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ABSTRACT 
A microwave heating apparatus is disclosed, the appa~ 
ratus being provided with a treatment chamber, a mi 
crowave source, and a wave guide having a mode con 
verter. A ?rst section of the wave guide connected to 
the treatment chamber is joined to a second section 
connected to the microwave source and has a rectan 
gular cross-sectional area with sides approximately 
equal to a and b under formation of a so-called H 
bend, the ?rst section having a cross-sectional area in 
the form of a rectangle with sides approximately equal 
to n X a and b, where n = 2, 3, 4, etc., and wherein the 
l-l-bend between two outer sides of the respective 
wave guide sections have a corner-plate parallel to the 
rectangle sideb of'the wave guide cross-section areas 
and form inside obtuse angles with the outer side. The 
apparatus ensures spreading and distribution of the ra 
diation in the treatment chamber with an even inten 
sity. v ’ ‘ 
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MICROWAVE IIEATING APPARATUS 
BACKGROUND OF THE INVENTION ‘ , 

The present invention relates to a microwave heating 
apparatus in which microwave energy is conducted 
from a microwave, source to a microwave heating appli 

’ cator by means of a‘ waveguide, provided with'a mode 
converter. ‘ ' . 

In microwave heating appliances the need arises~fre~ 
quently for an extended heating zone in a treatment 
chamber, in which the article to be heated passes the 
zone at a speci?ed, desirable speed. The problem arises 
as to how, from a relatively narrow crossssectional area 
in, for example, a‘ waveguide, a spreading of the radia 
tion with an even intensity within a‘ large area, deter 

_ mined by the type of the furnace, could be obtained. 

PRIoR ART ' 

In the prior art, this problem was solved by way of a 
number of different principles for the distribution of 
the microwave energy in the treatment chamber, for 
example by semi-parabo‘lical re?ectors in the focus of 
which is placed a microwave source or the mouth of a 
waveguide. In earlier arrangements for such a spread 
ing of the radiation in microwave ovens, the wave 
shape supplied by the microwave source was in princi 
ple maintained, for example the mode‘ generally desig 
nated as TEm. This wavetype has the disadvantage that 
‘it provides in a narrow‘o‘ven, the greatest density of ra 
dia'tion in the center of the heating ‘zone, since its width 
vcorresponds to approximately half the wave length of 
the microwaves. The result is an uneven heating of the 

' article and, as a consequence thereof, a ‘reduction of 
the maximum applicable veffect. Since the. greatest ad 
vantage of the microwave heating consists in the short 
treatment times, there is every reason to attempt to 
overcome the disadvantage of uneven radiation owing ~ 
to the TE", wave shape by the application of some 
other wave shape an combination of wave shapes‘. 

‘SUMMARY OF THE INVENTION 

The problem is solved in accordance with the inven 
tion in that a more uniform field of radiation is 
achieved by means of the conversion of at least a por 
tion of the TB“) wave issuing from the microwave 
source to waves of a higher order, for example TE”. By 
building up the radiation energy of several different 
wave shapes, the intensity at the outer edges of the 
treatment chamber‘bec‘omes appreciably higher than at 
radiation with only the TE“, wave. As a result, the treat 
ment zones ‘become wider and the capacity of the oven 
is increased. For the conversion, a converter specially 
designed for the purpose is used, which is ‘very simple 
and effective. ‘Its principal characteristics for ful?lling 
the function which lead‘to the improvement of the mi 
crowave oven are de?ned ‘in such a way that a ?rst sec 
tion of a wave ‘guide connected to the treatment cham 
ber is joined to a second section connected to the mi 
crowave source and having a rectangular ‘cross-section 
with sides approximativelya and _b, under formation of 
a so-‘called H-bend, said “first section having a cross 
s'ection in the form of a rectangle ‘with sidesa'pproxima 
tively n ' _a and b where n = 2, 3, 4cm, and that said 
I-I-bend between two outer sides of the respective 
waveguide sections vhas a corner-plate parallel to the 
rectangle side b of the waveguide cross-sections and 
forming inside obtuse angles with the outer sides. The 

' present converter constitutes a substantial part of the‘ 

2 

microwave system used in the apparatus according to 
the invention and enables a quite unique type'of appli 
cator. ' 

An example of the realization of a microwave heating 
appliance provided with a waveguide and mode 

, converter and an. applicator connected thereto, all in 
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accordance with the invention, is described in the fol 
lowing with reference to the enclosed drawings, in 
which: ~ - 

‘ BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view showing such an appli 
ance in a combination oven-hotplate or surface unit, 
FIG. 2 is a detailed view of a waveguide switch used 

in the appliance according to FIG. 1, 
FIG. 3 is a cross-section of a vessel with a base, con 

stituting an absorber, intended to be used on a cooking 
plate according to FIG. 1, 
FIG. 4 shows in a horizontal projection a waveguide 

with a mode-converter and 
- FIG. 5 shows a vertical projection of the waveguide. 

DETAILED DESCRIPTIONVOF THE INVENTION, 
The appliance shown in FIG. l'can be used for the 

warming up of an article in an oven 1 as well as for 
cooking and roasting in pot or like receptacle on a plate 
or surface unit 2. The oven has atight-closing door 3 
on the frontside and is suitable for being placed on a 
kitchen range or for being built into a cupboard. The 
cookingplate is ?xedto one side of the oven and has 
a panel equipped with control knobs 4 and indicator 
lamps 5. The plate and the oven each form the base for 
a microwave applicator or radiation surface 6 and re 
spectively. This is defined as a device which, without 
being heated itself by the microwaves incident on it 
from generators, conducts and modifies the field pat 
tern, so that the same is made suitable for absorption ' 
by the object or objects which are to be treated by mi 
crowaves. A waveguide system conducts the radiation 
from a magnetron 8 to the respective applicator. The 
magnetron has an aerial 9 which is located in the end 
of a main waveguide 10 which is provided with a wave 
guide switch 11 from which issues ‘a branch waveguide 
12. The waveguide switch, which is shown :in FIG. 2, 

> has a rotary handle 13 which is accessible from the out 
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side and which is used to change over a pivotable plate 
14 between a position oblique to the branch conductor 
and a position parallel with the main conductor. In the 
first named position, the radiation from the magnetron 
is re?ected into the branch conductor and in the sec 
ond position the radiation continues in the mainguide. 
Behind the oven chamber is an apparatus chamber‘. 
The two waveguides are each by itself provided with 

mode converters. Such a converter consists ‘for exam 
ple of a waveguide with a waveguide passage in form of 
a corner, for example as formed by the main waveguide 
‘10 and ‘a waveguide tube 15 at an angle to the ‘same. 
The main waveguide according to FIG. 1 is designed as 
a TElo-waveguide and conducts the TE“, waves emitted 
by the magnetron to the waveguide corner. vThis com 
prises the connection vof the ‘tube 15 at an angle with 
‘the main guide 10 as well as a corner plate 16 between 
two outer sides 17, 18 of the respective tubes. The 
cross-section of the tube 15 defines a rectangle with a 
long side of approximatelydouble the length of the cor 
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responding long sides of the cross-section of the main 
guide 10. The tube 15 is designed therefore as a TEZO 
waveguide and conducts waves of type TEzo‘and TE“). 
Thp corner plate, like the tubes l5, 10 is made of metal 
and joins together the sides 17, 18, forming an inside 
vobtuse angle'therewith. The plate re?ects the TB“, 
waves incident from the main guide into the tube 15 
with simultaneous conversion of a part of the TE“, 
waves to TE” waves. The combined radiation of TE“, 
and 'TEzo type,'which is obtained in the normal manner 

' by squaring and halving of the amplitude values, is thus 
spread over a substantial part of the cross-section in 
the tube 15, which besides has double the cross-section 
of the main guide 10. Through conversion of the wave 
types and enlargement of the cross-section in the pas; 
sage between the two tubes 15 and 10the density of the 
radiation has thus been made less, by varying the cross 
sectional area in different parts, than is the case in a’ 
pure TE", Waveguide. 
The converter shown in FIG. 4 constitutes a simple 

example of how a wave type can vbe converted, while 
the principle also comprises multiple and complex con 
.vers'ions of thistyp'e. lf, for example, several of the 
‘waveguide passages now described arecoupled behind 
‘one another, or if a specially wide tube replaces the 
tube 15, it can be stated in advance that the radiation 
issuing will include wave shapes TEM, TEOHm TEm, 
wherein, however, certain terms may dominate while 
others will be wholly excluded. 7 ~ 
The construction of the converter shown is very sim 

ple to realize, since the sides of the waveguides are 
made up of edge-?anged sheetsand even the ‘corner 
plate 16 can be made of such sheet, which means that 
the converter is built only of elements generally used 
for waveguides. It is also possible to'arrange in the 
waveguide tube a control element for the propagation 
of the waves; thus two parallel slots 15a are present in 
the tube 15 on both, sides about the central plane. In 
these slots which are in the proximity of the amplitudes 
‘of the iTE'z'o-wave so-calledchokes could be arranged, 
the size and position of which are such that the charac 
teristic of the waveguide for TE20 waves is improved. 
The tube 15 has on the ‘topside the radiation surface 

6 surrounded by a ring or frame Y19 and providedvwith 
a number of ‘slots 20 in the wall of the tube. As the end 
,of tube 21 is closed by a plate 22, the microwave radia 
tion issues through the slots. On top of the radiation 
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surface, suitably ?xed on the ring, is placed the load, ' 
that is to say a pot or vessel with an absorber. Such a 
pot is shown in detail in FIG. 3. The pot is made of 
metal and is provided with a lid and a handle as well 
with a collar 23 in the lower portion which ?ts against 
the ring 19 when the pot is placed on the radiation sur 
face. Through this the radiation is screened effectively 
from the surroundings. The base in the pot has two lay 
ers, a metal layer 24 and an absorption layer 25.-The 
metal layer may be very thin and serves on the one 
hand as a radiation protection in the pot and on the 
other hand as a roasting surface for the object in the 
pot. The absorption layer is formed by an active mate 
rial, for example Fe3O4 or NiFe2O4, coal or a similar 
material, together with a binder and is placed directly 
on the metal layer. The two layers are therefore ther 
mally very well attached and the energy taken up in the 
absorption layer is conducted with very small losses to 
the metal layer. The two layers have a low heat capac 
ity and therefore heat up quickly when the absorber is 
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exposed to radiation. On the other hand, the base of the 
vessel will cool down with appreciable delay when the 
radiation stops. Through this the advantage is obtained, 
that the cooking intensity, roasting temperature etc. in 
the pot react directly to a variation in the power supply, 
which considerably simpli?es the setting of the power 
control when a speci?ed intensity is required. Due to 
this radiation-protecting metal layer in the pot the same 
can be used without risk, even when the lid is removed. 

The waveguide 12 present in the bottom of the oven 
together with mode converters is realized in principle 
similarly to those just described, except that a wave 
guide section 26 with a width approximately three 
vtimes the width of the branch waveguide 12 is used. By 
means of the mode conversions, a portion of the TE“, 
wave will here be converted to both TE2o and TE30 
waves. Thus the radiation surface 7 on this waveguide 
section can be made larger than the corresponding sur-' 
face on the waveguide tube 15. The surface 7 is sur 
rounded by a ring 27 and in this is fitted a round ab 
sorption plate similar to the one which forms the base 
of the pot according to FIG. 3. As the oven forms a 
closed space, no extra radiation protection is required, 
so that the metal layer on the absorption layer can be 
excluded on this absorption plate. As a result, the effect 
alluded to in the introduction is achieved, namely that 
an article on the plate is warmed up partly through 
contact pressure on the plate and, partly through mi 
crowave radiation which passes through the plate and - 
has an effect on the article. Through the variation of 
the absorption capacity of the plate, for example with 
the help of the thickness, it is possible to alter the ratio 
of transmitted to absorbed radiation effect. A dish can 
thus be roasted on the surface by the heat which has 
been absorbed and is given off by the plate, at the same 
time as the microwave radiation warms the dish homo 
geneously right through. In this way a considerable 
amount of time is saved in the preparation without the 
dish being deprived of the desirable browned surface. 
Such a preparation which comprises both roasting and 
microwave heating may also be carried out in a pot 
such as that shown in FIG. 3, in which, however, the 
radiation-protecting metal layer 24 has been excluded. 
In such a case, however, another radiation-protecting‘ 
means must be arranged at the top of the pot, for ex~ 
ample a lid, which is so equipped that it cannot be re 
moved when the microwave power is switched on. The 
use of a pot for the preparation has naturally also the 
advantage that it can easily be removed and cleaned in 
the normal washing; this solves a considerable problem 
of hygiene in microwave ovens in general. 
The principle of roasting and heating at the same 

time is in a wider sense also applicable to baking. The 
baking molds may, for example, be provided with an 
absorbing layer, which brings about that the mold re 
mains warm so that a crust is formed on its contents, at 
the same time as a part of the radiation penetrates into 
the side of the molds and “rapid-bakes" the contents. 

A combination of oven and cooking plate according 
to the embodiment shown has the advantage that the 
scope of application for microwave heating is widened. 
Furthermore, the expensive’electronic equipment can 
be used jointly for oven and plate; It is not to be re 
garded as essential, however, for the realization of the 
invention that this combination exists; a microwave 
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heating appliance with an absorber may ‘comprise only 
a cooking plate, only an oven, or either built into a con 
ventional cooker. 
The combination shown and described is thus only a 

preferred embodiment and'should be regarded as one 
example of the application of the invention. This em 
bodiment represents a basic form of the subject of the 
invention to which may be added further supplemen 
tary devices. Such devices consist, for example, of a 
temperature protection built into the absorber, which 
is coupled to a safety switch, which breaks the micro 
wave power when the temperature on the absorber be 
comes too high. The invention in its entirety is de?ned 
in the following claims. ' 
What is claimed is: - 

l. A microwave heating apparatus'includin‘g treat 
ment means, a microwave source connected to a wave 
guide having a mode converter, said wave guide being 
provided with ?rst and second sections, said ?rst sec 
tion having a width ofa and a height of b, said second 
section having a width equal to n'a' in which n = 2,3,4, 
etc. and a height equal to b, said first section being con 
nected to the microwave source, said second section 
being connected to said treatment means, said ?rst sec 
tion being joined to said second section by an- H-bend 
forming inside obtuse angles between the outer b sides 
of said ?rst and second sections. 

2. The apparatus as claimed in claim 1 in which one 
of said sides having dimension a of said ?rst section is 
provided with an aerial inlet to which the microwave 
source is connected. 
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6 
3. The apparatus as claimed in claim 1 in which the 

second section includes an applicator provided with 
slots through which microwave energy radiates. ' 

4. The apparatus as claimed in claim 3 in which said 
applicator is arranged on a side dimensioned n'a- and 
is de?ned by a number of slots therein. 

5. The apparatus as claimed in claim 4 further includ 
ing vessel means including a plate means having a high 
coefficient of microwave absorption converting micro 
wave energy to thermal energy, and an external holder 
detachably ?tting the vessel means. 

6. The apparatus as claimed in claim 5 in which the 
plate means includes a layer of a high coefficient of mi 
crowave absorption. - 

7. The apparatus as claimed in claim 1 further includ 
ing a branch section connected to said ?rst section to 
extend at right angles thereto, said branch section hav 
ing a width of a and a height of b, said branch section 
being connected to a further-section having a width ap 
proximately three times the width of the branch sec 
tion, and a height of b, said further section being joined 
to said branch section by an l-l-bend forming inside ob 
tuse angles between the outer b sides of said branch and 
said further section, and a switching means at the con 
nection between the branch section and first section 
movable between a position oblique to the ?rst section 
and a position parallel with the ?rst section for direct 
ing radiation from said microwave‘ source into the 
branch section and into the ?rst section respectively. 

* * * * * 


