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DESCRIPTION 

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 numeral 1 represents 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 cooked with heat. A waveguide 2 

guides, into a heating c.hamber, 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 exampl~, the weight of 

the target 7 which must be heated so that dielectrical heating 

is perfoJ:ll\ed for the purpose of heating and defrosting the 

target. The conventional control of microwaves raises 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 ~ust be 

heated are substantially uniformly raised~ When phase shift 

takes place causing internal water to be c_onverted from a solid 

body into liquid, rise in the temperature · in the internal 

portions, however, varies considerably because of variations of 

compositions of materials in the target which must be heated 

and the shape of the target. 

That is, the variation in the components of the target 

which must be heated causes molar depression of the freezing 

point to take place variably 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 

requires heat of melting. When the 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 varies depending upon the 

state of the target which must be heated, the structure of the 

microwave oven and the like. Thus, a constant state of 

defrosting cannot easily be realized. 

The present invention is attempted to solve the above­

~entioned 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 realizing 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 

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. 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 quantity of microwaves for use to dielectrically heat 

the target per time is permitted. As a result, time required 

to defrost the targe~ which must be heated can significantly be 

shortened. 

An aspect claimed in claim 1 has a structure 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 sui~able 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 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 a~d also the intervals among the 

irradiation are varied. The above-ment.ioned irradiation 

processes are combined'with each other to effectively defrost 

the target which must be heated. As a result, the s~ift 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 

6 

II 

\ :) 



W098/31199 PCT/JP.!>8/00065 

: ·:. 

predetermined range· . (in a range between the temperature 

suitable for melting the target and the temperature for 

preventing boilinq). Thus·, the target can efficiently be 

defrosted. 

More specifically, 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 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 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 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 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 
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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 perf orined in such a 

manner that the temperature 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-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 gre~tly 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 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. 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 
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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 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 

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 ~equired 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 mean~ is 

not required to attain the effect of the chaos. 
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An aspect claimed in claim 7 has a structure that 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 

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 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 b.e 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. In 
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accordance with the selected chaos, electric power which must 

be supplied to the magnetron is adjusted. Thus, control of 

dielectric heatin~ in a chaos state optimum for the state of a 

target which must be heated can be performed. Thus, the 

temperature distribution in the defrosted target can 

furthermore be improved. 

An aspect claimed in claim 11 has a structure that 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. Since the quantity 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 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 and weight of the target. Since the 

quantity required to defrost a target is determined to 

correspond to the environment of the target, excessive energy 

of microwaves is not applied during the defrosting process. 

An aspect claimed 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 atter the shift of the phase. Since a great 
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effect of the chaos signal is!~ot requi.Jf~Cl 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 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 clai'1\ed 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 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. 

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 environment or the environment of the 

target. Since time is determined in accordance with the state 

or the environment of the target which ~ust be heated, waste of 

time can be prevented when a purpose of the process is 

achieved. 
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An aspect claimed in claim 16 has a structure that -

microwaves are regularly al?plied 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 

between electric power which must be supplied to the magnetron 

and internal temperatures in the targets A and B which must be 

heated; 
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Fig. 4 is a (third) graph showing the relationship 

between electric pow~r 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 the 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 quantities 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 1s a block diagram showing a microwave oven 

according to a se~enth 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 relation~hip between 

chaos signals and electric power which must be supplied 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 between 

chaos signals and electric power which must be supplied to the 

magnetron; 

Fig. 28 is a block diagram showing a microwave oven 

according to an eighth embodiment of the present invention; 

Fig. 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 i·nvention; 

Fig. 33 is a graph showing the relationship between 

constants of chaos and average electric power which must be 

supplied to the magnetron; 

17 



W0'8131199 PCT/JP98/00065 

Fig. 34 is a graph showing the relationship between 

electric power which ~ust 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 present 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 

weights 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 signais 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 power; 

Fig. 43 is a block diagram showing a microwave oven 

according to a fifteenth embodiment of the present invention; 

18 

II 

I l 

1·i :·i 



W098/3119' PCT/JP98/00065 

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 graph 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 t~e; 

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 targets 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 diagram 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 twenty-fifth embodiment of the present 

invention; 

Fig. 65 is a block diagram 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 

invention; 

Fig. 68 is a diagram showing a conventional defrosting 

sequence; 

Fig. 69 i·s 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 showing a conventional 

microwave oven; 

Fig. 72 is a block diagram showing a microwave oven 

according to a fourth embodiment of the present invention; 

Fig. 73 is a graph showing the relationship between 

chaos signals and outputs 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. 1·a 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. Bl is a graph showing the relationship between 

temperatures of targets which 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 and 

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; 

means; 

Fig. 91 shows a method of calculating chaos signals; 

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

according 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 

te~peratures 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 showing 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 must 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; 

Fig. 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 is ~· block di~gram showing a microwave oven 

according to a thir~y-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 preseµt invention. 

Best Mode for Carrying Out the Invention 

Embodiments of the present invention will now be 

described with reference to the drawings. 

(First Embodiment) 

A first embodiment of the present invention will now be 

described with mainly reference to Fig. 1. Referring to Fig. 

1, reference numeral 1 represents a magnetron. 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 magne~ron 1 propagate through a waveguide 2 so 

that the inside portion of the heating chamber 6 is irradiated 
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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. 

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 power 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, ass_umptions 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 must 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. If 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 quantity 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 irradiation with microwaves is expected to prevent 

boiling of a portion of frozen meat. Since the conventional 

structure is arranged in such a manner that microwaves are 

regularly 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 lowering 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 to 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 irregularly 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 

irregular manner in terms of time. That is, the quantity 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 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 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 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 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 

process 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 pe 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 according to the 

present invention .is performed in such a manner that the 

temperature 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-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 engineers 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 

irregula~ 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". 

Asa result, the following facts were found. That is, 

fluctuations of the temperature 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 world 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 r_esul ts 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 

condition, 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 defrosting sequence, the engineer performs a 

multiplicity of experiments of the defrosting processes 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 

microwave ovens. 

However, the foregoing research and developed have been. 

performed ~Y the inventor of the present invention in such 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 

magneti;on. 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 will now be described with reference to 

Fig. 88. 

·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. Therefor~, 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 l~el 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 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 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 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 cart 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 electric 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 Xl and 

transmits a control signal to.the energization control means 

605 in such a manner that electric power Pt which corresponds 

to the read chaos signal Xl 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 transmit 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 example of a function for generating 

the chaos signal is as follows: 

F (X) = 1 - l2X - ll 

where 0 s X s 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 XO and the value 

is an initial value of the time sequence Xn. Then, XO is 

substituted into F (X). A result of the calculation is 

employed as a (Ji = 1)-th value Xl. Then, Xl is substituted 

into F (X) to calculate X2. Then, X3 is obtained from X2. The 

foregoing procedure is repeated so that time sequence XO, Xl, 

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. In any 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. Initially, an assumption is made that a parameter 

indicating time is n = 0 and the initial value of the chaos 

function F (Xn) is XO (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 ton 

(step ·613), and then value n arid 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 porti~n of the heating chamber 6 have 

been irradiated heat ·a target 7 which must be heated by 

dielectric heating. 

Reference numeral 10 represents a chaos-signal 

generating means for calculating a· chaos signal so as to 

transmit the value of the chaos signal. In 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 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 co~siderably 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 target 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 regions 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 

43 



W098/31199 PCT/JP98/00065 

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... Al though 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 control 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 Xl and 

transmits a control signal to the energization control means 5 

in such a manner that electric power Pt which corresponds to 

the read chaos signal Xl and which satisfies, for example, Pt = 
Xn * PO is supplied to the magnetron. 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 - f 2X - ll 

where 0 ~ X ~ 1. 

The foregoing function is graphed as shown in Fig. 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 XO and the value 

is an initial value of the time sequence Xn. Then, XO is 

substituted into F (X). A result of the calculation is 

employed as a (n = 1)-th value Xl. Then, Xl is substituted 

into F (X) to calculate X2. Then, X3 is obtained from X2. The 

foregoing procedure is repeated so that time sequence XO, Xl, 

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 and the initial value of the chaos 

function F (Xn) is XO (steps 20 to 21). 

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 22r. Then, 1 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 the structure that electric power which must 

be supplied to the magnetron 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 with the conventional method, time required to defrost 

a target can be shortened. 

(Fourth Embodiment) 

The structure and operation of the fourth embodiment 

will now be described. The fourth embodiment is different from 
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. .. {·~:· . 
the second embodiment in that a lower lilriit is provided for the 

output of microwave •. The structure and operation of the fourth 

embodiment which ~re 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 chaos-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 magnetroni 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 makes 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 accordance 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 furthermore be 

shortened. 

(Fifth Embodiment) 

A fifth embodiment of the present invention will now be 

described. 

The fifth embodiment comprises 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 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 ~n 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 of 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 quantities 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· a and the quantity of microwaves emitted by the magnetron 1 
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is PO. Another assumption is made that the cross sectional 

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 9, an area Sc of the reflecting plate 

disposed in the horizontal direction with respect to the 

waveguide 2 is obtained as follows: 

Sc = Sb · cos9 

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 = PO · (Sa - Sc)/Sa 

Therefore, the quantity P of ~icrowaves emitted through 

the waveguide 2 is obtained as follows: 

P = PO · (1 - Sb · cos9/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 calculated by the chaos...;signal generating 

means 10, the reflecting-plate control means 30 calculates the 

angle of the reflecting plate 32 ln accordance with the above-

so 
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mentioned equation to transmit a result of the ~alculation to 

the reflecting-plate energization control means 31. 

Although the above-mentioned method uses the reflecting 

plate 32 to adjust the quantity 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 microwaves 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 generating 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 wi·th reference to Fig. 15. 

Reference numeral 40 represents a DOTY-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 represents 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 comparison signal. 

A chaos-time calculating means 43 calculates time for 

which supply of electric 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 cycle is started, 

the chaos signal Xn is read and chaos time Tn is calculated in 

accordance with the following equation: 

Tn=a·xn+~ 

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 temperatures 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 foregoing 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 the chaos-signal generating means 10 to 

calculate chaos time Tn from the chaos signal Xn in accordance 

with the above-mentioned equation. 

The operation of an algorithm.of the chaos-time· 

calculating means 73 will now be described with reference to 

Fig. 17. 
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Initially, a parameter indicatinq time is made to 

satisfy n = 0 (step 5.0) • 

Then, the chaos signal Xn is read, and then chaos time 

is calculated from the chaos signal Xn as follows (steps 51 and 

52): 

Tn=a.·xn+~ 

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 reaches N, the program is ended. 

When the time comparison means 42 has determined that 

the DUTY cycle has been started, the enerqization-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 enerqization-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 and then turned off in one 

DUTY cycle. If the supply is turned off prior to turninq 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 reference 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 52 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 transmi~ a result to the chaos-time-equation 

selection means ·s2 as second chaos time. 

In accordance with information supplied from a chaos­

time equation selection switch 53, the chaos-time-equation 

selection means 52 selects either the first chaos time obtained 

by the first-chaos-time calculating means 50 or the second 

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

56 

II 

1: 



W098/31199 PCT/JP98/00065 

~· . (;~< 
51. Then, the chaos-time-equation selecii6n 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 ~ollowing equation when the 

defrosting process is started: 

Tn = al · Xn + ~1 
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Then, chaos time is calculated in accordance with the 

following equation innnediately before a portion of the target 

which must be heated is defrosted: 

Tn = a2 · Xn + ~2 

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 = a2 · Xn + ~2 

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 means 44. When a switch signal is 

supplied from the chaos-time equation selection switch 53, a 

determination is made that the state is innnediately 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 s1.· 

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 quantity of microwaves to be changed to 

have continuous values, control of the quantity of microwaves 

with binary values indicating turning on and off enables the 

effect of 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 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 of£­

time, a chaos-time calculating equation corresponding to the 

state of the target which must be heated 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 improved 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 the 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 the 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 S. 

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 

described 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 threshold 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 

dete·rmination. may be employed. 
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The seventh embodiment will furthermore be described 

with reference to Fig. 22. 

Refer~ing to Fig. 22, reference numeral 70 represents a 

first-threshold-value storage means. Reference numeral 71 

represents 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 electric power Pn which 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 substantially attenuated and allowed to pass through 

the same, as described above. As a result, the temperatures 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 Hl having a small 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 stored 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 threshold 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 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 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 81. 

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 referenc~ 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 His smaller than 

the minimum threshold value Bmin, the minimum threshold value 

Bmin 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 

Bmin, the threshold value H is selected as the threshold value 
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which is used by the binary controi lnearis 31. · If the threshold 

value B is smaller than the minimum threshold value Bmin, 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 thi·s 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 prov~ded for the threshold 

value:·. The structure alid 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 embodi.nlent 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 vallle stored on the threshold-value storagemeans 

60 and the maximum threshold 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 Bmax 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 Hm.ax stored on the 

maxim~-threshold-value· storage means 90 to a comparison. If 

the threshold value H is smaller than the maximum threshold 
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value Hmax, the threshold value H is used as the threshold 

value 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 emitted 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 

target can furthermore be uniformed and the temperature 
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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 me·ans 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 O to 1. 

When the chaos time Tn is calculated by the above-mentioned 

equation Tn = a. • Xn + 13 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 supplied 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 

sho~test on-time Tinin. 

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=a·xn+~ 

Tn = Tinin (Tinin > k) 

Tn = k (Tinin s k) 

If Tinin 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, Tinin 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 = Tinin + y • Xn 

where y > O. 

If the employed method is able to determine the shortest 

chaos time, a similar effect can be obtained. 

Fig. 29 shows change in the temperatures in the target 

which must be heated with respect to electric power 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 'l'min 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 struct~e 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 Fi~. 31. Fig. 31 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 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 O to 1. 

When the chaos time Tn is calculated by the above-mentioned 

equation Tn = a · Xn + ~' 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 = a · Xn + /3, 

Tn = k (Tmax > k) 

Tn = Tmax (Tmax S k) 

Fig. 31 shows change in the temperatures T in the target 

which must be ~eated 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 Tm.ax 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 storage 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 electric 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 tha~ 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 c·an furthermore be improved during the defrosting 

process. 

(Tenth Embodiment). 

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 11sing 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 signals· Yn are ca1c·u1ated in 

accordance with the following equation: 

Yn = A . Xn ( 0 s 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 S Yn S 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 signal in accordance 

with the states of shift of the phase of a target which must be 

heated will now be described with reference to Fig. 33. 

Fig. 33 is a graph showing 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 changed. 

Fig. 34 is a graph showing the rel.ationship 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 

optimally 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. 

The structure of the tenth embodiment will now be 

described with reference to Fig. 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 th~ 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 rel.ationship 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 for 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, 1:;he temperature distribution in the 

target which must be heated is uniformed in accordance with the 

c~aos signal when the target is defrosted. If 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 

tempe~ature 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 

power 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. 3-7. In accordance with a state of shift 

of the phase of a target conununicated 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 because 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 embodiment 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 

generated 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 chaos-signal generating means 141 in accordance with 

information supplied from ~ 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 Xln, 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 target 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. 

83 



W098/311'9 PCT/JP98/00065 

The eleventh embodiment has the structure that change is 

performed in accdrdance 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. In 

comparison to the second embodiment, the twelfth embodiment has 

a structure that a step for changing the chaos time sequence 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 heating 

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 target 

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 optimum chaos signal is 

changed. That is, if the target which must be heated has a 

large thickness, heat 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 environment 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 

environment 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 environment 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 c~aos signal·generated by the chaos-signal generating 

86 



W098131199 PCT/JP98/0006S 
I' 

means 10 in such a manner that maximum electric power which 

must be supplied to the magnetron 1 does not exceed the maximum 

electric power determined by the first-maximum-electric-power 

setting 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 excessively 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 foregoing problem, the maximum 

electrlc 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 Pm.ax. 

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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Therefore, 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 temperature distribution in the target can 

furthermore be uniformed. 

The first-maximum-electric-power setting means 151 has 

max~um 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-maximum-electric-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 quantity 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. 

(Fourteenth 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. Reference 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 selected when 

the defrosting process is performed. Therefore, even if the 

heating condition in the microwave oven is different, a user is 

not required 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 

embodiment, a fifteenth embodiment has a structure that the 

quantity of microwaves which must be applied is changed to·be 

adaptable to the environment for a target, for example, the 

type, 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 mainly 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 setting means 161 

follows a target environment 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 the chaos-signal generating 

means 10 in such a manner that the maximum electric power which 

must be supplied to the magnetron l 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 CUil\ulative 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 maximUil\ 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 m~gnetron. 
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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 

electric power required tQ defrost the target -is required. 

Therefore, maximum electric'- power Pmax which can- be 

supplied to the magnetron 1 with respect to the weight W of a --­

target which must be heated i-s determined, as shown- in Fig. 44. 

Thus, the temperature distribution in-the target is furthermore 

uniformed. 

The second maximum•electric-power setting means 161 has 

maximum electric power adaptable to the-type or the weight of - __ 

the target selected by th,e--target-environment-state storage 

means 160 so as to communicate, 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-magnetron 

1. 

Although the weight of the target which-lnust be heated 

is employed as the state of the environment of the target, the· 

total electric power required to defrost a target is changed 

depending on the condition 0£ the target, for example, the type 

of the target. 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. 80. 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 so 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. Bi 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 between 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 heated is low and the internal 

portion of the target is fully fro.zen, microwaves emitted from 

the magnetron are not substantially attenuated and uniformly 

transmitted through the target so that heat is generated. If 

the temperature of the target whic.h must be heated is raised 

and defrosting starts to covert a portion of 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 effect 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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defro$t the target. Therefore, optimum microwaves can always 

be emitted to d~frost 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 struc.tures 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 

cont~nuous electric-power control means 171 transmits, to th~ 
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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 selec·tion 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 l • 

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 unifon_nly 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 reg\llarly 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 struc.ture 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 solid 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 quantity 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 supply 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 operations are the same as those of 

the second embodiment. 

The structure of the eighteenth emb.odiment 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 first control 

selection signal to the selected control means. When the 

continues 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 60.4 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 

shortened. 

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 Tl. 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 

must 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 large 

electric power 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. 
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(Nineteenth Einbodiment) 

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 

operation 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 determine large-electric-power time from the state of 

the microwave oven and the target selected by the state switch 

680. The large-electric-power-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 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 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•power 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 th~se 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 connnunicate 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 temperature distribution in the 

target to be nonuniform.ed because end portions of. the target 
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are first defrosted as compar~d with other portions. To 

prevent overheating. of a portion of the target, electric power 

which is suppli~d to the magnetron is reduced during the 

defrosting process. 

Fig. 109 is a graph showing the relationship between 

electri~ 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 shows-the 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 weight 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 the 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-power 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 time 

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 of 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 the 

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 180 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 S, a control signal for supplying regular 

ele_ctric ·.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 transmit, to the energization control means S, 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 

described 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 the 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, the temperature of the 

·porti_on 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 mean~ 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 continuous 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 regularly 

supplying electric power in a large quantity to the magnetron 

1. 

II 

When the small-electric-power control means 181 is 

selected by the fourth control selection means 190, the small­

elec~ric-power control 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. SO. 
. . 

Even if electric power in a large quantity is regularly 

supplied to the magnetron when the temperature of the target 

which must be heated is low, the time 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 diele.ctric 

heating is performed in accordance with the chaos signal, heat 

in the target can be di$persed 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 ~he 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 Tl. 

Then, the fourth control selection 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 defrdsted 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 with regular 

and small quantity electric power for time T3. 

The twenty-first embodiment will furthermore be 

described. 

In addition to the structure according to the embodiment 

shown in Fig. 49, this embodiment has a structure that eiectric 

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 structure and operation of this 

embodiment which are different from those of the embodiment 

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 refe~ence to Fig. 51. 

Referring to Fig. 51, reference numeral 200 represents a 

large-electric-power storage means on which large electric 

power which must be supplied to the magnetron 1 in the 

continuous electric power supply step is stored. Reference 

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

·magnetron 1 in the ~mall ele~tric 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 s, a control signal for supplying, 

to the magnetron 1, small electric power stored in the small­

electric-power storage means 201. 

The operation 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 temperature of the target which must be heated is 

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 heat~ng of the target do not deteriorate the grade of 

f inishinq 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 

1 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 

performed in suc"h 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. ~he 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 Tl. Then, the fourth control selection means 190 selects 

the control means 3 so that a control is performed 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 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 st~cture and operation of a twenty-second 

embodiment will now be described. The twenty-second embodiment 

has a structure that a small-electric-power supply 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 embodiment will now 

be described with reference to Fig. 95. 

Reference numeral 640 represents a second control 

selection 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 the 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 intensity 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 distribution 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 the 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. In 

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 

supply 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 

continues 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 target does not deteriorate the 

grade of 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 continues 

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 def.rested 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 c:iontrol 

means 641 to control dielectric heating to supply electric 

power having a small average 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 controlling 

dielectric heating in accordance with the chaos signai. 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 diele~trically 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 finishing of the 

defrosted target can furthermore be improved. 

(Twenty-Fourth Embodiment) 

A twenty-fourth embodiment will now be described. In 

addition to the structure according to the twenty-third 

embodiment, the twenty-fourth embodiment has a structure that 

eleqtric power which must be 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 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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storage 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 6 31 is 

selected in accordance with the third control signal 

transmitted from the third control selection means 660, the 

continues electric-power control means 631 transmits, to the 

energization control·means 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-electric-power control means 641 is· 

selected in accordance with the third control signal 

transmitted from 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, 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 temp~rature of a target which must be heated is 

low in the continuous electric 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 defrost the 

target. 

If a portion of a target is f i~st 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 manner 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 contr~l 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 embogiments, 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 same 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 storage 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 heated, 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 subjects 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. Fig. 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. 

Thusi 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 sh0wn 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 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 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 Qf 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. SS. 
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Referring t9 Fig. 55, reference numeral 220 represents a 

continuos electric-power supply time storage 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, the 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 comparison 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 storag~ 

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 continuo~s electric-power sup~ly 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 111 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 selection 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 

described with reference to Figs. 56 and 57. 

Fig. 56 is a graph showing the relationship between 

electric power Pn which must be supplied to the magnetron 1 and 

temperatures Tin 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 Tl 

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 is uniformly distributed in 

the overall body of the target which ·must be heated. As a 

result, the temperatures in the target which must be heated are 

uniformly raised. In this case, microwaves in a large quantity 

are reqularly supplied to uniform the temperature distribution 

in the target which must be heated, and to shorten defrosting 

time. If large electric power is regularly 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 Tl for which large electric power is 

regularly 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 defrosting 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 Tl 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 Tl for which 
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electric power is continuously supplied must be elongated. If 

the weight of t~e target which must be heated is small, time Tl 

for which electric power is continuously supplied must be 

shortened. 

The continuos electric-power supply time storage means 

220 has stored relational equations between the weight W of the 

target which must be heated and time Tl for which electric 

·power is continuously supplied as shown in Fig. 57. In 

accordance with the weight of the target stored on the state 

storage means 210, the continuos electric-power supply time 

storage means 220 determines the time Tl 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~f ifth 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-power 

supply time comparison 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 heateq, 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 2 3·2 • 

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 select either of the control means 4 

for performing diel~ctrical 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 control means S, 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 equation 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 heatingin 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 supplied 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 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. 61. 

Referring to Fig. 61, reference numeral 240 represents a 

state storage means 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 electric 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 storage 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 S. 

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-electric-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 started~ -

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 p0-rtion of the target is changed to water 

during the defrosting process. 

The time Tpl at which electric power is changed depend&-­

upon the state of shift of the phase of a target which must be 

heated, the defrosting environment--and the environment of the 

target I for example t 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-electric-power-comp~rison means 241 subjects 

the cooking time stored on the cooking-t-ilne measuring means 4 i- -

andthe large-electric-power time stored on the 1-arge-electric­

power time storage means 240 to a comparison. If the cooking 

time is shorter than the large-electric-po"Wer-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 th-an 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 reference to Fig. 64. 

Referring to Fig. 64, reference numeral 250 represents 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. 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-tinle 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 electric 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 from Fig. 54, time required to 

defrost a target is elongated because the energy of microwaves 

required to defrost the target 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 the target which must be heated is 

measured by the sensor and the relational equation shown in 

Fig. 54 is used to calculate the defrosting time Ttotal 

required to defrost the target •. 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 autmnatically 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 defrosting-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 t.inle 

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. · 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 enviromnent 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-environment 

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. 

II 

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-

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

f irst 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 second 

control selection means 170, the control means 4 transmits, to 

the energization control means .s, a control signal for·changing 

electric power which must be supplied to the magnetron 1 in 

accordance with the chaos signal g~nerated 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 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 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 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-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 continuously 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 

control in which time for which 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. Note 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 con~rol 

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 ~nd 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 distribution 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 appearance of the 

defrosted target. 

147 



W098131199 PCT/JP.JS/00065 

II 

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 embodiment 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 time, 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. If 

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 defrost-i:-ng time is changed in accordance 

with the heating condition. The first optimum-defrosting-time 

storage means 440 has defrosting time corresponding t9 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. 

149 



W0'8/31199 PCT/JP98/00065 

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 

heat.ad 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 

embodiment. 

The structure 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 the 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 o.f the target exceeds zero degree. Therefore, the 

internal temperature of the target which must be heated is 

measured to complete defrosting when the temperature has 

exceeded zero degree. 

The temperature comparison means 460 monitors whether or 

not the temperature of a target exceeds the def rosti~g 

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. 
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(Thirty-First Embodiment) 

A thirty-first embodiment will now be described. In 

addition to the structure according to the second embod:i,ment;. 

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 storage 

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 measured by the cooking-time measu~ing 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 

be 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 F~g. 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 defrost 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 heated 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 time shown 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 structure and·· operation of the thirty-first 

embodiment 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; In 

addition to the structure of the second embodiment, the thirty­

second embodiment·has a structure that optimum defrosting time 

is determined in accordance 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 defrostinq 

time. 

A time comparison means 692 subjects the cooking time 

measured by a cookinq-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 of 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 tarqet which must be heated is heavy, enerqy of 
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microwaves required 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 complete the process for defrosting the target. 

Since optimum energy of microwaves is supplied to the t~rget 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-defro&ting 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 factors, including the shape of the 

chamb.er 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 target 

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 determined, 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 cononunicated 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 
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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 

corresponding 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. In 

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 accordance 

with the chaos signal generated by the chaos-signal 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 i~ 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 states 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 st:rlicture that maximum electric power 

corresponding to the states of the microwave oven and a target 

which must be heated and arranged 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 stored. A binary control 

means.331 subjects the threshold value stored on the 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 supplied to an energizing 

means 305. 

II 

The operation of the thirty-five embodiment will now be 

described. 
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Referring tO Fig. 75, the operati6ns of the threshold­

value 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 shown in Fig. 110 stands for cooking time. 

The threshold-value storage means 330 has ·stored 

threshold value XO 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 XO to a comparison. If the chaos signal Xn is 

larger than the threshold value XO, 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 

XO 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 employed. 

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 
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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 Embodimen~) 

A thirty-sixth embodiment will now be described with 

reference to Fig. 76. Reference numeral 340 represents a 

minimum 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 control 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 minimlim 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 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. 
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Also the defrosting operation using the-chaos signal is 

performed in such a manner that ele_ctric 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. Moreove~, the DUTY 

heating step is provided in the final stage to perform 

dielectrical heating using small average electric powe:C•. 
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The constants in the defrosting sequence using the chaos 

signal including continuous heating step time Tl, 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, ln 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 methodr. 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 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 
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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 defrosting 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. Initially, 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. 68, the conventional 

defrosting sequence has four steps which 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 te~perature 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 defrost the overall body of the target which must 

be heated. Moreover, the 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 present 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 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 
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prevented by the timing control· using thef 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 

average electric power. 

The constants in the defrosting sequence using the chaos 

signal including continuous heating step time Tl, chaos heating 

step time T2 and DUTY heating step time TJ 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 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 

defrosting time can be shortened and the temperature 

distribution in the target which must be heated was uniformed 

during the defrosting process. 

Effect of the Invention 

As descr~bed 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 abov~:mentioneci'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 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 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 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 

withiri 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 being 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 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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according to the present invention is performed in such a 

manner that the temperature of the target is restrained to 

satisfy a predetermined range within a predetermined time while 

the quantity of irradiation a~ded 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 comp~ising: 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 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 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 

dint of electric power which is, in the chaos state, supplied 

to the magnetron. The target which mus-t 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 

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 pKysical 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 quantity 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 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. 
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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 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. 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 

tarqet 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 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. 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. In 

accordance with the selected chaos, electric power which must 

be supplied to the magnetron 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 environment including the size of 

a defrosting chamber and a fact whether or not a reflecting 

plate is provided. Since the quantity required to defrost a 

target is determined in accordance ~ith 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 tQ defrost a target is determined to 

correspond 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 improved .. 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 the target has started defrosting 

attributable to characteristics of microwaves to prevent 

excessive rise 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 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 the structure that 

microwaves are appli.ed 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 ~he ··latter 

period. Since excessive heating of the portion which has been 

firs~ 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 in 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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having a small average value is supplied't~ the magnetron. 

Thus, the target can dielectrically heated with large electric 

power. As a result, 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 of 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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CLAIMS 

1. 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 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 that microwaves which are irregular 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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siqnal, 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 chaos-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 ac~ording 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 

quantity 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 nqt 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 environment·;:df a target which 

must be heated including the type and weight of the target. 

13. A microwave oven according to claim 1 or 2, 

wherein 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. 

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 shi.fted 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 the 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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phase of water in the target is shifted from a-solid body to 

liquid. 
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