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My invention relates to a directly heated cath-
ode structure, and more particularly to a fila~-
mentary type cathode for a gas discharge tube.

One type of thyratron gas tube employs a fila~
mentary cathode electrode, an ancde electrode
and a control electrode or grid mounted between
the ahode and cathode electrodes. In operation,
a difference of potential is established between
the anode and cathode electrodes to produce an
electronl discharge therebetween. The tube is
filled preferably with a monatomic gas to amplify
the primary discharge between the cathode and
anode eléctrodes.  The average amount of cur-
rent conducted by this type of tube can be varied
within limits by the control grid electrode. A
negative bias, more negative than a critical value,
placed upon the control grid will prevent a gase-
ous discharge in the tube between cathode and
anode. If the potential of the grid electrode is
shifted so that it becomes more positive than a
critical value, an electron sufficient to cause gas
ionization. Undef this condition the tube breaks
down and there is current flow in the form of a
gas discharge between the cathode and  anode
electrodes. At this point, the control electrode
loses control of the tube and cannot stop the
discharge even if the grid potential is shifted
below the critical value. 'That is, a sufficiently
negatively biased grid electrode ean contirol the
starting of the tube discharge but cannot control
the tube discharge, once it has begun. In the
usual application of this type of tube, a bias,
below the critical value is normally maintained
on the grid electrode. Means are provided to
shift the grid bias above the critical value to per-
mit tube conduction at any scheduled time.

In the type of gas control tube described above,
the cathode conventionally comprises a flament
coated with an electron emissive material which
will emit a copious amount of electrons when
heated by an appropriate current fiowing there-
through. One type of cathode coatinig rmaterial,
which has been used to a large extent to act as
a source of electrons, is a mixture of barium and
strontium carbonates. However, I have found
that a cathode coated with stch & material does
not have uniform emission over its whole surface
due to the varying resistance of the coating from
one portion to ‘another of the-cathode surface.
Due -to this fact, there oceurs, during-tube op-
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eration, a local heating within the coating which
results in a sputtering or sparking of the cath-
ode material when the current from the cathode
is increased beyond certain limits. Due to such
sparking, a bare ares appears on the cathode
and, if such a condition continues, the coating
will be “sparked” from the cathode resulting in
a short life for the tube. Such “sparking” or
arcing, furtherimore, causes a vaporization of the
coating material, which will tend to condense on
other elements of the tube such as the grid elec-
trode, for example. The presence of cathode
material on the grid will induce emission from
the grid in 2 manher and the grid will lose con~
irol of the discharge, during tube operation.

It is thus an object of this invention to pro-
vide an improved cathode coating for a gaseous
discharge tube,

It is another object of this invention to provide
an improved cathode having a semi-conductive
cathode coating to eliminate local heating of the
cathode coating,

It is another object of this invention to provide
an improved cathode structure having a coating
which, during operation, will produce a minimum
of vaporization of the coating material.

It is a further object of my invention to pro-
vide a cathode structure having an improved
coating to provide a copious source of electrons
and which will operate at a relatively low and an
efiicient temperature.

One form of my inveniion is the provision of a
thermionic emissive coating for a cathode, which
provides a relatively low resistance path through
the coating, and also, which may be sintered to
the cathode base to provide good conductivily
between the eathode electrode and the emissive
surface of the cathode coating. 'This inven-
tion proposes the use of a mixture of barium car-
bonate and nickel oxide which is first coated over
the surface of a nickel cathode structure. The
nickel cathede, with its coating, is fired in a hy-
drogen atmosphere to reduce the. nickel oxide
to a nickel metal and also to sinfer a portion of
the nickel formed to the metal surface of the
cathode structure. After this firing, the coated
cathode member is mounted within the tube and
further activated to produce the desired emission
characteristics.

The novel features which I believe to be char-
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acteristic of my invention are set forth with par-
ticularity in the appended claims, but the inven-
tion itself will best be understood by reference
to the following description taken in connection
with the accompanying drawing, in which:

Figure 1 is a sectional view of a gas control
tube incorporating a cathode made according to
my invention.

Figure 2 is a chart showing the steps in the
method used for forming the cathode aceording
to my invention.

The gas control tube comprises an envelope I8
enclosing a plurality of electrodes. An anode
electrode 12 in the shape of a circular plate struc-
ture is supported from the top of the tube en-
velope by a depending press structure i4. Ap-
propriate leads 15 pass through the stem or press
{4 and through the glass envelope 18 to an anode
terminal contact §8. The cathode 18 is con-

structed as a corrugated ribbon bent in a circular *

spiral and is supported by the edges of the ribbhon
on a ceramic rod {9, which is supported by rods
26 mounted from the glass press 22 of the en-
velope, as shown in Fig. 1. The ends of the fila-
mentary cathode i8 are fixed, such as by welding,
at 21 to support rods 28, which are connected in
turn, to respective metal base pins 42.

The cathode ribbon i8 is covered, with an
cicctron emitting materizl., Surrounding the
filamentary cathode {8 is a heat shield 24, which
is principaily a metal cylinder mounted coaxially
with the circular anode {2. The heat shield 24
may e closed at the bottom by a circular metal
piate 23 and at the upper end by a metal plate
26 having an aperture 2§ at its center. Aperture
28 is preferably a circular opening coaxial with
cylinder 24 and anode {2. The opening 28 pro-
vides a2 path for a discharge between the fila-
mentary cathode 18 and the anode electrods 42.
The purpose of the heat shield structure 23 is
mainly to prevent the escape by radiation of
heat from cathode i8 and to maintain the heat
in the localized space around the cathode. This
permits the use of a smaller filament current.
Purthermore, shields 25 and 28 prevent large
dissipation of heat to the other electrodes of the
tube prevents these tube parts from operating
at an excessive temperature during tube opera-
tion. .

NMounted coaxially and in alignment with the
heat shield aperture 28 and the cathode plate
{2, and between the anode electrode 12 and the
filamentary cathode 18, is a grid structure 3@
for controlling the discharge between the anode
and cathode electrodes.

An appropriate current passed through the
filamentary cathode {8 heats it to a temperature
at which there is a copious emission of electrons
from the cathode surface. When a difference
of potential is established between the anode

the anode 12 is positive and the cathode is neg-
ative, there will be an electron flow from the
cathnde {2 to the anode 12. In tubss of this
type, it is desirable to amplify this electron dis-
charge by providing a gaseous medium within
the tube. After tube evacuation, a monatomic
gas is admitted to the tube under a predetermined
pressure. The pressure of the gas within the
tube is critical and is usually of the order of
50 to 309 microns for the rare gases, as krypton,
xenon, or argon. The electron discharge between
the cathode 18 and anode {2 ionizes the gaseous
medium to increase the amount of current flow-
‘ing through the tube. This electrical discharge
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between the cathode {8 and anode {2 is con-
fined to a path passing through aperture 28 and
the control grid 38.

My invention is in the cathoede 18 of the tube
shown in Figure 1. One type of cathode coat-
ing commoenly used in tubes of this type is a
mixture of barium and strontium carbonates,
which upon activation, ars changed to barium
oxides and strontium oxides. However, I have
ifound that such a barium strontium oxide coat-
ing possesses a high resistance between the
metal cathode support and the emissive surface
of the cathode coating.
coating produces local hot spots in the coating,
whieh initiate arcing or “sputtering” hetween
the cathode and the anocde electrodes. 'This arc~-
ing or ‘“sputtering” has the disadvantage of
evaporating the cathode material away from
these portions of the cathede surface. This con-
sequently shortens the life of the cathode elec-
trode. Purthermore the cathode material,
vaporized by the are, tends to condense on the
colder electrodes of the tube, such as grid 28 and
anode {2 for example. Cathode material on these
cold electrodes will cause primary emission from
these electrodes when they become heated dur-
ing operation. Primary emission from the grid
structure 28, tends to change the control po-
tential of the grid, so that it loses control of the
tube. .

A novel type of cathode coating, made accord-
ing to my invention, eliminates the defects de-
scribed above. Such a cathode coating is one
consisting of a mixture of barium carbonate
and nickel oxide. The cathode coating mixture
is made of 60% by weight of barium carbonate
(BaCOs3) and 40% by weight of nickel oxide
(Ni20G3). This mixture is suspended in an ordi-
nary nitrocellulose binder and then ball-miiled
for some 20 hours, to mix the components thor-
oughly and to reduce the particle size of the
barium carbonate. The cathode ribbon {8 is pref-
erably either nickel or a nickel alloy. Any other
appropriate metal may be used, such as a nickel-
cobalt alloy, tungsten, tantalum, ete. The barium
carbonate-nickel oxide coating is sprayed onto
the cathode ribbon 8 to a weight of between 5
to 8 milligrams per square centimeter. TUpon
drying, the sprayed coating is held to the surface
of the nickel spiral i8 by the nitrocellulose kbinder.
The sprayed cathode is next heated or fired in
a hydrogen furnace at 1600° C. fer 10 minutes.
The atmmosphere of the furnace may be either
pure hydrogen or any gas having a reducing
action such as forming gas, which is essentially
90% nitrogen and 10% hydrogen. The reducing
atmosphere of the hydrogen furnace tends to re-
duce some of the nickel oxide of the cecating to
nickel. Also the firing of the cathode will sinter
some of the nickel particles to the surface of the
base metal of the cathode member 18, Optimum
results are obtained when the temperature of
the furnaee is maintained at around 1000° C." A
proportionately longer heating time at a lower
temperature may be used. However, the use of
a temperature, which is above 1100° C. will pro-
vide a cathcde having a poor electron emission,
unless the hydrogen or reducing gas is dry and
then the reducing and sintering temperature may
be as high as 1150° C. .

The coated cathode, which has been fired in the
hydrogen furnace, as described above, is mount-
ed within the tube 8, in any manner, and pref-
erably as described in Pigure 1. The tube en-
velope 18 is then exhausted and the tube baked

Such a high resistive
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»at around; 450°:C.for approximately: 10 minutes.

This is standard procedure for-removing. water
vapor from the fube. . An electric current.is next
passed through cathode filament {8 to raise the

temperature-of-the -cathode-t0: 1000° C. This -

tends to break-dewn the carbonates of the coat-

«ne, \not;broken down_by- the: previous  firing.
. Also:this ;heating ‘step: drives ;0ff . the .oxygen
‘formed by the breaking down of the oxides pres-
-ent. ¢In-this process, the temperature of the
¢ cathode-is-gradually inereased: to 1075%:.C;, over
»a; period- of 15 minutes, to;complete the activa-
“tion:of the cathode. ‘The gasses, which are given
- off, are removed by pumping.during this: period
-of; time, -The heating of,the,cathode: is: con-

tinued until there is a residual pressure of a
micron or less of mercury in the tube. Also, dur-
ing this period-of time, the metal electrode por-
tions of the tube such'as the shield 24 and the
grid portions 82 and 24, as well as the anods 12
are inductively heated to drive off the occluded
gasses in these metal parts.

After the preceding steps, an inert gas, such
a8 zenon for example,-is introduced-into the tube
to a pressure between 50 to 200 microns of mer-
cury. The cathode filament i8 is again heated to
between 850° and 900° C., and a voltage is estab-
lished between the cathode 18 and the anode 12
so that a gaseous discharge is set up in the tube
and an ahode current of approximately 3 amperes
is drawn for: about -8 seconds. This acti-
vates the cathode by reducing the oxides partially
to their metals. 'The gas is next pumped out and
again refilled with the inert gas and the above
described ‘discharge established again. This is
repeated & second time: to fiush the oxygen from
the tube, after which the tube ig cooled and the
getters 42 flashed. The tube is then flled to
between 90 and 100 microns of xenon and sealed
off for use. A base 40 is then fixed to the tube
envelope in the well known manner to make
suitable contacts 42 with the electrodes within
the envelope.  Figure 2 discloses: the steps for
processing such a tube. :

During tube operation, when the cathode is
heated to an operative temperature: of between
800° C. and 850°.C. an electron emission will take
place. This electron emission will be increased
by ‘tube operation at normal filament voltages
due to the additional activation of ‘the cathode
coating by positive ion bombardment.

The novel barium oxide nickel coating ma-
terially reduces the “sparking” or’ arcing that
takes place on the surface of the cathode. This
is apparently ‘due to the presence -of the nickel
metal within the coating, which reduces the elec-
trical resistance of the coating material and
hence eliminates any local heating of the coat-
ing. - Furthermore, it is believed that the rate of
evaporation of the barium metal from the coat-
ing is considerably less than that from a con-
ventional barium oxide strontium oxide coating.
This is evidenced by the fact, that there is with-
in the tube less evidence of primary grid emis-
sion which can be attributed to condensed cath-
ode: material on-the grid electrode.
ther believed that the sintering of the nickel,
formed in the coating to the metal cathode sup-
port, provides the distinet advantages observed.
The sintering provides a direct contact between
the coating and the metal cathode support, so
that, as described above, the internal resistance
of the -cathode coating is materially reduced
with the reduction in arcing.

The process of making my novel cathode coat-

It is fur-
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-ing.:deseribed : above, : ihvolves zthe:use:.0f :60%

barium carbonate.and.40%: nickel oxide.material

~in the:original cathode coating mixture. . This is

-an optimum ratio .of the materials. in- the - mix-
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ture, - However, .I have :found - that: it :is:not

-necessary; to. be. limited:to; these: relative; propor-

tions of -barium oxide:.and: nickel oxide. .The

.hickel: oxide -may. be-: varied ‘between- 25% - and
-850 % of the.mixture.

:Also, I have found that following the teachings
of, my. invention, ;a. suceessfully, operated- cath-
ode-can be made by coating, the nicksl coil:sup-
port - with. a coating. mixture . comprising  40%
nickel . oxide.and .60%. of .a. barium strontium

-.carbonate mixture instead of the barium catrbon-
‘ate and in which the same processing steps de-

scribed above are used. Successfully operated
cathodes have also been made with coatings
composed of 10% nickel oxide and 90% of a
mixture composed of approximately 4 parts
barium earbonate, 5.5 parts strontium carbonate,
and 5 parts of calcium carbonate.” I have also
found that the cathode coating of nickel oxide
can be replaced with a mixture of barium . car-
konate and nickel powder. However, it has been
found that the last two coatings described did
not produce optimum’ emission.

It is believed that the favorable results pro-
duced by the novel cathode described above is
due mainly to the dispersal within the coating
of the nickel metal, as well as to the sintering of
the nickel particles to the eathode support. A
photomicrograph of a section of a nickel base
cathode coated with 40% mnickel oxide and 60%
barium carbonate, processed as desecribed above,
indicates that the cathode coating consists:of
particles of nickel interspersed with the barium
component and sintered to the surface of. the
nickel base cathode.

While: certain specific embodiments have been
llustrated and described, it will be understood
that various changes and modifications may be
made therein without departing from the spirit
and scope of the invention.

What I claim is:

1. The method of preparing a cathode elec-
trode for a discharge device, said method includ-
ing the steps of, coating a metal base member
with a mixture of barium carbonate and nickel
oxide, the amount of nickel oxide being from
25% to 50% of the mixture, heating said coated
base member in a hydrogen atmosphere to the
sintering temperature of nickel to reduce the
nickel oxide of the coating to nickel and to
sinter part of the nickel formed to the metal base
member.

2. The method of preparing the cathode elec-
trode for a discharge device, said method in-
cluding the steps of, coating a metal base mem-
ber with a mixture of barium oxide and nickel
oxide, the amount of nickel oxide being from
25% 1o 50% of the mixture, heating the coating
in a reducing atmosphere to the sintering tern-
perature of nickel to reduce the nickel oxide of
the coating to nickel and to sinter to the metal
base member some of the nickel formed.

3. The method of preparing a cathode elec-
trode. for a. discharge device, said method in-
cluding the steps of, coating a metal base mem-
ber with a mixture of nickel oxide and at least
one of the oxides of barium, strontium, and
calcium, the amount of the nickel oxide being
from-25% to 50% of the mixture, heating the
coating in a reducing atmosphere to the sinter-
ing temperature of nickel to reduce the nickel
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oxide of the coating to nickel and to sinter the
nickel formed to. the metal base member,

4, The method of preparing a cathode elec-
trode for a discharge device, said method in-
cluding the steps of, coating a metal base mem-
ber with a mixture of nickel oxide and at least
one of the oxides of barium, strontium and cal-
citun, the amount of the nickel oxide being from
259 to 50% of the mixture, heating said coated
base member to a temperature of approximately
1000°-C. in a reducing atmosphere to reduce some
of the nickel oxide of the coating to nickel and
to sinter at least some of the nickel metal formed
to the base member, and heating said coated
metal base member to a temperature between
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8
1000° C. and 1100° C. in vacuum to activate the
cathode coating.
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