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The present invention relates to electron dis-
charge tubes and more particularly to heater
structures for indirectly heated cathodes forming
a part of such electron discharge tubes.

An object of the present invention is the pro-
vision of a heater element of extremely small size
and one which is adapfed to be used with high
energizing voltages.

Another object of the wresent invention is the
provision of a novel method of constructing heat-
er elements for use in electron discharge devices.

Still another object of the present invention is
the development of a preduction process for heat-
ers adapted to be used in electron discharge de-
vices in which no delicate operations or tedious
manipulations are involved.

A further chject of the present invention is the
provision of a heater element which will have
longer life when used in conventional tubes, and
which, furthermore, will present a lessened drain
onthe heater power supply.

Still a further object of the present invention is
the manufacture of a high-voltage low-wattage
heater particularly for use in rugged tubes.

The foregoing objects, and others which may
appear from the following detailed description
are attained in one example of the present inven-
-tion by coating a mandrel wire with a refractory
material. At spaced intervals along the length
of the mandrel wire, the spacing being slightly
greater than twice the length of the desired com-
pleted heaters, the refractory material is removed
leaving small bare spots on the mandrel wire.
The coated and ireated wire is then used s a
mandrel on which is helically wound light tung-
sten resistance wire at the desired number of
turns per inch. In the regions where the refrac-
tory material has been removed, the heater wire
is wound divectly on the mandrel wire, fhus mak-
ing electrical contact therewith. Connection tabs
of a special alloy are then welded in place in a
paired relationship at points intermediate the
kare spots on the mandrel wire. The long wound
mandrel is then severed between each of the pairs
of connecticn tabs, and at the middle of each of
the bared places along the mandrel wire, thus
forming a number of separate heater units, sach
with a connection tab near one end, and a con-
nection to the central mandrel at the other end.
In an alternate form of construction, the mandrel
wire may be bared before winding ai spaced
points, the spacing hetween the points being
slightly greater-than the length of the compieted
heater. A single connection tab of a special alloy
is then -welded in place near and at one side of
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each of the bared spots. The completed wound
mandrel in the second modification is then sev-
ered into a number of separate heater units by
cutting the mandrel wire and wound resistance
wire in the middle of each bared place. In either
form of construction the helically wound resist-
ance wire is then stripped off between the con-
nection tab and the adjacent end of the bared
area.

If desired, especially when using heavy gauges
of heater wire, the connection tab may be elimi-
nated, the stripped off portion of resistances wire
being left connected and used for a terminal lead.
Hach separate heater is again coated with a re-
iractory material, and sintered to form a dense
hard outer coat. One conunection to the resist-
ance wire is then made by the tab near one end,
and the other connection is made to the central
mandrel at the same end. It hasbeen found that
the close winding of the resistance wire on the
hared portion of the mandrel wire provides a re-
liable contact between the resistance wire and the
mandrel rod without requiring any welding oper-
ation. The heater thus constructed may be di-
rectly inserted into a cathode sleeve, which is to
form a part of a complete electron discharge tube.
Since the heater wire is rigidly supported over its
entire length, a much more rugged form of con-
struction than that known in the prior art is ob-
tained. Furthermore, a high voltage heater is
obtained which may be used in extremely small
size indirectly heated cathodes.

The present invention will be more fully under-
stood by reference to the following detailed de-
scription, which is accompanied by a drawing in
which

Fig. 1 illustrates in greatly enlarged perspec-
tive view, a portion of the heater element of the
present invention during the course of manufac-
ture,

Fig. 2 illustrates a string of a number of heater
elements of the present invention during a later
step of the process of manufacture,

Fig. 3 illustrates a string of a number of heater
elements according to a modified form of the
present invention during a step in process of
manufacture, while

Fig. 4 is a partial sectional view of a typical
heater element constructed according to the prin-
ciples of said invention, and

Fig. 5 illustrates a thermionic discharge tube
utilizing an indirectly heated cathode constructed
according to the present invention.

In Fig. 1, there is shown a mandrel wire 10.
This wire, which may be a three mil tungsten
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wire, is coated with aluminum oxide to form an
insulating and refractory coating §2. A preferred
manner of providing the refractory insulating
coating over mandrel 16 is by continuously coat-
ing a length of mandrel wire cataphoretically
with aluminum oxide which is then sintered to
preduce a smooth hard surface. The outside di-
ameter of the insulating coating may have a di-
ameter of from ten to twenty thousandths of an
inch. In the modification shown in Fig. 2, the
refractory coating is removed from the mandrel
wire 18 at spaced points along the length of the
wire as indicated at {{. In this modification, the
spacing of points 1i is somewhat greater than
twice the desired length of the completed heater,
while in the modification in Fig. 3, the spacing
between points {1 is slightly greater than the de-
sired length of the completed heater. The man-
drel thus produced, is wound at a desired number
of turns per inch with a light tungsten resistance
wire 14. The winding is continuous over the out-
side refractory coating 12 and, at the bared por-
tions {1, directly over the mandrel wire 18. As
one specific example, wire {4 having a diameter
of nine ten thousandths of an inch may be wound
on mandrel {2 at a winding pitch of the order of
between 600 and 700 per inch. With these di-
mensions, a heater element having a length of
the order of 28 mm. may draw about 1 watt when
connected to a 26 volt supply.

The resistance wire {4 having been wound in
place on a long length of prepared mandrel, con-
nection tabs 16 and {7 are welded in place in a
paired relationship at points intermediate the
bared spots 11, as snown in Fig. 2. In Fig. 3 a
single connection tab 16’ is welded in place to
the resistance wire at one side of each of the
bared places I{. I have found that a platinum
tungsten alloy serves as a satisfactory material
for the connection tabs 16, {7, and 16’.
loy permits an efficient weld to the tungsten
heater wire 14, and to the later applied connect-
ing wires. The connection tab in addition to
serving as a means of making electrical connec-
tion to the resistance wire 14, also serves to hold
the helical winding securely in place without
breaking or cracking the refractory coating 12.

Individual heaters, each having one terminal
tab 16 or 17, are produced from the wound length

of heater shown in Fig. 2 by cutting through at.

the points indicated by the dotted lines C, C,
at the middle of each bared vlace (i, and bhe-
tween the connection tabs 16, {7. The heater
wire 14 wound directly on the mandrel wire I8
at the bared spots {1 remains in close contact
with the mandrel red or wire even though cut
apart at the line C, C.

In the form shown in Fig. 2, the portion of
the refractory material and the part of the re-
sistance wire winding between tab {6 for exam-
ple, and the line of cutting, C, C, between tabs
16 and {7 is removed, thus allowing access to
the mandrel rod {0 for connecticn to one end
of the heater. In the modification shown in
Fig. 3, the portion of the resistance wire on the
mandrel rod adjacent tab {6’ is removed up to
the point of connection of the wire {4 to tab (8.
If tab 16’ is omitted, the unwound portion of re-
sistance wire serves as a terminal lead.

The individual heater elements provided by
cutting along line C, C, of Figs. 2 and 3, and
with the central mandrel wire {8 appropriately
bared at the end of the heater adjacent the con-
nection tab are again cataphoretically coated
with a refractory material such as aluminum

This al-
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oxide, and sintered to produce a smooth, hard,
final coat. The sintering may, for example, be
accomplished by firing the heaters in a hydrogen
furnace at 1600° C. for one-half of a minute to
one minute.

The resultant heater element produced by
either method is shown in partial section in
Fig. 4, wherein reference numeral 22 indicates
in section the second coat of refractory material.
It will be seen that the resistance wire {4 is
rigidly held in place over its entire length.
There is no possibility of the wire shifting to
produce interturn shorts nor is there any pos-
sibility - of intermittent contacts occurring be-
tween the connection tab 16 and the heater
wire 14, or between the heater wire i4 and cen-
tral mandrel wire 8.

The completed heater element may be in-
serted into a hollow tubular cathode sleeve for
use in a conventional electron discharge tube.
In Fig. 5 I have shown an electron discharge
tube having a hermetically sealed outer casing
38, which may be evacuated or contain gas under
some preferred degree of reduced pressure.
Within the casing 30, supported by insulating
spacers 8! and 352, are arranged an indirectly
heated cathode 33, one or more grid structures
as indicated by grid 34, and an anode 35. With-
in the cathode 33 is placed the heater element
shown in Fig. 4 and described above. Connec-
tion tab {6 or 16’ and the lower end of the man-
drel wire I8 are connected to chosen ones of
lead-in wires 36 whereby current may be supplied
to the heater.

It will be seen that a heater element as con-
structed according to my invention may be con-
veniently placed in a small circular cross-section
heater sleeve, and may be arranged to substan-
tially fill the space within the heater sleeve, thus
assuring intimate contact with the sleeve over
its entire length, whereby an efficient heat trans-
fer from the heater to the cathode sleeve is at-
tained.

While I have shown and particularly described
several embodiments of the present invention, it
will be clearly understood that the present in-
vention is not limited thereto, but that modifica-
tions within the scope of the invention may be
made.

What is claimed is:

1. The process of manufacturing small high
voltage heaters which comprises coating a length
of mandrel wire with a refractory material, re-
moving said refractory material from spaced
points along the length of said wire, helically
winding heater wire on said refractory material
and in contact with said mandrel wire at said
spaced points, conductively connecting connec-
tion tabs to said heater wire in spaced pairs in~
termediate the bared portions of said mandrel
wire, cutting said wound coated mandrel between
each of said pairs of connection tabs and at each
of said bared portions to provide a number of
separate heater units, removing said heater wire
winding and refractory material between each of
said connection tabs and the most closely adja-
cent cut, and coating each of said heater units
with a final coating of refractory material,

2. The process of manufacturing small high
voltage heaters which comprises coating s man-
drel wire with a refractory material, removing
said refractory material from said mandrel wire
at spaced points along the length of said wire,
the spacing between said points being slightly
greater than the desired final length of said heat-
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ers, helically winding heater wire on said re-
fractory material and in contact with said man-
drel wire af said spaced points, cutting said man-
drel apart at each of said spaced bare points, un-
winding from said mandrel a portion of heater

" wire adjacent one of said cutting points to pro-
vide space for making a connection to said man-
drel and coating each of said heater units with
a refractory material,

3. The process of manufacturing small high
voltage heaters which comprises coating a length
of mandrel wire with a refractory madterial, re-
moving said refractory material from spaced
points along the length of said wire, applying a
continuous spaced helical winding of heater wire
on said refractory material and in conductive
contact with said mandrel wire at said spesced
points, conductively connecting connection tabs
to said heater wire at spaced points along said
winding, cutting said wound coated mandrel to
provide a number of individual heater elements
each having one connection tab and one bared
portion of mandrel wire with heater wire wound
upon it, removing said heater wire winding at
the end of each heater element adjacent said
tab and coating each of said heater units with a
final coating of refractory material.

4. A small high voltage heater including s cen-
tral conductive mandrel wire, a refractory coat-

ing over the major portion of said mandrel wire, 2

2 helical winding of resistance wire over said re-
fractory coating, and over one end of said man-
drel wire in contacting relationship therewith, a
connection tab conductively connected to said re-
sistance wire at one end of said winding, and an
outer coating of refractory material over said
heater wire leaving said connection tab and one
end of said mandrel wire bare.

5. An electron tube including an indirectly
heated cathode, said indirectly heated cathode
comprising a hollow metallic sleeve, having elec-
tron emissive material on its exterior surface, and
a heater element within said sleeve, said hea.ter
element including a central conductive mandrel
wire, said mandrel wire extending beyond said
coating, a refractory coating over said mandrel
wire, a helical winding of resistance wire over
said refractory coating and over one end of said
mandrel wire, a connection tab welded to said re-
sistance wire at one end of said winding, the con-
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nection between the other end of said winding
and said mandrel wire being constituted by the
resistance wire being wound in direct contact
with said mandrel, and an outer coating of re-
fractory material over said resistance wire.

6. An electron discharge tube including indi-
rectly heated cathode, a number of grids and an
anode, said indirectly heated cathode including
a hollow, metallic sleeve, having electron emissive
material on its exterior surface, and a heater ele-
ment within said sleeve, said heater element in-
cluding a central conductive mandrel wire, a re-
fractory coating over said mandrel wire, said
mandrel extending beyond the ends of saxd re-
fractory coating, a continuous helical winding of
resistance wire over said refractory coating and
over one end of said mandrel in conductive con-
tact therewith, lead-in conductors of said tube
being connected to the other end of said mandrel
wire and the adjacent end of said resistance wire.

7. A small, high voltage heater including a cen-
tral conductive mandrel wire, a refractor y coat-
ing over the major portion of said mandrel wir e,
said mandrel wire extending beyond the ends of
said refractory coating, a continuous helical
winding of resistance wire over said refractory
coating and over one end of said mandrel wire,
the other end of said mandrel wire in direct con-
tact therewith and the end of said resistance wire
adjacent said other end being adapted for con-
nection to a source of electrical power.

WILLIAM WHEELER.
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