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DESCRIPTION

MICROWAVE OVEN
Technical Field

The present invention relates to a microwave oven which
is capable of shortening defrosting time and improving the
grade of finishing of the defrosted target by improving
distribution of temperatures during the defrosting process.
Background Art

A conventional technique will now be described with
reference to Fig. 71. Reference numéral 1 rxepresents a
magnetron for generating microwaves. Microwaves generated by
the magnetron 1 dielectrically heat a target 7 which must be
heated so that the target is co_oked with heat. A wavéguide 2
guides, into a heating chamber, the microwaves generated by the
magnetron 1. The target 7 which must be heated is accommodated
in a heating chamber 6 so. that the target is cooked with heat
in the heating chamber 6.

The output of the microwaves is regularly turned on or
off in accordance with the state, for example, the weight of
the target 7 which must be heated so that dielectrical heating
is performed for the purpose of heating and defrosting the
target. - The conventional control of microwaves raise.e; the
following problems.

When a target which has been frozen in a freezing

chamber or the like in a freezer is defrosted with heat
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generated by a dielectric phenomenon, the overall body of the
target which must be heated is frozen. That is, internal water
is in a solid state when irradiation with microwaves is
started. When a target.which must be heated is irradiated with
microwaves in the state in which internal water in the solid
state exists in the target which must be heated, the
temperatures of the inside portions of the target which must be
heated are substantially uniformly raised. When phase shift
takes place causing internal water to be converted from a solid
body into liquid, rise in the temperature in the internal
portions, however, varies considerably'bedause of variations of
compositions of materials in the target which must be heated
and the shape of the tafget.

That ié, the variation in the éomponents of the target
which must be heated causes molar depression of the freezing
point to take place vafiably in each portion in the target
which must be heated. As a result, the defrosting temperature
varies. The phase shift from the solid state to liquid
requifes heat of melting. When tﬁe energy of microwaves is
used as the heat of melting, the temperature of the target
which must be heated is not raised.

If the target which must be heated and which is in the
above-mentioned state is irradiated with microwaves similarly
to the state in which internal water is in the solid state,
defrosted portions and non-defrosted portions appear in the

target which must be heated. As a result, portions, in which
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solid state internal water exists and portion, in which
internal water has been formed into liquid, nonuniformly exist.
If the irradiation -with microwaves is continued in the
foregoing state, the temperatures of the portions of the target
changed into water are rapidly raised as compared with the
portions of the target in which internal water remains in the
ice state '

because water in the liquid state can easily dielectrically be
heated by microwaves by thousands times as compared with solid
water, that is, ice. Therefore, in extreme cases, continuation
of irradiation with microwaves causes the portions immediately
after defrosted and boiled portions to exist together in the
target which must be heated.

To prevent the nonuniform result of the defrosting
process, the conventional control of microwaves has been
performed in such a manner that microwaves are applied with
full power in a case where the overall body of water in the
target which must be heated is in the solid state. Moreover,
when the temperature has approached a level at which the phase
is shifted, that is, when the temperature in the target which
must be heated has approached zero degree, the control is
performed in accordance with an on/off pattern which is a
regular pattern in terms of time. As an alternatively to this,
a method of adjustment has been employed in which the output of
microwaves is rapidly reduced so that the phase shift is

completed slowly. Another adjustment has been employed in such
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a manner that water in the target, which must be heated, is
uniformly converted into water having a uniform temperature
level. As a result, a considerably long time takes place for
the microwave oven to complete the defrosting process.

An optimum cycle of the on/off pattern is determined
for collectively shifting the phase of the target which must be
heated as a result of experiments of cooking operations. The
foregoing adjustment, however, is a too delicate operation.
Therefore, the optimum cycle cannot easily be determined.

Thus, partial dispersion inevitably takes place when
the phase of water is changed in the target which must be
heated. As a result, the temperatures of the portions in which
ice has been changed to water are rapidly raised. Thus, the
temperatures in the target which must be heated are made to be
nonuniform. Moreover, the degree of nonuniform temperatures
realized after the defrosting process véries depending upon the
state of the target which must be heated, the structure of the
nicrowave oven and the 1like. Thus, a constént state of
defrosting cannot easily be realized.

The present invention is attempted to solve the above-
mentioned problems experienced with the conventional technique
and an object of the present invention is to provide a
microwave oven which is capable of shortening defrosting time,
preventing nonuniform temperatures in the defrosted target and
quickly fealizing uniform state of defrosting.

Disclosure of the Invention
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To solve the above-mentioned problems, the present
invention has a structure having a defrosting step in which a
ta:get'which must be heated is irradiatéd with microwaves which
are irregular in terms of time at least when the phase of water
in the target is shifted from a solid body to liquid. The
expression "irregular" means a state of superimposition of
various cycles. When a target which must be heated is
defrosted, irradiation with microwaves, which are irregular in
terms of time including on/off periods optimum for a state of
the target, is meant. Thus, dispersion in the phase shift of
the target which must be heated can be minimized during the
defrosting process. As a result, the delicate adjustment of
the on/off period is not required to defrost the target having
a grade of finishing exceeding a predetermined level.

Moreover, nonuniform temperatures of the target which
must be heated can be minimized and simultaneously enlargement
of the guantity of microwaves for use to dielectrically heat
the target per time is permitted. As a result, time required
to defrost the target which must be heated can significantly be
shortened.

An aspect claimed in claim 1 has a stfucture that a
defrosting step is performed in such a manner that a target
which must be heated is irradiated with microwaves which are
irregular in terms of time at least when the phase of water in’
the target is shifted from a solid body to liquid. As a

result, in the final stage of the defrosting process, the
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temperature of the target which must be heated can be set to be
in a range from a temperature suitable to melt the target to an
upper temperature for preventing boiling. Moreover, the
temperature of the target which must be heated is made to be
lower than the above-mentioned upper temperature during the
defrosting process. Moreover, the target can quickly be
defrosted in a period of time shorter than a predetermined
period of time. To achieve the foregoing purposes, respective
processes for microwave irradiation are combined with each
other and'miérowaves are made to be irregular in terms of time.
That is, the quantity of microwaves which are applied in each
irradiation frocess is varied and also the intervals among the
irradiation are varied. The above-mentioned irradiation
processes are combined' with each other to effectively defrost
the target which must be heated. As a result, the shift of the
overall body of the target which must be heated can efficiently
be performed in a short time.

Specifically, restraint, to a predetermined range, is
performed, the restraint being restraint of the width between
the temperature level to which the target which must be heated

is heated with applied microwaves per each operation and the

temperature level to which the target is cooled in each time in

which irradiation is turned off. Moreover, the irradiating
intervals of microwaves are combined with one another in such a
manner that the overall upper and lower limits for the

temperatures which are raised and lowered are in a
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predetermined rangen(in.a range between the temperature
suitable for melting the target and the temperature for
preventing boiling). Thus, the target can efficiently be
defrosted.

More specifically, if a regular quantity of heat is
added as has beeﬂ-performed in the conventional method, the
temperature of the target which must be heated can easily be
raised in accordance with a substantially linear function.
Therefore, even if any quantity of heat generated by a heating
means which realizes the inclination of a linear function is
used, the temperature of the target which must be heated cannot
easily be controlled to be in a predetermined tempefature range
wiihin a predetermined period of time. If signals, which are
irregular in terms of time and which follow a non-linear

_function, are used to realize a state of temperature rise of a
target which must be heated in a non-linear form having an
upper limit, a target which must be heated can efficiently be
heated so as to be defrosted in a short time, the non-linear
forming beihg permitted to a parabola shape, an exponential
curve or a curve moved vertically.

That is, the defrosting process has been performed in
such a manner that the heating means is non-linearly controlled
when the phase of water in the target which must be heated i§
converted from a solid body to liquid. - Therefore, restraint of
the temperature of the target which must be heated to satisfy

the range from the melting temperature to the boiling level has
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been very difficult depending on the type of the target and a
state in the heating chamber. On the other hand, the control
according to the present invention is performed in such a
manner that the temperafure of the target is restrained to
satisfy a predetermined range within a predetermined time while
the quantity of irradiation added in one irradiation'process is
non—linéarly controlled and sometimes theltemperature-of the
target which must be heated is changed. As compared with the

~ conventional methodiin which the control is performed linearly,
a large quantity of microwaves can be applied in a short time
without a necessity of greatly considering the upper and lower
limits of the temperatures of the target determined in
accordance with the weight and type of the target. As compared
with the conventional defrosting process, the défrosting.time
can be shortened with performance as well as or better than the
performance of the conventional process.

An aspect claimed in claim 2 has a structure that chaos
is employed as microwaves which are applied as microwaves which
are irregular in terms of time. When a target which must be
heated is irradiated with microwaves which conform chaos which
is characterized by a baker’s transformation effect, the
temperature distribution in the target which must be heated can
furthermore be uniformed. Mbreover, nonuniformity of
temperature in the defrbstéd target can furthermore be reduced.
The fact that irradiation which is irregular in terms of time

can be realized in accordance with a chaos state has been
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achieved by the inventors of the present invention as a result
of an effort of the inventors and a multiplicity of
experiments.

An aspect claimed in claim 3 is characterized by a
microwave oven comprising: a magnetron for.generating
microwaves for dielectrically heating a target which must be
heated; and a waveguide through which microwaves generated by
the magnetron are propagated into a heating chamber, wherein
microwaves in the chaos state are propagated through the
waveguide. The quantity of microwaves, which are applied in
the state in the microwave oven, can be brought to the chaos
state only by a simple change. Therefore, only a simple
structure is required to shorten time reqﬁired to defrost a
target and the temperature distribution in the defrosted target
can be improved.

An aspect claimed in claim 4 is structured in such a
manner that microwaves are propagated through the waveguide by
dint of electric power which is, in the chaos state, supplied
to the magnetron. The target which must be heated can be
irradiated with microwaves which are irregular in terms of time
only by changing a program for a microcomputer without a
" necessity of changing.the structures of the heating chamber and
the waveguide of the microwave oven. Therefore, any change of
the physical layout in the microwave oven and the structure of

the same are not required to shorten time required to defrost a
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target. Moreover, the temperature distribution in the
defrosted target can be improved.

An aspect claimed in claim 5 has a structure comprising.
chaos-signal generating means for generating a chaos signal,
wherein microwaves are emitted in accordance with DUTY-output
having on or off period of time corresponding to the chaos
signal generated by the chaos-signal generating means. Even if
the quantity of microwaves cannot be changed to have continuous
values attributable to the structure of the microwave oven,
control of the quantity of microwaves with binary values
indicating on and off enables the effect of the chaos to be
attained in the defrosting process. As a result, even if the
outputs of microwaves from the microwave oven are not
continuously changed, only a simple change in the structure is
required to shorten time required to defrost a target.
Moreover, the temperature distribution in the defrosted target
can be improved.

An aspect claimed in claim 6 has a structure that
microwaves are emitted when the level of the chaos signal
generated by the chaos-signal generating means is higher than a
predetermined threshold value. Since the control method with
which the operation is turned on or off in accordance with the

- level of the threshold value can considerably easily be
realized, any great change of the conventional control means is

not required to attain the effect of the chaos.
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An aspect claimed in claim 7 has a structure thét a
limitation of a shortest on-time 'is provided. Since the
limitation of the shortest on-time is provided, average
electric power which must be supplied to the magnetron can be
enlafged; Thus, the defrosting time can furthermore be
shortened without deterioration in the grade of finishing of
the defrosted target.

An aspect claimed in claim 8 has a structure that
limitation of a longest on-time is provided. Since electric
power which must be supplied to the magnetron is restrained,
the portion which has been first converted into water is not
excessively heated and the temperature distribution in the
target which must be heated can be uniformed. Therefore, the
grade of finishing of the defrosted target can furthermore be
improved.

An aspect claimed in claim 9 has a structure that the
quantity of application of microwaves is changed in accordance .
with a state of the phase shift of the target which must be
heated. Since the quantity of irradiation, which is performed
by the chaos manner corresponding to the state of the target
which must be heated, is determined, waste of time can be
prevented and the effect of the chaos can be obtained in an
optimum state for the target.

An aspect claimed in claim 10 has a structure that
change is performed in accordance with a result of a selection

of a chaos state from a plurality of chaos states. 1In
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accordance with the selected chaos, electric power which must
‘be supplied to the magnetron is édjusted. Thus, control of
dielectric heating.in a chaos state optimum for the state of a
target which mnst'bé'heated can be'performed. Thus, the
temperature distriﬁﬁtion-in the defrosted target-can.
furthermore be imﬁ#éved.

An aspect claimed in claim 11 has a structure that the
quantity of microwéﬁes which must be applied is changed in
accordance with a ééfrosting environment including the size of
a defrosting chambeﬁ-and a fact whether or not a reflecting
plate is provided..fSince-the quantity required to defrost a
target is determinég'in-accordance with the environment for the
. defrosting process,.excessive'energy of microwaves is not
~applied during the;défrosting process.

An aspect cléimed in claim 12 has a structure that the
quantity of microwaves which must be applied is changed in
accordance with an.environment of a target which must be heated
including the type aﬁd weight of the target. Since the
quantity required ﬁq defrost a target,is determined to
correspond to the e@vironment3of the target, excessive energy
of microwaves is néﬁ.applied during the defrosting process.

An aspect clé;med in claim 13 has a structure that
microwaves are applied in a large quantity and regularly before
the phase of water in the target which must be heated is
shifted from a solid body to liquid as compared with microwaves

which are applied after the shift of the phase. 8Since a great
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effect of the chaos signal is:ﬁbt requiﬁ%afbefore the phase of
water in the target which must be heated is shifted from a
solid body to liquid, the target can dielectrically be heated
with a large quantity of electric power. As a result,
deterioration in the grade of finishing of the defrosted target
can be prevented and the defrosting time can furthermore be
shortened.

An aspect claimed in claim 14 has a structure that
microwaves are applied in a small quantity and regularly in a
latter period in which the phase of water in the target which
must be heated is shifted from a solid body to liquid as
compared with microwaves which are appliéd before the latter
period. Since excessive heating of the portion which has been
first converted into water can be prevented and the temperature
distribution in thé target which must be heated can furthermore
be uniformed, the grade of finishing of the defrosted target
can furthermore be improved.

An aspect claimed in claim 15 has a structure that time
for which microwaves are applied is changed in accordance with
the state of the shift of the phase of the target which must be
heated, the defrosting enviromment or the environment of the
target. Since time is determined in accordance with the state
or the environment of the target which must be heated, waste of
time can be prevented when a purpose of the process is

achieved,

13
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An aspect claimed in claim 16 has a structure that
microwaves are regularly applied-in-accordance with on/off
output. Even if the structure of the microwave oven does not
permit change of the quantity of microwaves with continuous
values, the structure in which the quantity of microwaves is

controlled with binary values indicating turning on and off

'enables the effect of the chaos to be realized in the

defrosting process. Therefore, even if the output of
microwaves in the microwave oven cannot continuously be
controlled, only a simple structure is required to perform the
process claimed in claim 14.

An aspect claimed in claim 17 has a structure that a

_heating process using a heater is added. Since the heater is

employed, frost on the surface of the target which must be
heated can be melted, the appearance of the defrosted target
can be improved.
Brief Description of Drawings

Fig. 1 is a block diagram showing a microwave oven
according to a first embodiment of the present invention; .

Fig. 2 is a (first) graph showing the relationship
between electric power which must be supplied to a magnetron
and internal temperatures in targets A and B which must be
heated;

Fig. 3 is a (second) graph showing the relationship
betwéen electric power which must be_supplied to the magnetron
and internal temperatures in the targets A and B which must be

heated;

14
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Fig. 4 is a (third) graph showing the relationship
between electric power which must be supplied to the magnetron
and internal temperatures in the targets A and B which must be
heated;

Fig. 5 is a (fourth) graph showing the relationship
between electric power Which must be supplied to the magnetron
and internal temperatures in the targets A and B which must be
heated;

Fig. 6 is a block diagram showing a microwave oven
according to a third embodiment of the present invention;

Fig. 7 is a diagram for explaining a baker’s
transformation effect of chaos signals;

Fig. 8 is a graph showing the relationship between chaos
signals and electric power which must be supplied to the

magnetron;

Fig. 9 shows an example of an equation for generating

chaos signals;

Fig. 10 shows a method of calculating chaos signals;

Fig. 11 is a flow chart showing a chaos-signal
generating means;

Fig. 12 is a block diagram showing a microwave oven
according to a fifth embodiment of the present invention;

Fig. 13 is a diagram'showing thé structure of a

waveguide including a reflecting plate;
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Fig. 14 is a graph showing the relationship between
angles of the reflecting plate and quéntities of outputs of
waves from the waveguide;:

Fig. 15 is a.block diagram showing a microwave oven .
according to a sixth.embodiment of the present invention;

Fig. 16 is a graph showing the relationship between
chaos signals and electric power which must be supplied to the
magnetron;

"Fig. 17 is a flow chart showing a-chaos-time'calculating
means;

Fig. 18 is a block diagram showing the microwave oven
according to the sixth embodiment of the present invention;

Fig. 19 is a graph showing the relationship between
chaos signals and electric power which must be supplied to the
magnetron;

Fig. 20 is a block diagram showing a microwave oven
according to a seventh embodiment of the present invention;

'Fig. 21 is a graph showing the relationship between
chaos signals and electric power which must be supplied to the
magnetron; |

Fig. 22 is a block diagram showing the microwave oven
according to the seventh embodiment of the present invention;

Fig. 23 is a graph showing the relationship between -
chaos signals and electric power which must be supplied to the

magnetron;
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'Fig. 24 is a block diagram showing the microwave oven
according to the seventh embodiment of the present invention;

Fig. 25 is a graph showing the relationship between
chaos signals and electric power which must be éupplied to the
magnetron;

Fig. 26 is a block diagram showing the microwave oven
according to the seventh embodiment of the present invention;

Fig. 27 is a graph showing the relationship betﬁeen
chaos signals and electric power which must be supplied to the
magnetron;

Fig. 28 is a block diagram showing a microwavé oven
according to an eighth embodiment of the present invention;

Pig. 29 is a graph showing the relationship between
electric power which must be supplied to the magnetron and
temperatures in a target which must be heated;

~Fig. 30 is a block diagram showing a microwave oven

according to a ninth embodiment of the present invention;

Fig. 31 is a graph showing the relationship between
electric power which must be supplied to the magnetron and
temperatures in a target which -must be heated;

Fig. 32 is a block diagram showing a microwave oven
according to.a tenth embodiment of the present invention;

Fig. 33 is a graph showing the relationship between'
constants of chaos and average electric power which must be

supplied to the magnetron;
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Fig. 34 is a graph showing the-relationship between
‘'electric power which must be supplied to the magnetron and
-temperatures in a target which must be heated;

Fig. 35 is a block diagram showing a microwave oven
according to the tenth embodiment of the présent invention;

Fig. 36 is a graph showing the relationship between
electric power which must be supplied to the magnetron and
temperatures in a target which must be heated;

Fig. 37 is a graph showing the relationship between

weiglits of targets which must be heated and chaos time;

Fig. 38 is a block diagram showing a microwave oven
according to an eleventh embodiment of the present invention;

Fig. 39 is a graph showing the relationship among first
and second chaos signals and temperatures in a target which

must be heated;

Fig. 40 is block diagram showing a microwave oven
according to a thirteenth embodiment of the present invention;

Fig. 41 is a graph showing the relationship between

electric power which must be supplied to the magnetron and
temperatures in a target which must be heated;

Fig. 42 is a graph showing the relationship between
sizes of heating chambers and maximum electric powér;

Fig. 43 is a block diagram showing a microwave oven

according to a fifteenth embodiment of the present invention;

18
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Fig. 44 is a graph showing the relationship between
weights of targets which must be heated and maximum electric
power;

Fig. 45 is a block diagram showing a microwave oven’

according to a seventeenth embodiment of the present invention;

Fig. 46 is a graph showing the relationship between
electric power which must be supplied to the magnetron and
temperatures in a target which must be heated;

Fig. 47 is a block diagram showing a microwave oven
according to a twenty-first embodiment of the present
invention;

Fig. 48 is a graph showing the relationship between-
electric power which must be supplied to the magnetron and
temperatures in a target which must be heated;

Fig. 49 is a block diagram showing a microwave oven -
according to a twenty-first embodiment of the present
invention;

Fig. 50 is a graph showing the relationship between
electric power which must be supplied to the magnetron and
temperatures in a target which must be heated;

Fig. 51 is a block diagram showing the microwave oven

according to the twenty-first embodiment of the present

invention;
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Fig. 52 is a gfaph showing the relationship between
electric power which must be supplied to the magnetron and
temperatures in a target which must be heated;

Fig. 53 is a block diagram showing a microwave oven
according to a twenty-fifth embodiment of the present
invention;

'Fig. 54 is a graph showing the relationship between
weights of targets which must be heated and defrosting time;

. Fig. 55 is a block diagram showing the microwave oven
according to the twenty-fifth embodiment of the present
invention; |

Fig. 56 is a graph showing the relationship between
electric power which must be supplied to the magnetron and
temperatures in a target which must be heated;

Fig. 57 is a graph showing the relationship between
weights of targéts which must be heated and continuous power
supplying time; |

Fig. 58 is a block diagram showing the microwave oven
according to the twenty-fifth embodiment of the present -
invention;

Fig. 59 is a graph showing the relationship between
electric power which must be supplied to the magnetron and
temperatures in a target which must be heated;

Fig. 60 is a graph showing the relationship between
weights of targets which must be heated and small-power

supplying time;
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Fig. 61 is a block &iagram showing the microwave oven
according to the twenty-fifth embodiment of the present
invention;

Fig. 62 is a graph showing the relationship between
electric power which must be supplied to the magnetron and
temperatures in a target which must be heated;

Fig. 63 is a graph showing the relationship between
weights of targets which must be heated and large power time;

Fig. 64 is a block diagram showing the microwave oven
according to the twenﬁy-fifth embodiment of the present
invention;

Fig. 65 is a block diégram showing a microwave oven
according to a twenty-sixth embodiment of the present -
invention; |

Fig. 66 is a graph showing the relationship between
electric power which must be supplied to the magnetron and
temperatures in a target which must be heated;

Fig. 67 is a block diagram showing a microwave oven
according to a twenty-eighth embodiment of the present
invgntion;

Fig. 68 is a diagram showing a conventional defrosting
sequence;

Fig. 69 is a graph showing the relationship between
electric power which must be supplied to the magnetron and
temperatures in a target which must be heated;

Fig. 70 is a diagram showing a defrosting sequence;
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Fig. 71 is a block diagram shoﬁing a conventional
microwave oven;

Fig. 72 is a block diagram showing a microwave oven
according to a fourth embOdimént of the present invention;

Fig. 73 is a graph showing the relationship between
chaos signals and outphts of microwaves;

Fig. 74 is a block diagram showing a microwave oven
according to a thirty-fifth embodiment of the present
invention; |

Fig. 75 is a graph showing the relationship between
chaos signals and waves; '

Fig. 76 is a block diagram showing a microwave oven
according to a thirty-sixth embodiment of the present
invention;

Fig. 77 is a diagram.showing a microwave oven according
to a twelfth embodiment of the present invention;

Fig. 78 is a graph showing the relationship between
thicknesses of targets which must be heated and the baker’'s
transformation effect;

Fig. 79 is a block diagram showing a microwave oven
according to a fourteenth embodiment of the present invention;

Fig. 80 is a block diagram showing a microwave oven
according to a fifteenth embodiment of the present invention;

Fig. 81 is a graph showing the relationship between
temperatures of targets whicﬁ must be heated and time-average

outputs of waves;
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Fig. 82 is a block diagram showing a microwave oven
according to a thirty-third embodiment of the present
invention;

Fig. 83 is a graph showing the relationship between
cooking time and maximum outputs of microwaves;

Fig. 84 is a block diagram showing a microwave oven:
according to a twenty-ninth embodiment of the present
invention;

Fig. 85 is a graph showing weights of targets which must
be heated and defrosting time;

Fig. 86 is a block diagram showing a microwave oven
according to a thirtieth embodiment of the present invention;

Fig. 87 is a block diagram showing a microwave oven
according to a second embodiment of the present invention;

Fig. 88 is a graph showing the relationship between:
electric power which must be supplied to the magnetron énd
temperatures in a target which must be heated;

Fig. 89 is a graph showing the relationship between
chaos signals and electric power which must be supplied to the

magnetron;

Fig. 90 shows an example of an equation for generating

chaos signals;

Fig. 91 shows a method of calculating chaos signals;

Fig. 92 is a flow chart for the chaos-signal generating

means;
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Fig. 93 is a block diagram showing a microwave oven

according to an eighteenth embodiment of the present invention;

Fig. 94 is a graph showing the relationship between:
electric power which must be supplied to the magnetron and
temperatures in a target which must be heated;

Fig.'95 is a block diagram showing a microwave oven
according to a twenty-second embodiment of the present
invention;

Fig. 96 is a graph showing the relationship between
outputs of microwaves and temperatures in targets which must be
heated;

Fig. 97 is a block diagram showing a microwave oven
according to a twenty-seventh embodiment of the present
invention;

Fig. 98 is a graph showing the relationship between
electric power which must be supplied to the magnetron and
temperatures in a target which must be heated;

Fig. 99 is a block diagram showing a microwave oven
accordiﬁg to a twenty-third embodiment of the present
invention;

Fig. 100 is a graph showing the relationship between
electric power which must be supplied to the magnetron and

temperatures in a target which must be heated;
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Fig. 101 is a block diagram showing.a microwave oven
according to a twenty-fourth embodiment of the present
invention;

Fig. 102 is a graph showing the relationship between
electric power which must be supplied to the magnetron and
temperatures in a target which must be heated;

Fig. 103 is a block diagram showing a microwave oven
according to a thirty-fourth embodiment of the present
invention;

Fig. 104 is a graph showihg the relationship between
electric power which must be supplied to the magnetron and
temperatures in a target which must be heated;

Fig. 105 is a graph showing the relationship between
weights of targets which mnsf be heated and maximum electric
power;

Fig. 106 is a block diagram showing a microwave oven:
according to a thirty-first embodiment of the present
invention;

Fig. 107 is a graph showing the relationship between
weights of targets which must be heated and defrosting time;

Fig. 108 is a block diagram showing a microwave oven
according to a nineteenth embodiment of the present invention;

FPig. 109 is a graph showing the relationship between
electric power which must be supplied to the magnetron and

temperatures in a target which must be heated;
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Fig. 110 is a graph showing the relationship between
weights of targets which must be heated and large-electric- -
power time; :

Fig. 111 i# é'block-diagram'showing a microwave oven
according to a thirﬁy-second embodiment of the present
invention; -

Fig. 112 is a block diagram showing a microwave oven

according to a twentieth embodiment of the present invention;

Fig. 113 is a diagram showing a conventional defrosting:

sequence;

Fig. 114 is a graph showing the relationship between
electric power which; must be supplied to the magnetron and
temperatures in a target which must be heated; and

Fig. 115 is a diagram showing a defrosting sequence
according to the p;ésent invention.
‘Best Mode for Carrying Out the Invention

Embodiments of the present invention will now be
described with reférence to the drawings.
(First Embodiment)

A first embodiment 6f-the present invention will now be
described with mainly reference to Fig. 1. Referring to Fig.
1, reference numeral 1 represents a mégnetron. When electric

power is supplied to the magnetron 1, the magnetron 1 outputs

microwaves having a frequency of thousands of MHz. Microwaves

output from the magnetron 1 propagate through a wavequide 2 so

that the inside portion of the heating chamber 6 is irradiated
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with the microwaves. The micfgaaves with Which the inside
portion of the heating chamber 6 have been irradiated heat a
target 7 which must be heated by dielectric heating.

Reference numeral 3 represents an irregular-signal
generating means on which signals irregular in terms of time
are stored and which transmits the irregular signal. A control
means 4 adjusts electric powef which must be supplied to the
magnetron 1 in accordance with the irregular signal transmitted
from the irregular-signal generating means 3. An energization
control means 5 generates high voltage which must be supplied
to the magnetron 1, and adjusts electric power which must be
supplied to the magnetron 1 in accordance with the control
signal transmitted by the control means 4.

The operation of the first embodiment will now be
described. Figs. 2 to 5 show the relationship between electric
power Pn which must be supplied to the magnetron and
temperatures in targets A and B which must be heated in such a
manner that each axis of abscissa stands for cooking time t.

In this case, assumptions are made that the target A which must
be heated has a small thermal capacity and the target B has a
large thermal capacity. A conventional defrosting process has
a problem as shown in Fig. 3 or Fig. 4. Specifically, the
defrosting process shown in'Figs..3 and 4 is arranged in such a
manner that microwaves are regularly applied to a target which
must be heated regardless of a state of the shift of the phase

of the target from a solid body to liquid. Referring to the
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drawings, Tmin is a lowest temperature at which the target can
be defrosted and which is a temperature suitable for melting
the target and Tmax is a temperature at which boiling can be
prevented and discoloration of the target which must be heated
can be prevented. Although the foregoing temperature somewhat
varies depending on the type of the target which must be heated
and the like, Tmin is usually about - 1 degree and Tmax is
usually about 30 degrees. To prevent boiling of the target=‘
which mnst'be heated and insufficient defrosting as have been
experienced with the conventional defrosting process,
irradiation with microwaves is performed for a sufficiently
long time. Since the loss factor of microwaves with which a
target which must be heated, for example, frozen meat varies
between ice and water by about 5000 times as described above, a
portion of the frozen meat which has starting melting is boiled
as if microwaves are concentrated to the foregoing portion.
Hitherto, a variety of contrivances have, therefore,’
been required to defrost frozen meat. For example, variations
of the thermal capacity of frozen meat raise a difficulty to
select a process suitable for defrosting the same. 1If a
defrosting sequence is determined in order to defrost frozen
meat having a standard thermal capacity, the conventional
method, in which the control to regularly turn the supply of
microwaves on or off, cannot prevent a partial and rapid
propagation of the phase shift if the portion of the frozen

meat starts shifting the phase thereof.
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Specifically, the average temperature of frozen meat is
gradually raised with respect to cooking time (defrosting time)
t, as shown in Fig. 2. When the temperature has reached a
level near the melting point, a major portion of irradiation
heat generated by microwaves is used as melting heat required
to melt the frozen meat. Thus, the average temperature
maintains the equilibrium temperature for a while. From a
microscopic viewpoint of each portion of the frozen meat, the
average temperature is raised when the frozen meat is
irradiated with microwaves and the average temperature is
lowered when the irradiation is turned off, as shown in Figs. 3
and 4. As can be understood from results of the microscopic
observation of the temperatures of the target which must be
heated, the average temperature sometimes, and though
momentarily, exceeds a predetermined temperature (a
regenerative temperature) depending upon the guantity of
applied microwaves or time for which irradiation is performed.
The reason why the raised temperature can be lowered
attributable to irradiation with microwaves lies in a simple
fact that heat is absorbed by the adjacent ice portions and,
thus, the raised temperature is lowered. The inventors of the
present invention focused attention on the above-mentioned
fact. Since the temperature raised attributable to the
irradiation with microwaves is lowered during a period in which
the irradiation is turned off or because the temperature is

again lowered when the quantity of irradiation is reduced,
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irregular irrédiatioﬁ with microwaves is-eXbected to prevent
boiling of a portion of frozen ﬁeat. 'since the conventional
structure is arranged in such a manner that microwaves are
reqularly applied, the cycle of the rise and lowering of the.
temperature is constant from a microscopic view point of a
portion of frozen meat. Therefore, the temperature curve
finally reaches the regenerative temperature. That is, the
envelope curve of the temperature is linearly raised. It leads
to a fact that the temperature finally reaches the level higher
than the regenerative temperature. If the quantity of
microwaves which must be applied is reduced in order to prevent
the foregoing fact, the frozen meat cannot sufficiently be
defrosted as shown in Fig. 4. Therefore,'irradiation with
microwaves is performed irregularly so that the upper limit of
the envelope curve is made to be a level not higher than the
regenerative temperature. Moreover, the lower limit of the
same is made to be a level not lower than the melting
temperature. To perform the irradiation as described above,
time for which microwaves are applied and the quantity of
microwaves which must be applied to frozen meat are made to be
irregular.

Specifically, the temperature of a portion of the frozen
meat which has been irradiated with microwaves (at time T) is
raised. However, a degree of loﬁering of the temperature of
the above-mentioned portion realized in a next time in Which

irradiation is turned off is required to be larger than a
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degree of rise in the temperature realized attributable to a
next irradiation operation (at time T + 1) to prevent rise of
the temperature ﬁo a level not higher than the boiling level.
The foregoing fact also applied to next time T + 2. Thus, the
temperature is not regularly raised. That is, the temperature
is irreqularly raised or lowered. Even if the foregoing change
in the temperature is repeated, combination of irradiation with
microwaves is determined in.such a manner that the temperature
of a target which must be heated satisfies the following
condition. In the defrosting process, the temperature of the
target which must be heated satisfies the range from the
temperature suitable for melting the defrosted portion and the
upper limit of the temperature for preventing boiling.:
Moreover, the temperature of the target which must be heated is
made to be lower than the above-mentioned highest temperature
during the defrosting process. In addition, the target can
quickly be defrosted within a predetermined period of time. To
achieve the foregoing requirements, methods of irradiation with
microwaves are combined and the irradiation is performed in an
irreéular manner in terms of time. That is, the gquantity of
microwaves which must be applied in each irradiation operation
varies and periods of time for which irradiation is performed
vary. The foregoing irradiation methods are combined to
effectively defrost a target which must be heated. Restraint,
to a predetermined range, is performed, the restraint being

restraint of the width between the temperature level to which
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the ﬁarget which must be heated is heated with applied
microwaves per each operation and the temperature level to
which the target is éooled'in each time in which irradiation is
turned off. Mbreover,:the irradiating intervals of microwaves
are combined with one another in such a manner that the overall
upper and lower limits for the temperatures which are raised

" and lowered are in aipredetermined range (in a range between
the temperature suitable for melting the target and the
temperature for preventing boiling). If a regular quantity of
heat is added as has been performed in the conventional method,
the temperature of the target'which must be heated can easily
be raised in accqrdance with a substantially linear function.
Therefore, even if any quantity of heat generated by a heating
means which realizes the inclination of a linear function is
used, the temperature of the target which must be heated cannot
easily be controlled to be in a predetermined temperature range
‘within a predetermined period of time. 1If signals, which are

- irregular in terms of time and which follow a non-linear
function, are used to realize a state of temperature rise of a
target which must be heated in a non-linear form having an
upper limit, a target which must be heated can efficiently be
heated so as to be defrosted in a short time, the non-linear
forming being permitted to.a parabola shape, an exponential
curve or a curve moved vertically. That is, the defrosting
pfocess has been performed in such a manner that the heating

means is non-linearly controlled when the phase of water in the
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target which must be heated is converted from a solid body to
liquid. Therefore, restraint of the temperature of the target
which must be heated to satisfy the range from the melting
temperature to the boiling level has been very difficult
depending on the type of the target and a state in the heating
chamber. On thé other hand, the control according to the
present invention is performed in such a manner that the
temperature of the target is restrained to satisfy ﬁ
predetermined range within a predetermined time while' the
quantity of irradiation added in one irradiation process is
non-linearly controlled and sometimes the temperature of the
target which must be heated is changed. As compared with the
conventional method in which the control is performed linearly,
a large quantity of microwaves can be applied in a short time
as shown in Fig. 5 without a necessity of greatly considering
the upper and lower limits of the temperatures of the target
determined in accordance with the weight and type of the
target. As compared with the conventional defrosting process,
the defrosting time can be shortened with performance as well

as or better than the performance of the conventional process.

The reason why a target which must be heated cannot be
irradiated with microwaves which are irregular in terms of time

will now be described.

There are two main reasons, one of which lies in a fact

that research and development of the irregular signal has not
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been advanced and the other one of which lies in a lack of
communication between engiheers for performing experiments for
the purpose of obtaining a control sequence for controlling the
defrosting process and engineers for analyzing the control -
system.

The first fact that the research and development of the
irregular signal has not been advanced to enable application of
the foregoing signal to a defrosting process will now be
described.

The inventors have analyzed fluctuations of the
temperatures of flames of charcoal which is frequently used in
cooking with heat to detect a cause of a fact that flames of
charcoal "enable a target to easily and uniformly be heated".
As.a result, the following facts were found. That is,
fluctuations of the temperatufe.of the flame of charcoal are in
a chaos state to be described later. A variety of chaos states
‘have .been found in the natural Vorld and the chaos states are
considered to be a factor realizing comformability and
efficiency of the natural phenomena.

The inventors have considered that the overall body of a
target which must be cooked can uniformly be heated as can be
realized when heating with a flame of charcoal is performed
when the output from a heating portion of a heat cooking
apparatus. is allowed to fluctuate in accordance with chaos
signals. The idea can be confirmed from a variety of

experiments. That is, it can be said that the chaos state and
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the uniformity of temperature distribution in a target which
must be heated have a close relationship.

The application of the foregoing results to the control
of the output of microwaves in a microwave oven has enabled the
temperature distribution in a target which must be heated to be
uniformed. As a result of a further analysis of the results,
use of irregular signals, which satisfy the above-mentioned
Icondition, to control the output of microwaves, as well as use
of the chaos signals, enables a target to be defrosted in such
a manner that the temperature distribution of the target is

" made to be uniform.

Then, description will now be made about the lack of
communication between engineers for performing experiments for
the purpose of obtaining a control sequence for controlling the
defrosting process and engineers for analyzing the control -
system.

Hitherto, the conventional defrosting sequence to be
adapted to a microwave oven has been determined as follows.

Initially, the engineer for development of cooking
methods capable of evaluating a state of defrosting of a target
temporarily ‘determine a defrosting sequence with an intuition
obtained from experience for a long time. While delicately
adjusting the defrdsting sequence, the engineer performs a
multiplicity of experiments of the defrosting proéesses in such
a manner as to determine a defrosting sequence. To determine

the defrosting sequence, the intuition obtainable from
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experience for a long time and a multiplicity of experiments of
the defrosting processes have been'required. Therefore, only -
the defrosting sequences for irradiating targets with regular
microwaves have been investigated in order to save-labor.--

On the other hand, the engineers for developing the
system for controlling electronic apparatuses have not
investigated the defrosting sequences to be adapted to the
nmicrowave ovens. -

However, the foregoing research and developed have been
performed by the inventor of the present invention in'suéh a
manner that both of the engineers for development for cooking
methods and engineers for improving the control investigated
the defrosting sequence and control. Thus, the conventional
defrosting sequence, in which irradiation with regular
microwaves is performed, was improved. As a result, a
defrosting sequence was found in which irregular irradiation
with microwaves is performed.

{Second Embodiment)

Referring to Fig. 87, reference numeral 1 represents a
magnetron. When electric power is supplied to the magnetron,
the magnetron emits microwaves having a frequency of thousands
of MHz. Microwaves output from the magnetron 1 propagate
through a waveguide 2 so that the inside portion of a heating -
chamber is irradiated with the microwaves. The microwaves with

which the inside portion of the heating chamber has been
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irradiated heat a target 7 which must be heated by dielectric
heating.

Reference numeral 603 represents a chaos-signal
generating means for calculating a chaos signal so as to output
the value of the chaos signal.

In accordance with the chaos signal generated by the
chaos-signal generating means 603, a control means 604
transmits a control signal for changing electric power which
must be supplied to the magnetron.

An energization control means 604 generates high voltage
which must be supplied to the magnetron 1, and adjusts electric
power which must be supplied to the magnetron 160 in accordance
with the control signal transmitted by the control means 604.

Initially, a defrosting process of the microwave oven
using the chaos signal ﬁill now be described with reference to:
Fig. 88.

"When a target frozen in a freezinglchamber of a freezer
is dielectrically heated, the overall body of the target which
must be heated is in a state of ice. Therefore, the
temperature of the target which must be heated is uniformly
raised without any nonuniformity of temperatures. When the
temperature of the target which must be heated has been raised
to a level near zero degree which is the phase changing levél-
at which ice is changed to water, heat applied to the target
which must be heated is used as heat of melting. Therefore,

the temperatures in the target which must be heated are
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" substantially uniformed. If the temperature of the target
which must be heated exceeds zero degree, the phase change is
- completed and thus the temperature of the target is raised.

The easiness for ice to be heated and that for water to
be heated are considerably different from each other when
dielectric heating is performed. Water can easily be heated by
thousands of times as comparéd'with ice. If a portion of a
target which must be heated is defrosted in the defrosting
process of a microwave oven and the other frozen portions are
remained, the portion, which has first been defrosted, ‘is
heated rapidly. As a result, a portion of the target which
‘must be heated has been boiled, while the other frozen portions
‘are maintained, if the worst happens.

- When the dielectric heating in accordance with the chaos
- signal is performed, heat generated by microwaves is agitated
in the overall body of the target which must be heated
attributable to the baker’s transformation effect. Thus,
" temperatures can uniformly be distributed in the target which
must be heated. As a result; ice in the target which must be
heated can simultaneously be changed to water. Thus,
temperatures can uniformly be.distributed in the target which
must be heated. Although the conventional microwave oven is
arranged to perform the defrosting process by using a DUTY
signal having a long off-time, the dielectric heating operation

in accordance with the chaos signal enables average electric
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power to be enlarged. Thus, the defrosting time can be
‘shortened.

The operation of the second embodiment having the above-
mentioned structure will now be described.

The operation of the control means 604 will now be
described with reference to Fig. 89. Fig. 89 is a graph
showing the relationship between chaos signal Xn generated by
the chaos-signal generating means 603 and eléctric power Pn
which must be supplied to the magnetron 1.

When the defrosting process has been started, the
control means 604 initially reads first chaos signal X1 and
transmits a control signal to the energization contfol means
605 in such a manner that electric power Pt which corresponds
to the read chaos signal X1 and which satisfies, for example,
Pt = Xn * PO is supplied to the magnetron. Then, the control
means 604 reads a second chaos signal X2, and then performs a
similar process so as to transﬁit a control signal. The
control means 604 generates control signals from the chaos
signals Xn until the defrosting process is completed. When the
defrosting process has been completed, the control means 604
completes the process thereof.

The operation of the chaos-signal generating means 603
will now be described. An éxample of a function for generating
the chaos signal is as follows:

F (X) =1- {2X - 1}

where 0 £ X £ 1.
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The foregoing function is graphed as shown in Fig. 90.

A method of generating the chaos signal Xn by using the
function F (X) will now be described. An assumption is made
that a first value of the time sequence Xn is X0 and the value
is an initial value of the time sequence Xn. Then, X0 is
substituted into F (X). A result of the calculation is
employed as é (n = 1)-th value X1. Then, X1 is substituted
into F (X) to calculate X2. Then, X3 is obtained from X2. The
foregoing procedure is repeated so that time sequence X0, X1,
X2,..., Xn is obtained (see Fig. 91).

Although the chaos-signal generating means 603 uses the
function F (X), a variety of functions including a logistic
function and a henon function are capable of generating the
- chaos signal. 1In ahy case, the effect of the chaos signal is
the same. |

The operation of the algorithm of the chaos-signal
generating means 603 will now be described with reference to
Fig. 92. 1Initially, an assumption is made that a parameter
indicating time is n = 0 and the initial value of the chaos
function F (Xn) is X0 (steps 610 to 611).

Then, F (Xn) is calculated, and then a result of this is
substituted for Xn + 1 which is an n + 1 th value. A result of
the substitution is stored'(step 612). Then, 1 is added to n
(step 613), and then value n and parameter N indicating the

number of required chaos time sequences are subjected to a
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comparison (step 614). If n is smaller than N; steps 612 to
614 are repeated. If n reaches N, the program is ended.

The structure and operation of the second embodiment
shown in Fig. 87 are arranged in such a manner that electric
power which must be supplied to the magnetron is adjusted in
accordance with the chaos signal having the baker’s
transformation effect. Thus, heat generated by the microwaves
can uniformly be dispersed in the target which must be heated.
As a result, a degree of nonuniformity of temperatures in the
target which must be heated can be reduced and, thus,
temperatures can satisfactorily be distributed during the
defrosting process. Since average electric power which must be
supplied to the magnetron can be enlarged as compared with the
conventional structure, the time required to defrost a target
can be shortened.

(Third Embodiment)

A third embodiment of the present invention will now be
described.

Initially, referring to Fig. 6, an example of the third
embodiment will now be described.

Referring to Fig. 6, reference numeral 1 represents a
magnetron. When electric power is supplied to the magnetron 1,
the magnetron 1 emits microwaves having a frequency of
thousands of MHz.

Microwaves emitted from the magnetron 1 propagate

through a waveguide 2 so.that the inside portion of the heating
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chamber 6 is irradiated with the microwaves. The microwaves
with which the inside portion of the heating chamber 6 have
been irradiated heai'a target 7 which must be heated by
dielectric heating.

Reference numerél 10 represents a chaos-signal
generating means fdr calculating a chaos signal so as to
transmit the value of the chaos signal. 1In accordance with the
chaos signal generated by the chaos-signal generating means 10,
the control means 4 transmits a control signal for changing
electric power which must be supplied to the magnetron.

. An energization control means 5 generates high voltage
which must be supplied to the magnetron 1, and adjusts electric
power which must be supplied to the magnetron 1 in accordance
with the control signal transmitted by the control means 4.

A defrosting process of the microwave oven'using the
chaos signal will now be described with reference to Fig. 2.
When a target frozen in a freezing chamber of a freezer is
dielectrically heated, the overall body of the target which
must be heated is in a state of ice. Therefore, the
temperature of the target which must be heated is uniformly
raised without any nonuniformity of temperatures. When the
temperature of the target which must be heated has been raised
to a level near zero degree.which is_the phase changing level
at which ice is changed to water, heat applied to the target
which must be heated is used as heat of melting. Therefore,

the temperatures in the target which must be heated are
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substantially hniformed. If the temperature of the target
which must be heated exceeds zero degree, the phase change is
completed and thus the temperature of the target is raised.

The easiness for ice to be heated and that for water to
be heated are consi&erably different from each other when
dielectric heating is performed. Water can easily be heated by
thousands of times as compared with ice. If a portion of a
target which must be heated is defrosted in the defrosting
process of a microwave oven and the other frozen portions are
remained, the portion, which has first been defrosted, is
heated rapidly. As a result, a portion of the tarjet which
must be heated has been boiled, while the other frozen portions
are maintained, if the worst happens.

The baker's transformation effect of the chaos signal
will now be described with reference to Fig. 7. As shown in
Fig. 7, the baker’s transformation effect is an effect
obtainable when two operations, which are stretching operations
and folding operation, alternately appear. When the baker’s
transformation effect is used, the rggions given square, circle
and triangle marks can uniformly be mixed. In this embodiment,
the baker’s transformation effect of the chaos signal is used
to uniform the temperatures in the target which must be heated.

When the dielectric heating in accordance with the chaos
signal having the above-mentioned characteristic is performed,
heat generated by microwaves is agitated in the overall body of

the target which must be heated attributable to the baker’s
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transformation effect. Thus, temperatures can uniformly be
distributed in the target which must be heated. As a result,
ice in the target whi@h must be heated can simultaneously be
changed to water. Thus, temperatures can uniformly be
distributed in the target which must be heated.. Although the
conventional microwave oven is arranged to perform the
defrosting process by using a DUTY signal having a long off-
time, the dielectric heating operation in accordance with the
chaos signal enables average electric power to be enlarged.
Thus, the defrosting time can be shortened.

The operation of the components of the third embodiment
having the above-mentioned structure will now be described.

The operation of the conﬁrol means 4 will now be
described with reference to Fig. 8. Fig. 8 is a graph showing
the relationship between chaos signal Xn generated by the
chaos-signal generating means 3 and electric power Pt which
must be supplied to the magnetron 1.

- When the defrosting process has been started, the
control means 4 initially reads first chaos signal X1 and
transmits a control signal to the energization control means 5
in such a manner that electric power Pt which corresponds fo
the read chaos signal X1 and which satisfies, for example, Pt =
Xn * PO is supplied to the ﬁagnetron. Then, the control means
4 reads a second chaos signal X2, and then performs a similar
process so as to transmit a control signal. The control means

4 generates control signals from the chaos signals Xn until the
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defrosting process is completed. When the defrosting process
has been completed, the control means 604 completes the process
thereof.

The operation of'the chaos-signal generating means 3
will now be described. An example of a function for generating
the chaos signal is as follows:

F (X) =1 - {2X - 1}
where 0 £ X £ 1.

The foregoing function is graphed as shown in Pig. 9.

A method of generating the chaos signals Xn by using the
function F (X) will now be described. An assumption is made
that a first value of the time sequence Xn is X0 and the value
is an initial value of the time sequence Xn. Then, X0 is
substituted into F (X). A result of the calculation is
employed as a (n = 1)-th value X1. Then, X1 is substituted
into F (X) to calculate X2. Then, X3 is obtained from X2. The
foregoing procedure is repeated so that time sequence X0, X1,
X2,..., Xn is obtained (see Fig. 10).

Although the chaos-signal generating means 10 uses the
function F (X), a variety of functions including a logistic
function and a henon function are capable of generating the
chaos signal. In any case, the effect of the chaos signal is
the same. |

The operation of the algorithm of the chaos-signal
generating means 10 will now be described with reference to

Fig. 11. Initially, an assumption is made that a parameter -
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indicating time is n =0 énd the initial value of the chaos
function F (Xn) is X0 (steps 20 to 21).

Then, F (Xn) is calculated, and then a result of this is
substituted foern + 1 which is an n'+ 1 th value. A result of
the substitution is'stored (step 22). Then, l'is added to n
(step 23), and then value n and parameter N indicating the
number of required chaos time sequences are subjected to a
comparison (step 24). If n is smaller than N, steps 22 to 24
are repeated. If n reaches N, the program is ended.

The third embodiment has the structure that a target
~ which must be heated is irradiated with microwaves which are
irregular in terms of time and which are in a chaos state at
least when the phase of water in the target is shifted from a
solid body to liquid. The structure and operation of the third
embodiment, having fhe structure that electric power which must
be supplied to the ﬁagnetron is adjusted in accordance with the
chaos signal having the baker’s transformation effect, cause
heat generated by the microwaves to uniformly dispersed in the
target which must be heated. As a result, uniformity of
temperatures in the target which must be heated can be
prevented. Since the average electric power can be enlarged as
compared ﬁith the conventional method, time required to defrost
a target can be'shorfened.

(Fourth Embodiment)
The structure and operation of the fourth embodiment

will now be described. The fourth embodiment is different from
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S ;‘ Jae
the second embodiment in that a lower limit is provided for the

output of microwave. The structure and operation of the fourth
embodiment which are different from those of the second
.embodiment will mainly be described. The other structures and
operations are the same as those of the second embodiment.

Referring to Fig. 72, reference numeral 320 represents a
first lowest-output storage means on which a lowest output of
microwaves is stored. In accordance with a chaos signal
generated by the chads-signal generating means 3 and the lowest
output stored on the first lowest-output storage means 320, a
second control means 321 determines electric power which must
be supplied to the magnétron, and then transmits a second
control signal to an energization control means.

The operation of the fourth embodiment will now be
described.

Referring to Fig. 73, an example of the operation of the
first lowest-output storage means 320 will now be described.
When the output Pt of microwaves which is determined in
accordance with the chaos signal Xn is lower than lowest output
Pmin of microwaves, the second control means 320 wmakes the
output of microwaves to be lowest output Pmin. In other case,
the second control means 321 transmits output Pt of microwaves
which is determined in accoidance with the chaos signal.

The structure and operation of the fourth embodiment,
having the lowest output of microwaves, enable.microwaves

required for the cooking operation using heat. As a result,
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the time required to defrost a target can furtherﬁore be
shortened.
(Fifth Embodiment)

A fifth embodiment of the present invention will now be
described.

The fifth embodiment comprises a magnetron for
generating microwaves forjdielectrically heating a target which
must be heated; and a waveguide through which microwaves
generated by the magnetron are propagated into a heating
chamber, wherein a defrosting process is performed in such a
manner that microwaves which are irregular in terms of time and
which are in a chaos state are propagated through the waveguide
at least when the phase of water in the target is shifted from
a solid body to liquid. . |

The structure of the fifth embodiment will now be
described with reference to Fig. 12. |

Referring to Fig. 12, reference numeral 1 represents a
magnetron. When electric power is supplied to the magnetron 1,
the magnetron 1 emits microwaves having a frequency of
thousands of MHz. Microwaves emitted from the magnetron 1
propagate through a waveguide 2 so that the inside portion of
the heating chamber 6 is irradiated with the microwaves. The
microwaves with which the inside portion of the heating chamber
6 have been irradiated heat a target 7 which must be heated by

dielectric heating.
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An energization control means 5 generates high voltage
which must be supplied to the magnetron 1, and supplies
electric power to the magnetron 1. |

Reference numeral 33 represents a reflecting plate.

When an angle made from the waveguide 2 is changed, the
quantity of microwaves applied through the waveguide 2 is
adjusted.

Reference numeral 10 represents a chaos-signal
generating means which calculates a chaos signal to transmit
the chaos signal.

A reflecting-plate control means 30 transmits a control
~signal for adjusting the quantity df microwaves applied through
the waveguide.2 in accordance with the chaos signal calculated
by the chaos-signal generating means 10.

A reflecting-plate energization control means 31 follows
the control signal transmitted by the reflecting-plate control
means 30 to control the angle of the reflecting plate 32.

The operation of the fifth embodiment will now be
described. |

Referring to Fig. 13, the relationship between the
angles between the reflecting plate 32 and the waveguide 2 and
the gquantities of microwaves emitted through the waveguide 2
will now be described.

As shown in Fig. 13, an assumption is made that the
angle made between the reflecting plate 32 and the waveguide 2

is ' © and the quantity of microwaves emitted by the magnetron 1
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'is PO0. Another assumption is made that the cross sectionai
area of the waveguide 2 is Sa and the area of the reflecting
plate 32 is Sb.

When the angle made between the reflecting plate 32 and
the waveguide 2 is 0, an area Sc of the reflecting plate
disposed in the horizontal direction with respect to the
waveguide 2 is obtained as follows:

Sc = Sb * cos@

Since the quantity P of microwaves which are emitted
from the waveguide 1 is in proportion to a value obtained by
subtracting the area Sc of the reflecting plate in the
horizontal direction from the area Sb of the waveguide 2, the
quantity P of microwaves is obtained as follows:

P =P0 - (Sa - Sc)/Sa

Therefore, the quantity P of microwaves emitted through
the waveguide 2 is obtained as follows:

P=P0 " (1 - Sb * cos6/Sa)

Fig. 14 is a graph showing the angle 6 and the quantity
P of microwaves emitted through the waveguide 2. Note that
Pmin is (1 - Sb/Sa).

To cause the quantity of microwaves which must be
emitted through the waveguide 1 to be changed in accordance
with the chaos signal calcuiated by the chaos-signal generating
means 10, the reflecting-plate control means 30 calculates the

angle of the reflecting plate 32 in accordance with the above-
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mentioned equation to transmit a result of the qalculation to
the reflecting-plate energization control means 31.

Although the above-mentioned method uses the reflecting
plate 32 to adjust the gquantity of microwaves which must be
emitted through the waveguide 2, other methods exist which are
capable of adjusting the quantity of microwaves which must be
emitted through the waveguide 2. If the other method is
employed, a similar effect to that obtainable when the
reflecting plate is employed can be obtained.

The fifth embodiment comprises the magnetron for
generating microwaves for dielectrically heating a target which
must be heated; and the waveguide through which microwaves
generated by the magnetron are propagated into.the heating
chamber, wherein the defrosting process is performed in such a
manner that microwaves which are irregular in terms -of time and
which are in a chaos state are propagated through the waveguide
at least when the phase of water in the target is shifted from
a solid body to liquid. The structure and operation of the
fifth embodiment enable the quantity of micrpwavés to be
brought to the chaos state by simply changing the microwave
oven. Therefore, only a simple structure is required to
shorten time required to defrost a target. As a result, the

temperature distribution in the defrosted target can be

improved.

(Sixth Embodiment)

A sixth embodiment will now be described.
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In addition to the structure according to the third
embodiment, the sixth embodiment has a structure that
microwaves are emitted in accordance with DUTY-output having
on- and off-time in accordance with chaos signals generated by
the chaos-signal genérating means. The structure and operation
of the sixth embodiment which are different from those of the
third embodiment will mainly be described. The other
.structures and operations are the same as those of the third -
embodiment.

- The structure of the sixth embodiment will now be
described with reference to Fig. 15.

Reference numeral 40 represents a DUTY-time storage
means on which DUTY time for use'when‘electric power which must
be supplied to the magnetron 1 is DUTY-controlled is stored.
Reference numeral 41 fepresents a cooking-time storage means on
which cooking time elapsed from start of the defrost cooking -

" process is stored.

A time comparison means 42 subjects DUTY time stored on
the DUTY-time storage means 40 and cooking time stored on the:
cooking-time storage means 41 to a comparison so as to
determine whether or not a DUTY cycle has started and transmit
a result of the comparison as a time compﬁrison signal.

A chaos-time calculafing means 43 calculétes time for -
which supply of électric power is turned on in one DUTY cycle-

from the chaos signal generated by the chaos-signal generating
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means 10 so as to transmit a result of the_calculation as chaos
time to an energization-time control means 44.

Reference numeral 44 represents the energization-time
control means which determines a binary control signal from the
time comparison signal transmitted by the time comparison means
42 and the chaos time calculated by the chaos-time calculating
means 43 so as to transmit the determined control signal to the
energization control means 5.

The operation of the sixth embodiment will now be
described.

Referring to Fig. 16, the operation of the sixth
embodiment will schematically be described, and then the
operation of each unit will be described.

Fig. 16 is a graph showing the relationship between
chaos signal Xn and electric power Pn which must be supplied to
the magnetron in such a manner that axes of abscissa stand for
the number n of chaos time sequences and cooking time t.

As shown in Fig. 16, electric power which must be
supplied to the magnetron 1 is DUTY-controlled for Tduty
seconds in the DUTY cycle. Whenever a DUTY cycie is started,
the chaos signal Xn is read and chaos time Tn is calculated in
-accordance with the following equation:

Tn = * Xn + B '

Thus, supply of electric power to the magnetron is

turned on for time Tn.
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Since electric power which must be supplied to the
magnetron 1 is fluctuated in accordance with the chaos signal,
the internal tempera;ures in the target which must be heated
can be uniformed. Even if the on/off cycle for electric power
which must be supplied to the magnetron 1 cannot be shortened
because of flicker noise or the like, enlargement of the DUTY
cycle enables a microwave oven using the effect of the chaos
‘signal to be provided.

Although the relational equation between the chaos
signal and time for which the supply is turned on is expressed
by a first-degree equation, the foregoing method is an example.
The essential portion lies in that time for which the supply is
turned on can be calculated from the chaos signal. Therefore,
any method capable of obtaining the forégoing time may be
employed.

The time comparison means 42 subjects DUTY cycle time
Tduty stored on the DUTY~time storage means 40 and cooking time
t stored on the cooking-time storage means to a comparison to
detect timing when the DUTY cycle is started.

‘The chaos-time calculating means 43 receives the chaos
signal Xn generated by thé chaos-signal generating means 10 to
calculate chaos time Tn from the chaos signal Xn in accordance
with the above-mentioned eqﬁation.

‘The operation of an algorithmlof the chaos-time
calculating means 73 will now be described with reference to

Fig. 17.
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Initially, a patameter indicating time is made to
satisfy n = 0 (step 50).

Then, the chaos signal Xn is read, and then chaos time
is calculated from the chaos signal Xn as follows (steps 51 and
52):

™ =o * Xn + B

Then, one is added to n (step 53) to subject the value n
and parameter N indicating required chaos time to a comparison
(step 54). If n is smaller than N, steps 51 to 54 are
repeated. If n reaéhes-N, the program is ended.

When the time comparison means 42 has determined that
the DUTY cycle has been started, the energization-time control
means 44 turns on the supply of electric power to the magnetron
for chaos time Tn calculated by the chaos-time calculating
means 43. Then, the energization-time control means 44 turns
off the supply of electric power to the magnetron for time
(Tduty - Tn).

In the above-mentioned structure, supply of electric
power to the magnetron is binary-controlled in the sequential
order that the supply is turned on an@ then turned off in one
DUTY cycle. If the supply is turned off prior to turning of
the supply on, the obtainable effect is the same.

The sixth embodiment.will furthermore be described with
mainly reference to Fig. 18.

This embodiment has the structure that one chaos-time

calculating means is selected from a plurality of chaos-time
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calculating means to cause the selected chaos-time calculating
means to determine on or off time. The structure and operation
of this embodiment which are different from those of the
embodiment described with reference to Fig. 15 will mainly be
described. The other structures and operations.are-the same as
those of the embodiment shown in Fig..15.

The structure of the sixth embodiment will now be
described with refe:ence to Fig. 18.

Referring to Fig. 18, reference numeral 50 represents a
first-chaos-time calculating means which calculates time for
which the supply is:turned on in the DUTY cycle from the chaos

- signal: generated :by :-the chaos-signal generating means 10 so as
to transmit a result of the calculation to a chaos-time-
equation selection meanS'SZ as first chaos time. Reference
numeral 51 represents a second-chaos-time calculating means
using an equation which is different from the equation which is
used by the first-chaos-time calculating means 50 to calculate
time for which the Supply is turned on in the DUTY cycle from
the chaos signal generated by the chaos-signal generating means
10 so as to transmit a result to the chaos-time-equation
selection means'SZ_QS-second chaos time. .

In accordance with information supplied from a chaos-
time equation selection switch 53, the chaos-time-equation
selection means 52 eelects either the first chaos time obtained
by the first-chaos-time calculating means 50 or the'secoﬂd

chaos time obtained by the second-chaos-time calculating means
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2

51. Thén, the chgg;-time—equ;tion seleé%ign means 52 transmits
the selected chaos-time-to the energization-time control means
44.

The operation of the sixth embodiment will now be
described with reference to Fig. 19.

Fig. 19 is a graph showing the relationship between
chaos signal Xn and electric power Pn which must be supplied to
the magnetron 1. Note that axes of abscissa stand for the
number n of time sequences and cooking time t.

As described above, microwaves generated by the
magnetron 1 are not substantially attenuated when they pass
through the target which must be heated in a state where the
overall body of the target is frozen. Therefore, the
temperatures of the target which must be heated are uniformly
raised. If a portion of the target which must be heated is
first defrosted attributable to a disturbance, energy of the
microwaves is concentrated to the defrosted portion. Thus, the

. temperature of the defrosted portion is rapidly raised.

To furthermore shorten the defrosting time, average
electric power which must be supplied to the magnetron 1 when
the defrosting process is started is enlarged by calculating
chaos time in accordance with the following equation when the
defrosting process is started:

™Tn = ol * Xn + Bl
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Then, chaos time is calculated in accordance with the
following equation immediately before a portion 6f'the target
which must be heated is defrosted:

T™n = a2 * Xn + B2

Thus, average electric power which must be supplied to
the magnetron 1 is reduced to furthermore uniform the
temperature distribution in the target which must be heated.

When the first-chaos-time calculating means 50 has
received the chaos signal Xn transmitted from the chaos-signal
generating means 10, the first—chaos-time calculating means 50
calculates first chaos time in accordance with the following
equation:

Tn = al * Xn + 1

When the second-chaos-time calculating means 51 has
received the chaos signal Xn generated by the chaos-signal
generating means 10, the second-chaos-time calculating means 51
calculates the second chaos time in accordance with the
following equation:

Tn = «2 * Xn + B2

Initially, the chaos-time-equation selection means 52
selects the first chaos time calculated by the first-chaos-time
calculating means 50 to transmit the first chaos time to the
energization-time control méans 44. When a switch signal is
supplied from the chaos-time equation selection switch 53, a
determination is made that the state is immediately before a

portion of the target which must be heated is defrosted. Thus,
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the chaos-time-equation selection means 52 selects the second
chaos time calculated by the second-chaos-time calculating
means 51.

In addition to the structure according to the third
embodiment, the structure according to the sixth embodiment is
arranged in such a manner that microwaves are emitted in .
accordance with DUTY-output having on- and off-time in
‘accordance with chaos signals generated by the chaos-signal
generating means. Even if the structure of the microwave oven
does not permit the guantity of microwaves to be changed to
have continuous values, control of the guantity of microwaves
with binary values indicating turning on and off enables the
effect of chaos to be realized in the defrosting prodess.
Therefore, even if the output of microwaves in the microwave
oven cannot continuously be confrolled, only a simple change in
the structure is required to shorten time required to defrost a
target. Moreover, the temperature distribution in the
defrosted target can furthermore be improved.

When the structure is added in which one chaos-time
calculating means is selected from a plurality of chaos-time
calculating means to perform the DUTY output having on- or off-
time, a chaos-time calculating equation corresponding to the
state of the target which mﬁst be heaﬁed can be selected.

Thus, time required to defrost a target can furthermore be

shortened and temperature distribution in the target which must
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- be heated can furthermore be improéved during the defrosting
process.
(Seventh Embodiment)

A seventh embodiment will now be described.

In addition to the.structure according to the sixth
embodiment, the seventh embodiment is arranged in such a manner
that microwaves are applied if the chaos signal generated by
the chaos-signal generating means is larger than a
predetermined threshold value. Therefore, only different
portions from thé structure and operation of the third
embodiment will now be described. The Other structures and
operations are the same as those of the third embodiment. |

The structure of the seventh embodiment will now be -
described with mainly reference to Fig. 20.

Reference numeral 60 represents a threshold-value
storage means on which a threshold value is stored which serves
as a reference for the binary control for turning on or off the
supply of electric power to the magnetron 1. A binary control
means 61 subjects the threshold value stored on éhe threshold-
value storage means 60 and a chaos signal transmitted from the
chaos-signal generating means 10 to a comparison so as to
transmit a binary control signal to the energization control
means 5. |

The operation of the seventh embodiment will now be

described with mainly reference to Fig. 21.
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An example of the operations of the threshold-value
storage means 60 and the binary control means 61 will now be
désgribed with reference to Fig. 21. Fig. 21 shows the
relationship between chaos signals Xn and electric power Pn
which must be supplied to the magnetron in such a manner that
the axis of abscissa stands for time t.

The threshold-value storage means 60 has threshold value
H stored thereon for determining binary electric power Pn which
must be supplied to the magnetron..

A binary control means 61 subjects the chaos signal Xn
transmitted from the chaos-signal generating means 3 and the
threshold value H to a comparison. If the chaos signal Xn is
larger than the threshold value H, the binary control means 61
realizes a state in which the supply is turned on. If the -
chaos signal Xn is smaller than the ﬁhreshold value H, the
binary control means 61 realizes a state in which the supply is
turned off. To realize the foregoing state in which the supply
is turned on or off, the binary control means 61 determines a
binary control signal for turning the supply on or off.

Note that above-mentioned method is an example for
determining a binary output of microwaves as a result of a
comparison made between the chaos signal and the threshold
value. The essential portion lies in that the binary
microwaves output can be determined by using the chaos signal.
Therefore, any method capable of making the foregoing

determination may be employed.
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The seventh embodiment will furthermore be described
with reference to Fig. 22.

Referring to Fig. 22, reference numeral 70 represents a
first-threshold-value storage means. Reference numeral 71
reﬁresents-a second-threshold-value storage means. The first-
threshold-value storage means 70 has a first threshold value
stored thereon so as to transmit the threshold value to a
threshold-value selection means 72. The second-threshold-value
storage means 71 has a second threshold value which is
different from the first threshold value so as to transmit the
second threshold value to the threshold-value selection means
72.

In accordance with information supplied from a
threshold-value selection switch 73, the threshold-value
selection means 72 selects either of the first threshold value
transmitted from the first-threshold-value storage means 70 or
the second threshold value transmitted from the second-
threshold-value storage means 71 to transmit the selected
threshold value to the binary control means 61.

The operation of the seventh embodiment will now be
described with reference to Fig. 23.

Fig. 23 is a graph showing the relationship between
chaos signal Xn and-électric power Pn whiéh must be supplied to
the magnetron 1 in such a manner that the axis of abscissa
stands for time t. The two threshold values, which are first

threshold value Hl and second threshold value H2, are provided
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to adjust electric power which must be supplied to the
magnetron 1.

In a state in which the overall body of the target which
must be heated is frozen, microwaves generated by the magnetron
1 are not substaﬁfially attenuated and allowed to pass through
the same, as described above. As a result, the temperétures of
the target which must be heated are uniformly raised. If a
portion of the target is defrosted, energy of the microwaves is
concentrated to the defrosted portion. Thus, the temperature
of the portion is rapidly raised.

Accordingly, as shown in Fig. 23, the first threshold
value H1 having a smail value is used when the temperature of
the target which must be heated is low. Thus, average electric
power which must be supplied to the magnetron 1 is enlarged so
that the defrosting time is further shortened. The second
threshold value H2 having a large value is selected immediately
before a portion of the target which must be heated is
defrosted so that average electric power which must be supplied
to the magnetron 1 is reduced. Thus, temperatures are
furthermore uniformly distributed in the target which must be
heated. | .

The threshold-value selection means 72 initially selects
the first threshold value sfored on the first-threshold-value
storage means 70. When the state of the threshold-value
selection switch 73 has been changed, a determination is made

that the state is immediately before the phase of ice in the
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target is changed to liquid. Thus, the threshold-value
selection means 72 selects the second thfeshold value stored on
the second-threshold-value storage means 41 as the threshold
value.

The seventh embodiment will furthermore be described.

In addition to the structure of the embodiment described
with reference to Fig. 20, this embodiment has a structure that
a lower limit is provided for the threshold value.  The
structure and operation 6f this embodiment which are different
from those of the embodiment shown in Fig. 20 will mainly be
described. The'othér structures and operations are the same as
those of the embodiment shown in Fig. 20.

The structure of the seventh embodiment will now be
described with reference to Fig. 24.

Referring to Fig. 24, reference numeral 80 represents a
minimum-threshold-value storage means on which a minimum

threshold value is stored so as to transmit the same to a

minimum-threshold-value comparison means B81.
The minimum-threshold-value comparison means 81 subjects

the threshold value stored on the threshold-value storage means

60 and the minimum threshold value stored on the minimum-
threshold-value storage means 80 to a comparison so as to
determine a threshold value. Then, the minimum-threshold-value
comparison means 81 transmits the determined threshold value to

the binary control means 61.
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The operation of the seventh embodiment will now be
described with reference to Fig. 25.

Fig.-25 is a graph showing the relationship between
chaos signal Xn and electric power Pn which must be supplied to
the magnetron 1 in such a manner that the axes of abscissa
stand for time n and cooking time t. Note that threshold value
H and the minimum threshold value Hmin are shown together.

As shown in Fig. 25, when chaos signals Xn having large
values successively appear, supply of electric power to the
magnetron 1 is always turned on in extreme cases if the
threshold value Flames is small. As a result, the defrosted
target is brought to a state in which a portion has been boiled
and other portions are frozen.

To further uniform the temperature distribution in the
target which must be heated after the target has been
defrosted, the minimum threshold value Hmin is provided for the
threshold value H. When the threshold value H is smaller than
the minimum threshold value Hmin, the minimum threshold wvalue
Hmin is used as the threshold value with Which electric power
which must be supplied to the magnetron 1 is controlled.

The minimum-threshold~value comparison means 81 subjects
the threshold value H stored on the threshold-value storage
means and the minimum threshold value Hmin stored on the
minimum-threshold-value storage means to a comparison. If the
threshold value H is larger than the minimum threshold value

Hmin, the threshold value H is selected as the threshold value
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which is used by the binary control means 31. If the threshold
value H is smaller than the minimum threshoid‘value Hmin, the
minimum threshold value Hmin is selected so as to be used in
the binary control means 31.

- The seventh embodiment will furthermore be described.

- The structure and operation of this embodiment will now
be described. In addition to the structure of the embodiment
shown in Fig. 20, this embodiment is'arranged in such a manner
that a maximum threshold value is provided for the threshold
value. The structure and operation of this embodiment which
are different from those of the embodiment shown in Fig. 20
will mainly be described. 'The other structures and operations
are the same as those of the embodiment shown in Fig. 20.

The structure according to the seventh embodiment will
now be described with reference to Fig. 26.

Referring to Fig.‘26, reference numeral 90 represents a
maximum-threshold-value storage means on which a maximum
threshold value is stored and which transmits the maximum
threshold value to a maximum-threshold-value comparison means
61.

The maximum-threshold-value comparison'means 91 subjects
the threshold value stored on the threshold-value storage means
60 and the maximum threshola value stored on the maximum- -
threshold-value storage means 90 to a comparison to determine a
threshold value and transmit the determined threshold value to

the binary control means 61.
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The operation of the seventh embodiment will now be
described with reference to Fig. 27.

Fig. 27 is a graph showing the'relationship between
chaos signal Xn and electric power Pn which must be supplied to
the magnetron 1 in such a manner that the axes of abscissa
stand for time n and cooking time t. Note that the threshold
value H and the minimum threshold value Hmax are shown
together.

If chaos signals Xn having small values successively
appear as shown in Fig. 27 and if the threshold value H is
large, time for which supply of electric power to the magnetron
1 is turned on is shortened. As a result, the defrosting time
is elongated.

Accordingly, the maximum threshold value Hmax is
provided for the threshold value H. If the threshold value H
is larger than the maximum threshold value Hmax, the maximum
threshold value Hmax is used so that electric power which must
be supplied to the magnetron 1 is on/off-controlled. Thus,"
time for which supply of electric power to the magnetron 1 is
turned on is elongated as shown in Fig. 27 so that the
defrosting time is furthermore shortened.

The maximum-threshold-value comparison means 91 subjects
the threshold value H stored on the threshold-value storage
means 60 and the maximum threshold value Hmax stored on the
maximum-threshold-value storage means 90 to a comparison. If

the threshold ﬁalue H is smaller than the maximum threshold"
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value Hmax, the threshold value H is used as the threshold
v&lne which is used by the binary control means 61. If the
threshold value H is larger than the maximum threshold value
Hmax, the maximum threshold value Hmax is used by the binary
control means 61.

The seventh embodiment has the structure that microwaves
are eﬁitted if the chaos signal generated by the chaos-signal
generating means is larger than a predetermined threshold
value. Thus, the structure and operation according to the
eighth embodiment enable the control method for turning on or
off the irradiation in accordance with the magnitude of the

threshold value to very easily be realized. Therefore, change

in the conventional control means is not substantially required
to attain the effect of the chaos.

The structure is added which changes the threshold value
in order to adjust the average electric power which must be
supplied to the magnetron to correspond to the state of the

target which must be heated. Thus, when the temperature of a

target which must be heated is low, average electric power
which must be supplied to the magnetron is enlarged. Thus, the
time required to defrost a target can furthermore be shorted.

Moreover, the average electric power.which must be supplied to

the magnetron is reduced.immediately before a portion of the
target is defrosted. Thus, the temperature distribution in the ﬁ

target can furthermore be uniformed and the temperature
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distribution can_furthermofe be improved during the defrosting
~operation.

The structure in which the minimum value is provided for
the threshold value is added so that a state in which supply of
electric power to the magnetron is continuously turned on is
prevented. Thus, the state of the target can furthermore be
improved during the defrosting process.

Moreover, the structure in which the minimum value is
provided for the threshold value is added so that the average
electric power which must be supplied to the magnetron is
enlarged even if chaos signals having small values continuously

appear. Thus, the time required to defrost a target can

furthermore be shortened.
(Eighth Embodiment)

An eighth embodiment will now be described.

In addition to the structure of the sixth embodiment,
the eighth embodiment has a structure that the bUTYooutput is
regulated to have shortest on-time. The structure and
operation of the ninth embodiment which are different from
those of the sixth embodiment will mainly be described. The
other structures and operations are the same as those of the
sixth embodiment.

The structure of the eighth embodiment will now be

described with mainly reference to Fig. 28.
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Referring to Fig, 28, reference numeral 100 represents a
shortest on-time storage means on which shortest on-time in one
DUTY cycle is stored.

The energization-time control means 44 subjects the
chaos time calculated by the chaos-time calculating means 43
and the shortest on-time stored on the shortest on-time storage
means 100 to a comparison so as to determine time for which the
supply is turned on in the DUTY cycle.

The operation of the eighth embodiment will now be
described with reference to Fig. 29.

'Fig. 29 is a graph showing the relationship between
electric power Pn which must be supplied to the magnetron 1 and
temperature T in the target which must be heated. Note that
axis of abscissa of the graph stands for cooking time t.

In general, chaos time sequence has values from 0 to 1.
When the chaos time Tn is calculated by the above-mentioned
equation Tn = o * Xn + B stored by the chaos-time calculating
equation 43, chaos time Tn is shortened in a case where the
chaos time sequence Xn is small. If chaos time sequences Xn
having small values appear successively, average electric power
which must be supplie&'to the magnetron 1, therefore, is
reduced. As a result, time required to defrost the target
which must be heated is elongated. Accordingly, shortest time
Tmin is provided for the chaos time Tn. If a result of

calculation from the chaos time sequence Xn is shorter than the
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shortest on-time Tmin, the chaos time Tn is made to be the
shortest on-time Tmin. |

That is, if an n-th chaos time sequence Xn is given, the
‘chaos time Tn is determined in accordance with the following_
equation:

k=o" " "Xn + 8

Tn = Tmin (Tmin > k)

Tn = k (Tmin < k)

If Tmin is made to be long time, the characteristic of
dielectric heating results in a portion of the target which
must be heated being excessively heated. Thus, the effect of
the chaos time sequence Xn is reduced. Therefore, Tmin must be
set carefully.

Note that the above-mentioned method of determining the
chaos time by using the shortest on-time is an example. For

example, the following method may be used to determine the

chaos time:

Tn = Tmin + ¥ * Xn
where y > 0.

If the employed method is able to determine the shortest
chaos time, a similar effect can be obtained.

Fig. 29 shows change in the tempefatures in the target
which must be heated with iespect to electric powér supplied to
the magnetron 1 in a case where the shortest time Tmin is
provided for the chaos time Tn. Note that a solid line

indicates the temperature in the target which must be heated in
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a case in which the shortest time Tmin is provided and a dashed
line indicates the same in a case in which the shortest time
Tmin is not provided.

As can be understood from Fig. 29, provision of the

shortest time Tmin results in average electric power which must
be supplied to the magnetron 1 being enlarged. Thus, the
defrosting time can furthermore be shortened.

The energization-time control means 44 uses the shortest
on-time Tmin stored on the shortest on-time storage means 100
and the chaos time Tn calculated by the chaos-time calculating

means 43 to determine the time for which the supply is turned

on in the DUTY-cycle in accordance with the above-mentioned
equation.

The eighth embodiment has the structure that the DUTY-
output is regulated to have the shortest on-time. Since the
average electric power which must be supplied to the magnetron
can be enlarged because the lower limit is provided for on-
time, time.required to defrost a target can furthermore be

shortened.

(Ninth Embodiment)

A ninth embodiment will now be described.

In addition to the structure of the sixth embodiment,
the ninth embodiment has a structure that the DUTY-output is
regulated to have longest on-time. The structure and operation
of the ninth embodiment which are different from those of the

sixth embodiment will mainly be described. The other
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structures and operations are the same as those of the sixth
embodiment.

The structure of the ninth embodiment will now be
described with mainly reference to Fig. 30.

Referring to Fig. 30, reference numeral 110 represents a
longest on-time storage means on which the longest on-time in
one DUTY cycle is stored.

The energization-time control means 44 subjects the
chaos time calculated by the chaos-time calculating means 43
and the longest on-time stored on the longest on-time storage
means 110 to a comparison to determine time for which the'power
supply is turned on in the DUTY cycle.

The operation of the ninth embodiment will now be
described with mainly reference to Fig. 31. Fig. 31 is a graph
showing the relationship between electric power Pn which must
be supplied to the magnetron 1 and temperatufe T in the target
which must be heated. Note that axis of abscissa stands for
cooking time t.

A solid line indicates the temperature in the target
which must be heated in a case where the longest on-time Tmax
is provided and a dashed line indicates the same in a case
where the longest on-time Tmax is not provided.

In general, chaos time sequence has values from 0 to 1.
When the chaos time Tn is calculated by the above-mentioned
equation Tn = o * Xn + B, chaos time is elongated in a case in

which the chaos time sequence Xn is large. If chaos time
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sequences Xn having large values appear successively, average
electric power which must be supplied to the magnetron 1 is,
therefore, enlarged excessively. As a result, the temperature
of a portion'of a target which must be heated is raised’
excessively and the target is boiled. Accordingly, longest
time Tmax is provided for the chaos time Tn to improve the
state of the target which must be heated when the defrosting
process is performed.

If an n-th chaos time sequence Xn is given, the chaos
time Tn is determined in accordance with the following

‘equation:

k o * Xn + B,

T™n = k (Tmax > k)

Tn = Tmax (Tmax =< k)

Fig. 31 shows change in the temperatures T in the target
which must be heated with respect to electric power Pn supplied
to the magnetron 1 in a case where the longest time Tmax is
provided for the chaos time Tn.

As can be understood from Fig. 31, provision of the
longest time Tmax results in the state of the target which must
be heated being improved when the same is defrosted.

The energization-time control means 44 uses the longest
time Tmax stored on the longest on-time storagé means 110 and

the chaos time Tn calculated by the chaos-time calculating

means 43 to determine the time for which the supply is turned
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on in the cycle in accordance with the above-mentioned
equation.

The above-mentioned equation is an example of a method
of calculating on-time for which supply of elecfric power to
the magnetron 1 is turned on in such a manner that the longest
time is provided for the chaos time. A variety of methods
capable of calculating the on-time are available. The
essential portion lies in that the longest time can be provided
for time for which supply of electric power to the magnetron 1
is turned on. Any method attains the same effect.

The ninth embodiment has the structure that the longest
on-time is provided for the DUTY-output. Since the longest on-
time is provided, excessive supply of electric power to the
target which must be heated can be prevented. Thus, the state

of the target can furthermore be improved during the defrosting

process.
(Tenth Embodiﬁent).

The structure and operation of a tenth embodiment will
now be described.

The tenth embodiment has a structure that the quantity
of microwaves which must be applied is changed in accordance
with the state of shift of the phase of a target which must be
heated. The structure and operation of the tenth embodiment
which are different from those of the third embodiment will
mainly be described. The other structures and operations are

the same as those of the third embodiment.
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‘The structure of the tenth embodiment will now be
described with reference to Fig. 36.

Referring to Fig. 32, reference numeral 120 represents a
-state storage means for storing a state of shift of the phase
of a target which must be heated to transmit a state value to a
chaos-constant generating means 121.

The chaos-constant generating means 121 has constants of
the chaos signals corresponding to the states of the shift of
the phase of targets which must be heated so as to transmit the
constant to a state-chaos calculating means 122. |

The state-chaos calculating means 122 calculates a chaos

- signal by using a chaos constant stored in the chaos-constant
generating means 121 and optimum for the state so as to
“transmit the obtained chaos signal to the control means 4 as a
state chaos signal. .

The operation of the tenth embodiment will now be
described.

An example of the operation of the state-chaos-signal
generating means 122 will now be described.

As described in the third embodiment, chaos signals Xn
generally have values from 0 to 1.

Therefore, the state chaos signéls-Yn are calculated in
accordance with the following equation:

¥n = A" Xn (0 £ A £ 1)

When constant A is changed, also the maximum value of

the state chaos signal Yn is changed. Thus, it can be
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understood that the state chaos signals have the following
maximum and minimum values:

0 <¥n <A

Although the chaos signal Xn is multiplied by the
constant A to generate the state chaos signals Yn, a variety of
methods are capable of changing the maximum value of the chaos
signal with the constant. Any method attains a similar effect.

A method of selecting a state chaos signél in accordance
with the states of shift of the phase of a target which must be
heated will now be described with reférénce to Fig. 33.

Fig. 33 is a graph showiné the relationship between the
constant A and average electric power P which must be supplied
to the magnetron 1. .

As shown in Fig. 33, the constant A is enlarged when
average electric power P which must be supplied to the
magnetron 1 is attempted to be enlarged in accordance with the
state of shift of the phase of a target which must' be heated.
If average electric power P which must be supplied to the
magnetron 1 is attempted to be reduced, the constant A is
reduced. When the constant A is changed as described above,
the average electric power P which must be supplied to the
magnetron 1 can easily be changeﬁ.

Fig. 34 is a graph éhowing the relationship between
electric power which must be supplied to the magnetron 1 and
temperatures T in the target which must be heated in such a

manner that the axis of abscissa stands for cooking time t.
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When a target which must be heated is attempted to be
oétimally defrosted, it is preferable that large electric power
is supplied in the initial stage of the defrosting process and
small electric power is supplied immediately before the

-completion of the defrosting process. Thus, average electric

-power P which must be supplied to the magnetron 1 is adjusted - !
in accordance with the state of the target-Which must be
heated, as shown in Fig. 34. Thus, the defrosting time can
- --furthermore be shortened and the temperature distribution in
the target which must be heated can furthermore be improved
‘during the defrosting process.
" The tenth embodiment will furthermore be described.
This embodiment has a structure that time is set for
'which control of dielectrical heating is performed in
- accordance with a chaos signal to correspond to the state of
shift of the phase of a target which must be heated. The
- structure and operation of this embodiment which are different
 from those of the third embodiment will mainly be described.
The other structures and operations are the Same as those of _
‘the third embodiment. - : é
The structure of the tenth embodiment will now be |
described with reference to Pig. 35.
Referring to Fig. 35, reference numeral 131 represents a
chaos-time storage means on which time for which dielectrical

heating is performed in accordance with a state of shift of the
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phase of a targetobtained from the state storage means 120,
that is, chaos time is stored.

The chaos-time comparison means 131 subjects the cooking
time stored on the cooking-time measuring means 41 and the
chaos time stored on the chaos-time storage means 130 to a
comparison to determine whether or not dielectrical heating is
performed in accordance with the chaos signal. The chaos-time
comparison means 131 transmits a result of the determination as
the chaos-time determination signal to a first control
selection means 132.

When a determination has been made that the chaos time
has elapsed in accordance with the chaos-time determination
signal transmitted from the chaos-time comparison means 130,
the first control selection means 132 selects a small-electric-
power control means 133 so as to start dielectric heating
control with small electric power.

The operation of the tenth embodiment will now be
described with reference to Figs. 36 and 37.

Fig. 36 is a graph showing the relationship between
electric power P which must be supplied to the magnetron 1 and
temperatures T of the target which must be heated in such a
manner that the axis of abscissa stands foi cooking time t.
Note that the defrosting time is indicated with Ttotal, the
chaos time is indicated with time T2 and small-electric-power

time is indicated with time T3.
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As described above, the temperafpre'distribution in the
target which must be heated is uniformed in accordance with the
chaos signal when the target is defrosted. 1If a portion of the

- target which must be heated is first defrosted for some reason
or other, energy of microwaves emitted from the magnetron is
concentrated to the first defrosted portion. As a result, the
temperature of the foregoing portion is sometimes rapidly
raised. Accordingly, the dielectrical heating using the chaos
signal performed for time T2 is ended before defrosting of a
portion of the target which must be heated is started, as shown
in Fig. 36. Then, dielectrical heating using small electric
péwgr is performed for time T3 so that the distribution of
temperatures in the target which must be heated is furthermore
uniformed.

Fig. 37 shows the relationship between the weight W of
the target which must be heated and chaos time T2. As can be
understood from Fig. 37, if the weight W of the target which
must be heated is heavy, also energy required to defrost the
target is enlarged. As a result, the chaos time T2 is
elongated. If the weight W of the target which must be heated
is small, also energy required to defrost the target is
reduced. As a result, the chaos time T2 is shortened.

The chaos-time storage means 130 has the stored
relationship between the weight W of the target and the chaos
time T2 shown in Fig. 37. In accordance with a state of shift

of the phase of a target communicated from the state switch
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120, the chaos-time storage means 130 determines the chaos time
T2.

Although the weight of the target which must be heated
is employed as an example of the states of the microwave oven
and the target which must be heated, another state for
determining the chaos time may be employed becahse a
multiplicity of states exist which include the type of the
target. Even if the other state is employed, a similar effect
can be obtained.

In addition to the structure of the third embodiment,
the tenth embodiment has the structure that the quantity of
microwaves which must be emitted is changed in accordance with
the state of shift of the phase of a target which must be
heated. Since the quantity of microwaves which must be applied
in the chaos manner corresponding to the state of the target is
determined, waste of time can be prevented and the effect of
the chaos can be obtained in an optimum state for the target
which must be heated.

(Eleventh Embodiment)

An eleventh embodiment will now be described.

In addition to the structure according to the third
embodiment, the eleventh emboaiment has a structure that the
quantity of microwaves which must be applied is changed in

accordance with a selected chaos state from a plurality of

chaos states.
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The structure and operation of the eleventh embodiment
which are different from those of the third embodiment will
mainly be described. The other structures and operations are
the same as those of the third embodiment.

The structure of the eleventh embodiment will now be
described with reference to Fig. 38.

Referring to Fig. 38, reference numeral 140 represents a
first chaos-signal generating means for calculating a chaos
signal and transmitting the chaos signal to a chaos-signal
selection means 142 as a first chaos signal. Reference numeral
141 represents a second chaos-signal generating means for
calculating a chaos signal, which is different from that
géﬁerated by the first chaos-signal generating means, so as to
transmit the different chaos signal to a chaos-signal selection
means 142.

The chaos-signal selection means 142 selects either of
the first chaos signal generated by the first chaos-signal
generating means 140 or the second chaos signal generated by
the second cﬁaos—signal generating means 141 in accordance with
information supplied from a chaos-signal selection switch 143
so as to transmit the selected chaos signal to the control
means 4.

. The operation of the eleventh embodiment will now be
described with mainly reference to Fig. 39.
Fig. 39 is a graph showing the relationship among first

chaos signals X1ln, second chaos signals X2n and temperatures T
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in the target which must be heated in such a manner that the
axis of abscissa stands for cooking time t.

In a state in which the overall body of the targef which
must be heated is frozen, microwaves generated by the magnetron
1 are not attenuated and allowed to uniformly impinge on the
.overall body of the target which must be heated. As a result,
the temperatures of the target which must be heated are
uniformly raised. If a portion of the target is first
defrosted, energy of the microwaves is concentrated to the

- first defrosted portion. Thus, the temperature of the portion
is rapidly raised. Accordingly, the first chaos signal for
enlarging average electric power which must be supplied to the
magnetron is selected when the temperature of the target which
must be heated is low so that the defrosting time is made to be
the shortest possible time. Then, the second chaos signal for
reducing average electric power which must be supplied to the
magnetron is selected so that rapid rise in the temperature of
the first defrosted portion is prevented. As a result,
temperature distribution in the target which must be heated is
furthermore uniformed during the defrosting process.

The chaos-signal selection means 142 initially selects
the first chaos signal for supplying large average electric
power which must be supplied to the magnetron 1, and then

. selects the second chaos signal for supplying small electric
power which must be supplied to the magnetron 1, as shown in

Fig. 39.
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The eleventh embodiment has the structure that change is
performed in accordance with the chaos state selected from a
plurality of chaos states. Since the electric power which must
be supplied to the magnetron is adjusted in accordance with the
selected chaos, dielectric heating can be controlled in an
optimum chaos state for the state of the target. Thus,
temperatures can furthermore satisfactorily be distributed in
the target which must be heated during the defrosting process. -
(Twelfth Embodiment)

A twelfth embodiment will now be described. 1In
comparison to the second embodiment, the twelfth embodiment has
a structure that a step for changing the chaos time sedquence is
changed in accordance with a heating condition in the microwave
oven and the like. Therefore, only different portions from the
structure and operation of the second embodiment will now be
described. The other structures and operations are the same as
those of the second embodiment.

. The twelfth embodiment will now be described with
reference to Fig. 77. Referring to Fig. 77, reference numeral
350 represents a state selection switch for selecting heating
conditions of a target which must be heated and the microwave
oven and storing the same. A chaos-signal selection means 351
selects an optimum chaos signal optimum for the héating'
condition stored in the state selection switch 350 so as to

transmit the selected chaos signal to a control means 304.
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An example of the twelfth embodiment will now be
described with reference to Fig. 78. Fig. 78 is a graph
showing the relationship between the thickness of a target
which must be heated and the baker’s transformation effect of
the chaos signal.

The baker’s transformation effect of the chaos signal is
used to uniform the temperature distribution in the taiget
which must be heated. Since the transmission condition varies
if the condition of a target which must be heated, for example,
the thickness of the same varies, an opfimum chaos signal is
changed. That is, if the target which must be heated has a
large thickness, he;t cannot easily be transmitted. Therefore,
a great baker’s transformation effect is required to uniform
the temperatures in the target. As described above, an optimum
chaos signal exists depending on the condition of the target
-which must be heated. The foregoing fact is as well as applied
to the condition of the microwave oven and the like.

The chaos-signal selection means 351 has the relational
chart shown in Fig. 78 to select an optimum chaos signal to
follow the heating condition selected by the state selection
switch 350 so as to transmit the selected chaos signal to the
control means 303.

The structure and operation of the twelfth embodiment
arranged in such a manner that an optimum chaos signal for the

heating condition is selected enable the defrosting process to
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realize a satisfactory grade of finishing even if the heating
condition is different.
(Thirteenth Embodiment)

In addition to the structure according to the third
embodiment, the thirteenth embodiment has a structure that the
quantity of microwaves which must be emitted is changed to
correspond to the defrosting enviromment including the size of
the defrosting chamber and whether or not a reflecting plate is
provided. The structure and operation of the thirteenth
embodiment different from those of the third embodiment will
mainly be described. The other structures and operations are
the same as those of the third embodiment. |

The structure of the thirteenth embodiment will now be
described with mainly reference to Fig. 40.

Referring to Fig. 40, reference numeral 150 represents a
defrosting-environment-state storage means having a defrosting
environhent including the size of the defrosting chamber and
whether or not a reflecting plate is provided.

A first-maximum-electric-power setting means 151 follows
the defrosting enﬁironment'state stored on the defrosting-
environment-state storage means 150 to determine the maximum
electric power which must be supplied to the magnetron 1 and
transmits a maximum electric power signal.

A control means 4 performs control to adjust electric
power which must be supplied to the magnetron 1 in accordance

with the chaos signal generated by the chaos-signal generating
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means 10 in such a manner that maximum electric power which
must be supplied to the magnetron l-does not exceed the maximum
electric power determined by the first-maximum-electric-power
settihg means 151.

An example of the operation of the thirteenth embodiment:
will now be described with reference to Figs. 41 and 42.

Fig. 41 is a graph showing the relationship between
electric power Pn which must be supplied to the magnetron 1 and
temperature T in the target which must be heated. Note that

axis of abscissa of the graph stands for cooking time t.

If an éxcessively large cumulative electric power is, in
the defrosting process, supplied to the magnetron 1 with
respect to the size of the heating chamber or the like, a
portion of a target which must be heated is first converted
into water. Therefore, the target is sometimes heated
excessively. To prevent the fbrégoing problem, the maximum
electric power which must be supplied to the magnetron is set
to be adaptable to the defrosting environment. Thus, the
cumulative electric power is adjusted.

Fig. 42 is a graph showing the relationship between the
sizes S of heating chambers and maximum electric power Pmax.

If the heating chamber is small, the total electric power
required to defrost a target can be reduced. If the thermal
capacity is large, large total electric power is required to

defrost a target which must be heated.
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Theréfore, as shown in Fig. 42, the maximum electric
power Pmax which must be supplied to the magnetron 1 is
determined with respect to the size S of a heating chamber.
Thus, the temperafure distribution in the target can
furthermore be uniformed.

The first-maximum-electric-power setting means 151 has -
maximum electric power determined by the defrosting-

"environment-state storage means 150 and adaptable to the size
of the heating chamber and whether or not a reflecting plate is
provided. The first-maximuﬁfelectric-power setting means 151
transmits, to the control means 4, maximum electric power which
must be supplied to the magnetron 1 to be adaptable to the
defrosting environment state. |
..Although the size of the heating chamber is employed as

an example of the defrosting environment state, another

condition may be employed to obtain the same effect because the

total electric power required to defrost a target is changed
depending on the condition, for example, whether or not the
reflecting plate is provided.

The thirteenth embodiment has the structure that the
quantity of microwaves which must be applied is changed to be
adaptable to the defrosting environment including the size of
the thermal capacity and whether or not a reflecting plate is
provided. Since the guantity required to defrost a target is

determined to be adaptable to the defrosting environment,
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excessive application of energy of microwaves can be prevented
when the defrosting process is performed.
(Fourfeenth Embodiment)

The structure and operation of a fourteenth embodiment
will now be described. The fourteenth embodiment is different
from the twelfth embodiment in a step in which a value obtained
by a sensor is used in place of the state selection switch 350
so as to select a chaos signal. ' The structures and operations
different from the twelfth embodiment will mainly be described.
The other structures and operations are the same as those of
the twelfth embodiment.

‘The structure of the fourteenth embodiment will now be
described with reference to Fig. 79. Refefence numeral 360
represents a sensor disposed in a heating chamber and arranged
to measure the temperature in the heating chamber and the like.
A sensor-value conversion means 361 receives an output from the
sensor 360 to convert the output value from the sensor into
data about the temperature or the like so as to transmit a
result of the conversion to a second chaos-signal selection
means 360 as a sensor value. The second chaos-signal selection
means 360 determines an optimum chaos signal from the sensor
value obtained from the sensor-value conversion means 361.

The operation of the fourteenth embodiment will now be
described.

As described in the twelfth embodiment, a chaos signal

optimum for each heating condition exists. The fourteenth
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embodiment has the structure that a chaos signal optimum for
the heating condition in the microwave oven is automatically
selected by using the sensor.

The structure and operation of the fourteenth embodiment
have the structure that a chaos signal optimum for the heating
condition in the microwave oven is automatically séledted when
thé defrosting process is performed. Therefore, even if the
heating condition in the micfowave oven is different, a user is
not reguired to perform any operation to defrost a target with
a satisfactory grade of finishing.

(Fifteenth Embodiment) |

_. In addition to the structure according to the third
embgdiment, a fifteenth embodiment has a structure thét the
quaﬁtity of microwaves which must be applied is changed to be
adaptable to the environment for a target, for example, the
typé, weight and the like of the target. The 'structures and
operations different from the third embodiment will mainly be
described. The other structures and operations are the same as
those of the third embodiment.

The structure of the fifteenth embodiment will now be
described with.méinly reference to Fig. 43.

Referring to Fig. 43, reference numeral 160 represents a
target-environment-state storage means on which the target
environment including the type, weight and the like of the

target is stored.
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A second maximum-electric-power seﬁting means 161
follows a target enviromment state stored in the target-
environment-state storage means 160 to determine maximum
electric power which must be supplied to the magnetron 1.

The control means 4 performs control to adjust electric
power which must be supplied to the magnetron 1 in accordance
with the chaos signal generated by thé chaos-signal generating
means 10 in such a manner that the maximum electric power which
must be supplied to the magnetron 1 does not exceed the maximum
electric power set by the second maximum-electric-power setting
means 161.

An example of the fifteenth embodiment will now be
described with reference to.Figs. 41 and 44.

Fig. 41 is a graph showing the relationship between
electric power Pn which must be supplied to the magnetron 1 and
temperature T in the target which must be heated. Note that
axis of abscissa of the graph stands for cooking time t.

If the cumulative electric power which must be supplied
to the magnetron 1 is too large with respect to the weight or
the like of a target in the defrosting process, a portion of
the target is first converted into water. Thus, the target
which must be heated is sometimes heated excessively. To
prevent this, the maximum electric power which must be supplied
to the magnetron is determined to be adaptable to the
environment state of the target so as to adjust the cumulative

electric power which must be supplied to the magnetron.
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Fig. 44 is a graph showing the relationship between the -
weight W of the target which must be heated and maximum —
electric power Pmax. In general, if'the'target which must be
heated is light, total electric power required to defrost the
target can be reduced. If the target is heavy, large total -
eleétric power required to defrost the target is required.

_ Therefore, ma#imnm electric power Pmax which can be
supplied to the magnetron 1 with respect to the weight W of a -
target which must be heated is determined, as shown in Fig. 44.
- Thus, the temperature distribution in the target is furthermore
uniformed. —-
The second maximnmbelectiic-power setting means 161 has
maximum electric power adaptable to the type or the weight 6f‘__
. the target selected by the target-environment-state storage : -
means 160 so as to gommunicate, to the control means 4, the
maximum electric power -which is adaptable to the environment
state of the target and which must be supplied to'the;mégnetron'
1.
Although the weight of the target which must be heated
is employed as the state of the env;ronment of the target, the
total electric power required to defrost a target is changed
depending on the condition of the target, for example, the type
of the térget. - Therefore, another condition may be employed to
set the maximum electric.power to obtain the same effect.
The fifteenth embodiment has the structure that-the

quantity of microwaves which must be supplied is changed to be._.
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adaptable to the environment of a target including the type and
weight of the same. Since the quantity required to defrost the
target is determined to be adaptable to the environment of the
target, excessive application of energy of microwaves can be
prevented to defrost the target.

(Sixteenth Embodiment)

A sixteenth embodiment will now be described. The
sixteenth embodiment is different from the twelfth embodiment
in a step in which a chaos signal is selected while the
temperature of the target which must be heated is measured in
place of the state selection switch 340. The structures and
operations different from the twelfth embodiment will mainly be
described. The other structures and operations are the same as
those of the twelfth embodiment.

The structure of the sixteenth embodiment will now be
described with reference to Fig. B0. Reference numeral 370
represents a target sensor for measuring the temperature in the
target which must be heated. A sensor-value conversion means
361 converts the output of the target sensor 370 into.a
temperature éo as to transmit the result as the temperature of
the target. A third chaos-signal selection means 371 selects a
chaos signal in accordance with the temperature of the target
obtained from the sensor-output conversion means 361.

The operation of the sixteenth embodiment will now be

described with reference to Fig. 81.
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Fig. 81 is a graph showing the relationship between-the
temperature of a target which must be heated and output of
microwaves per hour with a solid line and that betweéen the
temperature of the target and the required baker’s
transformation effect with a dashed line. If the temperature
of the target which must be heéted is low and the internal
portion of the target is fully frozen, microwaves emitted from
the magnetron are not substantially attenuated and uniformly
transmitted through the target so that heat is generated. 1If
the temperature of the target which must be heated is raised
and defrosting starts to covert a portion 6f the target into
water, microwaves are concentrated as described above. Thus,
the temperature of the foregoing portion is rapidly raised.
Therefore, the temperature -distribution in the target is
improved by using the baker’s transformation effect of the
‘chaos signal. Thus, a chaos signal having a great baker's
transformation effec¢t and causing average output of microwaves
to be realized must be selected when the temperature of the
target is near zero degree.

The third chaos-signal selection means 371 selects an
optimum chaos signal in accordance with the temperature of a
target obtained by the target sensor by a method shown in Fig.
81.

The structure and operation of the sixteenth embodiment
have an arrangement that a chaos signal adaptable to the

temperature of a target which must be heated is selected to
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defrost the target. Therefore, optimum microwaves can always
be emitted to defrost the target.
(Seventeenth Embodiment)

The structure and operation of a seventeenth embodiment
will now be described.

In addition to the structure according to the first
embodiment, the seventeenth embodiment has a structure that a
larger quantity of microwaves is regularly applied before the
phase of water in a target which must be heated is converted
from water to liquid, the larger quantity being larger than a
quantity which is applied in a period after the phase has been
changed. The structures and operations of the seventeenth
embodiment different from the first embodiment will mainly be
described. The other structures and operations are the same as
those of the first embodiment.

-‘The structure of the seventeenth embodiment will now be
described with mainly reference to Fig. 45.

Referring to Fig. 45, reference numeral 170 represents a
second control selection means for selecting either the control
means 4 or the continuous electric-power control means 171 so
as to transmit a second control selection signal to the
selected control means.

When the continuous'electric-power control means 171 is
selected in accordance with the second control selection signal
transmitted from the second control selection means 170, the

continuous electric-power control means 171 transmits, to the
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energization control means 5, a control signal for continuously
supplying electric power to the magnetron.

When the control means 4 is selected in accordance with .
the second control selection signal transmitted from the second
control selection means 170, the control means 4 follows the
chaos signal generated by the chaos-signal generating means 10
to transmit a chaos signal to the energization control means 5
in order to adjust electric power which must be supplied to the

. magnetron 1.

The operation of the seventeenth embodiment will now be
described with mainly reference to Fig. 45.

If the internal portion of the target is fully frozen;
microwaves emitted from the magnetron 1 are not substantially
attenuated and uniformly transmitted through the target.
Therefore, the temperature of the target is uniformly raised.
Therefore, if the temperature of the target which must be
heated is low and water in the target is in the form of a solid
body, a large quantity of electric power may regularly be
supplied to the magnetron 1 to heat the target. In this state,
the grade of finishing of the defrosted target does not
deteriorate and the time required to defrost a target can
furthermore be shortened.

When the operation for defrosting a target which must be
heated is started, the second control selection means 170
initially selects continuous electric-power control means 171

so that electric power in a large quantity is continuously
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supplied to the magnetron 1 for time Tl. Then, the second
control selection means 170 selects the control means 4 to
adjust electric power which must be supplied to the magnetron 1
in accordance with the chaos signal generated by the chaos-
signal generating means 10 so that the target which must be
heated is defrosted.

The seventieth embodiment has the structure that a
larger quantity of microwaves is regularly applied before the
phase of water in a target which must be heated is shifted from
a sélid body to liquid as compared with the quantity which is
supplied in the following period of time. The structure and
the operation of the-seventeenth embodiment cause a target
which must be heated to be regularly dielectrically heated with
a large guantity of microwaves because the considerable effect
of the chaos signal is not required immediately after the
defrosting process has been started. Thus, the defrosting time
can furthermore be shortened without deterioration in the grade

of fishing of the target which must be heated after it has been
defrosted.

(Eighteenth Embodiment)

The structure and operation of an eighteenth embodiment
will now be described. The eighteenth embodiment relates to a
continuous electric-power éupply step for continuously
supplying electric power' to the magnetron before a step for
performing-control to adjust the electric power to the

magnetron in accordance with the chaos signal. The structure
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and operation of the eighteenth embodiment which are different
from those of the second embodiment will mainly be described.
The other structures and operatioﬂs are the same as those of
the second embodiment..

The structure of the eighteenth embodiment will now be
described with reference to Fig. 93. Referring to Fig. 93,
reference numeral 630 represents a.first control selection
means for selecting either the control means.604 or a continuos
electric-power control means 631 to transmit a firsﬁ control
selection signal to the selected control means. When the

continuos electric-power control means 631 is selected in

. accordance with the first control selection signal transmitted

from the first control selection means 630, the continuos
electric-power control means 631 transmits, to the energization
control means 605, a control signal for continuously supplying
electric power to the magnetron. When the control means 604 is
shortened in accordance with the first control selection signal
transmitted from the first control selection means 630, the
control means.604 transmits, to the energization control means
605, a control signal for performing control to adjust electric
power which must be supplied to the magnetron 1.

The operation of the eighteenth embodiment will now be
described with reference to Fig. 94.

When the overall body of the target which must be heated
is frozen, microwaves emitted from the magnetron are not

substantially absorbed in the inside portion of the target and
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allowed to pass through the same. Therefore, the target is
uniformly heated. Therefore, when the temperature of the
target is low and the overall body of the target is in the form
of ice, continuous supply of electric power to the magnetron to
heat the target does not deteriorate the grade of finishing of
the defrosted target and the defrosting time can furthermore be
shoriened.

When the operation for defrosting a target which must be
‘heated is started, the first control means 630 initially
selects continuous electric-power control means 631 so that
electric power is continuously supplied to the magnetron for
time T1. Then, the first control means 630 selects the control
means 604 to adjust electric power which must be supplied to
the magnetron in accordance with the chaos signal generated by
the chaos-signal generating means 603 so that the target which
mast be heated is defrosted.

The eighteenth embodiment has the structure that the
step for continuously supplying electric power to the magnetron
is provided before the step for performing the control of
dielectrical heating in accordance with the chaos signal.

Thus, the target can be dielectrically heated with la;ge
electric power because the considerable effect of the chaos
signal is not required imﬁediately after the defrosting process
has been started. Thus, the defrosting time can furthermore be
shortened without deterioration in the grade of fishing of the

target which must be heated after it has been defrosted.
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(Nineteenth Embodiment)

A nineteenth embodiment will now be described. In
addition to the structure according to the second embodiment,
the nineteenth embodiment has a large-electric-power supply
time for which large electric power is supplied to the
magnetron in accordance with the states of the microwave oven
and the target which must be heated. The structure and the
operatioﬁ according to the nineteenth embodiment which are
different from those of the second embodiment will mainly be
described. The other structures and operations are the same as
those of the second embodiment.

The structure of a nineteenth embodiment will now be
described with reference to Fig. 108. Referring to Fig. 108,
‘reference numeral 680 represents a state switch for selecting a
state of the microwave oven and the target which must be
heated. Thus, a user is permitted to select the state of the
microwave oven and the target which must be heated. Reference
numeral 701 represents a large-electric¥power time storage
means on which large-electric-power time corresponding to the
states of the microwave oven and the target which must be
heated to determiné large-electric-power time from the state of
the microwave oven and the target selected by the state switch
680. The 1arge-electric-ﬁower-time comparison means 701
subjects the cooking time measured by a cooking-time measuring
means 691 and large-electric-power time stored on the large-

electric-power time storage means 700 to a comparison to
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determine a maximum value of electric power which must be
supplied to the magnetron. In accordance with the control
.signal transmitted from the control means 604, the energization
control means 605 adjusts the electric power which must be
supplied to the magnetron to cause maximum electric power
determined by the large-electric-power-time comparison means
693 to be supplied.

An example of the operation of the nineteenth embodiment
will now be described with reference to Fig. 109. Fig. 109 is
a graph showing the relationship between electric power Pt
which must be supplied to the magnetron and temperature T in
the target which must be heated.

The characteristic of microwaves in a microwave oven
causes nonuniformity of the degree of heating of a target which
must be heated to take place depending upon the portion because
of the difference in the intensity of the microwaves and
because energy of the microwaves can easily be concentrated to
an end of the target. If a portion of the target in which ice
has been changed to water appears, concentration of energy of
the microwaves to the foregoing portion cannot easily be
prevented by the control of the electric power of the
microwaves in accordance with the chaos signal. Therefore,
electric power which must be supplied to the magnetron must be
reduced to uniform the temperature distribution in the target
which must be heated after defrosting of a portion of the

target has been started.
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Fig. 109 is a graph showing a state in which overheating
of a target which must be heated is prevented by changing
electric power which must be supplied to the magnetron from
large electric power Pmaxl to small eleEtric-power Pmax2 at
cooking time Tpl if a portion of the target is changed to water
during the defrosting process. The time Tpl at which electric
power is changed depends upon the states of the microwave oven
and the target which must be heated, for example, the weight of
the target. As an example of the time Tpl, a relational
equation between the weight W of the target which must be
heated and large-electric-power time Tp is shown in Fig. 110.

The large-electric-power comparison means 701 subjects

. the cooking time stored on the cooking-time measuring means 691
and the large-electric-powef time stored on the large-electric-
power time storage means 700 to a comparison. If the cooking
time is shorter than the large-electric-power time, the large-
electric-power comparison means 701 employs the large electric

- power Pmaxl which must be supplied to the magnetron. If the
cooking time is longer than the large-electric-power time, the
large-electric-power comparison means 701 employs the small
electric power Pmax2 which must be supplied to the magnetron.

The nineteenth embodiment has the time for which large
electric power iS'supplied to the magnetron to correspond to
the states of the microwave oven and the target which must be
heated. Since the maximum electric power which must be

supplied to the magnetron is reduced after defrosting of a
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portion of the target has been started because of the
characteristic or the like of the microwaves, the temperature
~distribution in the target which must be heated can be
uniformed.

Although this embodiment is arranged to have the maximum

" electric power consisting of the large electric power and the
small electric power which must be supplied to the magnetron,
an intermediate-quantity of electric power or the like may be
added to further precisely control the operation.

(Twentieth Embodiment)

A twentieth embodiment will now be described. As
compared with the second embodiment, the twentieth embodiment
-has large-~electric-power time for which large electric power is
supplied to the magnetron in accordance with the value obtained
from a sensor for detecting the states of the microwave oven
and a target which must be heated:. The structure and operation
of the twentieth embodiment which are different from those of
the second embodiment will mainly be described. The other
structures and operations are the same as those of the second
embodiment.

The structure of the twentieth embodiment will now be
described with reference to Fig. 112. Referring to Fig. 112,
reference numeral 710 represents a first sensor for measuring
the states of the microwave oven and a target which must be
heated to transmit a result to a sensor-output conversion means

711. The sensor-output conversion means 711 converts the
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output of the first sensor 710 into a value indicating the
states of the microwave oven and a target which must be heated
so as to transmit a sensor value.

Reference numeral 720 represents a second large-
‘electric-power storage means on which a sensor value obtained
by the sensor-output conversion means 711 and a relational
equation for large-electric-power time for which large electric
power is supplied to the magnetron are stored.

| The large-electric-power-time comparison means 701
subjects the cooking time measured by the cooking-time
measuring means 710 and the large-electric-power time

~ communicated from the large-electric-power comparison means 720
to a comparison to determine whether or not large electric
power is supplied to the magnetron so as to communicate a
result to the energization control means 605.

The energization control means 605 adjusts electric
power which must be supplied to the magnetron in accordance
with the control signal transmitted from the control means 604
in such a manner that electric power which is supplied to the
magnetron'does not exceed the maximum electric power determined
by the large-electric-power;time comparison means 701.

An example of the operation of the twentieth embodiment
will now be described with reference to Figs. 109 and 110.

The characteristic of microwaves emitted from the
magnetron sometimes causes the témperature distribution in the

target to be nonuniformed because end portions of the target
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are first defrosted as compared with other portions. To
prevent overheating of a portion of the target, electric power
which is supplied to the magnetron is reduced during the
defrosting process.

Fig. 109 is a graph showing the relationship between
electric power Pt which must be supplied to the magnetron 1 and
temperature T in the target which must be heated. Note that
axis of abscissa of the graph stands for cooking time t.

As shown in Fig. 109, an assumption is made that the
phase of a portion of a target which must be heated has first
been converted from ice to water at cooking time Tpl during the
process for defrosting the target in accordance with the chaos
signal as described above. If large electric power Pmaxl is
supplied to the magnetron to defrost the target, the
temperature distribution in the target becomes nonuniform.
Therefore, the maximum electric power is changed from large
electric power Pmaxl to small electric power Pmax2 at cooking
time Tpl to prevent overheating of a portion of the target.
Since the states of the microwave oven and the target which
must be heated are measured by the sensor, the user is not
required to perform any operation to automatically set large-~
electric-power time Tpl.

Fig. 110 showsathé relationship between weight W of a
target which must be heated and large-electric-power time Tpl.

Since long time is required to raise the temperature in
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proportion to the wéight of the target, the relational equation
shown in Fig. 110 is realized. |

‘The second large-electric-power comparison means 720 is
a means on which a relational equation between the weight W of
.a target shown in Fig. 110 and the large-electric-power time
Tpl is stored to determine large-electric-power time Tpl in
accordance with the weight of thé target measured by the sensor
710.

The large-electric-power-time comparison means 701
subjects cooking time t measured by the cooking-time measuring
means 710 and large-electric-power time Tpl stored on the
second large-electric-péwer comparison means 720 to a
comparison. The large-electric-power-time comparison means 701
causes large electric power Pmaxl to be supplied to the
magnetron until cooking time t elapses large-electric-power
-time Tpl. If cooking time t elapses large-electric-power tiﬁe
Tpl, the large-electric-power-time comparison means 701 causes
small electric power Pmax2 to be supplied.

Although the weight of the target which must be heated
is employed as the states of the microwave oven and the target,
a variety of factors, for example, the internal size of the
microwave oven and the volume of the target, affect the large
electric power. The essential portion lies in that the large-
electric-power time can be determined in accordance with the
states 6f the microwave oven and the target. Therefore,

another factor may be employed to obtain the same effect.
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The twentieth embodiment has the structure that the
-states of the microwave oven and the target which must be
heated are measured by the sensor to determine large-electric-
power time. The structure and operation of the twentieth
embodiment are able to prevent overheating of a portion which
has first been converted into water attributable to ﬁhe
characteristic of microwaves. As a result, the user is not
required to perform any labor to improve the grade of finishing
of a defrosted target.

(Twenty-First Embodiment)

A twenty-first embodiment will now be described.

The twenty-first embodiment has a structure that
microwaves in a smaller quantity are regularly applied before
the phase of water in a target which must be heated is shifted
from a solid body to liquid, the smaller quantity being smaller
than the quantity which is supplied in the following period of
time. The structures and operations of the twenty-first
embodiment different from those of the first embodiment will
mainly be described. The other structures and operations are
the same as those of the first embodiment.

The structure of the twenty-first embodiment will now be
described with mainly reference to Fig. 47.

Reference numeral 190 represents a third control
selection means for selecting either the control means 4 or a
small-electric-power control means 181 to transmit a third

control selection signal to the selected control means.
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When the small-electric-power control means 181 is
selected by the third control selection means 180, the small-
electric-power control means 181 transmits, to the energization
control means 5, a control signal for supplying regular
electric power in a small quantity to the magnetron 1.

When the control means 4 is selected'by the third
control selection means 180, the control means 4 follows the
chaos signal generated by the chaos-signal generating means 10
to fransmit, to the energization control means 5, a control
signal for changing electric power which must be supplied to
the magnetron 1.

_ The operation of the twenty-first embodiment will now be
describéd with mainly reference to Fig. 48.

Fig. 48 is a graph showing the relationship between
electric power Pn which must be supplied to the magnetron 1 and
temperature T in tﬁe target which must be heated. Note that
axis of abscissa of the graph stands for cooking time t.

The characteristic of microwaves in a microwave oven
sometimes causes a portion of a target which must be heated to
first be defrosted because of the difference in the intensity
of the microwaves and because energy of the microwaves can
easily be concentrated to an end of the target. If a portion
of a target which must be heated is first defrosted during the
process for defrosting the target, fhe temperature of the
-portion converted into water is raised excessively. Thus, the

temperature distribution in the target becomes nonuniform
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during the defrosting process. Therefore, a step in which
dielectric heating is performed in accordance with the chaos
signal for time T2, and then dielectric heating with small
average electric power which is supplied to the magnetron is
performed for time T3. Thus, heat in the target which must be
heated is dispersed to uniform the temperature distribution in
the target so that the grade of finishing of the defrosted
target is improved. |

When the process for defrosting a target which must be
heated is started, the third control selection means 180
selects the control means 4 to perform a control to adjust
electric power which must be supplied to the magnetron 1 in
accordance with the chaos signal generated by the chaos-signal
generating means 10. After time T2 has elapsed from start of
the defrosting process, the third control selection means 180
.selects the small-electric-power control means 181-to
dielectrically heat the target with electric power having a
small average value for time T3.

The twenty~-first embodiment will furthermore be
described.

In addition to the structure according to the third
embodiment, this embodiment has a structure that a step in
which large quantity of electric power in a large quantity is
regularly supplied to the magnetron is performed. After the
foregoing step, a step for performing dielectric heating in

accordance with the chaos signal is performed. Therefore, the
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structure and operation of the twenty-first embodiment which
are different from those of the third embodiment will mainly be
described. The other structures and operations are the same as
those of the third embodiment.

The structure of the twenty-first embodiment will now be

described with mainly reference to Fig. 49.
Referring to Fig. 49, reference numeral 190 represents a
fourth control selection means for selecting any one of the

control means 4, the continuous electric-power control means

171 and the small-electric-power control means 181 to transmit
a fourth control selection signal to the selected control
means.

When the continuoﬁs electric-power control means 171 is
selected by the fourth control selection_means 190, the
continuous electric-power control means 171 transmits, to the
energization control means 5, a control signal for regularlj
supplying electric power in a'large quantity to the magnetron
1.

When the small-electric-power control means 181 is
selected by the fourth control selection means 190, the small-
electric-power cbntrol means 181 transmits, to the energization
control means 5, a control signal for regularly supplying
electric power in a small Quantity to the magnetron 1.

When the control means 4 is selected by the fourth
control selection means 190, the control means 4 transmits, to

the energization control means 5, a control signal for changing
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electric power which must be supplied to the magnetron 1 in
accordance with the chaos signal generated by the chaos-signal
generating means 10.

The operation of the twenty-first embodiment will now be
described with mainly reference to Fig. 50.

Even if electric power in a large quéntity is regularly
‘supplied to the magnetron when the temperature of the target
which must be heated is low, the'%ime required to defrost a
target can furthermore be shortened without deterioration in
the grade of finishing of the target as described above. Even
if a portion of the target is converted into water and
overheating takes place in the step in which the dielectric
heating is performed in accordance with the chaos signal, heat
in the target can be dispersed when the control of dielectric
heating with small quantity of electric power which is
regularly supplied to the magnetron is performed. Thus, the
temperature distribution in the target which must be heated can
be uniformed and the grade of finishing of the defrosted target
can furthermore be improved.

- When the process for defrosting a target is started, the
fourth control selection means 190 regularly supplies electric
power in a large quantity to the magnetron 1 for time T1.

Then, the fourth control éelection means 190 selects the
control means 3 to perform control to adjust electric power

which must be supplied to the magnetron 1 in accordance with
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the chaos signal generated by the chaos-signal generating means
3 so that the target is defrosted for time T2.

After the control of dielectric heating in accordance
with the chaos signal has been completed, the fourth control
selection means 190 selects the small-electric-power control
means i31 to perform control of dielectric heating with regular
and small gquantity electric power for time T3.

The twenty-first emb@diment will furthermore be
described. ‘

In addition to the structure according to the embodiment
shown in Fig. 49, this embodiment has a structure that electric
power which is supplied to the magnetron in the small electric
power supply step is made to be smaller than electric power
which is supplied to the magnetron in the continuous electric
power supply step. The st:ﬁcture and operation of this

- embodiment which.are diffefent from those of the embodiﬁent
shown in Fig. 49 will mainly be described. The other
structures and operations are the same as those of the
embodiment shown in Fig. 49.

-The structure of the twenty-first embodiment-will now be
described with mainly reference to Fig. 51.

Referring to Fig. 51, reference numeral 200 represents a
largefelectric-power storage means on which large electric
power.ﬁhich must-be supplied to the magnetron 1 in.the
continuous electiic power supply step is stored. Reference

numeral 201 represents a small-electric-power storage means on
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which small electric power wﬁﬁch must be supplied to the

‘'magnetron 1 in the small electric power supply step is stored.

When the continuous electric-power control means 171 is
selected in accordance with the fourth control signal
transmitted from the fourth control selection means 190, the
continuous electric-power control means 171 transmits, to the
energization control means 5, a control signal for regularly
supplying, to the magnetron, large electric power stored in the
large-electric-power storage means 200.

When the small-electric-power control means 181 is
selected in accordance with the fourth control signal
transmitted from the fourth control selection means 190, the
small-electric-power control means 181 transmits, to the
energization control means 5, a control signal for supplying,
to the magnetron 1, small electriq power stored in the small-
electric-power storage means 201.

The 6peration of the twenty-first embodiment will now be
described with mainly reference to Fig. 52

Fig. 52 is a graph showing the relationship between
electric power which must be supplied to the magnetron and
temperature T in the target which must be heated. Note that
axis of abscissa of the graph stands for cooking time t.

If the temperéture of the target which must be heated ié
low in the continuous electric power supply step, regular

supply of a large quantity of electric power to the magnetron 1
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and heating of the target do not deteriorate the grade of
i finishing of the defrosted target because the temperature of
. the target is raised uniformly.' Moreover, time required to
defrost a target can be shortened.

.The temperature in the target is uniformly raised in the -
continuous electric power supply step even if electric power

which is supplied to the magnetron 1 is enlarged. Therefore,

time required to defrost a target can furthermore be shortened
even if electric power which must be supplied to the magnetron

1l is enlarged.

If a portion of a target which must be heated is
converted into water and thus overheating takes place in the
step for controlling dielectric heating in accordance with the
chaos signal, control.of dielectric heating with regular and
small quantity electric power which is supplied to the
magnetron 1 enables heat in the target to be dispersed. "As a
result, the temperature distribution in the target can be
uniformed. Moreover, the grade of finishing of the defrosted
target can furthermore be improved.

Since the small electric power supply step must be
é performed in sudh.a manner that overheating of the target which
must be heated is prevented and heat in the target is
dispersed, electric power'in a quantity smaller than electric
power which is supplied in the continuous electric power supply
step is supplied to the magnetron 1. Thus, overheating of the

target is prevented.
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When the process for defrosting a target which must be
heated is started, the fourth control selection means 190
selects the continuous electric-power control means 121 so that
large electric power Pl stored in the large-electric-power
storage means 200 is regularly supplied to the magnetron 1 for
time T1. Then, the fourth control selection means 190 selects
the control means 3 so that a control is performed to adjﬁst
electric power which must be supplied to the magnetron 1 in
accordance with the chaos signal generated by the chaos-signal
generating means 3 to defrost the target for time T2. After
the control of dielectric heating in accordance with the chaos
signal has been completed, the fourth control selection means
190 selects the small-electric-power control means 131 to
perform control of dielectric heating of the target with small
electric power P2 stored in the second maximum-electric-power
setting means 161 for time T3.

The twenty-first embodiment has the structure that
irradiation of microwaves in a smaller quantity as compared
with the following period of time is regularly performed in a
latter stage in which the phase of water in the target which
must be heated is shifted from a solid body to liquid. Since
the temperature of the portion which has first converted into
water is not excessively raised and the temperature
distribution of the target can furthermore be uniformed, the

grade of finishing of the defrosted target can furthermore be

improved.
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(Twenty~-Second Embodiment)

The structure and operation of a twenty-second
embodiment will now be described. The twenty-second embodiment
has a structure that a small-electric-power suppiy'step for
supply electric power having a small average value to the
magnetron is provided after the step for performing the control
of dielectric heating in accordance with the chaos signal. The
structure and operation of the twenty-second embodiment which
are different from those of the second embodiment will mainly
be described. The other structures and operations are the same

- as those of the second embodiment.
| The structure of the twenty-second embodimeht will now
be described with reference to Fig. 95. |

Reference numeral 640 represents a second control
seléction means for selecting either of the control means 604
or a small-electric-power control means 641 to transmit a
second control selection signal to the selected control means.
When the small-electric-power control means 641 is selected by
the second control selection means 640, the small-electric-

. power control means 641 transmits, to the energization control

means 605, a control signal for supplying electric power having -

a small average value to the magnetron.

The operation of thé.twenty-second embodiment will now
be described with reference to Fig. 96.

The characteristic of microwaves emitted from the

magnetron in a microwave oven sometimes causes a portion of a
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target which must be heated to first be converted from ice to
water because of the difference in the inﬁensity of the
microwaves depending on portions and because energy of the
microwaves can easily be concentrated to an end of the target.
If a portion of a target which must be heated is first
defrosted as compared with other portions during the process
for defrosting the target, the temperature of the portion
converted into water is raised excessively. Thus, the
temperature diétribution in the target becomes nonuniform
during the defrosting process. Therefore, a step in which
dielectric heating is performed in accordance with the chaos
signal for time T2, and then dielectric heating with small -
average electric power which is supplied to the magnetron is
performed. Thus, heat in the target which must be heated is
dispersed to always uniform the temperature distribution in the
target so that the grade of finishing of the defrosted target
is improved.

When the process for defrosting'the target which must be
heated is started, the second control selection means 640
selects the control means 604 so as to perform the control to
adjust electric power which must be supplied to the magnetron
in accordance with the chaos signal generated by the chaos-
signal generating means 603. After time T2 has elapsed from
start of the defrosting operation, the second control selection

means 640 selects the small-electric-power control means 641 to
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control dielectric heating to supply, to the magnetron,
electric power having a small average value.

The structure and operation of fhe twenty-second
embodiment have the small-electric-power supply step for supply
electric power having a small average value to the magnetron
after the step has been performed in which the control of
dielectric heating is performed in accordance with the chaos
signal. Thus, the portion which has been first converted into
waver is not heated excessively and the temperatures in the
target can furthermore be uniformed. Therefore, the grade of

finishing of the defrosted target can furthermore be improved.

(Twenty-Third Embodiment)

A twenty-third embodiment will now be described. 1In
addition to the structure of the second embodiment, the twenty-
third embodiment has a structure that a step for controlling
dielectric heating in accordance with the chaos signal is
provided after the step for continuously supplying electric
power to the magnetron. Moreover, a small electric power
sﬁpply step is provided in which electric power having a small
average value is supplied to the magnetron. Therefore, the

structure and operation of the twenty-third embodiment which

- are different from the second embodiment will mainly be

described. The other structures and operations are the same as

those of the second embodiment.
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The structure of the twenty-third embodiment will now be
described with reference to Fig. 99. Referring to Fig. 99,
reference numeral 660 represents a third.control selection
means for selecting either of the continuos electric-power
control means 631 or the small-electric-power control means 641
to transmit a third control selection signal to the selected
control means. When the continuos electric-power control means
631 is selected by the third control selection means 660, the
continuos electric-power control means 631 transmits, to the
energization control means 605, a control signal for
continuously supplying electric power to the magnetron. When
the small-electric-power control means 641 is selected by the
third control selection means 660, the small-electric-power
control means 641 transmits, to the energization control means
605, a control signal for supplying, to the magnetron, electric
power having a small average value.

The operation of the twenty-third embodiment will now be
described with reference to Fig. 100.

As described above, continuous supply of electric power
to the magnetron to heat the térget does not deteriorate the
grade éf finishing of the defrosted target and the time
required to defrost a target'can furthermore be shortened if
the temperature of the temperature is low. Even if a portion
of the target which must be heated is first converted into
water and overheating takes place in the step for controlling

dielectric heating in accordance with the chaos signal,
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execution of the control of dielectric heating with electric
power having a small average value in the next step enables

heat in the target to be dispersed. Thus, the temperature

‘distribution in the target can always be uniformed and the

grade of finishing of the defrosted target can furthermore be

improved.

When the process for defrosting a target is started, the

third control selection means 660 selects the continuos
electric-power control means 631 to continuously supply
electric power to the magnetron for time Tl. Then, the third
control selection means 660 selects the chaos-signal generating
means 603 to perform the control of dielectric heating in
accordance with the chaos signal generated by the chaos-signal
generating means 3 to adjust electric power which must be
supplied to the magnetron so that the target is defrosted for
time T2. After the control of dielectric heating in accordance
with the chaos signal has been completed, the third control
selection means 660 selects the small-electric-power control
means 641 to control dielectric heating to supply electric
power having a small averége value to the magnetron for time -
T3.

The structure and operation of the twenty-third
embodiment have the step of continuously supplying electric
power to the magnetron before the step of'confrdlling'
dielectric heating in accordance with the chaos signal. Since

the effect of the chaos signal is not considerably required
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immediately after the defrosting process has been started, the
target can be dielectrically heated with large electric power.
Thus, -the time required to defrost a target can furthermore be
shortened without deterioration in the grade of finishing of
the defrosted target. Since the small electric power supply
step is performed after the step for controlling dielectric
heating in accordance with the chaos signal, the portion which
has been first converted into water is not heated excessively
and the temperatures in the-target can furthermore be
uniformed. As a result, the grade of finisﬁing of the
defrosted target can furthermore be improved.

(Twenty-Fourth Embodiment)

A twenty-fourth embodiment will now be described. 1In
addition to the structure according to the twenty-third
embodimgnt, the twenty-fourth embodiment has a structure that
electric power which must be supplied to the magnetron in the
small electric power supply step is made to be smaller than
electric power whiéh is supplied to the magnetron in the
continuous electric power supply step. The structures and
operations different from the twenty-fourth embodiment
different from those of the twenty-third embodiment will mainly
be described. The other structures and operations are the same
as those of the twenty-third embodiment.

The structure of the twenty-fourth embodiment will now
be described with reference to Fig. 101. Referring to Fig.

101, reference numeral 670 represents a large-electric-power
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storége means on which large electric power which must be

supplied to the magnetron in the continuous electric power
supply step is stored. Reference numeral 671 represents a
- small-electric-power storage means on which small electric
power which must be supplied to the magnetron in the small

electric power supply step is stored.

When the continuos’ electric-power control means 631 is
selected in accordance with the third control signal
transmitted from the third control selection means 660, the
continuos electric-power control means 631 transmits, to the
energization control=meags 605, a control signal for
continuously.supplying, to the magnetron, large electric power
stored on the large-electric-power storage means 670.

 When the small-eleétric-power control means 641 is’
selected in accordance with the third control signal
transmitted fromnthe third control selection means 660, the
small-electric-power control means 641 transmits, to the

energization control means 605, a control signal for supplying,

to the magnetron, small electric power stored on the small-
electric-power storage means 671.

The operation of the twenty-fourth embodiment will now
be described with reference to Fig. 102.

If the temperature of a target which must be heated is
low in the continuous electrit power supply step, continuous
supply of electric power to the magnetron to heat the target

results in the temperature in the target being raised
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uniformly. Therefore, the grade of finishing of the defrosted
target does not deteriorate and time required to defrost the
target can be shortened. Since the temperature in the target
is uniformly raised even if large electric power is supplied to
the magnetron, electric power which must be supplied to the
magnetron is enlarged in the continuous electric power supply
step to furthermore shorten time required to deffost the
target.

If a portion of a target is first converted into water .
and overheating takes place in the step for controlling
dielectric heating in accordance with the chaos signal,
execution of control of dielectric heating to supply electric
power having a small average value to the magnetron causes heat
in the target to be dispersed. Thus, the temperature
distribution in the target can always be uniformed and the
grade of finishing of the defrosted target can furthermore be
improved. Since the small electric power supply step must be
performed in such a mannei that overheating of the target is
prevented and heat in the target is dispersed, electric power
smaller than electric power which is supplied in the large-
electric-power supply step is supplied to the magnetron to
prevent overheating of the target.

When the process for defrosting the target is started,
the third control selection means 660 selects the cooking-time
measuring means 691 to supply large electric power Pl stored in

the large-electric-power storage means 670 to the magnetron.
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Then, the third control selection means 660 selects the chaos-
signal generating means 603 to perform the control to adjust
electric power which must'be supplied to the magnetron in
accordance with the chaos signal generated by the chaos-signal
generating means 603 so that the target is defrosted for time
T2. After the control of dielectric heating in accordance with

the chaos signal has been completed, the third control

selection means 660 selects the small-electric-power control
means 641 to control dielectric heating of the target to supply
small electric power P2 stored in the small-electric-power
storage means 671 for time T3.

The twenty-fourth embodiment has the structure in
addition to the structure according to the twenty-third
embodiment. That is, electric power which must be supplied to

the magnetron in the small electric power supply step is made

to be smaller than electric power which must be supplied to the

magnetron in the continuous electric power supply step. Since

electric power which must be'supplied to the magnetron in the -
continuous electric power supply step is enlarged, the time
required to defrost a target can furthermore be shortened.
Since the target is dielectrically heated with small electric
power in the small electric power supply step, the temperature

distribution in the target can furthermore be uniformed.

(Twenty-Fifth Embodiment)

A twenty-fifth embodiment will now be described.
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In addition to the structures according to the twelfth
and thirteenth embodiments, the twenty-fifth embodiment has a
structure that time for which microwaves are regularly applied
is changed to be adaptable to the state of shift of the phase
of a target, the defrosting environment or the environment of
the target. The structures and operations different from the
twelfth and thirteenth embodiments will mainly be described.
The other structures and operations are the samé as those of
the twelfth and thirteenth embodiments.

A first example of the twenty-fifth embodiment will now
be described with mainly reference to Figs. 53 and 54.

In this embodiment, the defrosting time is determined to
be adaptable to the state of shift of the phase of a target
which must be heated, the defrosting environment and the
environment of the target.

The structure according to the twenty-fifth embodiment
will now be described with mainly reference to Fig. 53.

Referring to Fig. 53, reference numeral 211 represents a
defrosting-time storagé means on which defrosting time
adaptable to the.state of shift of the phase of a target which
must be heated, the defrosting environment and the environment
of the target is stored to determine defrosting time in
accordance with the state of shift of the phase of a target
which must be heéted, the defrosting environment and the
environment of the target stored on a state storage means 210.

Reference numeral 41 represents a cooking-time measuring means
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on which cooking time elapsed from start of the defrosting
process is stored.

A time comparison means 42 subjeéts the defrosting time
stored on the defrosting-time storage means 211 and the cooking
time. stored on the cooking-time measuring means 41 to a
comparison so as to determine whether or not the defrosting
operation has been completed.

When the time comparison means 42 has determined that
the defrosting process has been ended, the energization control
means 5 completes the proceSS'for defrosting the target.

An example of the twenty-fifth embodiment will now be
described with reference to Fig. 54. Pig. 54 is a graph
showing the relationship between weight W of the target which
must be heated and defrosting time Ttotal.

Since total electric power required to defrost a target
is enlarged if the weight W of the target is heavy as shown in
Fig. 54, time required to defrost the target is elongated. If
the weight W of the target which must be heated is light, the
total electric power required to defrost the target is reduced.
Thus, time required to defrost the target is shortened.

Since the defrosting time corresponding to the WEight of
the target which must be heated can be determined if the
relational equation shown in Fig. 54 is used, excessive supply
of energy of microwaves to the target which must be heated can
be prevented. As a result, the grade of finishing of the

defrosted target can furthermore be improved.
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The defrosting-time storage means 211 has the stored
relational equation between the weight W of the target which
must be heated and defrosting time Ttotal shown in Fig. 54.
When the weight W of the target which must be heated is
communicated to the defrosting-time storage means 211 from the
state storage means 210, the defrosting-time storage means 211
transmits defrosting time Ttotal.required.for the target. .

Although the relational equation between the weight of
the target which must be heated and the defrosting time is
employed as an exampie of the state of shift of the phase of a
target which must be heated, the defrosting environment and the
environment of the target, another condition may be employed as
the relational equation which must be stored on the first

- maximum-electric-power setting means 2110 because the
defrosting time is affected by the type of the target and the
size of the heating chamber in the microwave oven. Even if the
other condition is employed, a similar effect can be obtained.

Another example of the twenty-fifth embodiment will now
be described.

. This embodiment has continuous. large-electric-power:
supply time for which large electric power is regularly
supplied to the magnetron to correspond to the state of shift
of the phase of a target which must be heated, the defrosting
environment and the environment of the target.

The structure of the twenty-fifth embodiment will now be

described with mainly reference to Fig. 55.

127



WO 98/31199 ' PCT/IP98/00065

Referring to Fig. 55, reference numeral 220 represents a
conﬁinuos electric-power supply time étorage means on which
time for which electric power is continuously supplied to
correspond to the state of shift of the phase of a target which
must be heated, thé defrosting environment and the environment
of the target is stored. Thus, the continuos electric-power
supply time storage means 220 transmits, to a continuous
electric~-power supply time comparisoﬁ means 221, continuous
electric power supply time stored on the state storage means
210 and corresponding to the state of shift of the phase of a
target which must be heated, the defrosting environment and the
environment of the target.

The continuous electric-power supply time comparison
means 221 subjects the continuous electric power supply time
stored on the continuos electric-power supply time storage .
means 220 and the cooking time stored on the cooking-time
measuring means 41 to a comparison to determine whether or not
electric power is continuously supplied to the magnetron 1.
Then, the continuous electric-power supply time comparison-
means 221 transmits a result of the determination to a fifth
control selection means 222.

In accordance with the determination made by the
continuous electric-power supply time comparison means 221, the
fifth control selection means 222 selects either of the
continuous electric-power control means ill for regularly

supplying large electric power to the magnetron 1 or the
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control means 4 for dielectrically heating the target in’
accordance with the chaos signal. Then, the fifth control
selection means 222 transmits a fifth control seleccion'signal
to the selected control means.

When the continuous electric-power control means 171
receives the fifth control selection signal from the fifth
control selection means 222, the continuous electric-power
control means 171 transmits, to the energization control means
5, a continuous electric.power signal for the purpose of
regularly supplying electric power to the magnetron 1.

When the control means 4 receives the fifth control
selection signal from the fifth control selection means 222,
the control means 4 transmits, to the energization control
means 5, a control signal for the purpose of controlling
electric power which must be supplied to the magnetron 1 in
accordance with the chaos signal generated by the chaos-signal
generating means 3.

_.The operation of the:twenty-fifth embodiment will now be
describéd with reference to Figs. 56 and 57.

Fig. 56 is a graph showing the relatioﬁship between
electric power Pn which must be supplied to the magnetron 1 and
. temperatures T in the target which must be heated. Note that
the defrosting time is indicated with Ttotal, time for which
electric power is continuously supplied is indicated with T1

and chaos time is indicated with T2.
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As described above, energy of microwaves emitted from
the magnetron 1 is not substantially attenuated in the target
which must be heated in the state where the overall body of the
target is frozen. Thus, the energy ié uniformly distributed in
the overall body of the target which must be heated. As a
result, the temperatures in the targeﬁ which must be heated are
uniformly raised. 1In this case, microwaves in a large quantity
are regularly supplied to uniform the temperature distribution
in the target which must be heated, and to shorten defrosting
time. ‘If large electric power is reguiarly supplied to the
magnetron 1 for a long time, the energy of the microwaves is
concentrated to a portion of the target which has been first
defrosted. As a result, the temperature distribution in the
target which must be heated is made to be nonuniform.
Accordingly, time T1 for which large electric power is
;egularly supplied to the magnetron 1 is determined in
accordance with the state of shift of the phase of ‘a target
which must be heated, the defrésting environment and the
environment of the target to improve the temperature
distribution in the target which must be heated during the
defrosting process.

Fig. 57 is a graph showing the relationship between the
weight W of the target which must be heated and time T1 for
which electric power is continuously supplied. As shown in
Fig. 57, great energy is required to defrost a target when the

weight of the target is heavy. Therefore, time T1 for which
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electric power is continuouSly supplied must be elongated. If
the weight of the target which must be heated is small, time T1
for which electric power is continuously supplied must be
shortened.

The continuos electric-power supply time storage means
220 has stored relational equations between tﬂe weight W of the
target which must be heated and time T1 for which electric
- power is continuously supplied as shown in Fig. 57. 1In
accordance with the weight of the target stored on the state
storage means 210, the continubs electric-power supply time
stérage means 220 determines the time T1 for which electric
power is continuously supplied.

Although the weight of the target which must be heated
is employed as an example of the state of shift of the phase of
a target which must be heated, the defrosting environment and
the environment of the target, another state for determining
‘the time for which electric power is continuously supplied may
be employed because a multiplicity of states exist which
include the temperature in the heating chamber, the shape of
the target as the state of shift of the phase of a target which
must be heated, the defrosting environment and the environment
of the target. Even if the other state is employed, a similar
effect can be obtained.

The twenty-fifth embodiment will now be described.

This embodiment has a structure that dielectric heating

time is set in which small electric power is regularly supplied
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to the magnetron to be adaptable to the environment of the
target which must be heated.

. The structure of the twenty-fifth embodiment will now be
described with reference to Fig. 58..

Reference numeral 230 represents a small-electric-power

supply time storage means on which dielectrical heating time,
 that is, small electric-power supply time is stored in which
small electric power is regularly supplied to the magnetron 1
in accordance with the state of shift of the phase of a target
which must be heated, the defrosting environment and the
environment of the target. The small-electric-power supply
time storage means 220 transmits, to a small electric-powér-
supply time compa£isOn means 221, optimum time for which small
electric power is supplied in accordance with the state of
shift of the phase of a target which must be heated, the
defrosting environment and the environment of the target stored
- on the state storage means 170.

The small electric-power supply time comparison means
231.subjects time for which small electric power is supplied
and which has been obtained from the small-electric-power
supply time storage means 230 and cooking time stored on the
cooking-time measuring means 41 to a comparison so as to
transmit a result of the comparison to a sixth control
selection means 232.

The sixth control selection means 232 follows the

determination made by the small electric-power supply time
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comparison means 231 to seiect either of the control means 4
for performing dielectrical heating in accordance with a chaos.
signal or the small electric power control means 181 for
regularly supplying small electric power to the magnetron 1.
Then, the sixth control selection means 232 transmits a sixth
control signal to the selected control means.

When the small electric-power supply time comparison
means 231 receives the sixth control selection signal
transmitted from the sixth control selection means 232, the
small electric-power supply time comparison means 231
transmits, to the energization contrgl means 5, a small-
electric-power signal for regularly supplying small electric
power to the magnetron 1.

When the control means 4 receives the sixth control
selection signal from the sixth control selection means 232,
the control means 4 transmits, to the energization control
means 5, a control signal for controlling electric power which
must be supplied to the magnetron 1 in accordance with the

chaos signal generated by the chaos-signal generating means 10.

The operation of the twenty-fifth embodiment will now be
described with reference to Figs. 59 and 60.

Fig. 59 shows the relational eguation between electric
power Pn which must be supplied to the magnetron 1 and
temperatures T in the target which must be heated. Note that

the axis of abscissa of the graph stands for cooking time t.
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In Fig. 59, defrosting time is indicated with Ttotal, time for
which small electric power is supplied is indicated with T3 and
chaos time is indicated with T2.

As described above, when a target which must be heated
is defrosted by dielectrical heating in accordance with a chaos
signal, a portion of the target is sometimes first defrosted
for some reason or other, as described above. Since energy of
microwaves emitted from the magnetron 1 is concentrated to the’
portion which has first been defrosted in the above-mentioned
case, the temperature of the portion is rapidly raised. To
uniform the temperature distribution in the target which must
be heated, the small-electric-power supply step in which small
electric power is regularly éupplied to the magnetron 1 is
provided. Time in which the temperature distribution in the
. target which must be heated is uniformed in the small-electric-
- power supply step varies depending upon the state of shift of
the phase of a target which must be heated, the defrosting
environment and the environment of the target. Accordingly,

small-electric-power supply time T3 is provided which
corresponds to the state of shift of the phase of a target
which must be heated, the defrosting environment and the
~environment of the target, as shown in Fig. 59.

Fig. 60 shows a relational equation between the weight W
of the target which must be heated and the small-electric-power
supply time T3. As shown in Fig. 60, when the weight W of the

target which must be heated is heavy, long time is required for
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the temperatures to uniformly be distributed in the target.
Therefore, the small-electric-power supply time T3 must be
elongated. If the weight W of the target which must be heated
is small, the small-electric-power supply time T3 can be
shortened.

The small-electric-power supply time storage means 230
has stored relational equations between the weight W of the
target which must be heated and the small-electric-power supply
time T3, as shown in Fig. 60. Thus( the small-electric-power
supply time storage means 230 determines the small-electric-
power supply time T3 in accordance with the state of shift of
the phase of a target which must be heated, the defrosting
environment and the environment of the target stored on the
state storage means 210.

Although the weight of the target which must be heated
is employed as an example of the state of shift of the phase of
a target which must be heated, the defrosting environment and
the environment of the target, another state for determining
the small electric power supply time may be employed because a
multiplicity of states exist which include the temperature in
the heating chamber, the shape of the target as the state of
shift of the phase of a target which must be heated, the
defrosting environment and the environment of the target. Even
if the other state is employed, a similar effect can be

obtained.

The twenty-fifth embodiment will now be described.
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This embodiment has large electric-power supply time for
which large electric power is supplied to the magnetron to
correspond to the state of shift of the phaSé of a target which
must be heated, the defrosting environment and the environment
of the target.

The structure of the twenty-fifth embodiment will now be
described with mainly reference to.Fig. 61.

Referring to Fig. 61, reference numeral 240 represents a
state storage meané'for-selecting the state of shift of the
phase of a target which must be heated, the defrosting
environment and the environment of the target.

Reference numeral 240 represents a large-electric-power
time storage means on which large-electric-power time
corresponding to the state of shift of the phase of a target

- which must be heated is stored. The large-electric-power time
storage means 240 determines large-electric-power time for
which large eleciric power is used to dielectrically heat a
target in accordance with the state of shift of the phase of a
target which must be heated, the defrosting environment and the
environment of the target stored on the state storage means
210.

A large-electric-power comparison means 241 subjects
cooking time stored on the cooking-time measuring means 41 and
the large-electric-power time stored on the large-electric-
power time storage means 240 to a comparison. In accordance

with a result of the comparison, the large-electric-power
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comparison means 241 selects either of the large electric power
stored on the large-electric-power storége means 242 or the
small electric power stored on a small-electric-power storage
means 243 to transmit the selected electric power to the
energization control means 5.

In accordance with the control signal supplied from the
control means 4, the energization control means 5 adjusts the
electric power which must be supplied to the magnetron 1 to be
the electric power determined by the large-eiectric-power
comparison means 241.

The operation of the twenty-fifth embodiment will now be
described with mainly reference to Figs. 62 and 63.

Fig. 62 is a graph showing the relationship between
electric power Pn which must be supplied to the magnetron and
the temperatures T in the target which must be heated.

As described above, the characteristic of microwaves in
a microwave oven causes nonuniformity of the degree of heating -
of a target which must be heated to take place depending upon
the portion because of the difference in the intensity and
because energy of the microwaves can easily be concentrated to
an end of the target. If a portion of the target in which
change to water has occurred appears, concentration of energy
of the microwaves to the foregoing portion cannot easily be
prevented by the control of the electric power of the
microwaves in accordance with the chaos signal. Therefore,

electric power which must be supplied to the magnetron must be
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reduced to uniform the temperature distribution in -the target
which must be heated after defrosting of a portion of the -
target has been stérted;'_' T

Fig. 62 is a graph showing a state in which overheating
of a target which must be heated is prevented by changing
electric power which must be-  supplied to the magnetron from
large electric power Pmaxl to small electric power Pmax2 at
cooking time Tpl if a portion of the target is changed to water
during the defrosting process. .

The time Tpl at which electric power is changed depends -
upon the state of shift of the phase of a target which must be

heated, the defrosting environmment-and the environment of the

target, for example, the-weight of the target. An example of a -~

relational equation between the weight W of the target which
must be heated and large-electric-power time Tpl is shown in
Fig. 62. |

The large—électric-power'comparison means 241 subjects
the cooking time stored on the cooking-time measuring means 41 -
and the large-electric-power time stored on the large-electric-
power time storage means 240 to a COmparisqn. -If the cooking
time is shorter than the large-electric-power- time, the large-
electric-power comparison means 241 employs the large electric
power Pmaxl which must be supplied to the magnetron. If the -
cooking time is longer than the large-electric-power -time, the
large-electric-power comparison means 241 employs the small

electric power Pmax2 which must be supplied to the magnetron.
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Although the weight of the target which must be heated
is employed as an example of the state of shift of the phase of
a target which must be heated, the defrosting environment and
the environment of the target, another state for determining
the electric power which must be supplied to the magnetron may
be employed because a multiplicity of states exist which
include the temperature in the heating chamber and the shape of
the target as the state of shift of the phase of a target which
must be heated, the defrosting environment and the environment
of the target. Even if the other state is employed, a similar
effect can'be obtained.

The twenty-fifth embodiment will furthermore be
described.

The twenty-fifth embodiment has defrosting time
determined in accordance with a value detected by a sensor for
measuring the state of shift of the phase of a target which
must be heated, the defrosting environment and the environment
of the target.

The structure of the twenty-fifth embodiment will now be
described with mainly refefence to Fig. 64.

Referring to Fig. 64, reference numeral 250 represents a
sensor for measuring the state of shift of fhe phase of a
target which must be heated, the defrosting environment and the
environment of the target. A value obtained by the sensor 250
is, by a sensor-output conversion means 251, converted into

data about the state of shift of the phase of a target which
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must be heated, the defrosting environment and the environment
of the target so as to be transmitted to a second defrosting-
time storage means 252 as a sensor value.

The second defrosting-time storage means 252 calculates

optimum defrosting time in accordance with the sensor value
supplied from the sensor-output conversion means 251 so as to
transmit the obtained defrosting time as second defrosting
time.

The time comparison means 42 subjects the cooking time

stored on the cooking-time measuring means 41 and the second

defrosting time stored on the second defrosting-time storage

means 252 to a comparison to determine whether or not the
target which must be heated has been defrosted.

When the time comparison means 42 has determined that
defrosting has been completed, the energization control means 5
interrupts supply of eleqtric power to the magnetron 1 so that
defrosting of the target which must be heated is completed.

The operation of the twenty-fifth embodiment will now be
described with mainly reference to Fig. 54.

Fig. 54 is a graph showing the relationship between the

weight W of the target which must be heated and defrosting time -

Ttotal required to defrost the target.

As can be understood fromlFig. 54, time required to
defrost a target is elongated because the energy of microwaves
required to defrost the targét-is enlarged if the weight of the

target is heavy. The present invention is arranged in such a
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manner that the weight of theﬁéarget whi&h must be heated is
measured by the sensor and the relaﬁional equation shown in
Fig. 54 is used to calculate the defrosting time Ttotal
required to defrost the taﬁget. - The weight of the target which
must be heated is automatically measured by the sensor to set
the defrosting time required for the target so that defrosting
of the target is automatically completed without the necessity
of any operation which must be performed by a user. Since the
defrosting time is set, optimum energy of microwaves is
supplied to the target which must be heated. As a result, the
grade of finishing of the target can furthermore be improved
after the target has been defrosted.

The second defiosting-time storage means 252 has the
stored relational equation between the weight W of the target
which must be heated and defrosting time Ttotal shown in Fig.
54 and calculates the defrosting time Ttotal in accordance with
the sensor value supplied from the sensor-output conversion
means 251, for example, the weight W of the target.

" The time comparison means 42 subjects the cooking time
stored on the cooking-time measuring means 41 and the second
defrostiné time storéd on the second defrosting-time storage
means 252 to a comparison.  Then, the time comparison means 42
perform dielectrical heating using microwaves until the cooking
time exceeds the second defrosting time.  When the cooking time

- reaches the second defrosting time, the time comparison means

42 completes the defrosting operation.
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Although the weight of the target which must be heated
is employed as an example of the state of shift of the phase of
a target which must be heated, the defrosting environment and

. the environment of the target, a multiplicity of factors
including the state_of shift of the phase of a target which
must be heated, the defrosting environment and the enviromment
of the target affect the defrosting time required for a target.
An essential portion lies in that the state of the target which
must be heated can be measured by using the sensor and the
defrosting time required for the target can be determined in
accordance with the measured value. Even if the other state is
employed, a similar effect can be obtained.

The twenty{fifth embodiment has the structure that the
time for which a target regularly irradiated with microwaves is
changed to be adaptable to the state of shift of the phase of a
target which must be heated, the defrosting environment and the
environment of the target. Since time adaptable to the state
of the target or the environment is set, waste of time can be
prevented to achieve the objects of the steps.

(Twenty-Sixth Embodiment)

A twenty-sixth embodiment will now be described.

The twenty-sixth embodiment has a DUTY step having a low
DUTY ratio for reducing electric power which is regularly
supplied to the magnetron. The structure and operation of the
twenty-sixth embodiment which are different from the twenty-

first embodiment will mainly be described. The other
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structures and operations are the same as those of the twenty-
first embodiment. |

The structure of the twenty-sixth embodiment will now be
described with reference to Fig. 65.

Reference numeral 260 represents a second control
selection means which selects either of the control means 4 or
a small-DUTY control means 140 so as to transmit a.second
control selection signal to the selected control means.

When the small-DUTY control means 260 is selected by the
second control selection means 170, the small-DUTY control
means 260 transmits, to the energization control means 5, a
DUTY control signal for performing DUTY control in which time
for which the supply of electric power is turned off is
elongated.

When the control.means 4 is selected by the seqond
control selection means 170, the control means 4 transmits, to
the energization control means 5, a control signal for changing
electric power which must be supplied to the magnetron 1 in
accordance with the chaos signal generated by the chaos-signal
generating means 10.

The operation of the twenty-sixth embodiment will now be
described with reference to Fig. 65.

Fig. 66 shows the relationship between electric power Pn
which must be supplied to the magnetron 1 and temperatures T in
the target which must be heated in such a manner that the axis

of abscissa stands for cooking time t.
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As described above, there is apprehension that the
characteristic of microwaves emitted from the magnetron 1
sometimes causes a portion of the target which must be heated
to be first formed into water. Thus, the temperature3
distribution in the target which must be heated is made to.be
nonuniform. Accordingly, electric power is DUTY-controlled
with a long off time so that average electric power is reduced.
Thus, the temperature distribution in the target which must be
heated is uniformed. Since the DUTY control is performed by
only two values which indicate on and off respectively, the
foregoing arrangement can be realized by a simple structure.

When fhe small-DUTY control means 260 is selected by the
second control selection means 170, the small-DUTY control
means 260 transmits, to the energization control means 5, a
DUTY control signal for performing thé DUTY control having a
long off time so as to furthermore uniform the temperature
distribution in the target which must be heated.

The twenty-sixth embodiment has the structure that
microwaves are regularly emitted as a result of the on/off
output. Even if the quantity of microwaves cannot be changed
to have continuous values because of the structure of the
microwave oven, control of the quantity of microwaves with
binary values indicating on and off is able to realize the
effect of the chaos in the defrosting process. Even if the
output of microwaves in a microwave oven cannot continuocusly be

controlled, only a simple change of the structure is required
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to realize a step of regularly emitting microwaves in a small
quantity.
(Twenty-Seventh Embodiment)

A twenty-seventh embodiment will now be described. The
twenty-seventh embodiment has a DUTY step having a low DUTY
ratio in order to reduce the average electric power which must
be supplied to the magnetron. The structure and operation of
the twenty-seventh embodiment which are different from those of
the fourth embodiment will mainly be described. The other
structures and operations are the same as those of the fourth
embodiment.

The structure of the twenty-seventh embodiment will now
be described with reference to Fig. 97. Reference numeral 640
represents a second control selection means which selects
either of the control means 604 or a small-DUTY control means
650 so as to transmit a second control selection signal to the
selected control means. When the small-DUTY control means 650
is selected by the second control selection means 640, the
small-DUTY control means 650 transmits, to the energization
control means 605, a DUTY control signal for performing DUTY
cont:ol in which time for whiéh the supply of electric power is
turned off is elongated.

The operation of the twenty-seventh embodiment will now
be described with reference to Fig. 98. Fig. 98 shows the

relationship between outputs Pt of microwaves and temperatures
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T in the target which must be heated. the that the axis of
abscissa of Fig. 98 stands for cooking time t.

As described above in twenty-second embodiment, there is
apprehension that the characteristic of microwaves emitted from
the magnetron sometimes causes a portion of the target which
must be heated to be.first formed into water. Thus,
overheating takes place. As a result, the temperature
distribution in the target which must be heated is made to be
nonuniform. Accordingly, electric power is DUTY-controlled
with a long off time so that average electric power is reduced.
Thus, the temperature distribution in the target which must be

heated is uniformed. Since the DUTY control is performed by

- only two values which indicate on and off respectively, the

foregoing arrangement can be realized by a simple structure.

- When the small-DUTY control means 650 is selected by the
second control selection means 640, the small-DUTY control
means 650 transmits, to the energization control means 605, a
DUTY control signal for performing the DUTY control having a
long off time so as to furthermore uniform the temperature
distribution in the target which must be heated.

The twenty-seventh embodiment has the structure that the
DUTY control having a long off time is performed in addition to
the structure according to the twenty-second embodiment. The
grade of finishing of the defrosted target can furthermore be
improved with a simple structure.

(Twenty~-Eighth Embodiment)
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A twenty-eighth embodiment will now be described.

The twenty-eighth embodiment has a structure that
control of heating is performed by using a heater. The
structure and operation of the twenty-eighth embodiment which
are different from those of the first embodiment will mainly be
described. The other structures and operations are the same as
those of the first embodiment.

The structure of the twenty-eighth embodiment will now
be described with reference to Fig. 67.

Referring to Fig. 67, reference numeral 270 represents a
heater for heating the inside portion of the heating chamber.
A heater energization control means 271 supplies, to the heater
270, electric power required for the heater 270 to heat a
target which must be heated.

| The operation of the twenty-eighth embodiment will now
be described.

When a target which must be heated is defrosted by
performing dielectrical heating using microwaves emitted from
the magnetron in accordance with the chaos signal, the
temperature distribufion in the target can be uniformed during
the defrosting operation. However, frost allowed to adhere to
the surface of the target which must be heated cannot sometimes
be defrosted. Therefore, radiant heat generated by the heater
is used to melt frost to improve the aépearance of the

defrosted target.
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The twenty-eighth embodiment is arranged to control
heating by using the heater. Since frost on the surface of a

target which must be heated can be melted by using the heater,

'~ the appearance of the defrosted target can furthermore be

improved.
(Twenty-Ninth Embodiment)

A twenty-ninth embodimeht will now be described. The
twenty-ninth embodiment is different from the second embodiment
in that a step is added in which the defrosting time is
determined to be adaptable to heating conditions including the
size of the microwave oven and the type of a target which must
be heated. The structure and operation of the twenty-ninth
embodiment which are different from the second embodiment will
mainly be described. The other structures and operations are
the same as those of the second embodiment.

The twenty-ninth embodiment will now be described with
reference to Fig. 84. Reference numeral 350 represents a state
selection switch with which heating conditions, including the

type and weight of a target which must be heated, can be input.

- A first optimum~defrosting-time storage means 440
determines optimum defrosting time in accordance with heating
conditions input by using the state selection switch 350 to
transmit it to a time comparison means 441 as first optimum

defrosting time.
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A time comparison means 441 subjects the defrosting time
measured by the defrosting-time measuring means 410 and the
optimum defrosting time stored on the first optimum-defrosting-
time storage means 440 to a comparison. If the defrosting time
is longer than the first optimum defrosting tiﬁe, the time
comparison means 441 transmits, to an energization control
means. 305, a defrosting completion signal for completing
defrosting.

The operation of the twenty-ninth embodiment will now be
described.

An example of the first optimum~-defrosting-time storage
means 440 will now be described with reference to Fig. 85. 1If
the target which must be heated is heavy, the quantity of heat
required to defrost the target is enlarged. Since output of
microwaves per hour is limited, the defrosting time is
elongated if the weight of the target which must be heated is
heavy. Therefore, the defrosting time is changed in accordance
with the heating cohdition. The first optimum-defrosting-time
storage means 440 has defrosting time corresponding to the
heating condition. When a heating condition is supplied, the
first optimum-defrosting-time storage means 440 transmits
optimum defrosting time.

The structure and operation of the twenty-ninth
embodiment have the structure that defrosting time
corresponding to the state is determined. Thus, defrosting

time corresponding to change in the state can be set.
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Moreover, time at which the defrosting process will be ended
‘can previously been known.
(Thirtieth Embodiment)

A thirtieth embodiment will now be.deSCribed. The
thirtieth embodiment relates to an aspect in which defrosting
time corresponding to the temperature of:a target which must be
heated is determined. The structure and operation of the
thirtieth embodiment which are different from those of the
-second embodiment will mainly be described. ' The other
structures and operations are the same as those of the second
enbodiment.

The étructure of the thirtieth embodiment will now be
described with reference to Fig. 86. Reference numeral 370
represents a target sensor for measuring internal temperature
of a target which must be heated. A sensor-output conversion
means 351 calculates- an output from the target sensor 370 to '
obtain temperature required for a target which must be heated
so as to transmit an obtained value.

A defrosting-completion-temperature storage means 461
has temperature of a target when thg defrosting process is
completed. Reference numeral 460 represents a temperature
comparison means for subjecting defrosting completion
temperature stored on the defrosting-completion-temperature
storage means 461 and a sensor value transmitted from the
sensor-output conversion means 351 to a comparison so as to

determine whether or not defrosting has been completed. Then,
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the defrosting-completion-temperature storage means 461
transmits a result of determination to an energization control
means 305.

The operation of the thirtieth embodiment will now be
described.

When defrosting of a frozen target is completed, the
temperature of the target exceeds zero degree. Therefore, the
internal temperature of the target which must be heated is
measured to complete defrosting ﬁhen the temperature has
exceeded zero degree.

The temperature comparison means 460 monitors whether or
not the temperature of a target exceeds the defrosting -
completion temperature, which is zero degree in this structure,
and which is stored on the defrosting-completion-temperature
storage means 460. If the temperature exceeds zero degree, the
temperature comparison means 460 determines that defrosting has
been completed and thus commands the energization control means
5 to complete defrosting.

When the energization control means 5 is commanded to
complete defrosting, the energization control means 5 completes
defrosting.

As described above, the thirtieth embodiment has the
structure that the temperature of a target which must be heated
is measured to determine time at which defrosting is completed.

Thus, time at which defrosting is completed can accurately be

detected.

151



WO 98/31199 ' : PCT/IP98/00065

(Thirty-First Embodiment)

A thirty-first embodiment will now be described. In
addition to the structure according to the second embodiment,
the thirty-first embodiment has a structure that defrosting
time is set to be adaptable to the states of the microwave oven
and a target which must be heated. The structure and operation
of the thirty-first embodiment which are different from those
of the second embodiment will mainly be described. The other
structures and operations are the same as those of the second
embodiment.

The structure of the thirty-first embodiment will now be
described with reference to Fig. 106. Referring to Fig. 105,
reference numeral 690 represents a defrosting time storaée
means on which defrosting time adaptable to the state is
stored. The state switch 680 determines defrosting time in
accordance with the states of the microwave oven and the target
which must be heated communicated from a state switch 680.
Reference numeral 691 represents a cooking-time measuring means
on which cooking time elapsed from start of defrosting is
stored. A time comparison means 692 subjects the defrosting
time stored on the defrosting time storage means 690 and the
cooking time measﬁred by the cooking-time measuring means 691
to a comparison so as to determine whether or not defrosting
has been completed. When the time comparison means 692 has

determined that defrosting has been completed, an energization
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control means 605 completes defrosting of the target which must
bé heated.

An example of the operation of the thirty-first
embodiment will now be described with reference to Fig. 107.
Fig. 107 is a graph showing a relational equation between
weight W of a target which must be heated and defrosting time
tk.

As can be understood from Fig. 107, when the weight of a
target which must be heated is heavy, total electric power
required to defrost the target is enlarged. Thus, time
required to defroét-the target is elongated. When defrosting
time is determined in accordance with the relational equation
shown in Fig. 107, defrosting time adaptable to the weight of
the target which must be heatgd can be determined. Therefore,
excessive application of energy of microwaves to the target can
be prevented and the grade of finishing of the defrosted target
can furthermore be improved.

The defrosting time storage means 690 has the relational
equation between the weight of a target which must be heated
and defrosting tihe showﬁ in Fig. 106. When the weight of the
target is input from the state switch 680, the defrosting time
storage means 690 transmits defrosting time required for the
target.

Although the relational equation between the weight of a
target which must be heated and defrosting time is employed as

an example of the states of the microwave oven and the target,
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a variety of conditions affect the determination of defrosting
time including the contents of the target and the size of the
heating chamber of the microwave oven. Any condition may be
employed as the relational equation which is stored on the
defrosting time storage means 690 to obtain the same effect.
The stfuCture and -operation of the thirty-first
embédiment are arranged in such a manner that defrosting time
is determined in accordance with the states of the microwave
oven and the target which must be heated. Thus, dielectric
heating adaptable to the state of a target which must be heated
can be performed. As a result, the grade of finishing of the

defrosted target can furthermore be improved.

 (Thirty-Second Embodiment)

+ A thirty-second embodiment will now be described. 1In
addition to the structure of the second embodiment, the thirty-
second embodiment has a structure that optimum defrosting time
is determined in accérdance with a value obtained by a sensor
for measuring the states of the microwave oven and a target
which must be heated. The structure and operation of the
thirty-second embodiment which are different from the second
embodiment will mainly be described. The other structures and
operations are the same as those of the second embodiment.

The structure of the thirty-second embodiment will now
be described with reference to Fig. 111. - Referring to Fig.
111, reference numeral 710 represents a first sensor for

measuring the states of the microwave oven and a target which
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must be heated. A value obtained by'the first sensor 710 is
converted into data about the target by a sensor-output
conversion means 711 so as to be transmitted to a first
optimum-defrosting-time calculating means 712 as a value of the
sensor.

A first optimum-defrosting-time calculating means 712
calculates optimum defrosting time in accordance with the value
of the sensor obtained from the sensor-output conversion means
711 so as to transmit a result as first optimum defrosting
time.

A time comparison means 692 subjects the cooking time
measured by a cooking-time measuring means 691 and the first
optimum-defrosting-time obtained by the first optimum-
defrosting-time calculating means 712 to a comparison to
determine whether or not defrosting of the target has been
completed. |

When the time comparison means 692 has determined that
defrosting has-been.completed, the energization control means

605 interrupts supply of electric power to the magnetron and

completes defrosting 6f the target.
An example of the operation of the thirty-second
embodiment will now be described with reference to Fig. 107.
Fig. 107 is a graph showing the relationship between
weight W of a target which must be heated and defrosting time
'tk required for the target. As can be understood from Fig.

107, when the target which must be heated is heavy, energy of
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microwaves reguired to defrost the target is enlarged. Thus,
defrosting time required for the target is elongated.. In the
present invention, the weight of a target which must be heated
is measured by a sensor and the relational equation shown in
Fig. 107 is used to calculate the defrosting time required for
the target. Since the weight of the target is automatically
measured by the sensor and the defrosting time required for the
target is set, any labor is required for a user to |
automatically completé the process for defrosting the target.
Since optimum energy of microwaves is supplied to the target by
setting the defrosting time, the grade of finishing of the
defrosted target can furthermore be improved.

The first optimum-defrosting-time calculating means 712
has the stored relational equation between the weight of a
target and defrosting time shown in Fig. 107 to calculate -
defrosting time in accordance with the sensor value obtained
from the sensor-output conversion means 711, for example, the
weight of the target which must be heated.

The time comparison means 692 subjects the cooking time
measured by the cooking-time measuring means 691 and first
optimum defrosting time calculated by the first optimum-
defrosting-time calculating means 712 to a comparison to
perform dielectric heating with microwaves until the cooking
time exceeds the first optimum defrosting time. When the
cooking time reaches the first optimum defrosting time, the

. defrosting operation is completed.
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Although the weight of the target which must be heated
is employed as an example of the states of the microwave oven
and the target for determining the defrosting time required for
the target, a variety of-fadtprs, including the shape of the
chamber in the microwave oven and the contents of the target,
affect the defrosting time required for the target. .The
essential portion lies in a fact that the state of the taiget
which must be heated can be measured by using the sensor and
the defrosting time can be determined in accordance with the
obtained value. If another factor may be determiped, the same
effect can be obtained.

In addition to the second embodiment, the structure and
operation of the thirty-second embodiment have a structure that
optimum defrosting time is set in accordance with the value
obtained by the sensor for measuring the states of the
microwave oven and a target which must be heated. Thus, any
labor is required for a user to automatically complete
defrosting of the target. Since the defrosting time is set,
optimum energy of microwaves is supplied to the target which
must be heated and the grade of finishing of the defrosted
target can furthermore be improved.

(Thirty-Third Embodiment)

A thirty-third embodiment will now be described. The
thirty-third embodiment relates to a step for changing maximum
output of microwaves as the cooking time elapses. The

structure and the operation of the twelfth embodiment will be
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described about the foregoing step. The other structures and
operations are the same as those of the foregoing embodiment.

The thirty-third embodiment will now be described with
.reference to Fig. 82. Reference numeral 410 represents a
defrosting-time measuring means for measuring cooking time -
elapsed from start of the defrosting operation in the microwave
oven. A microwave-output-function storage means 411 receives
cooking time communicated from the defrosting-time measuring
means 410 to transmit maximum output of microwaves which is
optimum for the cooking time.

An example of the operation of the thirty-third
embodiment will now be described with reference to Fig. 83.
The relationship between cooking time t under condition that
the defrosting time is short and a state of defrosting is
satisfactory and maximum of Pmax of microwaves is shown in Fig.
83. As can be understood from Fig. 83, absorption of
microwaves emitted from the magnetron 1 is unsatisfactory when:
the target which must be heated is in the ice state immediately
after the defrosting process has been started. Therefore,
defrosting is performed with maximum output of microwaves.
When a portion of the target which must be heated starts
defrosting as time elapses, the output of microwaves must be

- reduced to prevent excessive rise in the temperatures
distributed in the portion which has been defrosted.

The microwave-output-function storage means 411 has the-

stored relational equation between cooking time t and maximum

158



WO 98/31199 ' . ' _ PCT/JP98/00065

output Pmax of microwaves shown in Fig. 83 to determine maximum
output of microwaves by collating supplied cooking time t with
the relational equation.

The structure and operation of the thirty-third
embodiment have the structure that maximum output of microwaves
correspoﬂding to the cooking time is always selected. Thus,
the temperature distribution during the defrosting process can
be improved.

(Thirty-Fourth Embodiment)

A thirty-fourth embodiment will now be described. 1In

addition to the twenty-second embodiment, the thirty-fourth

. embodiment has a structure that maximum electric power which
must be supplied to the magnetron is set to correspond to the
states of the microwave oven and a target which must be heated.
Therefore, the structure and operation of the thirty-fourth
embodiment which are different from the fourth embodiment will
mainly be described. The other structures and operations are
the same as those of the fourth embodiment.

The structure of the.thirty-fourth embodiment will now
be described with reference to Fig. 103. Referring to Fig.
103, reference numeral 680 represents a state switch with which
states of the microwave oven and a target which must be heated
are input. A first maximum-electric-power setting means 681
sets maximum electric power which must be supplied to the
magnetron in accordance with the states of the microwave oven

and the target supplied from the state switch 680 to transmit
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it as a first maximum-electric-power signal to the control
means 604. The control means 604 performs control to adjust
electric power which is supplied.to the magnetron in accOrdancg
with the chaos signal generated by the chaos-éignal generating
means 603 in such a manner that the maximum electric power
which is supplied to the magnetron does not exceed the maximum
electric power set by the first maximum-electric-power setting
means 681.

An example of the operation of the thirty-fourth
embodiment will now be described with reference to Figs. 104
and 105. Fig. 104 is a graph showing the relationship between
electric power Pt which must be supplied to the magnetron and
temperatures T in the target which must be heated in such a
manner that the axis of abscissa stands for cooking time t.

In the continuous electric power supply step, microwaves
emitted from the magnetron are not attenuated in the target
which must be heated and uniformly dielectrically heat the
inside portion of the target when the overall body of the
target is frozen. The foregoing fact is used so that electric
power is continuously supplied to the magnetron. If the

cumulative electric power supplied to the magnetron with

respect to the weight of the target which must be heated is too

large in the continuous electric power supply step, a portion
of the target is first converted into water and the target is
sometimes overheated. To prevent the foregoing fact, maximum

electric power which must be supplied to the magnetron is set
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to ‘be adaptable to the state to adjust the cumulative electric
power which must be supplied to the magnetron.

Fig. 105 is a graph showing the relationship between
weight W of a target which must be heated and maximum electric
power Pmax.

If the target which must be heated is light, total
electric power required to defrost the target can be reduced.
If the target which must be heated is heavy, a large total
electric power is required to defrost the target. Therefore,
maximum electric power Pt with respect to the weight W of the
target which must be heated is set as shown in Fig. 105 so as
to furthermore uniform the temperature distribution in the
target. .

Although the weight of the target which must be heated
" is employed as an example of the states of the microwave oven
and the target, a variety of étates including the shape of the
chamber in the microwave oven and the type of the target change
the total electric power required to defrost the target.
Therefore, another condition may be employed to set the maximum
electric power to obtain the same effect.

The first'maximum-electric-power setting means 681 has
stored maximum electric power selected by the state switch 680
and corresponding to the states of the microwave oven and the
target which must be heated to transmit, to the control means
604, maximum electric power which must be supplied to the

magnetron and which corresponds to the structure.
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-The structure and operation of the thirty-fourth
embodiment have the structure that maximum eléctric power
corresponding to the states of the microwave oven and a target
which must be heated and ar:anged to be supplied to the
magnetron is set. Thus, the temperatures in the target can
furthermore be uniformed.

(Thirty-five Embodiment )

The structure and operation of a thirty-five embodiment
will now be described. Only the difference of the thirty-five
embodiment in the structure and operation from those of the
second embodiment will now be described. The other structures

and operations are the same as those of the second embodiment.

The structure of the thirty-five embodiment will now be
described with reference to Fig. 74.

. Reference numeral 330 represents a threshold-value
storage means on which a threshold value for use to binary-
control an output ‘of microwaves is storéd. A binary control
means. 331 subjects the threshold value stored on tﬁe threshold-
value storage means. 330 and the chaos signal calculated by a
chaos-signal calculating means 303 to a.comparison to determine
a binary control signal which is sﬁpplied to an energizing
means 305.

The operation of the thirty-five embodiment will now be

described.
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Referring to Fig. 75, the operatiéhs of the threshold-

- wvalue storage means 330 and the binary control means 331 will
now be described. Fig. 75 shows the relationship between the
chaos signal and the output of microwaves. Note that the axis
of abscissa sﬁown in Fig. 110 stands for cooking time.

The threshold-value storage means 330 has -stored
threshold value X0 for determining a binary output of
microwaves. The binary control means 331 subjects the chaos
signal generated by the chaos-signal generating means 3 and the
threshold value X0 to a comparison. If the chaos signal Xn is
larger than the threshold value X0, the threshold-value storage
means 330 transmits the output of microwaves. If the chaos
signal is smaller, it does not transmit the output of
microwaves. Thus, the chaos signal Xn and the threshold value
X0 are subjected to a comparison to determine the binary output
of microwaves.

The foregoing method is an example of a method of
determining the binary output of microwaves by making a
comparison between the chaos signal and the threshold value.
The essential portion lies in that the binary output of
microwaves can be determined by using the chaos signal.
Therefore, any method capable of determining the binary output
of microwaves may be emplojed.

The structure and operation of the thirty-five
embodiment enable the binary output of microwaves to be

determined'by using the chaos signal. Therefore, a binary

163




WO 98/31199 | | PCT/IP98/00065

output of microwaves, for example, outputs indicating on and -
off are required to be transmitted. Therefore, a simple
energization control means may be used to realize defrosting in
a microwave oven by using a chaos signal.

(Thirty-Sixth Embodiment)

A thirty-sixth embodiment will now be described with
reference to Fig. 76. Reference numeral 340 represents a
ninimum output storage means on which minimum output of
microwaves is stored.

A second binary control means 341 subjects the chaos
signal generated by the chaos-signal generating means 303 and
the threshold value stored on the threshold-value storage means
20 to a comparison so as to transmit a binary contﬁol'signal to
the energization control means 5. If one of the binary chaos
signals appears, the second binary control means 341 issues a
command to the energization control means 305 in such a manner
that the output of microwaves from the magnetron 1 'is made to
be the minimum output value stored on the second minimum output
storage means.

The operation of the thirty-sixth embodiment will now be
described.

The thirty-sixth embodiment has the structure that a
minimum value is provided for the smaller output of microwaves
of the binary outputs of microwaves in accordance with a chaos
time sequence described in the thirty-five embodiment. Since

the minimum value of the output of microwaves is provided, the
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target is always dielectrically heated. Thus, time can
furthermore be shortened.

Since the minimum output of microwaves is determined in
the thirty-sixth embodiment, time required to defrost a target
can be shortened. |
(Thirty-Seventh Embodiment)

An experiment for defrosting a target which must be
heated in a microwave oven will now be described in a thirty-
seventh embodiment.

Since the conventional defrosting sequence has been
described in the prior art, it is omitted from description.

A defrosting sequence according to the present invention
and using the chaos signal will now be described with reference
to Fig. 115. To shorten the defrosting time in the defrosting
process using the chaos signal, dielectrical heating of a

target which must be heated is performed with microwaves
applied continuously for time T1 immediately after defrosting
has been started. After the dielectrical heating has been
performed continuously, timing when electric power is supplied
to microwaves in accordance with the chaos signal for time T2
is adjusted. Thus, the target which must be heated is
defrosted in such a manner that the inside portion of the
target is uniformed. Then, the target which must be heated is
defrosted for time T3 with DUTY control having a long off time
so that the temperatures in the target which must be heated are

- furthermore uniformed. Then, the defrosting process is ended.
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Also the defrosting operation using the chaos signal is

-performed in such a manner that electric power for the

microwaves is changed after time Tpl has elapsed so that

‘heating is performed with two magnitudes of electric power

which are large electric power and small electric power.

The reason why the electric power for the microwaves is
changed and reason why the DUTY step is'performed in the final
stage of the process will now be described.

The degree of heating of a target which must be heated

varies depending upon the position because of the

characteristic of microwaves in an actual microwave oven

including the difference in the intensity of the microwaves and
a fact that energy of microwaves can easily be concentrated to
ends of the target.

Therefore, if a portion changed into water appears,
concentration of energy of microwaves into the foregoing
portion cannot easily be prevented by the timing control using

the chaos signal.. To uniform the temperature distribution in

the target which must be heated, control is performed in such a

manner that average electric power which must be supplied to
the magnetron is reduced after defrosting has been started.
Therefore, electric¢ power of microwaves is switched to small
electric power after a lapse of time Tpl. Moreover, the DUTY
heating step is provided in the final stage to perform

dielectrical heating using small averagé electric power.
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The constants in the defrosting sequence using the chaos
signal including continuous heating step time T1, chaos.heating
step time T2 and DUTY heating step time T3 are functions of the
weight of the target which must be heated. The targets were
obtained by experiments.

Results of experiments of the conventional defrosting
sequence and the defrosting sequence using the chaos signal’
will now be described. |

Slices of beef, the initial temperature of which was
- 20° and the weight of each of which was 300 g were, in a
microwave oven,_defxosted by the conventional defrosting
sequence and the defrosting sequence using the chaos signal,
respectively. Results of the defrosting operation were as
follows:

Time required to defrost the sample was 11 minutes by
the conventional method, while time required by the defrosting
operation using the chaos signal was halved to 5.5 minutes.

The temperatures in the target defrosted by the conventional
sequence were ranged from - 2.0° to 30°, while temperatures in
the target defrostéd by the sequence using the chaos signal
were ranged from - 1.0° to 15°. 'Therefore, a fact can be
understood that the defrosting sequence using the chaos signal
is able to furthermore uniformly defrost the target as compared
with the conventional defrosting sequence.

As a result, the defrosting sequence using the chaos

signal is able to shorten the defrosting time as compared with
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the conventional defrosting sequence. Moreover, the
‘temperature distribution in the target which must be heated can
be uniformed during the defrosting process. When the weight
and contents of the target which must be heated were changed so
- as to be tested, the defrosfing time can be shortened and the
temperature distribution in the target which must be heated was
uniformed during the defrosting process.
(Thirty-Eighth Embodiment)
An experiment for defrosting a target which must be
. heated in a microwave oven will now be described in'a thirty-
eighth embodiment. 1Initially, a conventional defrosting
sequence for a microwave oven will now be described. Fig. 68
is a graph showing the conventional defrosting sequence for a
microwave oven. Referring to Fig. GQ,Ithe conventional
defrosting sequence has four steps whiéh are a continuous
energization step, an interruption step, DUTY step 1 and DUTY
step 2.
The conventional defrosting sequence will now be
- described with reference to Fig. 69.
Since the target taken out from a freezer or the like is
perfectly frozen, microwaves continuously applied to a target
- immediately after defrosting of the target has been started are
not attenuated in the inside portion of the target. Thus, the
microwaves uniformly dielectrically heat the target which must
be heated. When the phase of ice in the target which must be

heated has been changed to water and defrosting is started,
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application of microwaves is interrupted for a predetermined
time. Thus, the temperature distribution in the target which
must be heated is furthermore uniformed. After the step for
interrupting the apply of microwaves has been performed,
partial overheating of the target which must be heated is
prevented by performing control of dielectrical heating with a
DUTY having a long off-time in DUTY step 1 and DUTY step 2.
The conventional defrosting sequence has been arranged in such
a manner that electric power which must be supplied to the

magnetron is changed in each step. The dielectrical heating

- process is performed with large electric power in the

continuous energization step and the DUTY step 1 and small
electric power is used in DUTY step 2. Since a long off time
is provided in each of the DUTY step 1 and DUTY step 2 to!
prevent partial overheating of the target which must be heated,
there arises a problem in that an excessively long time is
required to defroét the overall body of the target which must
be heated. Mbreover,lthe adjustment for determining time of
each step and the on/off ratio is a very delicate operation.
Thus, a multiplicity of experiments have been required to
improve the grade of finishing of the defrosted target.

A defrosting sequence according to the presenf invention
and using the chaos signal will now be described with reference
to Fig. 70.

To shorten the defrosting time in the defrosting process

using the chaos signal, dielectrical heating of a target which
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must be heated is performed with microwaves applied
continuously for time Tl immediately after defrosting has been
started. After the dielectrical heating has been performed
continuously, timing when electric power is supplied to
microwaves in accordance with the chaos signal for time T2 is
adjusted. Thus, the target which must be heated is defrosted
in such a manner that the inside portion of the target is
uniformed. Then, the target which must be heated is defrosted
for time T3 with DUTY control having a long off time so that
the temperatures in the target which must be heated. are
furthermore uniformed. Then, the defrosting process is ended.
Also the defrosting operation usiné the chaos signal is
performed in such a manner that electric power for the_
microwaves is changed after time Tpl has elapsed so that
heating is performed with two magnitudes -of electric power
which are large electric power and small electric power. - The
reason why the electric power for the microwaves is changed and
reason why the DUTY step is performed in the final stage of the
process will now be described. The degree of heating of a
target which must be heated varies depending upon the position
because of the characteristic of microwaves in an actual
microwave oven including the difference in the intensity of the
microwaves and a fact that energy of microwaves can easily be
concentrated to ends of the target. Therefore, if a portion
changed into water appears, concentration of energy of

microwaves into the foregoing portion cannot easily be
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prevented by the fiﬁing controi%using thgiéhaos signal. To
uniform the temperature distribution in the target which must
be heated, control is performed in such a manner that average
electric power which must be supplied to the magnetron is
reduced after defrosting has been started. Therefore, electric
power of microwaves is switched to small electric power after a
lapse of time Tpl. Moreover,; the DUTY heating step is provided
in the final stage to perform dielectrical heating using small
average electric power.

The constants in the defrosting sequence using the chaos
signal including continuous heating step time T1l, chaos heating
step time T2 and DUTY heating step time T3 are functions of the
weight of the target which must be heated. The targets were
obtained by experiments.

Results of experiment of the conventional defrosting
sequence and the defrosting sequence using the chaos signal
will now be described.

Slices of beef, the initial temperature of which was
- 20° and the weight of each of which was 300 g were, in a
microwave oven, defrosted by the conventional defrosting
sequence and the defrosting sequence using the chaos signal,
respectively. Results of the defrosting operation were as
follows: time required to defrost the sample was 11 minutes by
the conventional method, while time required by the defrosting
operation using the chaos signal was halved to 5.5 minutes.

The temperatures in the target defrosted by the conventional
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sequence were ranged from - 2.0° to 30°, while temperatures in
the target defrosted by the sequence using the chaos signal
were ranged from - 1.0° to 15°. Therefore, a fact can be

understood that the defrosting sequence using the chaos signal

. is able to furthermore uniformly defrost the target as compared

with the conventional defrosting sequence. As a result, the
defrosting sequence using the chaos signal is able to shorten
the defrosting time as compared with the conventional
defrosting sequence. Moreover, the temperature distribution in
the target which-mnét be heated can be uniformed during the
defrosting process;: When the ﬁeight and contents of the target
which must be heated were changed so as to be tested, the
defrosting time can be shortened and the temperature
distribution in the target which must be heated was uniformed
during the defrosting process.
Effect of thé Invention

As described above, the aspect claimed in claim 1 has
the structure that the defrosting step is performed in such a
manner that a target which must be heated is irradiated with
microwaves which are irregular in terms of time at least when
the phase of water in the target is shifted from a solid body
to liquid. As a result, in the final stage of the defrosting
process, the temperature of.the target which must be heated can
be set to be in a range from a temperature suitable to melt the
target to.an upper temperature for preventing boiling.

Moreover, the temperature of the target which must be heated is
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made to be lower than the abovgimentione&}ﬂpper temperature
during the defrosting process. Moreover, ﬁhe target can
quickly be defrosted in a period of time shorter than a
lpredetermined period of time. To achieve the foregoing
purposes, respective processes for microwave irradiation are
combined with each other and microwaves are made to be
.irregular in terms of time. That is, the quantity of
microwaves which are applied in each irradiation process is
varied and also the intervals among the irradiation are varied.
The above-mentioned irradiation processes are combined with
each other to effectively defrost the target which must be
heated. As a result, the shift of the overall body of the
target which must be heated can efficiently be performed in a
short time.

Specifically, restraint, to a predetermined range, is
performed, the restraint being restraint of the width between
the temperature level to which the target which must be heated
is heated with applied microwaves per each operation and the
temperature level to which the target is cooled in each time in
which irradiation is turned off. Moreover, the irradiating
intervals of microwaves are combined with one another in such a
manner that the overall upper and lower limits for the
temperatures which are raised and lowered are in a
predetermined range (in a range between the temperature

suitable for melting the target and the temperature for
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preventing boiling). Thus, the target can efficiently be
defrosted.

More specifically, if a regular'quanti;y of heat is
added as has been performed in the conventional method, the:
temperature of the target ﬁhich must be heated can easily be
raised in accordance with a substantially linear function.
Therefore, even if any quantity of heat:generated by a heating
means which realizes the inclination of a linear function is
used, the temperature of the target which must be heated cannot
easily be controlled to be in a predetermined temperature range
within a predetermined period of time. If signals, which are
irregular in terms of time and which follow a non-linear
function, are used to realize a state of tempeiature rise of a
targét'which must be heated in a non-linear form having an
upper ‘limit, a target which must be heated can efficiently be.
heated so as to"be defrosted in a short time, the non-linéar :
forming being permitted to a parabola shape, an exponential
curve or a curve moved vertically.

That is, the defrosting prbcess_has been performed in
such a manner that the heating means”is non-linearly controlled

when the phase of water in the target which must be heated is

converted from a solid body to liquid. Therefore, restraint of .

the temperature of the target which must be heated to satisfy
the range from the melting temperature to the boiling level has
been very difficult depending on the type of the target and a

state in the heating chamber. On the other hand, the control
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aécording to the present invention is performed in such a
manner that the temperaturé of the target is restrained to
satisfy a predetermined range within a predeterminedltime while
the quantity of irradiation added in one irradiation process is

- non-linearly controlled and sometimes the temperature of the
target which must be heated is changed. As compared with the
conventional method in which the control is performed linearly,
a large quantity of microwaves can be applied in a short time

- without a necessity of greatly considering the upper and lower
limits of the temperatures of the target determined in
accordance with the weight and type of the target. As compared
with the conventional defrosting process, the defrosting time
can be shortened with performance as well as or better than the
performance of the conventional process.

An aspect claimed in claim 2 has the structure that
chaos is employed as microwaves which are applied as microwaves
which are irregular in terms of time. When a target which must
be heated is irradiated with microwaves which conform chaos
which is characterized by a baker’s transformation effect, the
temperature distribution in the target which must be heated can
furthermore be uniformed. Moreover, nonuniformity of
temperature in the defrosted target can furthermore be reduced.
The fact that irradiation which is irregular in terms of time
can be realized in accordance with a chaos state has been

achieved by the inventors of the present invention as a result
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of an effort of the inventors and a multiplicity of
experiments.

An aspect claimed in claim 3 is characterized by the
microwave oven comprising: the magnetron for generating
microwaves for-dieléctrically heating ‘a target which must be

heated; and the waveguide through which microwaves generated by

- the magnetron are propagated into a heating chamber, wherein

microwaves in the chaos state are propagated through the
waveguide. The'quahtity of microwaves, which are applied in
the state in the microWavg oven, can be brought to the chaos
state only by a simple change. Therefore, only a simple
structure is requiréd to shorten time required to defrost a
target and the temperature distribution in the defrosted target
can be improved. |

An aspect claimed in claim 4 is structured in such a
manner that microwaves are propagated through the waveguide by
dinf of electric power which is, in the chaos state, supplied

to the magnetron. The target which must be heated can be

irradiated with microwaves which are irregular in terms of time

only by changing a program for a microcomputer without a
necessity of changing the structures of the'heating chamber and
the waveguide of the microwave oven. Therefore, any change of
the physical layout in the ﬁicrowave oven and the structure of
the same are not required to shorten time required to defrost a
target. Moreover, the temperature distribution in the

defrosted target can be improved. As a result of the above-
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mentioned structure, any change in the p

gﬁéical layout of the
mechanism and the operation is not required. A simple change
of a program or the like in the microcomputer enables the
quantity of output to the magnetron to easily be controlled.
Thus, the serviceability can be improved. Heat generated by
dint of microwaves with which the inside portion of a target is
irradiated can uniformly be dispersed in the target and
nonuniformity of temperatures in the target can be prevented.
Since the guantity of electric power which is supplied to the
target per hour can be enlarged, the defrosting time can be
shortened.

An aspect claimed in claim 5 has the structure
comprising
the chaos-signal generating means for generating a chaos
signal, wherein microwaves are emitted in accordance with DUTY-
output having on or off period of time corresponding to the
chaos signal generated by the chaos-signal generating means.
Even if the quantity of microwaves cannot be changed to have
continuous values attributable to the structure of the
"microwave oven, control of the guantity of microwaves with
binary values indicating on and off enables the effect of the
chaos to be attained in the defrosting process. As a result,
even if the outputs of microwaves from the microwave oven are
not continuously changed, only a simple change in the structure

is required to shorten time required to defrost a target.
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Moreover, the temperature distribution in the defrosted target
can be improved. ‘

An aspect claimed in claim 6 has the structure that
microwaves are emitted when the level of the chaos signal
‘generated by the qhabs-signal‘generating means is higher than a

prédetermined threshold value. Since the control method with

which the operation is turned on or off in accordance with the

level of the threshold value can considetably easily be
realized, any great change of the conventional control means is

not required to attain the effect of the chaos. The quantity

. of electric power which must be supplied to the magnetron is

controlled with binary values indicating on and off by using a

predetermined value of the chaos signal as a reference. Thus,

- the effect of the chaos signal can be obtained and the -

- defrosting time can be shortened with a simple structure.

" An aspect claimed in claim 7 has the structure that a
limitation of a shortest on-type is provided. Since the
limitation of the shortest on-time is provided, average
electric power which must be supplied to the magnetron can be
enlarged. Thus, the defrosting time can furthermore be
shortened without deterioration in the grade of finishing of
the defrosted target. |

An aspect claimed in claim 8 has the structure that
limitation of a longest on-time is provided. Since electric
power which must be supplied to the magnetron is restrained,

the portion which has been first converted into water is not
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excessively heated and the temperature distribution in the
target which must be heated can be uniformed. Therefore, the
grade of finishing of the defrosted target can furthermore be
improved.

An aspect claimed in claim 9 has the structure that the
quantity of application of microwaves is changed in accordance
with a state of the phase shift of the térget which must be
heated. Since the guantity of irradiation, which is performed
by the chaos manner corresponding to the sfate of the target
which must be heated, is determined, waste of time can be
prevented and the effect of the chaos can be obtained in an
optimum state for the target. If the maximum electric power
which is supplied to the magnetron is determined in accordance
with the states of the microwave oven and a target which must
be heated, the maximum electric power adaptable to the state
can be determined in the continuous electric power supply step.
Thus, overheating of the target by dielectric heating can be
prevented and defrosting time can be shortened.

An aspect claimed in claim 10 has the structure that
change is performed in accordance with a result of a selection
of a chaos state from a plurality of chaos states. 1In
accordance with the selected chaos, electric pﬁwer which must
be supplied to the magnetroﬁ is adjusted. Thus, control of
dielectric heating in a chaos state optimum for the state of a

target which must be heated can be performed. Thus, the
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temperature distribution in the defrosted target can
furthermore be improved.

An aspect claimed in claim 11 has the structure that the
quantity of microwaves which must be applied is changed in
accordance with a defrosting enviromment including the size of
a defrosting chamber and a fact whether or not a reflecting
plate is provided. Since the qﬁantity required to defrost a
target is determined in accordance with the environment for the
defrosting process, excessive energy of microwaves is not
applied during the defrosting process.

An aspect claimed in claim 12 has the structure that the
quantity of microwaves which must be applied is changed in
accordance with an environment of a target which must be heated
including the type and weight of the target. Since the
quantity required to defrost a target is determined to
corresﬁond to the environment of the target, excessive energy
of microwaves is not applied during the defrosting process.
Since defrosting time adaptable to the states of the microwave
oven and a target which must be heated is determined, -
determination of the defrosting time optimum for the target is
able to prevent excessive supply of energy of microwaves to the
target. As a result, the grade of finishing of a defrosted
target can furthermore be iﬁproved.- Large-electric-power time
for which large electric power is supplied to the magnetron is
determined which is adaptable to the states of the microwave

oven and a target which must be heated. Reduction of the
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maximum quantity of electric power which is supplied to the
magnetron after a portion of the target has started defrosting
attributable to characteristics of microwaves enables excessive
rise in the temperature of the target to be prevented. Thus
temperature distribution in the target which must be heated can
furthermore be uniformed. When optimum defrosting time is set
in accordance with the value of the sensor for measuring the
states of the microwave oven and the target which must be
heated, the process for defrosting a target can automatically
completed because the state of the target can be detected by
the sensor. Since optimum energy of microwaves for a target
which must be heated can be supplied because the defrosting
time is set, the grade of finishing of the defrosted target can
furthermore be improved. Large-electric power time for which
large electric power is supplied to the magnetron is provided
in accordance with the value obtained by the sensor for
measuring the states of the microwave oven and the target.
Thus, a step can be automated in which the maximum quantity of
electric power which is supplied to the magnetron is reduced
after a portion of thé target has started defrosting
attributable to characteristics of microwaves to prevent
excessive riée in the temperature in the target and to

furthermore uniform the temperature distribution in the target.

An aspect claimed in claim 13 has the structure that
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microwaves are applied in a large quantity and regularly before.
the phase of water in the target which must be heated is -
shifted from a solid body to liquid as compared with microwaves
which are applied after the shift of the phase. Since a great
effect of the chaos signal-is not required before the phase of
water in the target which must be heated is shifted from a
solid body to liquid, the target can dielectrically be heated
with a large gquantity of electric power. As a result,
deterioration in the grade of finishing of the defrosted target
can be prevented and the defrosting time can furthermore be
shortened.

An aspect claimed in claim 14 has the structure that
microwaves are applied in a small quantity and regularly in a
latter period in which the phase of water in the target which
must be heated is shifted from a solid body to 1iquid as
coﬁpared with microwaves ﬁhich are applied before the latter
period. -Since excessive heating of the portion which has been
first converted into water can be prevented and the temperature
distribution in the target which must be heated can furthermore
be uniformed, the grade of finishing of the defrosted target
can furthermore be improved. The foregoing structure enables a
process to be provided iq which control of dielectric heating
is performed in accordance with a chaos signal after the
continuous electric power supply step in which electric power
is continuously supplied to the magnetron. Then, a small

electric power supply step is performed in which electric power
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héving a small avefgge value is suppliedlfb the magnetron.
Thus, the target can dielectrically heated with large electric
power. As a iesult, the grade of finishing of the defrosted
target does not deteriorate and the defrosting time can

- furthermore be shortened. Moreover, the grade of finishing of
the defrosted target can be improved.

An aspect claimed in claim 15 has the structure that
time for which microwaves are applied is changed in accordance
with the state of the shift of the phase of the target which
must be heated, the defrosting environment or the environment
of the target. Since time is determined in accordance with the
state or the environment of the target which must be heated,
waste of time can be prevented when a purpose 6f the process is
achieved.

An aspect claimed in claim 16 has the structure that
microwaves are regularly applied in accordance with on/off
output. Even if the structure of the microwave oven does not
permit change of the quantity of microwaves with continuous
values, structure in which the quantity of microwaves is
controlled with binary values indicating turning on and off
enables the effect of the chaos to be realized in the
- defrosting process. Therefore, even if the-output of
microwaves in the microwave oven cannot continuously be
controlled, only a simple structure is required to perform the

process claimed in claim 14.
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An aspect claimed in claim 17 has the structure that a
heating process using a heater is added. Since the heater is
employed, frost on the surface of the target which must be
heated can be melted, the appearance of the defrosted target

can be improved.
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which a target which must be heated is irradiated with
microwaves which are irrégular in terms of time at least when
the phase of water in the target is shifted from a solid body
to liquid.

2. A microwave oven comprising a defrosting step in
which a target which must be heated is irradiated with
microwaves which are irregular in terms of time and which are
in a chaos state at least when the phase of water in the target
is shifted from a solid body to liquid.

3. A microwave oven comprising: a magnetron for
generating microwaves for dielectrically heating a target which
must be heated; and a waveguide through which microwaves.
generated by said magnetron are propagated into a heating
chamber, wherein a defrosting process is performed in such a
manner thaf microwaves which are irregqgular in terms of time and
which are in a chaos state are propagated through said
waveguide at least when the phase of water in the target is
shifted from a solid body to liquid.

4, A microwave oven according to claim 3, wherein
microwaves are propagated through said waveguide by virtue of
electric power which is supplied to said magnetron in a chaos
state.

5. A microwave oven according to claim 3, further
comprising chaos-signal. generating means for generating a chaos

[ ——
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signal, wherein microwaves'are_emitted in accordance with DUTY-
output having on or off period of time corresponding to the
chaos signal generated by said chaos-signal generating means.
6. A microwave oven according to claim 5, wherein

microwaves are emitted when the level of the chaos signal
generated by said éhaos—Signal generating means is higher than
a predetermined threshold value.

7. A microwave oven according to claim 5, wherein the
DUTY-output is regulated to have shortest on-time.

8. A microwave oven according to claim 5, wherein the
DUTY-output is regulated to have longest on-time.

9. A microwave oven according to claim 1 or 2,

wherein the quantity of application of microwaves is changed in

accordance with a state of the phase shift of the target which

must be heated.

10. A microwave oven according to claim 9, wherein the

guantity of application of microwaves is changed in accordance -

with a result of a selection of a chaos state from a plurality
of chaos states. |

11. A microwave oven according to claim 1 or 2,
wherein the quantity of microwaves which must be applied is
changed in accordance with a defrosting environment including
the size of a defrosting chamber and a fact whether or not a
reflecting plate is provided.

12. A microwave oven according to claim 1 or 2,

wherein the. quantity of microwaves which must be applied is
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changed in accordance with an éﬁvironmenéﬁgf a target which
must be heated including the type and weight of the target.

13. A microwéve oven according to claim 1 or 2,
wherein microwaves are applied in a 1arge.quantity and
regularly before the phase of water in the target which must be
heated is shifted from a solid body to liquid as compared with
microwaves which are applied after the shift of the phase.

14. A microwave oven according to claim 1 or 2,
wherein microwaves are applied in a small quantity and
regularly in a latter period in which the phase of water in the
target which must be heated is shifted from a solid body to
liquid as compared.with microwaves which are applied before the
latter period.

15. A microwave oven according to claim 13 or 14,
wherein time for which microwaves are applied is changed in
accordance with thé state of the shift of the phase of the
target.which must be heated, the defrosting environment or the
environment of the target.

16. A microwave oven according to claim 14, wherein
microwaves are regularly applied in accordance with on/off
output.

17. A microwave oven comprising a defrosting step in
which a target which must be heated is irradiated with
microwaves which are irregular in terms of time and heating is

additionally performed by using a heater at least when the
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phaise of water in the target is shifted from a solid body to
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