goryunov F G, Gurkov K V, Lomaev M I, Sosnin E A,
Tarasenko V Yu Kvantovaya Elektron. (Moscow) 21 1148 (1994)
[ Quantum Electron. 24 1064 (1994)]


http://www.turpion.org/info/lnkpdf?tur_a=qe&tur_y=1998&tur_v=28&tur_n=2&tur_c=1166
http://www.turpion.org/info/lnkpdf?tur_a=qe&tur_y=1994&tur_v=24&tur_n=12&tur_c=261

	f1
	f2
	f3

	ddd: DOI: 10.1070/QE2000v030n01ABEH001646


