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2,458,802. 

MAGNETRONASSEMBLY AND METHOD 

Perey L. Spencer, West Newton, Mass, assignor 
to Raytheon Manufacturing Company, Newton, 
Mass., a corporation of Delaware 
Application March 30, 1942, Serial No. 436,891 

(C. 250-27.5) 18 Claims. 

This invention relates to a magnetron, and 
more particularly to a magnetron in which the 
dimensions and configurations of the internal 
structure determine the frequency of the OScilla 
tions generated. 

Magnetrons of the foregoing type have hereto 
fore been constructed by carefully machining the 
casing or anode structure out of a Solid block of 
copper. Since the frequencies intended to be gen 
erated by such magnetrons are of Wave lengths 
of the order of centimeters or even fractions 
thereof, minute changes in the dimensions of any 
part of such structure Would produce large 
changes in the frequencies generated. There 
fore, in order to produce the proper frequency 
and also to keep various Oscillating parts of the 
structure at the same natural frequency, the ma 
chining had to be carried out With extreme ac 
curacy. This made the manufacture of such 
magnetrons slow and expensive. - 
An object of this invention is to devise a mag 

netron structure which can be made rapidly and 
inexpensively without Sacrificing the accuracy 
With which the component parts are made. 
Another object is to devise a magnetron struc 

ture and a method of making the same Which can 
be carried out on a mass production basis by 
relatively unskilled operators. 
The foregoing and other objects of this inven 

tion will be best understood from the following 
description of an exemplification thereof, refer 
ence being had to the accompanying drawings, 
Wherein: - 

Fig. 1 is a longitudinal cross-sectional view of 
a magnetron constructed in accordance with my 
invention; 

Fig. 2 is a top view of one of the stamped lam 
inas from Which the magnetron casing is con 
Structed 

Fig. 3 is a top view of another of the stampe 
laminas from , which the magnetron casing is 
constructed; 

Fig. 4 is a top view of one of the stamped end 
caps of the magnetron of Fig. and 

Fig. 5 is a view of an assembly jig illustrating 
the method of assembling the laminas. 
The magnetion illustrated in the drawing con 

prises an envelope structure forming the anode 
Of the magnetron, a Cathode structure, 2, and a 
pair of end caps 3 and 4. The anode structure is 
So arranged that when the device is placed be 
tween magnetic pole pieces 5 and 6, oscillations 
are generated, the frequency of which is deter 
mined by the geometry and internal structure of 
the anode assembly. These oscillations are picked 
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up by a coupling loop , and are led to a suitable 
Utilization device. 
As pointed out above, heretofore the entire CaS 

ing of the magnetron had been made of carefully 
machined parts, thus rendering the manufacture 
very slow and expensive. In accordance with 
ny invention I construct the casing of all Stamped 
parts. Thus the anode structure is made up of a 
plurality of flat stamped laminas 8 and 9. Each 
1amina is formed with a central opening 0 and a 
plurality of radial slots, each terminating in a 
circular opening 2. The laminas 8 and 9 are 
intended to be stacked alternately. Each lam 
ina, 8 is of Smaller Outer diameter than that of 
each lamina, 9, leaving projecting portions of the 
laminas 9 which from cooling fins for the final 
form of the magnetron. In a practical example, 
each lamina, 8 may be about two inches in diam 
eter and each lamina 9 may be bout three inches 
in diameter, while the thickness of each of them 
may be about .070 inch. These laminas are 
formed of Some suitable conducting material 
which may be readily and accurately stamped. 
prefer to use copper. 
The dies for stamping the laminas 8 and 9 may 

be made very accurately, and large numbers of 
Such laminas can be stamped out of sheet copper 
with such dies. The dimensions of the openings 
0 and 2 and of the slots f are critical in such 

a device. However, with the use of Such accurate 
dies, these critical dimensions are readily ob 
tained in the Stamping of the laminas. 
The end caps 3 and 4 likewise can be stamped 

from sheet copper. However, the dimensions of 
these caps are not as critical as those referred to 
above. The caps 3 and 4 are each made with a 
Central dish-shaped portion 3 surrounded by an 
annular rim 4. The upper cap 3 is provided With 
two conducting pipes 5 and 6 which are her 
metically Sealed through the sides of the dish 
shaped portion 3. Sealed to the outer end of 
the pipe 5 is a glass seal through which a 
pair of cathode lead-in conductors 8 and 9 
extend. The cathode 2 comprises a sleeve 20 of 
a Suitable conducting material such as nickel, 
and bearing a suitable emissive coating on the 
external Surface thereof. A desirable coating 
arrangement is that described and claimed in my 
Copending application, Serial No. 412,993, filed 
September 30, 1941, now Patent No. 2,411,601, 
dated November 26, 1946. A heater 2 is sup 
ported within the sleeve 2 by having its ends 
extend through insulating blocks 22 mounted in 
Opposite ends of the sleeve. 20. The ends of the 
heater 2 preferably carry tantalum shields 23 
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which tend to prevent electrons emitted from the 
cathode from passing out through the ends of 
the central opening to the caps 3 and 4. The 
lead-in conductor 8 is connected to the upper 
extended end of the heate. The lead-in con 
ductor 9 is connected to the sleeve 2 by a con 
nector extending through an opening in the shield 
23. The lower shield 23 may also be connected 
to the Sieeve 2. By the above arrangement, the 
lead-in conductors 8 and 9 may serve as the 
heater current leads, the lead-in conductor i9 
also serving as the cathode lead. The conduc 
tors 8 and 9 also serve to support the cathode 
structure. In Order to steady and center the 
cathodestructure, a mica, guide plate 24 is mount 
ed within the end cap 4. The guide plate 24 may 
be supported in any convenient Inanner, as by a 
plurality of supporting studs 25 fastened to the 
cap 4. The guide plate. 24 has a central opening 
into which the lower extended end of the heater 
2 may be inserted during assembly. 
The conducting pipe preferably extends 

through the wall of the cap S and into the interior 
of the magnetron structure. The outer end of the 
pipe 6 carries a glass seal 26 through which is 
sealed a lead-in conductor 27. The inner end 
of the conductor 27 is bent, passes through an 
opening in the side wall of the tube 6, and is con 
nected to one end of the coupling loop . The 
other end of the coupling loop may be connected 
to the outer wall of the pipe 6. Loop T is in a 
plane at right angles to the plane of Fig. 1, and 
thus is inductively coupled to one of the bores 
formed by the aligned openings 2 of the laminas 
8 and 9. The pipe f6 may also have an additional 
conducting pipe 28 connected thereto. This con 
ducting pipe surrounds the conductor 27 and 
forms a concentric transmission line therewith 
So that the oscillations produced by the device 
may be transmitted to the desired point. 
In order to form the anode structure, alternate 

laminas 9 and 8 may be assembled in a stack 
On an assembly jig. 29, as shown, for example, in 
Fig. 5. Preferably the end laminas of such a stack 
are the large laminas. 9. The jig 29 may be pro 
Vided with a central pin 3C corresponding to the 
openings: , and with a plurality of pins 3f cor 
responding to the openings 2. En this way, 
merely by stacking the laminas on the jig. 29. 
the colresponding openings in the laninas are : 
aligned with each other, forming a central bore 
in which the cathode is to be supported, and a 
plurality of boreS Corresponding to the openings 
2. Likewise the slots flare aligned, forming. 
radial passages interconnecting the central bore 
With the plurality of surrounding bores: 
While assembling the laminas on the jig 29, 

a, thin ring of suitable solder, such as silver, is 
in Serted: between each adjacent lamina. These 
Solder rings need only be placed at the outer 
edges of the laminas 8, extending from the outside 
perimeter thereof to a point, somewhat short of 
the Outer edge of the openings. 2. The thickness 
of each solder ring may be about .002 inch, for 
example. If desired, tin may be used as the 
Soldiering metal. 

After the laminas, and solder rings have been 
assembled on the jig 29, they are clamped to 
gether, and the assembly is passed through a hy 
drogen furnace. This causes the solder to melt, 
and fuses the stack of laminas into a hermetical 
ly-tight, unitary block. 
is removed before the assembly is placed in the 
furnace; although it may be left in place until 
after the assembly, is removed from the furnace, 

Preferably the jig 29 
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4. 
In the latter case the pins 30 and 3 may be 
oxidized or graphitized on their surfaces in order 
to prevent any solder sticking thereto. 
The cap 3 is assembled with the pipes 5 and 

6 carrying their respective seals and lead-in 
conductors. These pipes are preferably soldered 
in place by means of silver solder. The cathode 
assembly may then be mounted on the lead-in 
conductors 8 and 9, and the coupling loop 7 
may be mounted on the lead-in conductor 27 and 
the pipe 6. The cap 4 is assembled with the 
guide plate 24, and is then Soldered in place on 
the lower end of the anode block. The upper cap 
3 is then placed in position, care being taken 
that the lower extended end of the heater 2 pro 
jects through the central opening in the guide 
plate 24. Thereupon the cap 3 may be soldered 
in place on the anode block. The magnetron may 
then be evacuated and freed of occluded gases 
in accordance with the usual practice, and the 
cathode may be properly activated, which com 
pletes the construction. 

It will be seen that in the completed assembly 
the anodestructure is provided with a plurality of 
Wedge-shaped arms, the faces of which are adja 
cent the cathode and cooperate as anode sections 
with the cathode. A capacity exists between the 
cathode 2 and each such anode face. Also ca 
pacitances exist between the side walls of each 
of the aligned slots . The inner walls of the 
aligned openings 2 constitute inductances. 
When the magnetron is energized and placed be 
tween the pole pieces 4 and 5, it generates oscil 
lations as mentioned above. The frequency of 
these oscillations is determined by the induct 
ances, and capacitances above mentioned. These 
inductances and capacitances constitute reso 
nant circuits at the desired frequency, and each 
Of the resonant circuits cooperates with each 
other resonant circuit to contribute to and 
enhance the oscillations produced by the tube 
as a, whole. 
A magnetron as constructed above is readily 

made so that each of the resonant circuits has ex 
5 actly the proper natural frequency without the 

expensive and time-consuming machining which 
heretofore had been necessary. If increased ac 
curacy is desired, the anode structure might be 
placed in a coin or sizing die after it has been 
through the hydrogen furnace. In this way any 
slight inaccuracy in size of parts is eliminated 
by pressing the metal of the anode block to the 
exact size as determined by the sizing die. All 
of the operations required to produce a magnetron 
as described above may be performed by relatively 
unskilled operators, and lend themselves readily 
to mass production methods. The time for mak 
ing magnetrons is greatly decreased over that 
which had heretofore been necessary, and the 
cost thereof is greatly decreased. 
Of course it is to be understood that this in 

Vention is not limited to the particular details 
as described above as many equivalents will sug 
gest themselves to those skilled in the art. It is 
accordingly desired that the appended claims be 
given a broad interpretation commensurate with 
the Scope of the invention within the art. 
What is claimed is: 
1. An electron discharge device comprising a 

metal envelope enclosing an elongated cathode 
and electrode elements between which a space 
discharge is adapted to take place, said envelope 
being formed integrally with said electrode ele 
ments, end caps on said envelope, one end of 
Said cathode being carried by one of said end 
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caps, a projection on the other end of said 
cathode, and an insulating plate carried by the 
other of said end caps, said plate having an open 
ing into which said projection of said cathode 
extends. 

2. An electron discharge device comprising a 
metal envelope enclosing electrode elements be 
tween which a Space discharge is adapted to take 
place, said envelope being formed integrally with 
certain of said electrode elements forming an 
electrode structure having a configuration con 
Stituting capacitance and inductance. elements 
forming circuits which are adapted to have oscil 
lations Set up therein, and an end cap for Said 
envelope, Said end cap carrying a coupling loop 
held adjacent one of said inductance elements, 
one end of Said loop being connected to said end 
cap, the other end of Said loop being connected 
to a conductor insulatingly Sealed through said 
end cap. 

3. A discharge tube comprising a cathode sur 
rounded by a laminated anode block, said anode 
block consisting of a series of stacked laminas, 
each lamina having a central cathode space, and 
a plurality of Spaces interconnected with said 
Cathode Space and forming coupled cavity 
resonators. 

4. An electron discharge device comprising a 
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Cathode, a laminated anode block adjacent said 
cathode, Said anode block comprising a series of 
Stacked laminas, each lamina, having a cathode 
Space, and a Space forming a cavity resonator 
connected to said cathode space. 

5. An electron discharge device comprising an 
envelope containing a cathode surrounded by a 
laminated anode block, Said anode block compris 
ing a Series of Stacked laminas, each lamina hay 
ing a central cathode space, and a plurality of 
Spaces interconnected with said cathode space 
and forning coupled cavity resonators, said anode 
block constituting a wall member of said envelope, 
certain of said laminas being of increased diam 
eter extending beyond other of said laminas and 
forming cooling fins. 

6. The method of forming a laminated anode 
block of an electron discharge device having a 
cathode Space and a cavity resonator, said 
method comprising forming a plurality of copper 
laminas, each having a cathode Space, and a 
Space forming a cavity resonator, stacking said 
laminas into the anode configuration with an 
intervening lamina of Silver solder between each 
lamina, placing Said Stacked laminas in an at 
mosphere comprising hydrogen, and raising said 
Stacked laminas to a temperature at which said 
Solder laminas fuse. - 

7. The method of forming a laminated anode 
block of an electron discharge device having a 
cathode Space and a cavity resonator, Said method 
comprising forming a plurality of sheet metal 
laminas, each having a cathode Space, and a space 
forming a cavity resonator, stacking said laminas 
into the anode configuration with an intervening 
lamina of Silver Solder between each lanina, upon 
a jib having aligning members projecting into 
Said cathode space and said cavity resonator for 
maintaining said laminas in the desired config 
uration, said aligning members having surfaces 
which are non-adherent to Said Solder when said 
Solder is fused, and raising said stacked laminas 
to a temperature at which said Solder laminaS 
fuse. 

8. The method of forming a laminated anode 
block of an electron discharge device having a 
cathode space and a cavity resonator, said method 
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6 
comprising forming a plurality of copper laminas, 
each having a cathode space, and a space form 
ing a cavity resonator, Stacking said Ianninas into 
the anode configuration with an intervening 
lamina of Silver Solder between each lamina upon 
a jig having aligning members projecting into 
Said cathode space and said cavity resonator for 
maintaining Said laminas in the desired con 
figuration, said aligning members having surfaces 
which are non-adherent to said solder when said 
Solder is fused, placing Said stacked laminas in 
in an atmosphere comprising hydrogen, and rais 
ing Said Stacked laminas to a temperature at 
Which Said Solder laninas fuse. 

9. An electron discharge device comprising a 
tubular anode, a cathode in and coaxial with said 
anode, said anode comprising a plurality of 
individual discs of sheet metal with central holes 
corresponding in size and shape with the desired 
internal cross-sectional size and shape of said 
anode, said discs being stacked with said holes in 
registry and being hermetically joined together, 
the inner edges of the discs being exposed directly 
to said cathode. 

10. An electron discharge device comprising a 
hollow anode electrode, the walls of said elec 
trode being laminated, the laminas extending 
transversely through the wall of the electrode 
to its outside Surface from its inside surface, and 
the laminas being hermetically sealed together. 

11. An anode comprising a plurality of stacked 
metal discs, the discs having registering irregular 
shaped openings within the peripheries of the 
discs, the size and shape of the holes correspond 
ing to the desired cross-sectional configuration of 
the inner wall of the anode, the contacting faces 
of the discs being hermetically sealed together. 

12. An anode comprising a laminated tubular 
member, the laminas of the member comprising 
metal discs with central openings stacked in 
parallel planes transverse to the axis of the mem 
ber with the sides of the discs in contact and with 
some of the spaced discs in the stack extending 
outwardly beyond the outer wall of the member. 

13. A laminated tubular anode, the laminas 
of the anode comprising silver-plated sheet cop 
per discs with registering openings, the silver 
surfaces of the discs being hermetically sealed to 
gether. 

14. An electron discharge device coraprising a 
tubular anode, a cathode concentric with and in 
the anode, said anode comprising a plurality of 
metal discs hermetically joined along their periph 
eries, each disc having a central hole and a 
plurality of radially extending slots from said 
hole, the discs being stacked with the slots of each 
of said discs being disposed one above the other 
to provide cavities, of the desired longitudinal 
configuration, about said cathode. 

15. A laminated tubular anode, the laminas of 
the anode comprising a plurality of thin sheet 
metal discs, the discs each having a round hole 
and a communicating narrow slot, the holes and 
slots being in registry in the stack of discs to 
define a cylindrical bore and an elongated narrow 
cavity extending longitudinally of the anode. 

6. The method of fabricating a tubular enve 
lope wall for an electron discharge device, the wall 
having spaced cooling fins on its outside surface 
and having an electron collecting area of any 
desired configuration on its inside surface, com 
prising cutting two groups of metal discs of differ. 
ent diameters, cutting holes having the desired 
configuration in the first group of metal discs, 
cutting holes having Said configuration in the Sec 
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ond group of metal discs, stacking and interleaV 
ing the discs of the two groups with their holes in 
registry, and hermetically joining the discs. 

17. A fabricated tubular envelope wall for an 
electron discharge device comprising a first group 
of metal discs having holes of the desired config 
uration in said discs, a second group of imetal 
discs having outside diameters larger than the 
outside diameters of said first group of metal 
discs and having holes cut in the discs, corre 
sponding to the holes of said first group of metal 
discs, the discs of the two groups being stacked 
and interleaved, With the holes of the discs in 
registry, and the discs all being hermetically 
joined together. 

18. A cathcce mounting comprising a cathode, 
a fianheint within said cathode. With the ends of 
the filament projecting at the ends of the cathode, 
a support opposite the end of the cathode, one 
end of Said filament, being within and held by 
said support, and a conductive plate between 
said support and cathode and secured to said 
last-named end. 
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