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The present invention relates to a method of manu 
facturing a cathode for electron tubes, and more particu 
larly to an improved method of making a small-sized 
?at cathode which operates highly effectively when incor 
porated in electron tubes such as miniwatt cathode ray 
tubes. 

In conventional methods of manufacturing cathode 
heater elements of flat coiled shape adapted for incor 
poration in electron tubes of the type described above, 
complicated processes and specially designed take-up 
means have generally been required, and there has been a 
demand for a simpli?ed method of making the same. 
The primary object of the invention is to provide an 

improved and simpli?ed method of manufacturing a min 
iature cathode especially suitable for incorporation in 
mini‘watt electron tubes‘ such as miniwatt cathode ray 
tubes. 

Other objects and particularities of the invention will 
become obvious from the following description with ref 
erence to the accompanying drawings, in which: 
FIG. 1 is a schematic side elevational view showing 

the step of shaping a composite article in a manufactur 
ing method of the invention; 

- FIG. 2 is a sectional side elevational view of the com 
posite article deformed by the step shown in FIG. 1; 

FIG. ‘3 is a perspective view of a ?nished cathode heater 
element obtained from vthe composite article of FIG. 2; 
7 FIG. 4 is a perspective view of a directly heated cath 
ode incorporating therein the cathode heater element as 
shown in FIG. 3', with a_ part broken away to show the 
cathode heater element disposed therein; 

‘FIG. 5 is a schematic side elevational view showing 
the step of forming a composite structure for the purpose 
of obtaining a cathode heater element with an insulating 
covering thereon by the method according to the inven 
tion; 
FIG. 6 is a perspective view of the composite struc 

ture made by the step of FIG. 5; 
FIG. 7 is a perspective view 

heater element obtained 
shown in FIG. 6; 
FIG. 8 is a perspective view of another form of the 

directly heated cathode which is formed from the insu 
lated cathode heater element obtained by the step shown 
in FIG. 5; and , 
FIG. 9 is a modi?cation of the forming step shown in 

FIG. 5. 
The invention will now be described in detail with ref 

erence to the drawings. Referring to FIG. 1 at ?rst, there 
is shown a basic concept of forming a cathode heater 
element according to the invention. In FIG. 1, it will be 
seen that a composite article 1 is interposed between a 
pair of dies 4 and 5 which are disposed on opposite sides 
of the composite article 1. The composite article 1 con— 
sists of a mandrel 2 of a soluble wire of a metal, such 
as molybdenum, about which a heating ?lament 3 of 
tungsten is wound with a suitable pitch between every 
two adjacent turns. vWhen now the dies 4 and 5 are moved 
towards each other to apply a suitable pressure to the 
composite article 1 to crush the same ?atwise, the com 
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posite article 1 is deformed as shown in FIG. 2, so that 
the mandrel 2 and the heating ?lament 3 take the form 
of flat portions 6 and -7, respectively. 

Then, the composite article 1 having been deformed 
as shown in FIG. 2 is soaked in a solution such as of a 
mixture of nitric acid and sulfuric acid for removing the 
mandrel 2 alone by the selective dissolution. Subsequent 
1y, unnecessary portions at opposite end edges of the ?at 
heating ?lament 7 are cut off and the ends are bent to 
form conductive terminals 8 thereat to obtain a cathode 
heater element in the form of a flat coil as shown in 
FIG. 3. 
The cathode heater element, as shown in FIG. 3, ob 

tained by the manufacturing method according to the in 
vention is subsequently subjected to processes, as will be 
explained hereinunder, to provide a directly heated 
cathode. 

Or, more precisely, a directly heated cathode as shown 
in FIG. 4 can be formed by providing an electron emis 
sive oxide layer on the entire surface, except the conduc 
tive terminals 8, of the cathode heater element shown in 
FIG. 3 by well-known means such as spray coating, elec 
tro-deposition or immersion. In FIG. 4, it will be seen 
that the ‘directly heated cathode includes a cathode heater 
ele'ment 9 embedded in an electron emissive oxide layer 
10. 
By the application of the manufacturing method of the 

invention, it is also possible to obtain a ?at cathode 
heater element having thereon an insulating covering. 
One of such manufacturing processes is illustrated in FIG. 
5. In FIG. 5, it will be seen that a frame member or a 
mold 11 of high-temperature resisting material preferably 
of molybdenum is placed on a ?at plate 12, and a de 
formed composite article 14 as shown in FIG. 2 is disposed 
within an aperture 13 of the mold :11. In a space 15 be 
tween the aperture 13 and the deformed composite arti~ 
cle 14, an insulating material 16 in the form of paste is 
filled by use of a pallet 17. The insulating material 16 
may comprise aluminum oxide kneaded with distilled 
water or a solution of nitrocellulose. This ?lling opera 
tion should be made on opposite sides of the composite 
article 14 by at ?rst applying the paste 16 as shown in 
'FIG. 5 and then inverting the mold 1‘1 upside down on 
the ?at plate 12 to apply the paste on the opposite side 
of the composite article .14, except a special case as will 
be described later. 

After this ?lling operation, the ?at plate 12 is removed, 
and a structure of the three elements, that is, the mold 
11, the deformed composite article 14 disposed in the 
aperture 13 of the mold 11 and the insulating material 16 
enclosing the composite article 14 therein, or a structure 
of the two elements, that is, the deformed composite 
article 14 enclosed in the insulating material 16, is heated 
in a hydrogen atmosphere at a high temperature of the 
order of 1600° to 1700° C. In the case of the structure 
of the three elements, the mold 11 is then removed by 
some suitable mechanical means. Subsequently, both end 
edges of the structure are shaped to form conductive ter 
minals 18 thereat to obtain a composite structure as shown 
in FIG. 6. 

Thereafter, the composite structure is subject to a con 
ventional process of selective dissolution to selectively re 
move the flat mandrel :6 alone to obtain a cathode heater 
element covered with insulating material as shown in 
FIG. 7. A layer or layers of electron emissive oxide may 
be provided directly on one face or both faces of such 
cathode heater element to form a directly heated cathode 
or an indirectly heated cathode. 

In one form of a directly heated cathode shown in FIG. 
8, an insulating ‘layer 19‘ is provide on one face of the 
?at heating ?lament 18, while an electron emissive oxide 
layer 20 is provided on the other face of the ?lament 18. 
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The directly heated cathode with such structure is sturdy 
and has an excellent thermal efficiency. Therefore, it is 
quite effective for use in miniwatt cathode ray tubes. It 
will be understood that the insulating layer 19 can be 
provided by applying the pallet 17 solely to one face of 
the composite article 14 in the process shown in FIG. 5, 
instead of ?lling the insulating material 16 from both sides 
of the article 14. 

Although in the above embodiment the process as 
shown in FIG. 5 has been used to obtain the composite 
structure as shown in FIG. 6, it will readily be understood 
that such composite structure can likewise be obtained 
by a process as shown in FIG. 9. In FIG. 9, there is shown 
a pair of dies 27 and ‘28 which form a press means. In a 
recess 29 in one of the dies 28, a predetermined amount 
of an insulating material 30‘, preferably powdery alumi 
num oxide, is ?lled and a deformed composite article 31 
as shown in FIG. 2 is embedded in the insulating mate 
rial 30. When now the die 27 is urged toward the die 28 
to apply a pressure of the order of 40 to 50 kg/rnm.2 to 
the insulating material 30 enclosing therein the composite 
article 31, the composite article 31 is ?rmly bonded to 
the insulating material 30 to form a unitary structure, 
and a composite structure as shown in FIG. 6 can be 
taken out of the recess 29‘ in the die 28. 

In any case, the external dimensions of the cathode 
heater element 21 covered with insulating material can 
easily be regulated in the process shown in FIG. 5 or 9. 
Therefore, by suitably selecting the shape of the aperture 
13 of the mold 11 or the recess 29 of the die 28, the 
cathode heater element covered with insulating material 
which has a ?at and smooth surface and any desired ex 
ternal shape can be obtained regardless of the shape 
of the heating ?lament. 
What is claimed is: 
1. A method of manufacturing a cathode element for 

electron tubes comprising the steps of coiling a heating 
?lament about a unitary mandrel of soluble metal, apply 
ing pressure to deform said assembled heating ?lament 
and mandrel together into close ?tting unitary relation, 
providing a coating layer of material on at least one sur 
face of said assembled and ?attened ?lament and mandrel 
and selectively removing said ?attened mandrel by selec< 
tive dissolution. 

2. A method of manufacturing a cathode element for 
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electron tubes according to claim 1 in which said layer is 
a layer of electron emissive oxide. 

'3. A method of manufacturing a cathode element for 
electron tubes comprising the steps of coiling a heating 
?lament about a unitary mandrel of soluble metal, apply 
ing pressure to deform said assembled heating ?lament 
and mandrel together into close ?tting unitary relation, 
providing a coating layer of insulating material on at 
least one surface of said assembled and ?attened ?lament 
and said mandrel, sintering said insulating material at a 
suitable temperature, and selectively removing said ?at 
tened mandrel by selective dissolution. 

4. A method of manufacturing a cathode element for 
electron tubes according to claim 3 in which a layer of 
electron emissive oxide is directly formed on one face of 
said layer of insulating material ‘after said step of re 
moval of said ?attened mandrel. 

5. A method of manufacturing a cathode element for 
electron tubes according to claim 3 in which a layer of 
electron emissive oxide is directly formed on each face 
of said layer of insulating material after said step of re 
moval of said ?attened mandrel. 

6. A method of manufacturing a cathode element for 
electron tubes comprising the steps of coiling a heating 
?lament about a mandrel of soluble metal, applying pres 
sure to ?atten said heating ?lament and said mandrel in 
unitary relation, providing a coating layer of insulating 
material on one surface of said assembled and ?attened 
?lament and mandrel, sintering said insulating material at 
a suitable temperature, selectively removing said ?attened 
mandrel by selective dissolution, and providing a layer 
of electron emissive oxide on the other surface of said 
heating ?lament after the selective removal of said ?at 
tened mandrel. 
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