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57) ABSTRACT 
A microwave heating apparatus comprising a magne 
tron, a heating chamber, and a small amount of mate 
rial capable of absorbing microwave energy which is 
placed in the heating chamber, wherein microwave 
energy is supplied into the heating chamber until the 
small amount of material is heated to a predetermined 
temperature and, when the temperature of the small 
amount of material reaches the predetermined level, 
the supply of microwave energy is stopped, so that the 
heating period is automatically determined for any 
quantity of the material to be heated, thereby to per 
form an appropriate heating operation. Upon comple 
tion of the heating process, the material absorbing the 
microwave energy is cooled immediately to the orig 
nial temperature, whereby the apparatus is rendered 
ready for the next heating operation in a short time. 

10 Claims, 7 Drawing Figures 
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MICROWAVE HEATING APPARATUS HAVING 
AUTOMATIC HEATING PERIOD CONTROL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a microwave heating appa 

ratus such as a microwave oven or more in particular 
to a microwave heating apparatus in which a material 
to be heated or an object material is appropriately 
heated by regulating the high frequency electric power 
supplied to a heating chamber in accordance with the 
temperature of the object material placed in the cham 
ber. 

2. Description of the Prior Art 
In prior art microwave heating apparatus including a 

microwave oven, the temperature of an object material 
is controlled by time with a timer. In other words, a 
heating period of time considered to be proper for the 
quantity and quality of an object material is set in ad 
vance on a timer, and high frequency electric power is 
supplied into a heating chamber to heat the object ma 
terial for the set period of time. Such a prior art method 
of controlling the temperature of the object material 
has the disadvantage that it is very difficult to set the 
timer accurately according to slight differences in the 
quantity or quality of the object material, often result 
ing in insufficient or excessive heating thereof. Al 
though the insufficient heating can be compensated for 
by reheating the object material after resetting the 
timer, the excessive heating leads to damage of the ob 
ject material in most cases. 

In past attempts to obviate the above-mentioned dis 
advantages, a thermometer is inserted in the heating 
chamber or directly into the object material to detect 
the temperature thereof. In the former attempt, the fact 
that the temperature of the object material is measured 
by utilization of the convection of air in the heating 
chamber results in a low accuracy with which the tem 
perature of the object material is detected, while the 
latter method, in spite of its high accuracy, has the dis 
advantage that the object material may be deformed. 
For these reasons, both the methods have yet to be ap 
plied commercially. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a microwave 
heating apparatus which is capable of heating automat 
ically an object material for an appropriate period of 
time in accordance with the quantity thereof. 
Another object of the invention is to provide a micro 

wave heating apparatus which is capable of heating an 
object material automatically as desired by merely set 
ting a temperature to which the object material is re 
quired to be heated. 

Still another object of the invention is to provide a 
microwave heating apparatus which is rendered ready 
for the next heating operation in a short period of time 
after performing the preceding heating operation to 
thereby perform the next heating operation accurately. 
A further object of the invention is to provide means 

by which the generation of microwave energy is 
stopped automatically in a short period of time if the 
generated microwave energy is erroneously supplied 
into the heating chamber in the absence of an object 
material to be heated, thereby preventing the magne 
tron from being damaged. 
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2 
In order to achieve the above-mentioned objects, the 

temperature of an object material is detected by the 
method mentioned below according to the invention. 
An appropriate small amount of material which is ca 

pable of absorbing high-frequency electric power is 
placed in a heating chamber, and the temperature of 
the object material is estimated on the basis of the tem 
perature of the small amount of material. When the ob 
ject material is great in quantity, small energy is ab 
sorbed by the small amount of material and therefore 
the increase in the temperature thereof is delayed. 
When the object material is small in quantity, on the 
contrary, much energy is absorbed by the small amount 
of material, so that the temperature of the small 
amount of material is increased at a rapid rate. In view 
of the fact that a certain temperature of the small 
amount of material is reached in a short or long period 
of time depending on whether the object material to be 
heated is small or great in quantity respectively, it is 
possible to obtain a predetermined temperature of the 
object material by continuing to supply high-frequency 
electric power until the predetermined temperature of 
the small amount of material is reached. 
Upon completion of a heating process, the small 

amount of material absorbing microwave energy is 
quickly cooled almost to the room temperature prior to 
the start of the next heating process. This quick cooling 
operation is effected interlacking with the stoppage of 
radiation of the high-frequency power into the oven or 
the opening operation of the door of the oven. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic block diagram showing the con 
struction of an embodiment of the invention. 
FIG. 2 is a graph showing the manner in which the 

temperatures of the small amount of material absorbing 
microwave energy and the object material are in 
creased. 

FIG. 3 is a circuit diagram showing an example of the 
control circuit employed in the apparatus of the inven 
tlOn. 
FIG. 4 is a graph showing the manner in which the 

temperatures of the small amount of material and the 
object material change when they are reheated. 
FIGS. 5 and 7 are diagrams showing examples of a 

device for cooling the small amount of material upon 
completion of the heating process. 
FIG. 6 is a circuit diagram showing the essential parts 

of an example of the power supply circuit and the con 
trol circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference to FIG. 1, reference numeral 1 shows 
a heating chamber, numeral 6 a magnetron for generat 
ing microwave energy, numeral 6a an antenna for ap 
plying the microwave energy to the heating chamber 1, 
numeral 5 a power supply circuit for actuating the mag 
netron 6 which supplies electric power to the magne 
tron or cuts off the supply by means of an external con 
trol, numeral 7 an object material to be heated, nu 
meral 8 a mount on which the object material 7 is 
placed, numeral 2 a temperature-detecting element, 
numeral 3 a small amount of material, mounted on the 
temperature detecting section of the element 2, for ab 
sorbing the microwave energy, and numeral 4 a control 
circuit for regulating the power supply circuit 5 in re 
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sponse to the temperature detected by the element 2. 
It sufficies if the small amount of material for absorbing 
the microwave energy be as small as 1 cm or less. The 
small amount of material 3 and the element for detect 
ing the temperature of the small amount of material 3 
are placed inside of the heating chamber 1, while on 
the other hand the output terminal of the temperature 
detecting element 2 is connected to the control circuit 
4. The output of the control circuit 4 is in turn con 
nected to the power supply circuit 5 of the magnetron 
6 for controlling the power applied to the magnetron 6. 
The small amount of material for absorbing the micro 
wave energy is attached to the detecting section of the 
temperature detecting element 2. Microwave energy 
produced by the magnetron 6 and applied to the heat 
ing chamber 1 through the antenna 6a is absorbed 
partly by the object material 7 on the mount 8 and 
partly by the small amount of material 3. As a result, 
the object material 7 and the small amount of material 
3 are heated. The energy absorption ratio between ob 
ject material 7 and small amount of material 3 depends 
on the quantity of the object material 7. The greater the 
quantity of the object material 7, the more the energy 
absorption by the object material increases. In that 
case, less energy is absorbed by the small amount of 
material 3 accordingly. 
Thus the temperature increase of the small amount 

of material 3 depends on the quantity of the object ma 
terial 7, thereby making it possible to detect the tem 
perature of the object material 7 by measuring the tem 
perature of the small amount of material 3. The graph 
of FIG. 2 shows the result of measurement of the tem 
perature increase with ferrite rubber and water em 
ployed as the small amount of material 3 and the object 
material 7 respectively. The reason why water is em 
ployed as the object material is that a major portion of 
almost all food products consists of water. In the graph, 
the abscissa shows heating time in minutes, while the 
ordinate represents the temperature in C. The solid 
line 11 shows the temperature of the water employed 
as the object material 7, while the one-point chain 12 
indicates the temperature of the ferrite rubber used as 
the small amount of material 3. When the quantity of 
the water is doubled, the result is as shown by the solid 
line 11’ and the one-point chain 12" which represent 
the temperatures of the water and ferrite rubber re 
spectively. As will be apparent from the graph, in spite 
of the difference of the quantity of the water or object 
material, the temperatures Tp and T'C of the ferrite 
rubber for different quantities of the water almost 
agree with each other at the same water temperature, 
say, T C to which the water is heated. When it is de 
sired to heat the object material 7 to TC, therefore, 
the temperature of the small amount of material 3 is de 
tected by the temperature detecting element 2 so that 
the power supply circuit 5 is controlled by the control 
circuit 4 thereby to cut off the generation of microwave 
by the magnetron 6 at the temperature Tp C of the 
small amount of material 3. In this way, it is possible to 
automatically and accurately regulate the temperature 
of the object material 7 without damage to the shape 
thereof. 
The control circuit 4 is provided for the purpose of 

stopping the power supply to the magnetron 6 when the 
temperature detected by the temperature detecting ele 
ment reaches a predetermined level, and any circuit 
may be employed therefor if it functions to energize a 
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4. 
switch at a predetermined temperature. As an example, 
such a circuit may take the form as shown in FIG. 3 
which employs a bridge circuit including a thermistor 
2" as the temperature detecting element 2. The ther 
mistor 2' in combination with resistors 13, 14 and 15 
constitute a bridge circuit that is well known as a circuit 
for measuring the temperature of an object material. 
Upon application of a voltage to the bridge circuit from 
the power supply circuit 16, a voltage is obtained be 
tween points a and b as a function of the temperature 
detected by the thermistor 2'. Between the points a and 
b are inserted a series-connected circuit comprising a 
diode 17, resistor 18 and a temperature-setting power 
supply 19. The resistance value of thermistor 2' 
changes with temperature, and when the voltage be 
tween points a and b exceeds that of the temperature 
setting power supply 19, current flows through the 
diode 17, resistor 18 and power supply 19, with the re 
sult that a voltage is generated across the resistor 18. 
The voltage thus produced across the resistor 18 is in 
creased by means of the amplifier 20 to a level required 
for the controlling of the magnetron 6 and then sup 
plied to the power supply circuit 5 for the magnetron 
6, whereby a relay is energized to cut off the power sup 
ply thereby to stop the oscillation of the magnetron 6. 
The temperature detected by the thermistor 2" for stop 
ping the oscillation is set by changing the voltage of the 
temperature-setting power supply 19. Various degrees 
of the temperature of the object material correspond 
ing to voltages of the temperature-setting power supply 
19 are calibrated on a knob for adjusting the voltage, 
whereby it is possible to effect an appropriate heating 
operation simply by designating a desired temperature 
irrespective of the weight of the object material. If it is 
desired to heat the object material 7 immediately after 
taking it out of a refrigerator instead of from room tem 
perature, the appropriate heating is effected by desig 
nating a temperature which is greater than the desired 
temperature by the difference between the room tem 
perature and the temperature in the refrigerator. 
The problem mentioned below arises when there is 

insufficient time before the reuse of the microwave 
heating apparatus. The graph of FIG. 4 shows the result 
of measurement of temperature increase of the small 
amount of material 3 and the water that is the object 
material as in the case of FIG. 2 which is heated a short 
time after the preceding heating operation. 

In the preceding heating operation, the small amount 
of material 3 and water are heated from room tempera 
ture TRC as in the case shown in FIG. 2. In the graph 
under consideration, numerals 12a and 1a show the 
temperatures of the small amount of material 3 and the 
water respectively. When the small amount of material 
3 reaches the predetermined temperature Tp C corre 
sponding to the desired temperature T C of the water 
or the object material, the oscillation of the magnetron 
is stopped thereby to heat the water to T C as men 
tioned already. At this time, the small amount of mate 
rial 3 rediates heat and as a result its temperature de 
creases as indicated by 12c. If, however, the water of 
the same quantity begins to be heated again, say, 3 min 
utes after the completion of the preceding heating op 
eration when the temperature of the small amount of 
material 3 stands at, say, Ts'C without being reduced 
to the room temperature of TRC, the increase in the 
temperature of the small amount of material 3 follows 
line 12b, so that it reaches the temperature of TC be 
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fore a minute. In the meantime, the water is heated as 
shown by 11b and reaches the temperature of only T' 
°C when the generation of microwave is terminated, 
making it impossible to heat the object material to the 
desired temperature. This problem is solved by provid 
ing means for cooling the small amount of material im 
mediately after the preceding heating operation. 
Examples of such means are shown in FIGS. 5 and 7. 

In FIG. 5, reference numeral 4' shows a control circuit, 
numeral 21 a fan, numeral 22 a motor, and numeral 23 
a ventilation flue made of a low-loss dielectric material. 
When the temperature-detecting element 2 detects the 
fact that the small amount of material 3 has been 
heated to Tp C, the power supply circuit 5 is controlled 
by the control circuit 4' in such a manner as to termi 
nate the high-frequency oscillation of the magnetron 6, 
while at the same time actuating the motor 22. Then 
the fan 21 connected to the motor 22 is rotated, so that 
accelerated air flow from outside of the heating cham 
ber is supplied through the ventilation flue 23. The ac 
celerated air flow in the ventilation flue 23 is applied 
to the small amount of material 3 thereby to forcibly 
cool it. The reduction of the temperature of the small 
amount of material 3 to T C of the preheating state 
is detected by the temperature-detecting element 2, 
and therefore by utilizing the same element 2, the con 
trol is effected to stop the rotation of the motor 22. An 
example of the circuit which effects the control opera 
tion on the above-mentioned principle is illustrated in 
FIG. 6. 
The exemplary circuit of FIG. 6 includes only the es 

sential parts for controlling the power supply circuit for 
the magnetron 6 and the motor 22 of a microwave 
oven. In the drawing, reference numeral 50 shows a 
transformer for supplying a high voltage and a filament 
voltage for actuating the magnetron 6. Symbols S1 and 
S show main switches connected to a commercial 
power supply, Sa a switch which is provided inside of 
the heating chamber and energized in response to the 
opening and closing operation of the door of the appa 
ratus, and S a switch often in the form of a push button 
which is depressed by the operator to start the heating 
operation. Symbol S5 shows a switch for stopping the 
heating operation, which is energized in the apparatus 
according to the invention when a predetermined tem 
perature of the small amount of material 3 is detected. 
Symbols S6 and S show contacts for connecting and 
cutting off the power supply to the transformer 50, and 
numeral 51 a relay for closing and opening the contacts 
S and S. Symbol S shows a contact for the self 
maintenance of the contacts S6 and S. With the closing 
of the main switches S and S and the switch S for 
starting the heating operation, current flows in the 
relay 51 thereby to close the contacts S6, S and St. As 
a result, power is supplied to the transformer 50, and 
the magnetron connected to the secondary winding of 
the transformer 50 is energized for oscillation. Under 
this condition, the contact S is in the closed state and 
therefore the relay 51 continues to be energized even 
if the switch S is opened, supplying the electric power 
to the transformer 50. 
With the increase in the temperature of the small ma 

terial 3 by the continued heating thereof, an output is 
obtained from the amplifier 20 included in the control 
circuit comprising a bridge circuit, whereby the transis 
tor 53 is turned on and a current flows in the relay 52 
thereby to open the switch Ss. The result is the cutting 
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6 
off of current in the relay 51, so that the contacts S6 and 
S. are opened and the power supply to the transformer 
50 is terminated to complete the heating process. With 
the energization of the relay 52, the switch S5 is 
opened, while at the same time closing the switch Ss. A 
DC voltage appropriately divided by resistors is applied 
to a set input terminal of the flip-flop circuit 44, 
whereby the relay 45 is energized and the switch So is 
closed thereby to start the motor 22. The rotation of 
the motor 22 causes the fan to be rotated and as a result 
the small amount of material for absorbing microwave 
energy is cooled at a rapid rate. When the output of the 
amplifier 20 disappears with the decrease in the tem 
perature of the small amount of material 3, the transis 
tor 53 is cut off and the relay 52 is de-energized. The 
switch S is opened and the input to the input terminal 
of the flip-flop circuit 44 is reduced to ground poten 
tial. In spite of this, the cooling of the small amount of 
material is continued because a current continues to 
flow in the relay 45 until an input signal is applied to 
the reset input terminal 43. 

In the case where the points a and b of the bridge cir 
cuit of FIG. 3 are connected to the emitter and base of 
the transistor 41 respectively, the transistor 41 con 
ducts thereby to maintain a low collector voltage 
thereof, as long as the bridge is unbalanced due to the 
fact that the temperature detected by the temperature 
detecting element 2 is higher than room temperature. 
When the temperature of the small amount of material 
3 is reduced almost to room temperature, the potential 
difference between point a and b approximates to Zero 
and the transistor 41 is cut off. The potential of the col 
lector of the same transistor is increased to the source 
voltage, which is applied to the reset input terminal 43 
of the flip-flop circuit 44 so as to reset the same, 
thereby cutting off the current in the relay 45. As a re 
sult, the switch So is opened to stop the motor 22. 
Instead of detecting the reduction in the temperature 

of the small amount of material 3, the flip-flop circuit 
44 may be replaced by a monostable multivibrator in 
order that a signal produced at the input terminal 42 is 
utilized as a trigger signal to continue the energization 
of the relay 45 for a predetermined sufficient period of 
time to cool the small amount of material upon comple 
tion of a heating process. In such a case, the transistor 
41 may be omitted. 
By connecting in series with the relay 51 an addi 

tional switch dependent on the relay 45 in such a man 
ner that the switch remains open as long as the relay 45 
is energized, the next heating operation is prevented 
from being started before the small amount of material 
3 is sufficiently cooled, and thus an erroneous opera 
tion of the apparatus is avoided. As will be apparent 
from the above description, after a heating process is 
completed, the small amount of microwave absorbing 
material 3 can be cooled in a short time by means of the 
accelerated airflow from the fan 21, thus preventing an 
erroneous operation of the apparatus which often oc 
curs when it is used again before a sufficient time 
elapsed after the preceding heating operation. 
Another example of the cooling means is shown in 

FIG. 7, in which it will be seen that an arm 25 with 
teeth is provided on the door 24 on one side of the 
heating chamber 1. The teeth of the arm 25 are in mesh 
with a gear 26 the turning effort of which is imparted 
to the fan 21 through the belt 27 hung on the gear 26. 
In this arrangement, the opening of the door 24 for re 
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trieving the object material 7 out of the heating cham 
ber 1 upon completion of the heating thereof causes 
the arm 25 connected to the door 24 to slide. The slid 
ing of the arm 25 in turn causes the rotation of the gear 
26 in mesh with the arm 25, so that the rotation of the 
gear is imparted through the belt 27 to the fan 21 
thereby to rotate the same, with the result that the ac 
celerated air flow is allowed into the ventilation flue 23 
thereby to forcibly cool the small amount of microwave 
absorbing material 3. Another gear or gears may be 
used in place of the belt 27. 
Although ferrite rubber is used as the small amount 

of microwave absorbing material 3 in the above 
described embodiments, the materials of the small 
amount of microwave absorbing material 3 are not lim 
ited to ferrite rubber but any material may be used so 
far as it is heated by absorbed microwave energy, a ma 
terial with high dielectric loss being more accurately 
controlled in temperature. Also, the thermistor used as 
the temperature detecting element 2 may be replaced 
by any other means including a thermocouple with a 
corresponding circuit on condition that an electrical 
constant of such a means changes with temperature. 
Further, if the apparatus is used erroneously without 

any object material being inserted therein, all the mi 
crowave energy generated is concentrated on the small 
amount of material 3 and therefore its temperature is 
increased instantaneously to such a degree as to stop 
the oscillation of the magnetron, thereby leading to the 
advantage that operation of the apparatus in the ab 
sence of any load is prevented. 
We claim: 
1. A microwave heating apparatus of the type heating 

an object in a heating chamber by microwaves, said ap 
paratus comprising: 
detection means for detecting temperature in the 
heating chamber, said detection means including a 
microwave energy-absorbing member disposed in 
said heating chamber for absorbing a portion of 
said microwaves, and a detector for detecting a 
temperature of said microwave energy-absorbing 
member, said temperature of said microwave ener 
gy-absorbing member changing dependent on the 
quantity of said object, thereby detecting a temper 
ature of said object to be heated, and 

control means for controlling the supply of micro 
waves to said heating chamber as a function of the 
detection of a predetermined temperature of said 
object by said detection means. 

2. A microwave heating apparatus according to claim 
1, further comprising cooling means for reducing the 
temperature of said microwave energy-absorbing mem 
ber in said heating chamber to a predetermined level 
prior to heating a second object to be heated. 

3. A microwave heating apparatus comprising: 
a heating chamber for containing an object material 

to be heated; 
means for generating and supplying microwave en 
ergy to said heating chamber for heating the object 
material; 

detecting means for detecting a temperature includ 
ing an energy-absorbing material located within 
said heating chamber for absorbing a part of said 
microwave energy in said heating chamber, said 
energy-absorbing material being heated to a tem 
perature detected by said detecting means upon 
the absorption of said part of said microwave en 
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ergy, said part of said microwave energy being in 
versely dependent on the quantity of said object 
material; 

means for generating an electrical signal according to 
5 the temperature of said energy-absorbing material; 

means for generating a reference voltage; 
means for comparing said electrical signal and said 
reference voltage so as to generate a control signal 
when said electrical signal is larger than said refer 
ence voltage; and 

means for applying said control signal to said micro 
wave energy generating means so as to stop the 
generation of the microwave energy. 

4. A microwave heating apparatus according to claim 
15 3, further comprising: 

means for cooling said energy-absorbing material; 
and 

means for energizing said cooling means when the 
generation of said microwave energy is stopped. 

5. A microwave heating apparatus according to claim 
4, further comprising: 
means for de-energizing said cooling means when the 

electrical signal generated by said electrical signal 
generating means is reduced to a predetermined 
level. 

6. A microwave heating apparatus according to claim 
4, further comprising: 
means for de-energizing said cooling means when 

said cooling means has completed a cooling opera 
tion for a predetermined period of time. 

7. A microwave heating apparatus according to claim 
4, wherein said means for cooling includes: 
a ventilation flue connected to said heating chamber, 
a fan for supplying cooling air through said ventila 

tion flue into said heating chamber for cooling said 
energy-absorbing material so that any effect of the 
temperature of said energy-absorbing material de 
tecting the temperature of a first object material is 
eliminated prior to detecting a temperature of a 
second object material, and 

a motor operable in response to said control signal 
for rotating said fan. 

8. A microwave heating apparatus according to claim 
7, further comprising: 
means for generating a second control signal when 

the temperature of said energy-absorbing material 
is reduced to a predetermined temperature; and 

means for supplying said second control signal to said 
motor for stopping the operation of said motor. 

9. A microwave heating apparatus according to claim 
3, further comprising: 
a ventilation flue connected to said heating chamber, 
a fan for supplying cooling air through said ventila 

tion flue into said heating chamber for cooling said 
energy-absorbing material so that any effect of the 
temperature of said energy-absorbing material de 
tecting the temperature of a first object material is 
eliminated prior to detection of a temperature of a 
second object material, 

a motor for rotating said fan; and 
a switch adapted to be closed by said control signal 
for a predetermined period of time for supplying a 
power to said motor to rotate said fan for said pre 
determined period of time. 

10. A microwave heating apparatus comprising: 
a heating chamber having a door for containing an 
object material to be heated; 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 



3,875,361 
9 

means for generating and supplying microwave en 
ergy to said heating chamber for heating the object 
material; 

detecting means for detecting a temperature includ 
ing an energy-absorbing material located within 
said heating chamber for absorbing a part of said 
microwave energy in said heating chamber, said 
energy-absorbing material being heated to a tem 
perature detected by said detecting means upon 
the absorption of said part of said microwave en 
ergy, said part of said microwave energy being in 
versely dependent upon the quantity of said object 
material; 

means for generating an electrical signal according to 
the temperature of said energy-absorbing material; 

means for generating a reference voltage; 
means for comparing said electrical signal and said 
reference voltage so as to generate a control signal 
when said electrical signal is larger than said refer 
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O 
ence voltage; 

means for applying said control signal to said micro 
wave energy generating means so as to stop the 
generation of the microwave energy; 

an arm having a rack the movement of which is oper 
atively associated with the opening and closing of 
said door of said heating chamber; 

a pinion being in mesh with said rack of said arm; 
a fan adapted to be rotated by the rotation of said 

pinion; 
means for generating an air flow by the use of said 

fan; and a ventilation flue for guiding said air flow 
to said energy-absorbing material from outside of 
said heating chamber so that any effect of the tem 
perature of said energy-absorbing material detect 
ing the temperature of a first object material is 
eliminated prior to detection of a temperature of a 
second object material. 
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