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Description

Technical Field

[0001] The present invention relates to microwave
heating apparatuses including microwave generating
portions formed from semiconductor devices.

Background Art

[0002] Some conventional microwave heating appara-
tuses of this type have been adapted to include an oscil-
lation portion constituted by semiconductor devices, a
plurality of amplification portions for amplifying the output
of the oscillation portion, a heating room which is supplied
with microwave electric powers outputted from the am-
plification portions through feeding portions, and an im-
pedance detection portion for detecting the impedances
of the feeding portions for supplying microwave electric
powers to the heating room (refer to Unexamined Japa-
nese Patent Publication No. S59-165399, for example).
Such conventional microwave heating apparatuses have
been adapted to control the oscillating frequency based
on the result of detection by the impedance detection
portion, to thereby perform stable cooking on objects to
be heated within the heating room without inducing heat-
ing unevenness.
[0003] Also, there have been some conventional mi-
crowave heating apparatuses adapted to include a mi-
crowave heating power source which is variable in oscil-
lating frequency, an antenna serving as a feeding portion
for supplying microwave electric power to a heating room,
and a detector for detecting reflected electric power from
the antenna (refer to Examined Japanese Patent Publi-
cation No. S62-048354, for example). The conventional
microwave heating apparatuses have been adapted to
track an oscillating frequency of the microwave heating
power source which minimizes the reflected electric pow-
er and to drive the microwave heating power source
around this oscillating frequency, to thereby continuously
drive the microwave heating power source with higher
electric power efficiency.
[0004] Further, there have been also some conven-
tional microwave heating apparatuses adapted to include
an oscillation portion constituted by semiconductor de-
vices, a dividing portion for dividing the output of the os-
cillation portion into a plurality of parts, a plurality of am-
plification portions for amplifying the respective outputs
resulted from the division, and a synthesizing portion for
synthesizing the outputs of the amplification portions (re-
fer to Unexamined Japanese Patent Puplication No.
S56-132793, for example). Such conventional micro-
wave heating apparatuses have been provided with a
phase shifter between the dividing portion and the am-
plification portions. These conventional microwave heat-
ing apparatuses have been adapted to control the phase
shifter for arbitrarily and immediately changing the phase
difference and the ratio between electric powers radiated

from the plurality of antennas, in order to perform uniform
heating on objects to be heated within the heating room.
[0005] In conventional microwave heating apparatus-
es, there have been suggested multi-feeding systems for
supplying electricity to heating rooms through a plurality
of antennas. However, microwave heating apparatus
employing such multi-feeding systems have had the
problem of difficulty of heating, in desired states, various
amounts of various objects to be heated having different
shapes and being of different types which are housed in
the heating room.
[0006] With a microwave heating apparatus employing
a single-feeding system for supplying microwave electric
power to a heating room through a single antenna, it is
possible to optimize the oscillating frequency based on
results of detections of reflected electric power and im-
pedances in the heating room, thereby adjusting heating
unevenness for performing operations with higher elec-
tric power efficiency. However, supply of microwave elec-
tric power to a heating room at a single position has been
insufficient to properly heat various amounts of various
objects to be heated having different shapes and being
of different types. In cases of applying the structures of
conventional microwave heating apparatuses to multi-
feeding systems having antennas as feeding portions at
a plurality of positions, it is impossible to grasp influences
of electric power transmitted between the feeding por-
tions, only through detection of impedances in the heat-
ing room, thereby inducing the problem of larger detec-
tion errors.
[0007] With control for operating feeding portions at a
plurality of positions at the same oscillating frequency
and for tracking the frequency, the distribution of synthe-
sized electromagnetic waves is fixed, which has made it
impossible to find optimum heating conditions depending
on the placement of objects to be heated. Therefore, such
control has been insufficient to cope with various
amounts of various objects to be heated having different
shapes and being of different types.
[0008] Further, conventional microwave heating appa-
ratuses have had difficulty in properly heating, in desired
states, various amounts of various objects to be heated
having different shapes and being of different types only
by changing the phase difference and the ratio between
electric powers radiated from antennas serving as a plu-
rality of feeding portions, thereby having induced the
problem of poor heating efficiency.
[0009] Further, conventional microwave heating appa-
ratuses have had the problem of necessity of excessively
longer time periods for performing detection of imped-
ances in the heating room and tracking of reflected elec-
tric power for conditions of all combinations of phase-
difference controls and oscillating-frequency controls for
feeding portions at a plurality of positions, in order to con-
firm an oscillating frequency which minimizes the reflect-
ed electric power.
[0010] EP 2 051 564 A1 describes a microwave oven
which includes a microwave generation device and a

1 2 



EP 2 549 832 B1

3

5

10

15

20

25

30

35

40

45

50

55

case. Three antennas are provided in the case. The two
antennas are opposite each other along a horizontal di-
rection. In the microwave generation device, a power dis-
tributor almost equally distributes a microwave generat-
ed by a microwave generator among phase variators.
Each of the phase variators adjusts the phase of the fed-
microwave. This causes a phase difference between mi-
crowaves respectively radiated from the opposite two an-
tennas to change. The microwaves are respectively ra-
diated from the antennas.
[0011] US-2009/321427 A1 relates to a microwave ov-
en. Generally and not exclusively, a microwave cooking
oven to cook food in a microwave chamber includes at
least one array of radiation detectors. An exemplary
method includes sensing an optical depth of the item
along each of multiple beam paths from at least two sides
of the item, and mapping isothermal regions in the interior
of the item 3-dimensionally based on the sensing. An-
other exemplary method includes sensing a microwave
power representing a value of a heatability property for
each of multiple regions of the same item, and applying
a different measure of the microwave power to each of
the different regions according to the value of the heat-
ability property in each individual region.; Yet another
exemplary method includes sensing different frequen-
cies of the microwave power in the microwave chamber,
and changing the frequency of the microwave power for
heating the item, as the item undergoes heating.

Citation List

Patent Literatures

[0012]

PLT 1: Unexamined Japanese Patent Publication
No. S59-165399
PLT 2: Examined Japanese Patent Publication No.
S62-048354
PLT 3: Unexamined Japanese Patent Publication
No. S56-132793
PLT 4: EP 2 051 564 A1
PLT 5: US 2009 / 321427 A1

SUMMARY OF THE INVENTION

[0013] The invention is defined by the subject-matter
of independent claim 1. The dependent claims are direct-
ed to advantageous embodiments.

ADVANTAGES OF THE INVENTION

[0014] The present invention was made in order to
overcome the problems in the conventional microwave
heating apparatuses and aims at detecting the state of
placement of objects to be heated, determining optimum
heating conditions for the detected state of placement of
the objects to be heated more rapidly and more accu-

rately, and optimally controlling heating operations based
on the determined heating conditions. According to the
present invention, there is provided a microwave heating
apparatus which is capable of heating, in desired states,
various amounts of various objects to be heated having
different shapes and being of different types in shorter
time periods, and is capable of reducing the microwave
electric power returning from a heating room to feeding
portions, at the same time, thereby enabling heating op-
erations with higher efficiency.
[0015] A microwave heating apparatus in a first aspect
of the present invention comprises
a heating room adapted to house an object to be heated;
a placement table provided within the heating room and
including a placement surface for placing the object to
be heated;
an oscillation portion adapted to generate microwave
electric power;
an electric-power dividing portion adapted to divide an
output of the oscillation portion into a plurality of parts;
a plurality of feeding portions placed on a wall surface in
the heating room and adapted to supply respective out-
puts of the electric-power dividing portion to the heating
room;
a phase variation portion provided in a transmission path
between the electric-power dividing portion and the feed-
ing portions and adapted to vary, in phase, at least one
of the outputs of the electric-power dividing portion;
a plurality of electric-power detection portions adapted
to detect reflected electric power returning from the heat-
ing room to the feeding portions;
a control portion adapted to control an oscillating frequen-
cy of the oscillation portion and the output phase of the
phase variation portion;
characterized by:

a movement mechanism portion adapted to relative-
ly move a position of a straight line connecting to
each other two feeding portions, out of the plurality
of feeding portions, with respect to the object to be
heated on the placement table;
wherein the control portion is further adapted to:

control the position to which the movement
mechanism portion moves,
relatively move through the movement mecha-
nism portion the position of the straight line con-
necting to each other the two feeding portions
with respect to the object to be heated,
supply microwave electric powers controlled by
the phase variation portion, to the heating room,
through the two feeding portions, and
detect a phase difference between the micro-
wave electric powers which minimizes the re-
flected electric power returning from the heating
room to the two feeding portions for detecting a
state of placement of the object to be heated on
the placement table. The microwave heating ap-
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paratus having the structure in the first aspect
is capable of detecting the state of placement of
the object to be heated and, further, determining
optimum heating conditions based on the de-
tected state of placement of the object to be
heated more rapidly and more accurately, and
is thus capable of optimally controlling heating
operations based on the determined heating
conditions. As a result thereof, the microwave
heating apparatus in the first aspect is capable
of heating, in desired states, various amounts
of various objects to be heated having different
shapes and being of different types in shorter
time periods, and is also capable of reducing the
microwave electric power returning from the
heating room, at the same time, thereby ena-
bling heating operations with higher efficiency.

[0016] In a microwave heating apparatus in a second
aspect of the present invention, the control portion in the
first aspect is adapted to supply microwave electric pow-
ers having a phase difference through the two feeding
portions to the heating room, and is adapted to detect a
phase difference which minimizes the reflected electric
power returning from the heating room to the two feeding
portions for detecting the state of placement of the object
to be heated on the placement table in a vertical plane
including the straight line connecting the two feeding por-
tions to each other. The microwave heating apparatus
having the structure in the second aspect is adapted to
detect the phase difference which minimizes the reflected
electric power, for the object to be heated on the place-
ment table in the vertical plane including the straight line
connecting the two feeding portions to each other, and
therefore is capable of easily detecting the state of place-
ment of the object to be heated with higher accuracy, and
is thus capable of detecting optimum heating conditions,
with higher accuracy, in shorter time periods, for various
amounts of various objects to be heated having different
shapes and being of different types.
[0017] In a microwave heating apparatus in a third as-
pect of the present invention, the control portion in the
second aspect is adapted to control at least the feeding
portions, the phase variation portion and the movement
mechanism portion, based on the detected state of the
placement of the object to be heated on the placement
table. The microwave heating apparatus having the
structure in the second aspect is adapted to detect the
phase difference which minimizes the reflected electric
power, for the object to be heated on the placement table
in the vertical plane including the straight line connecting
the two feeding portions to each other, and therefore is
capable of easily detecting the state of placement of the
object to be heated with higher accuracy, and is thus
capable of detecting optimum heating conditions, with
higher accuracy, in shorter time periods, for various
amounts of various objects to be heated having different
shapes and being of different types.

[0018] In a microwave heating apparatus in a fourth
aspect of the present invention, the placement table in
the third aspect is adapted to be rotatable, and is adapted
such that the object to be heated on the placement table
passes through the vertical plane including the straight
line connecting the two feeding portions to each other,
when the placement table is rotated by the movement
mechanism portion. The microwave heating apparatus
having the structure in the fourth aspect is capable of
easily and accurately detecting the state of placement of
the object to be heated on the placement table in the
vertical plane including the straight line connecting the
two feeding portions to each other, and therefore is ca-
pable of detecting optimum heating conditions, in shorter
time periods, for various amounts of various objects to
be heated having different shapes and being of different
types.
[0019] A microwave heating apparatus in a fifth aspect
of the present invention, wherein one of the two feeding
portions in the fourth aspect is placed near an outer pe-
riphery of the placement table, while the other feeding
portion is placed near a center of the placement table.
The microwave heating apparatus having the structure
in the fifth aspect is capable of detecting the state of
placement of the object to be heated with higher accu-
racy, and therefore is capable of detecting optimum heat-
ing conditions, with higher accuracy, in shorter time pe-
riods, for various amounts of various objects to be heated
having different shapes and being of different types.
[0020] A microwave heating apparatus in a sixth as-
pect of the present invention, wherein at least a single
feeding portion of the plurality of feeding portions in the
third aspect comprises a rotational feeding portion which
is coupled to the movement mechanism portion such that
a direction of radiation is rotatable, while the other feeding
portions comprise fixed feeding portions placed to be
faced in the direction of radiation from the rotational feed-
ing portion, and
one feeding portion of the two feeding portions, which
are supplied with microwave electric powers, forms the
rotational feeding portion.
The microwave heating apparatus having the structure
in the sixth aspect is adapted to move radiation of micro-
waves among a plurality of directions through the move-
ment mechanism portion and to detect the reflected elec-
tric power a plurality of times, and therefore is capable
of detecting the state of placement of the object to be
heated with higher accuracy and is capable of detecting
optimum heating conditions, in shorter time periods, for
various amounts of various objects to be heated having
different shapes and being of different types.
[0021] In a microwave heating apparatus in a seventh
aspect of the present invention, the control portion in the
fifth aspect is adapted to detect a position, a number and
a size of the object to be heated on the placement table
in the vertical plane including the straight line connecting
the two feeding portions to each other, by causing the
movement mechanism to stop the rotation of the place-
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ment table. The microwave heating apparatus having the
structure in the seventh aspect is adapted to detect the
reflected electric power in a state where the object to be
heated is stopped, and therefore is capable of detecting
the state of placement of the object to be heated with
higher accuracy.
[0022] In a microwave heating apparatus in an eighth
aspect of the present invention, the control portion in the
fifth aspect is adapted to detect the position, the number
and the size of the object to be heated on the placement
table in the vertical plane including the straight line con-
necting the two feeding portions to each other, while
causing the movement mechanism to keep rotating the
placement table. The microwave heating apparatus hav-
ing the structure in the eighth aspect is capable of con-
tinuously grasping the change of the reflected electric
power in the direction of the path of the movement of the
object to be heated.
[0023] In a microwave heating apparatus in a ninth as-
pect of the present invention, the control portion in the
third aspect is adapted to detect the state of placement
of the object to be heated on the placement table in an
initial stage in a heating operation and to control at least
the feeding portions, the phase variation portion and the
movement mechanism portion, and is adapted to perform
an actual heating operation thereafter. The microwave
heating apparatus having the structure in the ninth aspect
is capable of determining optimum heating conditions ac-
cording to the detected state of placement of the object
to be heated, more rapidly and more accurately, and is
capable of optimally controlling heating operations based
on the determined heating conditions.
[0024] In a microwave heating apparatus in a tenth as-
pect of the present invention, the control portion in the
sixth aspect is adapted to supply respective microwave
electric powers having a controlled phase difference to
the rotational feeding portion and the fixed feeding por-
tions placed to be faced in the direction of radiation from
the rotational feeding portion, and is adapted to detect
the state of placement of the object to be heated on the
placement table in the vertical plane including the straight
line connecting the rotational feeding portion and the
fixed feeding portions having been supplied with the mi-
crowave electric powers, to each other. The microwave
heating apparatus having the structure in the tenth aspect
is capable of detecting the state of placement of the object
to be heated with higher accuracy, and is capable of de-
tecting optimum heating conditions, in shorter time peri-
ods, for various amounts of various objects to be heated
having different shapes and being of different types.
[0025] In a microwave heating apparatus in an elev-
enth aspect of the present invention, the fixed feeding
portions in the sixth aspect are placed at even intervals
at positions in a radial shape centered on the rotational
feeding portion, and
the control portion is adapted to detect the state of place-
ment of the object to be heated on the placement table,
by rotating the direction of radiation from the rotational

feeding portion. The microwave heating apparatus hav-
ing the structure in the eleventh aspect is adapted to
move radiation of microwaves among a plurality of direc-
tions through the rotation of the rotational feeding portion
and to detect the reflected electric power a plurality of
times, and therefore is capable of grasping the state of
placement of the object to be heated more continuously
and is capable of detecting optimum heating conditions,
in shorter time periods, for various amounts of various
objects to be heated having different shapes and being
of different types.
[0026] In a microwave heating apparatus in a twelfth
aspect of the present invention, the control portion in the
eleventh aspect is adapted to detect the state of place-
ment of the object to be heated on the placement table,
by successively stopping the direction of radiation from
the rotational feeding portion at positions where the di-
rection of radiation is faced to the fixed feeding portions.
The microwave heating apparatus having the structure
in the twelfth aspect is capable of accurately grasping
the change of the reflected electric power in the direction
of the path of the movement of the object to be heated,
and therefore is capable of detecting more detailed in-
formation about the object to be heated, such as the size
and the number, and is capable of determining optimum
heating conditions, in shorter time periods, for various
amounts of various objects to be heated having different
shapes and being of different types.

Advantageous Effects of Invention

[0027] The microwave heating apparatus according to
the present invention is capable of accurately detecting
the state of placement of objects to be heated within the
heating room, determining optimum heating conditions
according to the detected state of placement of the ob-
jects to be heated more rapidly and more accurately, and
optimally controlling heating operations based on the de-
termined heating conditions. As a result thereof, accord-
ing to the present invention, it is possible to certainly heat,
in desired states, various amounts of various objects to
be heated having different shapes and being of different
types in shorter time periods, and it is possible to reduce
the microwave electric power returning from the heating
room to the feeding portions, at the same time, thereby
enabling heating operations with higher efficiency.

Brief Description of Drawings

[0028]

Fig. 1 is a block diagram illustrating the structure of
a microwave generating portion in a microwave heat-
ing apparatus according to a first embodiment of the
present invention.
Fig. 2 is a view of propagation of microwaves in the
microwave heating apparatus according to the first
embodiment of the present invention.
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Fig. 3 is a view of propagation of microwaves having
a phase difference, in the microwave heating appa-
ratus according to the first embodiment of the
present invention.
Fig. 4 is a view of placement of feeding potions in
the microwave heating apparatuses according to the
first embodiment of the present invention.
Fig. 5 is a flow chart illustrating a main flow illustrating
load-state detection operations in a microwave heat-
ing apparatus according to a second embodiment of
the present invention.
Fig. 6 is a flow chart illustrating phase-characteristic
detection processing in the microwave heating ap-
paratus according to the second embodiment of the
present invention.
Fig. 7 is a flow chart illustrating load-state estimation
processing in the microwave heating apparatus ac-
cording to the second embodiment of the present
invention.
Fig. 8 is a schematic structural view illustrating a
placement table and feeding portions in a heating
room in a microwave heating apparatus according
to a third embodiment of the present invention.
Fig. 9 is a plan view illustrating the structure of the
feeding portions in the heating room in the micro-
wave heating apparatus according to the third em-
bodiment of the present invention.

Description of Embodiments

[0029] Hereinafter, with reference to the accompany-
ing drawings, there will be described preferred embodi-
ments of a microwave heating apparatus according to
the present invention. It is to be note that microwave heat-
ing apparatuses according to the following embodiments
will be described as being microwave ovens, but these
microwave ovens are merely illustrative, and the micro-
wave heating apparatus according to the present inven-
tion is not limited to microwave ovens and is intended to
also include heating apparatuses utilizing induction heat-
ing, garbage disposers, and microwave heating appara-
tuses such as semiconductor fabrication apparatuses.
Further, the present invention is not limited to the con-
crete structures in the following embodiments and is in-
tended to also include structures based on similar tech-
nical concepts.

(First Embodiment)

[0030] Fig. 1 is a block diagram illustrating the structure
of a microwave generating portion in a microwave heat-
ing apparatus according to a first embodiment of the
present invention.
[0031] Referring to Fig. 1, the microwave generating
portion in the microwave heating apparatus according to
the first embodiment includes an oscillation portion 1 con-
stituted by semiconductor devices, an electric-power di-
viding portion 2 for dividing the output of the oscillation

portion 1 into two parts, amplification portions 4a and 4b
constituted by semiconductor devices for amplifying the
respective outputs of the electric-power dividing portion
2, and feeding portions 5a and 5b serving as antennas
for supplying, to the inside of a heating room 8, micro-
wave electric power having been amplified by the ampli-
fication portions 4a and 4b. Further, the microwave gen-
erating portion is provided with phase variation portions
3a and 3b which are inserted in the respective microwave
propagation paths connecting the electric-power dividing
portion 2 to the respective amplification portions 4a and
4b and are adapted to generate arbitrary phase differ-
ences between their inputs and outputs; electric-power
detection portions 6a and 6b which are inserted in the
respective microwave propagation paths connecting the
amplification portions 4a and 4b to the feeding portions
5a and 5b and are adapted to detect the microwave elec-
tric powers returned from the heating room 8 to the re-
spective feeding portions 5a and 5b; and a control portion
7 adapted to control the oscillating frequency of the os-
cillation portion 1 and the output phases of the phase
variation portions 3a and 3b, according to the reflected
electric powers detected by the electric-power detection
portions 6a and 6b.
[0032] Note that the microwave heating apparatus ac-
cording to the first embodiment is provided with a door
(not illustrated) which is opened and closed for introduc-
ing and extracting an object to be heated 10, on a single
wall surface which constitutes the heating room 8. The
heating room 8 is constituted by shield plates made of a
metal material at its wall surfaces other than the wall sur-
face provided with the door, and thus the heating room
8 is structured to enclose microwaves radiated within the
heating room 8.
[0033] Inside the heating room 8, there is provided a
turntable 9 as a placement table for placing the object to
be heated 10. The turntable 9 is provided within the heat-
ing room 8, such that its placement surface for placing
the object to be heated 10 forms a horizontal surface. A
motor 13 is coupled, at its driving shaft, to the center of
the turntable 9, and the turntable 9 is structured to rotate
such that its placement surface is horizontal. The feeding
portions 5a and 5b at two positions, which have the same
specifications, are placed on a surface which is substan-
tially parallel with the placement surface of the turntable
9. In the first embodiment, one feeding portion 5a is
placed under an outer periphery side of the turntable 9,
while the other feeding portion 5b is placed under the
vicinity of the rotational center of the turntable 9.
[0034] The microwave heating apparatus according to
the first embodiment is structured such that, during heat-
ing, the motor 13 is driven to rotate the turntable 9, which
causes the object to be heated 10 on the turntable 9 to
move within the heating room 8, thereby reducing heating
unevenness in the object to be heated 10. In the first
embodiment, the motor 13 corresponds to a movement
mechanism portion for moving the object to be heated
10 on the turntable 10 with respect to the position of the
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straight line connecting the feeding portions 5a and 5b
to each other.
[0035] Hereinafter, there will be described operations
of the microwave heating apparatus having the structure
according to the first embodiment.
[0036] The object to be heated 10 is placed on the turn-
table 9 and is housed within the heating room 8, and a
user inputs contents of heating settings for the object to
be heated 10, to a manipulation portion (not illustrated).
After the contents of the heating settings have been in-
putted to the manipulation portion, the manipulation por-
tion outputs a heating start signal to the microwave gen-
erating portion, thereby starting heating operations.
[0037] In the microwave heating apparatus according
to the first embodiment, in an initial stage in heating op-
erations, namely in a stage before an actual heating op-
eration for performing actual microwave heating on the
object to be heated 10, load-state detection operations
are performed for detecting the state of placement of the
object to be heated within the heating room. At first, the
load-state detection operations will be described.
[0038] On receiving a heating start signal from the ma-
nipulation portion, the control portion 7 operates a driving
power supply (not illustrated), and supplies electric power
to the oscillation portion 1.
[0039] At this time, the oscillation portion 1 is supplied,
from the driving power supply, with a voltage signal for
setting the frequency of the oscillating portion 1 to 2450
MHz, for example, thereby causing the oscillation portion
1 to start oscillating. The output of the oscillation portion
1 is divided into about halves by the electric-power divid-
ing portion 2 to form two microwave electric powers.
Thereafter, the control portion 7 controls the driving pow-
er supply for operating the amplification portions 4a and
4b. Note that, during the load-state detection operations,
the microwave electric power outputted from each of the
amplification portions 4a and 4b is set to an electric power
smaller than a rated electric power, for example, to 100
W.
[0040] The respective microwave electric powers out-
putted from the amplification portions 4a and 4b being
operated in parallel are supplied to the inside of the heat-
ing room 8, through the electric-power detection portions
6a and 6b and the feeding portions 5a and 5b. Out of the
microwave electric power supplied to the inside of the
heating room 8, the microwave electric power which has
not been absorbed by the object to be heated 10 and the
like (the reflected electric power) returns to the feeding
portions 5a and 5b from the heating room 8.
[0041] The reflected electric powers returning to the
respective feeding portions 5a and 5b are detected by
the respective electric-power detection portions 6a and
6b. The electric-power detection portions 6a and 6b
transmit, to the control portion 7, detection signals pro-
portional to the detected amounts of reflected electric
powers. The control portion 7 detects the amounts of
reflected electric powers returning to the respective feed-
ing portions 5a and 5b, based on the detection signals

from the electric-power detection portions 6a and 6b.
[0042] The operation for detecting the amounts of re-
flected electric powers is performed, in a state where the
object to be heated 10 is placed on the turntable 9, at
intervals of a predetermined rotational angle of the turn-
table 9, for example, at 10-degrees intervals. The control
portion 7 can detect the position of the turntable 9 at a
rotational angle which has minimized the amounts of re-
flected electric powers, through the operation for detect-
ing the amounts of reflected electric powers (a rotational-
angle detection operation).
[0043] Further, during the load-state detection opera-
tions, the control portion 7 detects the reflected electric
power, with respect to the microwave electric powers at
different phases which have been supplied to the heating
room 8 through the feeding portions 5a and 5b at the two
positions. The operations for detecting the reflected elec-
tric power with respect to microwave electric powers at
different phases are performed by varying the phase dif-
ference within the range of 0 to 360 degrees, with a 10-
degrees pitch, through the phase variation portions 3a
and 3b provided in the respective microwave propagation
paths. When microwave electric powers having a phase
difference with a 10-degrees pitch are supplied from the
feeding portions 5a and 5b to the heating room 8, the
amounts of reflected electric powers returning to the
feeding portions 5a and 5b from the heating room 8 are
detected by the electric-power detection portions 6a and
6b. The control portion 7 detects the amount of reflected
electric power (a phase characteristic) with respect to the
two microwave electric powers having a phase difference
with a 10-degrees pitch, based on the detection signals
from the electric-power detection portions 6a and 6b (a
phase-characteristic detection operation).
[0044] The phase-characteristic detection operation is
performed, with the turntable 9 positioned at the rotation-
al angle having been detected through the rotational-an-
gle detection operation, in a state where the object to be
heated 10 is placed on the turntable 9. Note that the
phase-characteristic detection operation can be also per-
formed, alternately, at intervals of a predetermined rota-
tional angle in a rotational-angle detection operation,
such as 10-degrees intervals.
[0045] The control portion 7 can detect the state of
placement of the object to be heated 10 (such as the
position), based on the phase difference which minimizes
the amount of reflected electric power, which has been
detected through the phase-characteristic detection op-
eration.
[0046] In the first embodiment, before the start of an
actual heating operation, as described above, the state
of the placement of the object to be heated 10 on the
turntable 9 is detected. Further, based on the result of
the detection, a feeding state appropriate to heating of
this object to be heated 10 is selected, and optimum heat-
ing conditions are confirmed. As a result thereof, the mi-
crowave heating apparatus according to the first embod-
iment is capable of heating various amounts of various
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objects to be heated having different shapes and being
of different types in desired states in shorter time periods,
and concurrently reducing the microwave electric power
returning from the heating room 8, and therefore is ca-
pable of performing efficient heating operations.
[0047] Next, there will be described the relationship
between the phase difference and the state of the place-
ment of the object to be heated 10. Fig. 2 is a view of
propagation of microwaves in the microwave heating ap-
paratus according to the first embodiment.
[0048] As illustrated in Fig. 2, microwaves radiated
from the feeding portions 5a and 5b at the two positions
are spread radially as radio-wave propagations 11a and
11b indicated by arc-shaped lines. Since microwaves are
reflected by the wall surfaces of the heating room 8, the
spread of the radio-wave propagations 11a and 11 b is
complicated. However, microwaves which reach the ob-
ject to be heated 10 after being reflected by the wall sur-
faces of the heating room 8 have reduced electric power,
since they propagate longer paths. Therefore, in cases
of considering microwave electric power which is ab-
sorbed by the object to be heated 10, propagation paths
of microwaves which are directly absorbed by the object
to be heated 10 from the feeding portions 5a and 5b are
dominant.
[0049] As illustrated in Fig. 2, in the case where micro-
waves at the same phase are radiated from the feeding
portions 5a and 5b, in same-phase interference areas 12
in which the radio-wave propagations 11a and 11b over-
lap with each other, the microwave electric powers are
substantially summed. Accordingly, if the object to be
heated 10 is placed in the same-phase interference area
12(A) formed between the two feeding portions 5a and
5b, the object to be heated 10 is intensively heated, there-
by reducing the reflected electric power.
[0050] Fig. 3 is a view of propagation of microwaves
in the microwave heating apparatus according to the first
embodiment, in cases where microwaves having a phase
difference are radiated from the two feeding portions 5a
and 5b. As illustrated in Fig. 3, microwaves having a
phase difference which have been radiated are spread
radially as indicated by radio-wave propagations 11a and
11b. Due to the phase difference between the micro-
waves being radiated, the same-phase interference ar-
eas 12 in which the radio-wave propagations 11a and
11b overlap with each other at the same phase are shifted
from the positions of the same-phase interference areas
12 illustrated in Fig. 2.
[0051] As described above, by changing the phase dif-
ference between the microwaves radiated from the feed-
ing portions 5a and 5b at the two positions, it is possible
to shift the same-phase interference area 12(A) to a de-
sired position between the feeding portions 5a and 5b.
Accordingly, by successively changing the phase differ-
ence between the microwaves radiated from the feeding
portions 5a and 5b at the two positions, it is possible to
detect the position of the object to be heated 10 on the
straight line connecting the positions of the two feeding

portions 5a and 5b to each other, by detecting a phase
difference which minimizes the reflected electric power.
[0052] Fig. 4 is a view of the placement of the feeding
portions 5a and 5b in the microwave heating apparatus
according to the first embodiment. As illustrated in Fig.
4, the two feeding portions 5a and 5b are placed on the
straight line including the rotational center P of the turn-
table 9 as the placement table within the heating room
8. As illustrated in Fig. 1, the feeding portions 5a and 5b
are placed under the turntable 9, such that one feeding
portion 5a is under the circumferential portion (the outer
peripheral side) of the turntable 9, while the other feeding
portion 5b is just under the vicinity of the rotational center
P (the center side) of the turntable 9. Further, the feeding
portions 5a and 5b are placed on the same horizontal
surface. For the object to be heated 10 placed on the
turntable 9, the motor 13 is driven to cause the turntable
9 to rotate, thereby rotating and moving the object to be
heated 10. The two feeding portions 5a and 5b are placed
within the heating room 8, such that the locus of move-
ment of the object to be heated 10 on the turntable 9
passes through a vertical plane including the straight line
15 connecting the two feeding portions 5a and 5b to each
other.
[0053] The range within which the position of the object
to be heated 10 can be detected by supplying micro-
waves from the two feeding portions 5a and 5b with the
phase difference being varied as described above is the
position on the turntable 9 above the straight line 15 con-
necting the two feeding portions 5a and 5b to each other.
Namely, the range within which the position of the object
to be heated 10 can be detected is the position on the
turntable 9 vertically above the portion between the feed-
ing portions 5a and 5b.
[0054] While the turntable 9 is rotated to move the ob-
ject to be heated 10, the reflected electric powers return-
ing to the two feeding portions 5a and 5b are detected
by the electric-power detection portions 6a and 6b, so
that the reflected electric powers are reduced when the
object to be heated 10 passes above the straight line 15
connecting the feeding portions 5a and 5b to each other
(a vertical plane). Based on the phase difference and the
rotational position of the turntable 9 of when the reflected
electric power has been reduced, it is possible to detect
the state of the placement of the object to be heated 10
on the turntable 9.
[0055] With the microwave heating apparatus accord-
ing to the first embodiment, by stopping the turntable 9
at a rotational position which minimizes the electric power
reflected to the two feeding portions 5a and 5b, and by
detecting the phase difference between the microwaves
supplied from the feeding portions 5a and 5b which min-
imizes the reflected electric power, it is possible to detect
the state of the placement of the object to be heated 10
on the turntable 9.
[0056] Based on the state of the placement of the ob-
ject to be heated 10 on the turntable 9, which has been
detected as described above, proper heating conditions
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are determined, and desired microwave electric power
is supplied from the feeding portions 5a and 5b to the
heating room 8.
[0057] Note that, in the microwave heating apparatus
according to the first embodiment, an oscillating-frequen-
cy detection operation for determining the oscillating fre-
quency of the oscillation portion 1 is performed. During
the oscillating-frequency detection operation, the control
portion 7 controls the oscillation portion 1 to detect a fre-
quency characteristic with respect to reflected electric
power and extract an oscillating frequency which mini-
mizes the reflected electric power detected by the elec-
tric-power detection portions 6a and 6b. Through this ex-
traction operation, an oscillating frequency is deter-
mined. Then, an actual heating operation is performed
at the determined oscillating frequency. In the oscillating-
frequency detection operation, the control portion 7 op-
erates the oscillation portion 1 until its oscillating frequen-
cy reaches from 2400 MHz to an upper limit of 2500 MHz
within the frequency variation range, with a 1-MHz pitch,
for example, and the control portion 7 determines an os-
cillating frequency which minimizes the reflected electric
power.
[0058] In the microwave heating apparatus according
to the first embodiment, in the case where a plurality of
objects to be heated 10 are placed on the turntable 9, a
plurality of minimum values of the reflected electric power
are detected, since these objects to be heated 10 pass
above the straight line 15 connecting the feeding portions
5a and 5b to each other (a vertical plane). Therefore,
based on the number of times that the reflective electric
power is minimized, the control portion 7 can detect the
number of the objects to be heated 10.
[0059] In the microwave heating apparatus according
to the first embodiment, regarding the state of the place-
ment of the object to be heated 10 on the turntable 9,
minimum reflected electric power is detected at intervals
of a predetermined rotational angle of the turntable 9,
and a desired rotational angle is determined. Further, at
this rotational angle, phase characteristics of micro-
waves which minimize the reflected electric power are
detected. Thus, the position of the object to be heated
10 is identified. However, the present invention is not
limited to such detection operations. For example, phase-
characteristic detection can be also performed at inter-
vals of a predetermined rotational angle of the turntable
9, in order to attain load-state detection operations with
higher accuracy. Further, in cases of performing phase-
characteristic detection at predetermined rotational-an-
gle intervals as described above, if the detected reflected
electric power gets to have a value equal to or less than
a threshold value, it is possible to estimate that the object
to be heated 10 is placed at the detected position at this
time, and then it is possible to start an actual heating
operation. With this structure, it is possible to determine
the state of the placement of the object to be heated 10
in a shorter time period and to start an actual heating
operation.

[0060] Note that, while the structure according to the
first embodiment has been described with respect to an
example where the phase variation portions 3a and 3b
are provided for the respective outputs of the electric-
power dividing portion 2, it is possible to change the
phase difference, provided that the phase variation por-
tion is connected to any one of the outputs.
[0061] In the microwave heating apparatus according
to the first embodiment, based on the state of the place-
ment of the object to be heated 10 on the turntable 9, the
control portion 7 controls at least the feeding portions 5a
and 5b, the phase variation portions 3a and 3b, and the
motor 13 serving as the movement mechanism portion,
in order to perform microwave heating operations under
optimum heating conditions for the object to be heated
10. Note that, according to the heating conditions, the
control portion 7 performs control of the oscillating fre-
quency of the oscillation portion 1, and adjustments of
the outputs of the amplification portions 4a and 4b.
[0062] While the microwave heating apparatus accord-
ing to the first embodiment has been described with re-
spect to a structural example where the control portion
7 stops the turntable 9 at predetermined rotational-angle
intervals and detects the state of the placement of the
object to be heated 10 on the turntable 9 above the
straight line connecting the two feeding portions 5a and
5b to each other (in a vertical plane), it is also possible
to detect the state of the placement of the object to be
heated 10 in the state where the turntable 9 is kept ro-
tating. Namely, in the state where the turntable 9 is ro-
tating, an operation for detecting the rotational angle of
the turntable 9 and an operation for detecting a phase
characteristic can be performed successively and alter-
nately. This results in reduction of the operating time pe-
riod for the load-state detection operations, thereby en-
abling reduction of the heating time period.
[0063] While the microwave heating apparatus accord-
ing to the first embodiment is structured to perform the
load-state detection operations for detecting the state of
the placement of the object to be heated 10 on the turn-
table 9 in an initial stage of heating operations and to
perform an actual heating operation based on the result
of the detection, it is also possible to perform the load-
state detection operations (the rotational-angle detection
operation and the phase-characteristic detection opera-
tion), while performing an actual heating operation ac-
cording to heating conditions.
[0064] As described above, the microwave heating ap-
paratus according to the first embodiment is capable of
accurately detecting the state of the placement of the
object to be heated 10 by performing the load-state de-
tection operations. Therefore, the microwave heating ap-
paratus according to the first embodiment is capable of
performing, anytime, desired microwave heating on the
object to be heated 10 with higher efficiency.
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(Second Embodiment)

[0065] Hereinafter, there will be described a micro-
wave heating apparatus according to a second embod-
iment of the present invention. The microwave heating
apparatus according to the second embodiment is differ-
ent from the microwave heating apparatus according to
the first embodiment, in terms of load-state detection op-
erations performed by a microwave generating portion,
but the basis structure is the same as that of the micro-
wave heating apparatus according to the first embodi-
ment. Figs. 5 to 7 are flow charts illustrating load-state
detection operations in the microwave heating apparatus
according to the second embodiment.
[0066] In the following description of the second em-
bodiment, components having the same functions and
structures as those of the components in the microwave
heating apparatus according to the first embodiment will
be designated by the same reference characters, and
detailed descriptions thereof will be omitted by substitut-
ing the description of the first embodiment.
[0067] The microwave heating apparatus according to
the second embodiment includes a microwave generat-
ing portion having the same structure as that of the mi-
crowave generating portion in the microwave heating ap-
paratus according to the first embodiment illustrated in
Fig. 1. Hereinafter, with reference to the flow charts in
Figs. 5 to 7, there will be described heating operations
including load-state detection operations which are per-
formed by the microwave generating portion in the mi-
crowave heating apparatus according to the second em-
bodiment.

[Heating Operations]

[0068] Fig. 5 is a flow chart illustrating a main flow il-
lustrating the load-state detection operations. As illus-
trated in the flow chart in Fig. 5, heating operations are
started, according to the contents of heating settings (a
heating start signal) from the manipulation portion.
[0069] In step 101, the frequency of the oscillation por-
tion 1 is set to a predetermined oscillating frequency,
such as 2450 MHz, and the oscillation portion 1 starts
oscillating.
[0070] In step 102, positioning of the turntable 9 is per-
formed. Namely, the turntable 9 is set to be at an initial
position.
[0071] In step 103, phase-characteristic detection
processing which will be described later is performed. In
the phase-characteristic detection processing, in the
state where the rotation of the turntable 9 is stopped,
microwave electric powers being varied in phase are sup-
plied from the two feeding portions 5a and 5b to the heat-
ing room 8, and the reflected electric power is detected.
[0072] In step 104, the result of the phase-character-
istic detection in the previous stage is recorded. As the
recording in step 104, a phase characteristic at each ro-
tational angle of the turntable 9 is recorded.

[0073] In step 105, it is determined whether or not the
turntable 9 has completed a single rotation and the
phase-characteristic detection over the entire placement
surface of the turntable 9 has been completed. If the turn-
table 9 has not yet completed a single rotation, then, in
step 106, the turntable 9 is rotated by a certain angle,
and the next phase-characteristic detection processing
is performed.
[0074] If, in step 105, the turntable 9 is detected as
having completed a single rotation, then in step 107, load-
state estimation processing which will be described later
is performed. Through the load-state estimation process-
ing, the positions of objects to be heated on the turntable
9, and the number and the size of the objects to be heated
are detected.
[0075] In the second embodiment, steps 101 to 107
described above correspond to the load-state detection
operations.
[0076] In step 108, oscillating-frequency detection
processing is performed. The oscillating-frequency de-
tection processing is processing for detecting an oscil-
lating frequency of the oscillation portion 1 which mini-
mizes the reflected electric power, wherein the detection
is performed by sweeping the oscillating frequency of the
oscillation portion 1 within the frequency range of 2400
kHz to 2500 kHz. In this oscillating-frequency detection
processing, based on the result of the detection through
the load-state estimation processing in the previous
stage, the turntable 9 is set to be at an optimum rotational
angle, and the phase difference between microwave
electric powers is set to be an optimum phase difference.
[0077] In step 109, based on the results of the detec-
tions through the load-state estimation processing and
the frequency detection processing, optimum heating
conditions for the object to be heated 10 are determined,
and an actual heating operation is started according to
the optimum heating conditions.

] [Phase-Characteristics Detection Processing]

[0078] Fig. 6 is a flow chart illustrating the phase-char-
acteristic detection processing which is performed in step
103 in the main flow (see Fig. 5).
[0079] In step 201, the phase difference between the
microwave electric powers radiated from the feeding por-
tions 5a and 5b at the two positions is set to 0 degree,
as an initial value. Namely, microwave electric powers
at the same phase are supplied from the two feeding
portions 5a and 5b to the heating room 8, thereby forming
a same-phase interference area (see the same-phase
interference area 12(A) in Fig. 2), at a position midway
between the two feeding portions 5a and 5b.
[0080] In step 202, the values of the reflected electric
powers that the two feeding portions 5a and 5b have
received from the heating room 8 are determined.
[0081] In step 203, the value of the reflected electric
power determined when the phase difference was 0 de-
gree (the initial value) is recorded. The determinations
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of the reflected electric power values in steps 202 and
203 described above are performed by changing the
phase difference in steps of a certain value, such as 10
degrees. The determination range corresponds to the
phase-difference range of 0 to 360 degrees. The routine
of the determination of the reflected electric power value
within the range of 0 to 360 degrees is performed by
repeating steps 202 to 205.
[0082] In step 204, if the phase difference is deter-
mined to be 360 degrees, this phase-characteristic de-
tection processing ends, and the operation proceeds to
step 104 illustrated in Fig. 5.

[Load-State Estimation Processing]

[0083] Fig. 7 is a flow chart illustrating the load-state
estimation processing which is performed in step 107 in
the main flow (see Fig. 5).
[0084] In step 301, a reference is made to the result of
the phase-characteristic detection when the rotational
angle of the turntable 9 was set to the initial value.
[0085] In step 302, a determination is made of the
phase-difference range within which the reflected electric
power value is equal to or less than a threshold value,
when the rotational angle of the turntable 9 is set to the
initial value. Here, the threshold value used is a value of
the ratio of the reflected electric power to the microwave
electric power supplied to the heating room 8. For exam-
ple, when the ratio is equal to or less than 50 %, the object
to be heated 10 which forms a load is determined to exist
at a corresponding position.
[0086] The phase-difference range determined in step
S302 is recorded as a load position, namely the position
of an object to be heated 10 on the turntable 9 (step 303).
The determination of the presence of a load, and the
recording of the load position in steps 302 and 303 are
performed until the completion of a single rotation of the
turntable 9.
[0087] In step 304, it is determined whether or not the
rotational angle of the turntable 9 to which a reference is
being made indicates the completion of a single rotation.
[0088] If, in step 304, the rotational angle of the turn-
table 9 to which a reference is being made does not in-
dicate the completion of a single rotation, the processing
proceeds to step 305. In step 305, it is determined wheth-
er or not the load position on the turntable 9 at the pre-
vious rotational angle is continuous with the load position
on the turntable 9 at the current rotational angle. Namely,
it is determined whether or not the phase-difference
range within which the reflected electric power value is
equal to or less than the threshold value at the previous
rotational angle is continuous with the same phase-dif-
ference range at the current rotational angle.
[0089] If it is determined, in step 305, that the load po-
sitions are not continuous with each other, then, in step
307, the load position at the current rotational angle is
recorded as one indicating the position of another load
(an object to be heated).

[0090] On the other hand, if it is determined, in step
305, that the load positions are continuous with each oth-
er, then, in step 306, the load (the object to be heated)
detected at the current rotational angle is recorded as
the same one as the load (the object to be heated) at the
previous rotational angle.
[0091] In step 308, a reference is made to the result of
the detection of the phase characteristic at the next ro-
tational angle of the turntable 9, and the processing pro-
ceeds to step 302.
[0092] If, in step 304, the rotational angle of the turn-
table 9 to which a reference is being made indicates the
completion of a single rotation, the processing proceeds
to step 309. In step 309, based on the recorded load
positions, the ranges of the loads on the turntable 9 are
determined, and the state of the placement of the loads
(the objects to be heated), namely the positions and the
number of the loads, and the sizes of the respective
loads, are determined.
[0093] In step 310, the number and the positions of the
loads (the objects to be heated), and the sizes of the
respective loads are confirmed, and the confirmed infor-
mation is recorded.
[0094] As described above, the microwave heating ap-
paratus according to the second embodiment is capable
of determining the state of the placement of objects to
be heated 10, namely the positions of the objects to be
heated 10 on the turntable 9 and the number and the
sizes of the objects to be heated 10, through the load-
state detection operations. Therefore, the microwave
heating apparatus according to the second embodiment
is capable of performing, anytime, desired microwave
heating on the objects to be heated 10 with higher effi-
ciency.

(Third Embodiment)

[0095] Hereinafter, there will be described a micro-
wave heating apparatus according to a third embodiment
of the present invention. The microwave heating appa-
ratus according to the third embodiment is different from
the microwave heating apparatus according to the first
embodiment, in terms of the structures of feeding por-
tions and a placement table, and load-state detection op-
erations performed by a microwave generating portion.
The other portions of the microwave heating apparatus
according to the third embodiment have the same basic
structures, as those of the microwave heating apparatus
according to the first embodiment. Fig. 8 is a schematic
structural view illustrating the placement table and the
feeding portions within a heating room in the microwave
heating apparatus according to the third embodiment.
Fig. 9 is a plan view illustrating the structure of the feeding
portions within the heating room in the microwave heating
apparatus according to the third embodiment.
[0096] In the following description of the third embod-
iment, components having the same functions and struc-
tures as those of the components in the microwave heat-
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ing apparatus according to the first embodiment will be
designated by the same reference characters, and de-
tailed descriptions thereof will be omitted by substituting
the description of the first embodiment.
[0097] The microwave generating portion in the micro-
wave heating apparatus according to the third embodi-
ment has the same structure as that of the microwave
generating portion in the microwave heating apparatus
according to the first embodiment illustrated in Fig. 1.
However, the microwave heating apparatus according to
the third embodiment includes three or more feeding por-
tions within the heating room, and therefore, the micro-
wave generating portion is provided with a plurality of
electric-power dividing portions, a plurality of phase var-
iation portions, a plurality of amplification portions, and
a plurality of electric-power detection portions, in asso-
ciation with the number of the feeding portions.
[0098] As illustrated in Fig. 8, in the microwave heating
apparatus according to the third embodiment, a shelf 14
as a placement table for objects to be heated 10 is pro-
vided within the heating room 8. The shelf 14 is placed
such that its placement surface forms a horizontal sur-
face, and an object to be heated 10 is placed on the
placement surface of the shelf 14.
[0099] In the microwave heating apparatus according
to the third embodiment, the plurality of feeding portions
5a, 5b, 5c and 5d are placed under the shelf 14. These
feeding portions 5a, 5b, 5c and 5d are secured to the
heating room 8 and will be referred to as fixed feeding
portions 5a, 5b, 5c and 5d in the following description.
Further, just beneath the center position of the placement
surface of the shelf 14, there is provided a rotational feed-
ing portion 16 as a feeding portion as an antenna capable
of rotating the direction of radiation in a horizontal plane.
[0100] As illustrated in Fig. 9, in the microwave heating
apparatus according to the third embodiment, the feeding
portions 5a, 5b, 5c and 5d as four antennas are provided
at the four corners of the bottom surface in the heating
room 8, in an area under the shelf 14. Further, the rota-
tional feeding portion 16 as a feeding portion as another
antenna is placed at a substantially-center position on
the bottom surface in the heating room 8. The rotational
feeding portion 16 is rotatably provided, such that the
direction of radiation is oriented toward each of the fixed
feeding portions 5a, 5b, 5c and 5d. Namely, the fixed
feeding portions 5a, 5b, 5c and 5d are placed at even
intervals at positions in a radial shape centered on the
rotational feeding portion 16. The fixed feeding portions
5a, 5b, 5c and 5d and the rotational feeding portion 16
are placed on a surface substantially parallel with the
placement surface of the shelf 14. In the third embodi-
ment, the direction of radiation from the rotational feeding
portion 16 is rotated by a motor 13 for combining it with
the fixed feeding portion 5a, 5b, 5c or 5d, so that a position
15 of the straight line connecting the feeding portions to
each other can be relatively moved with respect to the
object to be heated 10 on the shelf 14.
[0101] In the third embodiment, the motor 13 corre-

sponds to a movement mechanism portion for relatively
moving the position of the straight line connecting the
rotational feeding portion 16 to the fixed feeding portion
5a, 5b, 5c or 5d to each other with respect to the object
to be heated 10 on the shelf 14.
[0102] In performing heating operations with the mi-
crowave heating apparatus according to the third em-
bodiment, any one fixed feeding portion is selected from
the fixed feeding portions 5a, 5b, 5c and 5d, and the
selected fixed feeding portion and the rotational feeding
portion 16 at the center are caused to radiate microwave
electric power within the heating room 8.
[0103] The microwave heating apparatus according to
the third embodiment is structured to supply microwaves
to the rotational feeding portion 16 and any one fixed
feeding portion out of the fixed feeding portions 5a, 5b,
5c and 5d, in such a way as to induce an arbitrary phase
difference through a phase variation portion, similarly to
the structure according to the first embodiment. Further,
the reflected electric powers returning to the rotational
feeding portion 16 and the fixed feeding portions 5a, 5b,
5c and 5d from the heating room 8 are detected by the
electric-power detection portions.
[0104] When the motor 13 is driven, the rotational feed-
ing portion 16 is rotated, which moves the direction of
radiation of microwaves. As such, the direction of radia-
tion of microwaves from the rotational feeding portion 16
is moved, which alleviates the heating unevenness in the
object to be heated 10 on the shelf 14 placed in the heat-
ing room 8.
[0105] The microwave heating apparatus according to
the third embodiment is adapted to perform load-state
detection operations similar to the load-state detection
operations according to the first embodiment.
[0106] The load-state detection operations according
to the third embodiment are performed by rotating the
rotational feeding portion 16 at an approximate center of
the heating room 8. The direction of radiation of micro-
waves from the rotational feeding portion 16 is set to the
direction toward the fixed feeding portion 5a (in a down-
ward and leftward direction in Fig. 9), for example, and
a phase difference which minimizes the reflected electric
power with the combination of the rotational feeding por-
tion 16 and the fixed feeding portion 5a is detected.
Through the phase-characteristic detection processing,
it is possible to detect the state of the placement of the
object to be heated 10 above the straight line 15 con-
necting the two feeding portions 5a and 16 to each other
(in a vertical plane).
[0107] Next, the fixed feeding portion 16 is rotated to
set the direction of radiation of microwaves to the direc-
tion toward another fixed feeding portion 5b (in a down-
ward and rightward direction in Fig. 9), for example, and
a phase difference which minimizes the reflected electric
power with the combination of the rotational feeding por-
tion 16 and the fixed feeding portion 5b is detected.
Through the phase-characteristic detection processing,
it is possible to detect the state of the placement of the
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object to be heated 10 above the straight line connecting
the two feeding portions 5b and 16 to each other (in a
vertical plane). Similarly, the rotational feeding portion
16 is successively rotated, and the state of the placement
of the object to be heated 10 between the rotational feed-
ing portion 16 and the feeding portion 5c or 5d is detected.
[0108] As described above, the microwave heating ap-
paratus according to the third embodiment is adapted to
perform the load-state detection operations, by rotating
the direction of radiation of microwaves from the rotation-
al feeding portion 16 at a substantially-center position on
the bottom surface in the heating room 8, namely just
under the center of the placement surface of the shelf
14, within a plane parallel with the placement surface for
the object to be heated 10. The load-state detection op-
erations are adapted to successively perform detection
of a phase difference which minimizes the reflected elec-
tric power, with the combination of the rotational feeding
portion 16 and the fixed feeding portion 5a, 5b, 5c or 5d
which exists in the direction of radiation from the rota-
tional feeding portion 16. By performing detection of
phase differences (phase-characteristic detection
processing) which minimize the reflected electric power,
it is possible to accurately detect the state of the place-
ment of the object to be heated on the shelf 14 (the place-
ment surface) as a placement table.
[0109] The microwave heating apparatus according to
the third embodiment is adapted to perform the phase
detection operation and the frequency detection opera-
tion which have been described in the first embodiment
to determine optimum heating conditions for the object
to be heated 10 for performing an actual heating opera-
tion.
[0110] As described above, the microwave heating ap-
paratus according to the third embodiment is capable of
determining the state of the placement of the object to
be heated 10, by performing the load-state detection op-
erations. Therefore, the microwave heating apparatus
according to the third embodiment is capable of perform-
ing, anytime, desired microwave heating on the object to
be heated 10 with higher efficiency.
[0111] Note that, during the load-state detection oper-
ations, it is also possible to successively perform change-
overs among the fixed feeding portions, in such a way
as to excite a fixed feeding portion being faced in the
direction of radiation of microwaves and to supply micro-
waves to this fixed feeding portion, while rotating the ro-
tational feeding portion 16. As such, during the operation
for rotating the rotational feeding portion 16 while suc-
cessively changing over the feeding portion being faced
in the direction of radiation of microwaves, when the re-
flected electric power is detected, smaller electric power
is reflected to a feeding portion closer to the position at
which the object to be heated 10 is placed, which enables
estimation of, in a shorter time period, the placement of
the object to be heated 10 in the direction of rotation.
[0112] Further, as the structure according to the third
embodiment, there has been described a structure in

which the rotational feeding portion 16 is provided at a
substantially-center position on the bottom surface in the
heating room 8, and the fixed feeding portions 5a, 5b, 5c
and 5d are provided at the four corners of the bottom
surface in the heating room 8, but the fixed feeding por-
tions provided in the heating room 8 are not limited to
those at four positions. By providing more fixed feeding
portions at even intervals at positions in a radial shape
centered on the rotational feeding portion 16, it is possible
to detect the state of the placement of the object to be
heated with higher accuracy.
[0113] While the respective embodiments have been
described with respect to structures adapted to perform
the load-state detection operations for detecting the state
of placement of objects to be heated within the heating
room, in a stage before an actual heating operation, it is
also possible to employ a structure adapted to perform
the load-state detection operations concurrently with ac-
tual heating operations. On receiving a heating start sig-
nal from the manipulation portion, the control portion can
start an actual heating operation based on the contents
of heating settings having been made through the ma-
nipulation portion, and also can perform the load-state
detection operations concurrently therewith, in order to
determine optimum heating conditions which minimize
the reflected electric power. After the optimum heating
conditions have been determined, microwave heating
operations are performed according to the optimum heat-
ing conditions. Accordingly, by performing the load-state
detection operations concurrently with actual heating op-
erations, it is possible to shorten heating time periods.
[0114] Note that, while the respective embodiments
have been described with respect to examples where the
combination of the feeding portions is installed on a single
wall surface (the bottom surface) of the heating room,
the combination of the feeding portions can also be
placed on a plurality of wall surfaces.
[0115] As described above, the microwave heating ap-
paratus according to the present invention is adapted to
detect the state of placement of objects to be heated for
determining optimum heating conditions, and is adapted
to perform microwave heating operations according to
the optimum heating conditions. Therefore, the micro-
wave heating apparatus according to the present inven-
tion is capable of heating, in desired states, various
amounts of various objects to be heated having different
shapes and being of different types in shorter time peri-
ods, and also is capable of reducing microwave electric
power returning to the feeding portions from the heating
room, at the same time, thereby enabling microwave
heating operations with higher accuracy.

Industrial Applicability

[0116] The microwave heating apparatus according to
the present invention is capable of performing microwave
heating on various amounts of various objects to be heat-
ed having different shapes and being of different types,
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under optimum heating conditions, by performing load-
state detection operations. Therefore, the microwave
heating apparatus according to the present invention can
also be applied to heating apparatuses which utilize in-
duction heating as represented by microwave ovens, gar-
bage disposers, microwave generators in plasma power
supplies serving as semiconductor fabrication appara-
tuses or other various applications.

Reference Signs List

[0117]

1 Oscillation portion
2 Electric-power dividing portion
3a, 3b Phase variation portion
4a, 4b Amplification portion
5a, 5b, 5c, 5d Feeding portion
6a, 6b Electric-power detection portion
7 Control portion
8 Heating room
9 Turntable
10 Object to be heated
13 Motor
14 Shelf
16 Rotational feeding portion

Claims

1. A microwave heating apparatus comprising:

a heating room (8) adapted to house an object
(10) to be heated;
a placement table (9, 14) provided within the
heating room (8) and including a placement sur-
face for placing the object (10) to be heated;
an oscillation portion (1) adapted to generate
microwave electric power;
an electric-power dividing portion (2) adapted to
divide an output of the oscillation portion (1) into
a plurality of parts;
a plurality of feeding portions (5a to 5d) placed
on a wall surface in the heating room (8) and
adapted to supply respective outputs of the elec-
tric-power dividing portion (2) to the heating
room (8);
a phase variation portion (3a, 3b) provided in a
transmission path between the electric-power
dividing portion (2) and the feeding portions (5a
to 5d) and adapted to vary, in phase, at least
one of the outputs of the electric-power dividing
portion (2);
a plurality of electric-power detection portions
(6a, 6b) adapted to detect reflected electric pow-
er returning from the heating room (8) to the
feeding portions (5a to 5d);
a control portion (7) adapted to control an oscil-

lating frequency of the oscillation portion (1) and
the output phase of the phase variation portion
(3a, 3b);
characterized by:

a movement mechanism portion (13) adapt-
ed to relatively move a position of a straight
line (15) connecting to each other two feed-
ing portions (5a to 5d), out of the plurality of
feeding portions (5a to 5d), with respect to
the object (10) to be heated on the place-
ment table (9, 14);
wherein the control portion (7) is further
adapted to:

control the position to which the move-
ment mechanism portion (13) moves,
relatively move through the movement
mechanism portion (13) the position of
the straight line (15) connecting to each
other the two feeding portions (5a to 5d)
with respect to the object (10) to be
heated,
supply microwave electric powers con-
trolled by the phase variation portion
(3a, 3b), to the heating room (8),
through the two feeding portions (5a to
5d), and
detect a phase difference between the
microwave electric powers which min-
imizes the reflected electric power re-
turning from the heating room (8) to the
two feeding portions (5a to 5d) for de-
tecting a state of placement of the ob-
ject (10) to be heated on the placement
table (9, 14).

2. The microwave heating apparatus according to
claim 1, wherein
the control portion (7) is adapted to supply micro-
wave electric powers having a phase difference
through the two feeding portions (5a to 5d) to the
heating room (8), and is adapted to detect a phase
difference which minimizes the reflected electric
power returning from the heating room (8) to the two
feeding portions (5a to 5d) for detecting the state of
placement of the object (10) to be heated on the
placement table (9, 14) in a vertical plane including
the straight line (15) connecting the two feeding por-
tions (5a to 5d) to each other.

3. The microwave heating apparatus according to
claim 2, wherein
the control portion (7) is adapted to control at least
the feeding portions (5a to 5d), the phase variation
portion (3a, 3b) and the movement mechanism por-
tion (13), based on the detected state of the place-
ment of the object (10) to be heated on the placement
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table (9, 14).

4. The microwave heating apparatus according to
claim 3, wherein
the placement table (9, 14) is adapted to be rotatable,
and is adapted such that the object (10) to be heated
on the placement table (9, 14) passes through the
vertical plane including the straight line (15) connect-
ing the two feeding portions (5a to 5d) to each other,
when the placement table (9, 14) is rotated by the
movement mechanism portion (13).

5. The microwave heating apparatus according to
claim 4, wherein
one of the two feeding portions is placed near an
outer periphery of the placement table (9, 14), while
the other feeding portion is placed near a center of
the placement table (9, 14).

6. The microwave heating apparatus according to
claim 3, wherein
at least a single feeding portion comprises a rota-
tional feeding portion (16) of the plurality of feeding
portions (5a to 5d) which is coupled to the movement
mechanism portion (13) such that a direction of ra-
diation is rotatable, while the other feeding portions
(5a to 5d) comprise fixed feeding portions placed to
be faced in the direction of radiation from the rota-
tional feeding portion (16), and
one feeding portion of the two feeding portions (5a
to 5d), which are supplied with microwave electric
powers, forms the rotational feeding portion (16).

7. The microwave heating apparatus according to
claim 5, wherein
the control portion (7) is adapted to detect a position,
a number and a size of the object (10) to be heated
on the placement table (9, 14) in the vertical plane
including the straight line (15) connecting the two
feeding portions (5a to 5d) to each other, by causing
the movement mechanism (13) to stop the rotation
of the placement table (9, 14).

8. The microwave heating apparatus according to
claim 5, wherein
the control portion (7) is adapted to detect the posi-
tion, the number and the size of the object (10) to be
heated on the placement table (9, 14) in the vertical
plane including the straight line (15) connecting the
two feeding portions (5a to 5d) to each other, while
causing the movement mechanism (13) to keep ro-
tating the placement table (9, 14).

9. The microwave heating apparatus according to
claim 3, wherein
the control portion (7) is adapted to detect the state
of placement of the object (10) to be heated on the
placement table (9, 14) in an initial stage in a heating

operation and to control at least the feeding portions
(5a to 5d), the phase variation portion (3a, 3b) and
the movement mechanism portion (13), and is adapt-
ed to perform an actual heating operation thereafter.

10. The microwave heating apparatus according to
claim 6, wherein
the control portion (7) is adapted to supply respective
microwave electric powers having a controlled
phase difference to the rotational feeding portion (16)
and the fixed feeding portions (5a to 5d) placed to
be faced in the direction of radiation from the rota-
tional feeding portion (16), and is adapted to detect
the state of placement of the object (10) to be heated
on the placement table (9, 14) in the vertical plane
including the straight line (15) connecting the rota-
tional feeding portion (16) and the fixed feeding por-
tions (5a to 5d) having been supplied with the micro-
wave electric powers, to each other.

11. The microwave heating apparatus according to
claim 6, wherein
the fixed feeding portions (5a to 5d) are placed at
even intervals at positions in a radial shape centered
on the rotational feeding portion (16), and
the control portion (7) is adapted to detect the state
of placement of the object (10) to be heated on the
placement table (9, 14), by rotating the direction of
radiation from the rotational feeding portion (16).

12. The microwave heating apparatus according to
claim 11, wherein
the control portion (7) is adapted to detect the state
of placement of the object (10) to be heated on the
placement table (9, 14), by successively stopping
the direction of radiation from the rotational feeding
portion (16) at positions where the direction of radi-
ation is faced to the fixed feeding portions (5a to 5d).

Patentansprüche

1. Mikrowellenheizvorrichtung, die umfasst:

einen Heizraum (8), der ausgelegt ist, ein zu hei-
zendes Objekt (10) aufzunehmen;
einen Anordnungstisch (9, 14), der innerhalb
des Heizraums (8) vorgesehen ist und eine An-
ordnungsfläche zum Anordnen des zu heizen-
den Objekts (10) enthält;
einen Schwingungsabschnitt (1), der ausgelegt
ist, elektrische Mikrowellenleistung zu erzeu-
gen;
einen Abschnitt zum Aufteilen der elektrischen
Leistung (2), der ausgelegt ist, eine Ausgabe
des Schwingungsabschnitts (1) in mehrere Teile
aufzuteilen;
mehrere Zuführabschnitte (5a bis 5d), die auf
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einer Wandfläche in dem Heizraum (8) positio-
niert sind und ausgelegt sind, jeweilige Ausga-
ben des Abschnitts zum Aufteilen der elektri-
schen Leistung (2) dem Heizraum (8) zuzufüh-
ren;
einen Phasenvariationsabschnitt (3a, 3b), der in
einem Übertragungsweg zwischen dem Ab-
schnitt zum Aufteilen der elektrischen Leistung
(2) und den Zuführabschnitten (5a bis 5d) vor-
gesehen ist und ausgelegt ist, die Phase min-
destens einer der Ausgaben des Abschnitts zum
Aufteilen der elektrischen Leistung (2) zu vari-
ieren;
mehrere Abschnitte zum Detektieren der elek-
trischen Leistung (6a, 6b), die ausgelegt sind,
reflektierte elektrische Leistung, die von dem
Heizraum (8) zu den Zuführabschnitten (5qa bis
5d) zurückkehrt, zu detektieren;
einen Steuerabschnitt (7), der ausgelegt ist, ei-
ne Schwingungsfrequenz des Schwingungsab-
schnitts (1) und die Ausgangsphase des Pha-
senvariationsabschnitts (3a, 3b) zu steuern;
gekennzeichnet durch:

einen Bewegungsmechanismusabschnitt
(13), der ausgelegt ist, eine Position einer
geraden Linie (15), die jeweils zwei Zu-
führabschnitte (5a bis 5d) von den mehre-
ren Zuführabschnitten (5a bis 5d) verbindet,
in Bezug auf das zu heizende Objekt (10)
auf dem Anordnungstisch (9, 14) zu bewe-
gen;
wobei der Steuerabschnitt (7) ferner ausge-
legt ist:

die Position, zu der sich der Bewe-
gungsmechanismusabschnitt (13) be-
wegt, zu steuern,
die Position der geraden Linie (15), die
die beiden Zuführabschnitte (5a bis 5d)
miteinander verbindet, durch den Be-
wegungsmechanismusabschnitt (13)
in Bezug auf das zu heizende Objekt
(10) zu bewegen,
durch den Phasenvariationsabschnitt
(3a, 3b) gesteuerte elektrische Mikro-
wellenleistung durch die beiden Zu-
führabschnitte (5a bis 5d) dem Heiz-
raum (8) zuzuführen und
einen Phasenunterschied zwischen
den elektrischen Mikrowellenleistun-
gen, der die von dem Heizraum (8) zu
den beiden Zuführabschnitten (5a bis
5d) zurückkehrende reflektierte elektri-
sche Leistung minimiert, zu detektie-
ren, um einen Zustand der Anordnung
des zu heizenden Objekts (10) auf dem
Anordnungstisch (9, 14) zu detektie-

ren.

2. Mikrowellenheizvorrichtung nach Anspruch 1, wobei
der Steuerabschnitt (7) ausgelegt ist, elektrische Mi-
krowellenleistungen mit einem Phasenunterschied
durch die beiden Zuführabschnitte (5a bis 5d) dem
Heizraum (8) zuzuführen, und ausgelegt ist, einen
Phasenunterschied zu detektieren, der die von dem
Heizraum (8) zu den beiden Zuführabschnitten (5a
bis 5d) zurückkehrende reflektierte elektrische Leis-
tung minimiert, um den Zustand der Anordnung des
zu heizenden Objekts (10) auf dem Anordnungstisch
(9, 14) in einer vertikalen Ebene, die die gerade Linie
(15) enthält, die die beiden Zuführabschnitte (5a bis
5d) miteinander verbindet, zu detektieren.

3. Mikrowellenheizvorrichtung nach Anspruch 2, wobei
der Steuerabschnitt (7) ausgelegt ist, mindestens die
Zuführabschnitte (5a bis 5d), den Phasenvariations-
abschnitt (3a, 3b) und den Bewegungsmechanis-
musabschnitt (13) aufgrund des detektierten Zu-
stands der Anordnung des zu heizenden Objekts
(10) auf dem Anordnungstisch (9, 14) zu steuern.

4. Mikrowellenheizvorrichtung nach Anspruch 3, wobei
der Anordnungstisch (9, 14) ausgelegt ist, drehbar
zu sein, und derart ausgelegt ist, dass das zu hei-
zende Objekt (10) auf dem Anordnungstisch (9, 14)
durch die vertikale Ebene, die die gerade Linie (15)
enthält, die die beiden Zuführabschnitte (5a bis 5d)
miteinander verbindet, hindurchführt, wenn der An-
ordnungstisch (9, 14) durch den Bewegungsmecha-
nismusabschnitt (13) gedreht wird.

5. Mikrowellenheizvorrichtung nach Anspruch 4, wobei
einer der beiden Zuführabschnitte in der Nähe eines
äußeren Umfangs des Anordnungstischs (9, 14) po-
sitioniert ist, während der andere Zuführabschnitt in
der Nähe eines Mittelpunkts des Anordnungstischs
(9, 14) positioniert ist.

6. Mikrowellenheizvorrichtung nach Anspruch 3, wobei
mindestens ein einzelner Zuführabschnitt einen
Drehzuführabschnitt (16) der mehreren Zuführab-
schnitte (5a bis 5d) umfasst, der an den Bewegungs-
mechanismusabschnitt (13) derart gekoppelt ist,
dass eine Richtung der Strahlung drehbar ist, wäh-
rend die anderen Zuführabschnitte (5a bis 5d) feste
Zuführabschnitte umfassen, die so positioniert sind,
dass sie der Richtung der Strahlung von dem Dreh-
zuführabschnitt (16) zugewandt sind, und
ein Zuführabschnitt der beiden Zuführabschnitte (5a
bis 5d), die mit elektrischer Mikrowellenleistung ver-
sorgt werden, den Drehzuführabschnitt (16) bildet.

7. Mikrowellenheizvorrichtung nach Anspruch 5, wobei
der Steuerabschnitt (7) ausgelegt ist, eine Position,
eine Nummer und eine Größe des zu heizenden Ob-
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jekts (10) auf dem Anordnungstisch (9, 14) in der
vertikalen Ebene, die die gerade Linie (15) enthält,
die die beiden Zuführabschnitte (5a bis 5d) mitein-
ander verbindet, durch Bewirken, dass der Bewe-
gungsmechanismus (13) die Drehung des Anord-
nungstischs (9, 14) anhält, zu detektieren.

8. Mikrowellenheizvorrichtung nach Anspruch 5, wobei
der Steuerabschnitt (7) ausgelegt ist, die Position,
die Nummer und die Größe des zu heizenden Ob-
jekts (10) auf dem Anordnungstisch (9, 14) in der
vertikalen Ebene, die die gerade Linie (15) enthält,
die die beiden Zuführabschnitte (5a bis 5d) mitein-
ander verbindet, zu detektieren, während bewirkt
wird, dass der Bewegungsmechanismus (13) fort-
fährt, den Anordnungstisch (9, 14) zu drehen.

9. Mikrowellenheizvorrichtung nach Anspruch 3, wobei
der Steuerabschnitt (7) ausgelegt ist, den Zustand
der Anordnung des zu heizenden Objekts (10) auf
dem Anordnungstisch (9, 14) in einem Anfangszu-
stand in einem Heizvorgang zu detektieren und min-
destens die Zuführabschnitte (5a bis 5d), den Pha-
senvariationsabschnitt (3a, 3b) und den Bewe-
gungsmechanismusabschnitt (13) zu steuern, und
ausgelegt ist, danach einen tatsächlichen Heizvor-
gang auszuführen.

10. Mikrowellenheizvorrichtung nach Anspruch 6, wobei
der Steuerabschnitt (7) ausgelegt ist, jeweilige elek-
trische Mikrowellenleistungen mit einer gesteuerten
Phasendifferenz dem Drehzuführabschnitt (16) und
den festen Zuführabschnitten (5a bis 5d), die so po-
sitioniert sind, dass sie der Richtung der Strahlung
von dem Drehzuführabschnitt (16) zugewandt sind,
zuzuführen, und ausgelegt ist, den Zustand der An-
ordnung des zu heizenden Objekts (10) auf dem An-
ordnungstisch (9, 14) in der vertikalen Ebene, die
die gerade Linie (15) enthält, die den Drehzuführab-
schnitt (16) und die festen Zuführabschnitte (5a bis
5d), denen die elektrischen Mikrowellenleistungen
zugeführt wurden, miteinander verbindet, zu detek-
tieren.

11. Mikrowellenheizvorrichtung nach Anspruch 6, wobei
die festen Zuführabschnitte (5a bis 5d) in gleichmä-
ßigen Abständen an Positionen in einer radialen
Form, die um den Drehzuführabschnitt (16) zentriert
sind, positioniert sind und
der Steuerabschnitt (7) ausgelegt ist, den Zustand
der Anordnung des zu heizenden Objekts (10) auf
dem Anordnungstisch (9, 14) durch Drehen der Rich-
tung der Strahlung von dem Drehzuführabschnitt
(16) zu detektieren.

12. Mikrowellenheizvorrichtung nach Anspruch 11, wo-
bei
der Steuerabschnitt (7) ausgelegt ist, den Zustand

der Anordnung des zu heizenden Objekts (10) auf
dem Anordnungstisch (9, 14) durch aufeinanderfol-
gendes Anhalten der Richtung der Strahlung von
dem Drehzuführabschnitt (16) an Positionen, an de-
nen die Richtung der Strahlung den festen Zuführab-
schnitten (5a bis 5d) zugewandt ist, zu detektieren.

Revendications

1. Appareil de chauffage par micro-ondes comportant :

une chambre de chauffe (8) conçue pour ac-
cueillir un objet (10) à chauffer ;
un plateau de placement (9, 14) prévu à l’inté-
rieur de la chambre de chauffe (8) et comprenant
une surface de placement sur laquelle doit être
placé l’objet (10) à chauffer ;
une partie d’oscillation (1) conçue pour générer
une puissance électrique micro-onde ;
une partie de division de la puissance électrique
(2) afin de diviser une sortie de la partie d’os-
cillation (1) en une pluralité de parties ;
une pluralité de parties d’alimentation (5a à 5d)
agencées sur une surface de paroi dans la
chambre de chauffe (8) et conçues pour amener
les sorties respectives de la partie de division
de la puissance électrique (2) dans la chambre
de chauffage (8);
une partie de variation de phase (3a, 3b) prévue
sur un chemin de transmission entre la partie de
division de puissance électrique (2) et les parties
d’alimentation (5a à 5d) et conçue pour faire va-
rier la phase d’au moins une des sorties de la
partie de division de la puissance électrique (2) ;
une pluralité de parties de détection de puissan-
ce électrique (6a, 6b) conçues pour détecter une
puissance électrique réfléchie par la chambre
de chauffe (8) vers les parties d’alimentation (5a
à 5d) ;
une partie de commande (7) conçue pour com-
mander une fréquence d’oscillation de la partie
d’oscillation (1) et la phase de sortie de la partie
de variation de phase (3a, 3b) ;
caractérisé par :

une partie de mécanisme de déplacement
(13) conçue pour déplacer la position d’une
ligne droite (15) reliant deux parties d’ali-
mentation (5a à 5d), parmi la pluralité de
parties d’alimentation (5a à 5d), par rapport
à l’objet (10) à chauffer sur le plateau de
placement (9, 14) ;

où la partie de commande (7) est en outre con-
çue pour :

commander la position vers laquelle la par-

31 32 



EP 2 549 832 B1

18

5

10

15

20

25

30

35

40

45

50

55

tie de mécanisme de déplacement (13) se
déplace,
déplacer la ligne droite (15) reliant les deux
parties d’alimentation (5a à 5d) par rapport
à l’objet (10) à chauffer via la partie de mé-
canisme de déplacement (13),
amener les puissances électriques micro-
ondes commandées par la partie de varia-
tion de phase (3a, 3b) à la chambre de
chauffe (8) via les deux parties d’alimenta-
tion (5a à 5d), et
détecter une différence de phase entre les
puissances électriques micro-ondes mini-
misant la puissance électrique réfléchie par
la chambre de chauffe (8) vers les deux par-
ties d’alimentation (5a à 5d) afin de détecter
un état de placement de l’objet (10) à chauf-
fer situé sur le plateau de placement (9, 14).

2. Appareil de chauffage par micro-ondes selon la re-
vendication 1, où
la partie de commande (7) est conçue pour appro-
visionner la chambre de chauffe (8) en puissances
électriques micro-ondes ayant une différence de
phase via les deux parties d’alimentation (5a à 5d),
et est conçue pour détecter une différence de phase
minimisant la puissance électrique réfléchie par la
chambre de chauffe (8) vers les deux parties d’ali-
mentation (5a à 5d), afin de détecter un état de pla-
cement de l’objet (10) à chauffer situé sur le plateau
de placement (9, 14) dans un plan vertical compre-
nant la ligne de droite (15) reliant les deux parties
d’alimentation (5a à 5d).

3. Appareil de chauffage par micro-ondes selon la re-
vendication 2, où
la partie de commande (7) est conçue pour comman-
der au moins les parties d’alimentation (5a à 5d), la
partie de variation de phase (3a, 3b) et la partie de
mécanisme de déplacement (13) en fonction de l’état
détecté de placement de l’objet (10) à chauffer sur
le plateau de placement (9, 14).

4. Appareil de chauffage par micro-ondes selon la re-
vendication 3, où
le plateau de placement (9, 14) est conçu pour être
rotatif et est conçu de telle manière que l’objet (10)
à chauffer sur le plateau de placement (9, 14) passe
à travers le plan vertical comprenant la ligne droite
(15) reliant les deux parties d’alimentation (5a à 5d)
lorsque le plateau de placement (9, 14) est mis en
rotation par la partie de mécanisme de déplacement
(13).

5. Appareil de chauffage par micro-ondes selon la re-
vendication 4, où
l’une des deux parties d’alimentation est placée près
d’une périphérie extérieure du plateau de placement

(9, 14) tandis que l’autre partie d’alimentation est
placée près d’un centre du plateau de placement (9,
14).

6. Appareil de chauffage par micro-ondes selon la re-
vendication 3, où
au moins une seule partie d’alimentation parmi la
pluralité de parties d’alimentation (5a à 5d) comporte
une partie d’alimentation rotative (16) couplée à la
partie de mécanisme de déplacement (13) de telle
manière qu’une direction de rayonnement est rota-
tive, tandis que les autres parties d’alimentation (5a
à 5d) comportent des parties d’alimentation fixes pla-
cées de manière à être orientées dans la direction
de radiation des parties d’alimentation rotatives (16),
et
une des deux parties d’alimentation (5a à 5d) appro-
visionnées en puissance électrique micro-ondes for-
me la partie d’alimentation rotative (16).

7. Appareil de chauffage par micro-ondes selon la re-
vendication 5, où
la partie de commande (7) est conçue pour détecter
une position, un nombre et une taille de l’objet (10)
à chauffer situé sur le plateau de placement (9, 14)
dans le plan vertical comprenant la ligne droite (15)
reliant les deux parties d’alimentation (5a à 5d), en
commandant au mécanisme de déplacement (13)
d’arrêter la rotation du plateau de placement (9, 14).

8. Appareil de chauffage par micro-ondes selon la re-
vendication 5, où
la partie de commande (7) est conçue pour détecter
la position, le nombre et la taille de l’objet (10) à
chauffer situé sur le plateau de placement (9, 14)
dans le plan vertical comportant la ligne droite (15)
reliant les deux parties d’alimentation (5a à 5d), en
commandant au mécanisme de déplacement (13)
de poursuivre la rotation du plateau de placement
(9, 14).

9. Appareil de chauffage par micro-ondes selon la re-
vendication 3, où
la partie de commande (7) est conçue pour détecter
l’état de placement de l’objet (10) à chauffer sur le
plateau de placement (9, 14) lors d’un stade initial
d’une opération de chauffage et pour commander
au moins les parties d’alimentation(5a, 5d), la partie
de variation de phase (3a, 3b) et la partie de méca-
nisme de déplacement (13), et est conçue pour réa-
liser ensuite l’opération de chauffage en tant que tel-
le.

10. Appareil de chauffage par micro-ondes selon la re-
vendication 6, où
la partie de commande (7) est conçue pour amener
des puissances électriques micro-ondes respecti-
ves ayant une différence de phase commandée à la
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partie d’alimentation rotative (16) et aux parties d’ali-
mentation fixes (5a à 5d), placées de manière à être
orientées dans la direction de rayonnement de la
partie d’alimentation rotative (16), et est conçue pour
détecter l’état de placement de l’objet (10) à chauffer
sur le plateau de placement (9, 14) dans le plan ver-
tical comprenant la ligne droite (15) reliant la partie
d’alimentation rotative (16) et les parties d’alimenta-
tion fixes (5a à 5d) alimentées en puissance électri-
que micro-onde.

11. Appareil de chauffage par micro-ondes selon la re-
vendication 6, où
les parties d’alimentation fixes (5a à 5d) sont placées
à intervalles réguliers en des positions radiales cen-
trées sur la partie d’alimentation rotative (16) et
la partie de commande (7) est conçue pour détecter
l’état de placement de l’objet (10) à chauffer sur le
plateau de placement (9, 14) en faisant tourner la
direction de rayonnement depuis la partie d’alimen-
tation rotative (16).

12. Appareil de chauffage par micro-ondes selon la re-
vendication 6, où
la partie de commande (7) est conçue pour détecter
l’état de placement de l’objet (10) à chauffer sur le
plateau de placement (9, 14) en arrêtant successi-
vement la direction de rayonnement à partir de la
partie d’alimentation rotative (16) en des positions
dans lesquelles la direction de rayonnement fait face
aux parties d’alimentation fixes (5a à 5d).
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