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(54) Magnetron for microwave oven
(57) Unnecessary noises generated from a magne-
tron for a microwave oven are suppressed.

In a magnetron 10 for a microwave oven, the diam-
eter IP1 of the through-hole 33 of the input side pole piece
31 is 8.6 to 9.1 mm and the outer diameter IP2 of the
internal surface 41 of the input side pole piece 31 is 15
to 16 mm, while the diameter OP1 of the through-hole
34 of the output side pole piece 32 is 7.9 to 8.1 mm and

Fig.2

the outer diameter OP2 of the internal surface 42 of the
output side pole piece 32 is 11 to 13 mm. Additionally,
the interval distance D1 between the outer annular por-
tion 35 of the input side pole piece 31 and the outer an-
nular portion 36 of the output side pole piece 32 is 11.5
to 13.5 mm and the interval distance D2 between the
inner annular portion 39 of the input side pole piece 31
and the inner annular portion 40 of the output side pole
piece 32 is 10.2 to 11.2 mm.
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a magnetron
to be used for a microwave oven.

[0002] The oscillator section of amagnetron to be used
for a microwave oven (to be simply referred to as "mag-
netron" hereinafter) has an anode section and a cathode
section. The anode section has an anode cylinder and
vanes. The cathode section has a helical filament. The
oscillator section generates not only a fundamental wave
in the ISM bands (2400 to 2500 MHz) but also electro-
magnetic waves in frequency bands out of the ISM bands.
[0003] Funnel-shaped pole pieces are arranged face
to face as a pair and fixed respectively to the ends of the
anode cylinder. Additionally, metallic sealing members
provided as a pair are fixed respectively to the corre-
sponding ends of a pair of pole pieces. An insulation cyl-
inder is fixed to an end of the metallic sealing member
arranged at the output side. An exhaust pipe is fixed to
an end of the insulation cylinder. An antenna is led out
from one of the plurality of vanes and the front end of the
antenna is pinched by the exhaust pipe. A number of
chokes are formed at the output section of the magnetron
in order to suppress the output of electromagnetic waves
in the high order frequency bands of the fundamental
wave (2450 MHz).

[0004] For example, a magnetron described in Patent
Document 1 (Jpn. Pat. Appln. Laid-Open Publication No.
2007-335351) includes ten vanes in the anode section,
which have a height of 7.0 to 8.0 mm as viewed in the
central axis direction with a diameter of the inscribed cir-
cle of the vanes of 8.0 to 8.8 mm and a filament in the
cathode section with an outer diameter of 3.5 to 3.9 mm.
The base sections of the pair of funnel-shaped pole piec-
es secured to the respective opposite ends of the anode
section are separated from each other by a gap of 21.5
to 23.5 mm and the bottom sections of the pair of pole
pieces are separated from each other by a gap of 10.2
to 11.2 mm. Furthermore, the inner diameter of the
through-holes of the pole pieces is 8.3 to 8.5 mm and the
outer diameter of the bottom sections of the pole pieces
is 11.0 to 16.0 mm.

[0005] As described above, the output of electromag-
netic waves of high order frequency bands of the funda-
mental wave (2450 MHz) is suppressed by means of a
plurality of chokes formed in the output section. However,
electromagnetic waves (unnecessary noises) in the near
low frequency bands located outside the ISM bands
(2400 to 2500 MHz), any leakage of which from micro-
wave ovens is prohibited by the Japanese Radio Law,
cannot be suppressed by chokes.

[0006] Patent Document 1 discusses about the design
value of the diameter of the through-holes and the design
value of the outer diameter of the bottom portions of pole
pieces. However, the diameter of the output side and the
diameter of the input side are same and the document
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does not consider suppression of unnecessary noises in
the near low frequency bands (2300 to 2400 MHz) locat-
ed outside the ISM bands.

BRIEF SUMMARY OF THE INVENTION

[0007] The present invention is made to solve the
above-described problem.

Therefore, the object of the present invention is to sup-
press the unnecessary noises produced from a magne-
tron to be used for a microwave oven.

[0008] According to an aspect of the presentinvention,
there is provided a magnetron for a microwave oven com-
prising: an anode section including an anode cylinder
and ten plate-shaped vanes arranged radially in radial
directions of a central axis of the anode cylinder, each of
the vanes being joined to an inner wall of the anode cyl-
inder at one of the opposite sides of each of them and
left as free end at another of the opposite sides; a cathode
section including a helical filament extending along the
central axis of the anode cylinder and arranged in the
anode cylinder with a gap interposed between the free
ends of the vanes; and a funnel-shaped input side pole
piece and a funnel-shaped output side pole piece ar-
ranged face to face, each having an outer annular portion
bonded to an end of the anode cylinder and an inner
annular portion having a through-hole formed at the cent-
er thereof, wherein a diameter of the through-hole of the
input side pole piece being greater than a diameter of
the through-hole of the output side pole piece, an outer
diameter of ainternal surface of the input side pole piece
being greater than an outer diameter of a internal surface
of the output side pole piece, the diameter of the through-
hole of the input side pole piece being 8.6 to0 9.1 mm, the
outer diameter of the internal surface of the input side
pole piece being 15 to 16 mm, the diameter of the
through-hole of the output side pole piece being 7.9 to
8.1 mm, and the outer diameter of the internal surface of
the output side pole piece being 11 to 13 mm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The above and other features and advantage
of the present invention will become apparent from the
discussion herein below of specific, illustrative embodi-
ments thereof presented in conjunction with accompa-
nying drawings, in which:

FIG. 1is alongitudinal cross-sectional view of a mag-
netron according to an embodiment of the present
invention.

FIG. 2 is an enlarged view around the oscillator sec-
tionin FIG. 1.

FIG. 3 shows an oscillation spectrum of the funda-
mental wave of a magnetron (diameter of through-
hole of input side pole piece: 8.7 mm, outer diameter
of internal surface of input side pole piece: 15 mm)
according to an embodiment (Example 1) of the



3 EP 2 237 304 A2 4

present invention.

FIG. 4 shows an oscillation spectrum of the funda-
mental wave of a magnetron (diameter of through-
hole of input side pole piece: 8.7 mm, outer diameter
of internal surface of input side pole piece: 16 mm)
according to an embodiment (Example 2) of the
present invention.

FIG. 5 shows an oscillation spectrum of the funda-
mental wave of a magnetron (diameter of through-
hole of input side pole piece: 9.0 mm, outer diameter
of internal surface of input side pole piece: 16 mm)
according to an embodiment (Example 3) of the
present invention.

FIG. 6 shows an oscillation spectrum of the funda-
mental wave of a magnetron (diameter of through-
hole of input side pole piece: 8.4 mm, outer diameter
of internal surface of input side pole piece: 12 mm)
of Comparative Example 1.

FIG. 7 shows an oscillation spectrum of the funda-
mental wave of a magnetron (diameter of through-
hole of input side pole piece: 8.4 mm, outer diameter
of internal surface of input side pole piece: 14 mm)
of Comparative Example 2.

FIG. 8 shows an oscillation spectrum of the funda-
mental wave of a magnetron (diameter of through-
hole of input side pole piece: 8.7 mm, outer diameter
of internal surface of input side pole piece: 14 mm)
of Comparative Example 3.

FIG. 9 shows an oscillation spectrum of the funda-
mental wave of a magnetron (diameter of through-
hole of input side pole piece: 8.4 mm, outer diameter
of internal surface of input side pole piece: 15 mm)
of Comparative Example 4.

FIG. 10 shows an oscillation spectrum of the funda-
mental wave of a magnetron (diameter of through-
hole of input side pole piece: 8.4 mm, outer diameter
of internal surface of input side pole piece: 16 mm)
of Comparative Example 5.

FIG. 11 is a table showing in comparison the meas-
urement conditions and the presence or absence of
unnecessary noises of the spectrums illustrated in
FIGS. 3 through 10.

FIG. 12 is a graph illustrating the correlation of the
diameter of the through-hole and the outer diameter
of the internal surface of the input side pole piece
and the magnetizing voltage of magnetron.

FIG. 13 is a graph illustrating the correlation of the
diameter of the through-hole and the outer diameter
of the internal surface of the input side pole piece
and the output efficiency of magnetron.

DETAILED DESCRIPTION OF THE INVENTION

[0010] Magnetrons according to embodiments of the
present invention will be described with reference to the
accompanying drawings.

[0011] Firstly, the structure of a magnetron according
to an embodiment of the present invention will be briefly
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described by referring to FIG. 1. FIG. 1 is a longitudinal
cross-sectional view of a magnetron according to the em-
bodiment of the present invention.

[0012] The anode section 11 has an anode cylinder 12
and ten vanes 13. The anode cylinder 12 extends cylin-
drically along the central axis 100. Each of the ten plate-
shaped vanes 13 is joined to the inner wall of the anode
cylinder 12 at one of the opposite sides thereof and left
as free end at the other opposite side. The free ends of
the vanes 13 are arranged on a same cylindrical surface
extending along the central axis 100. The same cylindri-
cal surface formed the free ends of the ten vanes will be
referred to as vane-inscribed cylindrical surface 14 here-
inafter. The ten vanes 13 radially spread from the vane-
inscribed cylindrical surface 14 to the inner wall of the
anode cylinder 12. The ten vanes 13 are joined alternate-
ly by large and small pairs of strap rings 15 and 16 sol-
dered at the top and bottom ends of the ten vanes.
[0013] The cathode section 21 is a helical filament ex-
tending along the central axis 100 and arranged in the
anode cylinder 12. The cathode section 21 is arranged
in the inside of the vane-inscribed cylindrical surface 14
with a gap interposed between the cathode section 21
and the free ends of the ten vanes 13. The gap is an
electronic interaction space. The anode section 11 and
the cathode section 21 operate as oscillator section that
generates high frequency waves. The input side end (the
lower end in FIG. 1) of the cathode section 21 is fixed to
aring-shaped end hat 22. The output side end (the upper
endin FIG. 1) of the cathode section 21 is fixed to a disk-
shaped end hat 23.

[0014] A center supportrod 24 runs through the center
ofthe helical filamentand is connected to the disk-shaped
end hat 23. A side support rod 25 is connected to the
ring-shaped end hat 22. Both the center support rod 24
and the side support rod 25 support the cathode section
21 and also take a role of supplying electric current to
the cathode section 21.

[0015] The magnetron has a pair of an input side pole
piece 31 and an output side pole piece 32. The input side
pole piece 31 is joined to the input side end section (the
lower end in FIG. 1) of the anode cylinder 12. The output
side pole piece 32 is joined to the output side end (the
upper end in FIG. 1) of the anode cylinder 12. The input
side pole piece 31 and the output side pole piece 32 are
arranged face to face. The input side pole piece 31 and
the output side pole piece 32 are formed like funnel hav-
ing through-holes 33 and 34 at the center respectively.
The centers of the through-holes 33 and 34 are located
on the central axis 100.

[0016] Aninputside metallic sealing member (the low-
er metallic sealing member in FIG. 1) 51 is formed as a
hollow cylinder. The input side metallic sealing member
is fixed to the input side end of the anode cylinder 12 and
also to the input side pole piece 31. An insulation stem
53 is joined to the input side metallic sealing member 51
at the end (the lower end in FIG. 1) thereof that is remote
from the input side pole piece 31.
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[0017] On the other hand, an output side metallic seal-
ing member (the upper metallic sealing member in FIG.
1) 52 is formed as a hollow cylinder. The output side
metallic sealing member is fixed to the output side end
of the anode cylinder 12 and also to the output side pole
piece 32. An insulation cylinder 54 is joined to the output
side metallic sealing member 52 at the end thereof that
is remote from the output side pole piece 32. An exhaust
pipe 55 is joined to the insulation cylinder 54 at the end
thereof that is remote from the metallic sealing member
52. An antenna 56 is led out from one of the ten vanes
13. The antenna 56 runs through the output side pole
piece 32 and extends in the inside of the metallic sealing
member 52 and alsoin the inside of the insulation cylinder
54. And the tip of the antenna 56 is pinched and fixed by
the exhaust pipe 55. A cap 57 covers the exhaust pipe 55.
[0018] Ring-shaped magnets 61 and 62 are arranged
respectively below and above the anode cylinder 12 and
outside the metallic sealing members 51 and 52. The
ring-shaped magnets 61 and 62 are magnetized in the
direction of the central axis 100. Yokes 63 and 64 sur-
round the anode cylinder 12 and the magnets 61 and 62.
A magnetic circuit is formed by the magnets 61 and 62
and the yokes 63 and 64. A radiator 65 for cooling the
oscillator section is arranged between the anode cylinder
12 and the yoke 63.

[0019] Now, the structure of the oscillator section and
a peripheral area thereof that characterizes the magne-
tron of this embodiment will be described below in detail
by referring to FIG. 2. FIG. 2 is an enlarged view around
the oscillator section in FIG. 1.

[0020] The vanes 13 have a height H of 7 to 8 mm in
the direction of the central axis 100. The vane-inscribed
cylindrical surface 14 has a diameter B of 8.1 mm (man-
ufacturing error: =0.1 mm). The filament that constitutes
the cathode section 21 has an outer diameter F of 3.7
mm (manufacturing error: =0.1 mm).

[0021] The input side pole piece 31 is formed by an
outer annular portion 35, a taper section 37 and an inner
annular portion 39 which are integrally combined to show
a funnel-shaped profile. The outer annular portion 35 is
aflat plate-shaped annular member. The outer periphery
of the outer annular portion 35 is joined to the input side
end of the anode cylinder 12 and also to the metallic
sealing member 51. The inner annular portion 39 is a flat
plate-shaped annular member. The outer diameter of the
innerannular portion 39 is smaller than the inner diameter
of the outer annular member 35. The through-hole 33 of
the input side pole piece 31 is formed at the center of the
inner annular portion 39. The taper section 37 is an an-
nular member. The taper section 37 links the inner edge
of the outer annular portion 35 and the outer edge of the
inner annular portion 39.

[0022] The inner edge of the outer annular portion 35
defines the boundary between the flat plane of the outer
annular portion 35 and the tapered surface of the taper
section 37. Similarly, the outer edge of the inner annular
portion 39 defines the boundary between the flat plane
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of the inner annular portion 39 and the tapered surface
of the taper section 37.

[0023] It will be appreciated that, like the input side
pole piece 31, the output side pole piece 32 is also formed
by an outer annular portion 36, a taper section 38 and
an inner annular portion 40.

[0024] In this embodiment, the diameter IP1 of the
through-hole 33 is 8.7 to 9.0 mm (manufacturing error:
+0.1 mm). The outer diameter IP2 of the flat plane of the
inner annular portion 39 that is arranged internally in the
oscillator section (to be referred to as "internal surface
41 of input side pole piece 31" hereinafter) is 15to 16 mm.
[0025] On the other hand, the diameter OP1 of the
through-hole 34 of the output side pole piece 32 is 8.0
mm (manufacturing error: 0.1 mm). The outer diameter
OP2 of the flat plane of the inner annular portion 40 that
is arranged internally in the oscillator section (to be re-
ferred to as "internal surface 42 of output side pole piece
32" hereinafter) is 12 mm (manufacturing error: =1 mm).
[0026] Thus, the diameter IP1 of the through-hole 33
of the input side pole piece 31 is designed to be greater
than the diameter OP1 of the through-hole 34 of the out-
put side pole piece 32. Additionally, the outer diameter
IP2 of the internal surface 41 of the input side pole piece
31 is designed to be greater than the outer diameter OP2
of the internal surface 42 of the output side pole piece 32.
[0027] The interval distance D2 between the inner an-
nular portion 39 of the input side pole piece 31 and the
inner annular portion 40 of the output side pole piece 32,
or the interval distance D2 between the internal surface
41 of the input side pole piece 31 and the internal dis-
posed surface 42 of the output side pole piece 32, is 22.5
mm (manufacturing error: =1 mm). The interval distance
D1 between the outer annular portion 35 of the input side
pole piece 31 and the outer annular portion 36 of the
output side pole piece 32 (the distance between the op-
positely disposed surfaces) is 11.2 mm (manufacturing
error: =1 mm).

[0028] Now, oscillation spectrums of the fundamental
wave of the magnetrons of embodiments will be de-
scribed below by referring to FIGS. 3 through 11. FIGS.
3 through 5 show oscillation spectrums of the fundamen-
tal wave of magnetrons according to examples of the
present invention. On the other hand, FIGS. 6 through
10 show oscillation spectrums of the fundamental wave
of the magnetrons of comparative examples. FIG. 11 is
a table showing in comparison the measurement condi-
tions and the presence or absence of unnecessary nois-
es of the oscillation spectrums illustrated in FIGS. 3
through 10.

[0029] As seenfrom FIG. 11, same design values are
selected for all the magnetrons of Example 1 through
Example 3 and Comparative Example 1 through Com-
parative Example 5 except the diameter IP1 of the
through-hole 33 of the input side pole piece 31 and the
outer diameter IP2 of the internal surface 41 of the input
side pole piece 31. The magnetron of Comparative Ex-
ample 1 is an embodiment of magnetron for a microwave
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oven described in Patent Document 1 (Jpn. Pat. Appln.
Laid-Open Publication No. 2007-335351).

[0030] 2400 through 2500 MHz in FIG. 3 through FIG.
11 correspond to the ISM bands and hence are in the
frequency band necessary for microwave ovens. On the
other hand, the spectrums from 2300 to 2400 MHz show
unnecessary noises.

[0031] As seen from FIGS. 3 through 10, in Examples
1to 3, unnecessary noises between 2300 and 2400 MHz
are suppressed if compared with Comparative Examples
1 through 5.

[0032] As the diameter IP1 of the through-hole 33 of
the input side pole piece 31 and the outer diameter IP2
of the internal surface 41 of the input side pole piece 31
are increased, unnecessary noises between 2300 and
2400 MHz are suppressed.

[0033] Therefore, from the viewpoint of suppressing
unnecessary noises, itis preferable that the diameter IP1
of the through-hole 33 of the input side pole piece 31 is
designed to be not less than 8.7 mm (manufacturing er-
ror: =0.1 mm) and the outer diameter IP2 of the internal
surface 41 of the input side pole piece 31 is designed to
be not less than 15 mm.

[0034] Now, the magnetizing voltage and the output
efficiency of the magnetron of the embodiments will be
described by referring to FIGS. 12 and 13. FIG. 12 is a
graph illustrating the correlation of the diameter of the
through-hole and the outer diameter of the internal sur-
face of the input side pole piece and the magnetizing
voltage of magnetron. FIG. 13 is a graph illustrating the
correlation of the diameter of the through-hole and the
outer diameter of the internal surface of the input side
pole piece and the output efficiency of the magnetron.
Note that same design values (design values listed in
FIG. 11) are selected for all the magnetrons that are ob-
jects of measurement of FIGS. 12 and 13 except the di-
ameter IP1 of the through-hole 33 of the input side pole
piece 31 and the outer diameter IP2 of the internal surface
41 of the input side pole piece 31.

[0035] As seen from FIG. 12, as the diameter IP1 of
the through-hole 33 of the input side pole piece 31 is
increased, the magnetizing voltage ebm of the magnet-
ron 10 is reduced. Additionally, as the outer diameter IP2
of the internal surface 41 of the input side pole piece 31
is increased, the magnetizing voltage ebm of the magn-
etron 10 is reduced.

[0036] As seen from FIG. 13, as the diameter IP1 of
the through-hole 33 of the input side pole piece 31 is
increased, the output efficiency n of the magnetron 10 is
reduced. Additionally, as the outer diameter IP2 of the
internal surface 41 of the input side pole piece 31 is in-
creased, the output efficiency n of the magnetron 10 is
reduced.

[0037] Therefore, it is preferable from the viewpoint of
magnetizing voltage ebm and output efficiency q that the
diameter IP1 of the through-hole 33 of the input side pole
piece 31 is designed to be not greater than 9.0 mm (man-
ufacturing error: =0.1 mm) and the outer diameter P2
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of the internal surface 41 of the input side pole piece 31
is designed to be not greater than 16 mm.

[0038] On the basis of the above description, in the
magnetrons 10 of the above embodiments, the diameter
IP1 of the through-hole 33 of the input side pole piece 31
is designed to be 8.6 to 9.1 mm and the outer diameter
IP2 of the internal surface 41 of the input side pole piece
31 is designed to be 15 to 16 mm.

[0039] Now, the operation and the advantages of the
magnetrons of the above embodiments will be described
below.

[0040] Withthe embodiments, unnecessary noises be-
tween 2300 and 2400 MHz can be suppressed by de-
signing the diameter IP1 of the through-hole 33 of the
input side pole piece 31 to be 8.6 t0 9.1 mm and the outer
diameter IP2 of the internal surface 41 of the input side
pole piece 31 to be 15 to 16 mm.

Claims
1. A magnetron for a microwave oven comprising:

an anode section including an anode cylinder
extending cylindrically along a central axis and
ten plate-shaped vanes arranged radially in ra-
dial directions of the central axis, each of the
vanes being joined to an inner wall of the anode
cylinder at one of the opposite sides of each of
them and left as free end at another of the op-
posite sides;

a cathode section including a helical filament ex-
tending along the central axis and arranged in
the anode cylinder with a gap interposed be-
tween the free ends of the vanes; and
afunnel-shaped input side pole piece and a fun-
nel-shaped output side pole piece arranged face
to face, each having an outer annular portion
bonded to an end of the anode cylinder and an
inner annular portion having a through-hole
formed at the center thereof, wherein

a diameter of the through-hole of the input side
pole piece being greater than a diameter of the
through-hole of the output side pole piece,

an outer diameter of a internal surface of the
input side pole piece being greater than an outer
diameter of a internal surface of the output side
pole piece,

the diameter of the through-hole of the input side
pole piece being 8.6 to 9.1 mm,

the outer diameter of the internal surface of the
input side pole piece being 15 to 16 mm,

the diameter of the through-hole of the output
side pole piece being 7.9 to 8.1 mm, and

the outer diameter of the internal surface of the
output side pole piece being 11 to 13 mm.

2. The magnetron for a microwave oven according to
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claim 1, wherein

an interval distance between the outer annular por-
tion of the input side pole piece and the outer annular
portion of the output side pole piece is 11.5to 13.5
mm, and

an interval distance between the inner annular por-
tion of the input side pole piece and the inner annular
portion of the output side pole piece is 10.2 to 11.2
mm.

The magnetron for a microwave oven according to
claim 1 or 2, wherein

a diameter of a vane-inscribed cylindrical surface
formed by the free ends of the ten vanes is 8.0 to
8.2 mm and a height of the vanes is 7 to 9 mm.

The magnetron for a microwave oven according to
any one of claims 1 through 3, wherein
an outer diameter of the filament is 3.6 to 3.8 mm.
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Fig. 4
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Fig.5
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Fig. 13
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