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The present invention relates to electron dis 
charge tubes, and more particularly to heater 
structures for indirectly heated cathodes form 
ing 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 adapted to be used with high input voltages. 
Another object of the present 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 production process for 
heaters adapted to be used in electron discharge 
devices in which no delicate operations or tedious 
manipulations are involved. 
A further object of the present invention is the 

provision of a heater element which will have 
longer life when used in conventional tubes, and 
which further will present a leSS Strain. On the 
heater power supply. 

Still a further object of the present invention is 
the manufacture of a high voltage, low Wattage 
heater particularly Suited for use in rugged tubes. 
The foregoing object, and others which may 

appear from the following detailed description, 
are obtained in one example of the present inven 
tion by coating a mandrel wire with a refractory 
material. The outside surface of the coating is 
used as a mandrel, on which is helically Wound 
light tungsten resistance wire at the desired num 
ber of turns per inch. Connection tabs of a Spe 
cial alloy are then Welded in place in a paired 
relationship at spaced intervals along the length 
of the Wire. The long wound mandrel is then 
severed between each of the pairs of tabS, thus 
forming a number of separate heater units, each 
with a connection tab near each end. Each Sepa 
rate heater is again coated with a refractory ma 
terial. Before the heater is inserted into a cath 
ode sleeve, the heater element is nicked or Scored 
with a sharp blade at a point half way between 
the connection tabs and broken at that point. 
The refractory material and the Central mandrel 
wire break more or less sharply, leaving a short 
coiled portion of the heater wire connecting the 
two sections of the heater. Since the heater Wire 
is rigidly supported over substantially its entire 
length, a much more rugged form of construc 
tion than that known to the prior art is obtained 
by this means. A high voltage heater is obtained 
for use in extremely small size directly 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 . . . . . 
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Fig. i. illustrates in a 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 heate 
elements of the present invention during a later 
Step of the proceSS of manufacture, 

Fig. 3 is a partial Sectional view of a typical 
heater element constructed according to the 
principles of the present invention, 

Fig. 4 shows the heater element as it is pre 
pared for insertion into a Cathode sleeve, 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 O. 

This wire, which may be a three mill tungsten 
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 0 is by continuously coat 
ing the mandrel wire cataphoretically with alu 
minum oxide Which is then Sintered to produce a 
smooth, hard Surface. The outside diameter of 
the insulating coating 2 may have a diameter 
of the order of ten thousandths of an inch. The 
mandrel thus produced is Wound at the desired 
number of turns per inch with a light tungsten 
resistance wire 4. In one specific arrangement, 
tested, wire 4, having a diameter of nine ten 
thousandths of an inch, was wound on a ten 
thousandths inch support at a Winding pitch per 
inch of the order of between 600 and 700. With 
these dimensions, a heater element having a 
length of the order of 28 mm. drew about one 
Watt when connected to a 26 volt Supply. The 
resistance wire 4, having been Wound in place, 
connection tabs 6 and 7 are Welded in place in 
a paired relationship as ShoWn in Fig. 2. Each 
pair of connection tabS is Spaced apart a distance 
slightly greater than twice the length of the cath 
Ode sleeve With Which it is designed to be used. 
We have found that a platinum tungsten alloy 
Serves as a Satisfactory material for the connec 
tion tabs 6 and , permitting an efficient weld 
to the heater wire 4 and to the later applied 
connecting Wires. 
The connection tabs, in addition to Serving as a 

means of making electrical connection to the 
resistance wire 4, also serve to hold the helical 
Winding Securely in place without breaking or 
cracking the refractory coating 2. Individual 
heaters, each having One terminal tab G, and One 
terminal tab 7 are produced by cutting through 
at the points indicated by the dotted lines C, C. 
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The individual elements are again cataphoreti 
cally coated with a refractory material such as 
aluminum oxide, and sintered to produce a 
Smooth, hard final coat. They may, for example, 
be fired in a hydrogen furnace at 1600° C. for one 
half minute to one minute. The resultant.heater 
element is shown in partial section in. Fig. 3, . 
Wherein reference numeral 22 indicates in sec. 
tion the second coat of refractory material, 

Before the heater is inserted into a cathode 
sleeve, for use in a conventional electron dis 

O 

charge tube, the heater is nicked lightly with a 
knife blade or similar instrument at...a...point.in 
termediate the tabs 6 and it, as indicated by: 
the arrow labeled N. The heater is next bent 
Sharply at the point of nicking N. The nicking, 
proceSS CauSeS a Sharp clean break of the coat 
ings of refractory material, and of the central 
Inandrel Wire Without damaging the coiled heater 
Wire contained between the two, successive coat 
ings of refractory material. The heater element. 
then appears as shown in Fig. 4, and is indicated 
generally by reference character 25. The only 
even slightly fragile part of the completed heater, 
is the small bare coil 24 of uncoated, heated wire 
resulting from the nicking, breaking...process. 
However, this is not subject to strain once the 
completed heater has been inserted in the cath 
ode sleeve. - 

In Fig. 5. We have shown an electron discharge 
tube having a hermetically. Sealed casing 30, 
which may be evacuated or contain gas under 
some preferred degree of reduced pressure. 
Within the casing, supported by spacers. 3...and 
32, are arranged an indirectly heated cathode 
33, One. or more grid structures indicated by grid, 
34, and an anode 35. 
Within cathode 33 is placed the heater element 

25. described above, connection tabs. 6 and 
being connected to chosen ones of the lead in 

4. 
sistance wire on said refractory material, con 
ductively connecting connection tabs to said 
heater Wire in Spaced pairs, cutting said wound, 
coated mandrel between each of said pairs of 
connection tabs to provide a number of separate 
heater units, coating each of said heater units 
With a refractory material, and nicking and 
breaking the mandrel and refractory coatings 
only at a point Substantially midway between 
the ends of each of the heater units. 

3. A Small high Voltage heater including a cen 
tral conductive mandrel wire, a refractory coat 
ing over said mandrel wire, a helical winding of 

5 

20 

25 

30 

-35 

40 Wires 36, whereby current may be. Supplied to 
Said heater. While it is preferred to use a cath 
Ode Which is Oval or oblong in cross-section, in 
Order to obtain more efficient heat transfer be 
tween the heater element and the cathode sleeve, 
other forms, such as circular, 
desired. 
While we have shown and particularly de 

Scribed a preferred embodiment of the present 
invention, it will be clearly understood that the 
present invention is not limited thereto, but that 
modifications within the scope of the invention 
may be made; thus, for example, the connection 
tabs per Senay be omitted, and connections 
made-directly to the ends of the heater wire, or 
the heater wire may be unwound to extend away : 
from the heater itself to form connections. 
What is claimed is: 

... The proceSS. of manufacturing small high 
voltage.heaters, which comprises coating a man 
drel wire with a refractory material, helically 
Winding on Said refractory materia a desired 
length of heater Wire, conductively connecting 
connection. tabs to Said heater wire in spaced 
pairs, cutting. Said. Wound, coated mandelbe 
tWeen each of Said pairs of connection tabs to 
provide a number of separate heater units coat 
ing each of said heater units with a refractory 
material, and nicking and breaking the mandrel 
and refractory, coatings only at a point, substan 
tially midway between the ends of each of the 
heater units. 

2. The process of ianufacturing small high 
Voltage.heaters. which comprises coating a man 
drel wire with a refractory material, winding re 

heater wire over said refractory coating, con 
nection tabs: encircling Said Winding and Welded 
to said heater. Wire at each end of Said winding, 
and an Outer coating of refractory material Over 
said heater wire, leaving said connection tabs 
bare at their ends. 

4. A. Small high voltage heater including a 
central conductive mandrel wire, a refractory 
coating over said mandrel wire, a helical wind 
ing of heater Wice over said refractory coating, 
connection tabs encircling said Winding and 
welded to said heater. Wire. at each end of Said 
winding, and an outer coating of refractory ma 
terial over said heater wire, leaving said connec 
tion tabs bare at their ends, said heater being 
nicked at a point midway between its ends, and 
doubled back on itself, said refractory coat 
ings and central mandrel being broken without 
breaking said heater Wire. 
5. A small high voltage heater including a 

central conductive mandrel wire, a refractory 
coating over. Said mandrel Wire, a helical wind 
ing of resistance Wire over said refractory coat 
ing, connection tabs welded to said resistance 
wire near each end of said winding, and an outer 
coating of refractory material OVer said resist 
ance Wire, leaving said connection tabs bare at 
their ends, said heater being nicked and dou 
bled back on itself at a point intermediate its 
ends, and Said refractory coatings and central 
inlandre being broken. Without breaking Said re 

may be used if 

, heater including a central conductive mandrel 
Wire, a refractory coating over said mandrel wire 50 

60 
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Sistance Wire. 
6. An electron discharge tube including a cath 

Ode. Comprising a hollow metallic sleeve and a 
small high voltage heater within said sleeve, said 

rod, a helical winding of heater wire over said 
refractory coating, connection tabs welded to 
Said heater Wire at each end of said winding, 
and an outer Coating of refractory material over 
Said heater Wire, leaving said connection tabs 
bare at their ends, said heater being doubled 
back on itself at a point intermediate its end. 

... An electron discharge tube including a cath 
ode comprising a hollow metallic sleeve and a 
Small high Voltage heater within said sleeve, said 
heater including a central conductive mandrel 
Wire, a refractory coating over said mandrel Wire 
rod, a helical winding of heater wire over said 
refractory coating, connection tabs welded to 

; Said heater Wire at each end of said winding, and 
an. Outer coating of refractory material over said 
heater Wire, leaving. Said connection tabs bare at 
their ends, Said heater being nicked at a point 
midway between its ends, and said refractory 
coatings and central mandrel being broken with 
Out breaking said heater wire, whereby said heat 
er Inay be arranged within said sleeve in the form 
of two parallel rod-like portions, both of said 

'..connection tabs extending at one. end of said 
sleeve. 
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8. An electron discharge device including a 
cathode structure having a metallic sleeve and 
a multiple leg heater Within said sleeve, each leg 
of Said heater including a central conductive 
mandre Wire, a refractory coating over Said 
mandrel wire rod, a helical winding of heater 
Wire Over Said refractory coating, connection tabs 
Welded to Said heater Wire near each ex 
treme end of Said heater, and an Outer coating 
of refractory material over each leg of said 
heater Over said heater wire, leaving said con 
nection tabs bare at their ends. 

9. An electron discharge device including a 
cathode structure having a metallic sleeve and 
a small high Voltage heater Within Said sleeve, 
and including a central conductive mandrel 
wire, a refractory coating over said mandrel wire 
rod, a helical winding of heater wire over said 
refractory coating, connection tabs welded to said 
heater wire near each end of said winding, and 
an outer coating of refractory material Over said 
heater wire, leaving said connection tabs bare 
at their ends, Said heater being nicked at a point 
midway betWeen its ends, and doubled back 
On itself at Said point, Said refractory coatings 
and central mandrel being broken without break 

O 
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6 
ing Said heater wire, whereby the two halves of 
Said heater may lie parallel to one another with 
in Said sleeve. 

WILLIAM WHEELER 
WARNER. C. WCKE. 
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