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This invention relates to electronic vacuum
tubes, and more particularly to the construction
of cathodes therein,

Considerable Tesearch has been done on the
breduction of cathodes which will operate stably
and with long life under pulsed operation in mag-
netrons or other transmitting tubes, There are
strong indications that the rules ordinarily ae-
cepted for making cathodes for continuous (so-

broperties. Sparking can be loosely defined as
the “boiling over” of cathode materia] to the
anode. This emitting materia] may be physi-
cally transferred as a solid mass, or ag an incan-
descent vapour. Sparking is generally accompa-~
nied by a large increase in current with an ex-
tremely steep wave front, In some instances the
vaporous cathode material does not condense
between suecessive sparkings. This results in ex-
cessive currents, as found i

From the standpoint of bulsed operation, the
plain uncombined oxide cathode, made by spread-
Ing an alkaline earth carbonate coating over a
carefully prepareq nickel sleeve ang brocessing in
8 Dprescribed Mmanner, has desirable capabilities.
Improvement in stability and life ig obtained by
Use of the screen cathode, constructed by apply-
ing the earbonate coating to a nicke] mesh which
'is in Intimate contact with the cathode sleeve,
analysis of the mech-
anisms involved in sparking is DPresented as fol-
lows. Hlectrong leaving the cathode encounter
a number of impedances which are effectively se-
rially connected, The most important of these
are: (1) the impedance at the interface of the
cathode sleeve ang its coating, (2) the impedance
of the coating, ang (3) the impedance at the sur-

ance in the electron path means g large voltage
drop, with g resulting
a dieleectric breakdown,
whether the mechanism involveq in (1) and (2
immediately above are actually different, In any
event, concern is with the cause and not the
method,

Of the several impedances it appears that,
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when the cathode is subjected to bulsed opera-
tion, the Impedance at the interface of the cath-
ode sleeve angd itg coating is most important,.
Several factors affect thig interfacial impedance,
hotably the type of metal of which the sleeve is
construected, the nature of the coating materigl

ture are improved.

It is, accordingly, the object of the Dbresent in-
vention to improve the physical structure of cath-
odes. :

It is another object to construct a eathode
which will have good sparking DProperties.,

It is a further object to construct g cathode,
which wiil have g large areg of interface between
the metal sleeve and the coating material,

thermal conductivity.,

These and other objects will be more apparent
Upon consideration of the following specification,
taken with the accompanying drawings, in which :

Pig. 1is g drawing of the cathode sleeve with
a stee] die fitteq onto it; and

Fig. 2 is a representation of the arrangement
of the metal Aakeg Wwithin the mold.

In the preliminary discussion it wag noted that

and that the Impedance gt the interface
between the cathode sleeve and its coating wag
barticulariy significant. The present invention
relates to broeduction of g borous metal structure
of large free volume in which the coating mate-
rial can be impregnated.

In the present embodiment, nickel powder con-
sisting of flaf flakes of 100-200 mesh size was
mixed with stearic acid in proportiong to give the
desired free volume in the final porous structure.

Similarly,
can be used for the binder, the bprincipa] require-
ments being that it be volatile, will leave no resi-
due, and has a high melting point, !

This homogeneousg mixture wag Pressed into a
steel collar-shaped die or mold, labeled 10 on the
accompanying drawings, which die is fitted onto




supporting nickel sleeve 11, this sleeve becoming
part of the finished cathode structure. The metal
chosen for the sleeve is the same as that used for
the mixture to avoid, amons other things, trouble
arising from different coefficients of expansion.
The misture is fired in a hydrogen furnace to
volatilize the stearic acid and to sinter the flat
nickel flakes together and to the nickel sleeve.
Die 10 is then removed to leave the sintered struc-
ture forming a porous metal collar on sleeve If.
The sintered structure, as seen under. & low
power microscope, consists of layers of the flat
nickel flakes {2 tightly bonded together as shown
in Fig. 2. The discontinuities i the arrange-
ment of the flakes, as shown at-13.0of wig. 2 are
eliminated by machining the sintered structure
to a desirable thickness. In the present embodi-
rent the thickness of the porous structure after
the mold was removed was approximately 020

inch, this being machined down to .010 jinech in =

the final product.

The porous structure has & large free volume
and a ‘large interfacial -area, resulting in high
electrical and thermal conductivity., The use of
the fat nickel fiakes allows for a larger inter-
facial area of contact hetween metal and coating.
2. similarly porous structure can be prepared by
utilizing flakes which have random shapes, and
the volatile pinder may ke omitied. These
changes of method are made, however, at 2 sacri-
fAce of interfacial area.

The poOrous structure so prepared is impreg-
pated with the ordinarily used alkaline earth
carbonates such as Barium, calcium, or q, stren-
tium carbonate, the coating being applied with a
prush in the present case, and heat-treated as'a
conventional cathode.

Tn summary, the novel features, as sought 1o
pe outlined in the following claims, are the con-
struction of 2 porous metal sponge having 2
larger interfacial area than the previously used
screen type of cathode. The structure, there-
fore, provides: for higher electrical and. thermal
conductivity, with resulting sparking properties
which are more desirable for pulsed operation.

VWhnat is claimed is:

1. The method of constructing a cathode,
which method includes. mixing particles of metal
with a volatile pinder molding the mixture to
form a hollow tube . fitted onto 2 supporting
sleeve, holding the molded mixture in contact
with: the sleeve while heating the mixture therehy
removing the volatile substance and sintering
said particles of metal together and to said sup-
porting sleeve, machining the cuter surfaca of
the composite structure s0 formed to remove dis~-
continuities in the arrangement of particles, im-
pregnating the composite structure so prepared
with an alkaline earth carbonate, and heating
until predetermined emission characteristics are
obtained.

10

30

60

2,677,873

4

9. The method of constructing a base structure
for a cathode, said method including the steps of
mixing particles of metal with & mouldable, vola-
tile binder, molding the mixture to form a molded
hollow tuke fitted onto a metallic sleeve, heating
said mixture while supported in intimate contact
with sald sleeve thereby. removing the volatile
binder and sintering said particles of metal to-
gether and to said metallic sleeve, and machining
the outer suriace of the base structure so formed
to remove the outermost layer of particles.

3. The method of constructing @ base strue-
ture for 2 cathode, said method including the
steps of mixing fat flakes of nickel of 100-200
mesh size with stearic acid, pressing the mixture
into a collar-shaped mould fitted onto the sup-
porting sleeve to give a thickness of the mixture
of approximately 020 inch on said sleeve, heating
said mixture with said mould in place thereby
removing the stearic acid, sintering said nickel
flakes together and to said supporting sleeve with
said mould in place, and machining said sintered
nickel flakes with said mould removed to leave
a thickness of approximately 010 inch of sin-
tered flakes on gaid supporting sleeve.

4. The method of manufacturing a cathode
comprising the steps of mixing fiat fakes of
metal with a volatile bindery molding the mixture
to form a holiow tuhe covering a metallic sleeve,
supporting the molded mixture in place while
heating the tuke and sleeve to remove the vola-
tile binder and to sinter the metallic flakes to-
gether and to said supporting sleeve, machining
said composite structure to remove particles at
the outer suriace, and impregnating the ma-
chineg structure with an electron emitting
maderial: ’

5. The method of producing a porous nickel
»age structure for a cathode comprising the steps
of mixing fiat flakes of nickel powder with stearic
acid, the proportions peing determined by the
desired free volume in the final porous structure,
molding the mixture to form a hollow tube cov-
ering a nickel sleeve, supporting the molded miix-

.. ture in place while heating the tube and sleeve

to remove the yoiatile binder and to sinter the
nickel fiakes together and to said nickel sleeve,
and machining said composite structure to
remove particles at the outer surface.

References Cited in the file of this patent
UNITED STATES PATENTS

Hunaber Name Date
1,051,814 Towendahl —-—eoemmm Jan. 28, 1913
1,902,478 wWiegand —----———=== Mar. 21, 1933
2,172,207 KOIES —mmmmmmmmm = Sept. 5, 1939
2,289,658 Koenting —-—-——-=--- July 14, 1942
2,337,588 CalRiNs wom—emm—m——- Dec. 28, 1943



