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Patented Mar. 9, 1948 2,437,279 

UNITED STATES PATENT OFFICE 
2,437,279 

HGH-POWER. MCROWAWE DSCHARGE 
TUBE 

Percy L. Spencer, West Newton, Mass., assignor 
to Raytheon Manufacturing Company, Newton, 
Mass., a corporation 

Application September 23, 1942, Serial No. 459,347 
(C. 315-39) 1. Claims. 

This invention relates to an electrical Space 
discharge tube of the magnetron type which is 
adapted to generate micro-Waves of high power. 
This invention relates more particularly to Such 
a tube in which the dimensions of the internal 
structure determine the frequency of the electri 
cal oscillations produced thereby. 

Discharge tubes of the foregoing type have 
heretofore been constructed with a centrally dis 
posed cathode surrounded by the anode struc 
ture. Such an arrangement has imposed a prac 
tical limit on the total emitting area of the cath 
ode and thus such tubes have been limited in 
the amount of current which they could be de 
signed to carry. The foregoing limitation has 
been particularly severe in the case of micro 
wave oscillators producing wave lengths of the 
order of a few centimeters or less. In such cases 
the space available for the cathode decreased in 
diameter as the wave length decreased so that 
cathodes of very limited emitting capacity neces 
sarily had to be utilized in such tubes. 
An object of this invention is to devise. a dis 

charge tube of the foregoing type with a novel 
configuration in which large cathode emitting 
surfaces can be utilized and which are capable of 
carrying large values of load current and in which 
the size of the cathode may be substantially in 
dependent of the wave length of the oscillations 
generated by Such a tube. 
In discharge tubes of the magnetron type in 

which a plurality of separate Oscillating paths 
exist in the anode structure it is important that 
the natural frequency of all Such paths be made 
equal to each other. Prior anode configurations 
for tubes of this type have been very difficult to 
construct so as to obtain this equality with the 
result that in such tubes a certain amount of 
interference has existed between the various cir 
cuits which interference substantially reduced 
the efficiency of operation of such tubes. 
Another object of this invention is to produce 

a configuration having a plurality of separate 
Oscillating paths. Within the electrode structure, 
which may be accurately and easily machined or 
otherwise fabricated so that all said oscillating 
paths are of the Same frequency. 
Tubes of the foregoing type are often employed 

in systems where the device is called upon to pro 
duce pulses of oscillations of relatively high in 
tensity. Such pulsing. operations have necessi 
tated apparatus for the control of substantially 
all of the power fed to such device. 
Another object of this invention is to produce 

an arrangement in which a grid electrode may 

2 
be utilized to control the operation of the device, 

5 

thus requiring only the control of the relatively 
small grid power in order to produce pulsing oper 
ations. 
A further object is to devise a novel configura 

, tion of magnetron which possesses the advan 

10 

tages of ease of manufacture and assembly and 
which enables auxiliary electrodes to be utilized 
therein. 
The foregoing and other objects of this inven 

tion will be best understood from the following 

5 

description of an exemplification thereof, refer 
ence being had to the accompanying drawings 
wherein: 

Fig. 1 is an exploded perspective view of a dis 
charge tube embodying my invention; 
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Fig. 2 is a perspective view partly in section 
of a magnet structure with which the tube of 
Fig. 1 may be utilized; 

Fig. 3 is a cross-sectional view of the tube 
shown in Fig. 1 after said tube has been as 
sembled, the section of Fig. 3 being taken along 
line 3-3 of Fig. 4; 

Fig. 4 is a cross-sectional view of the tube taken 
along the line 4-4 of Fig. 3; 

Fig. 5 is a cross-sectional detail of the mount 
ing of the oscillation pick-up loop; and 

Fig. 6 is a fragmentary cross-sectional view of 
the tube taken along line 6-6 of Fig. 4. 
The tube as illustrated in the dra WingS coin 

sists of an anode structure which is formed of a 
suitable conducting material, such as high con 
ductivity copper, and a cathode structure 2. If 
desired a grid electrode 3 may be interposed be 
tween the anode and the Cathode 2 in Order to 
provide for control of the discharge between said 
electrodes. The cathode structure 2 is in the 
form of a hollow flat annular shaped ring of 
which the lower Surface is adapted to be the active 
electron emitting surface. Preferably, therefore, 
a heat shield 4 is adapted to be placed over the 
upper surfaces of the cathode 2 in order to pre 
went excess loss of heat from the non-emitting 
Surfaces of the Cathode. 
The foregoing elements are adapted to be 

mounted in a casing consisting of an outer sleeve 
5, an inner sleeve 6, and end caps 7 and 8 which 
engage the outer ends of the sleeves 5 and 6 and 
close off the annular space formed between said 
sleeves. Each of the elements 5, 6, 7 and 8 may 
likewise be formed of suitable conducting mate 
rial, such as, copper. If desired, the end cap 7 
may be formed integrally with the anode , or 
said elements may be formed separately and then 
fastened together as by being brazed to each other 
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with silver solder. The end cap 8 is adapted to 
carry the cathode 2, the grid 3, and the cathode 
heat shield 4, all of which may be assembled on 
said end cap 8 prior to their assembly with the 
rest of the tube structure. 
The anode is formed from an annular block 

of metal containing a central bore 3. A plurality 
of radial slots are cut from one end of the an 
nular block and are of a predetermined depth 
less than the total length of said block thus leav 
ing a solid end ring portion . As stated above 
this anode structure may be integral with or oth 

0. 

erwise fastened to the lower end cap . . The cap 
7 extends beyond the outside boundary of the 
anode f and is provided with a stepped outer edge 
f2 adapted to fit into the lower end of outer sleeve. 
5 which is correspondingly stepped. The cap 
7 likewise extends inwardly beyond the inner 
Walls of the bore 9 and is provided with an inner 
stepped edge 3, also adagted to fit onto the lower. 
end of the inner sleeve 6 which is correspondingly 
stepped. In order to lead off the oscillations 
which are generated in the tube, there is provided 
a coupling loop 6 which is placed in one of the 
slots - O with its plane transverse to said slot. 
The coupling loop 4 is carried by a pipe 5 which 
is hermetically sealed in an opening extending 
through the cap 7 and the end ring portion of 
the anode . One end of the coupling loop 4 
is directly connected to the inner end of the pipe 
5 as shown most clearly in Fig. 5. The other 
end of the coupling loop 4 is connected to a 
lead wire 6 which passes through a glass seal 
fl sealed to the outer end of the pipe. 5. An 
outer pipe 5a may be screw threaded onto the 
outer surface of the pipe 5 to form with the 
conductor 6 a concentric line through which 
the oscillations may be conducted to a suitable 
utilization device. 
The cathode 2 is formed of a hollow toroidal 

member 8 of a suitable conducting material, such 
as nickel. This member is coated on its lower 
face With suitable electron emissive materials, 
such as the alkaline earth oxides. It will be seen 
that in this way a relatively extensive electron 
emitting area, is provided. The emitting area 
of the cathode is heated by a coiled heater 9 of 
refractory material, such as tungsten or the like. 
The coil of the heater 9 may be likewise bent 
into the propertoroidal shape to fit within the hol 
low interior of the member 3. A suitable form of 
the coil heater 9 may be a closed spiral, to which 
is connected, at two diametrically opposed points, 
a pair of lead-in wires 2), 2 for supplying heat 
ing current to the coil 9. Preferably the coil 
9 is coated with an insulation coating so as to 
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tors 20 and 2 thus likewise pass through Open 
ings in the heat shield 4. In order to prevent 
short-circuiting of the heater coil 19, the Stepped 
insulator 22 also extends into the opening in the 
shield 4 through which the conductor 20 ex 
tends. The heat shield 4 is preferably Spaced 
a short distance from the back surface of the 
member 8. The outer step in the insulator 22 
provides the proper spacing for one side of the 
heat shield 4. The other side of the shield 4 may 
be spaced by a conducting washer 28 of the proper 
thickness which may be welded to the members 
8 and 2. The heat shield may be retained 

firmly in place by an outer conducting washer 
29 likewise welded to the conductor 2 and to 
the member 4. By the foregoing construction 
the shield 4 is electrically connected to the cath 
ode and maintained at the cathode potential. 
Although most tubes of the foregoing type Op 

erate without the interposition of a grid electrode 
between the cathode and the anode, if desired 
such a grid electrode 3 may be utilized in the 
present, construction. The grid electrode 3 may 
be formed of a mesh material preferably with 
an end binding of metal so as to strengthen it. 
The grid electrode is likewise formed as a flat 
washer and may be supported by a pair of lead 
in conductors 39 and 3f. These lead-in conduc 
tors preferably lie in a plane at right angles to 
the plane containing the lead-in wires 20 and 
2f. The lead-in conductors 30 and 3 are insu 
lated from the cathode 2 by passing through 
openings in the upper and lower surfaces of the 
member 8 and through corresponding openings 
in the heat Shield 4. If necessary, insulators 
night be inserted in Suth Openings SO as to in 
Sure against electrical contact between the con 
ductors 30 and 31 and any of the cathode struc 
ture. The conductors 30 and 3 likewise pass be 
tween turns of the coiled heater 9. If neces 
sary the coils may be spread so as to provide for 
Such passage. In any event since the coil 9 is 
coated with insulation the danger of contact with 
the conductors 30 and 3 is substantially elim 
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prevent short-circuiting thereof by the member 
8. The lead-in conductors 2) and 2 pass 
through openings provided in the upper surface 
of the member 8. The conductor 2 is insulated 
from the member 8 by a stepped insulator 22 
which is mounted within the opening through 
which the lead wire 2 passes. The conductor 21, 
however, is electrically connected to the member 
8 and thus may serve as a lead for the cathode 

discharge current as well as one of the heater 
leads. The cathode structure is supported by 
the conductors 20 and 2 from a pair of glass 
seals 23 and 24 sealed to the outer ends of a pair 
of conducting pipes 25 and 26 hermetically sealed 
in penings extending through the upper end 
Cap 8. 
As previously stated a light metal heat shield 

4 may be utilized to prevent excessive heat losses 
from the back portion of the cathode. Conduc 
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inated. The conductors 30 and 3 are supported 
by glass Seals 32 and 33 sealed to the outer ends 
of pipes. 34 and 35 likewise hermetically sealed 
in openings extending through the top end cap 8. 

In order to assemble the tube construction, the 
anode and coupling loop 4 are mounted on 
the lower end cap 7. Likewise the members 2, 3 
and are mounted on the upper end cap 8. As 
described in connection with the lower end cap 

, the upper end cap 8 is likewise provided with 
Outer and inner stepped edges which fit on the 
correspondingly Stepped edges of the sleeves 5 
and 6. The end caps 7 and 8 carrying their as 
Sociated members are then inserted onto the 
Iower and upper ends respectively of the sleeves 
5 and 6. All joints are then hermetically sealed 
as by brazing with a silver solder. I have found 
that this is a very effective way of producing a 
completely hermetically sealed structure. 
The tube as a SSembled above may then be ex 

hausted in the usual manner through an ex 
haust tube, such as 32a, provided on One of the 
glass seals 32. After the tube is degasified and 
exhausted, the exhaust tube 32a is sealed off in 
accordance With the Well known practice. 

70 After the tube has been completed as described 
above it may be inserted between the poles of a 
suitable magnet structure. Such a structure 36 
is shown, for example, in Figs, 2 and 3. The 
structure 36 is provided with a central pole piece 
3 and a surrounding annular pole piece 38, thus 



5 
providing: an annularigapiacross' whichs radial 
magnetic:lines of force are: adapted to pass.:Ehe 
annullar pole piece 38, is mounted at the Outer-end 
of a gylindrical side casing 39; which is provided 
with a flat-bottom Wall 40. In the center of the 
botton. Wall:49 is naounted a central leg 4 which 
carriesthe-central pole piece: 37 at its upper end. 
The-entire structure 36 is preferably inade of: a 
highly magnetic: material. The tubes may: bein 
serted into ; the annular gap; between: the pole 
pieces. 37 and 38 runtil the discharge.Space...be 
teWen the cathodes and, the , anode is located in 
the-radial. magnetic: field: existing: between; the 
pole pieces. An opening:42;may be provided in 
the lower Wall 4 to:let the pipel5d. pass through. 
The magaet 36 finay, beformed as: a permanent 
magnet or if desired an: energizing coil such as 
indicated at 43 in Fig. 3 may be utilized to supply 
the magnetonaotive force necessary to create the 
magnetic flux. 
...For those operations in Which it is desired to 
have the grid electrode control pulsing: oper 
ations of the tube, the position of the tube is ad 
justed so that the top edges of the magnetic poles 
3 and :38:lie just below the lower surfaces of the 
grid-electrode 3. In this: Way the magnetic field 
is substantially limited to the region adjacent the 
anode electron receivings surfaces, and the grid 
electrode 3 is located in: a substantially magnetic 
field free space. Of course: it is to be understood 
that, the spacing between the electrodes and the 
various other spacial relationships are illustrated 
merely diagrammatically; in the drawings. Ehus, 
if necessary the SpacingS. could be greatly...in 
creased if 'equired to provide the proper mag 
netic field substantially limited to the region ad 
jacent the electron Teceiving'. Surfaces of the 
anode, and to provide... a substantial magnetic 
field free space in which the grid. is...to..be-placed. 
With such an arrangement the electrons emitted 
from the eathode are under-complete control of 
the grid" before being subjected to the magnetic 
field. Thus, for example, ther grid electrode 3 
could nodulate electron flows and in this: way 
modulate.the oscillations generated. Where puls 
ing:is desired, the prope potential could be sim 
pressed on the grid 3 at the propertime intervals 
to completely cut off the electron flow or to per 
mit it to pass, thus producing pulses of oscilla 
tions separated by the proper time intervals. 
When the various elements of the tube. are:en 

ergized with the proper potentials; electrons are 
emitted from-the-lower...face: of the member 8. 
The elections so emitted are: attracted toward 
the anode by the positive potential impressed 
hereon and in so doing come under the influence 
of the magnetic field existing in the inter-elec 
trode Space. Thus, for example, a particular 
electron may be attracted toward one of the 
anode segments formed between two slots . 
The magnetic field, however, being transverse to 
the electrostatic field deflects the electron in a 
curvilinear path at right angles to the fields. 
Thus, said electron, instead of reaching the anode 
segment which accelerated it, falls on an adjacent 
segment of the anode. This action feeds energy 
to said adjacent segment and causes Oscillations 
to be generated Within the anode structure. 
This action, of course, is the well known oper 
ation which exists in magnetrons of the multiple 
anode type. Each pair of adjacent anode seg 
ments together with the portion of the ring 
joining them form a circuit containing induct 
ance and capacitance. This constitutes a tuned 
oscillating circuit whose frequency is determined 
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by said inductanee; and capacitanee. All of these 
circuits: which existin, the anode: structure: are 
electrically "connected. This is due to the fact 
that each segment forms an integral part of two 
adjacent Oscillating circuits. Thus, if all of these 
circuits are tuned to the same frequency, they 
will reinforce: each other and, the sentire tube 
will generate, oscillations of relatively high power 
which may be led by the lead 6 and the pipe 5a. 
to: any suitable utilization device. 
Due to the foregoing arrangement, tubes of 

this kind may be made capable of 'carrying high 
values of: cathode: discharge. current independ 
ent of the frequency. Which such a tube is adapted 
to generate. This is due to the fact that large 
emitting surfaces for the cathode may be uti 
lized in. Such an: arrangement. Furthermore, it 
is relatively easy to obtain an exact equality of 
tuning between the Various oscillating circuits. 
This is due...in large measure to the fact that the 
slots are of simple configuration, easily accessible 
for: machining or other fabrication. It is the 
dimensions of each of these slots which determine 
the frequency of each of the oscillating circuits. 
...Of course it is to be understood that this inven 

tion is not limited to the details of construction 
as described above inasmuch as many equiva 
lents will suggest themselves to those skilled in 
the art. 
What is claimed is: - 
1. An electrical space, discharge device com 

prising a cathode, an: anode, said anode having 

35 

a plurality of Sections having electron receiving 
surfaces: disposed. Substantially in a plane, said 
Surfaces: being Spaced from each other, said Cath 
odehaving an electron emitting surface. disposed 
Substantially...in a plane substantially parallel to 
the plane of:said electron receiving surfaces, and 
means adjacent the discharge. path between said 

40 planes for:producingsa, magnetic field transverse 
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to said discharge: path. 
2. An electrical space discharge device com 

prising: a cathode, an anode, said anode: having 
a relatively, extended side, disposed substantially 
in a plane, said anode having a plurality of slots 
extending from saidside at an angle to said plane, 
said cathode having an electron emitting surface 
disposed substantially in a plane substantially 
parallel to the plane of Said anode side, and 
means: adjacent the discharge path between said 
planes for producing a magnetic field transverse 
to saidi discharge path. 

... 3. An: electrical: space; discharge device.com 
prising a cathode and an anode, said anode being 
an annular shaped conductor having one end dis 
posed substantially in a plane, said anode having 
a plurality of slots extending from said end at 
an angle to said plane, the surfaces of said end 
of said anode between said slots forming electron 
receiving surfaces, said cathode having an elec 
tron emitting surface disposed substantially in a 
plane substantially parallel to the plane of said 
anode end. 

4. An electrical space discharge device com 
prising a cathode and an anode, said anode being 
an annular shaped conductor having one end dis 
posed substantially in a plane, said anode hav 
ing a plurality of radially disposed slots extend 
ing from said end at an angle to said plane, the 
surfaces of said anode between said slots forming 
electron-receiving Surfaces, said cathode having 
an electron emitting surface disposed substan 
tially in a plane substantially parallel to the plane 
of said anode end. 

5. An electrical space discharge device coma 
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prising a cathode, an anode, said anode being an 
annular shaped conductor having one end dis 
posed substantially in a plane, said anode having 
a plurality of slots extending from said end at 
an angle to said plane, the surfaces of said anode 
between said slots forming electron-receiving Sui 
faces, said cathode having an electron emitting 
surface disposed substantially in a plane Sub 
stantially parallel to the plane of said anode end, 
and means adjacent the discharge path between 
said planes for producing a magnetic field trans 
verse to said discharge path. 

6. An electrical space discharge device COm 
prising a cathode, an anode, said anode being an 
annular shaped conductor having one end dis 
posed substantially in a plane, said anode having 
a plurality of slots extending from said end at an 
angle to said plane, the surfaces of said anode 
between said slots forming electron-receiving Sui 
faces, said Cathode having an annular shaped 
electron emitting surface disposed in a plane Sub 
stantially parallel to the plane of said anode end, 
and means adjacent the discharge path between 
said planes for producing an annular magnetic 
field extending radially and transverse to said 
discharge path. 

7. An electrical space discharge device con 
prising a cathode, an anode, said anode having a 
plurality of sections having electron receiving 
surfaces disposed substantially in a plane, said 
surfaces being spaced from each other, said Cath 
Ode having an electron emitting surface disposed 
substantially in a plane substantially parallel 
to the plane of said electron receiving surfaces, 
a control grid disposed in the Space between said 
two planes, and means adjacent the discharge 
path between said planes for producing a mag 
netic field transverse to said discharge path. 
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8 
surfaces disposed substantially in a plane, said 
Surfaces being spaced from each other, said 
cathode having an electron emitting surface dis 
posed substantially in a plane substantially 
parallel to the plane of said electron receiving 
Surfaces, means adjacent the discharge path 
between said planes for producing a magnetic 
field transverse to said discharge path, said mag 
netic field being limited Substantially to a space 
adjacent said anode, and a control grid disposed 
in the Space between said tWO planes which is 
substantially magnetic field free. 

10. An electrical space discharge device com 
prising a cathode, an anode incorporating a plu 
rality of cavity resonators, said anode including 
a plurality of sections providing a plurality of 
Spaced electron receiving surfaces all of which 
are dispOSed in a single plane, and said cathode 
having an electron emitting surface disposed in 
a plane parallel to the plane of said electron re 
ceiving Surfaces, and a Control grid disposed be 
tween said two planes. 

11. An electrical space discharge device com 
prising an anode incorporating a plurality of 
cavity resonators, said anode including a plurality 
of Sections providing a discontinuous annular 
electron receiving surface, a cathode, spaced from 
Said anode, and having an electron emitting Sur 
face parallel to the electron receiving surface of 
Said anode, an auxiliary electrode disposed ad 
jacent Said anode and said Cathode, and means 
adjacent the discharge path between said anode 

36 

8. An electrical space discharge device com 
prising a cathode, an anode, said anode having 
a plurality of sections having electron receiving 
surfaces, said surfaces being spaced from said 
other, said Cathode having an electron emitting 
Surface spaced from said electron receiving Sur 
faces, means adjacent the discharge path between 
said cathode and anode for producing a magnetic 
field transverse to said discharge path, said mag 
netic field being limited substantially to a space 
adjacent said anode, and a control grid disposed 
in the space between said cathode and anode 
which is substantially magnetic field free. 

9. An electrical space discharge device com 
prising a cathode, an anode, said anode having a 
plurality of sections having electron receiving 
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and said cathode for producing a magnetic field 
transverse to said discharge path. 
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