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This invention relates to improvements in elec-
tron tubes, particularly in electrodes suitable for
use In electron discharge devices, especially an
improved type of electrode characterized by pri-
mary and secondary electron emission.

In electron discharge devices a stream of elec-
trons.passes from the cathode or emitter electrode
to the anode or receiver electrode, and character-
istics of the stream are affected or controlled by
one or more grid electrodes interposed in the
stream or placed adjacent thereto. The grid
electrodes usually are biased at potential levels
abcve the cathode but below the anode potentials
with the result that inevitably during the course
of operation of the device certain electrons from
the electron stream bombard and are retained by
the grid electrodes. When thus bombarded many
types of grid electrodes emit electrons, the ratio
between the number of electrons bombarding the
surface and the number of electrons emitted be-
ing determinative of the coefficient of second-
ary emission of the substance from which the
surface is formed. Inasmuch as secondary emis-
sion is generally an undesirable phenomenon in
the operation of an electron discharge device,
various expedients have been utilized from time
to time in an effort to minimize this secondary
emission.

Present day electronic research has resulted in
the development of devices functioning at ever
increasingly high frequencies ranging upward
into thousands of megacycles per second. In
electron discharge devices used at these high fre-
quencies the electrodes are exceedingly minute
and inter-electrode spaces are vary small. In-
asmuch as the primary or thermionic electron
emissivity of metallic surfaces is enhanced by
increase in the temperature of the surfaces, it is
obvious that the control of the primary and
secondary emission of electrodes in electron dis-
charge devices operated at high frequencies pre-
sents unique design problems because the grid
electrodes are disposed in such close proximity
to the cathode electrodes that they are thereby
heated resulting normally in primary emission,
and the bombardment by electrons from the
cathode additionally causes high secondary emis-
sion at the grid electrodes unless extraordinary
measures are taken to prevent the same.

While the object of the present invention,
viewed in its broader aspects, is to provide an
electron discharge device including means for
controlling and inhibiting both primary and sec-
ondary emission from the electrodes of the device,
the principles of the invention are particularly
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applicable to the control of primary emission in
electron discharge devices of the type used in
generating high-power very - high - frequency
radiation. :
Another object of the invention is to provide
an electrode structure which is characterized by
substantially no primary or secondary emission
even when operated at very high temperatures
and which permanently maintains this charac-
teristic at a stable level. Co-
The further object of the present invention is
to provide an electrode structure which can be
utilized in controlling an electron stream ema-
nating from a thoriated tungsten emitter with-
out either primary or secondary emission from
the control electrode and which does not develop
emissive properties not even as a result of de-
posit thereon of thorium from the emitter. )
In the accompanying drawings Fig. 1 illus-
trates a typical electron discharge device in-
cluding an electrode according to this invention;
and
Pig. 2 is a graphic representation of properties
of such an electrode contrasted with properties of
prior art electrodes. )
Regarding certain of its broader aspects, the
novel non-emissive electrode structure accord-
ing to this invention comprises a refractory metal
base element carrying a tenaciously adherent
continuous coating that comprises an essentially
homogeneous mixture of tungsten carbide and
titanium dioxide. When operated in an electron
discharge device in conjunction with a thoriated
tungsten cathode and at temperatures within the
range of 1300° C. to 1600° C. This electrode is
substantially free of both primary and secondary
emission, thus making it ideally suited for use in
high-power high-frequency electron discharge
devices. . . )
Viewed in a more particular sense, the elee-
trode according to this invention comprises a
base element, preferably formed from tantalum,
columbium, tungsten or, less desirably, from
molybdenum, provided with a substantially con-
tinuous coating consisting of tungsten carbide in
the proportion of 40% to 60% based on total
weight of mixture, the remainder being titanium
dioxide. The coating is composed of these sub-
stances homogeneously mixed and in finely di-
vided state, say particles having a size of about
4 microns or less, and the coating being approx-
imately 12 microns thick. It has been found by
experience that coatings produced by using par-
ticles exceeding about 4 microns in size are not
wholly satisfactory for the purposes of this in-
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vention because such coatings are usually porous
and in some instances discontinuous.

A novel non-emitting electrode embodying the
principles of this invention can be produced by
forming an essentially homogeneous suspension
of tungsten carbide and titanium dioxide, in the
proportions and the particle size above men-
tioned, in an organic or inorganic binding agent
of the type commonly used in the manufacture
of coated electrodes, applying this suspension to
a refractory metal electrode element and con-
solidating the coating upon the element by dry-
ing, either at atmospheric or elevated tempera-
tures, the latter being preferable, Pyroxylin
solution is an example of the type of organic
binder which can be used in the practice of this
invention and when this binding agent is used,
the coated elecirode is fired in vacuo at a tem-
perature of about 800° C. or higher. Silicate
binders are examples of the type of inorganic
binding agent that can be used satisfactorily in
practicing this invention and of these binders
the alkyl silicates, e. g. tetraethylorthosilicate,
are particularly preferred. When silicate bind-
ers are used the coated electrodes are fired at
temperatures in the vicinity of 1000° C. for about
4 to 5 minutes.

In the accompanying drawings Fig. 1 illus-
trates a typical electron discharge device includ-

ing an electrode according to this invention. The 3

device comprises a gas tight envelope 1 within
which are mounted an anode 2 and cathode 3
between which is positioned a control electrode
4 bearing a non-emissive coating according to

this invention. In Fig. 2 of the drawings, char-

acteristics of electrodes according to this inven-
tion are depicted in contrast with corresponding
properties of other electrodes not according to
this invention. It will be noted that in this

graph grid emission is plotted against grid input 4

power and the temperature of operation of the
grid is proportional to the electrical energy or
power dissipated in that electrode. The curve
A reflects data obtained by testing an uncoated
electrode formed from tantalum. Curve B re-
lates data obtained by testing a typical so-called
“non-emissive” electrode according to the prior
art. In this instance the electrode consisted of
tantalum bearing a coating of metallic oxides
free from metallic carbides. Curve C depicts
correlated data obtained by testing an electrode
embodying the principles of this invention,
namely, a tantalum electrode bearing an adher-
ent continuous coating comprising tungsten car-
bide and titanium dioxide. It is to be under-
stood that these data are based on tests conduct-
ed subsequent to the usual ageing of the elec-
trodes by operation for a short period under the
conditions of intended use.

In order to facilitate a better understanding of
the matter of the present invention and how the
same may be practiced, certain specific examples
herewith follow, which, it is to be understood,
are provided by way of illustration and not by
way of limitation of the invention:

Exzample one

About 25 grams of tungsten carbide and about
25 grams of titanium dioxide are ground in a
ball mill until 2 homogeneous mixture having an
average particle size of 4 microns or less is obh-
tained. A solution of 25 cc. tetraethylorthosili-
cate is formed in about 15 cc. of alcohol! (dena-
tured alcohol may be used satisfactorily for this
purpose) and about 0.5 ce. of %% hydrochloric
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acid aqueous solution is added to the mixture to
produce the binding agent. A homogeneous mix-
ture is formed of about 60 cc. of this binding
agent and about 50 grams of the mixed titanium
dioxide tungsten carbide powder to be used as a
coating composition. A grid electrode element
is formed of tantalum and the above described
coating composition is applied to this element by
spraying, dipping or other operations conven-
tional in the art of applying coating compositions
to articles. After coating, the coated electrode is
fired in vacuo at about 1000° C. for approximately
4 to 5 minutes. Under these conditions volatile
components of the coating composition are vol-
atilized and a tenaciously adherent coating of
the consolidated oxide-carbide mixture is pro-
duced upon the electrode element. This electrode
exhibits substantially no emission when operated
at a temperature in the range of 1300° C. to 1600°
C. and this eharacteristic of non-emissivity re-
mains permanently unaltered even when the
clectrode is used in conjunction with a thoriated
tungsten cathode.

Example two

The operations described in Example 1 are
repeated except that 60 parts by weight of tung-
sten carbide are milled with 40 parts by weight
of titanium dioxide. The coafed electrode so
produced possesses substantially the same elec-
trical characteristics as the elactrode chtained
in accordance with Example 1.

Example three

The operations described in Example 1 are
repeated with the modification that about 40
parts by weight of tungsten carbide are mixed
with about 60 parts by weight of titanium diox-
ide, instead of mixing these substances in the
proportions in Example 1. The electrode so pro-
duced has electrical properties comparable to
those of the electrodes produced as described in
Example 1.

Example four

The operations described in Example 1 are
repeated except that instead of the binder there-
in described the following binding composition is
used:

ce.
Concentrated pyroxylin solufion._______._.__ 30
Amylacetate 200

The pulverized titanium dioxide tungsten car-
bide mixture is incorporated in this hinder in
the same manner and proportions as sef forth in
Example 1 concerning the silicate binder and the
electrode after coating is fired at a temperature
of 800° C. or higher. The coated electrode ob-
tained by these operations possesses electrical
properties substantially the same as electrodes
prepared as described in Example 1. In similar
manner the operations deseribed in Examples 2
and 3 can be repeated substituting the pyroxylin
binder for the silicate binder therein and the
electrodes so obtained are substantially identical
in electrical properties to the electrodes obtained
by the process described in Examples 2 and 3.

It is to be clearly understood that any of the
methods conventional in the coating art can he
utilized in applying the dioxide-carbide coating
composition to the electrode elements as herein
described. The application of the coating by
spraying has been found entirely satisfactory
and likewise application of the coatings by dip-
ping,
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After application of the coatings, the electrodes
can be incorporated in any desired type of elec-
tron discharge device. It will be found that dur-
ing operation of the electrom discharge device
under conditions such that the coated electrodes
operate at a temperature in the range of 1300°
C.-1600° C., the coated electrodes are substan-
tially free from both primary and secondary elec-
tron emission.

It will of course he clearly understood that al-
though the principles of this invention have been
disclosed with particular reference to the fabri-
cation and grid electrodes, the principles are
equally applicable to the fabrication of other
types of electrodes wherein primary and sec-
ondary emission is undesirable.

It is to be understood that in the following
claims the term ‘“non-emissive electrode” means
an electrode substantially free from primary and
secondary electron emission when operating at a
temperature of about 1300° C. to 1690° C. subse-
quent to an initial ageing consisting of opera-
tion of the electrode after a period of time un-
der the conditions of intended use. 'This absence
of substantial secondary emission characteristic
of electrodes according to the present invention
is observed in grid electrodes at potentials as high
as 20 volts or higher voltages.

What is claimed is:

1, A thermally stable non-emissive electrode
for use in an electron discharge device, that
comprises a refractory metal element carrying
an adherent coating comprising tungsten car-
bide and titanium dioxide.

2. An electrode as defined in claim 1, wherein
the tungsten carbide constitutes 409 to 60% of
the coating based on weight.

3. A thermally stable non-emissive electrode
for use in an electron discharge device, that
comprises a base element formed from a metal
selected from the class consisting of tantalum,
columbium, tungsten and molybdenum, carry-
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ing an adherent coating comprising tungsten éar-
bide and titanium dioxide.

4. An electrode as defined in claim 3 wherein
the tungsten carbide constitutes 409% to 60%
of the coating based on weight.

5. A non-emissive electrode for use in an elec-
tron discharge device, that comprises a, tantalum
base element carrying an adherent coating com-
prising tungsten carbide and titanium dioxide.

6. An electrode as defined in claim 5, where-
in the tungsten carbide constitutes 409% to 60%
of the coating based on weight.

7. An electron discharge device including an
electrode formed of a refractory metal carrying
a coating that comprises an essentially homo-
geneous mixture of tungsten carbide and titani-
um dioxide.

8. An electron discharge device including an
electrode formed of a refractory metal carrying
a coating that comprises an essentially homo-
geneous mixture of tungsten carbide and titani-
um dioxide, the tungsten carbide being present
in said composition in the proportion of forty per
cent to sixty per cent based on total weight.

9. An electron discharge device including an
electrode formed of a refractory metal carrying
a coating that comprises an essentially homo-
geneous mixture of tungsten carbide and titani-
um dioxide, said substances being present in the
coating in substantially equal proportions based
on weight.
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