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57) ABSTRACT 

A cathode which allows simple and easy variance in 

11, 3,719,855 
(45) March 6, 1973 

the amount of emission and is constructed of a 
minimum number of different parts comprises first 
and second generally concentric cylinders of different 
diameters such that the cylinders have a space 
therebetween, which space may receive a heating unit 
therein. Each of the first and second cylinders have 
radially extending overlapping flanges joined to each 
other and one of the cylinders has a lower flange 
generally below and generally parallel to the upper 
flanges. At least three hollow tubular emission carriers 
are positioned between the upper and lower flanges 
and evenly distributed around the cylinders. The 
method of making the cathode and particularly the 
emission carriers comprises the steps of applying a 
thick layer of tungsten suspended in a liquid coating to 
the outer surface of a form, pre-sintering the coating 
to rigidify it, removing the rigidified coating from the 
form and finally sintering the coating to form a shell 
for the tubular emission carrier. Upper and lower 
plugs close opposite ends of the shell whereby it serves 
as a container or carrier for the cathode emission 
material. Three or more of the emission material car 
riers are inserted into aligned holes in flanges of a 
cylindrically shaped support unit. A cylindrically 
shaped member of a thin or foil material is connected 
to the support unit to the dispenser cathode to the 
tube envelope. 

6 Claims, 2 Drawing Figures 
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MULTIPLE CATH ODE 

BACKGROUND OF THE INVENTION 

This invention generally relates to a dispenser 
cathode and more particularly concerns a multi-pur 
pose cathode used for electric discharge tubes wherein 
the cathode includes a variable number of emission 
carriers. A pair of generally concentric cylinders of dif 
ferent diameters are connected together by means of 
overlapping upper flanges to form the basic support 
structure for the emission carriers. The apparatus and 
particularly the emission carrier tubular shell members 
may be made by a method of applying a liquid coating 
of tungsten to the outer surface of a form, pre-sintering 
the coating to rigidify the coating, removing the coating 
from the form and finally sintering the coating to pro 
vide a shell for the tubular emission carriers. 
The invention herein is especially useful in high 

capacity discharge tubes requiring large and variable 
amounts of emission as for example, electronic beam 
tubes whose cathode ray current is particularly large 
and must obtain a high energy density such that the 
beam may be utilized for processing material. 

Presently in the prior art dispenser cathodes for high 
energy equipment such as lasers usually have a fixed 
emission level and are fabricated in a complex and ex 
pensive manner. Moreover, the methods of making 
these prior art cathodes are involved and costly. 

SUMMARY OF THE INVENTION 

According to the invention herein we have provided 
a dispenser cathode for high energy density electronic 
beam tubes which allow the emission to be simply, ac 
curately and inexpensively changed from a small 
amount to a larger amount by simply adding one or 
more emission carrier units to a basic, easily con 
structed support unit. Furthermore, the same emission 
carrier units may be inserted in either a support unit of 
the hollow cathode type or a support unit of what is 
referred to as the cylinder cathode type. 
The above noted advantages and many others are ob 

tained from a multiple purpose cathode comprising 
first and second generally concentric cylinders each of 
which cylinders have different diameters such that a 
space is provided between the cylinders which space 
may receive a generally spiral shaped heater coil to 
provide indirect heat for the cathodes. Each of the first 
and second cylinders has an upper, radially extending 
flange which is arranged to overlap the other and to be 
mechanically joined. One of the cylinders has a lower 
flange generally below and generally parallel to the 
upper flanges. At least three hollow tubular cathode 
emission carriers are positioned between the upper 
flanges and the lower flange and are advantageously 
evenly distributed about the flanges. A foil mounting 
structure may be provided and attached to at least one 
of the cylinders. 
Each of the tubular emission carriers comprises a 

generally cylindrical shell made of a porous tungsten 
which shell has an upper plug and a lower plug to form 
a container for the cathode emission material. The 
upper plug has an outwardly extending flange whereby 
when the emission carriers are inserted through holes 
in the upper flange of the support unit the flange will 
come to bear against the upper flange and provide sta 
ble support for the emission carrier. The upper and 
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2 
lower plugs may be made of a molybdenum material, 
for example, and may be attached to the shell by means 
of soldering, for example. The lower plug may have a 
central bore to allow insertion and removal of the 
material. A screw means serves as a cap. 

It is a particular advantage of our invention that the 
support unit may be of a "hollow' type wherein the 
flanges of the concentric cylinders are directed radially 
inwardly and the foil mounting member is attached out 
side the outer cylinder. In this case a lower flange ex 
tending inwardly from the inner cylinder cooperates 
with the upper flange to support the carrier members 
inside the cylinders. 

In another “cylinder' type embodiment the first 
cylinder is inside the second cylinder and the upper and 
lower flanges extend radially outwardly from the first 
and second cylinders to support the emission carrier 
members outside the cylinders. The foil mounting 
cylinder is mounted within the inner first cylinder and 
attached thereto adjacent its upper end. 
The method of making the multi-purpose cathode 

comprises the steps of applying a thick coating of liquid 
having tungsten suspended therein to the outer surface 
of a form, which form may be cylindrical, pre-sintering 
the coating to rigidify the coating on the form, remov 
ing the rigidified coating generally intact from the 
form, again sintering the coating to form a porous tung 
sten shell, adding the upper and lower plugs and affix 
ing them securely to the upper and lower ends of the tu 
bular shell, fabricating the supporting units by over 
lapping the flanges of the first and second generally 
concentric cylinders, adding a foil mounting member, 
providing holes in the upper and lower flanges adding 
the necessary cathodic material to the tubular emission 
carrier cathodes and placing three or more of emission 
carriers evenly distributed about the flanges. It is con 
templated that the number of individual emission carri 
er elements distributed about the flanges may go up to 
12, 16 or more so that a very wide range in the amount 
of emission may be quickly and economically obtained. 
Moreover, the fact that the same cathodic emission 
carriers may be provided in either a hollow or cylindri 
cal type of supporting units lends a great versatility and 
economy of design and construction to the cathode. 

In the method of making the dispenser cathode a suf 
ficiently thick coating of tungsten in suspension may be 
applied on a ceramic rod or tube which rod or tube may 
be made of aluminum oxide or molybdenum. A pre-sin 
tering at about 1,600 centigrade solidifies the coating 
to the point where it may be removed such as by twist 
ing it off the form after which it may be finally sintered 
at about 2,200 to form the tough, porous tungsten 
shell. 

BRIEF DESCRIPTION OF THE DRAWING 

Other objects, features and advantages of the inven 
tion will be readily apparent from the following 
description of certain preferred embodiments thereof, 
taken in conjunction with the accompanying drawings, 
although variations and modifications may be effected 
without departing from the spirit and scope of the novel 
concepts of the disclosure and in which: 

FIG. 1 is a schematic representation of a hollow type 
multiple purpose indirectly heated dispenser cathode 
with a portion cut-away for purposes of showing the in 
terior, and, 
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FIG. 2 is a schematic representation taken generally 
in cross sectional elevation of a cylindrical type multi 
ple purpose indirectly heated, dispenser cathode em 
ploying the same cathodic emission carrier members as 
shown in F.G. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to the hollow type multiple purpose 
dispenser cathode shown in FIG. 1 it may be seen that a 
pair of generally concentric cylinders 1 and 2 are of dif 
ferent diameters such that they include a space 1 a 
between them which space may receive a spirally 
shaped heating coil 6 therein. The concentrically 
aligned cylinders 1 and 2 are provided at their upper 
end with inwardly, radially extending flanges 3 and 4, 
respectively, which flanges may partially overlap each 
other and be mechanically connected with each other 
by conventional joining means such as welding or sol 
dering whereby the cylinders 1 and 2 are held in fixed 
relation to each other. As shown in FIG. 1 the inner 
cylinder 2 has another flange 5 radially extending in 
wardly from its lower end. The flanges 3, 4 and 5 ad 
vantageously surround a central opening. 

Both the upper flanges 3, 4 and the lower flange 5 are 
provided with a number of aligned holes into which 
there may be inserted an individual cathodic emission 
carrier 7. Each of the individual emission carriers 7 
comprise relatively small cylindrical porous tungsten 
shell members 7a as shown in cross section in FIG. 2. 
The upper end of the shell 7a is closed with an upper 
plug means 8 which advantageously is made of a 
molybdenum material that is affixed to the shell 7a by 
means such as soldering or welding for example. The 
lower end of the shell 7a is closed with a lower plug 
means 9 which also may be of a molybdenum material 
and similarly attached to the shell 7a. According to our 
invention the emission carrier means 7 is retained in 
position by the cooperation of the upper and lower 
flanges 3, 4 and 5 as shown in FIG. 1. Each of the emis 
sion carriers 7 is positioned by inserting the lower end 
including the lower plug 9 through the hole in the 
upper flanges and into a hole in the lower flanges until 
an outwardly extending portion of the upper plug 
means 8, which is of a size which will not pass through 
the upper holes, prevents further movement of the 
emission carriers 7. While the emission carriers are 
shown in a vertical position held by gravity it will be un 
derstood that suitable means for retaining the emission 
carrier 7 against movement may be provided. The in 
dividual emission carrier means 7 may have an opening 
9a as may be best seen in FIG. 2 which opening will be 
closed or controlled by a screw means 10. By this 
means a cathodic emission material, not shown, may be 
inserted into the emission carrier 7 at any time. Ad 
vantageously barium oxide may be used as the cathodic 
material depending upon the application of the ap 
paratus and may be protected or held in position by a 
paraffin closure. Alternatively, the material may be 
contained in a small molybdenum container which is 
inserted into the emission carrier 7. It is further con 
templated that the material may be barium carbonate. 
The construction features of the multiple purpose 
cathode according to the invention may also be applied 
to oxide-matrix cathodes or impregnated cathodes. The 
cathode as shown in FIG. 1 is mounted by means of a 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
tantalum foil cylinder 11 which is attached at one end 
to the upper edge of the outer cylinder 1 and attaches 
at the other end to the tube envelope by way of its tube 
base, not shown. 

Referring to the "cylinder' type dispenser cathode in 
FIG. 2 it will be seen that a pair of generally concentric 
cylinders 11, 12 are connected together in fixed rela 
tionship by means of their partially overlapping, radi 
ally outwardly extending flanges 13 and 14 at their 
upper end. These flanges are suitably attached together 
by means such as soldering or welding. As before the 
cylinders 11, 12 are of different diameters such that a 
space is created between the inside of the outer 
cylinder 11 and the outside of the inner cylinder 12. 
The thus created space receives a spirally wound elec 
trically insulated heating means 16 whereby indirect 
heating of the emission material carriers 7 is provided. 
The heating means 16 may be suitably cemented in 
position in electrically insulated relationship by means 
of the insulating member 16a. The heating means 6 and 
16 shown in FIGS. 1 and 2, respectively, are similar and 
function in a similar manner to produce the same 
result. It is possible that when a free, thus not ce 
mented, heater is applied, the outer cylinder 1 as shown 
in FIG. 1 may be eliminated and, in the case of the em 
bodiment referring to FIG. 2, the inner cylinder 12 may 
be eliminated. 
The emission carrier 7 as described in detail with 

respect to FIG. 1 may also be used as shown in FIG. 2 in 
greater cross sectional detail. 
The cathode shown in FIG. 2 is mounted in position 

by means of a cylinder 22 made of tantalum foil. The 
cylinder 22 is attached at one end to the upper portion 
of the inner cylinder 12 and is attached at its other end 
to the tube envelope base not shown. 
The method of making the multiple purpose 

dispenser cathode comprises the steps of applying a 
coating of a generally liquid material having tungsten 
suspended therein to the outer surface of a form, which 
form may be a ceramic rod or tube made of aluminum 
oxide, for example. The thus coated form is then pre 
sintered at about 1,600 centigrade to solidify it after 
which it may be removed from the form as for example, 
by twisting and is then finally sintered at about 2,200 
centigrade. With the shell 7a thus formed of porous 
tungsten the molybdenum plugs 8 and 9 as shown best 
in FIG. 2 in cross section, may be attached thereto by 
secure means such as soldering or welding. The lower 
plug 9 has an opening 9a therein which allows the inser 
tion of materials into the formed emission carrier 
means 7. With the material in position the closure 
member 10 may be inserted in the hole 9a. 
The units supporting the emission carrier means is 

readily fabricated from a pair of generally concentri 
cally aligned cylinders of different diameter, each of 
which cylinders has a flange that overlaps the flange of 
the other cylinder whereby the cylinders may be readily 
fastened together by suitable means such as welding or 
soldering. The cylinders are preferably made of molyb 
denum. Because of the different diameters a space 
remains between the cylinders and the indirect heating 
means of the cathode are provided by extending the 
spiral heating member 6 or 16 therein and maintaining 
it in electrically insulated relationship. For this purpose 
the heating means is cemented in, as shown for exam 
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ple, in FIG. 2 by the means 16a. The flanges of the 
cathode have holes drilled therein which holes in the 
upper and lower flanges are aligned so that the emis 
sion carrier means 7 may be inserted through the hole 
in the upper flange and engage the hole in the lower 
flange. A greater number of holes up to 12, 16 or more 
may be provided in the flanges so that the emission 
capability of the cathode may be varied by varying the 
number of emission carrier means 7 which are put in 
place in the cathode. To provide an even distribution of 
the emission about the circumference of the cathode it 
is important that the holes in the emission carrier 
means be evenly distributed. 
The thus constructed cathode is then mounted in 

position in the tube envelope by means of a foil 
cylinder such as shown at 11 in FIG. 1 for the hollow 
cathode or the cylinder 12 as shown in FIG. 2 with the 
cylindrical cathode. 
From the foregoing description of the invention it 

may be seen that we have provided a dispenser cathode 
for high energy density electronic beam tubes which 
allow the amount of emission of the cathode to be 
simply, accurately and very inexpensively varied by 
simply adding or substracting emission carrier means to 
a basic, easily constructed supporting unit. In this con 
struction the emission carrier means may be of a stan 
dard size that will work equally as well in a hollow or 
cylindrical type cathode. 

Although minor modifications might be suggested by 
those versed in the art, it should be understood that we 
wish to embody within the scope of the patent war 
ranted hereon all such modifications as might 
reasonably and properly come within the scope of our 
contribution to the art. 
We claim: 
1. A multiple purpose dispenser cathode comprising 

first and second generally concentric cylinders of dif 
ferent diameters such that said cylinders have a space 
therebetween, each of said first and second cylinders 
having upper and peripheral partially overlapping 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
flanges joined to each other, one of said cylinders hav 
ing a lower flange generally below and generally paral 
lel to said upper flanges, at least three hollow tubular 
emission carriers positioned between said upper flanges 
and said lower flange and evenly distributed about said 
flanges wherein said space between said first and 
second cylinders receives a heater therebetween which 
heater coil provides indirect heat for said cathode. 

2. A multiple purpose cathode according to claim 1 
wherein said tubular emission carriers are closed off at 
their opposite ends by upper and lower plugs respec 
tively, said upper plug having a portion thereof extend 
ing outwardly beyond said tubular emission carrier, 
said upper and lower flanges having openings therein of 
a size generally conforming to the cross section of said 
emission carriers, said portion of said upper plug being 
of a size larger than said opening, said lower plug being 
of a size generally conforming to said cross section of 
said tubular emission carrier and having a bore therein, 
said bore being closed with a screw. 

3. A multiple purpose cathode according to claim 1 
wherein said upper and lower flanges extend radially 
outwardly from said first and second cylinders, said 
first cylinder being inside and said second cylinder, said 
first cylinder having a foil mounting cylinder therein 
and attached thereto adjacent its upper end. 4. A multiple purpose cathode according to claim 1 
wherein said upper and lower flanges extend radially 
inwardly from said first and second cylinders, said 
second cylinder being outside of and generally sur 
rounding said first cylinder, a foil mounting cylinder 
outside of and generally surrounding said second 
cylinder, said foil mounting cylinder being attached to 
said second cylinder adjacent its upper end. 

5. A multiple purpose cathode according to claim 1 
wherein said tubular emission carriers form containers 
which contain supply substances. 

6. A multiple purpose cathode according to claim 5 
wherein said supply substance a material selected from 
the group consisting of barium oxide and BaC. 

k : k ck ck 
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