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3,290,548
REVERSE MAGNETRON
Fred A. Feulner, Green Village, N.J., assignor te S-F-D
Laboratories, Inc., Union, N.J., a corporation of New
Jersey

Filed Aung. 10, 1962, Ser. No. 216,227
9 Claims, (Cl 315—39.51)

The prevent invention relates in general to electron
discharge devices of the crossed electric and magnetic
field type and more specifically to a reverse magnetron
useful for generating high power microwave energy at
extremely high frequencies such as required in high
power, high resolution radars.

A rteverse magnetron tube typically comprises a cir-
cular electric mode cavity or circular electric mode wave
propagating structure surrounded by a circumferential
array of outwardly directed vane or cavity resonators
coupled to the excited circular electric structure via a
circular array of axial slots communicating with alter-
nate anode resonators. The array of anode resonators
is surrounded by a magnetron interaction region formed
by an-annular cathode emitter, emitting radially inward-
ly into the anode, in the presence of a strong axial mag-
netic field. Rotating spokes of electron space charge
interact with the = mode fields of the anode resonators
to excite the circular electric mode in the circular elec-
tric mode cavity. Since the energy stored in the circular
electric mode cavity is much higher than that of the
vane resonator circuit the anode vane resonator system
is locked in the = mode to the circular electric cavity
mode thereby stabilizing the magnetron. The reverse
magnetron structure may be used as an oscillator or as
an amplifier and microwave energy is extracted from the
circular electric mode wave propagating structure or
cavity and fed to a suitable load.

Heretofore reverse magretrons of the above described
type have been built which did not operate in the circular
electric mode. Therefore, the stability and efficiency of
this prior tube was lower than could be obtained from
operation on the higher Q circular electric mode. How-
ever, in order to achieve operation in the circular elec-
tric mode it is necessary that the impedance or internal
Q of the structure be sufficiently high.

One of the problems associated with generating power
output in a reverse magnetron design, operating in the
circular electric mode, is that the relatively long axial
coupling slots between the circular electric mode cavity
and the array of anode resonators produce loss of cavity
energy by radiation from the slots into the cathode region,
thereby reducing tube efficiency and lowering the Q of
the circular electric mode cavity.

The reverse magnetron tube of the present invention
solves the aforementioned difficulties associated with the
prior art tube and provides a 32-35 gigacycle magnetron
having a peak power output in the order of 290 kilo-
watts with average power output of approximately 50
watts while yielding overall efficiencies of approximately
30% and a tunable bandwidth of 12%. This tube rep-
resents more than an order of magnitude increase in
peak power output with approximately double the pre-
viously obtained efficiency while having a long operating
life in excess of 2,400 hours.

The principal object of the present invention is to
provide an improved high power reverse magnetron tube
yielding substantially enhanced peak power with in-
creased efficiency and operating life.

One feature of the present invention is the provision
of a conductive slot cover structure serving to cover at
least one end portion of the circumferential array of
axial slots communicating between the circular array of
anode resonators and the circular electric mode cavity
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for minimizing unwanted radiation of energy from the
slots.

Other features and advantages of the present invention
will become apparent upon a perusal of the specification
taken in connection with the accompanying drawings
wherein: .

FIG. 1 is an outside perspective view of the reverse
magnetron tube of the present invention,

FIG. 2 is an enlarged fragmentary view partly broken
away and partly in section of the structure of FIG. 1
taken along the line 2—2 in the direction of the arrows,

FIG. 3 is a fragmentary view partly in cross section
and partly broken away of the portion of the structure
of FIG. 2 taken along the line 3—3 in the direction of
the arrows, and

FIG. 4 is an enlarged perspective view of the portion
of the structure of FIG. 2 delineated by line 4—4.

Referring now to FIGS. 1, 2, and 3, character 1 rep-
resents the hollow tubular supporting body of the reverse
magnetron, as of copper, to which other parts are brazed
or otherwise suitably fastened to form a structure ca-
pable of being evacuated. OCn opposite sides of the body
1 in axial alignment there are brazed to the body 1 a
tubular output wavegnide assembly 2 and tuner assembly
3. Cathode lead-in insulator structure 4 extends out-
wardly from the main body of section 1 in quadrature
with the axially aligned output waveguide and tuner
structures 2 and 3 respectively.

The term circular electric mode cavity, waveguide or
wave supporting structure as used herein is defined to
mean a cavity, waveguide, or wave supporting structure
formed, dimensioned, and excited in such a manner as
to support at its certain preselected operating frequency
a certain circular electric mode, of the general form
TEg, m, n to the exclusion of other modes. A circular
electric mode cavity, waveguide or wave supporting struc-
ture typically includes an outer cylindrical side wall and
may or may not have an axially directed center conductor.

A circular electric mode cavity 5 is disposed centrally
of the anode body 1 on the axis of the tube. In ampli-
fier embodiments of the present invention, the circular
electric mode cavity 5 is replaced by a circular electric
wave supporting structure such as, for example, a hol-
low cylindrical pipe having an input port as well as an
output port. A circumferential array of outwardly di-
rected vanes 6 surround the circular electric mode cavity
§ and form an array of anode resonators by the spaces
between adjacent vanes 6. Alternate anode resonators
are electromagnetically coupled to the circular electric
mode cavity § via an array of axially directed slots 7
communicating through the common wall between the
anode resonators and the circular electric mode cavity 5.
A magnetron interaction region 8 surrounds the outer
tips of the vanes 6 and is defined by the space inbetween
the vanes 6 and a surrounding cathode emitter ring 9.

A strong axial magnetic field as of 12,000 to 15,000
gauss for the magnetron interaction region 8§ is provided
by a bowl shaped magnet 11, only partially shown in
FIG. 2, enveloping the anode body portion 1 and having
a re-entrant internal magnetic gap extending in the axial
direction through the magnetron interaction region 8
between the magnetic pole pieces 12 disposed on op-
posite sides of the anode vanes 6.

Tuning of the tube over its approximate 12% tuning
band, centered at approximately 34 gigacycles, is obtained
by means of axial translation of a combined cavity end
wall and output coupling plate 13 carried upon the end
of an axially directed and positioned rod 14 which is
axially translatable via the intermediary of a captured
nut 15 and bellows assembly 16, partially shown. The
output coupling plate forms the subject matter of and
is claimed in co-pending U.S. application 216,228, filed
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August 10, 1962, and assigned to the same assignee s
the present invention.

The negative cathode potential of approximately 23 kv.
is applied to the cathode emitter 9 via high voltage lead-in
insulator assembly 4. The cathode 9 uses a low voltage
A.C. filament heater and therefore a dual wire cathode
lead-in 10 is used.

In operation, the = mode of the anode resonator struc-
ture adjacent the magnetron interaction region is locked
to the circular electric mode cavity resonator 5 via the
intermediary of the coupling slots 7 serving to drive the
resonator 5. An annular slot mode absorber 24, juxta-
positioned the coupling plate end of the slots 7, suppresses
the undesired slot mode. Output energy from the resona-
tor 5 is extracted via the coupling plate 13 and trans-
mitted to the load, not shown, via the intermediary of
the circular electric mode output waveguide structure 2
and output vacuum tight wave permeable window 17.

The novel coupling slot cover feature of the present
invention will now be more fully described with regard
to the structure of FIG. 4. As previously explained, the
circular electric mode cavity 5 is provided with a circum-
ferential array of axially directed slots 7 communicating
between the anode resonator system and the circular elec-
tric mode cavity 5. For optimum operating conditions,
it is desired to attain as much coupling as possible be-
tween the circular electric mode cavity 5 and the anode
resonator system.

Therefore, the axial slots 7 are made as long as possi-
ble. Typically, the circular electric mede resonator 5 is
approximately 12 wavelength long in the axial direction
such that the slots, at maximum length, are approximate-
ly ¥ wavelength long for such a cavity designed for
operation on the TEg, 1, ; mode.

However, long slots 7 serve to radiate cavity energy
into the cathode region causing an undesired loss of
energy. This loss of energy from the circular electric
mode cavity 5 reduced the efficiency of the prior art tube
and originally lowered the Q’s to an intolerable level.

It was found that by covering one or more of the ends
of the coupling slots 7 by thin conductive metal bands
31 and 32, as of copper, respectively, that unwanted radia-
tion from the slots is eliminated and furthermore the slot
mode, an interfering mode of operation associated with
the energy stored in the resonant slots, was suppressed by
the lowering of the Q of the slot mode due to the presence
of the conductive bands 31 and 32.

Furthermore, it was found desirable that the conductive
bands 31 and 32 should not form a good conductive con-
nection, as would be formed by brazing the bands 31 and
32 over the slots 7 but that, in a preferred embodiment,
the bands 31 and 32 are loosely affixed over the ends of
the slots and retained there by a mechanical lock such as
by staking or peening the band 31 at 33 to the anode
wall 19.

It is also preferred that the bands 31 and 32 be dis-
posed on the vane side of the anode wall 19. However,
because of the positioning of the mode absorber 24 on
the vane side of the anode wall it is preferred that the
slot cover 32 on that end of the anode wall 19, be dis-
posed on the cavity side of the wall 19 so as not to ex-
cessively shield the slot mode absorber 24 from the slot
fields. The slot mode absorber 24 and its support struc-
ture form the subject matter of and are claimed in co-
pending U.S. application 223,499, filed September 13,
1962, now issued as U.S. 3,231,781 on January 25, 1966
and assigned to the same assignee as the present invention.

In a typical example used at 35 gigacycles, the anode
wall 19 has a thickness of approximately 0.020", the slots
are 0.005"” wide and the conductive bands 31 and 32 are
relatively thin, having a thickness of approximately
0.007”. In a preferred embodiment, the bands 31 and
32 extend axially co-extensively with the cavity 5, slots 7,
and inwardly from the ends of the slots 7 such as to leave
approximately ¥4 of a wavelength of the central portion
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of the slots 7 exposed and uncovered. The poor electricai
contact formed at the junction between the wall 19 and
the abutting slot covers 31 and 32 form a high resistance
electrical junction to the slot mode currents tending to
lower the Q of the slot mode and thereby suppress oscil-
lation of the slot mode.

It is preferred that the radial spacing, if any, between
the slotted portion of the wall 19 and the overlaying slot
cover be less than the slot width. Otherwise the slot
cover may not effectively reduce radiation. It is also
preferred that the slot cover be axially coextensive with
the ends of the slots by an amount greater than the slot
width or thickness. Otherwise the effective electrical re-
sistance offered to the slot mode currents by the slot cover
will be reduced as a result of the shunting effect of the
end of the slots.

Since many changes can be made in the above construc-
tion and many apparently widely different embodiments
of this invention could be made without departing from
the scope thereof, it is intended that all matter contained
in the above description or shown in the accompanying
drawings shall be interpreted as illustrative and not in a
limiting sense.

What is claimed is:

1. Coupling apparatus for coupling an array of vane
resonators to a circular electric mode wave supporting
structure through a common wall member including, a
circumferential array of radially directed vane resonators,
a circumferential array of elongated axially directed cou-
pling slots communicating through the common wall
member between the circular electric mode wave sup-
porting structure and the array of vane resonators, said
slots having an axial length greater than a quarter wave-
length at the center operating frequency of the circular
electric mode structure for maximum energy exchange be-
tween the array of resonators and the circular electric
wave supporting structure, said slots having an axial length
substantially greater than the axial height of said vane
resonators, and means forming a conductor juxtaposi-
tioned said slots on said array of resonators side of said
common wall with a separation between the slotted com-
mon wall and said conductor means being less than the
width of the coupling slots and covering at least one end
portion of a plurality of said coupling slots by being
axially co-extensive therewith over an end portion of said
slots for reducing wave energy radiation from said slots.

2. In a crossed field tube apparatus, a cathode, an
anode wall with a plurality of vanes extending from one
side and defining a plurality of anode resonators adjacent
said cathode, means defining within said anode wall a
second cavity resonator, means for coupling alternate ones
of said anode resonators to said second cavity resonator
and including a plurality of slots communicating through
said anode wall between said anode resonators and said
second cavity resonator, said slots having an axial length
substantially greater than the axial height of said vane
resonators, means forming an electrically conductive slot
cover positioned over at least one end of said slots on
said anode resonator side of said anode wall with the
spacing between said slotted anode wall and said con-
ductive slot cover being less than the slot width for re-
ducing wave energy radiation from said slots and for
reducing the Q of the slot mode.

3. A reverse magnetron tube apparatus including, an
evacuable body portion, an inner cavity resonator for sus-
taining a TE, ; mode of oscillation and having an outer
cylindrical side wall, a circumferential array of anode
resonators surrounding said cylindrical outer wall and
supported therefrom, means for locking the = mode of
oscillation of said anode resonator array to said TE,, ;
mode of said inner cavity resonator, said locking means
including a circumferential array of axially directed slots
extending through said outer cavity wall member at alter-
nate ones of said anode resonators, said slots having an
axial length substantially greater than the axial height of
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said anode resonators at their support from said outer
wall, means forming an electrically conductive slot cover
positioned on said anode resonater side of said cavity
wall member over at least one end of said slots and
abutting said slotted portion of said wall for reducing
wave energy radiation from said slots and for reducing
the Q of a slot mode.

4. The apparatus according to claim 3 including, means
forming a slot mode absorber positioned at one end of
said slots and covering one end portion of said slots for
suppression of an unwanted slot mode.

5. The apparatus according to claim 4 wherein said slot
mode absorber is positioned on the vane side of said
anode wall, and a second slot cover means is disposed on
the opposite side of said anode wall from said slot mode
absorber and is disposed axially coextensive with a por-
tion of said slot mode absorber, and a portion of said
slot mode absorber extending in the aixal direction toward
the center of said slots a greater distance than said sec-
ond slot cover extends toward the center of said slots,
whereby said slot mode absorber is not totally shielded
from the slot mode by said second slot cover means.

6. The apparatus according to claim 3, wherein said slot
cover means includes a thin metallic band abuiting said
anode wall at the slotted portions thereof defined by said
wall portions inbetween the covered end portions of said
slots, and the R.F. junction formed between said slctted
anode wall member and said abutting slot cover band
forming a relatively high resistance connection across said
slots for reducing the Q of the slot mode.

7. In a crossed field tube apparatus, a cathode, an
anode wall with a plurality of vanes extending from one
side and defining a plurality of anode resonators adjacent
said cathode, means defining with said anode wall a cir-
cular electric mode cavity resonater having axially spaced
wave reflective members defining end cavity portions,
means for coupling alternate ones of said anode resona-

10

20

25

30

35

6

tors to said circular electric mode cavity and including
a plurality of axially directed slots communicating through
said anode wall between said anode resonators and said
circular electric mode cavity resonator, said slots having
an axial length substantially greater than the axial height
of said vanes at their point of connection to said anode
wall, means forming an electrically conductive slot cover
positioned over said slots and being axially coextensive
with an end portion of said circular electric mode cavity
resonator, whereby wave energy radiation from said cir-
cular electric mode cavity via said coupling slots into the
cathode is minimized for increasing the efficiency and
stability of the crossed field tube apparatus.

8. The apparatus according to claim 7 wherein said
slot cover means has an axial extent coextensive with
the axial extent of said circular electric mode cavity
greater than the slot width whereby the Q of a mode
of oscillation associated with energy storage in the slots is
reduced.

©. The apparatus according to claim 8 wherein the
spacing between said slotted anode wall and said over-
laying conductive slot cover is less than the slot width for
reducing the Q of the slot mode.
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