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3 Clains. 

This invention relates to the manufacture of 
electron-discharge devices, and more particularly 
to the assembly and manufacture of tunable elec 
tron-discharge devices of the so-called multicay 
ity imagnetron type. 
A multicavity magnetron of the type to which 

this invention relates includes at least one elec 
trode, for example, the anode thereof, in the form 
of a cylindrical structure, made of highly con 
ductive material, such as copper, and provided 
with a plurality of interiorly-extending, radially 
disposed anode members, each pair of adjacent 
anode members, together with that portion of 
Said anode Structure lying therebetween, defin 
ing a cavity resonator. In the copending applica 
tion of Erich Nevin Kather, Ser. No. 668,847, filed 
May 10, 1946, now Patent No. 2,529,950, granted 
November 14, 1950, there is disclosed and claimed 
a structure for mechanically tuning such a multi 
cavity magnetron over a rather wide frequency 
range. Generally, this structure consists of a 
plurality of conducting elements, each of which 
is positioned intermediate a pair of adjacent 
anode members but spaced therefrom, so that 
each Such eleinent is positioned in a separate one 
of the cavity resonators; these elements are mov 
able With respect to the adia cent anode members 
to alter the capacitance between said members, 
and thereby also the resonant frequency of the 
magnetron. The conducting elements are inte 
grally joined to a movable common support, so 
that they are all movable as a unit. 
By moving a conducting element intermediate 

each pair of adjacent anode members, preferably, 
in the high-capacitance regions thereof, at the 
inner ends of said members, adjacent the cathode 
of the device, considerable additional capacitance 
may be added in parallel with that already exist 
ing. In order to obtain a high additional capac 
itance, So as to achieve as wide a tuning range 
as possible, it is necessary to have very snail 
clearances between the tuning conducting ele 
ments and the anode members or vanes, while 
at the same time not permitting any contact be 
tween said elements and the vanes or paddles. 
When the tuning structure and the anode struc 
ture are made up as separate subassemblies, nor 
mal cumulative tolerances in the anode subassem 
bly and the tuner subassembly make a close fitting 
final assembly between these two subassemblies 
inpossible. 

Therefore, an object of this invention is to de 
vise a method for enabling the desired small 
clearances between the tuning elements and the 
vanes of a tunable multicavity magnetion to be 
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accurately achieved, resulting in magnetrons of 
wider tuning range, while at the same time re 
ducing the number of rejects, thus cutting down 
the amount of Scrap. 

This, and other objects of the present invention, 
which will become more apparent as the detailed 
description thereof progresses, are attained, 
briefly, in the following manner. 
While not absolutely necessary, it has been 

found advisable, in order to suppress spurious os 
cillations in devices of the type to which the pres 
ent invention relates, to provide the anode struc 
ture thereof with at least one pair of conducting 
straps alternately contacting successive anode 
enbers. 
As above described, the anode of such a device 

includes a cylindrical structure or envelope pro 
vided with a plurality of anode members or Vanes. 
The magnetron tuner Subassembly, which in 

cludes a, plurality of conducting elements inte 
grally joined to a common support, as described 
above, each such element being intended to be 
positioned between a pair of adjacent anode Vanes, 
is used as a jig for the straps and Vanes of the 
anode subassembly. The exact optimum Small 
separation between the tuning elements and the 
vanes is assured through the use of renovable 
shims which hold or maintain the said elements 
and the vanes in the correct relative positions 
while the vanes and the tuner subassembly are 
both being soldered or brazed to the Outer metal 
lic envelope of the magnetron. Thus, the anode 
vanes are correctly located and uniformly and 
properly spaced, with respect to the tuning ele 
ments, for proper operation with those particular 
tuning elementS. 

Furthermore, the shims or spacing members 
are made of a non-solderable material, such as 
stainless steel, for example, and, since they are 
placed on each side of the tuning elements, be 
tween such elements and the anode wanes, func 
tion to prevent accidental soldering of the ele 
ments to the anode vanes, which soldering would 
cause the device to be rejected. 
In the accompanying specification there shall 

be described, and in the annexed drawing shown, 
an illustrative enbodiment of the nethod of the 
present invention. It is, however, to be clearly 
understood that the present invention is not to 
be limited to the details herein shown and de 
scribed for purposes of illustration only, inasmuch 
as changes therein may be made without the ex 
ercise of invention, and within the true spirit and 
scope of the claims hereto appended. For ex 
ample, tuning devices having various shapes of 
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tuning fingers, different from that shown, may 
be utilized in the invention. 

In said drawing: 
Fig. 1 is a longitudinal sectional view taken 

through the center of a tunable multicavity mag 
netron, illustrating one step in the manufacture 
thereof, according to the present invention; 

Fig. 2 is a partial bottom view of Fig. 1; and 
Fig. 3 is an enlarged partial cut-away perspec 

tive view of the magnetron of Fig. 1. 
Referring now more in detail to the aforesaid 

illustrative embodiment of the present invention, 
with particular reference to the drawing illus 
trating the same, the numeral generally desig 
nates an electron-discharge device of the SO 
called tunable multicavity magnetron type, Said 
device including an anode structure 2 and tuning 
means 3. 

In the device shown, the anode structure in 
cludes a hollow cylindrical body or envelope 4, 
made of highly conductive material, Such as Cop 
per, having assembled therein a plurality of ra 
dially-disposed, interiorly-extending copper 
anode members in the form of Vanes 5, these 
vanes being assembled in such a position as to 
have their outer end faces Suitably fa.Stened, as 
by silver soldering or brazing, to the inner cylin 
drical wall of envelope 4. 

In the manufacture or assembly of the device, a 
tuning subassembly 6 is made up. Said Sub 
assembly 6 comprises a pole piece , an end plate 
8, a plunger 9, and a diaphragm O. The tubulal' 
pole piece is hermetically sealed, as by Soldier 
ing, for example, into the shallow cup-like end 
plate 8, said end plate having a diameter equal 
to the outer diameter of envelope . Plunger 
S is slidably mounted in a bore fol'ned in the 
pole piece 7, the inner end of said plunger being 
recessed, as at 2, to accommodate the upper end 
of a cathode structure (not shown) in the com 
pleted device, and the lower end of Said plunger 
being formed into a cup-shaped portion 3 which 
is integral with the previously-mentioned tuning 
member generally designated by the reference 
numeral 3. 
The tuning member 3, which may be substan 

tially cylindrical, comprises a plurality of inte 
gral spaced elements or fingel's 4 which are 
adapted to straddle the anode members 5 and 
thereby extend into the cavity resonators formed 
in the anode structure 2. Each finger 4 is more 
or less rectangular or plate-like in shape, and 
is adapted to be moved intermediate a pair of 
adjacent anode members 5, preferably, in the 
high-capacitance region near the inner ends 
thereof. 
A flexible annular diaphragm is is secured, at 

its outer edge, to a portion of the lower surface 
of end plate 8 and, at its inner edge, to the 
plunger 9. 
In order to provide for an external physical 

connection to plunger 9 for moving the same 
vertically, a threaded stud 5 is formed on the 
upper end of plunger 9 and integral therewith. 
Any suitable control mechanism (not shown), 
for example, the mechanism disclosed in the 
aforesaid Kather application, may be coupled to 
stud 5 in order to move plunger 9 and fingers 
4 vertically to thereby vary the tuning of the 
completed device. The fingers f4 are all integral 
with plunger 9, so that they are all movable as a 
unit by movement of Said plunger. 
The end plate 8 is adapted to be hermetically 

sealed, as by Soldering at 6, for example, to 
envelope 4, to close the upper end thereof, the 
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4. 
diaphragm fo helping to complete this closure 
when the device is assembled. 
According to this invention, in assembling or 

manufacturing the device, the tuning subassem 
bly 6, consisting of elements 7-0 and 3-5 
as above described, is built and assembled as a 
unit. The tuning subassembly is then used as a 
jig, in order to locate and properly Space the 
anode members or vanes with respect to the fin 
gers or tuning elements 14, and to maintain the 
anode members in position while they are being 
soldered or brazed to envelope 4 and while end 
plate 8 is being soldered or brazed to said en 
Welope. 
The tuning subassembly 6 is placed in posi 

tion on envelope 4, with end plate 8 thereof con 
tacting the upper end of said envelope, and said 
Subassembly 6 is then firmly held in Such posi 
tion while further assembling takes place. The 
separate anode members or vanes 5 are then as 
sembled in position with respect to fingers 4 
of the tuning Subassembly, in such a way that 
there is a vane on each side of each of the in 
tegrally-connected but spaced fingers 4. Thus, 
the anode members 5 are properly located with 
respect to said fingers. In order to achieve and 
insure the exact optimum (very small) desired 
Sepal'ation between the vanes 5 and the fingers 
4, a renovable spacing member or shim T is 

placed on each side of each of the elements f4, 
Ol' in other Words is inserted between each ele 
ment and the adjacent anode member 5, so that 
there is a pair of Such shims between each of 
Said elements 4 and the pair of corresponding 
anode members 5 between which it intervenes. 
The Shins 7 are quite thin, being on the order of 
five mils in thickness, for example, and are made 
of a non-Solderable material, such as stainless 
Steel, to prevent accidental soldering of the fin 
gers 4 to the vanes 5, which soldering cannot 
be tolerated since the fingers must be able to 
move freely with respect to the vanes for tun 
ing purposes. 
The Shins f have a width at their inner ends 

which is Somewhat greater than the radial length 
of fingers 4, and a length such that, when they 
are pushed upwardly to the upper ends of fingers 
4, or to the upper ends of the slots defining 
Such fingers, the lower ends thereof Will extend 
a Substantial distance below the bottom of en 
velope 4, So that, when they are in the angular 
position shown in Fig. 1, extending at an acute 
angle to the longitudinal axis of plunger 9 (the 
reason for this angular position will be explained 
hereinafter), the inner ends of each shim will 
cover Substantially all of the side face of the 
corresponding finger 4, as shown in Fig. 1. 
Thus, non-Soldering of the fingers 4 to the 
Vanes 5, and also exact separation between the 
Said fingers and the said vanes, are assured. 
By using the tuning subassembly as a jig for 

the vanes, each set of vanes is matched to the 
Set of tuning fingers with which it will cooperate 
during the life of the magnetron, thus eliminat 
ing the adverse effect of the cumulative toler 
ances Which would come into play if the anode 
Subassembly were assembled and soldered to 
gether independently of the tuner Subassembly. 

In order to eliminate Spurious oscillations, each 
anode member 5 may be provided, in its lower 
edge, With a slot 8, the opposite side edges of 
the slots in adjacent anode members being p'O- 
vided with shoulders 9 upon which there may be 
seated concentrically-disposed, circular conduct 
ing straps 20 and 2 f, said straps alternately con 
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tacting Successive anode members and thereby 
aSSuring that alternate anode members Will al 
Ways be at the same instantaneous potential. 

it should now be apparent that the shins 
must extend at an acute angle to the longitu 
dinal axis of plunger 9, in order to pass outside 
of the straps 2 and 2 in the downward exten 
Sion of Said shins below the lower end of en 
Velope . 
The device is assembled in the manner de 

scribed above, with the tuning subassembly 
serving as a jig for the assembly of the vanes 5, 
and With the Shins insuring the proper Sep 
aration between the fingers 4 and Said Vanes. 
Since the tuning subassembly is used as a jig for 
vanes 5, it is also, in effect, a jig for straps 2 
and 2 i, because these straps are in turn located 
by the wanes. The jig 6, due to the close fric 
tional fit between the shims, vanes, and fingers, 
helps to maintain the anode members 5 in posi 
tion while the soldering operation is performed. 
The vanes 5 are forced radially outwardly and 
held firmly against the inner cylindrical Wall of 
envelope by any suitable means (not shown), 
after which heat is applied to the entire as 
sembly, as indicated by the arrows 22, in order to 
silver solder or braze the vanes 5 to the envelope 
at 23, and to similarly fasten end plate 8 to the 
envelope at 6, as well as to fasten straps 20 and 
2 a securely in position by soldering. Preferably, 
the assembly is inverted from the position ShoWn 
in Fig. 1 while the soldering is being done, in Or 
der to maintain straps 20 and 2i in position by 
gravity. 
After the assembly has cooled, the shims 

may be removed and the device subjected to ad 
ditional processes to complete the magnetron. 
Since the shins hold the fingers 4 and Vanes 
5 in position during the soldering Operation, ex 
act separation between the fingers and the Vanes 
is assured, and, since this separation is very Small, 
magnetrons of wide tuning range are produced, 
while at the same time reducing the number of 
rejectS. 
Other objects and advantages of the present 

invention will readily occur to those skilled in the 
art to which the same relates. 
What is claimed is: 
1. In the art of manufacturing a tunable multi 

cavity magnetron having a plurality of Separate 
anode members to be fastened to a Connon Sup 
port to which is also to be fastened a tuning aS 
sembly, said assembly including a plurality of in 
tegral elements each of which is adapted to be 
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6 
positioned intermediate a pair of adjacent anode 
members, the Steps of utilizing said assembly as 
a jig to locate and maintain said anode members 
in position With nonsolderable spacers, and there 
after Soldering Said anode members and said as 
Sembly to Said Support whereby said anode mem 
berS are inaintained a constant predetermined 
distance from Said tuning means during tuning. 

2. In the art of manufacturing a tunable multi 
cavity magnetron having a plurality of separate 
anode members to be soldered to a common Sup 
port to which is also to be soldered a tuning as 
Senby, Said a SSembly including a plurality of in 
tegral eerients each of Which is adapted to be 
poSitioned intermediate a pair of adjacent anode 
members, the Steps of utilizing Said assembly as 
a jig to locate and maintain Said anode members 
in position with StainleSS Steel Spacers, and there 
after Soldiering Said anode InnenberS and Said 
assembly to Said Support While Said anode men 
bers are So maintained in position. 

3. In the art of manufacturing a tunable multi 
cavity magnetron having a plurality of Separate 
anode members to be Soldered to a common Sup 
port to which is also to be soldered a tuning a S 
sembly, said assembly including a plurality of in 
tegral elements each of which is adapted to be 
positioned interimediate a pair of adjacent anode 
members but Spaced therefrom, the steps of uti 
lizing said assembly as a jig to locate and main 
tain said anode members in position, inserting a 
non-solderable Spacing member on each side of 
each of said elements to properly Space Said anode 
members from said elements and to prevent Sol 
dering of said anode members to Said elements, 
and thereafter soldering said anode members and 
said assembly to Said Support While Said anode 
members are so maintained in position. 

WILLIAM. C. BROWN. 

REFERENCES CITED 

The following references are of record in the 
file of this patent: 

UNITED STATES PATENTS 
Number Name Date 
2,024,585 Taico -------------- Dec. 17, 1935 
2,202,403 Sandberg ---------- May 28, 1940 
2,257,643 Paschke ----------- Sept. 30, 1941 
2,407,742 Harries ------------ Sept. 17, 1946 
2,408,903 Biggs et al. ---------- Oct. 8, 1946 
2,422,465 Bondley------------ June 7, 1947 

  


