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(54) HIGH-FREQUENCY HEATING DEVICE

(57) A high-frequency heating device (1a) includes
a generation unit (8), a surface wave exciter (10), a first
connecting unit (12), and a reuse unit (14). The genera-
tion unit (8) generates microwaves. The surface wave
exciter (10) includes a periodic structure and heats a
heating subject (6) by propagating the microwaves in a
surface wave mode. The first connecting unit (12) is dis-
posed at one end portion (15) of the surface wave exciter
(10). The microwaves generated by the generation unit

FIG. 1

(8) are supplied to the surface wave exciter (10) through
the first connecting unit (12). The reuse unit (14) reuses,
for heating the heating subject (6), the microwaves that
have reached another end portion (17) of the surface
wave exciter (10) located in the propagation direction of
the microwaves from one end portion (15) of the surface
wave exciter (10). According to the present aspect, mi-
crowaves that have not been absorbed by the heating
subject can be reused for heating the heating subject.

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 503 681 A1 2

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,
efficiently heating a heating subject has been a long-
standing goal. An objective of the present disclosure is
to provide a high-frequency heating device which con-
tributes to achieving the aforementioned goal.

[0006] A high-frequency heating device according to
one aspect of the present disclosure includes a genera-
tion unit, a surface wave exciter, a first connecting unit,
and a reuse unit.

[0007] The generation unit generates microwaves.
The surface wave exciter includes a periodic structure
and heats a heating subject by propagating the micro-
waves in a surface wave mode. The first connecting unit
is disposed at one end portion of the surface wave exciter.
The microwaves generated by the generation unit are
supplied to the surface wave exciter through the first con-
necting unit.

[0008] The reuse unit reuses, for heating the heating
subject, the microwaves in the surface wave mode that
have reached another end portion of the surface wave
exciter located in a propagation direction of the micro-
waves from one end portion of the surface wave exciter.
[0009] According to the present embodiment, micro-
waves that have not been absorbed by the heating sub-
ject can be reused for heating a heating subject. As a
result, the utilization efficiency of microwave energy can
be improved.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

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-
ically illustrating a configuration of a high-frequency
heating device according to Embodiment 1.

FIG. 3 is a horizontal cross-sectional view schemat-
ically illustrating a configuration of a high-frequency
heating device according to Embodiment 2.

FIG. 4 is a horizontal cross-sectional view schemat-
ically illustrating a configuration of a high-frequency
heating device according to Embodiment 3.

FIG. 5 is a perspective view illustrating a configura-
tion of a surface wave exciter according to Embod-
iment 3.

FIG. 6 is a perspective view illustrating a configura-
tion of a surface wave exciter according to Embod-
iment 3.

FIG. 7 is a horizontal cross-sectional view schemat-
ically illustrating a configuration of a high-frequency
heating device according to Embodiment 4.

DESCRIPTION OF EMBODIMENTS

[0011] A high-frequency heating device according to
the first aspect of the present disclosure includes a gen-
eration unit, a surface wave exciter, a first connecting
unit, and a reuse unit.

[0012] The generation unit is configured to generate
microwaves. The surface wave exciter includes a peri-
odic structure and heats a heating subject by propagating
the microwaves in a surface wave mode. The first con-
necting unit is disposed at one end portion of the surface
wave exciter. The microwaves generated by the gener-
ation unitare supplied to the surface wave exciter through
the first connecting unit.

[0013] Thereuseunitis configuredto reuse, for heating
the heating subject, the microwaves in the surface wave
mode that have reached another end portion of the sur-
face wave exciter located in a propagation direction of
the microwaves from one end portion of the surface wave
exciter.

[0014] In the high-frequency heating device according
to the second aspect of the present disclosure, the reuse
unit in the first aspect includes a reflective unit disposed
at another end portion of the surface wave exciter and
configured to reflect the microwaves that have reached
the other end portion of the surface wave exciter.
[0015] Inthe high-frequency heating device according
to the third aspect of the present disclosure, the reflective
unit in the second aspect is a waveguide which covers
the other end portion of the surface wave exciter.
[0016] In the high-frequency heating device according
to the fourth aspect of the present disclosure, the reuse
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unit in the first aspect includes a matching unit disposed
at the other end portion of the surface wave exciter and
configured to carry out, by impedance matching, mode
conversion of the microwaves in the surface wave mode
that have reached the other end portion.

[0017] The high-frequency heating device according
to the fifth aspect of the present disclosure further in-
cludes a power storage unit configured to store direct-
current power in addition to those according to the fourth
aspect. The reuse unit further includes a conversion unit
configured to convert, into the direct-current power, the
microwaves resulting from the mode conversion by the
matching unit, and supply the direct-current power to the
power storage unit.

[0018] Inthe high-frequency heating device according
to the sixth aspect of the present disclosure, the reuse
unit in the fourth aspect further includes: a second con-
necting unitdisposed at one of end portions of the surface
wave exciter; and a microwave transmission line which
connects the matching unit and the second connecting
unit.

[0019] Inthe high-frequency heating device according
to the seventh aspect of the present disclosure, the sur-
face wave exciter in the first aspect includes: a first por-
tion which propagates surface waves obtained from the
microwaves supplied through the first connecting unit; a
second portion connected to the first portion and config-
ured to change a propagation direction of the surface
waves; and a third portion which is connected to the sec-
ond portion and propagates the surface waves in the
propagation direction that has been changed. In the
present aspect, the reuse unit is the second portion and
the third portion.

[0020] Inthe high-frequency heating device according
to the eighth aspect of the present disclosure, the periodic
structure in any one of the first to seventh aspects in-
cludes a plurality of columnar pins horizontally periodi-
cally arranged.

[0021] 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.

[0022] 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>

[0023] FIG. 1 and FIG. 2 are a vertical cross-sectional
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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.

[0024] AsillustratedinFIG. 1andFIG. 2, high-frequen-
cy heating device 1a includes heating chamber 2, gen-
eration unit 8, surface wave exciter 10, connecting unit
12, reflective unit 14, and control unit 16. High-frequency
heating device 1a is configured to heat heating subject
6 placed on tray 4 by microwaves which propagate on a
surface of surface wave exciter 10 in a surface wave
mode.

[0025] Note that FIG. 2 schematically illustrates a sit-
uation in which microwaves in the surface wave mode
propagate on surface wave exciter 10 and also schemat-
ically illustrates a placement position of heating subject
6 on tray 4 (not illustrated in FIG. 2).

[0026] The structural elements will be described be-
low.

<Generation Unit>

[0027] Generation unit 8 includes a magnetron and an
inverter and is configured to generate microwaves under
control of control unit 16. A solid-state oscillator and a
power amplifier may constitute generation unit 8.

<Surface Wave Exciter>

[0028] Surface wave exciter 10 is disposed below tray
4. Surface wave exciter 10 heats heating subject 6 placed
on tray 4 by propagating the microwaves in the surface
wave mode.

[0029] Surface wave exciter 10 is a stub-type surface
wave exciter which is a metallic periodic structure. Sur-
face wave exciter 10 includes a plurality of metal plates
11 arranged on metal plate 13 at a predetermined inter-
val.

[0030] Surface wave exciter 10 does not need to be
the stub-type surface wave exciter and may be an inter-
digital surface wave exciter obtained by stamping a metal
plate into an interdigitated pattern. Surface wave exciter
10 may be formed using a dielectric plate such as an
alumna plate or a Bakelite plate instead of the metallic
periodic structure.

[0031] The excitation frequency of surface wave excit-
er 10 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 10 in-
creases as the height of metal plates 11 is reduced and
as the interval between metal plates 11 is reduced.
[0032] Metal plates 11 are arranged parallel to each
other. Surface wave exciter 10 propagates the surface
waves perpendicularly to metal plate 11, that is, along
the alinement of metal plates 11. The propagation direc-
tion of the microwaves propagating on surface wave ex-
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citer 10 in the surface wave mode matches the alinement
direction of metal plates 11.

<Connecting Unit>

[0033] Connecting unit 12 is disposed on power supply
edge 15 which is one end portion of surface wave exciter
10 (the left end of surface wave exciter 10 in FIG. 1 and
FIG. 2). The microwaves generated by generation unit 8
are supplied from power supply edge 15 to surface wave
exciter 10 through connecting unit 12. In the present ex-
emplary embodiment, connecting unit 12 is a rectangular
waveguide. Connecting unit 12 corresponds to the first
connecting unit.

<Reflective Unit>

[0034] Reflective unit 14 is disposed so as to cover
terminal edge 17. Terminal edge 17 is another end por-
tion of surface wave exciter 10 that is located in propa-
gation direction D1 from power supply edge 15 (the right
end of surface wave exciter 10 in FIG. 1 and FIG. 2).
Reflective unit 14 totally reflects, off terminal edge 17,
microwaves in the surface wave mode that have propa-
gated on the surface of surface wave exciter 10. In the
present exemplary embodiment, reflective unit 14 is a
rectangular waveguide.

<Effects of Surface Wave Exciter>

[0035] Effects of surface wave exciter 10 will be de-
scribed with reference to FIG. 2.

[0036] As illustrated in FIG. 2, the microwaves gener-
ated by generation unit 8 are supplied from power supply
edge 15 to surface wave exciter 10 through connecting
unit 12.

[0037] When the microwaves are supplied, surface
waves S1 which propagate on the surface of surface
wave exciter 10 are generated. Surface waves S1 prop-
agate in propagation direction D1 (in the figure, from the
left to the right) and heats heating subject 6 from below.
[0038] Surface waves S2, which are part of surface
waves S1, further propagate on the surface of surface
wave exciter 10 in propagation direction D1 without being
absorbed by heating subject 6, and reach terminal edge
17 of surface wave exciter 10. Reflective unit 14 reflects
surface waves S2 off terminal edge 17, reversing the
propagation direction of surface waves S2. The propa-
gation direction of surface waves S2 is changed from
propagation direction D1 to propagation direction D2 (in
the figure, from the right to the left).

[0039] Surface waves S2reflected by reflective unit 14
heat heating subject 6 from below by propagating on the
surface of surface wave exciter 10 from terminal edge
17 toward power supply edge 15.

[0040] In a conventional high-frequency heating de-
vice, microwaves in the surface wave mode that have
not been absorbed by heating subject 6 and have
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reached the terminal edge of the surface wave exciter
are radiated to space. The microwaves that have been
radiated to space do not contribute to heating of heating
subject 6; thus, the utilization efficiency of microwave en-
ergy is reduced.

[0041] In the present exemplary embodiment, heating
subject 6 is heated not only with surface waves S1, but
also with surface waves S2 reflected by reflective unit
14. In this way, high-frequency heating device 1a is ca-
pable of reusing, for heating a heating subject, micro-
waves that have not been absorbed by the heating sub-
ject. As a result, the utilization efficiency of microwave
energy can be improved.

[0042] In other words, in the present exemplary em-
bodiment, reflective unit 14 corresponds to a reuse unit
configured to reuse microwaves that have not been ab-
sorbed by heating subject 6 and have reached the ter-
minal edge of the surface wave exciter.

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.

[0044] FIG. 3is ahorizontal cross-sectional view sche-
matically illustrating a configuration of high-frequency
heating device 1b. FIG. 3 schematically illustrates a sit-
uation in which microwaves in the surface wave mode
propagate on surface wave exciter 10 and also schemat-
ically illustrates a placement position of heating subject
6 on tray 4 (not illustrated in FIG. 3).

[0045] In Embodiment 1, surface waves S2 that have
reached terminal edge 17 of surface wave exciter 10 are
reflected so that the microwaves are reused. In contrast,
in Embodiment 2, microwaves in the surface wave mode
are converted into microwaves in another mode by im-
pedance matching so that the microwaves are reused.
[0046] As illustrated in FIG. 3, high-frequency heating
device 1b includes matching unit 22 and conversion unit
24 instead of reflective unit 14. In the present exemplary
embodiment, matching unit 22 and conversion unit 24
correspond to the reuse unit. High-frequency heating de-
vice 1b further includes power storage unit 26.

[0047] Matching unit 22 is connected to terminal edge
17 of surface wave exciter 10. Conversion unit 24 is con-
nected to matching unit 22 by microwave transmission
line 23 and is connected to power storage unit 26 by
direct-current power transmission line 25. Power storage
unit 26 is connected to generation unit 8 and supplies
power to generation unit 8.

[0048] Matching unit22 is animpedance matching de-
vice configured to provide impedance matching for mi-
crowaves. Through the impedance matching, micro-
waves in the surface wave mode can be converted into
microwaves in a co-axial mode or microwaves in a
waveguide mode. Hereinafter, this will be referred to as
mode conversion by impedance matching.

[0049] Inthe case of converting microwaves in the sur-
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face wave mode into microwaves in the waveguide
mode, matching unit 22 may have a stepped stub struc-
ture. In the case of converting microwaves in the surface
wave mode into microwaves in the coaxial mode, match-
ing unit 22 may have a two-step structure which converts
microwaves in the surface wave mode into microwaves
in the waveguide mode and then, converts the micro-
waves into microwaves in the coaxial mode. Matching
unit 22 is not limited to these and may have various struc-
tures.

[0050] Microwave transmission line 23 may be formed
of a co-axial line or a waveguide line, for example. Ac-
cording to the present exemplary embodiment, matching
unit 22 converts microwaves in the surface wave mode
into microwaves in the co-axial mode or the waveguide
mode. Therefore, the microwaves can be transmitted to
conversion unit 24, which is another structural element,
by microwave transmission line 23.

[0051] Conversion unit24 is a member which converts
microwaves, which are alternating-current power, into di-
rect-current power. For example, a rectifying antenna
(rectenna) may be used for conversion unit 24.

[0052] In the above-described configuration, heating
subject 6 is heated with surface waves S1 obtained from
the microwaves supplied through connecting unit 12.
Surface waves S2 thathave propagated on surface wave
exciter 10 without being absorbed by heating subject 6
reach terminal edge 17.

[0053] Matching unit 22 generates microwaves in the
co-axial mode or the waveguide mode by carrying out,
by impedance matching, mode conversion of the micro-
waves (surface waves S2) in the surface wave mode that
have reached terminal edge 17. Matching unit 22 trans-
mits the microwaves resulting from the mode conversion
to conversion unit 24 by microwave transmission line 23.
[0054] Conversion unit 24 converts the microwaves in-
to direct-current power and transmits the direct-current
power to power storage unit 26 by direct-current power
transmission line 25. Power storage unit 26 stores the
direct-current power as power to be supplied to genera-
tion unit 8.

[0055] As described above, high-frequency heating
device 1b converts the microwaves that have not been
absorbed by heating subject 6 into the direct-current pow-
er using matching unit 22 and conversion unit 24. This
direct-current power is stored in power storage unit 26
and, when required, is supplied to generation unit 8.
[0056] In this way, high-frequency heating device 1b
is capable of reusing, for heating a heating subject, mi-
crowaves that have not been absorbed by the heating
subject. As aresult, the utilization efficiency of microwave
energy can be improved.

EMBODIMENT 3

[0057] High-frequency heating device 1c according to
Embodiment 3 of the present disclosure will be described
focusing on differences from Embodiment 2. FIG. 4 is a
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horizontal cross-sectional view schematically illustrating
a configuration of high-frequency heating device 1c. FIG.
4 schematically illustrates a situation in which micro-
waves in the surface wave mode propagate on surface
wave exciter 20 and also schematically illustrates a
placement position of heating subject 6 on tray 4 (not
illustrated in FIG. 4).

[0058] As illustrated in FIG. 4, high-frequency heating
device 1c does not include conversion unit 24 or power
storage unit 26, but includes connecting unit 32 instead.
High-frequency heating device 1c includes surface wave
exciter 20 instead of surface wave exciter 10. Surface
wave exciter 20 has a configuration different from the
configuration of surface wave exciter 10 according to Em-
bodiment 2. Connecting unit 32 corresponds to the sec-
ond connecting unit.

[0059] High-frequency heating device 1cincludes con-
necting unit 32 in addition to connecting unit 12. Con-
necting unit 32 is disposed on power supply edge 33
which is an end portion of surface wave exciter 20 differ-
ent from power supply edge 15 and terminal edge 17. In
the present exemplary embodiment, surface wave excit-
er 20 has the shape of an approximate square in plan
view, and connecting unit 32 is disposed on power supply
edge 33 orthogonal to power supply edge 15. Connecting
unit 32 is connected to matching unit 22 by microwave
transmission line 31.

[0060] In the above-described configuration, heating
subject 6 is heated with surface waves S1 obtained from
the microwaves supplied through connecting unit 12.
Surface waves S2, which are part of surface waves S1,
propagate on the surface of surface wave exciter 10 with-
out being absorbed by heating subject 6, and reach ter-
minal edge 17.

[0061] Matching unit 22 generates microwaves in the
co-axial mode or the waveguide mode by carrying out,
by impedance matching, mode conversion of the micro-
waves (surface waves S2) in the surface wave mode that
have reached terminal edge 17. Matching unit 22 trans-
mits the microwaves resulting from the mode conversion
to connecting unit 32 by microwave transmission line 31.
[0062] The microwaves are supplied to surface wave
exciter 20 through power supply edge 33 by way of con-
necting unit 32. With the microwaves, surface waves S3,
which propagate in propagation direction D3 orthogonal
to propagation direction D1 of surface waves S1 and S2,
are generated. Heating subject 6 is heated also with sur-
face waves S3. Thus, in the present exemplary embod-
iment, matching unit 22 and connecting unit 32 corre-
spond to the reuse unit.

[0063] Surface wave exciter 20 according to the
present exemplary embodiment has a pin-type stub
structure. The pin-type stub structure is a periodic struc-
ture including a plurality of columnar pins horizontally pe-
riodically arranged.

[0064] FIG.5andFIG. 6illustrate examples of the pin-
type stub structure. Surface wave exciter 20 illustrated
in FIG. 5 includes pins 20a each in the shape of a quad-
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rangular prism. Surface wave exciter 20 illustrated in FIG.
6 includes pins 20b each in the shape of a circular cylin-
der. In surface wave exciter 20, the surface waves can
propagate along in the alinement of the pins, that is, in
an arbitrary direction parallel to the horizontal plane in
which the pins are arranged.

[0065] As described above, in high-frequency heating
device 1c¢, microwaves that have not been absorbed by
heating subject 6 are re-supplied to surface wave exciter
20 through connecting unit 32. In this way, high-frequen-
cy heating device 1c is capable of reusing, for heating a
heating subject, microwaves that have not been ab-
sorbed by the heating subject. As a result, the utilization
efficiency of microwave energy can be improved.

EMBODIMENT 4

[0066] High-frequency heating device 1d according to
Embodiment 4 of the present disclosure will be described
focusing on differences from Embodiment 1. FIG. 7 is a
horizontal cross-sectional view schematically illustrating
a configuration of high-frequency heating device 1d. FIG.
7 schematically illustrates a situation in which micro-
waves in the surface wave mode propagate on surface
wave exciter 30 and also schematically illustrates a
placement position of heating subject 6 on tray 4 (not
illustrated in FIG. 7).

[0067] High-frequency heating device 1d does not in-
clude reflective unit 14 which is the reuse unit, but in-
cludes surface wave exciter 30 which, because of its
shape, can reuse microwaves that have not been ab-
sorbed by heating subject 6.

[0068] As illustrated in FIG. 7, surface wave exciter 30
is curved in a U-shape in plan view. Specifically, surface
wave exciter 30 includes straight portion 30a, curved por-
tion 30b, and straight portion 30c. Heating subject 6 is
placed on tray 4 (not illustrated in the drawings), on and
between straight portions 30a and 30c. Straight portion
30a, curved portion 30b, and straight portion 30c corre-
spond to the first portion, the second portion, and the
third portion, respectively.

[0069] Straight portion 30a extends in a straight line in
plan view and propagates, in propagation direction D1,
surface waves S1 obtained from the microwaves sup-
plied through connecting unit 12. Surface waves S2,
which are part of surface waves S1, further propagate
onstraight portion 30a withoutbeing absorbed by heating
subject 6, and reach the terminal edge of straight portion
30a.

[0070] Curved portion 30b has the shape of a fan with
a central angle of 180 degrees in plan view and connects
straight portion 30a and straight portion 30c. Surface
waves S2 that have propagated from straight portion 30a
to curved portion 30b in propagation direction D1 prop-
agate from curved portion 30b to straight portion 30c in
propagation direction D2. In other words, curved portion
30b changes the propagation direction of surface waves
S2. In the present exemplary embodiment, the propaga-
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tion direction of surface waves S2 is reversed.

[0071] Straight portion 30c is connected to curved por-
tion 30b and extends in a straight line in plan view.
Straight portion 30c propagates, in propagation direction
D2, surface waves S2 that have been reversed in the
propagation direction by curved portion 30b.

[0072] With the above-described configuration, heat-
ing subject 6 is heated with surface waves S1 obtained
as a result of propagation, on straight portion 30a, of the
microwaves supplied through connecting unit 12. In ad-
dition, heating subject 6 is also heated with surface waves
S2 propagating on straight portion 30c in the propagation
direction reversed by the curved portion 30b.

[0073] In the present exemplary embodiment, the re-
use unitis not formed of other members such as reflective
unit 14 and matching unit 22 unlike in Embodiments 1
and 2. Curved portion 30b and straight portion 30c in-
cluded in surface wave exciter 30 function as the reuse
unit.

[0074] As described above, high-frequency heating
device 1d uses again, for heating heating subject 6, mi-
crowaves that have not been absorbed by heating sub-
ject 6. In this way, high-frequency heating device 1d is
capable of reusing, for heating a heating subject, micro-
waves that have not been absorbed by the heating sub-
ject. As a result, the utilization efficiency of microwave
energy can be improved.

[0075] Although Embodiments 1 to 4 have been de-
scribed above, the present disclosure is not limited to
these exemplary embodiments.

[0076] For example, in Embodiment 1, reflective unit
14 is disposed so as to cover terminal edge 17 of surface
wave exciter 10. However, another configuration is also
applicable as long as the surface waves can be reflected.
For example, reflective unit 14 may completely cover sur-
face wave exciter 10.

[0077] In Embodiment 1, all metal plates 11 included
in surface wave exciter 10 are set to the same height.
However, metal plates 11 covered by reflective unit 14
may be stepwise reduced in height toward terminal edge
17, for example. With this configuration, the surface
waves can be more accurately reflected.

[0078] In Embodiment 2, the rectenna is given as an
example of conversion unit 24. However, this is not lim-
iting as long as the microwaves can be converted into
direct-current power.

[0079] In Embodiment 3, connecting unit 32 is dis-
posed on power supply edge 33 which is an end portion
of surface wave exciter 20 different from power supply
edge 15 and terminal edge 17. However, power supply
edge 33 may be disposed on power supply edge 15 or
terminal edge 17.

[0080] Inthe presentdisclosure, only surface wave ex-
citer 20 according to Embodiment 3 has a pin-type stub
structure. However, surface wave exciters 10 according
to Embodiments 1 and 2 and surface wave exciter 30
according to Embodiment 4 may each have the pin-type
stub structure.
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[0081] In Embodiment 4, surface wave exciter 30 is U-
shaped. However, the shape of surface wave exciter 30
is not limited to this as long as surface wave exciter 30
changes the propagation direction of surface waves S2
that have propagated on surface wave exciter 30.

INDUSTRIAL APPLICABILITY

[0082] The presentdisclosure is applicable to a micro-
wave oven, a dehydrator, a heating device for pottery, a
garbage disposer, a semiconductor manufacturing de-
vice, and the like.

REFERENCE MARKS IN THE DRAWINGS

[0083]

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

4 tray

6 heating subject

8 generation unit

10, 20, 30 surface wave exciter

12 connecting unit (first connecting unit)

14 reflective unit (reuse unit)

15 power supply edge (one end portion of
surface wave exciter)

16 control unit

17 terminal edge (another end portion of
surface wave exciter)

20a, 20b pin

22 matching unit (reuse unit)

23, 31 microwave transmission line

24 conversion unit (reuse unit)

25 direct-current power transmission line

26 power storage unit

30a straight portion (first portion)

30b curved portion (second portion)

30c straight portion (third portion)

32 connecting unit (second connecting
unit and reuse unit)

33 power supply edge

Claims

1. A high-frequency heating device comprising:

a generation unit configured to generate micro-
waves;

asurface wave exciter including a periodic struc-
ture and configured to heat a heating subject by
propagating the microwaves in a surface wave
mode;

a first connecting unit which is disposed at one
end portion of the surface wave exciter and
through which the microwaves generated by the
generation unit are supplied to the surface wave
exciter; and
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a reuse unit configured to reuse, for heating the
heating subject, the microwaves in the surface
wave mode that have reached an other end por-
tion of the surface wave exciter, the other end
portion being located in a propagation direction
of the microwaves from the one end portion of
the surface wave exciter.

The high-frequency heating device according to
claim 1, wherein

the reuse unit includes a reflective unit disposed at
the other end portion of the surface wave exciter and
configured to reflect the microwaves that have
reached the other end portion of the surface wave
exciter.

The high-frequency heating device according to
claim 2, wherein

the reflective unit is a waveguide which covers the
other end portion of the surface wave exciter.

The high-frequency heating device according to
claim 1, wherein

the reuse unit includes a matching unit disposed at
the other end portion of the surface wave exciter and
configured to carry out, by impedance matching,
mode conversion of the microwaves in the surface
wave mode that have reached the other end portion.

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

a power storage unit configured to store direct-
current power, wherein

the reuse unit further includes a conversion unit
configured to convert, into the direct-current
power, the microwaves resulting from the mode
conversion by the matching unit, and supply the
direct-current power to the power storage unit.

The high-frequency heating device according to
claim 4, wherein

the reuse unit further includes: a second connecting
unit disposed at one of end portions of the surface
wave exciter; and a microwave transmission line
which connects the matching unit and the second
connecting unit.

The high-frequency heating device according to
claim 1, wherein

the surface wave exciter includes: a first portion
which propagates surface waves obtained from the
microwaves supplied through the first connecting
unit; a second portion connected to the first portion
and configured to change a propagation direction of
the surface waves; and a third portion which is con-
nected to the second portion and propagates the sur-
face waves in the propagation direction that has
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been changed, and
the reuse unit is the second portion and the third
portion.

The high-frequency heating device according to
claim 1, wherein

the periodic structure includes a plurality of columnar
pins horizontally periodically arranged.
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FIG. 1
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