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1. A microwave oven comprising:

a heating chamber having an opening through which a
microwave is introduced therein,

a turntable provided in said heating chamber for
supporting a substance to be heated,

means for generating a microwave,

a wavequide for guiding said microwave into said
heating chamber via said opening,

means provided at the inner wall face of said
waveguide or said heating chamber for detecting an 0
electric field,

a metal reflector provided rotatably about a
predetermined shaft in the proximity of said opening in

the interior of said waveguide for adjusting impedance of
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load at the side of said heating chamber by a rotation

angle thereof, and

means responsive to an output of said electric field
detecting means for controlling the rotation angls of said

metal reflector,
wherein said control means comprises
first means for controlling the rotation angle
of said metal reflector according to a first control

method during a predetermined time period after initiation
of operation of said microwave oven, and

second means for controlling the rotation angle
of said metal reflector according to a second control
method differing from said first control method after
elapse of said predetermined time period after initiation

of operation of said microwave oven.
10. A microwave oven comprising:

a heating chamber,

microwave generating means, ‘

a waveguide for guiding into said heating ch’amber a microwave generated by said
microwave generating means, said waveguide having a concave portion at a
predetermined position of the inner face thereof having a first opening communicating
with outside of said waveguide, !

electric field detecting means provided in said waveguide,

a dielectric shaft having an end inserted retractable into said waveguide via said
ﬁ:stopening,

| a stub of a non-magnetic metal attached to said end of said shaft in said
Waveguide, and formed of a size such that a portion thereof is retractable with a
predetermined margin within said concave portion, and

control méans responsive to an output of said electric field detecting means for
controlling the length of the portion of said stub inserted into said waveguide from said

.-oncave portion to match impedance of said microwave generating means and the load

in said heating chamber, the control means comprises,

<o /3
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stub position control means for changing the inserting amount of said stub
into said waveguide within a predetermined range,
means for detecting satisfaction of a predetermined condition,

first means for controlling said stub position control means according to
a first control method during the period starting from initiation of operation of said

microwave oven until detection of satisfaction of said predetermined condition, and
second means responsive to the detection of satisfaction of said
predetermined condition for controlling said stub position control means according to a

second control method differing from said first control method.
23. A microwave oven comprising:

a heating chamber having an opening through which a
microwave is introduced therein,

means for generating.a microwave,

a waveguide for guiding said microwave in a
predetermined direction of travel to introduce the same
into said heating chamber via said “pening,

means provided rotatably about a predetermined shaft
in the proximity of said opening in said waveguide for
adjusting impedance of load at said heating chamber side
by a rotation angle thereof, and

meané for controlling a rotation angle of said means
for adjusting impedance,

wherein said means for adjusting impedance comprises
a metal reflector including

a fotation shaft provided in said waveguide so
as to cross said direction of travel by a predetermined

angle «,

S

a first member having a metal face attached to said

“ rotation shaft, and

a second member formed projeéting‘from said metal

face at a prescribed angle a at a position in said
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waveguide, said position moving

rotation of said rotation shaft

.—L‘_—

in accordance with

on said metal face.



Our Ref: 455973

P/00/011
Regulation 3:2

657032

AUSTRALIA

Patents Act 1990

ORIGINAL
COMPLETE SPECIFICATION
STANDARD PATENT

Applicant(s):

Address for Service:

Invention Title:

Sharp Kabushiki Kaisha
22-22 Nagaike-cho
Abeno-ku

OSAKA-SHI Osaka-fu
JAPAN

DAVIES COLLISON CAVE

Patent & Trade Mark Attorneys
Level 10, 10 Barrack Street
SYDNEY NSW 2000

Microwave oven having a function for matching
impedance

The following statement is a full description of this invention, including the
best method of performing it known to me:-

5020

i o i i g



5
‘:x:O
25

TITLE OF THE INVENTION

Microwave Oven Having a Function for Matching
Impedance
BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a microwave oven,
and more particularly to the control of matching impedance
of a microwave generating device and a load in a microwave
oven.
Description of the Background Art

It is known that the impedance in a heating chamber
varies depending upon the magnitude of load and position
of the food item in a microwave oven. Because of this
variance in impedance, the impedance between the magnetron
and the heating chamber cannot be matched. As a result,
the electric field by the microwave reflected from the
heating chamber therein increases. In such a case, the
power of the microwave cannot be effectively used. A
microwave oven is disclosed that can 'djust the position
of a metal reflector for matching impedance in order to
reduce the reflected electric field of the microwave
(refer to Japanese Utility Model Laying-Open No. 61-
100897, Japanese Patent Laying-Open No. 56-160792).

Another microwave oven is disclosed that can control

impedance by moving a stub and/or a metal reflector
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depending upon the weight of food or the specified heating
time according to a cooking program (refer to Japanese
Utility Model Publication No. 1-25513, Japanese Patent
Laying-Open No. 55-88289).

These convenpional microwave ovens are directed to
carry out effective ovperation of microwave power by
closely controlling and adjusting the position of the
device for matching impedance such as a metal reflector.

In order.to effectively carry out impedance matching
by rotating a metallreflector within a waveguide, it is
necessary to.move the position of a metal stub provided in
a rotation plate (disk) of the metal reflector in the
degree of Ag/4 (Ag: wavelength within the waveguide of
microwave) where the maximum and minimum value of the
voltage of the standing wave of the microwave for the
microwave oven (2450MHz) appears.

Therefore, the rotation plate of the metal reflector
must have a diameter of approkimately 40mm corresponding
to Ag/4. The device for matching impedance is provided in
the waveguide having a high microwave electric field. In
order to avoid arcing due to voltage induced by the
microwave from the device for matching impedance of a
metal reflector and the like, the device for matching
impedance must be remote from the wall face of the

waveguide by a sufficient spatial distance. Taking also
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into account the electric field concentration towards the
end portion of the device for matching impedance, and
change in the reflected wave depending upon the condition
of load (light load) in the oven, the device for matching
impedance should be as small as possible in order to avoid ;
atmospheric discharge within the waveguide.

Effective usage of microwave power can be expected by
controlling and adjusting the position of the impedance-
matching reflector for reducing the reflected power from
the oven including the substance to be heated. A possible
method is to continuously control and drive the impedance-
matching device by a motor or the like in cooking the
substance-to-be-heated. However, because the load
position is always changing in a microwave oven employing
a turntable mechanism, the load is great in the driving
mechanism for continuous follow. In view of the specified
life time of a microwave oven, there is problem in the
cost and reliability of the impedance-matching device. !

In view of the foregoing, the usage of an impedance- .
matching device in a microwave oven marifactured in mass
production has the following problems.

In the manufacturing stage, the structure of the ; f
impedance-matching dewvice and the structure of members
thereof must be made to be applicable for mass production

while optimizing the adjustable region of impedance and
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carrying out measures with respect to arcing within the
waveguide.

Although information of the food load in the oven is
not obtained right after the initiation of a cooking
operation, it is desirable to determine the operation mode
of the impedance-matching device at the start of the
operation to obtain a preferable result.

Although the heated time of cooking is normally short
in cooking light food, the time for detecting
information to determine the heating mode in operation of
the food in the oven by an electric field sensor or a
weight sensor takes several seconds to ten several seconds
which is a relatively long time. Because the heating mode
at the start of operation greatly affects the heating
efficiency of food of light load, the load must be
determined taking into consideration the magnitude
thereof.

A change in impedance is expected due to difference
in temperature before and after cooking the food item, or
due to change in weight caused by vaporization of the
food. It is therefore necessary to sense and correct it
appropriately.

The impedance-matching device employed in an economic
type microwave oven for domestic use must have low

component cost.
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According to one aspect of the present invention, there is provided a microwave
oven comprising:

a heating chamber having an opening through which a microwave is introduced

" therein,

a turntable provided in said heating chamber for supporting a substance to be
heated,

means for generating a microwave,

a waveguide for guiding said microwave into said heating chamber via said
opening,

means provided at the inner wall face of said waveguide or said heating chamber
for detecting an electric field,

a metal reflector provided rotatably about a predetermined shaft in the proximity
of said opening in the interior of said waveguide for adjusting impedance of load at the
side of said heating chamber by rotation angle thereof, and

means responsive to an output of said electric field detecting means for
controlling the rotation angle of said metal reflector,

wherein said control means comprises

first means for comtrolling the rotation angle of said metal reflector
according to a first control method during a predeterfnined time period after initiation
of operation of said microwave oven, and

second means for controlling the rotation angle of said metal reflector
according to a second control method differing from said first control method after e'apse
of said predetermined time period after initiation of operation of said microwave oven.

According to another aspect of the present invention, there is provided a
microwave oven con:prising:

a heating chamber,

microwave generating means,

a waveguide for guiding into said heating chamber a microwave generated by said
microwave generating means, said waveguide having a concave portion at a
predetermined position of the inner face thereof having a first opening communicating
with outside of said waveguide,

electric field detecting means provided in said waveguide,

p:\wpdocs\grs\455973\speci/ars
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a dielectric shaft having an end inserted retractable into said waveguide via said
first opening,

a stub of a non-magnetic metal attached to said end of said shaft in said

waveguide, and formed of a size such that & portion thereof is retractable with a

" predetermined margin within said concave portion, and

con w0l means responsive to an output of said electric field detecting means for
controlling the length of the portion of said stub inserted into said waveguide from said
concave portion to match impedance of said microwave generating means and the load
in said heating chamber, the control means comprises,
stub position control means for changing the inserting amount of said stub
into said waveguide within a predetermined range,
means for detecting satisfaction of a predetermined condition,
first means for controlling said stub position control means according to
a first control method during the period starting from initiation of operation of said
microwave oven until detectiof of satisfaction of said predetermined condition, and
second means responsive to the detection of satisfaction of said
predetermined condition for controlling said stub position control means according to a
second control method differing from said first control method.
According to another aspect of the present invention, there is provided a
microwave oven comprising:
a heating chamber having an opening through which a microwave is introduced
therein,
means for generating a microwave,
a waveguide for guiding said microwave in a predetermined direction of travel
to introduce the same into said heating chamber via said opening,
means provided rotatably about a predetermined shaft in the proximity of said
opening in said waveguidé for adjusting impedance of load at said heating chamber side
by a rotation angle thereof, and
means for controlling a rotation angle of said means for adjusting impedance,
wherein said means for adjusting impedance compﬁses a metal reflector including
a rotation shaft provided in said waveguide so as to cross said direéﬁcn
of travel by a predetermined angle «, |

a first member having a metal face attached to said rotation shaft, and

p:\wpdocs\grs\455973\speci/ars
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a second member formed projecting from said metal face at a prescribed
angle « at a position in said waveguide, said position moving in accordance with rotation
of said rotation shaft on said metal face.

According (o another aspect of the present invention, there is provided a

microwave oven comprising:

a heating chamber having an opening through which a microwave is introduced
therein,
means for generating a microwave,
a waveguide for guiding said microwave in a predetermined direction of travel
to introduce the same into said heating chamber via said opening,
means provided rotatably about a predeterinined shaft in the proximity of said
opening in said waveguide for adjusting impedance of load at said heating chamber side
by a rotation angle thereof,
a turntable provided in said heating chamber for supporting a substance to rc
heated,
means for controlling a rotation angle of said means for adjusting impedance,
wherein said means for adjusting impedance comprises a metal reflector including
a rotation shaft provided in said waveguide so as to cross said direction
of travel by a predetermined angle « at a position in said waveguide, said position
moving in accordance with rotation of said rotation shaft on said metal face, and
means provided at the inner wall face of said waveguide or said heating chamber
for detecting intensity of an electric field,
the control means comprises means for prestoring intensity of a target value for
an electric field prepared by a predetermined method, and means for controlling the
rotation angle of said metal reflector so that the cutput of the means for detecting
intensity of the electric field and said intensity of the target value for the electric field
have a predetermined relationship, said means for controlling the rotation angle of said
reflector comprises
means for obtaining a predeiermined representative value of an output of
said means for detecting intensity of an electric field over a predetermined number of
rotations of said turntable,
means for obtaining difference between said representative value and said

target value, and

p:\wpdocs\grs\455973\speci/ars
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means for adjusting the rotation angle of said metal reflector so that said
difference between said representative value and said target value is within a
predetermined range.

According to another aspect of the present invention, there is provided a

microwave oven having impedance matching function comprising:

a heating chamber having an opening through which a microwave is introduced
therein,
means for generating a microwave,

a waveguide for guiding said microwave in a predetermined direction of travel

. to introduce the microwave into said heating chamber via said opening,

means provided rotatably about a predetermined shaft in the vicinity of said
opening in said waveguide for adjusting impedance of load at said heating chamber side
by a rotation angle thereof,

means for detecting weight of a substance to be heated conveyed into said heating
chamber,

means for prestoring a table prepared in advance of target rotation angles of said
means for adjusting impedance corresponding to different weights of a substance to be
heated, and

means for controlling the rotation angle of said means for adjusting impedance
by collating said detected weight with said table of target rotation angles,

wherein said means for adjusting impedance comprises,

a rotation shaft provided in said waveguide so as to cross said direction
of travel by a predetermined angle,

a first member having a metal face attached to said rotation shaft, and

a second member formed projecting from said metal face at a prescribed
angle at a position in said waveguide, said position moving in accordance with rotation
of said rotation shaft on said metal face.

Objects, features, aspects and advantages of the present invention will become
more apparent from the following detailed description of preferred embodiments of the
present invention when taken in conjunction with the accompanying drawings.

Other objects and further scope of applicability of the present invention will
become apparent from the detailed description given hereinafter. However, it should be

understood that the detailed description-and specific examples, while indicating preferred

<
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embodiments of the invention, are given by way of illustration only, since various
changes and modifications within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed description.

The present invention will become more fully understood from the detailed

. description given hereinbelow and the accompanying drawings which are given by way

of illustration only, and thus, are not limitative of the present invention.

Fig. 1 is a sectional view of the main part of an embodiment of the present
invention.

Fig. 2 is a perspective view of the main part of an impedance-matching device.

Fig. 3 is a sectional view for describing the rotation angle of a reflector.

Fig. 4 is a Smith chart of a general heating chamber impedance of a microwave
oven.

Fig. 5 is a block diagram of an embodiment of the present invention.

Fig. 6 is a flow chart of the operation of the device of Fig. 5.

Fig. 7 is a graph showing the relationship between the control angle of a reflector
and time.

Figs. 8A, and 8B, and Figs. 8C and 8D are Smith charts of Figs. 7(A) and 7(B),
respectively.

Fig. 9 is a sectional view of a main part of a microwave oven having an
embodiment of the present invention.

Fig. 10 is a Smith chart showing change in impedance when the stub is moved
in the vertical direction of the device of Fig. 9.

Fig. 11 is a flow chart of the process for setting

p:\wpdocs\ers\455973\specifars
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the length of the stub when the operation time is short.

Fig. 12 is a flow chart of the process for setting
the length of the stub when the operation time is long.

Fig. 13 is a sectional view showing an embodiment of
a microwave oven according to the present invention.

Fig. 14 is an enlarged view of the portion surrounded
by a chain dotted line in Fig. 13.

Fig. 15 is a perspective view showing an example of
the metal reflector of Fig. 14.

Fig. 16 is a perspective view showing another example
of the metal reflector of Fig. 14.

Fig. 17A shows a further example of the metal
reflector of Fig. 14.

Fig. 17B is a sectional view taken in the direction
of arrow 17B-17B of Fig. 17.

Fig. 18 is a perspective view of still another
example of the metal reflector of Fig. 14.

Fig. 19A schematically shows the angular position of
a metal reflector.

Fig. 19B is a Smith chart for describing the
impedance varying range according to the control of the
position of the metal reflector 55.

Fig. 20 shows the schematic relationship between the
weight of a food item and the rotation angle of a metal

reflector.
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Fig. 21 is a portion of a flow chart showing the
control of a metal reflector from the start to the end of
a cooking operational mode.

Fig. 22 is a portion of a flow portion showing the
control of a metal reflector from the start to the end of
a cooking operational mode.

Figs. 23A and 23B are graphs of the output value of
an electric field sensor during one rotation of the
turntable over time, wherein Fig. 23A shows the case where
the output value approximates an optimum control target
value, and Fig. 23B shows the case where the maximum and
minimum values of the output value exceed the tolerance
range.

Fig. 24 is a flow chart showing another embodiment of
an active load matching system according to the present
invention.

Fig. 25 is a vertical sectional view showing an
embodiment of a microwave oven according to the present
invention.

Fig. 26 is an enlarged diagram of the waveguide
portion of Fig. 25.

Fig. 27 is a perspective view of a metal reflector
provided at the bottom of a waveguide.

Fig. 28 is a sectional view of a metai reflector for

describing change in impedance.

U
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Fig. 29 is a vertical sectional view showing another
embodiment of the waveguide portion.

Fig. 30 is a plan view showing the relationship
between the positions of a support roller base provided at
the bottom of the heating chamber and a weight sensor.

Figs. 31A and 31B are waveform charts of a voltage
output from a piezoelectric weight sensor.

Figs. 32A and 32B are voltage waveform charts showing
the output value of a weight sensor of each roller
according to difference in the mounted position of food on
a turntable.

Fig. 33 is a graph showing the relationship between
the conversion value of an output voltage with respect to
weight of food load.

Fig. 34 is a diagram for describing the rotation
position of a metal reflector for adjusting impedance.

Fig. 35 is a Smith chart plotting impedance of the
heating chamber when the metal reflector is rotated,
wherein a represents water load of 300cc and b represents
water load of 2000cc.

Fig. 36 shows the high frequency output of water
loads of 2000cc and 300cc with the rotation position of a
metal reflector as a parameter.

Fig. 37 is a data table showing a rotation position

of a metal stub (metal reflectdr) with respect to load
. -,\\ )
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

First Embodiment

Fig. 1 is a sectional view of the main part of an
embodiment of the present invention.

Referring to Fig. 1, an opening of a waveguide 2 is
formed at a portion of a wall face 1-1 of a microwave oven
1. An antenna 3-1 of a magnetron 3 is provided at the
other end of waveguide 2. A rotatable reflector 9 for
matching impedance is provided at the opening side of
waveguide 2. The opening is covered by an opening cover
1-2. A turntable 8 supported by a support roller 7 is
provided at the bottom of heating chamber 1. Turntable 8
is rotated by a driving device formed of a turntable motor
4, a gear box 5, a drive shaft 6 and the like.

An electric sensor 10 is provided at an appropriate
portion of heating chamber wall face 1-1. Electric field
sensor 10 may be provided at the wall face of waveguide 2
that is continuous to heating chamber wall face 1-1.
Electric field sensor 10 may be provided at a position
that can easily receive influence of the electric field of
the reflected wave obtained by an experiment. An element
combining a chip type diode, resistor and condenser, for
example, can be used as the electric sensor.

Referring to Fig. 2, reflector 9 for impedance

13
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matching is provided with a distance of at least 7mm from
the wall face of waveguide 2 in order to prevent arcing
with waveguide 2 formed of a non-magnetic metal plate.
Shaft 9-1 which is the rotation shaft thereof includes
plastic of low dielectric constant and high heat
resistancef Reflector motor 11 for rotating reflector 9
is connected to shaft 9-1 via a reduction gear with a
photoencoder 14 such as a rotary encoder for detecting
the rotation angle of reflector 9. Photoencoder 14
includes a photo interrupter 12 for identifying a rotation
angle and a rotation plate 13. The photoencoder is not
necessary when a stepping motor is used as the reflector
motor.

Fig. 3 is a sectional view for describing the
rotation angle of reflector 9. The initial position of
angle 0 at the start of operation is based on a state
where the reflector angle is adjusted so that impedance
within the heating chamber results in a maximum output
region in the Smith chart of Fig. 4, when the load in the
heating chamber at the time of operating the microwave
oven is light (corresponding to water load of
approximately 500cc or 300cc), and placed oﬁ the center of

turntable 8. The reflector can be rotated * 90° on the

- basis of the angle 0°. The ahgle of reflector 9 is

changed depending on data obtained by . the electric sensor

—e



and data such as weight and material obtained from the
controller.
Fig. 4 is a Smith chart showing a general heating

chamber impedance of a microwave oven. As an operation

5 mode of a magnetron, an impedance chart and a contoured
line output of a microwave radiated from the magnetron are
indicated in solid lines, and the state of change in
impedance when the reflector of Fig. 3 is rotated * 90°
with respect to the initial position in the cases of no

10 load, water load of 180cc, 500cc and 2000cc are shown in
broken lines a-d, respectively. Although there is a limit
in the range that the reflector can control depending upon
the water load in the heating chamber, the size of the
reflector and the stub in the proximity of the antenna of

15 the magnetron are set so that the control range by the
reflector crosses the hatched region where the maximum
output of the magnetron can be obtained regardless of the
load.

Fig. 5 is a block diagram regarding the reflector

20 control by the electric field sensor of the active
iimpedance matching system according to the present
invention. Magnetron 3 is driven by a high voltage power
source D controlling a control circuit C by a microwave
oven power source B. Control means A of the rotation

25 ' angle of reflector 9 is formed by devices 20-30 enclosed

15
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by a dotted line.

When the cooking operation of the microwave oven is
initiated, the electric field state of heating chamber
wall face 1-1 is detected by electric field sensor 10.

The detected value is digitalized by an A/D converter 20
to allow logic operation. According to a predetermined
angle of rotation, (for example about 2°) of reflector 9
as 1 step, reflector motor 11 is rotated by a step driver
16. The level of electric field sensor 10 is read out for
each step to store the same in an electric field level
data memory 21. This level is compared with a prior
detected level in comparator 22. If the detected level of
electric field sensor 10 is lower than the detected level
of a prior rotation with the direction of the first
rotation of reflector 9 in the forward direction,
reflector motor 11 is driven such that reflector 9 rotates
in the forward direction by a predetermined angle of 2°.
The level thereof is compared with the preceding detected
level, and rotation in the forward direction is repeated.

The time when the detected level of electric field
sensor 10 becomes greater than the preceding detected
level at a certain rotation step of reflector 9 is when
the target value of the rotation angle has just been
passed. This control angle of reflector 9 is identified

by photoencoder 14. Because the load in the heating

17 Lo
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chamber continues its rotation by the turntable, step
driver 16 is operated to drive reflector motor 11 to
reverse the direction of the next rotation of reflector 9
from the prior forward direction as an output of
comparator 22.

Reflector motor 11 will repeat direct rotation in the
forward direction and in an opposite direction for each
step to achieve a minimum level of detection of the
electric field sensor. This is continued for a time
period (approximately ten seconds) corresponding to one
rotation of turntable 8. When approximately 40msec is
required to read out an electric field sensor level by A/D
converter 20 for operation control in accordance with a
rotation of 2° for 1 step of reflector 9, approximately
1.8 seconds is required for reflector 9 to rotate 90°.
This is sufficient to follow the change in load impedance
according to rotation of turntable 8 because reflector 9
repeats rotation in the forward direction and in an
opposite direction in the order of 120-200msec when a
minimum value of a detected level is obtained.

The reverse timing cf the rotation angle of reflector
9 by a reverse timing detector 23, and the angle of
reflector 9 at that time is read out by photoencoder 14 to
detect the angle by a reflector angle detector 15. The

control maximum angle, minimum angle, and an avexage angle

i
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obtained from the integrated values thereof for one
rotation of turntable 8 are obtained which are
respectively registered into a memory 24 for storing data
to detect a range of a maximum and minimum angle of
reflector 9 and a memory 25 for storing data to calculate
an average angle. Determination is made whether the range
of the maximum angle and the minimum angle is within the
tolerable range of impedance measured data of the
microwave oven by a tolerance determination device 26. If
within the tolerable range, a signal from a generator 27
of data setting a fixed angle of reflector 9 according to
average angle data is provided to step driver 16 to drive
reflector 9. If not in the tolerable range, the user of
the microwave oven is notified that the food is not placed
at an optimum position by displaying a message such as
"food not in place" on a display 28 provided at an
appropriate position in the controller of the microwave
oven. A counter 29 of turntable 8 supplies the rotation Cod
timing of turnc.able 8 to toleranqe determination device

26.

During a control continuation time (for example three

~minutes) set by a timer 30 for a predetermined control E.f

time, the angle of reflector 9 is controlled in optimum

following the rotation of turntable 8. For an operation

exceeding the predetermined control continuation time of

Iz ;
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three minutes, reflector motor 11 is driven so that
reflector 9 is fixed at an average control angle of a
certain period of rotation of turntable 8, whereby
reflector s is stopped at the predetermined position.
5 Fig. 6 is a flow chart schematically showing the o
control of the device of Fig. 5. %

At step S001, a cooking operation is initiated and

o the turntable 8 starts rotating. At step S002, reflector ;
. 9 returns to a preset initial position. At step S003, a

t¢ v

I

£ 10 warm up operation of the magnetron is carried out for

Ctcw

approximately two seconds by a timer. When the magnetron

¢ ce attains a normal operation state, an electric field level :
is read for each predetermined angle of the r»flector at

A step S004.

15 At step S005, a determination is made whether the read

out electric field level is lower than the preceding read

out level. If YES, reflector 9 is rotated in a forward
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direction identical to that of one prior step at step
S006. Otherwise, reflector 9 is rotated in an opposite
20 direction for one step at step S007.
At step S008, a determinétién is made whether turntable
8 has m;de one rotation. If NO, the control returns to : } |
step S004, whereby the operation succeeding a read out of
an electric field level is continued. If YES, the range

u(25  obtained from the maximum and minimum control angle and an

[
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arithmetical average value when reflector 9 is reversed
during one rotation of turntable 8 are detected at step
S009.

At step S010, a determination is made whether the
above-described changing range is within a tolerable
range. If YES, the control position of reflector 9 is
fixed at an angle of an arithmetical average, and the
operation is continued at step S014. If NO, the operation
is continued while the angle control of reflector 9 is
carried out at step S011l. At step S012, a determination is
made whether a predetermined time, for example three
minutes, has elapsed from the start of the cooking
operation. If YES, the control position of reflector 9 is
fixed at an angle of an arithme*ic coverage value and the
oper-t .on is continued. If the three minutes has not yet
passed, determination is made whether cooking of the food
item has been completed at step S013. In the case of food
of light load, the cooking will be completed within three
minutes, and the control proceeds to step S015. 1If
cooking has not yet been completec, the control returns to
step S011, whereby angle control of reflector 9 and the
operation are continued.

When cooking is terminated at step S015, reflector 9
is fixed at that position until the start of & next

cooking operation. Reflector 9 can be made to return to

e i A o e
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its initial position.

Referring to Fig. 7, detection of an electric field
level is initiated two minutes after initiation of the
operation. The time required for one rotation of
turntable 8 is 10 seconds, and the control continuation
time is 3 minutes.

The curve (A) shows an example of reflector control
when soup in a glass pot is heated to be cooked. A
relatively large load is placed substantially at the
center of turntable 8. There is no great change in the
reflector angle. It is appreciated that reflector 9 is
fixed at an angle of an average value in the heating and
cooking operation after one rotation of turntable 8 until
the end cf the cooking operation.

The curve (B) shows an example of reflector control
when coffee in a mug cup is re-warmed. This is a case
where a relatively small load is placed at the edge of
turntable 8. There is a great variance in impedance of
the heating chamber, and the control angle of reflector 9
also changes greatly. The reflector angle control is
continued for the predetermined control continuation time,
for example three minutes, even after one rotation of
turntable 8. In most cases, the cooking is completed
within the time of three minutes if the load is small. In

this case, cooking is terminated within the control

3L
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continuation time of three minutes. If the cooking
exceeds the three minutes, the cooking operation following
the three minutes is carried out until it is completed
while reflector 9 is fixed at a control angle of an
average value of the rotation of a certain period of
turntable 8.

Figs. 8A and 8B, and Figs. 8C and 8D show the
variance in impedance of the heating chamber according to
the load examples of (A) and (B) in Fig. 7 based on a
Smith chart. In Figs. 8A and 8C of impedance variance,
(a) shows the case where control is not carried out at an
initial position of reflector 9, and (b) shows the case
where angle control is carried out for reflector 9. 1In
Figs. 8B and 8D of impedance variance, (c) shows change in
impedance in the case where the reflector angle is fixed
to an average value after elapse of a predetermined time.

According to the present embodiment, the
usage efficiency of microwave power in a microwave oven
can be maintained at its optimum according to the size of
a substance to be heated on a turntable and change in the
position of load on the turntable. Because the total time
required for control and driving the reflector angle for
matching impedance can be reduced in comparison with the
specified lifé time total operatioﬁ time of a microwave

oven, componeﬁ&s for rotating and driving the reflector

22,
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can be formed by those that have a normal reliable life
time.
Because information can be provided to the user
whether the position of the food item placed on the
5 turntable is preferable from the standpoint of usage
efficiency of microwave power of the microwave oven, loss

in energy can be prevented.

¢ .
Beon Second Embodiment
€ O'.
et Fig. 9 is a sectional view of the main part of a
A ¢
s L
everes 10 microwave oven according to a second embodiment of the
13 €
te ¢t
LS § ¢

present invention.

A magnetron 3 is provided in the interior of the

et outer box (not shown) of a microwave oven. An antenna 3-1
P thereof r:-iates a microwave into waveguide 2. Waveguide
coved 15 2 radiates a microwave into heating chamber 1 through an
Cereet opening covered by an opening cover 1-2 of the wall face

1-1 of heating chamber 1 within the microwave oven.
A concave portion 2-1 and an electric field sensor 10

are provided at the wall face of waveguide 2. A stub 35
20 attached to a dielectric stub shaft 36 is provided

fittedly in concave portion 2-1. Stub shaft 36 is

inserted in an arbitrary vertical direction of the bearing

at the bottom wall of concave portion 2-1 protruding

outwards. The end of stub shaft 36 is always pressed

25 against a cam 39 driven by a motor 38 by means of a spring
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37. The circumference of cam 39 is in contact with a stub
base position detection switch 40. The outputs of stub
base position detection switch 40 and electric field
sensor 10 are provided to control circuit 50.

The attached position of the electric field sensor is !
at the wall face of the waveguide in Fig. 9. However, it
may be attached to the wall face of the heating chamber.
The electric field sensor should be provided at a position
where influence of the electric field of a reflected wave
is received, which is obtained by an experiment.

Control circuit 50 includes an A/D converter 44, a
logic operation control circuit 45, a memory 46, a timing
circuit 47, a motor driving circuit 48 and the like, and
are connected as shown in Fig. 9. The operation of
control circuit 50 will be described afterwards. An
opening 42 for inserting the stub assembly is provided at
the wall face of waveguide 2 opposing stub 35. A fixed
stub 43 expanding the wall of waveguide inwards, for f
example, is provided at an appropriate portion of the wall
of the waveguide.

Stub 35 for impedance matching is made of a
non-magnetic metal, and is formed having aluminum or
copper alloy of llmm in diameter and 15mm in length, for
example, fixed to the end of stub shaft 36 of a low

dielectric constant dielectric material such as ceramics.

24- Lo
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In order to prevent discharge between the bottom point of
§tub 35 and a portion in the proximity of the wall of the
waveguide, a concave portion 2-1 of approximately 20mm in
inner diameter and approximately 8mm in depth that is
5 greater than the diameter of stub 35 by approximately 8mm

is provided expanding outwards in the wall of the waveguide
A portion of stub 35 is accommodated in concave portion 2-
1.

: The dimension of opening 42 is determined by the

¢ 10 combined size of stub 35 and stub shaft 36. For example,

the inner diameter is set to be approximately l1l2mm depending

ve on the limitation of the height of the ciréumferential

edge provided for preventing microwave leakage. The

:?' - height of the edge 42-1 is 3mm. Opening 42 may be
R supplied with other means to prevent leakage of the
microwave.

Motor cam 39 makes one rotation in approximately 4
seconds, for example. The base position of stub 35 is
detected by switch 10 for detecting the base position of

20 stub 35 in contact with motor cam 39.

Motor 38 for driving stub 35 is an AC synchronous
motor. Motor 38 has its ON-OFF controlled using a
photocoupler switching element such as a phototriac or a
relay in order to separate the AC power source of the main

2
25 -body from the control circuit 50 of the system by a
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control unit of the main body (not shown). As described
gbove, switch 40 and electric field sensoxr 10 respectively
provide a signal to contrcl circuit 50.
The circuit structures of the other components of the
5 microwave oven are similar to those of a conventional one.
When a light water load of approximately 300cc is
placed at the center of the turntable tray under the base
position (the lowest point of stub 35), the impedance in
. the heating chamber must be adjusted to attain a maximum
.0010 magnetron output region. Fixed stub 43 is provided for
this purpose. Fixed stub 43 is formed by fixing a metal
“ projection at the inner wall of waveguide 2, or by
| providing a projection at the wall face of waveguide 2 as
siee L shown in Fig. 9.

15 An opening 10-1 is located approximately Ag/4

o A
" »
-
-

(Ag:wavelength in waveguide) from antenna 3-1 of magnetron

b
-
-
-

3. - In oxrder to obtain data for controlling the inserting
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amount of stub 35, electric field sensor 10 for detecting

»e

an electric field of the reflected wave within the

20 waveguide senses microwave leaking from opening 10-1 by
the antenna of electric field sensor 10. Electric field
sensor 10 detects the sensed signal with a high frequency
diode which is smoothed with a high frequency capacitox,
whereby microwave noise is removed by a lowpass filter.

25 Thus, electric field sensor 10 provides a DC ripple
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voltage obtained by a high frequency detector circuit.
Electric field sensor 10 provides a signal indicating the
level of the reflected wave to A/D converter 44 at a
timing delayed by approximately 4msec to 4.5msec from the
voltage zero cross point of the commercial power source.
The digital data indicating the level of the reflected
wave converted by A/D converter 44 is sent to logic
operation control circuit 45.

In logic operation control circuit 45, a control
signal based on the flow chart of the motor cam control
shown in Fig. 11 is sent to motor driving circuit 48 to
set a position of stub 35 after start of an operation of
cooking. Required data is stored in memory 46, and a
timing signal defining the operation timing of each
circuit is provided to each circuit by a timing circuit
47.

Fig. 10 is a Smith chart showing the range of change
in impedance in the heating chamber when stub 35 is raised
from its base position (lowest point of stub) and inserted
into the waveguide.

The base position of the stub 35 is determined so
that an optimum impedance can be obtained when the load in
the heating chamber at the time of operation is small
(corresponding to water load of approximately 300cc-500cc)

and placed on the center of the tray of the turntable.

27
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More specifically, the position of stub 35 is based on an
inserted state so as to be in the region where a maximum
output is obtained, as shown by the dots (+) of a thick
broken line (a) in the Smith chart of Fig. 10.

5 If the load in the heating chamber is increased, the

range of change of impedance by insertion of stub 35

L:": Ehanges as shown in the thick broken line (b) of Fig. 10.
SCIN The optimum position of stub 35 in the case of water load :
;:Lz of 2000cc is near the highest point. The output of T
f.“; 10 electric field sensor 10 detecting the electric field of

the reflected wave within the waveguide shows a minimum
¢ ec value here. If there is no load in the heating chamber,
LOUR the reflected electric field is high in the waveguide.
The range of change of impedance in the Smith chart of
Lo00e, 15 Fig. 10 is as shown in the thick broken line of (c).
The lowest points in the respective broken lines of
(aj, (b) and (c) correspond to the lowest point of stub
35. -
At the time of cooking operation, the type, weight
20 and the cooked state of the material of the food, i.e.
data required for the operation time is entered. The data

is stored in memory 46, whereby magnetron 3 is driven

according to this data to obtain maximum efficiency.

Fig. 11 is a flow chart of the process for stub

25 control right after initiation of a cooking operation. : P

23
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The driving conditions of motor cam 39 are as follows.
$tub 35 completes one cycle of a rising and a falling
operation by one rotation of motor cam 39. When cam 39
makes one rotation in four seconds at a power source

5 frequency of 60Hz, cam 39 completes one rotation at a
count of 240 of the INT (interval) period of the power
source. The lowest point of stub 35 is set as the optimum

base position in a light load cf the heating chamber. 1If 5

R the rotation cycle of motor cam 39 changes, or when the
;;? 10 power source frequency changes, for example, to 50Hz,

?:i adjustment of the INT count for one rotation of motor cam
s ue 9 is necessary.

The flow chart is described in the following. At the

start of operation at step S101, the drive of motor cam 39

15 is initiated parallel to te oscillating operation of

magnetron 3. First, a signal is detected of switch 40 for

detecting the base position of stub 35. If not at the

[
a
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base position, motor cam 39 is rotated to move stub 35
until switch 40 operates to complete the base position
20 setting (step S102). Next, a determination is made whether % |
the operation heating time of the entered cooking program
is long or short (S103). For example, approximately 30
seconds can be a standard. If the operation heating time
is less than 30 seconds, a determination is made that the

25 food cooking is of a light load, and position control of

i
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stub 35
S114 to

If
program

to step

is not carried out. The control proceeds to step
complete the cooking operaticn of the set time.
the cooking operation time of the entered cooking
is greater than 30 seconds, the control proceeds

S1N4., The position of stub 35 is moved by a

constant amount. During this move, the optimum position

of stub

35 for the load is detected, whereby a program is

employed that moves stub 35 to that optimum position.

There is no great influence in the average microwave

output even if a time period of one rotation at the

maximum of motor cam 39 is taken for the optimum position

detection and position setting of stub 35. Therefore,

motor cam 39 is driven according to the flow chart shown

in Figqg.

11 (S104). The initial value for each data is

stored in memory 46 (S105). The elapse time of a 1/2

rotation (approximately two seconds) of motor cam 39 and

an A/D converted value of the electric field level of the

reflected wave in the waveguide obtained by electric field

sensor 10 are monitored to obtain a time elapse timing

where the detected level of electric field sensor 10

becomes minimum (S106-S110).

Following the former 1/2 rotation of motor cam 39,

the remaining 1/2 rotation is continued (S111, S112).

value is counted down from the count corresponding to the

time of

the 1/2 rotation. Motor cam 39 is stopped at an

20
34
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elapse time of a minimum value of the detected

}evel from electric field sensor 10 obtained by the
preceding 1/2 rotation (S113). If the structure of motor
cam 39 is set to correspond to elapse of time in the move
in the vertical direction of stub 35, the stub position
corresponds to the position where the electric field of
the reflected wave is minimum when the control comes to
step S113.

The procedure is as follows in the case where the
cooking time is long, the cooked state of the food is
expected to be at a relatively high temperature (for
example more than 80°C), the cooked food is greatly
increased in size from the initial shape, or there is
change in the weight during éooking.

Fig. 12 shows an example of a flow chart for
determining the timing for carrying out resetting of a
stub position when the input operation time for cooking is
relatively long. Right after initiation of operation,
setting of stub 25 is carried out similar to that shown in
Fig. 11 (at Fig. 12, S120, S121). In accordance with the
remaining operation time and the cooking menu (S122),
determination is made whether to maintain the current stub
position, to divide the cooking time (divided into four in
the example of Fig. 12) to carry out several stub position

resetting, or to carry out stub resetting frequently such



as in the defrost operation which will be described
afterwards to expect effect of microwave mixing (S123-
5128).

According to the present invention, impedance

[82]

matching can be carried out corresponding to the size of ;

the food load, the load position within the heating

et chamber, and various change in impedance according to the

Tt cooked state. Furthermore, the structure of the

i components of the microwave oven can be simplified to be

5."; 10 suitable for mass production while obtaining a structure
where arcing and leakage of microwave does not easily

¢ e occur. According to the position control method of the

et stub of the present embodiment, a microwave oven of high
power efficiency in light load of the heating chamber can

Loee, 15 be provided. Furthermore, because the stub is driven by

an AC synchronous motor and a motor cam rotating in one

direction, the cost of the driving mechanism of a stub can

be reduced. } %

Third Embodiment

20 Fig. 13 is a sectional view of a microwave oven

according to a third embodiment of the present invention.
Referring to Fig. 13, a microwave oven having an antenna
3-1 includes a magnetron 3, a waveguide 52 for conducting
a microwave radiated from magnetron antenna 3-1 to heating

25 chamber 1, a metal reflector 55 for impedance matching,:a
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motor 58 for rotating metal reflector 55, and a circuit 68
for controlling motor 58. A turntable 72 and a roller 73
for supporting turntable 72 are provided in heating
chamber 1. A turntable motor 74 is provided outside
heating chamber 1. A weight sensor 75 is provided at a
passing point of roller 73. A weight detection signal of 3
weight sensor 75 is provided to control circuit 68.

Metal reflector 55 adjusts impedance of the heating
chamber side for impedance matching. Metal reflector 55
is provided within waveguide 52‘and is not seen at the
time of usage of the microwave oven by an opening cover 1-
2.

Magnetron 3 is provided in an outer box 70 of the
microwave oven. A microwave radiated from antenna 3-1
passes through waveguide 52 as a traveling wave to be
radiated into heating chamber 1 through opening cover 1-2
to reach the food load to be absorbed. Accoraing to the
state of the food load, a portion of the microwave returns
to the interior of waveguide 52 as a reflected wave. The
standing wave mode in waveguide 52 changes according to
the ratio of the reflected wave to the traveling wave and
the state of face thereofvfo affect the operation
efficiency of magnetron 3. In the present embodiment,

impedance at the side of the heating chamber seen from

magnetron 3 alleviates the influence due to the size of e
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the food load, so that the operation efficiency of the
magnetron can be maintained at a high level.

Fig. 14 is an enlarged view of the portion XIV
surrounded by a dash dot line of Fig. 13. Referring to
Fig. 14, metal reflector 55 is formed of a non-magnetic :
metal. Metal reflector 55 is fixed to a dielectric
rotation shaft 56 formed of a low dielectric constant of
dielectric material such as ceramics and pla;tic.
Dielectric rotation shaft 56 is connected to a driven gear
57 outside waveguide 52. Driven gear 57 has its position
of angle controlled by motor 58. A hole is formed in the
proximity of the circumference of driven gear 57. A photo
interrupter 59 is provided corresponding to the position
of this hole. Photo interrupter 59 detects the position
of the base angle of metal reflector 55.

Motor 58 is a compact generalized type stepping motor
uividing one rotation into 20 steps. By combining a
rer <tion gea., a general compatible direct current motor

may be used as motor 58. In this case, a photo

interrupter can be added, whereby the rotation angle of

metal reflector 55 can be set to 20 steps per rotation or
40 steps per rotation by an additional photo interrupter
and a rotation hole disk attached to a motor shaft.

Control circuit 68 includes an A/D converter 62, a

logic operation circuit 63, a memory 64, a timing circuit

34
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65 and a motor driving circuit 66. An A/D converter 62
converts the analog signal indicating the level of the
electric field detecrved by electric field sensor 10 into a
digital signal. Logic operation circuit 63 processes the
digital data from A/D converter 62 according to the flow
charts of Figs. 21 and 22 which will be described
afterwards. Memory 64 stores a tolerable range of the
optimum control target value of an electric level selected
in advance so that the reflected wave takes a minimum
value. Timing circuit 65 generates a timing signal for
controlling the A/D conversion timing of A/D converter 62
and the operation timing of logic operation control
circuit 63. Motor driving circuit 66 responds to the
operation result of logic operation control circuit 63 to
control the rotation angle of motor 58.

Electric field sensor 10 fixed to the outer side 52-2
of the terminal end of waveguide 52 detects the intensity
of the electric field in waveguide 52. Electric field
sensor 10 senses the level of the microwave leaking from a
hole of approximately 4.5mm diameter provided
substantially at the center of the termination end
portion. The termination portion of waveguide 52 is
located at 1/8 the distance of the wavelength in the
waveguide from antenna 3-1.  Electric field sensor 10

includes an electric field detecting antenna, a high

35
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frequency diode, a high frequency capacitor and a lowpass
filter, as in a conventional high frequency detection
circuit. A microwave is detected by the electric field
detection antenna to be detected by the high frequency
diode to be smoothed by a high frequency capacitor,
whereby microwave noise is removed by the lowpass filter.
Thus, a DC ripple voltage indicating the intensity of the
electric field is provided from electric field sensor 10.
The A/D conversion of A/D converter 62 is carried out
at a timing delayed by approximately 4m seconds to 4.5m
seconds from the voltage zero cross point of the.power
source voltage where the maximum power is obtained in the
oscillating operation of magnetron 3. The obtained data
of the electric field level is supplied to logic operation
control circuit 63. The stub which is the induction
component is based on the angle position of metal
reflector 55 which most closely approximates antenna 3-1.
When light load of water of approximately 300cc is placed
at the center of turntable 72, impedance at the heating
chamber side is within the output maximum region of
magnetron 3. A projection 52-1 is provided at the wall

face of waveguide 52 to form a fixed stub for impedance

adjustment. The fixed stub may have a metal projection

fixed at the wall face of the waveguide.

‘Fig. 15 is a perspective view showing an example of the

B —
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metal reflector 55 of Fig. 14. Referring to Fig. 15,
metal reflector 55 includes a metal disk 81, and a metal
plate 82 provided at the circumferential edge of metal
disk 81. Metal disk 81 is formed of a non-magnetic metal
such as aluminum whose surface loss of microwave is low.
Metal disk 81 has its center portion supported and fixed
to a dielectric rotation shaft 56 formed of a low
dielectric constant material such as ceramics and plastic.
The diameter of metal disk 81 is 30mm-40mm which
approximates the wavelength of the microwave of
approximately Ag/4. Although the height of metal plate 82
depends on the height of waveguide 52, a height of 15mm-
20mm approximating Ag/8 of the wavelength of the microwave
is selected.

The formation of metal reflector 55 as shown in Fig.
15 is set forth in the following. A metal plate 82 is
formed at the end of metal disk 81, and metal plate 82 is
bent. Metal disk 81 mainly becomes the capacitance
component of impedance, and metal plate 82 becomes mainly
the induction component of impedance.

Fig. 16 is a perspective view showing another example
of metal reflector 55. Metal reflector 55a shown in Fig.
16 includes a metal disc 83, and a metal cylindrical stub
84 attached to metal disc 83. Metal disc 83 and metal

cylindrical stub 84 mainly become the capacitance

37
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component and the induction component, respectively, of
?he impedance.
Figs. 17A and 17B show a further example of metal

reflector 55. Metal reflector 55b of Figs. 17A and 17B

5 include a metal disk 88, a metal face 86, an edge 87 and a
support portion 85. Metal disk 88 and metal face 86
mainly become the capacitance component and the induction
component of the impedance component. The end of

H supporting portion 85 is attached to dielectric rotation

" an sea

:: 10 shaft 56. This facilitates the fixing of metal reflector

55b to dielectric rotation shaft 56, and impedance can be

~ARS an

0, adjusted in a greater range.

Fig. 18 is a perspective view of a metal reflector of

-
-
-
-

still another example. Metal reflector 55c of Fig. 18

[od - =
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15 is similar to that of Fig. 15 except that a metal disk 89
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is added to metal reflector 55. Thus, the electrostatic

.. coupling condition of metal reflector 55c and the sidewall
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of the waveguide can be changed from that of Fig. 15.

~e

Referring to Fig. 19A, the base position of metal
20 reflectoxr 55 (Fig. 15), i.é. the angle position of metal
reflector 55 where metal plate 82 is closest to the
magnetron is "P0". 180° is divided into 10 resulting in
18° for each position, and the angle position of metal
reflector 55 corresponding to each angle is set from "P1" to " L ;

25 "P10". The impedance at the heating chamber side in the
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rotating metal reflector 55 from the base angle position
to 180° is plotted on the Smith chart in Fig. 19B.
Referring to Fig. 19B, curve (a) shows the case where a
water load of 300cc is placed at the center of the
turntable, curve (b) shows the case where a water load of
2000c is placed at the center of the turntable, and curve
(c) shows the case of no load. The hatched area on the
Smith chart indicates the maximum output region of the
magnetron.

The standard state is when metal reflector 55 is at
its base angle position "P0", and when a light load
corresponding to 300cc of water load is placed at the
center of turntable 22. The position and height of fixed
stub 52-1 (Fig. 14) is determined under this standard
state such that impedance in heating ¢hamber 1 is within
the region when maximum output is obtained such as point
"P0" of curve (a) on the Smith chart.

If the load in heating chamber 1 is increased, the
range of impedance change in the heating chamber side due
to rotation of metal reflector 55 changes. As a result,
the optimum angle position of metal reflector 55 becomes
the state of "P10" which is approximately 180° rotated
from the base position, in the case of load of 2000cc
calculated in water load, as shown in curve (b) of Fig.

19B.
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The output level of electric field sensor 10 is
obtained by experiment in advance under the state where
electric field sensor 10 is provided at the end portion of
the waveguide as shown in Fig. 14 and magnetron 3 operated

5 under the conditions where the load is set so that the

reflected wave is minimum. This output level is the

¢ e, reference value Eref of the output level. Reference value
Z:x: Eref is described in detail hereinafter.

fZ?E The output level of electric field sensor 10

?‘:: 10 correlates to the intensity of the electric field in the

a

proximity of the inner wall face of waveguide 52. The

condition for no reflected wave is when the impedance of

-
~

ST, the heating chamber side seen from magnetron 3 coincides
with the impedance of magnetron 3 which is the microwave

e

j::f 15 generating source. Since the output level of electric

o field sensor 10 approximates the reference value Eref,

x c% ' this reference value Eref is the optimum control target

: value. The impedance af the heating chamber side changes
according to change of the food load within heating

20 chamber 1, and takes a value greater or smaller than the
impedance of magnetron 3. Accordingly, the electric field
level of the standing wave in the proximity of electric
field sensor 10 also becomes higher or lower. The output
level of electric field sensor 10 also takes a value

25 higher or lower than the reference value Eref. The middle
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region of the Smith chart of Fig. 19B is where there is no
reflected wave. The standing wave ratio is 1 at that
middle region.

Therefore, by controlling the angle position of metal
reflector 55 so that the output level of electric sensor
10 approximates the reference value Eref, magnetron 3 can
be operated in an optimum impedance region.

Referring to Fig. 20, it is presumed that a light
load is to be heated right after initiation of a cooking
heating op.ration regardless of the weight of the food in
the control of heating cooking. Position "PO" is selected
for the angle position of metal reflector 55. After
weight information of food is received from weight sensor
75, control circuit 68 rotates metal reflector 55 promptly
to an optimum angle position according to the relation
shown in Fig. 20.

‘Referring to Figs. 21 and 22, control of the angle
position of metal reflector 55 will be described. 1In
Figs. 21 and 22, Eave is the average value of the detected
level of electric field sensor 10 during one rotation of
turntable 22, Edif is the absolute value of the difference
between the average value Eave and the reference value
Eref, Ealw is the tolerance range with respect to the
absolute value Edif, and #pre is the preceding measured

Edif value.

4

i i g



15

20

At step S201, the angle position of metal reflector
55 is moved to the base position "P0". At step 5202, a
pressure-sensitive signal (weight data) is entered from
weight sensor 75. At step 203, a provisional control
angle of metal reflector 55 is determined according to the
relationship of Fig. 20. At step S204, metal reflector 55
is moved to that angle position.

Referring to Fig. 22, the reflected electric field
level detected by electric field sensor 10 is converted
into digital data by A/D converter 62, and integrated by
logic operation control circuit 13 at step S206.

At step S207, a determination is made whether the
cooking time has ended or not. If the cooking time has
ended, the control proceeds to step S208 to cease and end

the cooking operation. If the cooking time has not yet

' ended, the control proceeds to step S209 where a

determination is made whether turntable 72 has made one
rotation. If a determination is made that one rotation has
not been made, the control returns to step S206.
Otherwise, the control proceeds to step S210.

At step S210, the average value Eave is obtained from
the integrated result of the output data of A/D converter
62 during one rotation of turntable 72.

At step S211, ﬁhg‘absoygte value Edif which is the

difference between the average value Eave and the
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reference value Eref is obtained.

At step S212, a determination is made whether the
absolute value Edif is smaller than tolerable range Ealw.
If Edif < Ealw, the control returns to step S206,
otherwise to step S213. At step S213, a determination is o
made whether the absolute value Edif is smaller than Epre. ¢
IF Edif > Epre, the control proceeds to step S214. At
step S214, an instruction is sent to motor driving circuit
66 to reverse the direction of rotation of metal reflector
55. If not Edif > Epre, the control proceeds to step S215
where an instruction is sent to motor driving circuit 66
to rotate metal reflector 55 in the current specified _ ;
direction.

‘The initial direction of rotation of metal reflector
55 is assumed to be clockwise. A suffiéiently large value
is set as the initial value for Epre.

At step S216, the Epre held in memory 64 is replaced
by a newly calculated absolute value Edif.

At étep S217, motor 58 is driven to rotate metal
reflector 55 for one step in a direction determined at
step S214 or S215. Then, the control returns to step
5206.

It is to be noted that the output value of electric
field sensor 10 changes during one rotation of turntable - ;

72, as shown in Figs. 23A and 24B. Fig. 23A and Fig. 23B
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show the cases where the changing range of the output
Yalue are small and great, respectively. In the case of
Fig. 23A, the output value of electric field sensor 10
approximates the reference value Eref which is the optimum
5 control target value, so that heating of high power
efficiency can be carried out. In the case of Fig. 23B,
it can be appreciated from the solid line that although
e the average value Eave approximates the reference value
Eref, each value over time is far from the reference value
10 Eref. This means that although the average value Eave is
equal, the efficiency is poor in comparison w.ith the case

¢ of Fig. 23A. The heating efficiency can be improved by

tee controlling the active impedance by approximating the
;ig} : output values Emax and Emin of electric field sensor 10 to
'?'€ 15 the reference value Eref as shown in the broken line of
Fig. 23B.

Fig. 24 is a modification of the flow chart of Fig.
22. This flow chart is directed to improving the heating
efficiency described above with reference to Fiés. 23A and

20 23B. Steps S210A and S211A in the flow chart of Fig. 24

differs from step S210 and S211 in the flow chart of Fig.
22.

Referring to Fig. 24, a microwave oven under this
modification operates as follows.

25 An output signal of electric field sensor 10 is A/D
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converted by A/D converter 62, and integrated for one
rotation of turntable 72 by the procedures of steps S206-
 §209.
At step S210A, the maximum value Emax and the minimum
5 value Emin of the A/D converted data during one rotation
of turntable 72 are detected.
At step S211A, absolute values Edif 1 and Edif 2 of
e the difference between the maximum and minimum values Emax
e and Emin and the reference value Eref are obtained. The
10 appropriate control state is where absolute values Edif 1
and 2 are within the tolerable range of Ealw.
At step S212, a determination is made whether absolute
e values Edif 1 and 2 are below the tolerable range, i.e.
Edif 1 < EBalw, and Edif 2 < Ealw. If the result of the
15 determination is YES, the control returns to step S206,
otherwise to step S213. Then, the newly obtained absolute
values Edif 1 and 2 are compared respectively with Epre 1
and 2 indicating the Edif 1 and 2 of the prior rotation of
one step. Specifically, at step S213, a determination is
201 made whether the output value of electric field sensor 10
comes nearer to or farther from the appropriate control
value. According to the result of this determination, the
direction of the angle control of thé next step is
specified (5214, S215). The procedures of steps S206—Sé17

25 are sequentially executed for each rotation of turntable
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72 to maintain the appropriate control state.

According to the microwave oven of the above
embodiment, the metal reflector includes a metal face
which becomes mainly the capacitance component and a stub
which becomes mainly the induction component, and the
position of the stub can be changed, whereby impedance at
the heating chamber side can be changed as desired. The
combination of a metal face and a stub can be selected so
as to prevent arcing between the metal reflector and the
wall face of the waveguide and to prevent microwave
leakage.

According to the microwave oven of the present
embodiment, impedance matching is automatically carried
out corresponding to variation of the size of the food
load to be heated and cooked, the position of the food
load in the heating chamber, and the change in impedance
at the heating chamber side according to the cooked state
of the food, whereby the microwave power efficiency can be
maintained as desired.

Fourth Embodiment

Referring to Figs. 25-27, a microwave oven of a
fourth embodiment of the present invention includes a
magnetron 3 having an antenna 3-1, a waveguide 92 for
conducting into an oven 91 the microwave radiated from

antenna 3-1, an opening cover 91-2, a metal reflector 95

4o
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for impedance matching, a motor 98 for driving metal

reflector 95 via a plastic rotation shaft 96, a switch 99
for detecting the base position of the rotation of metal
reflector 95, a control circuit 100 for controlling the
entire microwave oven includiﬁg impedance matching
control, an outer box 90, a heating chamber 91, a
turntable 92, a support roller 93, a turntable motor 94, a
piezoelectric weight sensor 89, and a door (not shown)
attached to the opening of heating chamber 91 to open and close
the chamber. Metal reflector 95 is disposed within waveguide
92, and cannot be seen from the heating chamber 91 side
owing to opening cover 91-2. Magnetron 3 provided in
outer box 90 radiates a microwave into waveguide 92 from
antenna 3-1.

The microwave radiated from antenna 3-1 passes
through waveguide 92 as a traveling wave to be radiated
through opening cover 91-2 to the interior of heating
chamber 91. The microwave reaches the food load and is
absorbed. A portion of the microwave returns to the

interior of waveguide 92 according to the state of the

food load. The mode of the standing wave within: the waveguide

changes according to the ratio of the reflected wave to

the standing wave and the state of its phase to affect the

-operation efficienby df_magnetron 3. The present

invention is directed to maintain a high operating
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efficiency of magnetron 3 by adjusting the impedance by
rotating metal reflector 95 in view of the phenomenon that
impedance of the heating chamber 91 side seen from the
magnetron 3 side is influenced by the state of food load.

Particularly referring to Figs. 26 and 27, metal
reflector 95 includes a disk 95a of a non-magnetic metal
such as aluminum, and a metal stub 95a formed in a berit
manner at the peripheral edge of disk 95a, which is fixed
to a rotation shaft 96 formed of a low dielectric constant
dielectric material such as plastic or ceramics. Rotation
shaft 96 is provided at an inclining angle of « with
respect to the direction of travel of the microwave, as
shown in Fig. 28. Rotation shaft 96 is connected to motor
98 outside the bottom of waveguide 92 having an inclining
bottom 90a corresponding to the inclining angle of «.
Rotation shaft 96 is driven by motor 98.

Metal stub 95b of metal reflector 95 is provided on
disk 95a at an inclining angle of o with respect to disk
95a. Metal stub 95b is orthogonal to the direction of
travel of thé microwave when positioned at the opening
cover 4 side as shown in Fig. 26. When located at the
magnetron antenna 3-1 side, stub 95b is set to have an
inclining angle of 2a-90° as shown in Fig. 28 with respect
to the direction of travel of the micfowave. Thus, the

direction of the electric field (the direction of height)

48
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and the lohgitudinal component of L = Ls x Sin (2a-90°) of
metal stub 95b show a great change. Ls is the length of
ﬁetal stub 95b. Thus, the impedance adjusting width
(degree cf adjustment) is great. In the present
embodimer'., the inclining angle o of rotation shaft 96 and
metal stub 95b is 65°, the diameter of disk 95a is 30mm,
and the height of metal stub 95b is 18mm.

By inclining rotation shaft 96 and metal stub 95b by
65°, the diameter of disk 95a can be reduced by 8mm to
realize impedance matching of an equal degree in
comparison with the case where rotation shaft 96 and metal
stub 95b are not inclined. Therefore, the metal reflector
95 can be made more compact.

As shown in Fig. 29, the portion of magnetron antenna
3-1 may be made a rectangular waveguide, and only
waveguide wall 92a where metal reflector 95 and motoxr 98
are attached can be provided aﬁ inclined manner. The
inclination angle o of rotation shaft 96 and metal stub
95b can be set to a gréat angle without increasing the
entire size of the waveguide. The impedance adjustment
width can be further increased and reflector 95 made more
compact.

By using a synchronous motor of a ~otation velocify
of 15rpm having the direction of rotation restricted to

one direction for motor 98 to rotate metal reflector 95,
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there is a merit of reducing the cost in comparison with
the case where a stepping motor or a‘direct current imotor
is used.

Referring to Figs. 26-28, cam 97 for detecting the
base position of rotation for controlling the rotation
position is provided at the lower end of rotation shaft
96. The base position is detected by a detection switch
96 formed of a microswitch. Referring to Fig. 27,
particularly, when the position of stub 95a of metal
reflector 95 by the rotation of motor 98 comes to the base
position for controlling the rotation position, projection
97a provided in cam 97 operates detection switch 99,
whereby detection switch 99 provides an ON/OFF signal to
control circuit 100.

Referring to Fig. 25, control circuit 100 includes a
peak hold circuit 111 for obtaining food weight
information from piezoelectric weight sensor 110 which
will be described later, an A/D converter 112, a logic
operation control circuit 113 for controlling the rotation
position of metal reflector 95, a memory 114, a timing
circuit 115, and a motor driving circuit 116.

The weight and position information of the food item
obtained by piezoelectric weight sensor 110 are converted
into digital data by A/D converter 112. According to this

digital data, logic operation control circuit 113 reads

50
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out the rotation position data of metal reflector 95 from
memory 114 to control the energizing time of motor 98 to
stop metal reflector 95 at a predetermined position. The
rotation position data of metal reflector 95 is related
with load weight (weight of food) obtained
experimentally in advance as shown in Fig. 37 to be stored
in memory 114 in a tabular manner. |

The value of the rotation position of metal stub
shown in Fig. 37 represents a position where one rotation
is divided into 16 (0-15). The position relation between
the rotation position indicated by each numeric value and
antenna 3-1 is as shown in Fig. 34. Metal reflector 95 is
located at rotation position 10 in Fig. 34. Two
conditions are prepared; when load is placed at the center
of turntable 92; and when load is placed at the peripheral
edge portion of turntable 92.

Control of the rotation position of metal reflector
95 is carried out as follows. Referring to Fig. 27, cam
97 rotates according to a rotation of rotation shaft 96,
whereby projection 97a operates detection switch 9. Here,
time count is initiated for control of the rotation
position. Since a motor is employed which takes four
seconds for one rotation, metal reflector 95 is rotated by
1/16 over an energizing time period of 250msec.

Fig. 28 shows the effect of metal stub 95a of metal
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reflector 95 towards the electric field plane (E plane) of
a microwave. It can be appreciated from Fig. 28 that
there is a great voltage gradient in the vertical
direction because the potential of the microwave is high
at the center portion and low at the circumferential
portion. When metal stub 95b is at the side of opening
cover 11-2 in waveguide 92, the height Ls of metal stub
95b affects the voltage gradient of the electric field of
the microwave. When metal stub 95b is at *he antenna 3-1
side, the component in the height direction L = Ls x Sin
(2a¢ - 90°) of metal stub 95b affects the gradient. By
rotating metal reflector 95, the electric field of the
standing wave in the direction of travel of the microwave
is affected to result in improvement of impedance
adjustment.

As shown in Fig. 25, a turntable 92, and a support
roller base 93 for supporting turntable 92 are provided in
oven 91. A turntable motor 94 is provided outside oven 91.

Referring to Fig. 30, the structure is such that a
detected signal of piezoelectric weight sensor 110
provided at a passing point of roller 93a of support
roller base 93 is supplied to control circuit 100.

Support roller base 93 is coupled to the driving shaft of
turntable driving motor 94 (Fig. 25) by means of a

coupling component. Three rollers 93a supported at the

52
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end portion of support roller base 93 rotate between
turntable 92 and the bottom of oven 91 by the rotation of
driving motor 94 to rotate turntable 92.

When roller 93a passes over piezoelectric weight
sensor 110, a voltage signal shown in Fig. 31A is provided
from weight sensor 110. Peak hold circuit 111 in control i
circuit 100 holds the level of a peak voltage signal
exceeding the threshold voltage level for 200msec to

31B. A/D converter 112 reads the

300msec as shown in Fig.
voltage level of the held signal to provide a digitalized
data to logic operation control circuit 113. The
technique regarding piezoelectric weight detection has
already been employed in a microwave oven by the applicant
of the present invention, and is disclosed in Japanese
Patent Publication No. 3-20648 and in Japanese Utility
Model Publication No. 3-17148.

When food load is placed at the center of turntable
92, substantially one third of the food load is equally
applied to each of the three rollers 93a. The output peak
hold values Va,; Vb and Vc corresponding to each of the
three rollers 93a of weight sensor 110 take a

substantially equal value as shown in Fig. 32A. The

voltage converted value Vx of the food load weight is

represented by Va + Vb + Vec.

When thé'food load is placed at the peripheral edge
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of turntable 92, different weight is applied to the three

rollers 93 according to the position of the food load.

The output peak hold values V1, Vm and Vn corresponding to

the three rollers 93a of weight sensor 95 each take a
different value as shown'in Fig. 32B. The voltage
converted value Vy of the food load weight is represented
by V1 + Vm and Vn. If the food load is identical, Vx =
Vy. Whether the food load is placed at the center of the
turntable is determined as follows.

When all of the output peak hold values V1, Vm and Vn
corresponding to the three rollers 93a are all included
within the * 30% of the voltage converted value Vy of the
food load weight, determination is made that the food is
pléced at the center of turntable 92. When at least one
of output peak hold values V1, Vm and Vn corresponding to
the three rollers 93a is not included within % 30% of the
voltage converted value, determination is made that food
is placed at the peripheral edge portion of turntable 92.
That is to say, determination is made that food is placed
at the center of turntable 92 if all the conditions of:

Vy x 0.7 <Vl x 3 <Vy x 1.3

Vy x 0.7 < Vm x 3 < Vy x 1.3

Vy x 0.7 < Vn x 3 < Vy x 1.3
are satisfied, and determination is made that food is

placed at the peripheral edge of turntable 92 if any of

54~
-

e

Mk o1 Ao



- 55 -

the above three conditions is not satisfied.

Fig. 33 is a graph showing the relationship of the
weight of the food load placed on turntable 92 and the
output voltage of piezoelectric weight sensor 110. It can

5 be appreciated from Fig. 33 that they are in a
proportional relation.

The output voltage at a no-load state where food is
=Q not placed on turntable 92 is Vw,, and the output voltage
H when a food item of 1lkg is placed on turntable 92 is Vw,.
.-~ 10 Food weight g is obtained by the following equation:

g = 1000 x (Vx - Vwo)/(Vw, - Vwg)

Referring to Fig. 35, the curve a shows the impedance at

-
-

the oven side when water load of 300cc is placed at the
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center of turntable 92, and curve b shows the impedance
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where water load of 2000cc is placed at the center of

-
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turntable 92. If the structure of waveguide 92 and the
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v
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position of antenna 3-1 is symmetrical about the center

.
~

3 . By
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line of the direction of travel of the microwave in the
horizontal cross section of waveguide 92, the impedance

20 changing locus (plot line diagram) indicated by
predetermined positions of number 4-12 on the Smith chart
of Fig. 13 substantially coincides with the locus from the
predetermined position of number 12 to number 4 through
the base position (number 0) when.metal reflector makes

25 one rotation. ' Therefore, position control of metal
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reflector 95 may be carried out by either locus. However,
the waveguide may not be symmetrical. Therefore, the
position control of metal reflector 95 in the present
embodiment is carried out within the rotation range of
predetermined position numbers 4-12 to improve the
accuracy of position control.

In the Smith chart of Fig. 35, the impedance for
magnetron 3 to operate effectively and the maximum output
operation region of magnetron 3 coincide with each other.
Therefore, a microwave oven of high power efficiency can
be realized by adjusting the impedance of the oven side to
exist within this maximum output region according to the
food load condition in the oven.

Thus, according to the Smith chart of Fig. 35, the
rotation position of metal reflector 95 is preferably set
to number 9-11 on curve a, and to number 7-10 on curve b
in the case of a light load of approximately 300cc and in
the case of a heavy load of approximately 2000cc,
respectively.

Fig. 36 shows a high frequency output in the case of
loads of 2000cc and 300cc under parameters of the rotation
position of metal stub 95b (metal reflector 95).

Referring to Fig. 36, the rotation position of a high
output state substantially coincides with the optimum

rotation position of metal reflector 95 by the Smith chart
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of Fig. 36.

In the graph of Fig. 36, the high frequency output
when the food load is placed at the center of turntable is
shown by a block dot and a solid line, and the high

5 frequency output when the food load is placed at the
peripheral edge of the turntable is shown by a white

circle and a broken line. If the load is light, the case

et must be considered where a small food item is
e placed at the peripheral edge of turntable 72. If the
€110 food load is great such as that exceeding 1.5kg in weight,

the container is also great in size and will naturally be

placed at the center portion of the turntable. Therefore,

‘e in this case, the condition of load placed at the
peripheral edge does not have to be considered.

15 According to the graph of Fig. 36, the rotation
position of metal reflector 95 in the case of a food load
corresponding to water of 2000cc is preferably at number
8. In the case of a food load corresponding to water of
300cc, the rotation position of metal reflector 95 is

20 preferably at number 10 and at number 8 when food is
placed at the center and at the peripheral edge portion of
turntable 92, respectively.

Fig. 37 is a graph of the rotation angle of metal
stub 95b (metal reflector 95) obtained by measuring data

25 shown in Fig. 36 under the parameter of other load weight.
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The rotation position relation of metal reflector 95
qorresponding to the load weight indicated in the graph is
stored in advance as a data table in memory 114 of control
circuit 100. Logic operation control circuit 113 looks up
5 the rotation position of metal reflector 95 corresponding j
to a load weight from the data table for usage of control. i
In heating light food of load not more than 100g in
o weight (including no-load operation), a great thermal
M stress is applied in the microwave oven. Because a lot
« 10 .0of microwave power is applied into the oven that has
: scarcely any load, local heating in turntable 92, support
roller base 93 and the wall face of oven 91, and heating
1, of magnetron 3 due to reflected power of the microwave are
generated. This problem is alleviated to some degree
15 according to the control of the rotation position of metal
reflector 95. However in such a case, there is no load
for greatly consuming the microwave, for example, a great
food load, and this control of rotation position is fg
critical. Furthermore, considering variation in the
20 components produced by mass production, it is impossible
to correspond to all the products of mass production.
Thus, a completely different method of rotating
continuously metal reflector 95 at the time of operation
of a light load not more than 100g is employed. Rotation

25 of metal reflector 95 will shift the local heated position
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to disperse the local heat.

B: load placed at peripheral edge

20 operation

Table 1
No 201 501
Load 101 -500g -1500g 1501 More
- -200g - Than
100g A B A B 3000g | 3000g
5 Warming Rotate 12 11 10 9 7 6 5
Milk Rotate 12 12 10 10 7 8 7
e, Warming Rotate 12 11 8 9 6 7 4
it Sake
',“t
Cee! Vegetable | Rotate 12 12 9 8 7 6 4
{:: 10 Preparing
e Rice Rotate 12 10 8 9 7 6 5
. Cooking
¢ Defrosting Rotate Rotate Rotate Rotate Rotate | Rotate Rotate Rotate
e Manual Rotate 12 10 8 9 7 8 7
o 15 Cooking
‘Tee
R
A A: load placed at center
tesc
£

Rotate: Rotate metal reflector during heating

Table 1 is a data table for controlling the rotation

of the metal reflector corresponding to a cooking menu

used in the microwave oven of the present embodiment.

Because the impedance at the oven side is different even

25 with the same load weight depending on the shape of the

food and the container according to the cooking menu,

impedance matching can be controlled more appropriately by
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the rotation control data of metal reflector 95 for each
cooking menu.

Regarding defrosted cooking operation, attention is
directed to the following points. There is a difference in
dielectric constant with respect to microwave according to
a portion not yet defrosted and the defrosted portion of
the frozen food. This difference in dielectric constant
causes only the defrosted portion to be easily heated due
to concentration of an electric field in the defrosted
portion. It is necessary to avoid concentration of
microwave electric field in the food item during defrost
cooking operation. For this purpose, metal reflector 95
is rotated continuously. The local concentration portion
of microwave can be dispersed to prevent local heating, so
that high microwave power can be provided. Thus, the time
required for defrosting can be significantly reduced.

The position control of a metal reflector starting
from initiation of a heating operation until the end of
heating is described hereinafter.

In order to identify the food load, support roller
base 93 (roller 93a) of turntable 92 must pass over weight
sensor 110 at least three times. Therefore, at the start
of a heating operation, the weight of load is not yet
detected and the control data of the reflector shown in

Fig. 37 and Table 1 cannot be utilized. Thus the position

o ot
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of metal reflector 95 is set presuming that a food item of
light load is cooked until a control based on a detected
weight can be carried out. More specifically, the initial
position of metal reflector 95 is set to the position of
number 10 as shown in Fig. 34 in the present embodiment.
Thus, the cooking time of a food of light load can always
be reduced.

According to the three input information from weight
sensor 110 according to a rotation of suppof% roller base
93, the weight of the food item is calculated and a
determination is made whether the food is placed at the
center portion or at the peripheral edge of turntable 92
as Jdescribed above.

From the data table corresponding to the determined
position of‘the food item (the data table relating to the
rotation position of the metal reflector with respect to
food weight), the rotation position of reflector 95 is
looked up corresponding to the calculated weight. Motor
98 is rotatably driven to rotate metal reflector 95 to the
obtained position from the initial position. This control
of position has been described in the faregoing with
reference to Fig. 27. Because metal reflector 95 passes
the base position for evsry position setting in this
position control, the stop position is very precise even

if there is problem in the accuracy of the timing of
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initiating the rotation of motor 98.
This is heating of high power efficiency with
impedance matched is carried out until elapse of a
specified heated time or until the sensor detects
5 completion of cooking.
If metal refilector 95 is set at an initial position

corresponding to a light load food, heating of light load

“Te food can be carried out by high power efficiency from the
€t
1@ start of a next heating cooking operation.
Tt
.10 According to the present embodiment, the metal

reflector for matching impedance can be made compact to

avoid arcing phenomenon with the wall of the waveguide.

" A microwave oven of low cost can be provided that

- carries out heating of high power efficiency according to

15 the weight and placed position of a food item L. be heated or

according to a cooking menu.

Ny

~

”
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Furthermore, the problem of local keating encountered
at the tiﬁe of operatioﬁ of a light load including no load
and at the time of defrost cooking can be solved. As a
20 result, the microwave power at the time of defrost cooking
can be improved accordingly to carry out defrosting
uniformly to reduce the defrosting time.
| Although the present inventicn has been described and
illustrated in detail, it is clearly understood that the

25‘.“same is by way of illustration and example only and is not

[PIUER—



to be taken by way of limitation, the spirit and scope of
the present invention being limited only by the terms of

the appended claims.
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The Claims defining the invention are as follows:

1. A microwave oven comprising:
a heating chamber having an opening through which a
microwave is introduced therein,
a turntable provided in said heating chamber for
5 supporting a substance to be heated,
:cc means for generating a micrnwave,
: 'a waveguide for guiding said microwave into said

heating chamber via said opening,

aNA me

means provided at the inner wall face of said
10 waveguide or said heating chamber for detecting an
e o electric field,
PR a metal reflector provided rotatably about a
predetermined shaft in the proximity of said opening in
T the interior of said waveguide for adjusting impedance of
15 load at the side of said heating chamber by a rotation
¢ e angle thereof, and
means responsive to an output of said electric field
detecting means for controlling the rotation angle of said
metal reflector,
20 wherein said control means comprises
first means for controlling the rotation angle
of said metal reflector according to a first control

method during a predetermined time period after initiation

64
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of operation of said microwave oven, and

second means for controlling the rotation angle
of said metal reflector according to a second control
method differing from said first control method after
elapse of said predetermined time period after initiation

of operation of said microwave oven.

2. The microwave oven according to claim 1, further
comprising:

means for determining whether the angle position of
said metal reflector satisfies a predetermined condition,
and

means. responsive to an output of said determination

means for displaying a predetermined message.

3. The microwave oven according to claim 2, wherein
said determination means comprises

means for detecting the angle position of said metal
reflector,

means for detecting the range of change over a
predetermined time of the output of said angle position
detecting means, and

means for comparing said range of change with a
predetermined tolerable range for providing the comparison

result to said display means.

1t o i s B0



4. The microwave oven according to claim 1, wherein
said first means comprises means for sequentially
controlling the rotation angle of said metal reflector
such that the output of said electric field detecting

5 means is minimized.

5. The microwave oven according to claim 4, wherein
o said second means comprises
j]ﬁc means for obtaining an average of the rotation angle
R position of said metal reflector over a predetermined
| 5 time, and
means for controlling the position of said metal
reflector to be fixed at said average of the rotation

angle position.

ceert 6. The microwave oven according to claim 1, wherein
Co said second means comprises
means for obtaining an average of the rotation angle o
position of said metal reflector over a predetermined
5 time, and
means for controlling the position of said metal
reflector to be fixed at said average of the rotation

angle position.

7. The microwave oven according to claim 1, wherein

6l
65—
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said control means further comprises means for initiating control of the rotation angle

of said metal reflector by said first means from a predetermined initial value.

8. The microwave oven according to claim 7, wherein said predetermined

‘initial value is selected so that impedance of said load and said microwave generating

means is matched when a load of a predetermined size is placed at the centre of said
turntable.

9. The microwave oven according to claim 8, wherein said load of a
predetermined size is selected to be equivalent to a load of water within the range of

300cc to 500cc calculatéd in water load.

10. A microwave oven comprising:

a heating chamber,

microwave generating means,

a waveguide for guiding into said heating chamber a microwave generated by said
microwave generating means, said waveguide having a concave portion at a
predetermined position of the inner face thereof having a first opening comriunicating
with outside of said waveguide,

electric field detecting means provided in said waveguide,

 a dielectric shaft having an end inserted retractable into said waveguide via said
first opening, |

a stub of a non-magnetic metal attached to said end of said shaft in said
waveguide, and formed of a size such that a portion thereof is retractable with a
predetermined margin within said concave portion, and

control means responsive to an output of said electric field detecting means for
controlling the length of the portion of said stub inserted into said waveguide from said
concave portion to match impedance of said microwave generating means and the load
in said heating chamber, the control means comprises,

stub position control means for changing the inserting amount of said stub
into said waveguide within a predetermined range,
means for detecting satisfaction of a predetermined condition,

first means for controlling said stub position control means according to

p:\wpdoes\ers\d55973\speci/ars
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a first control method during the period starting from initiation of operation of said
microwave oven until detection of satisfaction of said predetermined condition, and
second means responsive to the detection of satisfaction of said

predetermined condition for controlling said stub position control means according to a

‘second control method differing from said first control method.

11.  The microwave oven according to claim 10, wherein said waveguide has
a second opening formed in the proximity of said concave portion and having a size

through which said stub can pass.

12, The microwave oven according to claim 11, further comprising means

associated with said second opening for preventing leakage of a microwave outside of

‘said waveguide via said second opening.

13.  The microwave oven according to claim 12, wherein said means for
preventing leakage comprises an inner circumferential wall of a predetermined height

defining the inner circumference of said second opening.
14.  The microwave oven according to claim 10, wherein said control means
further comprises means for initiating control of the retract>ble move of said stub by said

first means from a predetermined initial position.

15.  The microwave oven according to claim 14, wherein said predetermined

initial position of said stub
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is selected so that impedance between said load and said
microwave generating means is matched when a load of a
predetermined size is placed at the center of said heating

chamber.

16. The microwave oven according to claim 15,
wherein said first means comprises means for fixing the
position of said stub to said predetermined initial

position.

17. The microwave oven according to claim. 16,
wherein said means for detecting satisfaction of said
predetermined condition comprises

means for determining a cooking operation time,

means for measuring a cooking operation time after
initiation of a cooking operation, and

means for detecting a case where said determined
cooking operation time is not less than a predetermined
first value and where said measured cooking operation time

is not less than a predetermined second value.

18. The microwave oven according to claim 17,
wherein said second value is selected to be equal to a
time period for the operation of said microwave generating

means to be stabilizeq.
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19. The microwave oven according to claim 18,

wherein said second means comprises

means for controlling said stub position control
means to continuously move said stub over a predetermined
portion of said predetermined range,

means for detecting a first position of said stub
which provides a minimum value of the output of said
electric field detecting means during the movement of said
stub over said predetermined portion of said predetermined
range, and

means for driving said stub position control means to

move said stub to said first position.

20. The microwave oven according to claim 19,
wherein said one portion of said predetermined range
includes at least more than one half of said predetermined

range.

2l. The microwave -oven according to claim 20,
wherein said stub position control means comprises

a synchronous motor having a rotation shaft rotatable
in a single direction, and

motion converting means coupled to said rotation
shaft for converting the rotation motion of said rotation

shaft to a reciprocating motion of said stub.
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22. The microwave oven according to claim 21,
wherein said control means further comprises means for
operating a plurality of times said second means until

completion of cooking.

23. A microwave oven comprising: ;

a heating chamber having an opening through which a
microwave is introduced therein,

means for generating a microwave,

a waveguide for guiding said microwave in a
predetermined direction of travel to introduce the same
into said heating chamber via said opening,

means provided rotatably about a predetermined shaft
in the proximity of said opening in said waveguide for
adjusting impedance of load at said heating chamber side
by a rotation angle thereof, and

meané for controlling a rotation angle of said means
for adjusting impedance,

wherein said means foxr adjusting impedance comprises
a metal reflector including

a rotation shaft provided in said waveguide so
as to cross said direction of travel by a predetermined
angle a, |

a first member having a metal face attached to said

rotation shaft, and -

e R S



a second member formed projecting from said metal
face at a prescribed angle o at a position in said
waveguide, said position moving in accordance with

rotation of said rotation shaft on said metal face.

24. The microwave oven according to claim 23,

wherein said rotation shaft is formed of a dielectric.

€ ce 25. ‘The microwave oven according to claim 24,
v further comprising means provided at the inner wall face
g of said waveguide or said heating chamber for detecting an
; electric field,

5 wherein said means for controlling a rotation angle
. of said means for adjusting impedance comprises

means responsive to an output of said electric field

detecting means for controlling a rotation angle of said

- means for adjusting impedance, and

10 said rotation shaft is provided substantially
perpendicular to the direction of travel of said

microwave.

26. The microwave oven according to claim 25,
wherein said first member has said metal face attached to
said rotation shaft so as to be substantially parallel to

said direction of travel.
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27. The microwave oven according to claim 26,
wherein said second member is formed substantially at

right angles with said metal face.

28. The microwave oven according to claim 24,
wherein said predetermined angle o is selected to be ‘
greater than 0° and smaller than 90° toward said heating

chamber.

29. The microwave oven according to claim 28,
wherein said second member is provided so that its center
axis is inclined by said predetermined angle a at toward

said rotation shaft side with respect to said metal face.

30. The microwave oven according to claim 25,
wherein said control means comprises means for adjusting
the rotation angle of said means for controlling impedance
so that the output of said means for detecting intensity

of an electric field is reduced.
31. The microwave oven according to claim 25,
further comprising a turntable provided in said heating

chamber for supporting a substance to be heated.

32. The microwave oven according to claim 31,

[
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wherein said control means comprises

means for prestoring intensity of a target electric
field prepared by a predetermined method, and

means for controlling the rotation angle of said
metal reflectow so that the output of said means for
detecting intensity of an electric field and said
intensity of the target electric field have a

predetermined relationship.

33. The microwave oven according to claim 32,
wherein said means for controlling the rotation angle of
said metal reflector comprises

means for obtaining a predetermined representative
value of an output of said means for detecting intensity
of an electric field over a predetermined number of
rotations of said turntable,

means for obtaining difference between said
representative value and said target value, and

means for adjusting the rotation angle of said metal
reflector so that said difference between said
representative value and said target value is within a

predetermined range.

34. The microwave oven according to claim 33,

wherein said representative value is a maximum value.



!
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35. The microwave oven according to claim 33,

wherein said representative value is a minimum value.

36. The microwave oven according to claim 33,

wherein said predetermined numbexr is one.

37. The microwave oven according to claim 33,
wherein said means for obtaining said predetexrmined
representative value comprises means for obtaining a
predetermined plurality of representative values of an
output of said means for detecting intensity of an
electric field over a predetermined number of rotations of

said turntable.

38. The microwave oven according to claim 37,
wherein said plurality of representative values comprise a
maximum value and a minimum value. ‘ i

39. The microwave oven according to claim 25,
wherein said control means comprises

first means for controlling the rotation angle of
said means for adjusting impedance according to a first
control method during initiation of operation of said
microwave oven until a predetermined condition is met,

second means for controlling the rotation angle of

[P
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said means for adjusting impedance according to a second
control method different from said first control method
after said predetermined condition is met following

initiation of operation of said microwave oven.

40. The microwave oven according to claim 39,
wherein said first means comprises means for fixing the
rotation angle of said means for adjusting impedance so
that, when a predetermined load is placed at the center of
the bottom portion of said heating chamber, impedance of
said predetermined load is in a position where said
microwave generating means generates a maximum output.

41. The microwave oven according to claim 40,
wherein said second means comprises

means for prestoring a target rotation angle of said
means for adjusting impedance prepared in advance
corresponding to different weight of a substance to be
heated,

means for prestoring a target value of an output of
said means for detecting intensity of an electric field,

means for detecting weight of a substance tc be
heated conveyed into said heating chamber, and

first control means for controlling the rotation

SR

angle of said means for adjusting impedance so that output
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of said means for detecting intensity of an electric field approximates the target value
with the target rotation angle of said means for adjusting impedance corresponding to

said detected weight set as an initial value.

42,  the microwave oven according to claim 41, further comprising a turntable

provided in said heating chamber for supporting a substance to be heated.

43. The microwave oven according to claim 42, wherein said first control

means for controlling the rotation angle comprises the means for controlling the rotation

-angle of said means for adjusting impedance so that the output of said means for

detecting intensity of said electric field is a predetermined representation value and the
means for controlling the rotation angle being second control means, the predetermined
representative value over a predetermined number of times of rotation of said turntable

and said target value have the predetermined relationship.

44,  The microwave oven according to claim 43, wherein said second means
for controlling the rotation angle of said means for adjusting impedance comprises
the means for obtaining a predetermined representative value of an output of said

means for detecting intensity of an electric field over a predetermined number of times

v
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of rotation of said turntable,

the means for obtaining difference between said

representative value and said target wvalue, and

the means for adjusting the rotation angle of said means
for adjusting impedance so that said difference between
said representative value and said target value is within

a predetermined range.

45, The microwave oven according to claim 44,

wherein said representative value is an average value.

46. The microwave oven according to claim 45,

wherein said predetermined number is one.

47. The microwave oven according to claim 46,
wherein said means for obtaining sald predetermined
representative value comprises

a support roller for supporting said turntable by a
bottom portion thereof and for moving in a circular motion
on the bottom of said heating chamber in aceordance with
rotation of said turntable,

a weight sensor provided at a passing position of
said support'roller for generating a predetermined
detection~signalrevery time.said suppoxt roller passes'

over said passing position,

A L R
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sampling means for sampling an output of said means
for detecting intensity of an electric field at a
predetermined sampling frequency,

means responsive to said detection signal for
initiating integration of said sampling means, and
responsive to a next said detection means for providing an
integrated value, and

means for dividing said integrated value by a numeric
value determined by said sampling frequency for providing
an average intensity of said means for detecting intensity

of an electric field.

48- The microwave oven according to claim 23, wherein
said control means comprises

means for prestoring a table prepared in advance of
target rotation angles of said means for adjusting
impedance corresponding to different weights of a substance
to be heated;

means for detecting weight of a substance to be
heated conveyed into said heating chambexr, and

méans for controlling the rotation angle of said
means- for adjﬁ;ting impedance by coilating Said detected -

‘weight with said table of target rotation angles.

 49. The microwave oven according to claim 48,
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wherein said control means further comprises
means for detecting no load in said heating chamber, and
means responsive to detection of no load for rotating continuously at a

predetermined speed said means for adjusting impedance.

50. A microwave oven comprising:

a heating chamber having an opening through which a microwave is

~ introduced therein,

" means for generating a microwave,

. a waveguide for guiding said microwave in a predetermined direction of travel
to introduce the same into said heating chamber via said opening,

means provided rotatably about a predetermined shaft in the proximity of said
opening in said waveguide for adjusting impedance of load at said heating chamber side
by a rotation angle thereof,

' a turntable provided in said heating chamber for supporting a substance to be

heated, '

means for controlling a rotation angle of said means for adjusting impedance,

wherein said means for adjusting impedance comprises a metal reflector including

‘a rotation shaft provided in said waveguide so as to cross said direction

of travel by a predetermined angle « at a position in said waveguide, said position
moving in accordance with rotation of said rotation shaft on said metal face, and

means provided at the inner wall face of said waveguide or said heating chamber

for detecting intensity of an eleetric ﬁeld,

| the control means comprises means for prestoring iniensity of a target value for
an electric field prepaIed by a predetermined method, and means for controlhng the
rotatlon angle of said metal reflector so that the output of the means for detectmg

mtens1ty of the electnc field and smd intensity of the target value for the electric field

have a predetermmed relatlonshlp, smd means for controllmg the rotatlon angle of said
reﬂector comprises ' )
30

'1:-, sald means for detectmg mtensnty of an electrlc field over a predetermmed number of :

' means for obtammg a predetermmed representatwe value of ar output of

rotauons of sald tumtable

N

2

' means for obtammg dlfference between sald representatlve value and sa1d

p:\wpd()cs\grs’\455973\spcc'ilnrs_ .
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target value, and
means for adjusting the rotation angle of said metal reflector so that said
difference between said representative value and said target value is within a

predetermined range.

51.  The microwave oven according to claim 50, whe :in said rotation shaft

is formed of a dielectric

52.  The microwave oven according to claim 51, wherein said means for
controlling a rotation angle of said means for adjusting impedance comprises;

means responsive to an output of said electric field detecting means for
controlling a rotation angle of said means for adjusting impedance, and

said rotation shaft is provided substantially perpendicular to the direction of travel

of said microwave.

53.  The microwave oven according to claim 50, wherein said representative

value is a maximum value,

54.  The microwave oven according to claim 50, wherein said representative

value is a minimum value.

55.  The microwave oven according to claim 50, wherein said predetermined

number is one.

56.  The microwave oven according to claim 50, wherein said means for
obtaining said predetermined representative value comprises means for obtaining a
predetermined plurality of representative values of an output of said means for detecting

intensity of an electric field over a predetermined number of rotations of said turntable.

57 The microwave oven according to claim 56, wherein said plurality of

representative values comprise a maximum value and a minimum value.

58. . The microwave oven according to claim 50, wherein said control means
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comprises

first means for controlling the rotation angle of said means for adjusting
impedance according to a first control method during initiation of operation of said
microwave oven until a predetermined condition is met,

second means for controlling the rotation angle of said means for adjusting
impedance according to a second control method different from said first control method
after said predetermined condition is met following initiation of operation of said

microwave oven.

59.  The microwave oven according to claim 58, wherein said first means
comprises means for fixing the rotation angle of said means for adjusting impedance so
that, when a predetermined load is placed at the centre of the bottom portion of said
heating chamber, impedance of said predetermined load is in a position where said

microwave generating means generates a maximum output.

60.  The microwave oven according to claim 59, wherein said second means
comprises

means for prestoring a target rotation angle of said means for adjusting impedance
prepared in advance corresponding to different weight of a substance to be heated,

‘ means for prestoring a target value of an output of said means for detecting

intensity of an electric field,

means for detecting weight of a substance to be heated conveyed into said heating
chamber, and

first control means for controlling the rotation angle of said means for adjusting
impedance so that output of said means for detecting intensity of an electric field
approximates the target value with the target rotation angle of said means for adjusting

impedance corresponding to said detected weight set as an initial value.

61. The microwave oven according to claim 60, wherein said first control
means for controlling the rotation angle comprises the means for controlling the rotation
angle of said means for adjusting impedance so that the output of said means for

detecting intensity of said electric field is a predetermined representative value and the
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means for controlling the rotation angle being second control means, the predetermined

rei)resentative value over a predetermined number of times of rotation of said turntable

and said target value have the predetermined relationship.

62.  the microwave oven according to claim 61, wherein said second means for
controlling the rotation angle of said means for adjusting impedance comprises

the means for obtaining a predetermied representative value of an output of said
means for detecting intensity of an electric field over a predetermined number of times
of rotation of said turntable,

the means for obtaining difference between said representative value and said
target value, and

the means for adjusting the rotation angle of said means for adjusting impedance
so that said difference between said representative value and said target value is within

a predetermined range.

63.  The microwave oven according to claim 62, wherein said representative

value is an average value.

64.  The microwave oven according to claim 3, wherein said predetermined

number is one.

65. The microwave oven according to claim 64, wherein said means for
obtaining said predetermined representative value comprises

a support roller for supporting said turntable by a bottom portion thereof and for
movmg in a circular motion on the bottom of said heatmg chamber i in accordance with
rotation of said turntable

a weight sensor prowded at a passmg posmon of said support roller for

genéraUng a predetermmed detecnon signal every time said support roller passes over

sald passmg posmon

samplmg means for sampling an output of sald means for detectmg 1ntensny of

' an electnc ﬁeld at a predetermmed ‘sampling frequency,

means responsxve to sa1d detectlon signal for m1t1atmg mtegratmn of said

\ samplmg means, and responswe to a next said detectmn means. tor prov1d1ng an
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integrated value, and
means for dividing said integrated value by a numeric value determined by said
sampling frequency for providing an average intensity of said means for detecting

intensity of an electric field.

66. The microwave oven according to claim 50, wherein said control means
comprises

means for prestoring a table prepared in advance of target rotation angles of said
means for adjusting impedance corresponding .0 different weights of a substance to be
heated,

means for detecting weight of a substance to be heated conveyed into said heating
chamber, and

means for controlling the rotation angle of said means for adjusting impedance

by collating said detected weight with said table of target rotation angles.

67.  The microwave oven according to claim 66, wherein said control means
further comprises

means for detecting no load in said heating chamber, and

means responsive to detection of no load for rotating continuously at a

predetermined speed said means for adjusting impedance.

68. A microwave oven having impedance matching function comprising:

a heating chamber having an opening through which a microwave is introduced
therein,

means for generating a microwave,

a waveguide fur guiding said microwave in a predetermined direction of travel
to introduce the microwave into said heating chamber via said opening,

means provided rotatably about a predetermined shaft in the vicinity of said
opening in said waveguide for adjusting impedance of load at said heating chamber side
by a rotation angle thereof, '

means for detecting weight of a substance to be heated conveyed into said heating

means for prestoring a table prepared in advance of target rotation angles of sa1d '
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means for adjusting impedance corresponding to different weights of a substance to be
heated, and
means for controlling the rotation angle of said means for adjusting impédaﬁée
by collating said detected weight with said table of target rotation angles,
wherein said means for adjusting impedance comprises,
a rotation shaft provided in said waveguide so as to cross said direction
of travel by a predetermined angle,
a first member having a metal face attached to said rotation shaft, and

T P U

a second member formed projecting from said metal face at a prescribed ;
angle at a position in said waveguide, said position moving in accordance with rotation : ’

of said rotation shaft on said metal face.

DATED this 3rd day of November, 1994.

SHARP KABUSHIKI KAISHA'
By Its Patent Attorneys
DAVIES COLLISON CAVE
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ABSTRACT OF THE DISCLOSURE

A microwave oven includes a heating chamber, a
turntable provided in the oven, a magnetron, a waveguide
for guiding the microwave generated by the magnetron into

the heating chamber, an electric field sensor provided at

~the inner wall face of the waveguide or the heating

chamber, a metal reflector provided rotatably inside the
waveguide for adjusting the impedance of a load at the
heating chamber side by its rotation angle, and a circuit
responsive to an output of the electric field sensor for
controlling the rotation angle of the metal reflector.

The control circuit includes a first program for
controlling the rotation angle of the metal reflector
according to a first method within a predetermined time
period from the start of operation of the microwave oven,
and a secohdrprogram for controlling the rotation angle of
the metal reflector according to a second method different
from the first method after elapse of the predetermined

time period. For example, in the first method, the

rotation angle of the metal reflector is sequentially

controlled so that the output of the electric field sensor

is minimum,rand in the second method, the rotation angle

be'the metal reflector is fixed to an average value of the

rotafion angle of the metal reflector bf"the_first.method.‘

The initial_rdtatiOn angle of the metal reflector iS '
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determined so that impedance matching can be obtained when
load of approximately 300-500cc calculated in water load

is placed at the center of the heating chamber.
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FIG.4
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