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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 
ject to various disadvantages which limit their 
effectiveness as emitters or require special care 
in handling or storing or require special process-7 
ing for rendering them effective emitters.- _ 
As a result of an intensive search fo'r'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 MeBe 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 borides of theformula 
THIB4 and THBG and the uranium borides 
UB4+UB2 (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 isca 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 
barium, is particularly advantageous. 

' The borides mentioned above 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'ree 
quired in storing. They are generallychemically 
stable so that they are not ‘adversely affected by 

Fmoisture, oxygen or even hydrochloric acid. 
They also‘ have the desirablev property that no 
activation is required. to obtain emission and 
emission is uniform over the entire surface and 
remains vsubstantially constant with time. Since 

1 the boride materials and their evaporation prod 
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ucts are relatively good conductors, any ‘Icon 
tamination of other electrodes by deposition of 
the ?lm of the evaporated material does not 
charge-up and as a result'cause sparking between 
the parts of the tube in which they arev 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 materials'also emit currents of rela 
tively high density and may be operated at high 
temperatures. ~Oathodes employing these mate 
rials 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 
provide‘a solid emitter of the boride material. 

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

' a 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 
modi?ed cathode constructions als'oembodying 
the present invention.‘ ' " " , 

’ 'A- comparison of a number of borides of the 
present invention with some well-known emitters 
is shown in Fig. l of the drawing in which the 
logarithm to the base In of the‘ ratio of current 
to absolute temperature squared is plotted as 
ordinates and the ratio of 1000 to absolute tem 
peratureis plotted as abscissae. These quanti-' 
ties are derived from data taken on emission cur-, 
rent as a function of temperature and are chosen. 
forthe purpose of the plot since the resulting 

' curves are'signi?cant with respect to Dushman’s 
equation of emission. Dushman’s equation is as 
follows; i H ' " '- ' ' 
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where 

J =vtherumionic current density in amperes per cm.3 
A=a semi-empirical constant; its units ’ are 

are amps/cm.2 degree Kelvin 
T=temperature of cathode in degrees Kelvin 
Ic=Boltzmann’s universal gas constant: 

1.3'7><10—16 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. ‘lathe slope'of the variousecuwes corre: 
sponds to the work function of the material and 
the intercept on the Y-axis corresponds to the; 
logarithm cf the constant A in Dushmanfs?eg‘ua 
tion. It will be noted that emission current m- ’ 
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creases with increasing temperatures and-thatthe. - 
materials may be employed for: relatively .2; sh. 

The value of .7 for 

1000 
T 

corresponds to an absolute temperature of 1428.5 
degrees Kelvin. ' : - ' 

?‘heborides ‘are relatively easy ‘to. produce and 
may to, :adizantagerbe .formed by reacting the 
metal with amorphous boron, pcwder by :heating 
in [vacuum 1G1‘. in an atmosphere .of: hydrogen or 
inert. gas. SllQh18§S'I=heliU-m:.0l3 arson at a tem 
peraturelof 1137556; ‘to 1850? c. depending-upon 
the particular-metal involved. The amorphous 
heron ‘pQwder-and the’ inetaltpowder or metal 
?lmesarc mixed together and tweed prior to 
the heating. FI-‘he ;1?.e§l11t of this operation is. 
a eintered masswhich' may be pulverized in 
cabal} m‘ and. thenmade-xintc a’ spray 0-1.‘ paste 
lav-mixing» with a suitablcbinder~or carrier‘ such 
amrl. acetate .01" a: cellulose binder‘ As. an ale 
tezinative, the powdeiamay be pressed into a de 
sired shape and sintered at a températu-re of 
enpl’cximetely 13175?" C... or higher but bewythe 
melting Points 9f. the. bqrides involved, to pro. 
vide a solid .bcrid?nbod-y of’ vsuitable shape for 
usevas aniemitter. I - 

v‘In 2251.11.61. 3v cf the-drawing. Iy.1_’1?e‘?e'$hQWn. 
acathode-wnstrwticnemploying ‘a ‘beetle-wat 
ins-- »An-0verwcund:tunesten wire 1; ‘is formed 
intoa helix; over a core ‘wire ‘2- andthe vouter 
surface of the .aasegnbly is ceated with a boride 
3 Whichma-r be applied es. .8 Paste-0f powdered 
bcride: an a suitable volatilev caliliisrswh. as 
tensor-e111?! acetate" After the-benches been 
applied. the assembly is heated in vacuum to. 
a temperature inthe neighborhood of 1600°» C. 
to :si'ntsr and entrees- ' 

V nstsbcwn :in Fig. 2,; vthe ?ethqsie-mer be sup 
ported .i.-.fr<;>m 1a pair-Qt lead 'n conductors land 
5, one end being connectedgdirectly tqconduce 
ten 4 ~ :the. other, connect-ed to ,conductor 
tlrby resilient cqnductor ‘.5- r'l‘he cathode is 
heatediby the Passage cf current through the 
supporting wire ‘I. 
.In 4 and. 5,1v have shqwnexemples. of 

a cathede structure employing 1% sclid boride 
body Yes a cathode- In Ella 4.,Y the cylindl'iqal 
rod ofboride‘lisj imedas previously. described 
and. ‘supported ‘within terminal caps 8H and 9v 
whichare pressed onto the endsof the boride 
rod, TIF-he terminelsare .ccnnected. with-suitable 
support. and .lGElCl-vllfl wires m. and l i which may 
be “sealed through ‘the envelope of an electric 
discharge device in a manner well understood 'in 
the art. As sh'cwnl-in.,4, the rod 1 is in 
directly heated by ga heater "coil I2 surround 
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I 4 
ing the rod and supported by lead-in conduc 
tor I 2. 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 l3 and M which surround the 
end of the rod 1 and over which a suitable con~ 
ductive coating I5 is applied to improve the 
contact between the lead-in conductors and the 
rod. 
In Fig. 6, I have shown in modi?ed form a 

cathode applied to a planar electrode type of 
,deyice ~in1-lwhich5 the electrodes are shown as 
‘an anode $6, a screen grid H, a control grid 
l8, a cathode l9, and a heater element 20. As 
(illustrated, the cathode is in the form of a disk 
haying. a rim 2i de?ning an open end recess 
on the side of the cathode facing the anode. 
‘Ellis reeegg is ?lled .with a body of boride ma 
terlal ‘:22 w 7' may be prepared by starting 
with the boride. powder and a suitable carrier and 

and‘ ?llllll'illlllg as previously described. 
In the‘oper’ation of the device described in Fig. 
v6, the-cathode may be heated by radiation from 
the heater element 29 and in addition by elec 
tron rdment by keecine the heater- ele 

1 ‘repent t0 the nctential of 
0d 

. we the {mesa-ice descended it is appar-v 
entthat the lac-ride; mitten cf the Present in. 
ventivemaywbe used: 1111.1 any 0,118.01’.- a number 
at to ‘provide the essential comment ‘of 

' lines? 'QeihOQ-Bs messes 
ble eselitlewesel itom the 

. B described; in vthe sar 

.. n the Millet-cheeses 
,‘ be med-y‘ uithout depart 

all such ~nrodi?eati9ns ‘as .fell Within ‘the true 
spirit acdls'ccpeqf mi? invention. 
' when lqlaim end-desire insecure by 
tettenslfeientcfthe United Stately ' " 
». . 1- A t er.- icbic'cttbceeineluiline cnvemitt?r 
consisting essentially“ at least-onemeta'l'bbr'idé 
selected 'fmm the s-rcup meeting of the‘bb?dss 

- ' qr calcium, barium, strontium, thoriumdiranium 
50 and therein-earth. me .15 and meansfstpportiiis 

said emitter and-providing a c‘cnduc't'ive‘connec 
tienthetewith ' ' ‘ ’ “ 

.2- A thermicnic cathode including an ventlitter 
comprising as the :ess' tial ingredient, atleast 

selectedfrcmrthe group consist 

metal hex-aha ' a 
emitter at "motels 
therewith. 
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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 
boride megtns supporting said emitter and pro 
viding a conductive connection therewith. 

8. A cathode comprising a conductive support 
providing-a heater and a coating comprising as 
the essential ingredient thereof at least one metal 
boride, th'egborides being selected from the group 
consisting'iof the borides of barium, strontium, 
calcium, thorium, uranium and the rare earth 
metals. 

JAMES M. LAFFERTY. 
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