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@ Magnetron for a microwave oven.

@ A magnetron (30) is provided with at least one choke {B,)
for harmonic frequencies of the fourth harmonic or higher and
in particular the fifth harmonic etc. in the interior of the metal
container {37}). The space in the diametric direction inside an
opening {(37b) of the metal container hermetrically sealed
fromthe anode (31) is limited to not more than about 1/2 of the
wavelength of this higher harmonic.
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MAGNETRON FOR A MICROWAVE OVEN

This invention relates to magnetrons for microwave
ovens and more particularly to a construction such as to
suppress radiation of higher harmonics.

A magnetron for a microwave oven generates microwaves
in for example the 2540 MHz band in a cavity resonator of
the anode. Apart from the power generated at the
fundamental frequency in this 2450 MHz band, some power is
also generated at so-called "higher harmonics". These
higher harmonic components are frequencies which are
integral multiples of the fundamental freguency. They are
propagated into the heating cavity of the microwave oven.
However, shielding of microwave radiation increases in
difficulty as the wavelength becomes shorter. Froper
electromagnetic shielding of the microwave oven therefore
becomes difficult and such higher harmonic components tend
to leak to the outside. Even slight microwave leakage
causes radio interference and the permitted amount of such
leakage is legally prescribed.

A particular problem in recent years, as use of
satellite communications has become commonplace, is that of
interference with reception if the frequency band used for
the satellite down-link coincﬁdes with frequencies found in.¥s
microwave leakage from magnetrons and microwave ovens. This
presents few problems if the equipment that receives the
communication frequencies transmitted from the satellite is
set up at a sufficient distance from users of nicrowave

ovens such as ordinary households. However, in the case of
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satellite broadcasts such as television, the receiving
antennas are often close to sites where microwave ovens are
used, so it is particularly necessary to eliminate
interference with satellite broadcasts completely. Of the
various frequency bands that have been internationally

allocated for satellite broadcast downlinks, the 12GHz band

coincides with higher harmonics from microwave oven
magnetrons generating frequencies in the 2450 + 50MHz band.
Specifically, it just about corresponds with the fifth
harmonic (i.e. five times) the fundamental frequency of the
microwave oven magnetron. The wavelength of this fifth
harmonic is about 24.5mnm.
Conventionally the output part of the magnetron itself '
is formed with a 1/4 wavelength choke to suppress higher
harmonic generation, and it is already known to suppress
radiation of arbitrarily specified higher harmonic
components. Examples are disclosed in the specifications of
Laid-open Japanese Utility Model No. Sho. 49-80648, Japanese ;
Patent Publication No. Sho. 56-21215, Japanese Patent
Publication No. Sho. 54-6862, or Japanese Utility Model i
Publication No. Sho. 54-18123, |
Such a magnetron is constructed essentially as shown in
Fig. 24 and Fig. 25. A magnetron body 30.,is equipped with
an anode cylinder 31, a plurality of anode vanes 32, a pole
piece 33, a cathode 34, and an output antenna 35. Output
antenna 35 is equipped with an antenna lead 36 that is
electrically coupled to an anode vane 32, a tubular metal
container 37, an inner metal cylinder 38, a ceranic
insulating cylinder 39, a metal exhaust pipe 40, and an

output cap 41. A plurality of radiator fins 42 are fixed
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around the periphery of anode cylinder 31. Ferrite magnets
43 and 44 surrounded by a magnetic yoke 45 are disposed at
both ends of body 30. Output antenna 35 extends through
magnets 43 and yoke 45. A cathode input terminal 47 is
provided in a shielding box 46.

The end of antenna 36 is electrically coupled to metal
exhaust pipe 40. An arrangement providing a choking effect
on the second and third harmonics is achieved by making the
depth L1 of the inside space A of the metal'éxhaust pipe,
that short-circuits the end of the antenna lead, of a
dimension corresponding to about 1/4 of the wavelength of
for example the second harmonic and by making the depth L2
of the annular groove B formed with the metal container 37
and inner metal cylinder 38 of a dimension corresponding to
about 1/4 of the wavelength of for example the third
harmonic. The dimensions of such chokes can be set to
correspond electrically to 1/4 of the wavelength of any
arbitrarily specified higher harmonic. However,
conventionally, magnetrons were manufactured incorporating
chokes that suppressed the second or third harmonic, since
there were the harmonics at which in general relatively most
power was generated.

Based on this prior art, it was thought that
satisfactory suppression of radiation of higher harmonics
could be achieved for example by setting the depth dimension
of an annular groove B to abo;t 1/4 of the wavelength of the
fifth higher harmonic i.e. to about 6.1 mm. However, in
fact, setting the groove to this dimension only results in
slight attenuation of the fifth harmonic. The amount of

this fifth harmonic in fact far exceeds the radiation level
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that is presently prescribed for the reasons discussed
above. This technique has not therefore given satisfactory
results. The reason for this is believed to be that simply
setting the depth dimension of annular groove B to about 1/4
of the wavelength of the harmonic that is to be suppressed,
for example the fifth higher harmonic, does not prevent this
harmonic from being easily propagated to the outside through
the space between the antenna lead and metal container and
the inner metal cylinder.

Related to this point, in particular the magnetrons
that are widely used in domestic microwave ovens, as
nentioned above, have a fundamental fregquency of about
2450MHZz, with microwave output power generally of the order
500—-800W. In magnetrons of such rating, the dimensions of
the insulating cylinder of the output part and of its
vicinity have to be made such as to avoid the possibility of
discharge at microwave frequencies due to the microwave
electric field when the magnetron is operated under no load
conditions. Experience has shown that this implies that the
internal diameter of the insulating cylinder should be at
least 12mm, and its axial length at least 10mm. If they are
made smaller than this there is a considerable risk of
microwave discharge in the space between the metal members
that are disposed on either side of the insulating cylinder,
or between the soldered joint of the metal container to the
insulating cylinder and the antenna that passes through
inside it. Such discharge tends to cause cracks in the
insulating cylinder. Since for this reason the diameters of
the insulating cylinder and metal cylinder must be made

greater than a certain amount, a large space must be
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provided between the metal cylinder and the antenna that
passes through it. It is therefore inferred that very short
wavelength components, such as the fifth harmonic, can be
radiated to the outside notwithstanding the presence of a
choke formed by the annular groove.

The object of this invention is to provide a magnetron
for a microwave oven having a choke construction that is
very effective in suppressing radiation of harmonic
frequencies of the fourth harmonic or higher.

According to this invention, a magnetron for a
microwave oven comprises a cathode; a cylindrical anode
having a cavity resonator arranged around the cathode; a
cylindrical metal container hermetically sealed to part of
the anode to form an evacuafed envelope with the anode,
defining a part of the space in the evacuated envelope, and
having an opening; an output insulating cylinder
hermetically coupled to the opening of the metal container;
an output antenna lead whereof one end is electrically
coupled to the cavity resonator of the anode and which
extends through the inside space of the insulating cylinder,
passing through the opening of the metal container; and a
choke surrounding the antenna lead by means of a cylindrical
conductor inside the metal contalner and comprising an
annular groove of depth about 1/4 of the wavelength of a
specified higher harmonic, in'which the magnetron comprises;
means to set the inner diameter of the opening through which
the antenna lead passes to a dimension of about 1/2 or less
of the wavelength of the specified higher harmonic, which is
the fourth or higher harmonic; and a choke having

an annular groove suppressing a radiation on the higher
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harmonic with an opening provided in said inside space of
the metal contalner, the radial width of the choke at or
near the opening of the annular groove being formed to be
not more than 1/10 of the higher harmonic wavelength.

By this means it is possible to reliably suppress
radiation of the fourth or higher harmonics that otherwise
tend to leak to the cutside from the magnetron, by provision
of a choke arranged inside the tubular metal container. If
this is combined with formatiom of a choke for the second
and third harmonics at the tip of the antenna lead i.e.,
near the top end of the insulating cylinder, radiation of
both these powerful lower harmonics and the higher
harmonics, which, although weak, cause radio interference,
can be reliably suppressed.

In order that the invention may be more readily
understood, it will now be described, by way of example
only, with reference to the accompanying drawings in which:-

Fig. 1 is an axlial cross-sectional view of main parts
of an embodiment of this invention.

Fig. 2 s a transverse cross-—-sectional view along the
line 2-2 of Fig. 1.

Fig. 3 is a characteristic graph showing a comparison
of the levels of higher order harmonic suppression achieved
by a construction according an embodiment of this invention
and by a prior art construction.

Fig. 4 is a charactgrist;c graph showling the levels of>
higher order harmonic suppression achieved by an embodiment
of this invention.

Fig. 5 is a characteristic graph showing the levels of

higher order harmonic suppression achieved by an embodiment
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of this invention.

Fig. 6 is an axial cross-sectional view of main parts
of a further embodiment of this invention.

Fig. 7 is an axial cross-sectional view of main parts
of a further embodiment of this invention.

Fig. 8 is an axial cross-sectional view of main parts
of a further embodiment of this invention.

Fig. 9 is an axial cross-sectional view of main parts
of a further embodiment of this invention.

Fig. 10 is an axial cross-sectional view of main parts
of a further embodiment of this invention.

Fig. 11 is an axial cross-sectional view of main parts
of a further embodiment of this invention.

Fig. 12 is an axial cross-sectional view of main parts
of a further embodiment of this invention.

Fig. 13 is an axial cross-sectional view of main parts
of a further embodiment of this invention.

Fig. 14 is an axial cross-sectional view of main parts
of a further embodiment of this invention.

Fig. 15 is an axial cross-sectional view of main parts
of a further embodiment of this invention.

Fig. 16 is perspective view showing a part thereof.

Fig. 17 is an exploded cross-sectional view of main
parts showing the method whereby they are assembled.

Fig. 18 is an axial cros§—sectional view of main parts
of a further embodiment of this invention.

Fig. 19 is an axial cross-sectional view of main parts
of a further embodiment of this invention.

Fig. 20 is an axial cross—-sectional view of main parts

of a further embodiment of this invention.
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Fig. 21 is a cross-sectional view, to a larger scale,
of main parts.

Fig. 22 is an exploded perspective view of main parts
showing the method whereby they are assembled.

Fig. 23 is an exploded cross-sectional view of main
parts of another embodiment of this invention.

Fig. 24 is a side view showing the general construction
of a magnetron.

Fig. 25 is an axial cross—sectional view of main parts
showing a prior art construction.

Embodiments of the invention are described below with
reference to the drawings. Parts which are the same are
given the same reference numerals.

The embodiment shown in Fig. 1 and Fig. 2 is
constructed as follows. In these Figures, 30 is a magnetron
body; 34 is a cathode; 34a and 34b are a pair of end hats;
31 is an anode cylinder; 32 is a plurality of radial anode
vanes; 32a and 32b are strap rings; 33 is a funnel shaped
pole piece; 33a is a through hole provided in part of the
pole piece for passage of the antenna lead; 37 is a
cylindrical metal container of the output part, sealed to
the end face of the anode at which pole piece 33 is located,
to form an evacuated envelope In combination with the anode;
37a is a flange coupled hermetically to the anode cylinder;
37b is an opening provided at’its tip, through which antenna
lead 36 passes; 39 is a ceranmic insuiating cylinder of the
output part; 40 is a metal exhaust pipe; 40a is a gas—tight
sealing pinched-off part; 36 is an output antenna lead; 36a
is the bottom end of the antenna lead electirically connected

to one of the anode vanes by being pinched flat; 36b is the
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tip of the antenna lead and is electrically short-circuited
by being clamped to the metal exhaust pipe; 41 is an output
cap; 48 is a metal cylinder for an external choke coupled
hermetically between the periphery of the exhaust pipe and
the end face of the opening of the insulating cylinder; 43
is a cylindrical ferrite permanent magnet; 49 is an magnetic
shim plate; 45 is an iron yoke; and 50 is a ring—-shaped
gasket made of electrically conducting mesh. Thus an annular
space Al is formed between metal exhaust pipe 40
electrically connected to the tip of antenna lead 36 and the
part of antenna lead 36 that lies inside this metal exhaust
pipe. An annular space A2 is formed between this metal
exhaust pipe and metal cylinder 48 for the external choke.
These annular spaces form 1/4 wavelength chokes principally
for the second and third harmonics.

Additionally, an annular groove B of a choke B1
prescribed depth showingra choke effect on the fifth
harmonic is formed on the inside of tip opening 37b of metal
container 37, whose flange-shaped peripheral edge is gas-
tightly coupled to the open end of the anode cylinder. To
this end, an Intermediate tubular conductor 51 is
electrically coupled with the inside of tip opening 37b of
metal container 37, a gasket-retaining metal ring is
electrically coupled thereto, and in addition an expanded
flange 53a of an inner tubular conductor 53 1s in turn gas-
tightly coupled thereto. Thi; expanded flange 53a is gas-
tightly coupled by brazed joint 39a to the bottom end of
insulating cylinder 39.

Inner tubular conductor 53 and intermediate tubular

conductor 51 are arranged coaxially adjacent around antenna
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36, which is formed as a cylindrical rod. Inner tubular
conductor 53 is arranged as shown in the drawing to project
much further inwards than the relatively large diameter
metal container 37. 1Its internal diameter is formed to a
prescribed dimension smaller than the internal diameter of
insulating cylinder 38. Specifically, the internal diameter

D1 of this inner tubular conductor 53 is about equal to or

rather less than 1/2 (= 12.5mm}) of the fifth harmonic }
wavelength that is to be suppressed. It should be noted
that this conductor 53 and antenna lead 36 must be separated
by a sufficient distance such that electrical discharge is
not produced by the high freguency electric field generated
between them.

Annular choke groove B for the fifth harmonic is formed
by disposing two annular conductors 53 and 51 adjacent each f
other with a separation. The depth Lb of this annular choke f
groove B is electrically about 1/4 of the wavelength of the
fifth harmonic: that is, it has a choking effect showing
high impedance for the fifth harmonic. A -groove opening Bg
is provided in the inside space surrounded by metal
container 37. 1Its radial dimension {(i.e. the width Gb of »
the groove opening Bg) is no more than 1/10 (= 2.5mm) of the
wavelength of the fifth harmonic (that is to be suppressed).
In particular,it is preferably not more than 1/20 (= 1.25mm)
of the wavelength of the fifth harmonic. By this nmeans,
radiation of the fifth harmonic component to the outside can
be reliably suppressed by the choke consisting of annular
groove B formed by cocaxially arranging two tubular
conductors 53 and 51 that surround the antenna comparatively

closely.
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A specific example of the dimensions of these various
components will now be given. The microwave oven magnetron
of this example has a fundamental freguency in the 2450 MHz
band, with output of the order about B800W.

Insulating cylinder 39: cylindrical pipe of internal
diameter 13mm, axial length 10mm;

Antenna lead 36: cylindrical copper rod of diameter DO
2.5mm;

Metal container 37: internal diameter 19.0mm, axial
height 12mm;

Inner tubular conductor 53: thickness 0.5mm, internal
diameter D1 9.5mm, axial length76.5mm;

Intermediate tubular conductor 51: internal diameter D2
12.0mm, axial length 4.5mm;

Depth Lb of annular groove B formed by the two tubular
conductors: 5.8mm, opening width Gb 0.8mn.

The inventors tried various lengths for inside and
intermediate tubular conductors 53 and 51 and various depths
of the annular groove B formed by them and compared the
externally radiated power levels of the fifth harmonic. The
results are shown by curve P in Fig. 3. For comparison, the
characteristic obtained with the prior art econstruction of
Fig. 25, making the internal annular groove of the metal
container, i.e. the internal diametric dimension, greater
than 1/2 (in fact it was set Fo d4mm) of the wavelength of
the fifth harmonic and making the groove opening width
larger than 1/10 of the wavelength of this harmonic (in fact
it was set to 3.0mm) is shown by the dotted line curve R.

It is clear from this Figure that when the depth Lb of

annular groove B is in the neighbourhood of 5.8mm with the
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magnetron of this invention the fifth harmonic component can

be reduced to about —-20 dB. In contrast, although the
characteristic R of the comparative example shows a minimum
level when the groove depth is in the neighbourhood of
5.7mm, even at this level too much power is radiated at the
fifth harmonic frequency for the construction to be
considered satisfactory.

We believe that the beneficial effect which is obtained
by this invention is due to the fact that, thanks to the
inner tubular conductor provided around the antenna lead for
about 1/2 less of the higher harmonic wavelength, radiation
of which is to be suppressed, the space between this inner
tubular conductor and the antenna lead has a diametric
dimension which is less than 1/2 of this higher harmonic
wavelength and a choke is constituted consisting of the
annular groove that is formed there. In other words, around
the antenna lead a coaxial path of small diameter is formed
in which unwanted modes of higher order hermonic are not
readily excited, and the annular groove choke is of high
impedaﬁce for practically 211 higher order harmonic mode
components. Thus radiation of these components is reliably
suppressed. With the dimensions of the above example, this
inner tubular conductor 53 is of smaller diameter than metal
container 37 and is provided in a region inside it, forming
a narrow space of diametric d?mension about 7mm (= D1 - DO)
between itself and antenna lead 36. Thus the choke for the
fifth harmonic is constituted by this region. The inventors
measured the fifth harmonic radiation level for various
different internal diameters D1 of this internal tubular

conductor 53, keeping the diameter DO of the antenna lead

ot e e i e e < e = e
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constant at 2.5mm. The depth Lb of annular groove B was
also kept constant at 5.8mm. The results are shown in Fig.
4, From these results, it can be seen that sufficient
choking effect is obtained provided the. internal diameter D1
is not more than 14mm. This confirms that the internal
diameter D1 should be not more than about 1/2 of the
wavelength of the fifth harmonic.

Even sharper attenuation can be obtained by making
width Gb of the opening of the annular choke groove not more
than 1/10 of the higher harmonic wavelength. That is, if,
as shown in Fig. 5, the opening width Gb is made about 1/10,
preferably about 1/20 or less (but not including zero width)
wavelength of the fifth harmonic corresponding to the choke,
an excellent choking effect is obtained.

The reason why the groove depth Lb for which the
greatest suppression effect is obtained is rather shorter

than 1.4 (= 6.1mm) the wavelength of the fifth harmonic is

‘believed to-be-its dinteraction with the annular groove C

that is provided at its periphery, or its electrical
interactions, such as the fringing effect, at the openings
of the two tubular conductors. Thus the depth of the
annular groove need not necessarily be strictly identical
with 1/4 of the spatial wavelength of the higher harmonic
wavelength that is to be suppressed, but is to be set
thereabouts to the value at w?ich the greatest radiation
suppression effect is obtained.

Also in this embodiment the inner tubular conductor
projects inwards further than the gas—-tight brazed joint at
the bottom end of the insulating cylinder, so this brazed

joint is screened from the high-frequency electric field
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between the antenna lead and these conductors, with the
result that there is little risk of unwanted microwave
discharge and resultant cracking of the brazed joint.

The inventors also recognized that the level of
radiation of the fourth harmonic can be considerably reduced
by further increasing the depth of the annular groove to in
the neighbourhood of 7.1imm. Any desired higher order
harmonics such as the forth and highqr harmonics can
therefore be selectively and reliabiy suppressed in this
way.

A combined choke construction can be achieved by
setting annular groove C formed at the periphery of the
choke groove for the fifth harmonic to about 1/4 of the
wavelength of a specified harmonic. This annular groove C
is the annular groove formed by metal container 37 and
intermediate tubular conductor 51.

A further embodiment is shown in Fig. 6. This
embodiment consists of a magnetron wherein inner tubular
conductor 53 that provides the higher order harmonic choke
comprising annular groove B is directly gas-tightly soldered
to the bottom end face of insulating cylinder 39. The top
end of tubular metal container 37 is bent inwards in the
form a half cross—section U so that it is integrally formed
with intermediate tubular conductor 51. At the top end of
the bent portion it is electrécally short-circuited by a gas-
tight brazed joint with gasket~retaining ring 52 and the end
face of inner tubular conductor 53. The inner diameter D1
of inner tubular conductor £3 is of a dimension about 1/2
of, or less than the wavelength of the fifth harmonic. For

example, dimension D1 is 13.6mm, D2 is 15.8mm, and Gb is
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0.6mn.

This makes it possible to achieve a construction in
which a choke for higher order harmonics, surrounding the
antenna lead in an inner region of the metal container, can
be assembled from a small number of components,.

A further embodiment is shown in Fig. 7. 1In this
embodiment, the top end of metal container 37 is bent
inwards to serve as intermediate tubular conductor 51,
thereby forming an annular groove C of depth Lc
corresponding to about 1/4 of the wavelength of the fourth
harmonic. The inner diameter D2 of intermediate tubular
conductor 51 that forms this annular groove C 1is about 1/2
of, or less than the wavelength of the fourth harmonic.
Inner tubular conductor 53 is coaxially arranged so as to
lie adjacent the inner periphery of intermediate tubular
conductor 51, thus forming in cooperation with this
intermediate tubular conductor 51 an annular groéve choke B
for the fifth harmonic. The width Gc of annular groove C is
less than about 1710 of the wavelength of the fourth
harmonic, and as stated previously opening width Gb of
annular groove B is about 1/10 of the wavelength of the
fifth harmonic.

These Figures do not show output cap 41 shown in Fig. 1
or Fig. 6, but an output cap of prescribed length is of
course affixed to cover the m?tal exhaust pipe. The same
applies to all the following embodiments.

With a magnetron according to this embodiment, reliable
suppression of radiation of a plurality of higher order
harmonics including the fifth harmonic can be achieved with

a comparatively simple construction.
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Fig. 8 shows yet a further embodiment of this
invention. In this embodiment, a small diameter portion 37c
is formed by bending part of metal container 37, that is
coupled hermetically to the anode, inwards, and inner
tubular conductor 53 is electrically connected on the inside
of this small diameter portion. The internal diameter of
this inner tubular conductor 53 is of a dimension about 1/2
of, or less than the wavelength of the fifth harmonic. Thus
this region provides an annular groove B serving as a choke
for the fifth harmonic. The dimensions of this groove B are
the same as in the preceding embodiment. By this means a
construction can be achieved in which reliable suppression
of higher order harmonics can be achieved with an even
smaller number of components.

In each of the embodiments described above, the opening
of the choke for the fifth harmonic, constituted by the
annular groove, is constructed so as to face the anode
direction. However, the invention is not restricted to
this, and as shown in Fig. 9, opening Bg of annular groove B
formed by two tubular conductors 51 and 53 can provide a
choke for higher harmonics in the region inside metal
container 37 and facing insulating cylinder 39.

It is also possible for the annular groove forming the
choke for the higher order harmonics to be bent in L-shaped
cross—section as shown in Fig. 9. In t?is case, the groove
depth that gives the choking éffect is an electrical length
determined by the spatial dimensions of the L shape. By
this means therefore the length of the tubular conductor in
the antenna direction can be shortened to give a more

compact construction.
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Still a further embodiment of this invention is shown

in Fig. 10. 1In this embodiment, output part metal container
37 together with insulating cylinder 39 is formed of an
internal diameter D3 (=13.6mm) corresponding to about 1/2 of
the wavelength of the fifth harmonic, and inner cylinder 53
(internal diameter D1 = 11.0mm) forming choke annular groove
B for the fifth harmonic is fixed in a region inside this
small-diameter metal container 37c.

In these embodiments, practically the whéle of the
output part is constructed of a diametric dimension
corresponding to about 1/2 of the higher harmonic wavelength
corresponding to the higher harmonic choke provided in the
internal region of the metal container, so reliable
suppression of higher harmonic radiation can be achieved,
and cylindrical permanent magnet 43 that is arranged at the
periphery of the metal container part can be made of
comparatively small dimensions. This increases the
utilization of the magnetic field of the magnet and makes it
possible to make the ové;éll ﬁaéﬂetféﬁmééﬁééf;ction ﬁére
compact.

Yet a further embodiment of this invention is shown in
Fig. 11. In this embodiment, choke annular groove C for the
fourth harmbnic and choke annular groove B for the fifth
harmonic and a choke annular groove E for the sixth harmonic
are mutually coaxially formed'at‘the same location in the
region inside metal container 37, Specifically, an
approximately U-shaped choke member 61 is fixed to the
inside of metal container 37 so as to form two annular
grooves C and B arranged with their openings facing mutually

opposite directions. A further approximately U-shaped
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member 62 is fixed to the inside of this choke member 61 so
as to form annular groove E. The depth dimensions of these
respective annular grooves correspond to about 1/2 of the
wavelength of the higher order harmonic that they are
intended to stop. The internal diametric dimension D1 of
inner cylindrical part 65a of innefmost choke member 65 is
about 1/2 of or less than the wavelength of the sixth
harmonic, but is of such a dimension as not to give rise to
microwave diScharge‘between itself and antenna 36.

By means of this embodiment, external radiation of
fourth to the sixth harmonic conmponents can be prevented.

A further embodiment of this invention is shown in Fig.
12. In this embodiment, four conductor cylinders 63, 64, 65
and 66 constituting a choke member 74 are fixed mutually
coaxially in the inside region of metal container 37. Choke
annular grooves C, B, E and F are thereby formed. Choke
annular groove C is of a depth dimension cofresponding to
about 1/4 of the wavelength of the fourth harmonic. Choke
annular groove B is of a depth dimension corresponding to °~
about 1/4 of the wavelength of the fifth harmonic. Choke
annular groove E is of a depth dimension corresponding to
about 1/4 of the wavelength of the sixth harmonic. Choke
annular groove F is of a depth dimension corresponding to
about 1/4 of the wavelength of the seventh harmonic. The
internal diameter D1 of the ipnermost conductor cylinder 66
is 9mm, corresponding to about 1/2 of the wavelength of the
seventh harmonic. By this means suppression of external
radiation of a wide fange of higher order harmonics, from
the forth harmonic to the seventh harmonic, can be achieved.

Still a further embodiment of this invention is shown
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in Fig. 13. 1In this embodiment, outermost L-shaped annular
groove C constitutes a choke groove of about 1/4 the
wavelength of the fourth harmonic, groove B which lies
inside it constitutes a choke groove of about 1/4 the
wavelength of the fifth harmonic, groove E constitutes a
choke groove of about 1/4 the wavelength of the sixth
harmonic, and groove F constitutes a choke groove of about
1/4 the wavelength of the seventh harmonic. These choke
members are formed by assembling U-shaped conductors 67 and
68, 69.

A further embodiment of this invention is shown in Fig.

14. 1In this embodiment, choke annular grooves C, B and E
for the fourth, fifth and sixth order harmonics are arranged
in the inner region of metal container 37 so that their
openings respectively face in the direction of insulating
cylinder 39. The inside diameter D1 of innermost conductor
cylinder 66 is about 1/2 of the wagelength of the sixth
harmonic.

-~ —~In the embodiments shown in Fig. 15 to Fig. 17,
integrally formed choke members 70 are provided in the
inside region of metal container 37. These choke members 70
consist of a double-skinned thin metal cylinder made for
example of copper. This is a single component conétructed
of an inner cylindrical part 53 and outer cylindrical part
51 formed unitarily by deep d?awing using a press. Their
opening Bg is directed towards the anode vanes. As shown in
Fig. 17, they fit from the bottom onto a step 37d near the
uppér end of the metal container, being brazed in place
around the entire circumference. Extreme end opening 37b of

metal contalner 37 extends further inwards than the brazed
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Joint 39a of insulating cylinder 39, so that it forms an
essentially continuous conductive cylinder of the sane
internal diameter with inner cylinder 53 of choke member 70.
The depth dimension Lb of choke member 70, and the internal
diametric dimension D1 and opening width Bg of inner
cylinder 53 respectively have the same dimensional
relationships with the wavelength of the fifth harmonic that
is to be suppressed as in the previous embodiments.

With this embodiment, since the choke-éylinder
consisting of inner and outer cylinders is integrally formed
as a single component, the depth Lb of annular groove B can
be precisely formed to the prescribed dimension before this
component is fitted in the magnetron. This avoids
statistical scatter, i.e. manufacturing variations, of the
groove depth and therefore permits assembly with the
dimension that gives the best possible suppression of any
specified higher order harmonic. This enables products with

a uniformly good higher order harmonic suppression

characteristic to be mass—prodﬁced;v Handling is alse - - —--

facilitated by the fact that the choke cylinder is a unitary
component. ~

A further embodiment is shown in Fig. 18. 1In this
embodiment, an electromagnetic wave absorber 71 such as
carbon or silicon carbide (SiC) is disposed in annular choke
groove B for the fifth harmon}c. By this means, the higher
order harmonic that is practically at the resonant frequency
of annular choke groove B is absorbed by absorber 71 as it
is reflected within this choke member. External radiation

of this higher order component is therefore even more

strongly suppressed.
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Yet a further embodiment is shown in Fig. 19. In this
embodiment, choke member 70 is integrally coated with inner
cylindrical part 53 and outer cylindrical part 51, which are
formed by a continuous layer of copper plating on the inside
and outside faces and one end face of a ceranic dielectric
cylinder 72, An end face 53g of the inner cylindrical part
is formed as a curved face to prevent microwave discharge.
The end face of a thin part 42a of a fixing metal ring 73 is
brazed to one end face. Ceramic dielectric 72 essentially
constitutes annular choke groove B while its other end part
72a forms the opening of this choke member. Choke member 70
is thus formed from a single integrally constructed
component and is mounted in the inside region of metal
container 37.

The electrical length of the choke cylinder is thereby
increased by the dielectric constant of the ceramic
dielectric, so the actual lengthhin the axial direction can
be decreased in proportion. Also, since the shape and
dimensions of the "annular groove" choke formed by the
ceramic dielectric and the conductive layer with which its

circumference 1s coated are fixed, they can be preset

accurately, so .that the dimensions giving the optimum

radiation suppressing effect are easily obtained.

A further embodiment is shown in Fig. 20 to Fig. 22.
In this embodiment, a choke m?mber 74 for the fifth harmonic
is connected and fixed to antenna lead 36 in the inside
region of metal contailner 37.' Metal container 37 is made up
of: (i) a flange—shaped circumferential edge portion 37a
that is bonded hermetically to the end of the opening of the
anode cylinder (ii) a tapered part 37e extending from the
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flat face of pole piece 33 and at its other end joining
(iii) a smaller diameter cylindrical part 37c that extends
with constant internal diameter D3 in the direction of
insulating cylinder 39. The internal diameter D3 of this
smaller diameter cylindrical part 37c corresponds to about
1/2 of the wavelength of the fifth harmonic, and is for
example 13mm. Its length Ls in the axial direction is at
least 1/4 of the wavelength of the fifth harmonic, and is
for example 14mm. A choke cylinder 74 that suppresses
radiation of the fifth harmonic to the outside is fixed to
the circumferential wall of antenna lead 36 in the region
inside this smaller diameter cylindrical part 37c. This
higher harmonic choke cylinder 74 is mechanically and
electrically fixed in the prescribed position by caulking
using a pinching jig 75 that pinches the circumference of a
smaller diameter portion 74a of a metal cylinder of
prescribed dimensions inserted beforehand from above as
shown in Fig. 22 onto antenna lead component 36, which is
formed as a round rod. By this means, choke cylinder 74 is
set in position such that its opening 74b lies inside
smaller diameter portion 37c of the metal container. Thus
annular groove B is formed around antenna lead 36 by means
of this choke cylinder 74, the depth Lb of this annular
groove corresponding to about 1/4 bf the wavelength of the
fifth harmonic. The distance between this choke cylinder 74
and metal container 37 which coaxially surrounds it is set
so that microwave discharge does not occur between then.

In this embodiment, the width Gb in the radial
direction of the opening of annular groove B formed by this

choke cylinder facing the anode vanes is less than 1/10 (=
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2.5mm) of the wavelength of the fifth harmbnic that is to be
suppressed, and is preferably less than 1/20 (= 1.25nm).
Thus external radiation of the fifth harmonic is reliably
suppressed by this higher harmonic choke cylinder 74.fixed
to the antenna lead.

With a magnetron according to this embodiment,
suppression of the fifth harmonic component to ~22dB was
achieved by making the depth Lb of annular groove B in the
neighbéurhood of 5.9mm. |

In particular in this embodiment, the internal diameter
of the metal container of the output part is set to about
1/2 of or less than the harmonic wavelength that is to be
suppressed of the higher harmonic choke provided in the
inside region, so the antenna lead and metal éontainer
smaller diameter portion form a small diameter éoaxial path.
And since the higher harmonic choke cylinder is arranged on
and surrounding the antenna lead in this region, the space
between the choke cylinder and the innef circumferential
face of the metal container is smaller than 1/2 of this
higher harmonic wavelength. And sincera choke is formed
consisting of an annular groove of sﬁall opening width,
markedly effective suppression of higher order harmonics is
obtained.

It should be noted that when the:depth Lb of annular

choke groove B is made still deeper, at about the

suppress radlation of the fourth harmonic. It is therefore
possible to suppress selectively and effectively any desired
higher order harmonic of order four or over.

Yet a further embodiment is shown in Fig. 23. 1In this
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embodiment, choke cylinder 53 forming annular groove C for
suppression of the fifth harmonic is fitted inside smaller
diémeter portion 37c of output part metal container 37, and
choke member 76 for suppression of the sixth harmonic is

y fixed to antenna lead 36 in the region inside it. That is,
cylindrical conductor 53 is fixed to the extreme end of the
opening of metal container 37. Metal ring 52 and gasket
retaining ring 52a are fixed at the circumference of the
extreme end part of the metal container. Annular groove B ~

)y that is formed between choke cylinder 53 and metal container
smaller diameter part 37c is about 1/4 of the wavelength of
the fifth harmonic that is to be suppressed. Groove opening
width Gb is set to not more than 1/10 of the fifth harmonic
as in the previous embodiments. The internal diameter of

; smaller diameter region 37c of the metal container is
likewise set to about 1/2 of the wavelength of the fifth
harmonic, or to less than this value. A further choke
member 76 formed as a cylinder is provided on antenna lead
36 in the region inside éhoke cylinder 63, The annular

) groove E formed by this choke member 76 has a depth
dimension Le such as to suppress the sixth harmonic. Thus
propagation of both the fifth and sixth harmonics in the .
region inside the metal container smaller diameter portion
is reliably suppressed, propagation of the fifth harmonic

y being suppressed by the outer.annular groove B while
rpropagation of the sixth harmonic is suppressed by the
annular groove E formed by the cylinder connected to the
antenna lead. In this case, the internal diameter of
tubular conductor §3 is about 1/2, or rather less than this,

yof the wavelength of the sixth harmonic, and its axial

. .t m—
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length is likewise at least 1/4 of the wavelength of the

fifth harmoniec.

More than one choke member can be connected to the
circunference of the antenna lead and more than one choke
member can be connected to the inside of the metal
container. These choke members can be used in combination
or singly to construct chokes for suppression of higher

order harmonics.
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CLAIMS : !

(1) A magnetron for a microwave oven comprising:

a cathode (34);
a cylindrical anode (31) having a cavity resonator

arranged around this cathode; ;

a cylindrical metal container (37) hermetically sealed

to part of this anode to form an evacuated envelope with

said anode, defining a part of the space in said evacuated *
envelope, and having an opening (37b);

an output iInsulating cylinder (39) coupled hermetically
to said opening of said metal container;

an output antenna lead (36) whereof one end is
electrically coupled to said cavity resonator of said anode
and which extends through the inside space of said
insulating cylinder, passing through said opening of said
metal container; and

a choke surrounding said antenna lead by means of a

cylindrical conductor inside said metal container and

comprising an annular groove of depth about 1/4 of the
wavelength of a specified higher harmonic;

characterized in that:

sald magnetron comprises;

means to set the inner diameter (D1) of said opening
through which said antenna lead passes to a dimension of
about 1/2 or less of said wavelength of said specified ~
higher harmonic, which is the fourth or higher harmonic; and

a choke (B1) having an annular groove (B) suppressing a
radiation on said higher harmonic with an opening provided

in said inside space of said metal container, the radial
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width (Gb) of said choke at or near said opening of said
annular groove (B) being formed to be not more than 1/10 of
said higher harmonic wavelength.

(2) The magnetron for a microwave oven according to
claim 1 wherein said choke is fixed to a metal container.

(3) The magnetron for a microwave oven according to
claim 1 wherein said metal container forms part of said
choke.

(4) The magnetron for a microwave oven according to
claim 1 wherein the wall of the opening is defined by a
cylinder forming part of said choke.

(5) The magnetroh for a microwave oven according to

claim 1 wherein said choke is fixed to said antenna lead.
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