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_This-Invention relates to & secondary emission

electron discharge device; and while the selected
embodiment. for exemplifying the same'in-this
disclosure is: one utilizing a beam- of primary
electrons from a cathode which are bunched in
transit toward the ovposing electrode, the inven-
tion.confemrplates utitization in various discharge
devices wherein secondary emission is employed
for:enhancement of the output therefrom.

For purposes of explicit deseription, the present. |

eoncept is related herein particularly in its appli-
cation to a Klystron -type-of electron discharse
device chosen for purposes of illustration in the
drawing. In the early stages of Klystron develop-
ment, two resonators were ordinarily used with 4
drift’ space therebetween. the. electrons passing
firom a cathode through the first resonator where
bunching influence was exerted so that bunching
would progress through' the drift svace and be
fully  accomplished by the time the electrons
reached " the second resonator. Energy of the
bunched electrons. passing through the second
resonator to a:collector or anode therebeyond was
extracted as output fromr the second resonator.
It was Tater found, however, that-a single resona-
tor could be util’zed by substituting a reflector
for.: the collector so the electrons ‘would pass
through the resonator forwardly and be affected
by the bunching influence thereof and affer pass-
ing through.the resonator, be reflected to refurn
in a.reverse direction, at which tinie energy from
the bunched electrons was extracted by an out-
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secondary emission by use of heat appligd tothe
secondary-emitting - electrodé - without “infroduc=
tior of counteracting primary emission therefrom:

Still further objects of the invention will appear
to those skilled: in- the art to which it apperfains
as-the -description progresses, both by direct rec<
itation thereof and by implication frem- the con=

“text.
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Referring  to the - accompanying : drawing in'

.which like numerals-of reference mdlcate sxmilar

parts throughout the several views;

Figure 1.is a longitudinal sectional view of ‘one
form. of secondary- emlsswe Klystron embodying
my invention therein;

Figure 2 is a-similar sectional view of another
secondary -emissive Klystron embodying. my in-
vention; and

 Figure 3'is a chart showing graph for increase
of ‘primary emission cutrent due to temperature
increase, and showing increase of secondatry emis—
sion due to-temperature.

In the specific.embodiment of fhe inventiorn:

© illustrated: in. said.drawing; both forms of Kily-
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put. from the single resonator - This type of device

was known as a reflex Klystron. The next for-

ward step in the art comprised substitution of a ¢

seconddry emitter in place of the reflector, and of
course a proper use of potential relations and
polarities for accomplishing desired electron flow.
This device has been generally referred fo as a

secondary emission Klystron. The present inven- «

tion makes a further stride forward by providing
means accomolishing a large multiplication of the
secondary emission from the secondary emissive
electrodes -of ‘the secondary emission -Klystron.

“'THe objects of the invention are based on the -

primary purpose of inereasing electron flow from
a-secondary emissive electrode.

Also broadly, an-object of ‘the invention: is to
jrncrease the efficiency of an electrom discharge
device utilizing - secondary emission:

‘More specifically, -an obiect: of the invenfion:is

tor obtam sreater outpuf from a secondary emis=

sive Klystron or electron dlschan,ge device of the:

beam type.:
IR deta,ﬂ, the mvention proposes 1norease of

<A

i
e

[

86

strons are shown in general configuration as .
bodies of revolution abouf an axis, and each pro-
vides a coaxial resonator (8 with a primary caths=
ode {1 on the axis opposite one end of the resona-=
tor and an opnosed secondary emission electrode
{2 also on said axis and opposite the other end
of said resongtor, the ends of the resonator being
perforate for passage of electrons thereinto from
the cathode and from: the said secondary emis-
sion electrode, so that the structure provides an
axial passageway straight through from the cath-
ode to said efectrode. ‘A meore positive polarity
is applied to the secondary emission electrode than
to the cathode; by a potential source {3, ta cause
primary electron fiow from the cathode -to the
secondary electrode,-and a-still more positive-po+
temtial is applied in front of the secondary elec-
trods -by  potential source 14 fo direct flow of
seecondary electrons back info the resonator. In
Figure 1 this more-positive pofential is applied
to.the-resonafor, whereas in Figure 2 4 grid I5is
provided befween the secondary electrode and the
resonator for introducihg this more positive po«
tential:' By virtue of fhie constructions.of either
Figure I or Pigure 2'and polarities provided there=
for, primary electrons are attracted to electrode
t2- and produce a.greater emission: of secondary
elecirons therefrom which' return, in- bunched
condition;. tothe resonator where they give up
energy-to an output loop t§ and. coaxial. lme l'(
provided: for the purpose.: :

. -Morein-detail, the construction: shown situates
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the primary cathode emissive surface and the
emissive surface of the secondary electrode trans-
verse to the common axis on which they are
located so as to be directly opposed and to con-
stitute the ends of the passageway therebetween.
The resonator has a portion.thereof interven-
ing between the primary cathode and the sec-
ondary electrode and, with the openings in the

<

ends of said resonator, constitutes part of said -

passageway from the cathode to the electrode,
the openings through the ends of said resonator
having perforate metal members across the same
and designated herein as usual in the art, as
grids.
the cathode, these two grids for the two end
walls of the resonator may be referred to as the
near resonator grid {8 and the far resonator grid
{9. Between the near grid {8 and the cathode

Accordingly, in the order of nearness %o .

10

i1 and also in said passageway, is a focusing grid . -

20 and between the focusing grid 20 and cathode
I is a focusing collar 21, the interior region of
which likewise constitutes part of said passage-
way.” An evacuated envelope 22 or enclosure,
which includes the resonator in the present show-
ing as part thereof, is provided for the cathode,
secondary emission electrode, grids, and con-
necting passageway.

For fuller under standmg of the 1nvent10n it is
desirable to explain briefly theories involved, with
a mathematical approach. Due to electron dis-

charge from .cathode i to electrode 12 a cur-.

rent I may be considered as leaving the cathode,
but since some electrons are intercepted by the
grids or otherwise fail to reach electrode {2 a
fraction « less than unity makes the complete
transit. .The effective current therefore is rep-
resented by oI at the secondary electrode. Sec-
ondary electrons emitted from electrode {2 are
a multiple of the primary electrons received, and
with prior art practice has. usually been in the

range of a three to fen times increase, which can,

be designated &, so that output efficiency of a

secondary emitter Klystron will be & times that

of a purely reflex device. Each is subject to the
same operating and resonator constants k and g
so- that whereas the power output for a reflex
Klystron is -

s : ’ Pr=FkaSI

the bower
Klystron -is

Pa=Fkapsl

The desideratum of the present invention is to
increase the value of & to thereby increase output
efficiency of the device.

. The commonly employed silver-magnesium for
secondary emitters gives an increase of sec-
ondary in the range of about three to five times
over- primary electrons. It has been found that

this multiplication range with silver-magnesium.

is approximately four to seven times secondary
emission to primary emission, by an activated
oxide secondary emitter, at ordinary anode op-
erating temperature. -The secondary emitting
-electrode of the present invention preferably

comprises-a nickel or other suitable metal base

member coated with an emission mixture, such
a$ barium and strontium carbonate which, dur-
ing exhaust, is broken down to barium and stron-
tium -okide by ‘energizing the heater.. The
oxide coating is also activated in a manner simi~
lar to the coating on a cathode. The second-
ary emission of such an electrode, as shown by
the 5 curve in Figure 3 is nearly constant up to

output for a secondary emission
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400° C. which is a temperature above that en-
countered in secondary emitters of the prior art.

According to the present invention, I heat
the secondary emitter during operation thereof,
and it will be observed in Figure 3 that the &
curve has an upward slope between 500° to 850°
C. and shows & as acquiring a value of about 100
at 850° C. Thus by raising the temperature of
the secondary emitter to 850° C. the secondary
emission becomes of the order of a hundred times
the primary emission and thus accomplishes a
very much greater output from the resonator
than heretofore attainable. However, heating
of the secondary emitter should not materially

. exceed the 850° C. temperature mentioned, since

at about 900° C. the electrode would begin dis-
charging primary electrons in objectionable
quantity, primary emission therefrom being un-
desirable for the reason that the primary elec~
trons therefrom would not be bunched whereas
secondary electrons instigated by primary elec-
trons - from the cathode do have the desired
bunching.

Carrying out the concept outlined above the
construction herein shown provides a secondary
emitting electrode (2 having substantially the
structural arrangement of the. primary cathode,.
and in more detail, comprises 2 hollow shell 23
supported at its rear by an insulator 24 and hol-
low at its forward portion to provide a chamber
for a-heater 25 therein. The forward.face of
the shell disposed between the heater and.the
resonator is the aforementioned base member
coated with an activated emissive oxide or.oth-
er mixture copiously emissive of secondary elec-,
trons and capable of being heated for obtaining
an augmented supply of the secondary electrons..
Said member is made concave, as shown, to pro-.
vide focusing of the secondary electrons in a
beam toward the opening of the resonator. Ap-
propriate lead-in wires for the heater and elec-
trode are provided. 'The temperature .of the.
secondary emitter electrode will depend upon the
power delivered by the primary electron beam,
the heat dissipation from the secondary emitter
and the power supplied by its heater 25, and may
therefore be controlled to give maximum sec-
ondary emission without undue primary. emis-
sion therefrom.

I claim:

1. A seccndary emission electron dls barge de-
vice comprising a primary emitter, a secondary
emitter opposite the primary- emitter, and. a
heater for the secondary emitter for increasing
proportion of secondary emission of the second-.
ary emitter to primary emission from the primary
emitter. -

2. A secondary emission e‘ectron dlscharge de—,
vice comprising a cathode emissive of - primary.
electrons, means for directing said.electrens. in
a beam, a sscondary emissive electrode epposite
said- cathode for receiving primary electrons
therefrom, and a heater for said electrode for
increasing proportion of secondary electrons from
said secondary emitter to primary electrons-for
the primary emitter. . PR

3. A secondary emission electrcn dischar ge de-
vice ‘comprising a cathode emissive of primary
electrons in one- direction, means for focusing
said electrons-in a beam in said direction; a sec-
ondary emissive electrode spaced from and. op-
posite the-cathode in the direction-of focusing of
said beam, and g heater on the far side of-said
electrode from the cathode for heating said elec--
trode -and ‘therehy increase secondary emissjon
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therefrom on impact of primary electrons of said
beam on said electrode. '

4, A secondary emission electron discharge de-
vice comprising a primary emitier, a hollow elec-
trode opposed to said emitter and having a sur-
face emissive of secondary electrons, said surface
being divected toward said primary emitter, and
a heater within the hollow of said electrode for
increasing proportion of secondary electrons from
the electrode to primary electrons from said pri-
mary emitter. )

5. A secondary emission electron discharge de-
vice comprising a primary emitter, a secondary
emitter having an electron emissive oxide coating
thereon directed toward the said primary emitter
and adapted to emit secondary electrons from
impact of primary electrons thereon from the
primary emitter, and means for heating said
secondary emitter for increasing proportion of
secondary electrons therefrom by impact of pri-
mary electrons on said secondary emitter. )
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6. A secondary emission electron discharge de~
vice having primary and secondary emitters
spaced from each other, and thermal means in
closer proximity to the secondary emitter than
to the primary emitter for operating said sec-
ondary emitter in the steep slope of the & curve
of secondary to primary emission.

JOHN HAMILEY FINDLAY.
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