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The present invention telates to discharge de-
vices and more particularly to high vacuum de-
vices capable of passing high currents and capable
of withstanding comparatively high voltage.

Devices of a somewhat similar nature are knowa
to the art but in most instances they depend for
their operation on the continual presence of a
metallic vapor or gaseous environment to carry
current between the electrodes. This limits the
amount of current which cah be passed by the
device without the occurrence of destructive dis~
charges.

It is accordingly an object of the present inven-
tion to provide a discharge device capable of pass-
ing high currents of the magnitude of hundreds
or even thousands of amperes.

Another object of the present invention is the
provision of discharge devices capable of ‘passing
exceptionally high currentsat comparatively high
voltages wherein “cold electrodes” are employed
between which the current flows during operation
of the device.

Another object of the present invention is the
provision of a discharge device which passes ex-
ceptionally high currents by using field emission
from “cold electrodes” to initiate snd sustain a
discharge therebetween.

A furfher object of the present invention is the
provision of-a discharge device which passes ex-
ceptionally high currents by utilizing field emis-
sion from cold electrodes to initiate and sustain a
discharge therebetween and wherein initiation of
the discharge is controlled at will. )

Still further objects of the present invention
will become obvious to those skilled in the art
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by reference to the “accompanying drawings °

wherein:

Fig. 1 is a side view.of a high vacuum discharge
device constructed in accordance with the pres-
ent invention and showing schematically its con-
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nection to a load and a control circuit therefor. “~

Fig. 2 is a fragmentary sectional view on an en-
larged scale of the electrode construction of the
discharge device as shown in Fig, 1; ‘ .

Fig. 3 is a sectional view taken on’'the line
IITI—IIT of Fig. 2; Co : :

Fig. 4 shows a modification which the electrode
structure for the discharge device of Fig. 1 may
take; :

Fig. 5 is a side view of a high vacuum disctiarge

device showing a modification of the elect’rode :

- :

structure; : .
Fig. 6.is a sectional view taken on the line

VI—VI of Fig. 5; ‘

- Figs. 7, 8, and 9 are sectional views similar to
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Fig. 6, of additional modifications which the elec~
trode structure may take;

Fig. 10.is a fragmentary view of a further modi-
fication which the electrode structure of the de-
vice as shown in Figs. 1 and 5 may take. ‘

Fig. 11 is a sectional view taken on the line
XI—XIT of Fig. 10, and

Pigs. 12 and 13 are each still further modifica-
tions which the electrode structure for the high
vacuum discharge device as shown in Fig. 1 may
take.

Referring now to the drawings in detail, a dis-
charge device is shown in Fig. 1 which comprises
a vitreous envelope 5 provided with a pair of elec~
trodes constituting an anode § and two-part cath-
ode T and 8 as will be hereinafter described. The
anode 6 is supported by a leading-in conductor
9 sealed through a reentrant press (0 provided
at one end of the envelope 5, and in a similar
manner a- leading-in ' conductor 12 is sealed
through a reentrant press 13 in the opposite end

“of the envelope. The inner end of the leading-in

conductor 12 is shown provided with a suitable
insulator 14 to the latter of which is also secured
a further leading-in conductor 15 hermetically
sealed to a side-arm 16 of the envelope 5.

A conductor 18 is welded or otherwise affixed to
the conductor 12 so as to constitute an extension
of the latter to complete an. electrical connec-
tion to the cathode member T and similarly a con-
ductor 19 is secured to the leading-in con-
ductor 15 and completes an electrical connection
to the remaining cathode member 8. By refer-
ence now more particularly to Figs. 2 and 3, it
will be noted that the anode 6 and main cathode
member T are metallic cylinders, which may be-of
tantalum, molybdenum, or an alloy known under
the trade name of “Xovar”, closed at their closely
spaced adjacent ends except that the cathode
member. 1 is provided with a small opening 28.
The remaining metallic cathode member 8 be-
ing of rod-like configuration has its .end project-
ing through this small opening 29, thus leaving a
very small spacing between the metallic rod-like
member 8 and the surrounding edge of the cylin-
drical cathode member T formed by the slightly
larger diameter opening.- Ce DT
... When.a positive impulse of several thousand
volts is ‘applied to the cathode member 8, field
emission of electrons occurs from the edges of the
surrounding cathode member 1 due to the high
potential gradient at the cathode. This field emis-,
sion of electrons resulting from the high -elec-
trostatic fleld causes a minute arc to form at
peihts around the edge of the cathode ‘member
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7 apparently due to evolved metal vapor from
this cathode member much in the same manner
that a cathode spot is formed on the surface of
the mercury cathode of a vapor electric discharge
device. 'The positive ion bombardment result-
ing from ionization of the evolved metal vapor
caused by the arc, heats this cathode member 7
or the metallic arc becomes an electron source
and the impedance of the device is so reduced
that an electron discharge is almost instantane-
ously initiated or transferred between the closely
spaced cathode and anode. An electron-emissive
cathode of enormous current capacity is accord-
ingly provided despite the fact that the cathode
is what is known in the art as a “cold electrode.”

In the fabrication of the discharge device of
the present invention the electrodes and all metal
parts are thoroughly degasified and the envelope
preferably evacuated to a very high degree so that
satisfactory operation of the device is entirely in-
dependent of vapor present in the tube. Satis-
factory operation also results, however, with a
metal vapor such as mercury present in the de-
vice so long as its pressure is such that the spac~
ing between the cathode members is less (and
preferably many times less) than the mean free
path of electrons in the vapor so that firing or
ignition of the device to form the metallic arc is
entirely independent of the mercury vapor pres-
ent. The same condition holds respecting the
ensuing electron discharge between the cathode
and anode, for again the spacing therebetween is
less than the mean free path of electrons in the
mercury vapor at the pressure employed, so that
this electron discharge is also independent of
the mercury vapor present and apparently sup-
ported entirely by the metal vapor ionization pro-
duced by the field emission arc. The presence of
mercury vapor in the device performs the func-
tion of making the high current discharge more
certain and increases the area of the anode im-
pinged by the electrons from the cathode.

In order to obtain a discharge in the device
particularly at will, it is desirable to keep the
potential gradient at all electrodes as low as pos-
sible due to the high voltage between the anode
6 and cathode T to prevent the occurrence of
spurious discharges. At the same time the po-
tential gradient at the cathode 7 should be as
high as possible due to the voltage between the
cathode members T and 8. Due to the position-
ing of the cathode member 8 in closer proximity
to the cathode member T than the spacing he-
tween the anode 6 and cathode 7—8 the potential
gradient at all the electrodes is thus properly
selected. Also, to have low energy dissipated
within the tube, it is necessary that the are
spread as quickly as possible between the anode
6 and cathode T—8 and hence this spacing should
be kept as small as is consistent with the voltage
therebetween which is to be controlled.

Naturally these spacings between the electrodes
will vary depending upon the magnitude of the
voltage to be controlled and existing between
the electrodes § and 1, as well as the controlling
voltage applied to the cathcde member 8 to in-
itiate the metallic arc discharge. However, as an
example, with an applied volitage of 20,000 volts
to be controlled between the anode 6 and cathode
T and with spacing of .2 ¢cm., a discharge is satis-
factorily and rapidly initiated by applying a con-
trolling voltage of 10,000 volts to the cathode
member 8 with a spacing of .01 ¢m. between the
latter and the adjacent cathode member T.

From the above description it can thus be
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readily seen that the discharge device of the
present invention can be controlled at will to
supply enormous current to a load. A simple
circuit for supplying such currents to a load and
for controlling a discharge is shown in Fig. 1.
In this figure a condenser 22 of about .04 mid.
capacity is charged to about 20,000 volts through
a rectifying valve 23 from the secondary winding
24 of a high voltage transformer 25, cne plate of
the condenser 22 being grounded as at 256 and
one end of the secondary winding 24 being also
grounded at 27, thus completing the charging
circuit for the cendenser. Thez discharge circuit
for the condenser 22 includes the high vacuum
discharge device 5 having its cathode member 7
connected by o conducter 2§ and leading-in con-
ductor 12, I8 to one plate of the condenser, while
the remaining plate of the condenser 22 is con-
nected through g load 29 to the anode § of the
discharge device by means of leading-in con-
ductor 8.

A high potential is accordingly impressed
across the electrodes 6 and 1, but since the elec-
trodes are non-thermionic or “cold electrodes”
no discharge occurs in the device and hence the
load 29 receives no energy. When it is desired
to energize the load 29, a high voltage is im-
pressed across the cathode members T and 8 to
cause the formation of an annular arc discharge
at points around the edge of the cathode at the
opening 28 and having an annular appearance
which initiates almost instantaneously a ther-
mionic discharge between the cathode T and
anode 6, as before noted.

The contrel circuit as shown in Fig. 1 com-
prises a high tension transformer 32 having its
primary winding 3% connected to a suitable source
of supply of the customary domestic potential
in the same manner as the primary winding of
the transformer 25. ‘The secondary winding 34
of the transformer 32 is arranged to form a
charging circuit for a condenser 35 by having
one of its ends connected to ground as at 27
with its other end connected to one plate of the
condenser 39 through a rectifying valve 3§, and
the charging circuit keing completed by ground-
ing the remaining plate of the condenser 35.

The discharge circuit for this condenser 35 in-
cludes the primary winding 37 of a high tension
transformer 38, the secondary winding 239 of
which. is connected to the cathode members T and
8 so as to impress a high voltage thereacross
when it is desired to energize the load 29. In
order to control discharging of the condenser 38
a control tube £0 of the usual three electrode
type is interposed between the condenser 35 and
primary winding 37. A voltage is impressed
across the grid and cathode electrodes of this
control tube 40 from g suitable source, such as a
battery 42, and through a resistance 43 and nor-
mally closed switch 44, so that the polarity of the
grid electrode is made highly negative with re-
spect to the cathode, in the usual manner of con-
trolling a discharge through tubes of this type.

When it is desired to energize the load 23,
switches (not shown) are first closed which con-
nect the primary windings of both transfcrmers
25 and 23 to a source of the customary domestic
potential. This gccordingly causes the condens-
ers 22 and 35 to accumulate a high veltage ¢charge
from their respective charging circuits. as previ-
ously described. The switch 44 is then opened
(either manually by an operator or automatically
by a relay) which thus removes the negative
charge supplied by the batteries 42 to the grid
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of the control tube 49, allowing the charge -to
leak ‘off through a resistance 45.

The condenser 35 will accordingly discharge
through ‘tube 40 and primary winding 37 of the
high- potential-transformer 38, thus inducing a
high voltage current in the secondary winding 29
which is impressed across the cathode members
1 and 8. This, as- before neted, causes the
formation of an arc at points around the'edge of
the opening 29 of the cathode member T, making
the latter a high emissive cathode which causes
a discharge of enormous current from the con-
denser 22 across the cathode T and anode 6 to
the load 28, the magnitude of which is dépendent
upon:the voltage and load.

In addition to the embediment of the electrode
strueture thus far 'described, many other designs
of the cathode are possible. For example, sub-
stantially the same desizn may be resorted to as
shown in Figs. 1 to 3, but the side arm for the
starting electrode eliminated by resorting to an
arrangement such as shown in Fig. 4 wherein the
leading-in conductors for the anode 8 and cath-
ode member T are brought in from one end of the
tube while the cathode member 8 is supported
from the opposite end of the envelope.  Also, the
cathode member 8 may extend through an open-
ing 52 provided in the anode 6 of the same diam-

6
sharp edges about which the arc discharge is in-
itiated so-as to prolong the life of the device. is
shown in Figs. 12 and 13, wherein a plurality. of

. rod-like anodes 69, all connected in electrical
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eter as the opening 20 in the cathode member 7,

which thus permits either the electrode 6 or 7 to :

operate as anode or cathode.

In addition, the electrodes may comprise a
plurality of rods with their upper ends supported
by an insulator 53, as shown in Figs. 5 and 6,
or the cathode member made of triangular form
as shown-at 54 in Fig. 7 and positioned between
two parallel connected rod-like anodes 55 and 56
with the apex of the cathode member 54 spaced
clesely to the remaining cathode member -51. A
still further modification may comprise making
the cathode member 58 and cathode member 58
of triangular shape and the two anodes 80 and
62 substantially of pyramidal shape as shown in
Fig. 8. Again, however, the electrodes 54 and 51,
as well as the electrodes 58 and 59 of each modi-
fication, may operate as starting electrode and
cathode. ‘ '

The modification as shown in Fig, 9 differs
from those previously déscribed in that, while all
of the electrodes are of trapezoidal configuration,
they are of a material such-as carbon supported
upon metallic leading-in conduetors 63 with one
cathode member being provided with a metallic
insert 64-of tungsten, tantalum, molybdenum or
the like; from which-the aforementioned arc dis-
charge is initiated by the remaining closely adja~-
cent cathode member,

For the purpose of prolonging the useful life of

the high power device of the present invention, a
structure such as shown in Fig. 10 may be em-
ployed. In this particular modification the cath-
ode electrode 69 is shown as formed of a solid
metallic eylinder provided with an annular flange
65 about its end periphery which is closely posi-
tioned adjacent the closed end of the remaining
disc-shaped metallic cathode member 87. This
construction provides a much greater edge sur-
face for the initiation of the arc discharge due to
the concentration of the electrostatic field about
the two sharp annular edges formed by the pe-
riphery of the flange 66, and following initiation
cf the arc discharge the main high current dis-
charge occurs between the cathede 65 and the
surrounding cylindrical ancde 68.

This same feature of providing a plurality of
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parallel, extend through separate openings 79
provided between the metallic cathode member

-1 and remaining cathode member 12, as shown

in Fig. 12, In Fig. 13 the cathode member T3
and -anode T4 are each formed ¢f two rectangulat
metallic blocks with each pair again connected in
electrical parallel and so disposed that one cor-
ner. of each block is positioned adjacent the re-
maining cathode member 15, thus again provid-
ing a plurality of sharp edges from which the
starting arc discharge is initiated.

"UIt-will thus become obvious to those skilled in
the art that a high voltage discharge device is
herein provided in which enormous currents are
passed by the tube by utilizing field emission of
electrons ‘from a “cold electrode” to initiate a
discharge. Moreover, operation of the tube can
be controlled at will and since the molecules nec~
essary ‘for ion formation are obtained from the
“cold electrodes” themselves, a greatly reduced
deionization time results, thus enabling the de-
vice to be used at much higher frequencies. than
ig” possible ‘with gas or metallic vapor devices.
Owing to the fact that the device of the present
invention is not subject to electron emission lim-
itations, it can not only be employed in applica-
tions where gas or vapor devices are now em-
bloyed, but because of its advantages it can be
used where these latter type devices cannot be
used owing to their inherent emission limita-
tions.

Although several embodiments of the present
invention have been shown and described, it is to
be understood that still further modifications
thereof may be made without departing from the
spirit and scope of the appended claims.

We claim: . E )

1. A discharge device for passing high cur-
rents comprising an envelope, an anode and a
cathode in said envelobe and spaced in such close
proximity to each other that electron flow from
said cathode is under the influence of a strong
electrostatic- field, and said cathode comprising
a Dpair of members spaced closer to each other
than-either member to said anode to cause field
emission . of -electrons from one of said cathode
members -and the formation of a metallic arc
discharge between said pair of cathode members
with the evolution of a metal vapor from one of
said members,; to: reduce the impedance of said
device and-initiate a field emission eléctron dis-
charge between said cathode and anode accom-
panied by enormous current flow upon the appli-
cation of a high potential between said cathode
mémbers.

2. A discharge device for passing high currents
comprising an envelope, an anode and 3 solid me-
tallic cathode in said envelope and spaced in
such close proximity to each other that electron -
flow from said cathode is under the influence of
a strong electrostatic field, and said cathode com-
prising a member provided with an edge of sharp-
ened contour for concentrating the electrostatic
field thereat, and a second cathode member
spaceq in closer proximity to the sharpened edge
of said first-mentioned cathode member than is
said anode to cause field emission of electrons
from said first-mentioned cathode member and
the formation of a metallic arc discharge be-
tween said cathode members with the evolution
of a metallic vapor from one of said members,
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for initiating a field emission electron discharge
accompanied by enormous current flow between
said eathode and anode upon the application of
a high potential across said cathode members.

3. A discharge device for passing high currents
comprising an envelope, an anode and a solid
cathode in said envelope and spaced in such close
proximity to each other that a high potential
gradient is produced at said cathode and electron
flow from said cathode is under the influence
of a, strong electrostatic field, said cathode com-
prising a member having a surface of small radii
of curvature for concentrating the electrostatic
field thereat, and a solid metallic member spaced
in closer proximity to the sharp edge of said
cathode member than is sald anode to produce
a high potential gradient at said cathode surface
and the formation of a field emission arc dis-
charge between said cathode members with the
evolution of a metallic vapor from one of said
members, for initiating a field emission electron
discharge accompanied by enormous current flow
between said cathode and anode upon the applica-
tion of a high potential across said cathode mem-
bers.

4. A discharge device for passing high currents
comprising an envelope, an anode and a solid
metzllic cathode in said envelope and spaced
in such close proximity to each other that a high
potential gradient is produced at said cathode
and electron flow from said cathode is under
the influence of a strong electrostatic field, said
cathode comprising a member provided with a
plurality of sharp edges for concentrating the

electrostatic field thereat and a second solid me- .

tallic member positioned adjacent the sharp
edges of said first-mentioned cathode member in
closer proximity thereto than is said anode to
produce a high potential gradient at said cathode
with field emission of electrons from the latter
and the evolution of a metal vapor from one of
said cathode members causing the formation of
a metallic arc discharge between said cathode
members, for initiating a field emission electron
discharge accompanied by enormous current flow
between said cathode and anode upon the appli-
cation of a high potential across said cathode
members.

5. A discharge device for passing high currents
comprising an envelope, an anode and a cathode
in said envelope and spaced in such close prox-
imity to each other that a high potential gradient
is produced at said cathode and electron flow
from said cathode is under the influence of a

strong electrostatic field, and said cathode com- ;

prising a pair of members spaced in closer prox-
imity to each other than to said anode to pro-
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duce 2 high potential gradient at said cathode
with attendant field emission of electrons there-
from entirely independent of any gas continu-
ally present in the envelope, and the resulting
electrostatic field causing the evolution of a metal
vapor from one of said cathode members which
forms a metallic arc discharge between said cath-
ode members, for initiating a field emission elec-
tron discharge accompanied by enormous current
flow between said cathode and anode upon the
application of a high potential across said cathode
members.

6. A field emission arc discharge device com-
prising an envelope, an anode in said envelope,
and a cathode disposed adjacent said anode, said
cathode comprising a pair of closely spaced ele-
ments for causing an arc discharge upon the ap-
plication of a suitable potential across said ele-
ments, and said arc discharge forming an elec-
tron-emitting source for supporting a thermionic
discharge between said cathode and anode sub-
stantially independent of any action due to re-
sidual gas or vapor in said device.

7. A field emission arc discharge device com-
prising an envelope, an anode in said envelope,
and a cathode disposed adjacent said anode, said
cathode comprising a pair of closely spaced ele-
ments at least one of said elements having a sur-
face of small radii of curvature for causing the
evolution of vaporized metallic particles from
one of said elements and the formation of a
metallic arc discharge upon the application of
a suitable potential across said elements, and said
arc discharge forming an electron-emitting source
for supborting a thermionic discharge between
said cathode and anode substantially independ-
ent of any action due to residual gas or vapor in
said device.

8. A field emission arc discharge device compris-
ing an envelope, an anode in said envelope, and
a cathode disposed adjacent said anode, said
cathode comprising a pair of closely spaced metal-
lic elements for producing a high negative gra-
dient at said cathode accompanied by field emis-
sion of electrons and attendant vaporization of
metsllic material with the formation of a metallic
arc discharge upon the application of a suitable
potential across said elements, and said metallic
arc discharge forming an electron-emitting
source for supporting a thermionic discharge be-
tween said cathode and anode substantially in-
dependent of any action due fo residual gas or
vapor in said device.
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