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Description

TECHNICAL FIELD

[0001] The present invention relates to a microwave
heating apparatus for heating/cooking various heating
objects in an appropriate environment.

BACKGROUND ART

[0002] As a prior art of microwave heating apparatus,
a thawing/cooking oven as disclosed in the Japanese
Patent Publication No.Sho55-51541 is well known. In
the following, constitution of the oven is described refer-
ring to Fig.23.
[0003] Referring to Fig.23, a prior art thawing/cooking
oven comprises a stirrer 3 disposed at the ceiling 2 of a
sealable oven body 1, and a magnetron irradiation port
4 disposed in the neighbourhood of the stirrer. Within
oven body 1, a detachable food shelf 5 is provided; a
detachable liquid tray 6 for water, oil, etc. is provided
underneath, in which a foodstuff A may be immersed
when necessary; further beneath the tray, a heating
means 7 by gas, electricity, etc. is provided. Through a
combined work of magnetron irradiation port 4, liquid
tray 6 and heating means 7, a heating object is heated
with the magnetron irradiation from the above, and at
the same time, depending on needs, with steam from
boiling water from the underneath.
[0004] By the combined use of magnetron irradiation
and heating with steam, the time for passing through the
zone of maximum ice crystal formation, during which the
cell wall is damaged when a frozen foodstuff is thawed,
is minimized, and a foodstuff is thawed evenly without
allowing escaping of delicious contents. Since water va-
pour is available, the oven may be used also for thawing
frozen breads/frozen cakes, or treating the whole proc-
ess steps of bread/cake making with fermentation.
[0005] Besides heating with steam, the oven is capa-
ble of conducting various heating/cooking processes.
For example, thawing of frozen pre-processed food-
stuffs in fat provided in the liquid tray, thawing of a frozen
food package by a combined use of magnetron irradia-
tion and hot air from a heating apparatus (hot air stirred
by stirrer in the ceiling), and other cooking methods are
disclosed.
[0006] In a prior art microwave heating apparatus,
however, since the atmosphere in heating cavity is ap-
proximately 100°C temperature/100% humidity, it ac-
companies such drawbacks as: when a frozen baked
bread or a frozen fried tempura is thawed the surface
becomes sticky with steam, affecting the deliciousness;
uneven temperature spread is readily caused between
the inside and the surface of a foodstuff, which, in a case
of thawing frozen breads where the water content is low,
gives damage on the stuff affecting the flavor, elasticity
or the feeling on teeth.
[0007] The issue is explained more in detail. Fig.24

illustrates the changing temperature of a foodstuff and
the oven cavity in a prior art oven wherein the heating
with microwave and the heating with steam are conduct-
ed at a same time. The temperature of a foodstuff, start-
ing from the frozen temperature (-20°C), climbs up
passing through the zone of maximum ice crystal for-
mation (-1 - -5°C) where it consumes a great energy,
taking some time there. While a foodstuff is in frozen
state it does not absorb the microwave efficiently, in-
stead the microwave goes deep into the foodstuff, and
the heat is conducted swiftly. Consequently, the temper-
ature within a foodstuff is relatively even. Application of
steam helps the foodstuff quickly pass through the zone
of maximum ice crystal formation, but the temperature
within the heating cavity becomes approximately
100°C, and the humidity also approximately 100%.
[0008] After passing through the zone of maximum ice
crystal formation, a foodstuff carries with it those places
already thawed and those still frozen. The thawed parts
show a dielectric loss several times to several tens of
times as large, and microwave is selectively absorbed,
which invites uneven temperature within a foodstuff. Es-
pecially when steam is applied, the surface of a foodstuff
gathers steam, and only a superficial surface of food-
stuff is heated by microwave, which expedite the in-
crease of surface temperature. Namely, when the inside
temperature of a foodstuff reaches an optimum level,
the surface temperature is already far higher than the
optimum.
[0009] The optimum temperature for a meal is differ-
ent depending on the kind; it is higher than 80°C for e.
g. steamed meals; 60 - 70°C for tempuras, if too hot the
food material dehydrates, and moisture is deprived of
by coating and taste is affected. The optimum temper-
ature for breads is the room temperature or a tempera-
ture slightly higher than bodily temperature; if it is too
high the stuff gets damage, and the flavor, elasticity and
feeling on teeth are affected. Anyway, the the optimum
temperature is at least lower than 90°C.
[0010] Also the optimum humidity for a meal is differ-
ent depending on the kind. For example, the taste de-
teriorates with both breads and tempuras if their surface
get moistened.
[0011] As described above, in a prior art microwave
heating apparatus, the emphasis has been placed on
how swiftly having a heating object pass through the
zone of maximum ice crystal formation, while hardly any
attention has been paid on how to heat/cook a foodstuff
in an environment that is ideal for the foodstuff. Namely,
when steam is provided the environment in heating cav-
ity is made to be always at almost 100°C temperature
and approximately 100% humidity, therefore a foodstuff
has never been heated/cooked in optimum environ-
ment.

DISCLOSURE OF THE INVENTION

[0012] The present invention is aimed at solving the
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above described drawbacks and is intended to heat/
cook varieties of heating objects to an excellent condi-
tion by introducing a means to appropriately control, for
example, the temperature, humidity, mode of air flow,
etc.
[0013] According to the present invention the prob-
lems above discussed are solved by a microwave heat-
ing apparatus according to claim 1. Advantageous em-
bodiments of such an apparatus are claimed in depend-
ent claims 2 to 18.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Fig.1 illustrates a method of controlling the en-
vironment within heating cavity of a microwave heating
apparatus according to a first embodiment.
[0015] Fig.2 shows appearance of a microwave heat-
ing apparatus according to the present invention.
[0016] Fig.3 shows cross sectional front view of a mi-
crowave heating apparatus according to a first embod-
iment of the present invention.
[0017] Fig.4 is block diagram showing a constitution
for controlling the environment within heating cavity of
a microwave heating apparatus according to a first em-
bodiment.
[0018] Fig.5 shows cross sectional front view of a mi-
crowave heating cavity according to a second embodi-
ment.
[0019] Fig.6 shows a method of controlling the envi-
ronment within heating cavity of a microwave heating
apparatus according to a third embodiment.
[0020] Fig.7 shows a method of controlling the envi-
ronment within heating cavity of a microwave heating
apparatus according to a fourth embodiment.
[0021] Fig.8 shows cross sectional front view of a mi-
crowave heating cavity according to either a third or a
fourth embodiment.
[0022] Fig.9 shows cross sectional front view of an-
other microwave heating cavity according to either a
third or a fourth embodiment.
[0023] Fig.10 is block diagram showing a constitution
for controlling the environment within heating cavity of
a microwave heating apparatus according to either a
third or a fourth embodiment.
[0024] Fig.11 shows a method of controlling the envi-
ronment within heating cavity of a microwave heating
apparatus according to a fifth embodiment.
[0025] Fig.12 shows a method of controlling the envi-
ronment within heating cavity of a microwave heating
apparatus according to a sixth embodiment.
[0026] Fig.13 shows a method of controlling the envi-
ronment within heating cavity of a microwave heating
apparatus according to a seventh embodiment.
[0027] Fig.14 shows cross sectional front view of a mi-
crowave heating cavity according to an eighth embodi-
ment.
[0028] Fig.15 shows cross sectional front view of a mi-
crowave heating cavity according to a nineth embodi-

ment.
[0029] Fig.16 shows cross sectional front view of a mi-
crowave heating cavity according to a tenth embodi-
ment.
[0030] Fig.17 shows a method of controlling the envi-
ronment within heating cavity of a microwave heating
apparatus according to a tenth embodiment.
[0031] Fig.18 shows a method of controlling the envi-
ronment within heating cavity of a microwave heating
apparatus according to an eleventh embodiment.
[0032] Fig.19 shows a method of controlling the envi-
ronment within heating cavity of a microwave heating
apparatus according to a twelfth embodiment.
[0033] Fig.20 shows a method of controlling the envi-
ronment within heating cavity of a microwave heating
apparatus according to a thirteenth embodiment.
[0034] Fig.21 shows a method of controlling the envi-
ronment within heating cavity of a microwave heating
apparatus according to a fourteenth embodiment.
[0035] Fig.22 shows cross sectional front view of a mi-
crowave heating apparatus according to a fifteenth em-
bodiment.
[0036] Fig.23 shows cross sectional front view of a pri-
or art heating cavity of thawing/cooking oven.
[0037] Fig.24 shows a method of controlling the envi-
ronment within heating cavity of a prior art thawing/cook-
ing oven.

BEST MODE FOR CARRYING OUT THE INVENTION

(embodiment 1)

[0038] A first embodiment of the present invention is
described hereunder referring to drawings.
[0039] Fig.2 shows appearance of a heating appara-
tus implementing a method of heating foodstuff accord-
ing to the present invention. In the front of oven body 8
is a door 9 disposed openable by hinge for closing the
heating cavity in which a foodstuff is to be housed. On
a operation board 10, a heating instruction key 11, or an
input means, is disposed for entering instructions to a
control section to be described later; the instructions are
comprised of one-digit or two-digit code corresponding
to such factors as category and quantity of foodstuff,
store temperature (frozen or chilled), heat-end temper-
ature, etc. which are relevant to method of heating. A
water reservoir 12 is disposed detachable at the right
side of body.
[0040] Fig.3 shows cross sectional front view of heat-
ing cavity; a magnetron 24, or microwave generating
means for irradiating microwave and a steam generator
15 for generating steam are coupled to heating cavity
13. Magnetron and said steam generator are controlled
by a control section 21, operation of which is described
later. Steam generator 15 comprises a boiler 16, atom-
izer 17 comprising an ultrasonic vibrator, and a temper-
ature control heater 18, and turns water supplied from
water reservoir 12 to boiler 16 into small particles of wa-
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ter at atomizer 17, and temperature control heater heats
the small particles of water to a specified temperature.
Under the controlled operation of atomizer 17 and con-
trolled input to temperature control heater 18, steam
generator 15 produces an air of desired temperature
and humidity. A foodstuff 19 is placed on a tray 20 having
various small holes or slits.
[0041] Fig.4 is block diagram showing a constitution
of control system; control section 21, or a means to con-
trol the environment, reads out a designated heating
condition from a memory 22 upon receiving an instruc-
tion entered at heating instruction key 11. Control data
for steam generator 15, viz. data of operation control of
atomizer 17 and input control of temperature control
heater 18, and data of power supply conditions to mag-
netron 14 are stored as the heating conditions. These
data may either be a time sequential control value for
each respective block, or a certain mathematical formu-
la. In a case it is a mathematical formula, control section
21 conducts an operation to obtain time sequential data,
and power supplies to atomizer 17, temperature control
heater 18 and magnetron 14 are controlled according to
the time sequential data; thus temperature/humidity of
steam to be supplied to heating cavity as well as tem-
perature of the foodstuff are controlled to an already
designated mode along with the progress of heating pro-
cedure.
[0042] In Fig.1 which illustrates the present invention,
(a) shows temperature within heating cavity and tem-
perature of foodstuff during heating procedure, (b) tran-
sition of humidity within the heating cavity, and (c) mi-
crowave output. What is significant with the present in-
vention is that even when steam generating means is
put into operation and heating is conducted with steam,
the environment within heating cavity is not fixed in a
constant state of approximately 100°C temperature/ap-
proximately 100% humidity. In other words, since con-
trol section 21 controls the microwave output and the
steam generator, an apparatus according to the present
invention cooks foodstuff always under an environment
most suitable to the foodstuff.
[0043] Now in the following, a practical heating meth-
od is described. As indicated in (a), the temperature of
a foodstuff started from the freezing temperature(-20°C)
passes through the zone of maximum ice crystal forma-
tion(-1 - -5°C) taking some lapse of time (point A). Since
the foodstuff absorbs microwave only slightly and has a
good internal heat conduction, the microwave is gener-
ated at full power to be irradiated to the foodstuff during
the first half of heating, and then in the second half when
part of the foodstuff starts melting the output is de-
creased to an appropriate level, as shown in (c). During
the above thawing period, the temperature within heat-
ing cavity is maintained at the room temperature or
slightly higher than that, and the humidity at a normal
humidity or slightly higher, as shown in (b). Namely,
thawing is conducted mainly with microwave which goes
deep into a foodstuff in frozen state, while the use of

steam is suppressed.
[0044] After passing the point A, the foodstuff in which
melted part and frozen part coexist starts absorbing mi-
crowave significantly. As described earlier, the melted
part(water) shows a dielectric loss several to several
tens of times as high as that of frozen part, therefore the
microwave output is reduced to a level about one fifth
or sixth of the full power, as shown in (c). The tempera-
ture and humidity within heating cavity are raised after
the point A or its vicinity, as shown in (a) and (b). When,
the temperature within heating cavity is controlled, along
with the progress of heating procedure, to keep almost
an identical temperature as that of the foodstuff. Be-
cause thermal capacity of the air is low and foodstuff is
quickly heated by micorwave, it is efficient to set tem-
perature of the environment at slightly higher, as shown
in the drawing. Upon receiving a code entered from
heating instruction key, the control section searches the
memory and reads out control data corresponding to the
category and quantity of foodstuff, store temperature
(frozen or chilled, etc.), heat-end temperature, and other
items; and executes the control from time to time on
steam generator and magnetron in accordance with
these control data. In order to provide a heating object
after being thawed with humidity, an appropriate steam
is supplied from steam generator, taking the humidity
that a just-baked bread has into consideration. Thus, ac-
cording to the present invention a foodstuff is not heated
in an environment, approximately 100°C temperature/
approximately 100% humidity when hot steam is provid-
ed, under which prior arts conducted heating.
[0045] By the execution of such controls, the differ-
ence between the foodstuff itself and the environment
surrounding it is reduced to minimum, under which sit-
uation the exchange of temperature and moisture(wa-
ter) is difficult to occur. Namely, when an average tem-
perature in the core of foodstuff reaches an appropriate
level, the environmental temperature too is almost on
an equal level, therefore thermal exchange and transfer
of moisture at the surface of foodstuff is difficult to take
place. Consequently, a bread an ideal temperature of
which is the room temperature or a temperature slightly
higher than bodily temperature does not get any mate-
rial harm on the stuff because of very small in/out tem-
perature difference; and a frozen bread may be thawed
maintaining the same flavor and elasticity as it had when
it was just baked and preserved until just before it was
frozen, to an excellent condition, and the feeling to teeth
is made to be comparable to the state as it was just
baked. As the result, heating/cooking process proceeds
keeping the surface temperature and the inner temper-
ature of a foodstuff approximately equal, as shown in
Fig.1.
[0046] Since the humidity within heating cavity is op-
timized taking the moisture contained in a just-baked
bread into consideration, the skin of bread does not ab-
sorb excessive moisture from steam.
[0047] In a case of tempura, because at the time when
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temperature of inner stuff reaches at 60 - 70°C the coat-
ing is also heated approximately to the same tempera-
ture, the inner stuff is not deprived of moisture by the
coating and keeps juicy state.
[0048] In the present embodiment, the surface of both
bread and tempura is somewhat moisturous when heat-
ing is ended due to influence of steam but it dries up
crisp in several minutes, before the dishes are carried
to a dining table. In the repeated experiments, those by
the present embodiment produced more crispy state in
several minutes after heating is finished, as compared
with those heated with only micorwave. The reason
seems to be that: when a heated foodstuff is taken out
of heating cavity to a normal room ambient where it is
dry and low in temperature it loses heat and moisture,
therefore by providing in advance a slight moisture cor-
responding to a quantity to be lost to the surface of food-
stuff it resumes a just-cooked state in several minutes.
On the other hand, those heated with only microwave
got increasingly moisturous in the coating after the heat-
ing is ended. The reason seems to be that: since the
temperature of inner stuff is higher than that of coating,
the moisture of inner stuff moves to the coating, render-
ing the coating moisturous, and the inner stuff suffers
dehydration.

(embodiment 2)

[0049] Fig.5 is a cross sectional front view showing a
heating cavity according to a second embodiment. In the
first embodiment, heating work is carried out, upon re-
ceiving a heating instruction entered through an input-
ting means, in accordance with heating conditions re-
corded beforehand in a memory means. However, the
environment of a foodstuff under a heating procedure
may be better controlled with higher precision by pro-
viding a detecting means for measuring the environment
within heating cavity and giving feedback to the power
supply to steam generator. In heating cavity 13, a tem-
perature sensor 23 and a humidity sensor 24 are dis-
posed as an environmental detection means. Tempera-
ture and humidity within heating cavity 13 are detected,
and supplied to a control section 21. This enables the
control section to watch the environment within heating
cavity precisely, and to see whether it is under a good
control or deviating. In a case when the environment
within heating cavity is deviating from a specification,
power supply to steam generator 15 is varied to restore
the environment to specification.
[0050] In the present embodiment, both temperature
and humidity are detected to make the control sure.
However, since a rough idea about the quantity of steam
generation may be conceivable through the power sup-
ply to steam generator, the environment within heating
cavity may be practically watched through detection of
temperature alone.

(embodiment 3)

[0051] Now in the following an embodiment provided
with an air blowing means is described. Fig.8 shows a
constitution containing an air blowing means; where, a
fan 25, or an air blowing means, cools magnetron 14
and other components and then brings a certain quantity
of air flow into heating cavity 13 guided by an air guide
26. This ventilation air agitates the uneven steam within
heating cavity, and discharges redundant steam out of
casing through an exhaust guide 27 and an exhaust hole
28 disposed in a part of the casing.
[0052] As described above, fan 25 mixes the air pro-
duced in steam generator 15 at a desired temperature
and humidity with an outside air, enabling adjustment of
the environment within heating cavity in a quicker and
broader scale. Further, the flow of air within heating cav-
ity makes it easier to control dryness in the surface of
foodstuff. Foodstuff 19, a heating object, is placed on a
tray 20 having substantial numbers of small holes or
slits.
[0053] Fig.9 is cross sectional front view of a heating
cavity according to other form of the embodiment. In
heating cavity 13, a circulation fan 29 is disposed in-
stead of a fan provided as the air blowing means in the
earlier described embodiment. Although it is impossible
for circulation fan 29 to shift the temperature and humid-
ity of the air discharged from steam generator 15 with a
controlled temperature/humidity in a quicker and broad-
er scale as the fan in the earlier described form of em-
bodiment did, the circulation fan works effectively to im-
prove the unevenness of temperature and humidity by
agitating the air within heating cavity, while maintaining
the once adjusted temperature and humidity within heat-
ing cavity 13. Further, the dryness in the surface of food-
stuff can be controlled with ease through the control of
speed and volume of air flow.
[0054] Fig.10 is block diagram showing a control sys-
tem; where, a control section 21 receives a heating in-
struction code entered at heating instruction key 11, and
reads out corresponding heating conditions from mem-
ory 22 which is a storage means. As the heating condi-
tions, control data of steam generator 15, viz. data of
controlling the operation of atomizer 17 and controlling
the input to temperature control heater 18, data showing
power supply conditions to magnetron 14, and control
data of fan 25, or a air blowing means, are stored in the
memory. These data may be in a form of either time se-
quential control data for each respective block, or a
mathematical formula. Control section 21 controls, in
accordance with a time sequential data picked up from
memory or a time sequential data obtained as the result
of operation of the formula, the power supply to atomizer
17, temperature control heater 18, and magnetron 14,
as well as the operation of fan 25, for controlling the tem-
perature and humidity of steam to be introduced in heat-
ing cavity at each step of heating procedure, and the air
flow and foodstuff temperature to predetermined condi-
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tions.
[0055] Fig.6 shows a method of controlling the envi-
ronment with the above described constitution. Where,
(a) shows the temperature within heating cavity and the
temperature of foodstuff under heating procedure, (b)
transition of humidity within heating cavity, (c) micro-
wave output, and (d) the operation of air blow fan.
[0056] In (a), the temperature of a foodstuff started
from the freezing temperature(-20°C) passes through
the zone of maximum ice crystal formation(-1 - -5°C)
taking some lapse of time (point A). Since a foodstuff
absorbs microwave only slightly and has a good internal
heat conduction, the microwave is generated at full pow-
er to be irradiated to the foodstuff during the first half of
heating procedure, and then in the second half when
part of the foodstuff starts melting the output is de-
creased to an appropriate level, as shown in (c). During
the above thawing period, the temperature within heat-
ing cavity is maintained at room temperature or slightly
higher than that, and the humidity at a normal humidity
or lightly higher, as shown in (b). Namely, thawing is con-
ducted mainly with microwave which goes deep into a
foodstuff in frozen state, while the use of steam is sup-
pressed.
[0057] After passing through the point A, the foodstuff
in which melted part and frozen part coexist starts ab-
sorbing microwave significantly. As described earlier,
the melted part (water) shows a dielectric loss several
to several tens of times as high as that of frozen part,
therefore the microwave output is reduced to a level
about one fifth or sixth of the full power, as shown in (c).
The temperature and humidity within heating cavity are
raised after the point A or its vicinity, as shown in (a) and
(b). When, the temperature within heating cavity is con-
trolled, along with the progress of heating procedure, to
keep almost an identical temperature as that of the food
stuff. The control section searches the memory, upon
receiving a code entered from heating instruction key,
and reads out control data corresponding to the catego-
ry and quantity of foodstuff, store temperature (frozen
or chilled, etc.), heat-end temperature, and other items;
and executes the control from time to time on steam
generator, magnetron, and air blowing fan in accord-
ance with these control data.
[0058] By the execution of such controls, the differ-
ence between the foodstuff itself and the surrounding
environment is reduced to minimum, under which situ-
ation the exchange of temperature and moisture(water)
is difficult to occur. Namely, when an average tempera-
ture in the core of foodstuff reaches an appropriate level
(point B), the environmental temperature too is almost
on an equal level, therefore thermal exchange and
transfer of moisture at the surface of foodstuff is difficult
to take place. Consequently, a bread an ideal tempera-
ture of which is the room temperature or a temperature
slightly higher than bodily temperature does not get any
material harm on the stuff because of very small in/out
temperature difference; and a frozen bread may be

thawed maintaining the same flavor and elasticity as it
had when it was just baked and preserved until just be-
fore it was frozen, to an excellent condition, and the feel-
ing to teeth is made to be comparable to the state as it
was just baked. In a case of tempura, because at the
time when temperature of inner stuff reaches at 60 - 70'C
the coating is also heated approximately to the same
temperature, the inner stuff is not deprived of moisture
by the coating, and keeps juicy state.
[0059] The surface of both bread and tempura at point
B is somewhat moisturous affected by the steam. By
keeping the air blowing fan running even after point B,
as shown in (d), redundant moisture sticking on the sur-
face of foodstuff can be swiftly removed. Therefore, it is
effective for foodstuffs like the coating of tempura and
the crust of bread which need to have a crunchy feeling
to make the fan running for several minutes after the
point B.
[0060] It has become clear after conducting experi-
ments repeatedly that the coating which was heated
with microwave alone becomes increasingly moisturous
with the lapse of time, while the one heated under a con-
trolled temperature/humidity provides a dry and crunchy
feeling if the blowing fan was kept running additionally
for several minutes after the point B. Such effect by the
blowing air is called "effect from smooth/mild by on and
off". It seems that when heated with microwave alone
the temperature of inner stuff goes higher than the coat-
ing, and after the point B the moisture of inner stuff
moves to the coating; so the deliciousness is affected
by the coating getting moisturous and the inner stuff get-
ting dehydrated.
[0061] According to the present invention, a small
amount of moisture that is to be lost during the "effect
from smooth/mild by on and off" after the point B may
be provided in advance to the surface of a foodstuff;
thereby creating a state through which a better state of
foodstuff more similar to that of just-cooked is repro-
duced in several minutes afterwards.
[0062] The notice of completion is issued at point C
by buzzer or other means. The delay time for issuing
notice may be counted from the point B with a timer pro-
vided in the control section, or determined by detecting
the temperature within heating cavity decreased to a
certain level with a temperature sensor disposed in the
heating cavity. By delaying the notice of completion to
the point C, a cooking person may take a foodstuff out
of oven totally relying upon notice, without thinking
about an ideal timing of finishing. The delayed notice
contributes also to the safety, because the temperature
and humidity within heating cavity drop, if slightly, at the
time when taking a foodstuff out of oven.

(embodiment 4)

[0063] Now in the following, other embodiment of con-
trol method under a constitution comprising an air blow-
ing means is described. Fig. 7 illustrates an example of
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controlling the environment within heating cavity so that
its temperature never goes beyond the temperature a
foodstuff has at the completion of heating procedure.
[0064] In Fig.7 which illustrates the present invention,
(a) shows temperature within heating cavity and tem-
perature of foodstuff during heating procedure, (b) tran-
sition of humidity within the heating cavity, (c) micro-
wave output, and (d) operation of air blowing fan. In (a),
the method of control from the start of heating upto the
point A is totally the same as that of embodiment 1. The
constitution of reducing microwave output after the point
A to a level about one fifth or sixth of the full power as
shown in (c) is also the same as that of embodiment 1.
Air blowing fan keeps on running intermittently after the
point B, as shown in (d), and foodstuff recieves intermit-
tent air blow like wind by a handheld fan; which may
bring the above described "effect from smooth/mild by
on and off" more significant. Namely, when a foodstuff
is exposed to a continuous wind blow its surface easily
create uneven temperature spread; but when blown by
an intermittent wind the temperature spread becomes
more even helped by thermal conduction within food-
stuff, enabling a good cooking with less uneven temper-
ature spread.
[0065] Temperature as well as humidity within heating
cavity are sharply raised after the point A, as shown in
(a) and (b). The temperature within heating cavity is
made to approximately coincide with the temperature a
foodstuff should have at the completion of heating pro-
cedure; practically, the cavity temperature is set slightly
higher. By the above described control mode, the food-
stuff receives after the point A more significant influence
in the temperature and humidity from the surrounding
environment than in the earlier described control mode
of embodiment 1, therefore heating proceeds more ef-
ficiently. The environment, however, never go beyond
an appropriate temperature level of a foodstuff. There-
fore, the low temperature zone or middle temperature
zone heating for bread, tempura, etc. as well as the
heating of delicate items which should be strictly pro-
tected from moisturing can be conducted in a subtle
way, as in the method of embodiment 1.
[0066] In the present embodiment, any detecting
means such as sensor is not employed, and the heating
work is proceeded according to predetermined heating
conditions stored in memory and designated by an heat-
ing instruction entered from input means. However, a
detection means for detecting environmental conditions
within heating cavity and entering the results as the
feedback to power supply to steam generator may of
course be provided. A temperature sensor and a humid-
ity sensor may serve as the detection means.
[0067] Further, during the time after the end of heating
(point C) until oven door is opened for taking foodstuff
out the heating cavity may be used as a keep-warm
chamber which keeps cooked meals warm without af-
fecting the quality, by continuing only an environmental
adjustment.

[0068] Based on a code entered from heating instruc-
tion key, control section picks up from memory the con-
trol data of steam generator and magnetron correspond-
ing to the category and quantity of foodstuff, starting
temperature(frozen or chilled, etc.), end of the heat tem-
perature, and other items entered, and executes the
control from time to time in accordance with these data.

(embodiment 5)

[0069] A fifth embodiment is described hereunder.
Fig.11 illustrates a heating method according to the
present inventon, wherein the core and the surface tem-
peratures of a foodstuff are raised with a relative even-
ness. Where, (a) shows temperature within heating cav-
ity and temperature of food stuff during heating proce-
dure, (b) transition of humidity within the heating cavity,
and (c) microwave output. The temperature and humid-
ity within heating cavity just before the end of heating
are controlled to be a temperature and a humidity, re-
spectively, which are suitable for a foodstuff to be ap-
propriately cooked.
[0070] Referring to (a), the temperature of foodstuff
starting from freezing temperature(-20°C) climbs slowly
until the zone of maximum ice crystal formation(-5 -
-1°C), as the absorption of microwave is very small. In
the zone of maximum ice crystal formation, the energy
is consumed for melting the ice, therefore it takes some
time before passing through the zone (point A). After
passing the point A, the foodstuff starts absorbing mi-
crowave significantly resulting in a sharp increase of
foodstuff temperature.
[0071] Since it takes some time before the tempera-
ture and humidity within heating cavity reaching a level
of heat-end state as shown in (a), (b), the output of mi-
crowave (c) is controlled depending on foodstuff so as
the heating/cooking procedure does not finish before
the adjusting of environment is ready. In a case of a
foodstuff whose temperature rise in the core is almost
identical to that at the surface, it is not necessary to re-
duce the microwave output after the point A. In this way,
the environment within heating cavity is well adjusted to
be corresponding to the heat-end state; therefore a
foodstuff is mildly heated from the surface with latent
heat of steam, at the same time with microwave. Con-
sequently, the foodstuff is heated swiftly with well bal-
anced temperatures in the core and the surface when
the heating/cooking procedure is completed. Further, as
the moisture on the surface of foodstuff is preserved
well, boiled rice or pasta does not get dried, nor wetted.

(embodiment 6)

[0072] In the following a sixth embodiment is de-
scribed. Fig.12 shows a heating method according to
the present invention for heating a foodstuff whose core
part is heated earlier than the surface; where, (a) shows
temperature within heating cavity and temperature of
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foodstuff during heating procedure, (b) transition of hu-
midity within heating cavity, and (c) microwave output.
The temperature and humidity within heating cavity just
before the end of heating are controlled to be a temper-
ature and a humidity, respectively, which are suitable for
a foodstuff to be appropriately cooked.
[0073] Starting from freezing temperature(-20°C), if a
foodstuff is irradiated by microwave from the beginning
the microwave goes into the core part and the core part
is heated first. Therefore, as shown in (a) and (b), tem-
perature and humidity within heating cavity are adjusted
to be immediately reaching a level of the end of heating
procedure; and steam is made to be condensing on the
surface of foodstuff taking advantage of the temperature
difference between environment and foodstuff, and a
layer of water is formed by the temperature of environ-
ment. At the time when the surface of foodstuff starts
melting (point A), heating with microwave is initiated as
shown in (c). Then a part of microwave which should
have gone into the core part is absorbed by the surface
of foodstuff, heating the foodstuff from both inside and
outside in a well balanced way. As a practical example,
a shao-mai is warmed homogeniously, avoiding such an
inconvenience that a tepid temperature shao-mai is very
hot inside when chewed. Furthermore, the surface of
shao-mai is not dried, and is well preserved with mois-
ture and softness to the conservation of its original de-
liciousness. It is also confirmed by experiments that the
weight reduction after heating is less among those heat-
ed according to a method of the present invention, as
compared with those heated by microwave alone. In a
case of shrimp tempura, since shrimp and the coating
are heated at almost same temperature, such inconven-
ience as the shrimp going stiff as a result of dehydration
caused by move of the moisture containted in the
shrimp, temperature of which reached high earlier than
the coating, to the coating, consequently the coating los-
es the crispy touch, is preventable. According to the re-
sult of experiments, the coating of those tempuras heat-
ed by a heating method according to the present inven-
tion is more moisturous as compared with those heated
by microwave alone at a time immediately after the end
of heating procedure, but when they are served on a
table the coating resumed its crispy feeling, as the re-
dundant water gradually evaporated away in the course
of time.

(embodiment 7)

[0074] A seventh embodiment is described hereun-
der. Fig.13 shows a heating method according to the
present invention for heating a foodstuff whose surface
is heated earlier than the core part; where, (a) shows
temperature within heating cavity and temperature of
foodstuff during heating procedure, (b) transition of hu-
midity within heating cavity, and (c) microwave output.
Starting from freezing temperature(-20°C), the temper-
ature of foodstuff passes through the zone of maximum

ice crystal formation (-1 - -5°C) taking some lapse of
time (point A).
[0075] Since microwave is absorbed by foodstuff only
slightly upto the point A from the start, and goes deep
inside the foodstuff, microwave is irradiated to frozen
food with the full output during the first half of heating
procedure, as shown in (c). In order to have the micro-
wave reaching well inside the foodstuff, it is important
to prevent the surface of foodstuff from melting itself or
absorbing moisture. Therefore, until the foodstuff par-
tially starts melting (point A), temperature control within
heating cavity is suspended as shown in (b). Namely,
thawing of foodstuff is conducted mainly with microwave
which is capable of permeating deep into a foodstuff in
frozen state, meanwhile steaming is suspended.
[0076] After passing through the point A, the foodstuff,
in which melted part and frozen part coexists, starts ab-
sorbing microwave significantly. As described earlier,
the melted part (water) shows the dielectric loss several
to several tens of times as high as the frozen part; which
makes temperature difference between the melted and
the frozen larger. Therefore, as shown in (c), microwave
output is gradually lowered to about one fifth or sixth of
the full power, and heating is kept on going allowing con-
duction of heat from high part to low part. After passing
the point A, the temperature and the humidity within
heating cavity are adjusted respectively to coincide with
the state at the end of the heating procedure of foodstuff,
as shown in (a) and (b); thus steam surrounds the sur-
face of foodstuff and helps the inside temperature go
up. In a case where the inside temperature is still too
low when the surface reached to the heat-end temper-
ature(point B), microwave radiation is terminated at the
point B, as shown in (c), and wait for the inside temper-
ature go up while continuing the control of temperature
and humidity, as indicated in (a), (b). When applied to
e.g. hamburger or curry and rice, the present heating
method warms these items entirely to the inside to a
good temperature, avoiding the surface going too hot
and dried or boiled down.

(embodiment 8)

[0077] Now in the following, an eighth embodiment
comprising an independent heating means in order to
completely prevent dew condensation in heating cavity
is described.
[0078] As the independent heating means, a heating
device 30 is provided, besides a steam generator 15, in
the steam discharge path, as shown in Fig.14. Prior to
generation of steam, a control section starts power sup-
ply to the heating means to raise the temperature of
heating cavity. With such constitution, the condensation
of dew on cold wall surface of heating cavity is prevented
at far higher certainty.
[0079] By virtue of the independent heating means,
the temperature and the humidity within heating cavity
are adjusted not to cause dew condensation on inner
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wall surface of heating cavity, through the control on
power supplies to steam generator 15 and heating de-
vice 30. The effectiveness is remarkable when the en-
vironment within heating cavity is adjusted to be lower
than 90% in relative humidity.

(embodiment 9)

[0080] Now in the following, a nineth embodiment
comprising an independent heating means in order to
completely prevent dew condensation in heating cavity
is described. Fig.15 shows an example of a microwave
heating apparatus comprising an electric heater in heat-
ing cavity. Among the environment adjusting means,
heating device 30 may be replaced with such electric
heater 31 for an integrated function.
[0081] It is not intended to limit the steam generator
to a type as depicted in the present embodiment; it may
be a seize heater or the like dipped into an ordinary boil-
er, or attached by blazing around the tank, for example.
In such a setup, in order to allow a free control of steam
temperature, a part of heater should preferably be ex-
truding above the water level of the boiler so that the
temperature of generated steam can be further raised.

(embodiment 10)

[0082] Now in the following, other embodiment of the
present invention is described referring to drawings. Fig.
16 shows cross sectional view of a microwave heating
apparatus according to other embodiment of the present
invention. A magnetron 14, or a microwave generating
means, is provided in a heating cavity 13 for irradiating
microwave inside of heating cavity 13. Provided at a side
of heating cavity 13 is a steam generator 32 comprised
of non-magnetic material. One end of steam generator
32 is coupled with heating cavity 13 via a discharge duct
33, the other end with a water reservoir 12 via an inflow
tube 34. Within steam generator 32, a heating element
35 comprised of a magnetic metal is housed. Ideally,
steam generator 32 shall be mostly filled with heating
element 35. Heating element 35 may be comprised of
any material of any shape, in so far as it generates heat
with magnetic fields; in the present embodiment, a metal
substance shaped in a form of continuous foam or fiber
is used in order to maximize the contact surface with
water.
[0083] In a case where steam generator 32 is com-
prised of a magnetic material, instead of non-magnetic
material, heating element 35 turns out to be unneces-
sary; in this case, however, the volume of water staying
in steam generator 32 increases and takes a longer time
before it starts generating steam; therefore, some con-
trivance becomes necessary, such as inserting a hollow
body or the like in the steam chamber in order to reduce
the effective volume of water in the chamber, heating
the water in advance, or some other means.
[0084] Around steam generator 32, an exciting coil 36

is provided, which is connected with an inverter power
supply 37 for supplying an alternating current. With the
power supplied from inverter power supply 37, exciting
coil 36 produces an alternating magnetic fields. With the
alternating magnetic fields, an eddy current is created
in heating element 35, which makes heating element 35
generate heat. The water in steam generator 32 is heat-
ed by the heat generated from heating element 35 and
vapours, which vapour proceeds to heating cavity 13
through discharge duct 33. Numeral 38 denotes a high
tension power supply for supplying high voltage power
to magnetron 14. A controller 21 conducts the ON/OFF
operation of inverter power supply 37 and high tension
power supply 38, or the power control of respective pow-
er sources. Within heating cavity 13, a tray 20 having
openings that allow the steam go through is disposed to
place a foodstuff 19 on.
[0085] Exciting coil 36 itself does not generate any
heat; instead, the eddy current makes heating element
35 generate heat, to be conducted direct to the water.
Thus, steam is produced efficiently.
[0086] The steam generator 32 is defined by a gener-
ally cylindrical shell made of an insulating material of a
kind having a heat resistance and an insulating property
such as, for example, heat-resistant glass or porcelain,
having a wall thickness greater than the distance of in-
sulation relative to the voltage applied to the exciting coil
36, that is, greater than a value sufficient to avoid any
possible dielectric breakdown which would take place
at the voltage applied to the exciting coil 36.
[0087] The heating element 35 may be made of a po-
rous metallic material having a sufficient water-resist-
ance and a corrosion resistance such as, for example,
Ni, Ni-Cr alloy or stainless alloy.
[0088] Fig.17 illustrates amount of vapour in the heat-
ing cavity. What Fig.17 shows is the change of steam
quantity within heating cavity as the heating time elaps-
es; at the time when heating is started the steam gen-
erator also starts working, and stops working when the
heating is ended. According to experiment, wherein
heating element 35 is heated with 400W output power
from inverter power supply 37, steaming began in ap-
proximately 10sec. and ended in approximately several
seconds after the heating is stopped. Thus, the start and
stop of steam generation took place with a much quicker
response to the operation of steam generator, as com-
pared with conventional constitutions. Further, the
steam was produced by a substantially small power con-
sumption. This is because the alternating magnetic
fields of exciting coil 36 powered by inverter power sup-
ply 37 instantaneously heated heating element 35 to
heat the water in steam generator 32, and steam was
efficiently generated. The efficiency is remarkable when
heating element 35 is comprised of a metal in a form of
continuous foam or fiber, which has a large contact area
with water. Also because of a fact that the proportion of
volume of water within steam generator 32 is lessened
by the existence of heating element 35, steam is easily
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generated by heating only a small quantity of water,
which enables the quick start up of steaming.
[0089] Generally speaking, the shorter start up time
is preferred; practically, it should be shorter than lmin.,
preferably approximately lOsec.

(embodiment 11)

[0090] Fig.18 shows relationship between tempera-
ture of foodstuff and quantity of steam within heating
cavity of a microwave heating apparatus according to
an eleventh embodiment. In Fig.18, the operation of mi-
crowave generating means and steam generating
means are started at a same time when heating proce-
dure is started. Also, when heating is ended, the oper-
ation of the above two means are discontinued at the
same time. Because of the quick start up of steam gen-
erator, although the operation of steam generator is
started at a same time when microwave operation is
started, foodstuff is cooked with both microwave and
steam through most of the heating/cooking time, with an
exception of the initial several seconds when heating is
conducted solely with microwave; thus, heating is con-
ducted while suppressing moisture evaporation from
foodstuff. Therefore, a subtle heating/cooking is imple-
mented to produce an excellent finish, without losing an
appropriate humidity in a foodstuff.

(embodiment 12)

[0091] Fig.19 shows relationship between tempera-
ture of foodstuff and quantity of steam within heating
cavity of a microwave heating apparatus according to a
twelfth embodiment. In Fig.19, a foodstuff is heated
solely with microwave while the food stuff is in frozen
state, or below zero, as it is easier for microwave to go
into frozen foodstuff. Thawing goes ahead, and as soon
as temperature of foodstuff reaches almost above zero,
a steam generator is started to heat/cook the foodstuff
with both microwave and steam. Moisture easily evap-
orates from foodstuff when foodstuff temperature ex-
ceeds 0°C. In the present heating method, however,
foodstuff is surrounded with steam; therefore, it is heat-
ed while preventive measure against moisture evapora-
tion is being taken. Thus, foodstuff may be heated/
cooked in a good environment resulting in an excellent
finish conserving appropriate humidity, without dehydra-
tion. Further, as the steam generator is put into opera-
tion only during the time of needs, redundant use of pow-
er is avoided making a contribution to the energy saving.

(embodiment 13)

[0092] Fig.20 shows relationship between tempera-
ture of foodstuff and quantity of steam within heating
cavity of a microwave heating apparatus according to a
thirteenth embodiment. In Fig.20, the operation of mi-
crowave generating means and steam generating

means are started at a same time when heating proce-
dure is started. At the ending, operation of steam gen-
erating means is terminated earlier by a certain time
span during which the steam in heating cavity decreas-
es, after that the microwave operation is turned off. By
so doing, quantity of the steam in heating cavity de-
creases when heating procedure is ended, consequent-
ly it is easy and safe for a cooking person to take the
foodstuff out, without being exposed to hot steam.

(embodiment 14)

[0093] Fig.21 shows relationship between tempera-
ture of foodstuff and quantity of steam within heating
cavity of a microwave heating apparatus according to a
fourteenth embodiment. In Fig.21, foodstuff is heated
with microwave at high output power and steam gener-
ator at low power operation while the foodstuff is in fro-
zen state, or below zero temperature. Next, as the thaw-
ing proceeds and temperature of foodstuff reaches al-
most above zero, the output of microwave is lowered to
medium, while the output of steam generator is raised
to medium. After the temperature of foodstuff reached
a medium zone, the output of microwave is decreased
to low, while the output of steam generator is increased
to high. The outputs of microwave and steam are thus
varied along with the progress of heating procedure. For
example, while foodstuff is still in frozen state thawing
is quickly done with microwave which has an advantage
of permeating deep into the ice; and then foodstuff is
gradually heated with medium output microwave and
steam in order to preventing the foodstuff from being
heated unevenly. The medium output steam is effective
to keep the temperature homogeneous within a food-
stuff, and to prevent the evaporation of moisture. At the
final stage where the foodstuff temperature goes con-
siderably high and the uneven temperature within food-
stuff is easy to occur, heating is carried out slowly with
lower output microwave making use of the thermal
transfer, or a tansferred heating, within the foodstuff.
When temperature of foodstuff is high, moisure easily
evaporates from the foodstuff. However, in the present
embodiment, as the cavity is filled with a substantial
amount of steam the evaporation is surely prevented, at
the same time the steam works to give heat to the food-
stuff. Consequently, heat dissipation from the surface of
foodstuff is prevented, moreover the foodstuff is heated
from the surrounding surfaces, therefore the foodstuff is
homogeneously heated/cooked, conserving the
moisure, without dehydration, bringing about a subtly
prepared meals.

(embodiment 15)

[0094] Fig.22 shows cross sectional view of a micro-
wave heating apparatus according to a fifteenth embod-
iment. A magnetron 14, or a microwave generating
means, is provided in a heating cavity 13 for radiating
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microwave inside of heating cavity 13. Provided at a side
of heating cavity 13 is a steam generator 32 comprised
of non-magnetic material. Bottom end of steam gener-
ator 32 is coupled with heating cavity 31 via a discharge
duct 33, top end with a water reservoir 12 via an inflow
tube 34. A valve 39 is disposed between inflow tube 34
and water reservoir 12 for regulating the flow of water.
Within steam generator 32, a heating element 35 com-
prised of magnetic metal is housed. Heating element 35
is comprised of metal substance shaped in a form of
continuous foam or fiber in order to maximize the con-
tact surface with water. Around steam generator 32, an
exciting coil 36 is provided which is connected with an
inverter power supply 37 for supplying an alternating
current. With the power from inverter power supply 37,
exciting coil 36 produces alternating magnetic fields.
With the alternating magnetic fields, eddy current is pro-
duced in heating element 35, which makes the heating
element generate heat. From the top of heating element
35, water from water reservoir 12 is provided via inflow
tube 34. The flow of water is controlled by valve 39 so
that water drips only for a quantity needed for evapora-
tion. The water dripping in steam generator 32 is heated
by the heat generated from heating element 35 and va-
pours, which vapour proceeds to heating cavity 13
through discharge duct 33. A fan 40 blows the steam
produced in steam generator 32 into heating cavity 13.
Numeral 38 denotes a high tension power supply for
supplying high voltage power to magnetron 14. A con-
troller 21 conducts the ON/OFF operation of inverter
power supply 37 and high tension power supply 38, or
the power control of respective power sources. Within
heating cavity 13, a tray 20 having openings that allow
the steam to go through is disposed to place a foodstuff
19 on. Exciting coil 36 itself does not generate any heat;
instead, the eddy current makes heating element 35
generate heat, to be conducted direct to the water. Thus,
steam is produced efficiently.
[0095] According to a heating method with the above
described constitution, water is heated only by a quan-
tity for evaporation, which results in a limited consump-
tion of water and almost instantaneous generation of
steam at a small power consumption. Thus; the start and
stop of heating may be executed instantaneously, which
makes it possible to carry out an optimum control on the
heating to be suitable to each of the heating/cooking
stages. In this way, foodstuffs may be heated/cooked in
a manner most suitable to respective category.

INDUSTRIAL APPLICABILITY

[0096] According to the present invention the environ-
ment within heating cavity such as temperature, humid-
ity, etc. are controllable to fit a foodstuff; therefore vari-
eties of foodstuffs may be heated/cooked excellent.
Namely, a microwave heating apparatus according to
the present invention makes it possible to heat/cook
maintaining the inner temperature and the surface tem-

perature of a foodstuff almost identical.
[0097] Besides the heating/cooking of already de-
scribed bread and frozen tempura, the present appara-
tus is ideal for such items wherein a plurality of food-
stuffs are in one package and thawing or reheating of
which is difficult with microwave alone, e.g. a box lunch,
as well as for the refrigerator thawing where a frozen
item is made to pass through the zone of maximum ice
crystal formation and stopped at refrigerator tempera-
ture.
[0098] In addition to foodstuffs, a wide range of ma-
terials that have various dielectric loss may become the
object of heating, in addition to foodstuffs. Vairous in-
dustrial fields where a delicate heat processing is re-
quired, for example, dissolving of synthetic resins, sof-
tening of glues, drying of woods, etc. will fall within the
range of application.
[0099] Besides microwave, a high frequency alternat-
ing field may be employed as the heat source.

Claims

1. A microwave heating apparatus which comprises:

a heating cavity (13) for housing an object of
heating (19);
a microwave generating means (14) for irradi-
ating microwave to said object of heating;
a steam generating means (15) for supplying
steam to said heating cavity;
a heating instructions input means (11) for in-
putting heating instructions corresponding to
designated heating conditions,
a memory means (22) for storing pre-pro-
grammed designated heating conditions as
control data, and
a control means (21) for controlling the irradia-
tion output of said microwave generating
means (14) and the steam output of said steam
generating means (15) in accordance with said
control data to control the environment of said
heating cavity (13) so that the inner tempera-
ture and the surface temperature of said object
of heating (19) are made approximately equal.

2. A microwave heating apparatus as claimed in claim
1 further comprising:

a detection means for detecting environmental
conditions within said heating cavity; wherein
said control means controls said microwave
generating means and said steam generating
means in accordance with the output from said
detection means so that inner temperature and
surface temperature of said object of heating
are made approximately equal.
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3. The microwave heating apparatus as claimed in
Claim 2, wherein said detection means detects tem-
perature.

4. The microwave heating apparatus as claimed in
Claim 2, wherein said detection means detects tem-
perature and humidity.

5. The microwave heating apparatus as claimed in ei-
ther one of Claims 1 through 4, wherein, when heat-
ing said object of heating in frozen state, said con-
trol means controls the output of said steam gener-
ating means after said object of heating is thawed
to be greater than the output of said steam gener-
ating means while said object of heating is still in
frozen state.

6. The microwave heating apparatus as claimed in ei-
ther one of Claims 1 through 4, wherein, when heat-
ing said object of heating in frozen state, said con-
trol means controls the output of said microwave
generating means after said object of heating is
thawed to be smaller than the output of said micro-
wave generating means while said object of heating
is still in frozen state, and the output of said steam
generating means after said object of heating is
thawed to be greater than the output of said steam
generating means while said object of heating is still
in frozen state.

7. The microwave heating apparatus as claimed in ei-
ther one of Claims 1 through 4, wherein, when heat-
ing said object of heating in frozen state, said con-
trol means controls the output of said microwave
generating means at immediate after start of heat-
ing to be smaller than the output of said steam gen-
erating means thereafter.

8. The microwave heating apparatus as claimed in ei-
ther one of Claims 1 through 4, wherein, when heat-
ing said object of heating in frozen state, said con-
trol means controls the output of microwave gener-
ating means to be gradually decreasing, and the
output of steam generating means after the object
of heating is thawed to be greater than the output
of steam generating means while the object of heat-
ing is still in frozen state.

9. The microwave heating apparatus as claimed in ei-
ther one of Claims 1 through 4, wherein said control
means reduces the output of said steam generating
means at immediate before the end of heating of
heating object.

10. The microwave heating apparatus as claimed in ei-
ther one of Claims 1 through 14, wherein said con-
trol means controls the humidity within heating cav-
ity to be lower than 90%.

11. A microwave heating apparatus as claimed in claim
1 further comprising:

an air blowing means for supplying air flow to
said object of heating; wherein
said control means controls said microwave
generating means, said steam generating
means, and said air blowing means so that in-
ner temperature and surface temperature of
said object of heating are made approximately
equal.

12. The microwave heating apparatus as claimed in
Claim 11, wherein said air blowing means takes the
outside air into heating cavity.

13. The microwave heating apparatus as claimed in
Claim 11, wherein said air blowing means circulates
the air within heating cavity.

14. The microwave heating apparatus as claimed in
Claim 11, wherein said control means makes said
air blowing means keep on running for a specified
time after output of microwave generating means is
terminated.

15. The microwave heating apparatus as claimed in
Claim 11, wherein said control means makes said
air blowing means keep on running intermittently for
a specified time after output of microwave generat-
ing means is terminated.

16. A microwave heating apparatus as claimed in claim
1 further comprising:

a heating means for preventing dew condensa-
tion in said heating cavity; wherein
said control means controls said microwave
generating means and said steam generating
means so that inner temperature and surface
temperature of said object of heating are made
approximately equal.

17. The microwave heating apparatus as claimed in
Claim 16, wherein said heating means is disposed
between steam generator and inside of said heating
cavity.

18. The microwave heating apparatus as claimed in
Claim 16, wherein said heating means is disposed
within said heating cavity.

Patentansprüche

1. Mikrowellenheizgerät, umfassend:

eine Heizkammer (13) zur Unterbringung eines
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zu erhitzenden Objekts (19);
ein Organ zur Erzeugung von Mikrowellen (14),
um Mikrowellen auf das benannte, zu erhitzen-
de Objekt zu strahlen;
ein Organ zur Dampferzeugung (15), um
Dampf in die benannte Heizkammer zu liefern;
ein Organ zur Eingabe von Heizanweisungen
(11), um Heizanweisungen in Übereinstim-
mung mit festgelegten Heizbedingungen ein-
zugeben;
ein Speicherorgan (22), um vorprogrammierte,
festgelegte Heizbedingungen als Steuerdaten
zu speichern, und
ein Steuerorgan (21), um die Strahlenabgabe-
leistung des benannten Organs zur Erzeugung
von Mikrowellen (14) und die Dampfabgabelei-
stung des benannten Organs zur Dampferzeu-
gung (15) in Übereinstimmung mit den benann-
ten Steuerdaten zu steuern, um die Umgebung
in der benannten Heizkammer (13) so zu steu-
ern, dass die Innentemperatur und die Oberflä-
chentemperatur des benannten, zu erhitzen-
den Objekts (19) ungefähr gleich gemacht wer-
den.

2. Mikrowellenheizgerät, wie in Anspruch 1 bean-
sprucht, weiter umfassend:

ein Spürorgan zur Erkennung der Umgebungs-
bedingungen innerhalb der benannten Heiz-
kammer; worin
das benannte Steuerorgan das benannte Or-
gan zur Erzeugung von Mikrowellen und das
benannte Organ zur Dampferzeugung in Über-
einstimmung mit den Ausgangsdaten des be-
nannten Spürorgans so steuert, dass die In-
nentemperatur und die Oberflächentemperatur
des benannten, zu erhitzenden Objekts unge-
fähr gleich gemacht werden.

3. Mikrowellenheizgerät, wie in Anspruch 2 bean-
sprucht, worin das benannte Spürorgan die Tempe-
ratur erkennt.

4. Mikrowellenheizgerät, wie in Anspruch 2 bean-
sprucht, worin das benannte Spürorgan Temperatur
und Feuchtigkeit erkennt.

5. Mikrowellenheizgerät, wie in einem beliebigen der
Ansprüche 1 bis 4 beansprucht, worin das benann-
te Steuerorgan, wenn sich das benannte, zu erhit-
zende Objekt im gefrorenen Zustand befindet, die
Abgabeleistung des benannten Organs zur Damp-
ferzeugung so steuert, dass sie, nachdem das be-
nannte, zu erhitzende Objekt aufgetaut ist, grösser
als die Abgabeleistung des benannten Organs zur
Dampferzeugung ist, während sich das benannte,
zu erhitzende Objekt noch im gefrorenen Zustand

befindet.

6. Mikrowellenheizgerät, wie in einem beliebigen der
Ansprüche 1 bis 4 beansprucht, worin das benann-
te Steuerorgan, wenn sich das benannte, zu erhit-
zende Objekt im gefrorenen Zustand befindet, die
Abgabeleistung des benannten Organs zur Erzeu-
gung von Mikrowellen so steuert, dass sie, nach-
dem das benannte, zu erhitzende Objekt aufgetaut
ist, kleiner als die Abgabeleistung des benannten
Organs zur Erzeugung von Mikrowellen ist, wäh-
rend sich das benannte, zu erhitzende Objekt noch
im gefrorenen Zustand befindet, und dass die Ab-
gabeleistung des benannten Organs zur Dampfer-
zeugung, nachdem das benannte, zu erhitzende
Objekt aufgetaut ist, grösser als die Abgabeleistung
des benannten Organs zur Dampferzeugung ist,
während sich das benannte, zu erhitzende Objekt
noch im gefrorenen Zustand befindet.

7. Mikrowellenheizgerät, wie in einem beliebigen der
Ansprüche 1 bis 4 beansprucht, worin das benann-
te Steuerorgan, wenn sich das benannte, zu erhit-
zende Objekt im gefrorenen Zustand befindet, die
Abgabeleistung des benannten Organs zur Erzeu-
gung von Mikrowellen unmittelbar nach dem Beginn
des Aufheizens auf ein geringeres Niveau steuert
als die Abgabeleistung des benannten Organs zur
Dampferzeugung danach.

8. Mikrowellenheizgerät, wie in einem beliebigen der
Ansprüche 1 bis 4 beansprucht, worin das benann-
te Steuerorgan, wenn sich das benannte, zu erhit-
zende Objekt im gefrorenen Zustand befindet, die
Abgabeleistung des Organs zur Erzeugung von Mi-
krowellen so steuert, dass sie sich allmählich ver-
ringert, und dass die Abgabeleistung des Organs
zur Dampferzeugung, nachdem das zu erhitzende
Objekt aufgetaut ist, grösser ist als die Abgabelei-
stung des Organs zur Dampferzeugung, wenn sich
das zu erhitzende Objekt noch im gefrorenen Zu-
stand befindet.

9. Mikrowellenheizgerät, wie in einem beliebigen der
Ansprüche 1 bis 4 beansprucht, worin das benann-
te Steuerorgan die Abgabeleistung des benannten
Organs zur Dampferzeugung unmittelbar vor dem
Ende des Erhitzens des zu erhitzenden Objekts re-
duziert.

10. Mikrowellenheizgerät, wie in einem beliebigen der
Ansprüche 1 bis 14 beansprucht, worin das be-
nannte Steuerorgan die Feuchtigkeit innerhalb der
Heizkammer so steuert, dass sie unter 90 % liegt.

11. Mikrowellenheizgerät, wie in Anspruch 1 bean-
sprucht, weiter umfassend:
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ein Luftgebläseorgan, um einen Luftstrom zu
dem benannten, zu erhitzenden Objekt zu lie-
fern; worin
das benannte Steuerorgan das benannte Or-
gan zur Erzeugung von Mikrowellen, das be-
nannte Organ zur Dampferzeugung und das
benannte Luftgebläseorgan so steuert, dass
die Innentemperatur und die Oberflächentem-
peratur des benannten, zu erhitzenden Objekts
ungefähr gleich gemacht werden.

12. Mikrowellenheizgerät, wie in Anspruch 11 bean-
sprucht, worin das benannte Luftgebläseorgan
Aussenluft in die Heizkammer holt.

13. Mikrowellenheizgerät, wie in Anspruch 11 bean-
sprucht, worin das benannte Luftgebläseorgan die
Luft innerhalb der Heizkammer zirkulieren lässt.

14. Mikrowellenheizgerät, wie in Anspruch 11 bean-
sprucht, worin das benannte Steuerorgan das be-
nannte Luftgebläseorgan veranlasst, eine be-
stimmte Zeit weiterzulaufen, nachdem die Abgabe-
leistung des Organs zur Erzeugung von Mikrowel-
len beendet wurde.

15. Mikrowellenheizgerät, wie in Anspruch 11 bean-
sprucht, worin das benannte Steuerorgan das be-
nannte Luftgebläseorgan veranlasst, für eine be-
stimmte Zeit diskontinuierlich weiterzulaufen, nach-
dem die Abgabeleistung des Organs zur Erzeugung
von Mikrowellen beendet wurde.

16. Mikrowellenheizgerät, wie in Anspruch 1 bean-
sprucht, weiter umfassend:

ein Heizorgan, um Kondenswasserbildung in
der benannten Heizkammer zu verhindern;
worin
das benannte Steuerorgan das benannte Or-
gan zur Erzeugung von Mikrowellen und das
benannte Organ zur Dampferzeugung so steu-
ert, dass die Innentemperatur und die Oberflä-
chentemperatur des benannten, zu erhitzen-
den Objekts ungefähr gleich gemacht werden.

17. Mikrowellenheizgerät, wie in Anspruch 16 bean-
sprucht, worin das benannte Heizorgan zwischen
dem Dampferzeuger und dem Inneren der benann-
ten Heizkammer angeordnet ist.

18. Mikrowellenheizgerät, wie in Anspruch 16 bean-
sprucht, worin das benannte Heizorgan innerhalb
der benannten Heizkammer angeordnet ist.

Revendications

1. Dispositif de chauffage par micro-ondes qui
comprend :

une cavité de chauffage (13) destinée à loger
un objet à chauffer (19),
un moyen de génération de micro-ondes (14)
destiné à rayonner des micro-ondes vers ledit
objet à chauffer,
un moyen de génération de vapeur (15) destiné
à fournir de la vapeur à ladite cavité de chauf-
fage,
un moyen de saisie d'instructions de chauffage
(11) destiné à saisir des instructions de chauf-
fage correspondant à des conditions de chauf-
fage sélectionnées,
un moyen de mémoire (22) destiné à mémori-
ser des conditions de chauffage sélectionnées
préprogrammées en tant que données de com-
mande, et
un moyen de commande (21) destiné à com-
mander la sortie de rayonnement dudit moyen
de génération de micro-ondes (14) et la sortie
de vapeur dudit moyen de génération de va-
peur (15) conformément auxdites données de
commande afin de commander l'environne-
ment de ladite cavité de chauffage (13) de sorte
que la température intérieure et la température
de surface dudit objet à chauffer (19) soient
rendues approximativement égales.

2. Dispositif de chauffage par micro-ondes selon la re-
vendication 1 comprenant en outre :

un moyen de détection destiné à détecter les
conditions environnementales à l'intérieur de
ladite cavité de chauffage, où
ledit moyen de commande commande ledit
moyen de génération de micro-ondes et ledit
moyen de génération de vapeur conformément
à la sortie dudit moyen de détection de sorte
que la température intérieure et la température
de surface dudit objet à chauffer soient rendues
approximativement égales.

3. Dispositif de chauffage par micro-ondes selon la re-
vendication 2 dans lequel ledit moyen de détection
détecte la température.

4. Dispositif de chauffage par micro-ondes selon la re-
vendication 2 dans lequel ledit moyen de détection
détecte la température et l'humidité.

5. Dispositif de chauffage par micro-ondes selon l'une
des revendications 1 à 4, dans lequel, lors du chauf-
fage dudit objet à chauffer dans un état congelé,
ledit moyen de commande commande la sortie du-
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dit moyen de génération de vapeur après que ledit
objet à chauffer est décongelé pour qu'elle soit su-
périeure à la sortie dudit moyen de génération de
vapeur lorsque ledit objet à chauffer est encore
dans un état congelé.

6. Dispositif de chauffage par micro-ondes selon l'une
des revendications 1 à 4, dans lequel, lors du chauf-
fage dudit objet à chauffer dans un état congelé,
ledit moyen de commande commande la sortie du-
dit moyen de génération de micro-ondes après que
ledit objet à chauffer est décongelé, pour qu'elle soit
inférieure à la sortie dudit moyen de génération de
micro-ondes lorsque l'objet à chauffer est encore
dans un état congelé, et la sortie dudit moyen de
génération de vapeur après que ledit objet à chauf-
fer est décongelé pour qu'elle soit supérieure à la
sortie dudit moyen de génération de vapeur lorsque
ledit objet à chauffer est encore dans un état con-
gelé.

7. Dispositif de chauffage par micro-ondes selon l'une
des revendications 1 à 4, dans lequel, lors du chauf-
fage dudit objet à chauffer dans un état congelé,
ledit moyen de commande commande la sortie du-
dit moyen de génération de micro-ondes immédia-
tement après le début du chauffage pour qu'elle soit
inférieure à la sortie dudit moyen de génération de
vapeur par la suite.

8. Dispositif de chauffage par micro-ondes selon l'une
des revendications 1 à 4, dans lequel, lors du chauf-
fage dudit objet à chauffer dans un état congelé,
ledit moyen de commande commande la sortie du-
dit moyen de génération de micro-ondes pour qu'el-
le diminue progressivement, et la sortie du moyen
de génération de vapeur après que l'objet à chauffer
est décongelé pour qu'elle soit supérieure à la sortie
dudit moyen de génération de vapeur lorsque l'objet
à chauffer est encore dans un état congelé.

9. Dispositif de chauffage par micro-ondes selon l'une
des revendications 1 à 4, dans lequel ledit moyen
de commande réduit la sortie dudit moyen de gé-
nération de vapeur immédiatement avant la fin du
chauffage de l'objet à chauffer.

10. Dispositif de chauffage par micro-ondes selon l'une
des revendications 1 à 14, dans lequel ledit moyen
de commande commande l'humidité à l'intérieur de
la cavité de chauffage pour qu'elle soit inférieure à
90 %.

11. Dispositif de chauffage par micro-ondes selon la re-
vendication 1, comprenant en outre :

un moyen de soufflage d'air destiné à fournir un
écoulement d'air vers ledit objet à chauffer,

dans lequel
ledit moyen de commande commande ledit
moyen de génération de micro-ondes, ledit
moyen de génération de vapeur et ledit moyen
de soufflage d'air de sorte que la température
intérieure et la température de surface dudit ob-
jet à chauffer soient rendues approximative-
ment égales.

12. Dispositif de chauffage par micro-ondes selon la re-
vendication 11, dans lequel ledit moyen de souffla-
ge d'air fait entrer l'air extérieur dans la cavité de
chauffage.

13. Dispositif de chauffage par micro-ondes selon la re-
vendication 11, dans lequel ledit moyen de souffla-
ge d'air fait circuler l'air à l'intérieur de la cavité de
chauffage.

14. Dispositif de chauffage par micro-ondes selon la re-
vendication 11, dans lequel ledit moyen de com-
mande fait en sorte que ledit moyen de soufflage
d'air continue à fonctionner pendant une durée spé-
cifiée après que la sortie du moyen de génération
de micro-ondes est terminée.

15. Dispositif de chauffage par micro-ondes selon la re-
vendication 11 dans lequel ledit moyen de comman-
de fait en sorte que ledit moyen de soufflage d'air
continue à fonctionner par intermittence pendant
une durée spécifiée après que la sortie du moyen
de génération de micro-onde est terminée.

16. Dispositif de chauffage par micro-ondes selon la re-
vendication 1 comprenant en outre :

un moyen de chauffage destiné à empêcher la
formation de perles de condensation dans ladi-
te cavité de chauffage, dans lequel
ledit moyen de commande commande ledit
moyen de génération de micro-ondes et ledit
moyen de génération de vapeur de sorte que
la température intérieure et la température de
chauffage dudit objet à chauffer sont rendues
approximativement égales.

17. Dispositif de chauffage par micro-ondes selon la re-
vendication 16 dans lequel ledit moyen de chauffa-
ge est disposé entre le générateur de vapeur et l'in-
térieur de ladite cavité de chauffage.

18. Dispositif de chauffage par micro-ondes selon la re-
vendication 16 dans lequel ledit moyen de chauffa-
ge est disposé à l'intérieur de ladite cavité de chauf-
fage.
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