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My invention relates to electron emitters and pertains
more particularly to a new and improved thermionic emit-
ter of the dispenser type and a new and improved method
of making same.

Dispenser-type emitters usually comprise a porous re-
fractory metal matrix impregnated with an activator
compound adapted upon thermal dissociation of the com-
pound to provide an elemental alkaline earth metal which
migrates to the surface of the matrix and thus is available
as an emissive film. Much of the effort devoted to the
development of dispenser-type emitters heretofore has
been for the provision of systems characterized by low
effective work functions and, thus, adapted for high den-
sity electron emission within a given operating tempera-
ture range. Much development effort has also been di-
rected toward the provision of emitters characterized by
low evaporation rates of the activator material in the
mentioned operating range, thereby to provide for pro-
longed operating life.

Disclosed and claimed in my copending U.S. appli-
cation Serial No. 135,549, now Patent No. 3,176,180,
filed concurrently herewith and assigned to the same as-
signee as the present invention are thermionic emitters
and a method of manufacturing same which are adapted
for providing dispenser type emitters characterized by low
effective work functions and reduced evaporation rates.
My present invention contemplates improved emitters and
a method of manufacturing same effective for affording
a dispenser type emitter characterized by a low effective
work function and further reduced evaporation rates.

Accordingly, a primary object of my invention is to
provide a new and improved thermionic emitter of the
dispenser type.

Another object of my invention is to provide new
and improved dispenser-type emitters characterized by
low effective work functions and low evaporation rates
of the activator materials during operation of the de-
vices incorporating the emitters.

Another object of my invention is to provide new and
improved dispenser-type emiiters involving a new and im-
proved system of constituents effective for thermally con-
trolling the rate of production of an activator material
in the matrix and thereby controlling the rate of evapora-
tion of the activator.

Another object of my invention is to provide new and
improved thermionic emitters of the dispenser type which
are adapted for prolonged high density emission opera-
tion.

Another object of my invention is to provide new and
improved thermionic emitters of the dispenser type which
can be easily manufactured and which are not subject
to the evolution of undesirable gases during manufacture
or subsequent use.

Still another object of my invention is to provide a
new and improved method of manufacturing a dispenser-
type thermionic emitter.

Further objects and advantages of my invention will
become apparent as the following description proceeds
and the features of novelty which characterize my inven-
tion will be pointed out with particularity in the claims
annexed to and forming part of this specification.

Briefly, my invention contemplates a new and improved
emitter of the dispenser type comprising a compressed

10

15

20

30

[9)
(413

40

45

50

60

70

2

fused body of powdered constituents consisting essen-
tially of (1) a refractory matrix material selected pref-
erably from the group consisting of tungsten, tantalum
and molybdenum and the silicides, carbides and borides
of these materials and combinations thereof; (2) an acti-
vator compound selected from the group consisting of
barium orthosilicate and barium orthotitanate; and (3)
a reducing agent selected from the group consisting of
aluminum, zirconium wand titanium and combinations
thereof. The emitter is preferably manufactured by ad-
mixing uniformly the powdered constituents and then
compressing the mixture with a predetermined pressure
effective for fusing the powdered constituents into a com-
pressed coherent body having a consistency and internal
structure whereby the body is adapted for uniform mi-
gration to the surface thereof of elemental activator upon
chemical reduction of the activator compound. The re-
ducing agent and operating temperature control the rate
of activator production in the body and thus control the
rate of evaporation of the activator.

For a better understanding of my invention reference
may be had to the accompanying drawing wherein:

FIGURE 1 is a sectional view of a dispenser-type emit-
ter constructed according to an embodiment of my in-
vention;

FIGURE 2 is a fragmentary somewhat schematic illus-
tration of apparatus and the method employable in manu-
facturing my improved emitter;

FIGURE 3 is a fragmentary sectional view illustrat-
ing another modified form of my invention; and

FIGURE 4 is a fragmentary sectionalized view illus-
trating still another modified form of my invention.

Referring to the drawing, there is shown in FIGURE
1 a thermionic emitter of the dispenser type generally
designated 10 and constructed according to an embodi-
ment of my invention, The emitter 16 is supported in
a flared end of a cathode holder 11 which can be formed
of a refractory metal such as tungsten, tantalum or mo-
lybdenum. It is to be understood that the cathode hold-
er 11 need not be flared and can comprise a straight-
walled cylindrical or tubular member of any desired
cross-sectional configuration. A heating element 12 is
contained in the holder 11 and is adapted when ener-
gized to heat the emitter 10, thereby to effect a desired
reaction between an activator compound and a reduc-
ing agent contained in the emitter 10 and for thereby
effecting reduction of the activator compound and pro-
duction of elemental barium for migration thereof to
an active surface of the emitter designated 13.

The emitter 180 comprises a compressed fused body
of powdered constituents of approximately 325 mesh and
consisting essentially of (1) a refractory matrix material
preferably selected from the group consisting of tung-
sten, tantalum and molybdenum, the silicides, carbides
and borides of tungsten, tantalum and molybdenum and
combinations thereof; (2) an activator compound select-
ed from the group consisting of barium orthosilicate
(BaySi0,) and barium orthotitanate (BayTiO,) and com-
binations thereof, and (3) a reducing agent selected from
the group consisting of aluminum, zirconium and tita-
nium.

More specifically, the emitter 10 is preferably formed
of a uniform, compressed fused mixture of powders of

~ one of the mentioned refractory materials, one of the

mentioned activator compounds and one of the reducing
agents. However, it is to be understood that combina-
tions of the refractory materials as well as combina-
tions of the active compounds can be employed in prac-
ticing my invention. Additionally, while aluminum, zir-
conium and titaniuom can be effectively employed as the
reducing agent in practicing my invention, aluminum is
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preferred. Also, in the embodiment incorporating barium
orthotitanate the use of titanium as a reducing agent
should be avoided.

The above-discussed mixture is compressed at approxi-
mately 70 to 80 tons per square inch to a desired shape
and whereby the particles constituting the powdered con-
stituents are fused together to provide a coherent unitary
body. In the present disclosure the term “fused” is used
to mean that the particles constituting the body are blended
together or joined as the result of pressure applied to the
mixture in much the same way that metal members can
be joined or fused by the application of pressure in the
manner generally referred to in the art as “cold welding.”

Hlustrated in FIGURE 2 is apparatus whereby the de-
vice of FIGURE 1 can be constructed. This apparatus
comprises a female die 14 adapted for holding the cathode
holder 11 firmly in an inverted position against a smooth
surface die 15 while a quantity of the mixture of the
above-discussed metal powders designated 16 is com-
pressed by activation of a ramrod 17. The rod 17 is
actuated with a force effective for compressing the mix-
ture at the mentioned 70 to 80 tons per square inch. In
this manner, the desired plug-like form of the emitter il-
lustrated in FIGURE 1 is obtained and the emitter is
formed as a compressed fused body having a desired con-
sistency and porosity which contributes to the effective-
ness of the emitter in providing a desired low effective
work function and insuring uniform coverage of the ac-
tive surface 13 with elemental barium during energiza-
tion of a heater 12.

Upon heating of the emitter 10 in a vacuum, as by in-
corporation of the emitter in a vacuum discharge device
and energization of the heater 12, the reducing agent in
the emitter is effective for chemically reducing the ac-
tivator compound and thereby producing elemental
barium for diffusion through the body and migration
uniformly to the active surface 13. Thus is provided an
emitter having a refractory matrix bearing an active sur-
face 13 substantially uniformly covered with elemental
barjum for providing a high density source of electrons
and characterized by a substantially reduced effective
work function. Additionally, in this structure the amount
of barium produced is dependent upon the chemical re-
duction of the activator compound by the reducing agent.
Thus, only through the continued operation of the de-
vice and energization of the heater 12 can the reducing
agent be rendered effective for chemically reducing the
barium compound and thus producing elemental barium.
As a result, the amount of barium appearing at the ac-
tive surface 13 is controlled and, thus, is not subject to
rapid evaporation. However, the reducing agent is ef-
fective when heated for continuously causing the pro-
duction of barium from the activator compound and,
thus, the device is adapted for continuous replenishment
of the active surface with barium to maintain the active
surface for high density emission operation and a sub-
stantially reduced effective work function. Included be-
low are the reactions obtained in the present device when
tungsten is the refractory metal and aluminum is utilized
as the reducing agent and whereby the production of
barium results:

W--BaySiO0;--2A1> W-BaAl,0,4-Si+Ba
W--BapTiOs+2Al>W-+BaAl;04--Ti}+Ba

It will be understood that, while the foregoing reac-
tions indicate the use of tungsten (W) as the refractory
matrix material, any one of the above-mentioned matrix
materials can be substituted therefor. Additionally,
while in the reactions indicated above aluminum (AlD)
is indicated as the reducing agent employed, any one of
the above-noted reducing agents may be alternatively em-
ployed except, however, in the case of barium ortho-
titanate where the use of titanium as a reducing agent
should be avoided.

For the purpose of demonstrating the effective work
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functions and activator evaporation rates obtainable with
the present inventjon, I have listed in the chart below
some of the emitter systems tested at a given operating
temperature of 1250° K. and the emission and evapora-
tion properties observed:

Effective | Evaporation
System In Weight Percentages Work Fune- Rate in
tion at Grams per
1,250° K., ev. | cm.? per sec.
Tungsten{Barium Orthosilicate4 Alumi-
num.
W+-Ba28i04(9.5%) +A1(.5%) 2,21 4X10-10
Tantalum-+Barium  Orthosilicate4+Alu-
minum.
Ta{-BasSi04(9.5%)+A1(.5%) 2.85 4.3X10-8
Tungsten--Barinm = Orthotitanate--Alu-
minum.
W--BasTi01(9.5%)+Al(.6%) 2.20 1,8X10-8
Tantalum-+Barium Orthotitanate+Alu-
minum.
Ta+BaeTi04(9.5%)-+A.5%) 2,22 |l

It is to be understood that, while I have not listed in
the above chart all of the systems falling within the pur-
view of my invention as disclosed above, the other sys-
tems which are encompassed by my invention including,
for example, those involving the admixture of activator
compounds with molybdenum and the carbides, silicides
and borides of tungsten, tantalum and molybdenum are
equally effective in providing a low effective work func-
tion and low evaporation rate emitters having characteris-
tics comparable to those indicated in the chart. Addi-
tionally, it is to be noted that the above chart shows no
evaporation rate for one of the systems. Such datum
was not prepared; however, it is expected that such datum
would not be substantially different from that noted in
respect to the other systems indicated.

Further, while the activator compound was in each case
in the systems included in the above chart 9.5% and
the reducing agent was 0.5% of the composition of the
system under test, it is to be understood that the percent-
age compositions of the systems can vary and still be
characterized by desirably low effective work function
and evaporation rates, although the indicated percent-
age composition in the chart has been found highly satis-
factory.

Additionally, in conducting the test whereby the above-
listed information was obtained the temperature 1250°
K. was arbitrarily selected for test purposes, and the ef-
fective work functions and the activator evaporation rates
indicated are those calculated for this temperature. The
effective work functions and evaporation rates will vary,
of course, with different temperatures and can be deter-
mined by use of calculations well-known to those skilled
in the art.

However, it can be seen from the data included in the
above chart that the described systems are adapted for
affording work functions which are considerably lower
than the work functions of most metals. Additionally,
the effective work functions approach closely the work
functions of alkaline earth oxide cathodes which latter
type ca}hodes have lower work functions but are limited
In applications since they cannot withstand high operating
tetz{nperatures and electron bombardment without deterior-
ating,

. Tllustrated in FIGURE 3 is a modified form of my
invention in which the emitter is generally designated 20.
‘In this embodiment a base member 21 is provided which
is preferably formed of a refractory metal such as tung-
sten, stantalum or molybdenum. The base member 21
carries as a coating thereon a body of the compressed
fused mixture employed in forming the emitter 16 in
FIGURE 1. In this embodiment the coating 22 is fused
to the base member 21 and the formation of the coating
22 and the fusion thereof to the base member can be
effected by the use of die means similar in function to
that illustrated in FIGURE 2. Provided for cooperating
with the emitter 20 is a heating element 23, Upon ener-
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gization of the heating element 23 the base 21 and the
coating 22 are heated, whereby the reducing agent in
the coating 22 is effective for reducing chemically the
barium orthosilicate or barium orthotitanate in the mix-
ture for producing barium for migration to the outer sur-
face of the coating 22. In this embodiment also, by
controlling the operating temperatures of the system, the
amount of barium produced is controllable, whereby the
device is adapted for relatively low evaporation of the
activator. Alternatively, the emitter 20 can be in a
tubular form instead of the planar form illustrated.

Tlustrated in FIGURE 4 is another modified form of
my invention. In this embodiment an emitter generally
designated 25 is tubular in form and comprises a unitary
compressed fused and self-sustaining cylinder of the mix-
ture employed in manufacturing the plug-like emitter 10
in FIGURE 1 and the emissive coating 22 in FIGURE 3.
In this embodiment the member 26 contains a heating
element 27 adapted when energized for heating the mem-
ber 26 thereby to provide the desired reaction between
the reducing agent and the activator compound in the
member 26 for producing elemental barium to enable
diffusion thereof through the member 26 and migration
to the outer surface thersof. In this embodiment also
the evaporation rate of the barium is controlled by the
amount of reaction occurring between the activator com-
pound and the reducing agent contained in the matrix
and, thus, the amount of barium produced and which
can be vaporized is controllable.

While I have shown and described specific embodi-
ments of my invention, I do not desire my invention to
be limited to the particular forms shown and described,
and I intend by the appended claims to cover all modifica-
tions within the 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 thermionic emitter comprising a porous refrac-
tory matrix and a mixture consisting of an activator
compound selected from the group consisting of barium
orthosilicate and barium orthotitanate and a discrete re-
ducing agent for said activator compound dispersed in
said matrix.

2. A thermionic emitter comprising a densely packed
fused mixture of powders consisting of a refractory matrix
material, an activator compound selected from the group
consisting of barium orthosilicate and barium orthotita-
nate, and a reducing agent for said activator compound
and which is in addition to and not a constituent of said
matrix material.

3. A thermionic emitter according to claim 2, wherein
said mixture is positioned in one end of a tubular re-
fractory metal support member and said support member
contains heating means adapted when energized to effect
a reaction between said activator compound and reducing
agent, thereby to produce elemental barium for migration
to the surface of said mixture.

4. A thermionic emitter according to claim 2, wherein
said mixture comprises a coating fused to a refractory
metal base member associated with heating means adapt-
ed when energized to effect a reaction between said activa-
tor compound and reducing agent, thereby to produce
elemental barium for migration to the surface of said
mixture.

5. A thermionic emitter according to claim 2, wherein
said mixture is in an integral self-sustaining form and
contains heating means adapted when energized to effect
a reaction between said activator compound and reduc-
ing agent, thereby to produce elemental barium for migra-
tion to the surface of said mixture.
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6. A thermionic emitter, comprising a body of com-
pressed fused powdered constituents consisting essentially
of: (1) a refractory matrix material selected from the
group consisting of tungsten, tantalum and molybdenum,
and the silicides, borides and carbides of tungstens, tan-
talum and molybdenum; (2) an activator compound se-
lected from the group consisting of barium orthosilicate
and barium orthotitanate; and (3) a discrete reducing
agent selected from the group consisting of aluminum,
zirconium and titanium.

7. A thermionic emitter according to claim 6, where-
in the activator compound constitutes approximately
9.5% and said reducing agent comprises approximately
0.5% by weight of said mixture.

8. The method of manufacturing a thermionic emitter
comprising the steps of providing a powdered mixture
consisting essentially of a refractory material, an activa-
tor compound selected from the group consisting of barium
orthosilicate and barium orthotitanate and a discrete re-
ducing agent, and compressing said mixture at a pres-
sure of between about 70 tons to 80 tons per square inch
into a densely packed coherent body until the particles
of the constituents are fused together, thereby to provide
a porous matrix formed of said refractory material and
having said activator compound and reducing agent dis-
persed in the pores of said matrix.

9. The method of manufacturing a thermionic emitter
comprising the steps of providing a powdered mixture
consisting essentially of (1) a refractory matrix material
selected from the group consisting of tungsten, tantalum
and molybdenum, and the silicides, borides and carbides
of tungsten, tantalum and molybdenum; (2) an activator
compound selected from the group consisting of barium
orthosilicate and barium orthotitanate; and (3) a discrete
reducing agent selected from the group comsisting of
aluminum, zirconium and titanium and combinations
thereof, and compressing said mixture at a pressure of
between approximately 70 and 80 tons per square inch
for effecting a densely packed body wherein the particles
of the constituents are fused, thereby to provide a porous
matrix formed of said refractory material and having said
reducing agent dispersed in the pores of said matrix.

18. A thermionic emitter comprising a densely packed
fused mixture of powders consisting of a refractory metal
selected from the group consisting of tungsten, tantalum
and molybdenum, an activator compound selected from
the group consisting of barium orthosilicate and barjum
orthotitanate, and aluminum.

11. A thermionic emitter comprising a densely packed
fused mixture of powders consisting of materials selected
from the group consisting of tantalum, tungsten and
molybdenum; an activator compound selected from the
group consisting of barium orthosilicate and barium ortho-
titanate; and aluminum, and said activator compound
and aluminum comprising approximately 9.5% and ap-
proximately 0.5%, respectively, by weight of said mixture.

References Cited by the Examiner

UNITED STATES PATENTS
2,175,345 10/1939 QGaidies et al.
2,813,220 11/1957 Coppola e 313—346
2,899,992 8/1959 Coppola . 313—346.1
3,010,826 11/1961 XKoppius oo 313—346 X

GEORGE N. WESTBY, Primary Examiner.
RALPH G. NILSON, Examiner.



