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My invention relates to improved electron emit-
ters and particularly to metallic boride emitters.

It is generally recognized that known electron
emitting materials, such as those commonly used
in electric discharge devices for example, are sub-
jeet to various disadvantages which limit their
effectiveness as emitters or require special care
in handling or storing or require special process-
ing for rendering them effective emitters.

As a result of an intensive search for improved
electron emitting materials, I have discovered
that borides of certain metals provide emitters
having very desirable properties which are in gen-
eral superior to those of known emitters.

I have found that the rare earth metals form
borides of the general formula MeBs where Me
is any metal of the rare earth group and that
these borides form the essential ingredient of
emitters having superior properties: Certain of
the alkaline earth metals, such as barium, cal-
cium and strontium also form borides of this gen-
eral formula and possess the desirable properties
of the rare earth metal borides, although to.a
lesser degree. Thorium horides of the formula
THB: and THBs and the uranium borides
UB:1UB2 (a mixture of borides) also possess de-
sirable characteristics as the emitters.

The borides of lanthanum, cerium, and neo-
dymium have been used separately and work very
satisfactorily. Since many of the rare earth
metals, however, are not available individually
and it is a matter of considerable commercial
importance that mischmetal (which is a natural
mixture of the rare earth metals) provides a very
satisfactory metal boride emitter. It has also
been found that a mixture of borides including
one selected from the rare earth borides and one
selected from the group consisting of the borides
of barium, strontium, and calcium, particularly
barlum, is particularly advantageous.

The borides mentioned akbove are chemically
and electrically stable, have high melting points,
are generally metallic in character, and, there-
fore, have relatively good electrical conductivity.
As a result of these qualities, electron emitters
consisting essentially of these borides may be used
in ‘demountable systems which are frequently let
down to the atmosphere without deterioration of
the cathode material-and no special care is re-
quired in storing. They are generally chemlcally
stable so that they are not adversely affected by
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"mo1stme, oxXygen or even hydrochlonc ac1d

They also have the desirable property that no
activation is required to obtain emission and
emission is uniform over the entire surface and
remains substantially constant with time. Since

‘ the boride materials and their evaporation prod-
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ucts are relatively good 'conduciors, any ‘con-
tamination of other electrodes by deposition of
the film of the evaporated material does not
charge-up and as a result cause sparking between
the parts of the tube in which they are employed,
thus rendering cathodes of these materials suit-
able for high voltage applications. These mate-
rials also are refractory and have a low vapor
pressure at relatively high operating tempera-
tures. This quality, together with the relatively
good electrical conductivity which permits thick
coatings to be applied, provides emitters having
very long life. As will be discussed in further
detail, the mateérials also emit currents of rela-
tively high density and may be operated at high
temperatures. - Cathodes employing these mate-
rigls are also capable of either direct or indirect
heating and may be easily fabricated since they
may be applied as a spray or by dipping or paint-
ing. They may also be pressed and sintered to
prov1de a solid emitter of the boride material.

In the accompanying drawing, Fig. 1 illustrates
the characteristics of a number of emitters em-
bodying the present invention; Fig. 2 illustrates

" g cathode embodying the invention; Fig. 3 is an
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enlarged partial elevational view in section of the
cathode of Fig. 2; and Figs. 4, 5 and 6 illustrate
modified cathode constructions also embodvlng
the present invention.

" A comparison of 3 number of bondes of the
present invention with some well-known emitters
is shown in Fig. 1 of the drawing in which the
logarithm to the base 10 of the ratio of current
to absolute temperature squared is plotted as
ordinates and the ratio of 1000 to absolute tem-
perature. is plotted as abscissae. These quanti-
ties are derived from data taken on emission cur-~
rent as a function of temperature and are chosen
for. the purpose of the plot since the resulting

- curves are significant with respect to Dushman’s

equation of ermssmn Dushman s equatlon is as
follows

EwelO7

J= AT”E&: T
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where

J=thermionic current density in amperes per cm.?

A=a semi-empirical constant; its units are
are amps./cm.? degree Kelvin

T=temperature of cathode in degrees Kelvin

k=Boltzmann’s universal gas constant:
1.373X10-18 erg per degree Kelvin

e=the electronic charge in coulombs

Ew=an empirical constant of the emitting sur-
face, called its work functions measured in elec-
tron volts,

In Fig. 1, the slope of the various.curves. corre-
sponds to the work function of the material and

the intercept on the Y-axis corresponds to the.

logarithin of the constant A in Dushman’s equa-

tion. Tt will be noted that emission current in-
creases with increasing tempexatures and:that.the. -
materials may be employed for- relatively high

The value of .7 for

1000
T

corresponds to an absolute temperature of 1428.5
degrees. Kelvin. Co

‘The horides.are relatively easy :to produce and
may to..advantage bhe formed by reaecting the
metal with .amoerphous boron powder by :heating
o vacuwm.or:in an atmosphere. .of hydrogen or
inert. gas such .as helium. .ox .argon .at a tem-
perature of 1375° € o 1859° C. depending upor
the particular -metal involved. -'The amorphous
boron pawder and the metal powder or metal
filings..are .mixed together .and pressed prior to
the heating. The result .of this- operation .is
a smtered :mass - Whluh ‘may be pulverized in
a:hall mill .and then-made-into a spray or paste
by-mixing with a suitable bmdet' or garrier such
amyl acetate .or a cellulose hinder. As an al-
ternative, the powder may be pressed .into g de-
sired: shape .and -sintered at a temperature of
apploxmmtelv 1375° C.or: h1ghe1 but below-the

temperatures.

vme -8 »sohd bomde body “of sm’sablc shape for
use as an. em}tter :

In Figs. 2; and 3 of the. dla,wmg, I.have shown
a.cathode construetion employing a boride-coat-
ing.. An overwound tungsten wire. | .is formed
into.a helix over .a eore wire 2 and the outer
surface -of the assembly is coated with a boride
3 which, may be applied as a paste of- powdered
horide. -and & suitable volatlle carrier- such as
water-or 2yl acetate.. Aftel the paste has been
applied, ‘the assembly -is heated in vacuum tj,o
a temperature in-the nelghbolhood of 1600° C
to sinter.and. out-gas

.As shown in -Pg. 2, the .cathode may be -sup-
ported Jfrom-a pair: of lead in Ponductors 4 and
5, one end being connected d1re0t1y to condue-
toy. A-and:the other.end eonnected to- conductm
§:by a resilient conductor 8. The cathode is
heated by the passage of current through the
supportmg wire 1.

In F1g< 4 -and 5, I have shown .ezamples of
4 .cathede .structure emplovmg -8 -solid ‘boride
body 7 .as a cathode. In Fig. 4, the cylmducal
rad of, bonde 7 is formed. as previously. described
and supported within terminal .caps -§ and 9
whlch are pressed. onto the ends.of the borlde
rod. The termjnals. are.conpected. with suitable
support and lead-in wires I0.and I WhICh may.
be sealed through - the envelope of an electrm
discharge device in a manner well understood in
the art. As shown'in Fig, .4, the rod 7 is in-
directly heated by :a heater- ‘coil 12 surround-
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ing the rod and supported by lead-in conduc-
tor 12. In Fig. 5, the boride rod 7 is arranged
to be directly heated by passage of current
through the rod. The rod is supported by lead-
in conductors {3 and (4 which surround the
end of the rod T and over which a suitable con-
ductive coating 15 is applied to improve the
contact between the lead-in conductors and the
rod.

In Fig. 6, I have shown in modified form a
cathode applied to a planar electrode type of

. device .in - whxeh the electrodes are .shown as

an anode I6;, a screen gzrid #7, a eontrol grid
18, a cathode i9, and a heater element 20. As
#Hlustrated, the cathode is in the form of a disk
having. a rim 2( defining an open end recess
on the side of the cathode facing the anode.
This reecess is. filled .with a body of boride ma-
terial 22. which ‘may be prepared by starting
with the borlde powder and a suitable carrier and
sing and singering as previously described.

In the ooemtmn of the device deseribed in Fig.
-8, the. cathode may be heated by radiation from
the heater element 28 and in addition by elec-

rdment by keepmg the heater ele-

all such modlﬁcatlons as fall w1th1n the true
spmt and .scope -of my mventlon

Wha,t; he c1a1m as new and .desire to secure by
Letters Patent of. the Umted States is:
- 1. A thermionic. cathode including an emitter
consrstmg essentlally of at Ieast one metal boride
se‘ected from the group consisting of the’ bomdes
of calcxum, barium, strontmm, thonum Uranium
and the rare. eert,h me ls and means supportmg
said emltter and. prov1d1ng a conductxve connee-
tion. thel:erth

2. A thermmnm Lrathode. 1nc1ud1ng an emitier
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emltter and prov1d1ng' e, conductlve connectxon
therewith,

4. A thermionic cathode. including .an emitter
consis mg-essentlally of a mlxture of banum
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emitter consisting essentially of lanthanum hexa-
boride means supporting said emitter and pro-
viding a conductive connection therewith.

7. A thermionic cathode including an electron
emitter consisting essentially of cerium hexa-
poride means supporting said emitter and pro-
viding a conductive connection therewith.

8. A cathode comprising a conductive support
providing .8 heater and a coating comprising as
the essenti;e;l ingredient thereof at least one metal
boride, the borides being selected from the group
consisting ‘of the borides of barium, strontium,
caleium, thorium, uranium and the rare earth
metals.

JAMES M. LAFFERTY.
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