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HOLLOW CATHODE APPARATUS

ORIGIN OF THE INVENTION

The invention described herein was made in the per-
formance of work under a NASA contract and is sub-
ject to the provisions of Section 305 of the National
Aeronautics and Space Act of 1958, Public Law 85-568
(72 Stat. 435; 42 USC 2457).

BACKGROUND OF THE INVENTION

Hollow cathodes are typically in the form of metal
tubes through which a primary gas to be ionized can
flow, the gas being ionized by electrons emitted within
the cathode and accelerated to a downstream anode.
One type of hollow cathode utilizes a heater to heat a
low work function insert in the cathode to a tempera-
ture at which electrons are emitted. Such devices often
include a high voltage tickler electrode to start an arc
near the cathode end in case the electrons emitted by

the low work function insert material are not sufficient .

to start the arc. Several problems occur with this type
of cathode, including a lack of reliable startup, startup
times of up to several minutes due to the need to preheat
the cathode, the susceptibility to poisioning of the low
work function material when it is exposed to air during
maintenance, and the possibility of plugging up the
cathode by sputtered material generated by the high
voltage tickler and insert.

Another common type of hollow cathode, which
does not use a low work function insert, employs a radio
frequency discharge device for initiating an arc be-
tween the cathode and anode to heat the cathode tube
to electron emitting temperatures. Although such hol-
low cathode devices are fairly reliable, they operate at
very high input power levels (typically several kilo-
watts) and cannot be made to operate stably at lower
levels such as tens or hundreds of watts. In addition, the
radio frequency discharge device adds to the complex-
ity of the hollow cathode device. A hollow cathode
device which could start rapidly and reliably, which
could operate effectively at moderate power levels, and
which was of relatively simple construction, would be
of considerable value in a wide range of applications
that utilize hollow cathode devices.

SUMMARY OF THE INVENTION

In accordance with one embodiment of the present

invention, a hollow cathode apparatus is provided
which can be reliably started. The apparatus includes a
hollow cathode through which primary gas to be ion-
ized can pass, a keeper electrode slightly spaced from a
downstream end of the cathode and at a different poten-
tial, and means for flowing a limited quantity of ionized
gas into the space between the outer end of the cathode
and the keeper to initiate an arc between them. The
means for flowing ionized gas can include an igniter

10

20

25

30

45

50

that can be electrically energized to create a puff of o

ionized gas, and which is located upstream from the
hollow cathode, so the puff of ionized gas flows with
the primary gas through the cathode to its downstream
end where the arc is generated.

The novel features of the invention are set forth with
particularity in the appended claims. The invention will
be best understood from the following description when
read in conjunction with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional side view of a hollow cathode
apparatus constructed in accordance with the present
invention.

FIG. 2 is a sectional view of a portion of the igniter of
FIG. 1.

FIG. 3 is a view taken on the line 3—3 of FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 illustrates a hollow cathode apparatus 10
which generates ionized gas that can be utilized for any
of a variety of purposes such as in ion engines for space
vehicles, for ion implantation in semiconductors, and
for neutral beam heating of fusion plasmas. A primary
gas supply 12 supplies gas through a valve 14 to an inlet
16 of a chamber 18, to flow the gas into a hollow cath-
ode 20. During steady state operation, the cathode 20
has been heated so that it can emit electrons, and the
electrons flow between the cathode and a nearby anode
22 and from the stream of highly ionized gas issuing
from the downstream end 24 of the cathode. The elec-
trons ionize the primary gas to generate ions thereof
that may be utilized as by passing them in the direction
of arrow 26 through an ion accelerator of a prior art
type. Once the electrons, or current flow through the
cathode has been established to flow electrons to the
anode, the electrons emission can be self-sustaining.
However, an important problem that is encountered in
operating hollow cathode devices, is the initial heating
of the cathode to an electron emission temperature to
begin the process.

In accordance with the present invention, an igniter
30 is provided which serves to flow a small quantity of
ionized gas into the space between the downstream or
outer end 24 of the cathode and a keeper electrode or
keeper 32. During startup, the keeper 32 is maintained at
a moderate voltage such as 500 volts positive with re-
spect to the cathode 20, and is slightly spaced from it.
The presence of ionized gas in the space 34 between
them, produces an arc between the cathode and keeper.
Primary gas flowing into this space feeds the arc and
rapidly heats the cathode to emit electrons. The igniter
30 is located to direct the puff of ionized gas, indicated
at 36, into the chamber 18, to flow along with the pri-
mary gas into the inner or upstream end 38 of the cath-
ode.

The igniter 30, which is shown in greater detail in
FIG. 2, includes a pair of terminals 40, 42 which are
separated largely by insulation 44. However, at a face
46 of the igniter which faces the chamber, a ring of
semiconductor material 48 lies between the terminals.
The igniter 30 is largely similar to igniter plugs utilized
to start jet engines. When a large voltage is briefly ap-
plied between the terminals 40, 42, the current pulse
flowing through the semiconductor 48 vaporizes a thin
layer of the semiconductor to create a puff of ionized
vapor. The large current flowing through the semicon-
ductor also creates a magnetic field which propels the
puff of ionized gas directly away from the face 46 of the
igniter to propel it into the primary gas stream flowing
into the hollow cathode 20. Thus, the igniter generates
a small puff of ionized gas and directs it into the hollow
cathode, so that the puff quickly finds its way into the
space 34 between the cathode end and keeper to initiate
the arc.
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The hollow cathode .apparatus is:operated by first
opening the valve 14 to begin the flow of primary gas
into the chamber 18 and through the hollow cathode 20.
A switch 50 is placed in a position to connect a 500 volt
voltage supply 52 between the cathode 20 and keeper
32. Then, a switch 54 is closed for a brief period such as
one millisecond to connect a 1,000 volt supply 56 to the
igniter 30 to produce the puff of plasma 36 and direct it
at the cathode 20. The puff 36 moves through the cath-
ode, and when it reaches the space 34 between the
cathode and keeper, it initiates the arc. The arc is fed by
the primary gas and heats the cathode 20 to continue the
emission of electrons. The electrons flowing through
the anode 22 ionize thé primary gas to create the desired
ions. Once the arc is initiated, the cathode-to-keeper
voltage can be reduced, as by operating switch 50 to
‘connect a fifteen volt supply 55 between the cathode
and keeper.

When the cathode apparatus is operating, the cathode
20 becomes heated, with the outer end 24 v1s1b1y glow-
ing and the inner end 38 not quite as hot. By spacing the
plug 30 away from the cathode, it is not sub_]ected to
such high temperatures, which could vaporize the semi-
conductor material of the plug. However, the plug is
aligned with the hole in the cathode, so that the plasma
puff 36 moves directly towards the cathode to provide
the highest density of plasma at the space 34 between
the cathode and keeper to form an arc.

It is often desirable to maintain the cathode 20 and
anode 22 at a high positive potential of more than 1000

volts above ground, to provide a large potential drop to.

ground potential for accelerating the ions of the pri-
mary gas. This can be accomplished by utilizing a volt-
age source 60. An insulation mount or enclosure wall
portion 62 is utilized to insulate the plug from the rest of
the enclosure 64 that forms the chamber 18 and that
. holds the cathode. The insulation mount is utilized be-
cause it is important to prevent direct low resistance
connection between the outer plug electrode 42 and the
enclosure 64 or cathode 20, to prevent the possibility of
a destructive continuous arc occurring at the plug face.

In one apparatus that has been constructed with the
general configurations shown in FIG. 1, the keeper 32
had a hole 66 of the same size as the hole 68 in the
cathode, and was spaced from the cathode by 20 mil (20
thousandths inch). From tests performed with this ar-
-rangement, it was found that the hole 68 in the cathode
should not be much smaller than about 0.1 inch, in order
to assure that the plasma puff 36 can properly propagate
through the hollow cathode to reliably start it. Simi-
larly, the keeper orifice 66 should not be much smaller
or larger than the cathode inside diameter, as a smaller
keeper hole would restrict microplasma movement
down the cathode while a larger keeper hole would
cause an insufficient voltage field to effect reliable
breakdown. While other plasma puff generators could
be constructed, the ignitor plug shown at 30 provides
highly reliable starting over a large number of cycles.
The hollow cathode device described has been utilized
to produce continuous arc currents of from two to fif-
teen amperes utilizing argon as the primary gas.

It should be noted that the apparatus can be utilized
primarily for the electrons that are emitted from the
cathode, rather than for accelerating the ions. Where
the emitted electrons are of primary interest, the volt-
age source 60 may be eliminated and the cathode
grounded.
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Thus, the invention provides a hollow cathode appa-
ratus which can be rapidly and reliably started, by using
a relatively simple construction. This is accomplished
by utilizing a means for flowing a quantity of plasma
into the space between a cathode end and adjacent
keeper to initiate an arc between them: The plasma can
be generated by an ignitor located upstream from the
upstream end of the hollow cathode, to produce a
plasma puff that passes through the cathode along with
the primary gas to initiate the arc. The plug is prefera-
bly aligned with the upstream end of the hole in the
cathode to enable the propelled puff of plasma to reach
the space between the plasma end and adjacent keeper
at the highest density of plasma.

Although particular embodiments of the invention
have been described and illustrated herein, it is recog-
nized that modifications and variations may readily
occur to those skilled in the art and consequently, it is
intended that the claims be interpreted to cover such
modifications and equivalents.
~ What is claimed is:

1. A hollow cathode apparatus comprising:

a cathode having inner and outer ends and having a

through hole extending between said ends;

a keeper electrode slightly spaced from said outer end

of said cathode;

means for applying an electrical potential between

said cathode and keeper electrode;

means for supplying primary gas to-flow into said

inner end of said cathode hole; and

means for flowing a quantity of ionized gas into said

inner end of and through said cathode to flow into
the space between said outer end of said cathode
and said keeper, to initiate an arc.

2. The apparatus described in claim 1 wherein:

said means for supplying primary gas includes walls

forming an enclosure having a gas inlet and having
an-outlet connected to said inner end of said cath-
ode; and '

said means for flowing 1omzed gas includes an lgmtor

having a pair of separated terminals and a seimcon-
ductor lying between them, said means for flowing
also including means for applying current between
said terminals to thereby vaporize some of said
semiconductor to form an ionized gas, said semi-
conductor having a surface facing the inside of said
enclosure to flow vaporized semiconductor mate-
rial with primary gas through said hollow cathode.

3. The apparatus described in claim 2 wherein:

said semiconductor surface is substantially aligned

- with said through hole of said cathode, whereby to
minimize dissipation of the ionized gas.

4. In a hollow cathode structure which includes a
hollow cathode with upstream and downstream ends
for carrying a gas, a keeper lying adjacent to a2 down-
stream end of the cathode to enable the generation of an
arc between them, and an anode positioned to attract
electrons of the arc, the improvement of apparatus for
initiating the arc, comprising:

an igniter which includes anode and cathode termi-

nals and a semiconductor material between, said
igniter spaced from the upstream end of the hollow
cathode; and

means for applying a high voltage pulse between said

igniter terminals, to heat and thereby vaporize said
semiconductor material to produce a puff of ion-
ized gas, and to produce a magnetic field that pro-
pels said puff of gas away from said igniter;
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said igniter positioned to direct said puff of ionized
gas into said upstream end of said hollow cathode
to flow along its inside to the space between said
downstream cathode end and said keeper, whereby
to provide an ionized gas to initiate the arc.

5. The improvement described in claim 4 including:

walls forming an enclosure with a gas inlet and with

an outlet connected to an end of said cathode oppo-
site said keeper; and wherein

said igniter is located with said semiconductor mate-

rial facing the inside of said enclosure.

6. In a hollow cathode apparatus which includes a
hollow ‘cathode, a keeper slightly spaced from the
downstream end of the cathode and at a higher electri-
cal potential than the cathode, and a source of primary
gas to be vaporized for flowing through the cathode,
the improvement comprising:

a quantity of semiconductor material spaced from the

upstream end of the hollow cathode;
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means for applying a current pulse through said semi-
conductor material to vaporize and ionize it to
form a puff of ionized gas; and

means for forming an enclosure connected to the

upstream end of said hollow cathode;

both said semiconductor and said source of primary

gas coupled to said enclosure, to allow. the puff of
ionized  gas from the  semiconductor to flow with
the primary gas through the hollow cathode,
whereby to start and continue to feed a cathode
discharge.

7. A method for starting an arc between an end of a
hollow cathode and a keeper which is at a higher poten-
tial than the cathode, comprising:

generating a quantity of ionized gas and directing it

into the other end of and through said hollow cath-
ode toward the space between said cathode and
keeper, while also flowing a primary gas to be

ionized through said cathode.
) * x & k%



