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COHAN EPNER GOLD ON NWC DIAMOND TURNED SLBSTRATE CRATER #5841
SURFACE SCANS
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Fig. 4. Surface profile of Au-electroplated dlamond«turned Cu. Part
(a) shows the surface profile of a catastrophically damaged area, i.e.,
the crater, part (b) shows the surface profile of the roughened area,
both irradiated with 0.532 um light. Part {c) shows the surface pro-
file of the unirradiated area.

ir_regularitieé may enhance the local optical electrc field
strength and thereby reduce the damage resistance of the site.
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Compact Hg Il Laser Excited’, by a Transverse Electron Beam
Glow Discharge

JORGE J. ROCCA, DAVID M. MC CLURE, axp GEORGE J. COLLINS

Abstract—CW laser action at an output power of 6 mW has been
obtained on the 6149.5 A transition of Hg I, using a 10 cm long
transverse electron beam glow discharge. Beam energies are typically
1 keV. Laser tube design, discharge characteristics, and laser output
power are teported.

E have obtained CW laser action on the 6149.5 A
transition of Hg II using a 10 cm long transverse
electron beam excited glow discharge. We previously reported
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the generation of CW laser radiation in several singly ionized
species in He-metal vapor mixtures using longitudinal electron
beam excitation [1]-[5]. In this excitation scheme, a glow
discharge electron gun [6] produces an electron beam with an
energy between 1 and 5 keV that is guided by an axial mag-
netic field to generate a laser active medium 50-100 cm long.
In the transverse excitation scheme we describe below, the
magnetic field is not needed to ensure efficient deposition of
the electron beam energy into the gas mixture. Rather,
electrostatic fields confine and partially trap the beam elec-
trons. This allows for the compact laser geometry shown sche-
matically in Figs. 1 and 2(a). ;

A new cathode material is used in our glow discharge elec-
tron gun. This is a sintered mixture of molybdenum and mag-
nesium oxide particles (10 um diameter) in equal proportions
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Fig. 1. Schematic diagram of the transverse electron beam laser. For
clarity, details such as complete water-cooling circuit are now shown.
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Fig. 2. (2) Schematic end view of a cathode segment and slotted anode,
(b} End view of the electron beam glow discharge.

by weight. The magnesium oxide particies have a high sec-
ondary electron emission coefficient y following ion bom-
bardment, making the cathode an efficient electron emitter
[7]. The molybdenum particles are necessary to make the
material dn electrical conductor suitable for dc plasma oper-
ation. In contrast to the cathodes coated with either an
aluminum or magnesium oxide film, as described in [6], the
sintered cathodes we employ in this study can work in a pure

JEEE JOURNAL OF QUANTUM ELECTRONICS, VOL. QE-19, NO. 10, OCTOBER 1983

noble gas or even a metal vapor-noble gas mixture without
requiring the addition of oxygen to maintain cathode
emissivity.

Hollow cylindrical pieces of the sintered material, 11 mm
inside diameter and 7 cm long, were press fit into water-cooled
copper pieces. Two of these cathode segments were separated
by a single piece of machinable ceramic, as shown in Fig. 1.
Each cathode was connected to the dc power supply through a
separate ballast resistor. The two stainless steel end pieces are
also separated from the cathode segments by machinable
ceramic spacers. O-rings were used as a vacuum seal between
pileces. The stainless steel end pieces support a slotted
tantalum tube which acts as the concentric anode. The anode
surface is approximately 0.5 mm from the cathode and has
two sets of opposing slots 0.5 cm wide and 5 cm long, as
shown in Fig. 2(a), through which the electron beam passes.

The anode tube also covers the regions between different
pieces and consequently protects the O-ring seals from the
slectron beam created discharge. The 0.5 mm distance be-
tween the electrodes, under opeérating conditions (pressures
between 1 and 6 torr) is less than the mean free path for an
ionizing electron collision. For an electron with an energy
near the peak value of the total cross section (120 eV) for jon-
ization of helium (o = 3.7 X 1077 c¢m?), the corresponding
mean free path is 5 mm at a helium pressure of 6 torr and a gas
temperature of 1000°C. Higher clectron energies and lower
pressures have even larger mean free paths for fonization. Con-
sequently, there is not sufficient ionization in the annular
interelectrode region to establish a stable discharge. In this
way, a constricted glow discharge with a length of 10 cm is
created. The electron beam is produced by acceleration in the
cathode dark space of the electrons emitted following cathode
bombardment by ions and fast neutrals. Practically all the dis-
charge voltage ¥, drops in this cathode fall region, creating an
electron beam of energy approximately equal to e X V,. The
concave cathode geometry focuses the electron beam towards
the axis of the discharge volume. The beam electrons lose part
of their energy in exciting and ionizing collision as they travel
towards the opposite cathode surface. The beam electrons are
then reflected by the electric field in the opposite dark space
[8]. The opposing concave cathode surfaces allow for both
the trapping [8] and focusing of the beam electrons, and
consequently efficient deposition of beam energy into the gas
mixture occurs. The electron beam, electrostatically trapped
in this way, creates a bright plasma with the clear boundries as
shown in Fig. 2(b). Transverse high voltage glow discharges
have been obtained in the past [9], [10] by similar techniques
but with lower v cathode materials, and without allowing for
electrostatic trapping of the beam electrons.

Mercury vapor was introduced into the discharge tube by
heating a reservoir located in one of the stainless steel end
pieces. Helium was introduced at the same end of the dis-
charge tube and was flowed at a rate of 8000 SCCM via a
roughing pump. The optical cavity was formed using two
internally mounted dielectric mirrors of 2 m radius of
curvature.

The I-V characteristics of the transverse electron beam glow
discharge in helium are shown in Fig. 3. Stable discharges at
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Fig. 3. I-V characteristics of the transverse electron beam glow dis-
charge in belium using two cathode segments.
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Fig. 4. (a) Laser output power as a function of discharge current.
Helium pressure was 4 torr. Hg reservoir temperature was 180°C.
(b) Laser output power as a function of helium pressure for a dis-
charge current of 1.3 A, Temperature of the Hg reservoir was 180°C.

currents over 1 A and at a voltage of 1 kV have been obtained
using two cathode segments, each having an effective discharge
length of 5 cm. The laser output power versus discharge
current is shown in Fig. 4(a) for a helium pressure of 4 torr.
The laser output power increases linearly with current and no
saturation was observed up to the maximum discharge current
investigated. A CW laser output power of 6 mW was obtained
using an unoptimized output coupler of 99.8 percent reflec-
tivity at 6150 A. Fig. 4(b) shows the variation of the laser
output power as a function of helium pressure for a discharge
current of 1.3 A, The dominant excitation mechanism is pro-
posed to be charge transfer excitation of the Hg II 7p 2P°; J2
level from the helium ion ground state He 1I 1s *S; ;2 [11].
The 10 cm long discharge, of modular construction, can be ex-
tended adding more cathode segments to obtain larger laser
powers.

In summary, we have obtained CW laser action in the 6149.5

A transition of Hg II using a 10 cm long transverse electron
beam glow discharge to excite a He~-Hg mixture.
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Compact Sealed TEA CO, Lasers with Corona-Discharge
Preionization

R. MARCHETTI, E. PENCO, anp G. SALVETTI

Abstract—Qptimization of the performance of compact sealed TEA
CO, lasers employing a novel version of the corona-discharge preioni-
zation scheme is reported, Performance with high oxygen concentra-
tions, tong-ife operation with organic additives, limits of arc-free opera-
tion with gas mixtures without helium, and in the presence of high CO,
concentrations have been investigated. Our results show that devices
whose construction is considerably simplified by employing this pre-
ionization technique are capable of producing performance superior to
more complex systems,

I. INTRODUCTION AND BACKGROUND

HERE is at present considerable interest in the develop-

ment of compact pulsed atmospheric-pressure UV pre-
ionized CO, lasers capable of operating at medium/high
repetition rates for long periods without the need for gas re-
plenishment. One of the major problems to be faced in order
to meet these requirements is the CO, dissociation in the
discharge with concomitant formation of molecular oxygen
which gives rise to strongly attaching neutrals and negative
ions with subsequent loss of discharge stability [1]-[3]. A
solution to this problem has been sought in terms of removal
of the molecular oxygen, either by including gaseous addi-
tives in the gas mixture [4], {5], or by using hot and cold
catalysts [6]-]8]), whose utilization is, nevertheless, gener-
ally detrimental to simplicity and compactness. Another
approach that can be adopted is to use a discharge scheme
which minimizes the CO, dissociation rate in the gas mix-
ture. Infact, this rate is affected by a number of factors,
one of the most important being the type of preionization
source employed. To this regard, the widely used sliding-
spark preionization technique [9] has to be avoided, while
diffuse-discharge preionizing structures should be preferred
since it is well established that they result in a lower €O,
dissociation rate [2].
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Among these structures, a most interesting one relies on the
generation of preionizing UV photons from a corona discharge
over the surface of a dielectric [10], [11]. The corona dis-
charge, generally longitudinally extended for the entire length
of the discharge electrodes, produces a very homogeneous UV
radiation flux, which is capable of initiating on nanosecond
time scales very uniform glow discharges with considerable
enhancement of spatial uniformity of the optical gain. This
feature obviates the need for using additional pulsing, timing,
and switching circuits to allow plasma recombination processes
to homogenize the photoelectron distribution prior to the ap-
plication of the main voltage pulse, as in the case of sliding-
spark preionized discharges. It is therefore possible to employ
very simple electrical configurations where the corona discharge
starts during the step up of the voltage applied to the main dis-
charge electrodes and illuminates the gap throughout the whole
discharge time, having very litile delay and no jitter with re-
spect to the main discharge. This near simultaneous UV pre-
ionization scheme makes the laser system fairly insensitive to
relatively large concentrations of attaching species (e.g., O,),
such as those occurring in sealed systems after several million
pulses. In addition to this, the corona-type preionization elim-
inates the problems associated with the erosion of the sliding-
spark electrodes, ie., sputtering of extraneous materials into
the laser gas mixture and variation of the electrical characteris-
tics of the preionization discharge with the number of shots.

In this letter, we describe some aspects of the design, opera-
tion, and performance of a series of compact sealed TEA CO,
laser systems which use an improved and simplified version [12]
of the preionization technique based on corona-discharges over
the surface of a dielectric. With a proper choice of the dielec-
tric material and preionization electrode geometry, efficient
UV radiation can be generated from an extremely simple, in-
expensive, and rugged photon source. For the optimization of
this technique, we have profited from the experience gained in
a comprehensive study of the mechanisms involved in photo-
electron production by corona discharges, reported in a sepa-
rate publication [13]. Details of the construction and operat-

0018-9197/83/1000-1488301.00 © 1983 IEEE



