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We report initiation of an autonomous volume discharge in the working mixture of a CO, laser by the
radiation of a gliding discharge. Lasing is obtained at working-mixture pressures up to 105 atm. At an
energy input to the volume discharge up to 150 J/literatm, the output radiation energy amounted to 10

J/liter atm.

Methods of controlling the discharge, either by a
beam of charged particles™*—3! or by applying ultra-
violet radiation to the discharge gap!5' are by now
well known. We show in this paper that to produce a
volume discharge in a CO, laser at atmospheric pres-
sure of the working mixture and higher it is possible
to make effective use of a gliding discharge'®’ along the
interface between solid and gaseous dielectrics.

When an oscillatory voltage pulse with a leading-front
slope du/dt=10"1—10'2 V/sec and with a period T=1-10
usec is applied to a system of electrodes, one of which
is an extended metallic plate covered with a thin layer
of dielectrics, a gliding discharge is produced over the
surface of the dielectric.

Figure 1 shows the incompleted (a,b) and completed
stages of the gliding discharge. If the applied voltage is
not high enough, the progress of the gliding-discharge
sparks is chaotic and with different velocities. This
shortcoming is eliminated by coating the surface with a
lacquer filled with finely dispersed powder of com-
pounds of barium, copper, and graphite. The rate of
development of the brightly glowing channels can be
synchronized in this case (Figs. 1b and 1c¢). Thus,
gliding-discharge channels of lengths from 20 to 200
cm were produced at voltage pulse amplitudes 50—200
kV. In the ultraviolet region of the spectrum, the bright-
ness temperature of the plasma in the completed stage
of the gliding discharge is 9-103°K,

A multichannel gliding discharge can be used to ob-
tain a volume discharge in high-pressure CO, lasers,
both to serve as a plasma cathode that is more effective

FIG. 1. a) Gliding-discharge channels without a control coat-
ing; b, ¢) ordered channels, Dielectric layer (lavsan polyester
and triacetate) 0.43 mm thick, length of discharge gap 62 cm,
width 32 em. Voltage amplitude 44 kV in cases a and b and
126 kV in case c.
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than in!” and to produce powerful ultraviolet illumina-
tion of the working volume of the laser.

The discharge characteristics of the gliding dis-
charges do not satisfy the Paschen law. At a working -
mixture pressure above 0.3 atm, the discharge voltage
depends little on the gas pressure. Morever, with in-
creasing working-mixture pressure the discharge chan-
nels fill the surface of the dielectric more uniformly
and more densely. A homogeneously-filled plasma
sheet was obtained in CQ,N,, He, and in their mixtures
at pressures up to 1.5 atm.

A model laser experiment with a small volume of the
active medium was carried out using one gliding-dis-
charge channel, This discharge, 45 cm long, was
formed over the surface of a glass tube (wall thickness
1.5 mm). The diffuse volume discharge in the active
medium of the laser was produced in the gap 2X5 x40
cm between two specially shaped electrodes.

The current-voltage characteristics of this volume
discharge offer evidence that it become autonomous
once it is initiated by the ultraviolet radiation of the
gliding discharge. Its duration, depending on the
storage capacity, range from 0.07 to 0.7 usec. The
laser resonator was made up by a total-reflection gold
mirror with curvature radius 500 cm and a plane-
parallel germanium plate. At a volume-discharge ener-
gy input up to 150 J/liter-atm, the output energy was
10 J/liter-atm. The radiation pulse duration at half
height was 200 nsec. Generation was obtained at a
working-mixture pressure up to 1.5 atm.

The intense ultraviolet exposure ensured lasing at
a main-discharge delay from 0.1—0.5 to 50—100 usec
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FIG. 2. Dependence of the energy of the generation pulses on
the delay of the main supply pulse relative to the start of the
formation of the gliding discharge. Voltage pulse amplitude:
A—120 kV, O—=240 kV.,
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relative to the start of the formation of the gliding
sparks, depending on the voltage applied to the gliding
discharge, as shown in Fig. 2. When used with a non-
autonomous discharge, this method of preionization can
be useful for the development of high-pressure CO,
lasers with long radiation pulses.

Thus, a gliding discharge can be realized in working
mixtures of CO, lasers at high pressures and used to
initiate a homogeneous discharge in a large volume.
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