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EEECTRONIC DISCHARGE DEVICE:

Percy L Spencer, West Newton, Mass., assignor
to Raytheon Manufa,cturmg Company, Néwton;”

Mass:, a‘corperation’ of Délaware:

Ougmal appheatlon September 30 1941 Senal
No. 412,993. Divided and this apphcatmn June

5, 1946, Serial No. 674,453

1 Claini;
1

This is a division® “of my copendlng apphcatlon

Serial No. 412,993; filed- September 30,-1941, en="

titled Electronic discéharge” device.
This invention relates to an- electromc d1s-'

charge device; partictlarly of the’ magnetron type )

and to a-cathode for stich a*device capable of:
supplying large peak’ values: of current.
In eléctronic discharge: dev1ces partlcular]y of-

the magnétron type which are called-upon to sup- &

ply relatively large peak values of cur rent varlous

difficulties have heretofore’existed: The cathodes .
of such" devices' have-been heated to relatwelY’

high temperatires’in‘an attempt to supply suffic

cient thermionic emission® to carry such peak -
Such’ cathodes -have had an”
unustally short life ‘dué to the fact that the emiss
sive coating with whlch the cathodes are nor:"

values' of currént.:

mally coated was: 1ap1d1y drivenr off “from’ the
cathode,

of? such’ - magnetrons® from- bemg burned - out.

However, such protectlve and- regulatmg devmes ’
did not substantially affect the loss'of coating due”

to - high -operating” temperatures ‘of the cathode’
which resulted in-short lifé for such cathodes.

An' object of this invention-is‘to preduce ari"
electron discharge ‘dévice-of ‘the’ type which sup—‘
plies high-peak values ‘of current with its cathode*
normally operatmg at a- temperature substan—"

tially below that necessary to’ cause stich peak
values of ‘current-to-be emitted thermlomcally

Another object’is to accomplish the above in’”

a-magnetron type of discharge device.

Another object is to-cause such peak’ values of”

ciirrent to be supplied largely by secondary emis:
sion.

A further objectis to devise a cathode in such"'

a device which will emit large numbers of sec~

ondary electrons without substantlal time-delay, -

and which will have a long life. )

A further object is to-devise a magnetron which:
does not need special- regulating and protecting-
devices to prevent-the cathode from being-burned
out.

A still further object is to devise sucha mags

netron which is capable of supplymg ‘much lalger )
amounts - of power than -have heretofore’ been :

possible.
The foregoing and other obJects of this inven-

tion will be hést understood from-the followmg"
description of exemplifications-thereof, reference-

This: efféct-was"increased by the' fact™
that the load currént through-the tube tended 10
overheat- and burnotit'the cathode: The art’ ‘nas”
resorted to the'use of- comphcated xegulatmc and:
protective devices in orderto protect the cathodes”

(CI, 250:=27.5)

2;

1n" -

F1gs T and 2 are dlagrammatm representatlons;
i of a magnetron 111ustrat1ng certain principles of”
i operatlon of my mventlon, o

Fig.'3'is'a Cross« sectlonal view of one’ embodl-
ment of my novel cathode

Pig: 47i5°a frag mentary v1eW partly m sectlon"'

_of‘another embodlment of ‘my novel cathode;
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__upon_the- anode Az,
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;,ucons1derable energy to'the electrone’ by colhslon ‘
~‘or*otherwise by the time it reaches the cathode C.

Fig. 5 is an illustration of one type of maghes’
tron 1ncorporat1ng my invention, the view in®

Fig' 5 being taken “slong line §—5 in Fig. 6; and’

Fig, 6 is a cross-section of the magnetron in”
Flg' 5 taken- along line 6-—§ of Fig, 5, together,_
with & dlagrammatm representatlon of a circuit’

with' ‘which sald magnetron may be used.

In Fig:1° At and-As represent two anodes of 2’
split* anode magnetron C is the cehtrally lo="
As“is usual ‘in this type”
of device, a 10ng1tud1na1 maghetic field is. im-
pressed thereon in’a’ direction at right anglés to.
The cathode’
Cis connected- to' a negatlve potentlal while the”
,anodes Ar and Az are connécted together to a’
pos1t1ve potentlal Dev1ces of this kind are evacu-f
ated- to' high* vactuum conditions in” which the’
gaseous atmosphere plays substantially no ‘part
in“the: dxscharge This type of magnétion wheh:
energized sets” up- high fréquency oscillations,
creating-an oseﬂlatmg ‘electrostatic field between”
At one instant of time the’
anode Al may ‘he more” positive than the anode’,
Az, Under these condltlons ah electron e emitted’
from the ‘cathodg C is “accelerated toward the an:’
I—Iowever the
magnetm field caiises the eleéetron e to travelin’
a’curved path which deflects the electron to such”
an-extent that it misses the anode Ai and falls
This' imparts a negative”
characterlstlc to the device, ang causes it to oper-’

cated ‘cathode-thereof.

the plane of’ 111ustrat10n in Fig: 1.

the’ anode Ax and Az,

ode-Ar by the potentlal thereof.

ate: asan oscxllator

Under the condltlons of operatlon whlch I con-~
temp}ate in my 1nventlon in addition to the ac-
. tion 'described’ in connection with Fig. 1, another
action; as exemphﬁed by Flg 2, also takes place. .
The-electron emission from C causes a swarm 8-
of electrons in the space surrounding C.” Ah elec-
tron e’; which otherwise might follow the path as’
) descnbed in F1g 1, however encounters mter- )
""ference from the other electrons in‘the swarm S,

and’ thus never reaches the anodes A1 of As, but'
falls back onto the cathode
tween® the electrons in"the sWarm's may 1mpart'

The interaction be-.

v
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Assuming the tube to be oscillating, the electrons
e’ also may receive a considerable amount of en-
ergy directly from the oscillating field between
the two anodes A1 and Az. The magnetic field
tends to give to the electron e’ a definite orbital
period in its travel around C, which period is sub-
stantially equal to the period of oscillation of the
voltage appearing between the anodes A; and As.
This condition permits said oscillating field to ex-
ert its accelerating force upon the electron e’ in
the proper phase and at the proper time to suc-
cessively impart energy to said electron.

Due to the above effects, electrong of the e’ type
can be made to fall upon the cathode C with con-
siderable speed and energy, which may be sub-
stantially above 100 volts. If the cathode C is

made so as to be a good secondary electron emit-

ter, then such impinging electron may give rise
to the emission of several additional electrons.
The current due to secondary emission may be
made several times the current due to simple
thermionic emission at the operating tempera-
ture of the cathode. In addition, when the tube
is' called upon to supply greatly increased peaks
of current, then the secondary electron emission
can be made to increase enormously to carry such
peak currents without substantial time delay. In
other words, such a device can be made to oper-
ate as an electron multiplying arrangement in
which the normal thermionically-emitted elec-
trons are multiplied to give an increased supply
of electrons which in turn are again multiplied
by a similar process.

In accordance with my invention I utilize such
secondary emission to supply a large part of the
peak currents which such a device may be called
upon to supply. For this purpose I prefer.to con-
struct the cathode of the discharge device in a
special form, as shown for example in Fig. 3.
The cathode illustrated consists of g sleeve |
made of some suitable material, such as tan-
talum or nickel. In one example of this cathode
the cylinder was about six millimeters in diam-
eter and about fifteen millimeters long. The
sleeve is coated, except for the end portions
thereof, with a layer 2 of a mixture of barium
and strontium carbonates in a nitrocellulose-
amylacetate binder. In some instances I prefer
to add from one to one and one-half per cent.
of borax in order to decrease the evaporation
rate of the coating material during operation.
The sleeve so coated is baked in air at a tempera-
ture. of about 400° F. Thereupon a winding 3,
preferably of tantalum wire, is wound over said
coating. In the embodiment mentioned above,
this wire has consisted of tantalum .004 inch in
diametfer, spaced .003 inch between adjacent
turns. In order to retain the winding upon the
cathode and to insure good electrieal contact with
the underlying sleeve, the ends 5§ of the wire 3
may be welded directly to the sleeve |. After
the wire 8 has been wound upon the cathode, the
cathode is again coated with the coating mate-
rial described above and again baked in air at
a temperature of about 400° F. Thereupon the
coating is scraped off the outside of the cathode

10

4

of the sleeve | are closed by insulating plugs
T—1, preferably of alumina. The ends of the
heater coil 6 extend through said plugs so that
heating current may be supplied thereto. An
electrical connector tab 8 has one end thereof
welded to the sleeve | and the other end welded
to one of the heater ends 8, so that electrical
connection may be established to the emifting
surface of the cathode.

Instead of making the cathode as illustrated in
Fig. 3, it can take a variety of other forms, one
of which is illustrated in Fig. 4. In this figure,

" instead of using round wire, the sleeve | is wound

with a flat ribbon 3‘, also preferably of tantalum.
This ribbon, for example, may be .0005 inch thick
and .050 to .100 inch wide. Such a ribbon may

-~ be initially coated with emitting materials, as
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structure, leaving the top surfaces 4 of the wire .

3 bare. The baking of the carbonate coatings
in air not only drives off the hinder material,
but also largely converts the carbonates into the
oxides. A heater coil 6, preferably of tungsten,
the turns of which are coated with insulating ma-
terial, is inserted within the sleeve | for the pur-
DPose of enabling the cathode to be raised to a
temperature of thermionic emission. The ends

70
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described above, and wound upon the sleeve |
with about half of each turn of the ribbon over-
lapping the preceding turn. Here ggain the
coafing may be baked in air as described above,
and the coating scraped from the outside of the
cathode structure, leaving the top surfaceg 4’ of
the ribbon materia] 3’ bare.

The cathode structures as described above
Possess the property of being excellent secondary
electron emitters, particularly from the scraped
tantalum surfaces, as well as good thermionic
emitters from the exposed oxide surfaces. The
tantalum has a tendency to reduce the barium
oxide, liberating small amounts of barium on the
surface of the coating which tends to give excel-
lent electron emission. Also the barium so liber-
ated tends to coat the bare surfaces of the tan-
talum, making it an excellen secondary electron
emitter. Even without any barium coating, tan-
talum in itself is a good secondary emitter.

Cathodes of the type as illustrated in Pigs, 3
and 4 may be incorporated, for example, in a
magnetron of the type as illustrated in Pigs. 5
and 6. The magnetron therein illustrated com-
prises an envelope i1 which is preferably made of
2 block of conducting material, such as copper.
This block forms the anode structure of the mag-

» netron. Said block has hollow end sections

which are covered by end caps 12 and { 3, likewise
of conducting material, such as copper. Between
the hollow end sections of the block {1 is g cen-
tral bridging portion {4. 'The portion 14 is pro-
vided with a central bore 15 within which is sup-
ported substantially at the center thereof g cath-
ode I8 which, as pointed out above, is preferably
of the type as illustrated in Figs. 3 and 4. The
cathode 10 is supported by a pair of lead-in con-
ductors i6 and 17 fastened respectively o the
ends 8 of the cathode structure, and sealed
through glass seals 18 and 19 mounted at the
outer ends of pipes 20 and 21 hermetically fas-
tened within the walls of the block {{ adjacent
the upper and lower hollow end sections. A plu-
rality of slots 22 extend radially from the central
bore 15 to within a short distance of the outer
wall of the block (1. .

When such a magnetron is placed between
suitable magnetic poles 23 and 24 to create g3
longitudinal magnetic field and the device is en-
ergized, oscillations are set up whose frequency
and consequently whose wave length are deter-
mined primarily by the dimensions of each of
the slots 22, It is also desirable that the value of
the magnetic field is such as to impart to the
electrons travelling around the cathode an orbital
frequency substantially equal to the frequency of
said oscillations. Moreover the voltage applied
to the anode structure should be of the proper
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value to cause such oscillations to occur and for
the desired peak value of current to flow between
the cathode and anode structure, The oscilla-
tions produced in the slots 22 reinforce each other
and may be led out from the tube by means of
a coupling conductor 25 fastened to the central
bridge portion {4 in the central bore {5 between
two of the slots 22. The coupling conductor 23
leads out from the magnetron through a glass
seal 27 at the outer end of a pipe 2§ likewise her-
metically fastened through the wall of the en-
velope Il adjacent the upper hollow portion
thereof.

The magnetron may be connected in any suit-
able circuit, one of which is shown diagrammati-
cally in Fig. 6. In this circuit the cathode is sup-
plied with heating current from the secondary
winding 28 of a heating transformer 29 whose
primary winding 30 is adapted to be connected
to a suitable source of alternating current. In-
terposed in the circuit of a secondary winding
28 is a switch 31 and a current-regulating re-
sistance 32. A source of potential 33, which in
.a practical embodiment may be of the order of
12,500 volts, is connected between the envelope

i1, constituting the anode, and the lead-in wire

{§ for the cathode {8. Interposed in the circuit
for the source 33 is an interrupter or “chopper”
34 which interrupts the circuit so that the mag-
netron generates short pulses of high intensity
high frequency oscillations, The frequency of
interruption may be of the order of two thousand
times a second. The duration of each energiza-
tion of the tube may be of the order of a half a
micro-second.

I have constructed a considerable number of
devices substantially as shown in Figs. 5 and 6
and embodying a cathode as illustrated in Fig. 3,
as well as the various parameters recited herein.
Tubes of this kind were designed to produce
oscillations of a wavelength of about three centi-
meters. In such a tube I have found that during
each half micro-second during which the device
was energized, the anode current rose substan-
tially instantaneously to a value of about twelve
amperes and continued throughout at this value
for substantially each period of energization.
The average anode current throughout the en-
tire time was of the order of about fourteen milli-
amperes.

In starting the operation of such a device, the
cathode was raised to a temperature at which
enough thermionic emission occurred to initiate
the operation of the device, such emission being
of the order of milliamperes and being much
less than that required to supply peak currents
of the order of amperes. However, as pointed
out above, when operation started, peak currents
of the order of amperes were supplied. Further-
more, after the operation of the device had be-
gun, it was possible to open the heating circuit
by the switch 3i, and the device continued in
operation with no discernible difference, the tube
continuing to generate oscillations in the same
way and to substantially the same degree as be-
fore the opening of said circuit. Also under these
conditions, when the pole pieces 23 and 24 were
deenergized so as to remove the magnetic field
on the device, the current to the anode structure
fell to zero and the operation of the device ceased.
This is in strong contrast to the usual magnetron
device in which if during operation the magnetic
field is deenergized, the current between the
cathode and the anode structure rises rapidly.
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As pointed out above, the heater 6 is supplied
with heating energy so as to initially raise the
cathode to a temperature at which some ther-
mionic emission cccurs. This thermionic emis-
sion may emanate largely from the oxide coating
which is exposed to the discharge area through the
spaces between the coiled winding on the outside
of the cathode. Some of this thermionic emis-
sion may occur from the surface of the coiled
winding itself, particularly if the metal thereof
has a thin film of barium coated upon it. How-
ever, during operation the electrons which fall
upon the cathode largely impinge upon the bare
metal surface of the coiled external winding, and
liberate the secondary electrons therefrom. The
oxide coating between the turns of this winding
is largely shielded from such electron bombard-
ment, and thus forms very little, if any, tendency
for such bombardment to drive any of the oxide
coating from the cathode. However, such coating
is always available to supply barium for the initial
electron emission as well as barium which tends
to increase the secondary electron-emitting quali-
ties of the metal surface of the external winding.
An additional advantage of the construction
which I have illustrated is that the surfaces from
which the secondary electrons are emitted are di-
rectly electrically connected to the sleeve | by
having the ends 5 welded thereto. In this way
the current can flow through a direct low re-
sistance metallic path to the very surface at which
the electrons are being liberated. This is in con-
trast to the usual oxide-coated cathode in which
the current must flow through the relatively high
resistance oxide coating before it reaches the
emitting surface. In this way the present cathode
structure is much more effective and efficient.

By my present invention I have been enabled
to construct practical magnetron devices which
have generated eénormous peak quantities of
micro-wave length power entirely outside of the
range of anything which has heretofore been
practicable with such devices.

Of course it is to be understood that this inven-
tion is not limited to the particular details as de-
scribed ‘above as many equivalents will suggest
themselves to those skilled in the art. Por exam-
ple, it may be possible to incorporate certain fun-
damental features of this invention in other de-
o vices which are called upon to supply high peak
values of current, particularly in connection with
micro-wave generators.

What is claimed is:

An electron discharge device system compris-
ing a cathode and an anode, said cathode during
normal operation being at an elevated tempera-
ture and provided with an active surface which
at said temperature is an appreciable but rela-
tively poor thermionic emitter with thermionic
emission which is substantially smaller than that
required to carry the normal load current of said
device and also a good secondary electron emit-
ter, and an oscillatory circuit connected to said
cathode and anode for producing a cloud of elec-
5 trons and for oscillating said cloud of electrons

with sufficient energy to cause electrons thereof

to collide with said cathode to liberate sufficient
secondary electrons therefrom to produce a total
electron emission capable of carrying said normal
0 load current, the space between said cloud of elec-
trons and said cathode being unimpeded to cause
said collisions to occur freely.
PERCY L. SPENCER.




