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A novel transverse electron beam gun for the excitation of cw ion lasers is reported. The electron beam is extracted
from glow discharge plasma using a short gap of electrodes. Electron beam energy and current can be controlled in-

dependently.

We report a novel transverse eleciron beam source
with a beam energy of 500 eV, af current densities up to
1.67 A/cm?. This source operates at helium pressures up
to 2.2 Torr. Recently, we reported an electron beam
pumped Ar" laser,” of which the electron beam energy
and current can be controlled up to 300e¢V and 11 A in-
dependently. We found that laser output power of Ar™
488.0 nm line showed a peak value at the electron beam
energy of 120 V. This relates to the fact that lonization
and excitation cross sections of many upper laser levels
have maxima around the electron energy of 100 eV. The
separate adjustment of electron beam current and energy
is important for the laser excitation with high efficiency.
Many ion lasers are operated in the gas pressure of a few
Torr. It is difficuit to excite longitudinally the laser
medium with a low energy eleciron beam, because the
mean free path of beam electrons is short in such a laser.
To avoid this problem, a transverse excitation scheme is
necessary. Rocca et al. reported a compact Hg II laser
which was pumped by a 10 cm long fransverse electron
beam glow discharge;” however, the beam current and
energy in their experiment could not be controlied in-
dependently. In the transverse excitation scheme de-
scribed below, the electron beam curreni and energy can
be controlled independently., The combination of an
operating pressure in the Torr range without complex
differential pumping and no magnetic field allows a com-
pact laser geometry.

The present electron beam source is schematically
shown in Fig. 1. The electron beam is extracted from
glow discharge plasma using a short gap of electrodes.”
Cathode K is a tantalum pipe which is set inio a
molybdenum one, and the main role of the latter is to
restrict a discharge to the front edge of the cathode. A,
and A are the anode and the acceleration electrodes, re-
spectively, These are made of copper pipes each of which
has a slot 30 mm long and 0.5 mm wide. The slot of A, is
covered by moelybdenum mesh Mg, (#100) in order to
make the effective width of the siot small. A; which has
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an inner diameter of 8 mimn is situated inside A,. Theel
trodes A, and A, are separated by two pieces
machinable ceramics on their ends with the gap width
0.5 mm. The outside of electrode A; is covered w
ceramics except for the edge of the slot in order 1o cone
trate the electron current in the neighborhood of the s
The common axis of A, and A; plays the role of an op
tical path. It is obvious that this facility can make ane
matching of electron beam-produced plasma volu
with the corresponding volume of the optical resonat
Electrode S is an additional anode. Using this electro
there is no need o vse a high voltage power supply @
the breakdown. S is disconnected from the electric circy
just after the breakdown of the gas. All of these e
trodes are water-cooled.

A stainless steel mesh M., (#20) disconnected from ag
electric circuit is located above the molybdenum m
Mino. It should be pointed out that the presence of th
mesh Mg, is a key factor in obtaining a uniform plas
distribution along the siot. It was observed that with
M. the discharge plasma on the slot of A, concentra
This means that there is a strong distortion of the pot
tial distribution in the neighborhood of the A, glectro
To overcome this probiem, we used the conductive mi
My, because M, forces the equi-potential surface of
plasma to be parallel (o the surface of the A, slot. The op
timum distance between M., and M., is about 1.5m
Using this mesh, a stable uniform plasma is reaki
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Fig. 1. Schematic disgram of the transverse electron beam 50




ang the siot of A,

sent facility has two modes of operdnon One
h smpedance mode, or electron beam mode. In
=, when the potential of A, is biased positively
gainst A slectrons fed from the discharge plasma into
the electron accelerating region between A; and A; are ac-
.celerated ad injected inside A, Electron beam currents
are of the Qrder of hundreds of milliamperes. However,
‘it is Tound that when the ambient pressure or discharge
current 25 well as acceleration voltage is Increased, the
lectrode A, increases abruptly up to several
amperes. 1 his means that the mode of operation changes
into the other mode, i.e., the low impedance mode, in
which a siabie discharge takes place between cathode K
and the acceleration electrode As.
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Electron beam Current as a function of discharge current. The

helinm pressure is 1.7 Torr. The electron beam accelerating voliage is
20y,
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The dependence of the electron beam current [, on the
acceleration voltage V.. is shown in Fig. 2. When V.. in-
creases bevond a threshold, 4, increases abruptly to a
high value, and then saturates over the acceleration
voltage of 100 V., This feature becomes more clear with
the increment of discharge current. The ratio of the
saturation value of beam current to the discharge current
reaches 0.4-0.6. Figure 3 shows the dependence of the
electron beam current fy upon discharge current #y. £, in-
creases tnearly with £, under the condition of the cons-
tant acceleration voltage. It is concluded from Fig. 3 that
this facility has the important merit that the electron
beam current and energy ¢an be controlled independent-
ty. The beam current as a function of the He gas pressure
is shown in Fig. 4. Available pressure region is from 0.5
Torr to 2.2 Torr, which is typical for the operation of cw
ion lasers. The ratio of 1, to {; increases with the increase
in gas pressure. Above a gas pressure of 2.2 Torr, i is
hard to stably accelerate the clectron beam beyond 200 V
because of the breakdown between K and A,.

A maximum electron beam energy of 500 ¢V and elec-
tron beam current density up to 1.67 A/om?® are achieved
in the present facility. However, the value of f, does not
vefer to the electron beam current injected {o the inside
of A, through the slot. By setting a plane probe just
behind the siot of A, we have measured the ratio of the
beam current injected to the inside of A, to fy; this was es-
timated to be about 1/3. it is expected that this ratio
could be increased by improvement of the shape of the
slot. This input power per unit length is sufficient for
pumping of ow ion laser.

Using a plane probe, we observed the applied voltage-
drain current characteristic in the plasma inside A,
which is shown in Fig. 5. There is noi only electron car-
rent from the low temperature plasma around the probe
potential of 0V but also a clear step of electron current
— 100 V. The latter confirms the existence of the electron
beam in the plasma. The dip of the probe current from
—50V to — 10 V can be attributed to the secondary elec-
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Fig. 4. Electron beam current as a function of helium pressure. The

discharge current is 150 mA. The electron beam accelerating voltage
is 200V,
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Fig. 5. Probe characieristics of the plasma produced by the electron

beam. The helium pressure is 1.7 Torr. The discharge current is 100
mA. The electron beam accelerating voltage 1s 200V,

trons emitted from the probe surface by the bombard-
ment of the electron beam.
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In summary, we have constructed a novel trang:
electron beam source which provides reasonablg o
tion conditions for cw lon lasers. Fundamenta] fe;
of the facility are studied, It is expected that cw iop ]
including both noble gas lasers and metal vapor
can be pumped by such an electron beam.
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