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(54) HIGH-FREQUENCY HEATING DEVICE

(57) A high-frequency heating device (1a) includes
a first generation unit (8), a surface wave exciter (9), and
a first connecting unit (12). The first generation unit (8)
generates microwaves. The surface wave exciter (9) in-
cludes a plurality of metal plates (11) periodically ar-
ranged at a predetermined interval in a propagation di-
rection of the microwaves and heats a heating subject
(6) by propagating the microwaves in a surface wave
mode. The first connecting unit (12) is provided in a mid-
dle portion of the surface wave exciter (9) in the propa-
gation direction (D) of the microwaves generated by the
first generation unit so that the microwaves are supplied
to the surface wave exciter (9) through the first connect-
ing unit (12). According to the present aspect, a heating
subject can be more evenly heated.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to a high-fre-
quency heating device such as a microwave oven.

BACKGROUND ART

[0002] Conventionally, high-frequency heating devic-
es which heat heating subjects such as food products by
supplying microwaves to surface wave transmission
lines have been developed.

[0003] Forexample, Patent Literature (PTL 1) disclos-
es a high-frequency heating device which thaws a frozen
sushi placed in a surface wave transmission line by di-
rectly supplying microwaves to the surface wave trans-
mission line.

Citation List
Patent Literature

[0004] PTL 1: Unexamined Japanese Patent Publica-
tion No. H08-166133

SUMMARY OF THE INVENTION

[0005] In the field of high-frequency heating devices,
evenly heating a heating subject has been a long-stand-
ing goal. An objective of the present disclosure is to pro-
vide a high-frequency heating device which contributes
to achieving the aforementioned goal.

[0006] A high-frequency heating device according to
one aspect of the present disclosure includes a first gen-
eration unit, a surface wave exciter, and a first connecting
unit. The first generation unit generates microwaves. The
surface wave exciter includes a plurality of metal plates
periodically arranged at a predetermined interval in a
propagation direction of the microwaves and heats a
heating subject by propagating the microwaves in a sur-
face wave mode. The first connecting unit is provided in
a middle portion of the surface wave exciter in the prop-
agation direction of the microwaves generated by the first
generation unit so that the microwaves are supplied to
the surface wave exciter through the first connecting unit.
[0007] With the high-frequency heating device accord-
ing to the present disclosure, a heating subject can be
evenly heated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]
FIG. 1is a vertical cross-sectional view schematical-
ly illustrating a configuration of a high-frequency

heating device according to Embodiment 1.
FIG. 2 is a horizontal cross-sectional view schemat-
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ically illustrating a configuration of a high-frequency
heating device according to Embodiment 1.

FIG. 3 is a schematic illustration of a situation in
which microwaves in a surface wave mode propa-
gate on a surface wave exciter in the horizontal
cross-sectional view illustrated in FIG. 2.

FIG. 4 is a block diagram illustrating a configuration
of a surface wave transmission line according to Em-
bodiment 2 of the present disclosure.

FIG. 5 is a block diagram illustrating a configuration
of a surface wave transmission line according to Em-
bodiment 3 of the present disclosure.

FIG. 6 is a block diagram illustrating a configuration
of a surface wave transmission line according to Em-
bodiment 4 of the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0009] A high-frequency heating device according to
the first aspect of the present disclosure includes a first
generation unit, a surface wave exciter, and a first con-
necting unit.

[0010] Thefirstgeneration unit generates microwaves.
The surface wave exciter includes a plurality of metal
plates periodically arranged at a predetermined interval
in a propagation direction of the microwaves and heats
a heating subject by propagating the microwaves in a
surface wave mode. The first connecting unit is disposed
in a middle portion of the surface wave exciter in the
propagation direction of the microwaves generated by
the first generation unit so that the microwaves are sup-
plied to the surface wave exciter through the first con-
necting unit.

[0011] The high-frequency heating device according
to the second aspect of the present disclosure includes
a second connecting unit and a third connecting unit in
addition to those in the first aspect. The second connect-
ing unit is disposed at one end portion of the surface
wave exciter in the propagation direction of the micro-
waves. The third connecting unit is disposed at the other
end portion of the surface wave exciter in the propagation
direction of the microwaves.

[0012] The high-frequency heating device according
to the third aspect of the present disclosure further in-
cludes a divider in addition to those in the second aspect.
The divider distributes the microwaves generated by the
firstgeneration unit to the first connecting unit, the second
connecting unit, and the third connecting unit.

[0013] The high-frequency heating device according
to the fourth aspect of the present disclosure further in-
cludes a second generation unit and a third generation
unitin addition to those in the second aspect. The second
generation unit generates microwaves having a frequen-
cy different from the frequency of the microwaves gen-
erated by the first generation unit and supplies the mi-
crowaves to the second connecting unit. The third gen-
eration unit generates microwaves having a frequency
differentfrom the frequency of the microwaves generated
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by the first generation unit and supplies the microwaves
to the third connecting unit.

[0014] Inthe high-frequency heating device according
to the fifth aspect of the present disclosure, the frequency
of the microwaves generated by the second generation
unit in the fourth aspect is different from the frequency
of the microwaves generated by the third generation unit.
[0015] The high-frequency heating device according
to the sixth aspect of the present disclosure further in-
cludes a second generation unit and a divider in addition
to those in the second aspect. The second generation
unit generates microwaves having a frequency different
from the frequency of the microwaves generated by the
first generation unit. The divider distributes the micro-
waves generated by the second generation unit to the
second connecting unit and the third connecting unit.
[0016] Inthe high-frequency heating device according
to the seventh aspect of the present disclosure, the fre-
quency of the microwaves generated by the second gen-
eration unit in the sixth aspect is different from the fre-
quency of the microwaves generated by the first gener-
ation unit.

[0017] Hereinafter, preferred embodiments of the high-
frequency heating device according to the present dis-
closure will be described with reference to the accompa-
nying drawings. The high-frequency heating device ac-
cording to the present disclosure is specifically a micro-
wave oven. However, the high-frequency heating device
according to the present disclosure is not limited to this
and includes a heating device which uses dielectric heat-
ing, a garbage disposer, a semiconductor manufacturing
device, and the like.

[0018] In the subsequent description, the same refer-
ence marks are given to the same or equivalent structural
elements and redundant description thereof will be omit-
ted.

EMBODIMENT 1
<Overall Configuration>

[0019] FIG. 1 and FIG. 2 are a vertical cross-sectional
view and a horizontal cross-sectional view, respectively,
which schematically illustrate a configuration of high-fre-
quency heating device 1a according to Embodiment 1 of
the present disclosure.

[0020] AsillustratedinFIG. 1andFIG. 2, high-frequen-
cy heating device 1a includes heating chamber 2, gen-
eration unit 8, surface wave exciter 9, connecting unit 12,
and control unit 14. Surface wave exciter 9 includes con-
necting unit 12 provided in a middle portion and surface
wave exciter 9a and surface wave exciter 9b provided
across connecting unit 12.

[0021] High-frequency heating device 1a is configured
to heat heating subject 6 (heating subjects 6a and 6b in
the present exemplary embodiment) placed on tray 4 us-
ing microwaves propagating on a surface of surface wave
exciter 9 in the surface wave mode.
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[0022] The structural elements will be described be-

low.
<Generation Unit>

[0023] Generation unit 8 includes a magnetron and an
inverter and is configured to generate microwaves under
control of control unit 14. Generation unit 8 may include,
for example, a solid-state oscillator and a power amplifier
instead of the magnetron and the inverter. In the present
exemplary embodiment, generation unit 8 corresponds
to the first generation unit.

[0024] Note that FIG. 2 schematically illustrates a sit-
uation in which microwaves in the surface wave mode
propagate on surface wave exciter 9 and also schemat-
ically illustrates a placement position of heating subject
6 on tray 4 (not illustrated in FIG. 2).

<Surface Wave Exciter>

[0025] Surface wave exciter 9 is provide below tray 4.
Surface wave exciter 9 heats heating subject 6 placed
on tray 4 by propagating microwaves in the surface wave
mode.

[0026] Surface wave exciter 9 is a stub-type surface
wave exciter having a periodic structure. Surface wave
exciter 9 includes a plurality of metal plates 11 arranged
on metal plate 13 at a predetermined interval.

[0027] The excitation frequency of surface wave excit-
er 9 depends on material, size, etc. In the case of the
stub-type surface wave exciter, the excitation frequency
can be set to a desired value by appropriately selecting
the height, interval, etc., of metal plates 11. Generally,
the excitation frequency of surface wave exciter 9 in-
creases as the height of metal plates 11 is reduced and
as the interval between metal plates 11 is reduced.
[0028] Metal plates 11 are arranged parallel to each
other. Surface wave exciters 9a and 9b propagate the
surface waves in a direction perpendicular to metal plate
11, that is, in the alinement direction of metal plates 11.
Propagation direction D (the horizontal direction in the
drawings) of the microwaves propagating on surface
wave exciters 9a and 9b in the surface wave mode match-
es the alinement direction of metal plates 11.

<Connecting Unit>

[0029] A gap is provided between surface wave excit-
ers 9a and 9b. Connecting unit 12 for supplying the mi-
crowaves to surface wave exciters 9a and 9b is provided
in this gap. The gap between surface wave exciters 9a
and 9b is located in the middle portion of surface wave
exciter 9 in propagation direction D of the microwaves.

[0030] Inthe presentexemplary embodiment, the mid-
dle portion in which connecting unit 12 is provided is lo-
cated in the very center of surface wave exciter 9 in prop-
agation direction D of the microwaves. However, it is suf-
ficient that the middle portion be other than the end por-
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tions of entire surface wave exciter 9 in propagation di-
rection D of the microwaves. In the present exemplary
embodiment, connecting unit 12 corresponds to the first
connecting unit.

[0031] Inthe presentembodiment, the microwaves are
supplied to the right end of surface wave exciter 9a and
the left end of surface wave exciter 9b through connecting
unit 12.

[0032] FIG. 1 and FIG. 2 illustrate box-shaped con-
necting unit 12. However, the shape of connecting unit
12 is arbitrary as long as connecting unit 12 can supply
the microwaves to surface wave exciter 9.

<Effects of Surface Wave Exciter>

[0033] Effects of surface wave exciter 9 will be de-
scribed with reference to FIG. 3. FIG. 3 schematically
illustrates a situation in which microwaves in the surface
wave mode propagate on surface wave exciter 9 and
also schematically illustrates a placement position of
heating subject 6 on tray 4 (not illustrated in FIG. 3) in
the horizontal cross-sectional view illustrated in FIG. 2.
[0034] As illustrated in FIG. 3, the microwaves gener-
ated by generation unit 8 are supplied to surface wave
exciters 9a and 9b through connecting unit 12.

[0035] Surface wave exciter 9a propagates surface
waves S1 in a direction away from surface wave exciter
9b (propagation direction D1). Surface wave exciter 9b
propagates surface waves S2 in a direction away from
surface wave exciter 9a (propagation direction D2). In
other words, propagation directions D1 and D2 are op-
posite to each other.

[0036] When the microwaves are supplied to the mid-
dle portion of surface wave exciter 9 in propagation di-
rection D of the microwaves, two surface waves S1 and
S2 which propagate in directions away from each other
are generated.

[0037] Heating subject 6a placed proximate to surface
wave exciter 9a is heated with surface waves S1 propa-
gating on surface wave exciter 9a. Heating subject 6b
placed proximate to surface wave exciter 9b is heated
with surface waves S2 propagating on surface wave ex-
citer 9b.

[0038] The intensity of surface waves S1 and S2 is
reduced, for example, when surface waves S1 and S2
are partially absorbed by heating subject 6 or are dis-
tanced from connecting unit 12. However, surface waves
S1 and surface waves S2 basically have substantially
the same level of intensity distribution and heat heating
subjects 6a and 6b to the same extent.

[0039] A conventional high-frequency heating device
is configured to supply microwaves only from an end por-
tion of a surface wave exciter in a propagation direction
of the microwaves. With the conventional configuration,
as the surface waves travel further in the propagation
direction, the intensity of the microwaves is exponentially
reduced and variations in heating increase.

[0040] This phenomenon is notable when a large heat-

10

15

20

25

30

35

40

45

50

55

ing subject is heated and when two or more heating sub-
jects are heated at the same time, as illustrated in FIG.
1 and FIG. 2.

[0041] In the present exemplary embodiment, con-
necting unit 12 is provided in the middle portion of surface
wave exciter 9 in propagation direction D of the micro-
waves. When supplied with the microwaves through con-
necting unit 12, surface wave exciter 9 generates surface
waves S1 which propagate from the middle portion to
one end portion and surface waves S2 which propagate
from the middle portion to the other end portion.

[0042] According to the present exemplary embodi-
ment, heating subjects 6a and 6b can be more evenly
heated with surface waves S1 and S2 than when the
microwaves are supplied only from one end portion of
surface wave exciter 9.

EMBODIMENT 2

[0043] High-frequency heating device 1b according to
Embodiment 2 of the present disclosure will be described
focusing on differences from Embodiment 1. FIG. 4 is a
horizontal cross-sectional view schematically illustrating
a configuration of high-frequency heating device 1b. FIG.
4 schematically illustrates a situation in which micro-
waves in the surface wave mode propagate on surface
wave exciter 9 and also schematically illustrates a place-
ment position of heating subject 6 on tray 4 (notillustrated
in FIG. 4).

[0044] As illustrated in FIG. 4, high-frequency heating
device 1b further includes connecting units 22 and 24
and divider 26 in addition to the elements according to
Embodiment 1.

[0045] Connecting units 22 and 24 are provided at both
ends of surface wave exciter 9 in propagation direction
D of the microwaves generated by generation unit 8 so
that the microwaves are supplied to surface wave exciter
9. In the present exemplary embodiment, connecting
units 22 and 24 correspond to the second connecting
unit and the third connecting unit, respectively.

[0046] Specifically, connecting unit 22 is provided at
an end portion of surface wave exciter 9a opposite sur-
face wave exciter 9b so that the microwaves are supplied
to surface wave exciter 9a. Connecting unit 24 is provided
at an end portion of surface wave exciter 9b opposite
surface wave exciter 9a so that the microwaves are sup-
plied to surface wave exciter 9b.

[0047] The microwaves supplied through connecting
unit 22 result in surface waves S3 which propagate on
surface wave exciter 9a from the left end of surface wave
exciter 9a toward connecting unit 12 in propagation di-
rection D2. The microwaves supplied through connecting
unit 24 result in surface waves S4 which propagate on
surface wave exciter 9b from the right end of surface
wave exciter 9b toward connecting unit 12 in propagation
direction D1.

[0048] Divider 26 distributes the microwaves generat-
ed by generation unit 8. As illustrated in FIG. 4, divider
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26 distributes and supplies the microwaves to connecting
units 12, 22, and 24. Specifically, microwaves having the
same frequency are supplied to connecting units 12, 22,
and 24. Specific examples of divider 26 include a Wilkin-
son power divider, a hybrid coupler, and a resistance
divider.

[0049] According to the present exemplary embodi-
ment, heating subject 6a is heated with surface waves
S1and S3, and heating subject 6b is heated with surface
waves S2 and S4. As a result, heating subjects 6a and
6b are more evenly heated than in Embodiment 1.
[0050] In the present exemplary embodiment, the mi-
crowaves generated by generation unit 8 are supplied to
surface wave exciter 9 through connecting units 12, 22,
and 24. Thus, the configuration can be simpler and the
manufacturing cost can be less than when a dedicated
generation unit is provided for one connecting unit.

EMBODIMENT 3

[0051] Regarding high-frequency heating device 1c
according to Embodiment 3 of the present disclosure,
only differences thereof from Embodiment 2 will be de-
scribed. FIG. 5 is a horizontal cross-sectional view sche-
matically illustrating a configuration of high-frequency
heating device 1c. FIG. 5 schematically illustrates a sit-
uation in which microwaves in the surface wave mode
propagate on surface wave exciter 9 and also schemat-
ically illustrates a placement position of heating subject
6 on tray 4 (not illustrated in FIG. 5).

[0052] As illustrated in FIG. 5, high-frequency heating
device 1c further includes generation unit 32 and gener-
ation unit 34. High-frequency heating device 1cincludes,
instead of control unit 14, control unit 36 configured to
control generation units 8, 32, and 34.

[0053] High-frequency heating device 1c does not in-
clude divider 26, but includes connecting units 22 and 24
connected to generation unit 32 and generation unit 34,
respectively. In the present exemplary embodiment, gen-
eration units 32 and 34 correspond to the second gen-
eration unit and the third generation unit, respectively.
[0054] According to the present exemplary embodi-
ment, heating subjects 6a and 6b are heated with not
only surface waves S1 and S2 originating from the mi-
crowaves supplied through connecting unit 12, but also
surface waves S3 and S4 originating from the micro-
waves supplied through connecting units 22 and 24.
[0055] In the present exemplary embodiment, gener-
ation units 8, 32, and 34 are connected to connecting
units 12,22, and 24, respectively. Therefore, microwaves
generated by generation units 8, 32, and 34 and having
frequencies different from each other can be supplied to
connecting units 12, 22, and 24. Surface waves S3 can
have a frequency different from those of surface waves
S1 and S2, and surface waves S4 can have a frequency
different from those of surface waves S1 and S2.
[0056] Thus, surface waves S1 and surface waves S3
do notinterfere with each other, and generation of stand-
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ing waves is inhibited. Surface waves S2 and surface
waves S4 do notinterfere with each other, and generation
of standing waves is inhibited. The heating characteris-
tics at the frequencies are combined, and thus heating
characteristics in which heating subject 6 is more effi-
ciently heated are obtained.

EMBODIMENT 4

[0057] Regarding high-frequency heating device 1d
according to Embodiment 4 of the present disclosure,
only differences thereof from Embodiment 3 will be de-
scribed. FIG. 6 is a horizontal cross-sectional view sche-
matically illustrating a configuration of high-frequency
heating device 1d. FIG. 6 schematically illustrates a sit-
uation in which microwaves in the surface wave mode
propagate on surface wave exciter 9 and also schemat-
ically illustrates a placement position of heating subject
6 on tray 4 (not illustrated in FIG. 6).

[0058] As illustrated in FIG. 6, high-frequency heating
device 1d includes generation unit 42 instead of gener-
ation units 32 and 34. High-frequency heating device 1d
includes, instead of control unit 36, control unit 46 con-
figured to control generation units 8 and 42.

[0059] High-frequency heating device 1d includes di-
vider 44 configured to distribute and supply the micro-
waves generated by generation unit 42 to connecting
units 22 and 24. In the present exemplary embodiment,
generation unit42 corresponds to the second generation
unit.

[0060] According to the present exemplary embodi-
ment, heating subjects 6a and 6b are heated with not
only surface waves S1 and S2 originating from the mi-
crowaves supplied through connecting unit 12, but also
surface waves S3 and S4 originating from the micro-
waves supplied through connecting units 22 and 24.
[0061] Inthe presentembodiment, generation unit 8 is
connected to connecting unit 12, and generation unit 42
is connected to connecting units 22 and 24 via divider
44. Therefore, microwaves generated by generation
units 8 and 42 and having frequencies different from each
other can be supplied to connecting units 12 and con-
necting units 22, and 24. Surface waves S3 and S4 can
have frequencies different from those of surface waves
S1 and S2.

[0062] Thus, surface waves S1 and surface waves S3
do not interfere with each other, and generation of stand-
ing waves is inhibited. Surface waves S2 and surface
waves S4 do notinterfere with each other, and generation
of standing waves is inhibited. The heating characteris-
tics at the frequencies are combined, and thus heating
characteristics in which heating subject 6 is more effi-
ciently heated are obtained.

[0063] In the present exemplary embodiment, gener-
ation unit 8 is provided corresponding to connecting unit
12, and generation unit 42 is provided corresponding to
connecting units 22 and 24. Thus, the configuration can
be simpler and the manufacturing cost can be less than
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when a dedicated generation unitis provided for one con-
necting unit.

[0064] Although Embodiments 1 to 4 have been de-
scribed above, the present disclosure is not limited to
these exemplary embodiments.

[0065] In Embodiments 1 to 4, connecting unit 12 is
provided in the middle portion of surface wave exciter 9
in propagation direction D of the microwaves. However,
two or more connecting units may be provided in the mid-
dle portion of surface wave exciter 9.

[0066] In Embodiments 1 to 4, surface wave exciter 9
includes connecting unit 12 provided in the gap of the
middle portion. However, as long as connecting unit 12
is provided in the middle portion of the surface wave ex-
citer, surface wave exciter 9 does not necessarily need
to have a gap in the middle portion.

[0067] InEmbodiments 2 to 4, connecting units 22 and
24 are provided at the both ends of surface wave exciter
9. However, one connecting unit may be provided at only
one end portion of surface wave exciter 9.

[0068] In Embodiment 3, generation units 8, 32, and
34 generate microwaves having frequencies different
from each other. However, there may be cases where
these microwaves have the same frequency.

INDUSTRIAL APPLICABILITY

[0069] As described above, the present disclosure is
applicable to a microwave oven, a dehydrator, a heating
device for pottery, a garbage disposer, a semiconductor
manufacturing device, and the like.

REFERENCE MARKS IN THE DRAWINGS

[0070]

1a, 1b, 1¢c,1d  high-frequency heating device

2 heating chamber

4 tray

6, 6a, 6b heating subject

8 generation unit (first generation unit)

9, 93, 9b surface wave exciter

1, 13 metal plate

12 connecting unit (first connecting unit)

14, 36, 46 control unit

22 connecting unit (second connecting
unit)

24 connecting unit (third connecting unit)

26, 44 divider

32 generation unit (second generation
unit)

34 generation unit (third generation unit)

42 generation unit (second generation
unit)
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Claims
1. A high-frequency heating device comprising:

a first generation unit configured to generate mi-
crowaves;

a surface wave exciter including a plurality of
metal plates and configured to heat a heating
subject by propagating the microwaves in a sur-
face wave mode, the plurality of metal plates
being periodically arranged at a predetermined
interval in a propagation direction of the micro-
waves; and

a first connecting unit disposed in a middle por-
tion of the surface wave exciter in the propaga-
tion direction of the microwaves generated by
the first generation unit so that the microwaves
are supplied to the surface wave exciter.

2. The high-frequency heating device according to
claim 1, further comprising:

a second connecting unit disposed at one end
portion of the surface wave exciter in the prop-
agation direction of the microwaves; and

a third connecting unit disposed at an other end
portion of the surface wave exciter in the prop-
agation direction of the microwaves.

3. The high-frequency heating device according to
claim 2, further comprising:
a divider configured to distribute the microwaves
generated by the first generation unit to the first con-
necting unit, the second connecting unit, and the
third connecting unit.

4. The high-frequency heating device according to
claim 2, further comprising:

a second generation unit configured to generate
microwaves having a frequency different from a
frequency of the microwaves generated by the
first generation unit and supply the microwaves
generated by the second generation unit to the
second connecting unit; and

a third generation unit configured to generate
microwaves having a frequency different from a
frequency of the microwaves generated by the
first generation unit and supply the microwaves
generated by the third generation unit to the third
connecting unit.

5. The high-frequency heating device according to
claim 4, wherein
the frequency of the microwaves generated by the
second generation unit is different from the frequen-
cy of the microwaves generated by the third gener-
ation unit.



11 EP 3 503 682 A1

6. The high-frequency heating device according to
claim 2, further comprising:

a second generation unit which generates mi-
crowaves having a frequency different from a
frequency of the microwaves generated by the
first generation unit; and

adivider configured to distribute the microwaves
generated by the second generation unit to the
second connecting unit and the third connecting
unit.

7. The high-frequency heating device according to
claim 6, wherein
the frequency of the microwaves generated by the
second generation unit is different from the frequen-
cy of the microwaves generated by the first genera-
tion unit.
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FIG. 3
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FIG. 5
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