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The invention relates-to- improvements in:elec~
trical ‘apparatus and- more particularly to im-
provements in magnetrons.

In the pural cavity magnetron, the anocde of
which'is constructed- in-several segments and dis-
posed: about a central cathode; several modes of

radio frequency oscillations are possible. Certain-

magnetron- designs were characterized by opera-
tion in'a mode other than the desired high ef-
ficiency - mode, this- phencmenon heing termed
“moding.”

An-important object of the invention is to im-
prove these magnetrons so'that-the operation is
substantially free of such moding - defects.

Other objects and advantages of the invention
will be apparent during the course of the follow-
ing description.

In the accompanying drawings forming a part

of this specification and-in which like numerals

are employed to-designate like parts throughout

the same:
Fig. 1 is a cut-away isometric view of a portion
of 2 magnetron-embodying the invention;

Figs. 2 through 6 are side views of cathodes

embodying the invention;
Fig, 7 is a voltage vs. current characteristic

curve-for a magnetron  which doss not embody.

the invention; and
Fig. 8 is a voltage vs. current characteristic

curve for a-magnetron embodying the invention:

Referring to Fig. 1, the numeral- 10 designates
the main cathode which is cylindrical in construc-
tion. At the opposite ends-of the main cathode
10 are radially expanded end portions (I and 2.
which are-also illustrated in Fig. 2. In the pre-
ferred embodiment shown; the radially expanded
end portions H and ‘12 are shown as larger diam-
eter steps or rings on the main cathode 18, but
they may be tapered sections 360 combined with
ring sections 302, discs 400, 402, Fig. 4, or equiv-
alent means for creating a minor electron source
radially closer to the ancde segment {5 than is the
ancde-facing surface of the main cathode 18. Al-
though the radially expanded sections or rings

are preferably located at the ends of the cathode, 4

as. illustrated in Figs. 1 through'4, it is obvious
that alternatively one or more radially expanded
sections may-be placed at any intermediate posi-
tion between-the ends of the cathode. This is
llustrated in-Figs. 5 and 6. In Fig. 5 three rings
500;:50f and:502 are used which furnish ‘the nec-
essary eleetrons-during-the-starting-portion-of-the
operating period of the magnetron. In Fig. 6 the
number of rings has been enlarged to seven, two
rings 600 and 601 on top, rings 602, 603 and 604
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in the middle, and two rings €05 and £06 at the
bottom.

Referring to Pig. 2, the main cathode f§ and
the radially expanded end portions {{ and 12 may
be coated with electron emitting material, such
as a mixture of barium and strontium.carbonates,
prior to the exhaust of the tube. However, the
radially expended end portions ! and {2 may
be left uncoated if desired.

Members §3 and 14 designate end shields ther-
mally isolated from the cathode structure 18 for
the purpose of maintaining the end shields 3
and 14 relatively cool with respect to the cath-
ode, and electrically connected to the cathode {0

5. by conductors 28 and 21. Members 22 and 22 and

pole pieces 24 and 25 are used to seal the magne-
tron. Permanent magnet 28 furnishes the neces-
sary magnetic fluid. The end shields {2 and {4
tend to minimize undesirable electron leakage to
lids 22, 23 and pole pieces 24 and 25.

The operation of the improved magnetron cath-
ode structure is as follows:

The . essential feature of the invention is to
provide a minor source of electrons (here shown
as radially expanded or radially enlarged por-
tions), radially closer to the anode {§ than is the
remaining coated cylindrical surface of the main
cathode 10, which acts as the major source of
electrons.

The radially enlarged portions serve to decrease
moding and thus to stabilize the operation of the
magnetron. . The following hypothesis is advanced
to .explain the operation of these cathode strue-
tures:

In general, the desired mode of operation for
the magnetron is that in which alternate ancde,
segments 15 are positive and negative. This mode
is termed the pi-mode. In the usual operation,
the . magnetron. is pulsed by approximately
square pulses of voltage. If the applied voltage
rises too rapidly past the starting voltage range
of the pi-mode, the pi-mode will not start unless
its starting speed can.be increased. The major
effect of the enlarged electron .emitting. sections,

- such. as | and £2, is probably:-to.raise the noigse

level from which the radio frequency buildup:of.
the. pi-mode start, and hence lower the starting
time. The radially enlarged end portions (or the:
equivalent- means- of creating. a. . minor electron-
source radially closer to the anode-segments {5+
than in the main cathode 19), may be made clec-
tron emissive either by being coated.with electron:
emitting material prior to the evacuation of the
magnetron, or when not coated with electron
emissive material, the radially enlarged end sec-
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tions become electron emissive due to contamina-
tion with the emissive material which is evap-
orated, sputtered or surface-diffused from the
main cathode 18 during the usual steps of proc-
essing the magnetron.

The effect of this invention on the voltage vs.
current characteristic curves of the magnetron
is illustrated in Figs. 7 and 8.

a. Magnetrons having the customary cylin-
drical cathode (that is, without radially enlarged
cathode section or ‘“step”), Fig. 7, and

b. Magnetrons having a cylindrical cathode
with radially enlarged sections (that is, having
a “step” cathode), Fig. 8.

Comparison of these two curves reveals the fact
that the “Starting point” in Fig. 8 is reached at
a much lower voltage than the same point in Fig.
7. Therefore with the rate of voltage change
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remaining constant in both cases, the magnetron
having “stepped” cathode will reach the oper-
ating point quicker without drifting into the
other than pi-mode oscillations.

15

Heretofore, the chief known method of improv- -

ing the mode stability of magnetrons was to ob-
tain cathodes of high primary emission. This
involved close supervision of the cathode manu-
facture and extremely careful control of impuri-
ties in the cathode materials.

Excellent magnetrons have been made, even
though cathodes of low primary emission were
used, with the present improved cathode struc-
ture having radially enlarged end sections. The
mode stability has been improved appreciably
and the efficiency is essentially unimpaired. This
magnetron cathode structure may be used to re-
duce the stringenecy of manufacture of cathode
emission materials.

While there has been described what is at
present considered to be a preferred embodiment
of this invention, it will be obvious that various
changes and modifications may be made therein
without departing from the scope of the inven-
tion as set forth in the appended claims.

‘What is claimed is:

1. A magnetron comprising, a main cylindrical
cathode having an electron emissive layer con-
stituting a major source of electrons, an anode
concentrically disposed with respect to said cath-
ode, at least one radially enlarged porticn on said
emissive layer, said portion being thermally at
substantially the same thermal level as said cath-
ode but mechanically nearer to said anode, said
portion constituting a minor source of electrons,
and disc-shaped metallic end shields disposed at
the opposite ends of said cathode and thermally
insulated therefrom, said end shields being elec-
trically connected to said cathode, the diameter
of said end shields being greater than the diam-
eter of said enlarged portion.

2. A magnetron having a cathode including a
main cylindrical part and a plurality of radially
enlarged ring portions, said ring portions consti-
tuting direct metallic extensions of said metallic
cylindrical part, said main c¢ylindrical part and
said radially enlarged portions all being coated
with electron emissive material, whereby said
cathode structure serves to minimize moding of
the magnetron.

3. A magnetron having a cathode structure in-
cluding a main cylindrical cathode with an elec-
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tron emissive layer on the outer surface of said
cathode, three radially enlarged cathode por-
tions on the outer surface of said cathode for
minimizing moding in said magnetron, said elec-
tron-emissive layer also extending over said ra-
dially enlarged cathode portions, and metallic
end shields thermally insulated from but elec-
trically connected to said cathode.

4. A thermionic tube including an anode hav-
ing a plurality of elements disposed along a
cylindrical surface, an indirectly heated cathode
concentrically disposed with respect to said anode,
said cathode comprising a right metallic cylinder,
an electron emissive layer on the entire surface
of said cylinder facing said gnode, said cathode
having more than two axially spaced ring-shaped
portions radially extending toward said anode
beyond the remaining portion of said layer, said
ring-shaped portions constituting direct, metal-
lic radial extensions of said metallic cylinder and
acting as the major source of electrons during
the starting portion of the operating period of
said tube.

5. A thermionic tube as defined in claim 4 in
which said ring-shaped portions lie in the respec-
tive planes parallel to each other and perpen-
dicular to the longitudinal axis of said cylinder.

6. A magnetron comprising an anode, a cylin-
drical cathode in-coaxial relationship with re-
spect to said anode, said cathode including g hol-
low metallic cylinder, a radially displaced por-
tion on and constituting a direct, metallic exten-
sion of said metallic cylinder, said portion being
of smaliler axial length than the remaining por-
tion of said cathode and nearer to said anode
than said remaining portion, and an electron
emissive layer on the entire anode side of said
cylinder whereby said radially displaced portion
constitutes a minor source of electrons while the
remaining portion of said cathode constitutes a
major seurce of electrons.

7. A magnetron as defined in claim 6 which
also includes metallic end shields at the opposite
ends of said cylinder, said end shields being ther-
mally insulated from but electrically connected to
said cathode. -

8. A magnetron including an anode, a cathode
having a metallic cylinder in coaxial relationship
with respect to said anode, a plurality of radially
displaced ring-shaped portions on and constitut-
ing a direct metallic extension of said metallic
cylinder, said ring-shaped portions being nearer
to said anode than the remaining portion of said
ancde and having the combined area smaller than
the remaining area of said cathode, and an elec-
tron emissive layer on the entire surface of said
metallio cylinder facing said anode.

PETER W.FORSBERGH, Jr.
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