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The present invention relates to an improved
high vacuum hot cathode electron tube.

In rectifier circuits operating from a radio fre-
quency power source, for supplying direct power
to a load at voltages of less than 1000 to more
than 20,000 volts, the cathode of the rectifier tube
must be-electrically insulated from ground po-
tential if the negative side of the output circuit
is to be grounded, in the conventional way. More-
over, voltage multiplying rectifier circuits, used to
obtain extremely high voltages, require two or
more rectifier tubes to obtain the multiplying ef~
fect, and the cathodes of each of these tubes must
be clectrically insulated from each other in addi-
tion to being insulated from ground.

When conventional hot cathode high voltage
rectificr tubes are employed in these circuits, a
separate power source must be provided to heat
each cathode, and when the power to heat each
said cathode is derived from a common source of
power, the circuit elements provided to heat them
must be electrically coupled to the said power
source and must all be insulated from each other
to withstand a potential at least equal to that of
said source. These requirements impose severe
problems in the design and construction of volt-
age multiplying rectifier circuits operating from
a source of radio frequency energy.

One of the principal objects of the present
invention, therefore, is to provide an electron
tube of the hot cathode type which will eliminate
the external cathode heating circuit elements and
the accompanying problems above mentioned.
More specifically, an important object of the in-
vention is to provide a high vacuum, hot cathode
electron tube which requires no external cathode
heating circuit.

Another object of the invention is to provide
an electron tube having a novel coated cathode.

A further object of the invention resides in the
provision of an electron tube having a coated
cathode heated by dissipation of electric power
(daveloped between the tube electrodes by the ap-
plication of radio frequency energy) in the cath-
ode coating.

And ancther object is to provide an improved
method for energizing g high vacuum, hot cathode
electron tube.

Further objects of the invention will appear as
the description therzof proces=ds.

In the drawings forming a part of this appli-
cation, : :

Fig. 1 is a perspective view of an electron tube
constructed according to the present invention,
the electrodes only being shown in full lines;
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Fig. 2 is an enlarged detail elevation, partly in
section, of the electrode arrangement according
to the invention, the coated cathode being pur-
posely shown exaggerated in size;

Fig. 3 is a semi-diagrammatic plan, showing
particularly the potential lines between the anode
and the cathode; )

Pig. 4 is a perspective view of a modification
of the invention, the electrodes only bheing shown
in full lines;

Fig. 4a is a diagrammatic showing of the tube
of Fig. 4; and

Fig. 5 is a diagrammatic view showing still
another modification of the invention.

Referring to the drawings in more detail, and
first to Figs. 1, 2 and 3 thereof, {0 indicates, In
broken lines, the envelope and electrode support-
ing struecture of an electron tube, according to
the present invention. It should be understood
that the envelope and electrode supporting struc~

_ture 10 are conventional and therefore need no

further description. An-anode 12 is mounted axi-
ally of the tube and, while shown as being cylin-
drical, may be of some other configuration, pro-
vided, however, that it will be capable of concen-
trating an electric field about the cathode, as
will be described in detail hereinafter. Electrical
connection to the anode may be effected through
a metallic support 14.

The cathode of the tube is shown generally at
18 and comprises a base wire 18, of tungsten for
example, and a relatively thick coating 20, of bar-
ium and strontium oxides. The cathode (6 is sup-
ported at its upper and lower ends by the sup-
porting structure 10, and preferably extends axi-
ally through the anode 12.

In operation, when radio frequency potential
is applied to the anode 12 and the cathode 16, in
a conventional rectifier circuit (not shown), it
produces an intense radio frequency electric field
in the cathode coating 20, causing appreciable
power to be dissipated in the coating which heats
said coating to operating temperature. The
cathode (6 is thus heated by the radio frequency
potential applied between the anode and cathode
and no external cathode heating circuit is re-
quired. )

The power dissipated per unit volume in the
cathode coating 20 is proportional to the prod-
uct of the frequency of the electric field, the
square of the intensity of the field in the coat-
ing and the dielectric loss factor. The dielectric
loss factor is the product of the power factor of
the coating and the dielectric constant of the
coating.
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The power required to maintain the cathode
16 at operating temperature is the sum of the
power required for electron emission, the power
lost by radiation from the hot cathode surface
and the power lost by heat flowing out of the
cathode structure (base wire 18 and coating 20)
to the supporting structure {0. This last men-
tioned power loss is known as the cathode end
loss and is an appreciable part of the total.cath-
ode power. The end loss in the tube of the pres-
ent invention is minimized by constructing the
cathode base wire 18 of thin, strong wire. This
construction is possible in this said electron tube
because the parameters of said base wire (8 are
not limited by heating current and heating volt-
age requirements, as in conventional filamentary
cathodes. A suitable base wire 18 for use in an
electron tube according to the present invention
is one of tungsten having a diameter of about
0.0004 inch or a wire weight of 0.35 mg. per 200
mm. length of wire. This dimension is not crit-
ical and wires of larger diameter have been used
successfully.

The power dissipated in the cathode coating
20 must supply all the power required to main-
tain the cathode I6 at operating temperature.
In order to dissipate this much power in the
cathode coating, the following requirements must
be satisfied. ‘

(1) The volume of the cathode coating 20 is
very great compared to conventional coated
cathodes, to increase the power dissipated in said
coating. A suitable weight of coating material
on the base wire 18 (0.35 mg. per 200 mm. tung-
sten) is about 3.5 mg. per 200 mm., or about ten
times the coating weight in a conventional tube
employing the same size base wire.

(2) The dielectric loss factor, mentioned here-
inabove, of the coating is made much greater
than in the conventional coated cathode. The
electron emitting material in the coating is com-
posed of the same barium and strontium oxide,
with or without calcium oxide, that results from
decomposing the carbonates of these metals that
are applied o cathodes in the initial operations
of tube manufacturing. The loss factor of the
coating can be greatly increased over that of the
conventional tube by only partially decomposing
the alkali carbonates to the oxides during pro-
cessing.  Sufficient oxide must be formed to pro-
vide the required electron emission, but the por-
tion formed is not critical. Similarly, the de-
sired increase in loss factor can be obtained by
the addition, to emission coating mixtures, of ma-
terials to increase the dielectric loss.

(3) The alternating electric field at the sur-
face of the cathode is made very intense by
operating the tube at comparatively high po-
tentials and by employing an anode having a
very much larger surface area than the cathode,
spaced only far enough away from the cathode
to meet the inverse peak voltage requirements.
An anode suitable for a rectifier tube operating
in a circuit having a peak alternating potential
of 10,000 volts and employing the hereinabove
mentioned cathode is a cylinder, as in Figs. 1 and
2, having an inside diameter of about one-half
inch, with the cathode placed along the axis of
the cylinder. To operate at potentials of about
1,000 volts, a very much smaller diameter eylin-
der is required, i. e. about one-eighth inch. As
pointed out hereinabove, the shape and dimen-
sions of the anode are not critical, but they must
be arranged to have a large part of the potential
difference between the anode and cathode near
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the cathode surface. For example, in Figs. 4 and
4a the anode is shown as a square flat plate 22
and the cathode as a straight rod 24 extending at
right angles, and terminating in close spaced
relation, {o said plate. The cathode coating in
this embodiment consists of a mass of high di-
electric loss material 26 on the end of the rod.

(4) The power dissipated in the cathode coat-
ing is directly proportional to the frequency of
the electric field employed for heating it, and
an operating frequency is chosen that is suf-
ficiently high to provide the required power dis-
sipation. A suitable frequency for a tube ac-
cording to the invention, having a one-half inch
cylindrical anode operating at an alternating
potential of 10,000 volts peak is about 150 kilo-
cycles per second. The product of frequency and
the square of the applied alternating potential

. determine the heating of the cathode, and either
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factor may be varied over a wide range for a
particular tube if the product does not vary more
than plus or minus 30 per cent.

It should be understood that the principles set
down herein are not limited to use in rectifier
applications; they may be employed in any hot
cathode, high vacuum, electron tube in which an
intense alternating electric fleld is present at
the surface of the cathode. An example of such
an application is a hot cathode high vacuum
X-ray tube operating from a radio freguency
power source. Another example is shown in Fig.
5, which illustrates, diagrammatically, a cathode
28, an apertured anode 30, and a plurality of
electrodes 32, 38 disposed to confront a stream
of electrons passing through the anode aperture.
The electrodes 32, 834 may be, for example, the

. accelerating electrodes of an electron gun.

What is claimed is:

1. In an electron tube, an anode, a cathode
associated with the anode, said cathode consist-
ing of a base wire and a coating of electron emit- '
ting material having a thickness greater than
the diameter of said base wire, said anode and
cathode being adapted for connection to a source
of high frequency electricity for generating an
electric field, and means positioning the cathode
in close spaced relation to the anode whereby the
cathode will be heated by said field.

2. An electron tube as recited in eclaim 1,
wherein the electron emitting material has a
high dielectric loss factor.

3. An electron tube as recited in claim 1,
wherein the electron emitting material includes
partially decomposed carbonates of strontium
and barium. :

4. A high vacuum, hot cathode, electron tube
having an anode, a cathode consisting of a base
wire and. a coating of electron emitting material
having a thickness greater than the diameter of
the base wire, said anode and cathode being
adapted for connection to a source of high fre-
quency electricity for generating an electric field
about the cathode, and means positioning the
cathode In close spaced relation to the anode
whereby the cathode will be heated by said field.

5. A high vacuum, hot cathode, high voltage
rectifier tube having an anode, a cathode, said
cathode consisting of a base wire and a coating
of electron emitting material having a thickness
greater than the diameter of said base wire, sald
anode and cathode being adapted for connection
to a source of high frequency electricity for gen-
erating an electric field, and an envelope enclos-
ing the anode and cathode, said cathode being
positioned in close spaced relation to the anode
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whereby the cathode will be heated by said field.

--6. A high vacuum, hot cathode, high voltage
rectifier tube as recited in claim 5, wherein the
electron emitting material has a high dielectric
loss factor. )

7. An electron tube as recited in -claim 5,
wherein the electron emitting material includes
partially decomposed carbonates of strontium
and barium. o : -
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