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12. Claims. (C. 313-346) 

My invention relates to dispenser cathodes and to 
methods of making them. 

Dispenser type cathodes having a porous metal cover 
for a reservoir of thermionic material are advantageously 
employed in many applications especially in view of the 
long life permitted by the reservoir of thermionic ma 
terial and the ease with which the cathode surface may 
be machined for accurate spacing from other electrode 
surfaces. In order that the enclosed emission material 
be exposed only through the pores of the dispenser cover, 
it is necessary that the remainder of the holder be im 
pervious and that the cover be very tightly fitted to the 
holder. Emission from the sides of the porous cathode 
cover rather than from the upper surface only has been 
found to impair the high frequency performance of dis 
charge devices in which such cathodes are employed be 
cause of the different transit angles of different parts of the 
electron stream. Special care must also be exercised to 
provide a close fit without unduly increasing the cost of 
manufacture to prevent loss of the cathode material. 
Since it is also characteristic of the metal sinterings com 
monly employed as the porous cover or lid material that 
the pores may be closed by machining unless the ma 
terial is quite frangible, it is furthermore important that 
the closure requirements should not require such a high 
mechanical strength for the cover that the cover surface 
cannot be successfully machined. 

It is therefore an important object of my invention to 
provide an improved dispenser cathode. . . . . 

It is another object of my invention to provide a simple 
dispenser cathode construction in which the porous 
cathode lid is securely sealed to the cathode container. 
... It is a further object of my invention to provide an im 
proved method of making dispenser cathodes of the 
porous cover type especially suitable for use in high fre 
quency discharge devices. 

Briefly, in accordance with my invention, both the 
cathode holder and its porous cover are made of com 
pacted refractory metal powders which are sintered to 
gether in their assembled position with the cathode acti 
vating material enclosed. The cathode holder sinters 
more readily than the cover by employing a refractory 
metal having a lower sintering temperature than tungs 
ten or more densely pressing the powderpart or both, so 

... that the cathode holder is made sufficiently, hard and 
impervious at the same sintering temeprature which leaves 
the porous cover sufficiently frangible to permit machin 

ting without closing the pores. Because it begins to sinter 
at a lower temperature, the cathode holder shrinks more 
than does the porous cover so that it both grips the cover 
tightly and is sintered to it. 
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The novel features which I believe to be characteristic 
of my invention are set forth with particularity in the ap 
pended claims. The invention itself, however, both as to 
its organization and method of operation together with 
further objects and advantages thereof may best be un 

70 

derstood by reference to the following description taken : 

2 
in connection with the accompanying drawing in which 
Fig. 1 illustrates apparatus for compacting a cathode 
holder; 

Fig. 2 illustrates apparatus for compacting a powdered 
metal cathode cover; 

Fig. 3 represents a dispenser cathode made in accord 
ance with the teachings of my invention and employing 
the cathode holder and cover of Figs. 1 and 2; and 

Fig. 4 illustrates another embodiment of a dispenser 
cathode made in accordance with the teachings of my 
invention. 

Referring now to Fig. 1 there is shown a molding ma 
chine for compacting or pressing a refractory metal part 
which constitutes a cathode holder of a dispenser cathode. 
This apparatus comprises a mold 1, Suitably made of 
steel, having a cylindrical bore closed at its lower end 
and with a tapered central core extending from the closed 
bottom end of the mold, the upper surface of the core 
lying within the bore in a plane transverse to the bore 
axis. A piston or ram 3 is arranged to enter the bore 
of the mold from its upper end and compact powdered 
material within the mold. The ram 3 has a tapered end 
portion 4 of reduced diameter terminated in a plane 
transverse to the axis of the bore. 
To form the cathode holder, the mold 1 is filled with 

a powdered refractory metal before the ram is intro 
duced. Molybdenum is preferably employed, although 
other metal powders such as nickel or tungsten may be 
used. The particle sizes are chosen so that with the ram 
pressure employed the cathode holder is so densely com 
pacted that after sintering it is mechanically strong and 
substantially impervious to the diffusion of an activator 
material therethrough. When the ram 3 is lowered to 
the final position indicated in Fig. 1, the pressed or com 
pacted powder part to be employed as a cathode holder 
is formed as a hollow cylinder 5 with a transverse inner 
partition 6, the recesses on either side of the partition 
being formed by the core 2 and the reduced end portion 
4 of the ram. The upper recess is designed to be the 
reservoir for the active cathode material or cathode acti 
vator and the lower recess is preferably longer to enclose 
a cathode heater. The thickness of the cathode holder 
partition 6 is made less than the thickness of the cylinder 
walls to increase the effectiveness of the heater. After 
the cathode holder is pressed the ram 3 is withdrawn 
and the formed powder part 5 is removed. 

Fig. 2 illustrates the apparatus for making or pressing 
the powder part which constitutes the cathode cover. 
The mold 7 has a cylindrical bore closed at the lower 
end and having a bevel or taper 8 from the bottom of 
the bore to a height representing the desired thickness of 

A cylindrical ram 9 is arranged to 
enter the top of the cylindrical bore and to compress 
powder filling the wall 7 to the desired thickness. The 
completed compacted powder cover 10 is a cylindrical 
disk having tapered side walls. The angle of taper cor 
responds to that of the upper portion of the cathode 
holder 5 so that the disk may fit within the upper recess 
of the cathode holder with its upper surface flush with 
the upper end of the holder. The refractory metal pow 
der employed in the disk () is preferably tungste, al 
though other material such as molybdenum or tantalum 
may be substituted. The cover it however is not corn 
pacted so firmly or to such a high percentage of its nax 
imum density as is the cathode holder 5 in order that for 
a given sintering temperature, the cathode disk may be 
relatively porous and frangible as compared with the 
cathode holder 5. 
A completed cathode assembly is shown in Fig. 3. 

The assembly is formed by positioning a quantity of 
cathode activator material, suitably in the form of a 



pellet 11 on the upper surface of the partition 6 of the 
cathode holder. 5. The cathode cover 10 is then fitted 
into the top of the upper recess in the holder thus en 
closing the cathode activating material. At this stage 
the pressed powder parts 5 and iO are both relatively soft 
and porous and must be handled carefully to avoid break 
age. Either or both may also be presintered to some 
degree to facilitate handling, if so desired. The assem 
bly is then heated in a furnace to a temperature sufficient 
to sinter both pressed powder parts. With the holder 
5 made of molybdenum powder and the cover it made 
of tungsten powder a temperature of 1400 C. or gen 
erally in the range of 1300 to 2000 C. is sufficient to 
sinter the powdered assembly. The cathode holder 5, 
because it is more firmly compacted and because the 
molybdenum has a lower sintering temperature becomes 
substantially impervious upon firing whereas the tungsten 
cover 10, while sintered, remains relatively porous. Be 
cause of its lower sintering temperature, the cathode 
holder 5 shrinks more than does the cover 10 during 
the sintering process and thus tightly encompasses the 
edge of the lid and becomes sintered to it. Accordingly, 
no openings larger than those of the pores themselves 
remain between the interior of the enclosed recess and 
the exterior of the cathode assembly. The sintering 
process is preferably carried out in vacuum or in a hy 
drogen atmosphere to minimize oxidation of the cathode. 
Other reducing or inert atmospheres may also be em 
ployed, the choice depending to some extent upon the par 
ticular cathode activating material enclosed within the 
cathode. 
The cathode activating material 11, which may suit 

ably be barium carbonate, functions in a manner known 
in the art to activate the upper surface of the cathode 
cover 10. Upon heating of the carbonate, as occurs 
during the sintering process, the barium carbonate dis 
sociates, reducing to barium oxide. Further heating is 
believed to cause the barium oxide to react with the 
tungsten, producing barium. The barium atoms slowly 
migrate along the tortuous, indirect paths defined by the 
pores, eventually diffusing through to the outer surface 
of the cathode cover 10 and forming a monatomic layer 
whose effect is to reduce the work function of the tung 
sten from around 4.5 electron volts to a value from 1.6 
to 2.0 electron volts. In this type of cathode, it is be 
lieved that the barium oxide alone is not the emitter but 
rather than the barium layer together with the tungsten 
base provides the efficient electron emitting surface char 
acterizing this general type of cathode. For that reason 
the barium carbonate placed in the reservoir of the cath 
ode has been referred to as a cathode activating ma 
terial and the term as used herein is intended to include 
other materials having the same end effect. For example, 
other compounds which may be reduced to provide 
metallic barium may be employed or metallic barium it 
self may be employed. Other alkaline earth metals either 
singly or in combination may also be employed either 
in the form of the metals themselves or compounds which 
may be reduced to provide them. 

In operation of a cathode incorporating my invention, 
the upper surface of the cathode including the upper 
surface of the cathode cover it is milled or otherwise 
machined to the exact dimensions required. The porous 
disk 6 is relatively frangible and hence the machining 
operation, which in effect scrapes off an upper layer, can 
be effected without compressing or smearing the mate 
rial and filling in the pores, which would, of course, ad 
versely affect the operation of the cathode. It will be 
appreciated that despite the relative softness of the cath 
ode cover 10 no difficulties are encountered in handling 
the material since it is integral with the mechanically 
stronger cathode holder 5. A cathode heater 2 is suit 
ably mounted within the lower recess of the holder 5. 

After the discharge device is evacuated and the heater 
is operated at a temperature around 1200° C. the cathode 
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4 
activation mentioned above is completed, the activation 
having been begun during the sintering process. Despite 
the exposure of the cathode to air during assembly of 
the discharge device the cathode is not poisoned or per 
manently damaged but instead may be reactivated or the 
activation continued by further heating until the desired 
monatomic barium layer on the tungsten is obtained as 
evidenced by stable emission. 
A modification of my invention is indicated in the 

drawing at Fig. 4. Here the cathode holder 13 corre 
sponds to the holder 5 of Fig. 3 and is made by the 
same method. The particular holder 13 of Fig. 3 also 
has an enlarged diameter or flange 14 at its upper end to 
facilitate the addition of a cylindrical metal foil heat 
shield and support 15. The body if of the cathode ac 
tivating material is closely surrounded by the packed pow 
der parts. This is accomplished after withdrawal of the 
rain 3 from the holder mold by placing the cathode activa 
tor charge in the upper recess without removing the cath 
ode holder 23 from the mold. A quantity of pow 
dered tungsten or other suitable refractory metal as em 
ployed in making the porous cover 10 of Figs. 2 and 3 
is then placed in the mold and compressed into the upper 
recess of the cathode holder. The molded tungsten pow 
der part 6 thus formed fills all the space in the upper 
cavity recess not occupied by the charge or pellet 11 of 
cathode activating material. No handling of the pressed 
powder part 13 is involved and after sintering the assem 
bly as described in connection with Fig. 3 the upper sur 
face of the cathode assembly is machined to provide the 
desired Smoothness and thickness dimension. The unitary 
sintered assembly possesses the advantages also discussed 
in connection with Fig. 3 in that the porous portion 16 
is sintered to the holder with the emitting surface re 
stricted to its upper surface and the paths for the cathode 
activating material to the cathode surface restricted to the 
pores of the portion 6. 
While I have shown and described various embodi 

ments of my invention it will of course be understood by 
those skilled in the art that other modifications may be 
made without departing from the principles of my inven 
tion. I therefore contemplate by the appended claims to 
cover any Such modifications that fall within the true 
Spirit and scope of my invention. 
What I claim as new and desire to secure by Letters 

Patent of the United States is: 
1. A dispenser cathode comprising a sintered integral 

refractory metal body having a recess receiving a quantity 
of thermionic emitting material, a sintered face portion 
closing said recess, said face portion of the body being 
porous relative to the remainder of said body to provide 
for the gradual egress of emitting material from said 
receSS. 

2. A dispenser cathode comprising a substantially im 
pervious sintered refractory metal recessed holder, a 
thermionic activator material positioned therein, and a 
porous sintered refractory metal face member in said 
recess sintered to said holder and enclosing said material. 

3. A dispenser cathode comprising a sintered substan 
tially impervious hollow tubular refractory metal member 
having a transverse partition therein to define a recess in 
each end of said tubular member, a thermionic activator 
material positioned in the recess at said one end, a porous 
sintered refractory metal plug in said one end sintered 
thereto and integral therewith, and a cathode heater posi 
tioned in the other recess in said tubular member. 

4. A dispenser cathode comprising a sintered substan 
tially impervious hollow tubular refractory metal member 
having a transverse partition therein to define a recess in 
each end of said tubular member, a thermionic activator 
meterial positioned in the recess at one end thereof, a 
porous sintered refractory metal cover completely filling 
the remainder of the space in said one end and sintered 
thereto and integral therewith, and a cathode heater 
positioned in the other recess in said tubular member. 



5. The method of making a dispenser cathode which 
comprises forming a recessed cathode container member 
from a densely packed refractory metal powder having a 
given sintering temperature, positioning a quantity of 
thermionic activator material within the recess of said 
container, positioning a container cover of less densely 
packed refractory metal powder having a sintering tem 
perature higher than said given temperature in said recess, 
and heating the assembly to sinter the refractory metal 
powders and join the said cover and said container to 
gether. 

6. The method of making a dispenser cathode which 
comprises forming a recessed cathode container member 
from a packed refractory metal powder having a given 
sintering temperature, positioning a quantity of thermionic 
activator material within the recess of said container, po 
sitioning a container cover of a packed refractory metal 
powder having a higher sintering temperature than said 
given temperature in said recess, and heating the assembly 
to sinter the refractory metal powders and join said cover 
and said container together. 

7. The method of making a dispenser cathode which 
comprises forming a recessed cathode container member 
from a densely packed refractory metal powder, posi 
tioning a quantity of thermionic activator material within 
the recess of said container, positioning a container cover 
of less densely packed refractory metal powder in said 
recess and sintering the assembly to join said cover and 
said container together. 

8. The method of making a dispenser cathode which 
comprises forming a recessed cathode container mem 
ber from a densely packed refractory metal powder, 
positioning a quantity of thermionic activator material 
within the recess of said container, positioning a con 
tainer cover of less densely packed refractory metal pow 
der in said recess, and heating the assembly to sinter 
the refractory metal powder and at least partially activate 
the cathode. - 

9. The method of making a dispenser cathode which 
comprises forming a cathode container member having a 
recess therein from a densely packed refractory metal 
powder, positioning a quantity of thermionic activator 
material within the recess of said container, packing the 
remainder of the recess with a refractory metal powder 
less densely packed than said container member powder, 
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and heating the assembly to sinter the refractory metal 
powders to provide a cathode body which is relatively 
impervious except for the sintered powder in the recess. 

10. The method of making a dispenser cathode which 
comprises forming a cathode container member having 
a recess therein from a refractory metal powder having 
a given sintering temperature, positioning a quantity of 
thermionic activator material within the recess of said 
container, packing the recess with a refractory metal 
powder having a sintering temperature above said given 
sintering temperature, and heating the assembly to sinter 
the refractory metal powders to provide a cathode body 
which is relatively impervious except for the sintered 
powder in the recess. 

11. The method of making a dispenser cathode which 
comprises forming a recessed cathode container member 
from a densely packed molybdenum powder, positioning 
a quantity of thermionic activator material within the 
recess of said container, positioning a less densely packed 
tungsten container cover of powder in said recess, and 
heating the assembly to sinter the powders whereby the 
container and cover are integrally sintered together. 

12. The method of making a dispenser cathode which 
comprises forming a recessed cathode container member 
from a densely packed molybdenum powder, positioning 
a quantity of thermionic activator material within the 
recess of said container, forming a less densely packed 
tungsten container cover of powder in said recess, and 
heating the assembly to sinter the powders whereby the 
container and cover are integrally sintered together. 
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