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MICROWAVE HEATING APPARATUS 

The invention relates to a microwave oven, and more 
particularly to such an oven which is provided with a 
microwave energy seal operable to prevent leakage of 
electromagnetic energy to the exterior of the oven 
through a gap between an enclosure and a door asso 
ciated therewith. 

In order to avoid dangers resulting from leakage of an 
electromagnetic energy, a microwave oven is provided 
with a secure electromagnetic energy seal between the 

- enclosure and its associated door. While it is unlikely 
that leakage of an electromagnetic energy occurs dur 
ing the normal operation when the door is completely 
closed with this such a secure seal, the construction of 
such a seal is expensive. Usually a switching means is 
mechanically interlocked with the door to interrupt the 
supply of microwave energy to the oven chamber when 
the door is opened. A problem is encountered with this 
type of construction in that although the time required 
to interrupt the associated electrical circuit is almost a 
matter of moment, the electromagnetic energy sup 
plied to the oven chamber in the interval is. free to leak 
through the small spacing provided by the door that is 
being opened. To avoid such a disadvantage, modern 
microwave oven is provided with a mannual switching 
means that is separate from the ?rst mention switching 
means associated with the door, a requirement being 
imposed upon a user of the oven that he operates the 
mannual switching means prior to opening the door. 
However, the construction is such that the user may not 
operate the mannual switch in order to open the door, 
and hence the user may forget to operate the manual 
switch by inadvertence. Preventing leakage of an elec 
tromagnetic energy through an opening door gap is of 
course of primary importance, but this involves an ad 
ditional advantage that if the oven is provided with a 
seal such that no leakage of electromagnetic energy ex 
isting in the oven chamber occurs when the door is 
open even slightly, then the same prevention means will 
be effective to prevent leakage of electromagnetic en 
orgy in the event the oven operation is started with 
trush or other obstacle held between the enclosure and 
the door to leave a small ‘gap therebetween. 
U. S. Pat. No. 3,182,164 issued to Richard lron?eld 

on May 4, 1965 discloses an electromagnetic energy 
seal for use in a microwave oven which incorporates 
choke coupling or choke seal known in the waveguide 
technique. This patent teaches formation of an arc 
preventing gap between a metal enclosure and a metal 
in a manner to create a short circuit condition at the 
entrance of the gap without use of any metal bar so that 
an electromagnetic energy may not leak through the 
gap. However, the gap as described in this patent is not 
one that is produced by opening the door, but refers to 
that one which is formed when the door is closed or in 
physical contact with the enclosure. As a result, the 
short circuit condition cannot be maintained in the gap 
at the inlet of the enclosure which is formed below a 
sliding door shown in FIG. 1 of that patent when the 
door begins to be opened. ' 
Therefore, it is a general object of the invention to 

provide a microwave oven provided with an electro 
magnetic energy seal which is capable of completely 
eliminating above disadvantage associated with prior 
art microwave ovens. 
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It is a more speci?c object of the invention to provide 
a microwave oven having a door structure which pre~ 
vents leakage of an electromagnetic wave, not only in 
the closed position of the door, but even when the door 
is off its position to thereby leave a small gap in the ac 
cess opening of the enclosure. 

It is another object of the invention to provide a mul 
tiple electromagnetic wave seal which is simple in con 
struction and patterned for ready feasibility of locating 
several seals having different functions in sequence 
along the direction of escape of electromagnetic en 
ergy. 
Above and other objects, features and advantages of 

the invention willbecome apparent from the following 
detailed description of selected embodiments thereof 
with reference to the drawings, in which: 
FIG. 1 is a fragmentary side elevation, partly in sec 

tion, of an embodiment of a microwave oven according 
to the invention; ' ' 

FIG. 2 is an enlarged section taken along the line 2 
— 2 shown in FIG. 1; ~ 

FIG. 3 is a section of another'embodiment of the in 
vention which involves no metal contact between the 
enclosure and the ?rst plane of the door; and 
FIG. 4 is a section of a further embodiment of the in 

vention in which a cavity member is mounted on the 
side wall of oven shield. 
Referring to FIG. 1, the microwave oven illustrated 

comprises a metal enclosure 1 which includes an outer 
wall 2, an inner wall 3 and a frontwall 4, an interior 
being shown at 17 and having an entrance which is cov 
ered by a door 5. The door 5'is hinged at 6 to the enclo 
sure 1 and is adapted to be opened and closed in a piv 
otal movement by mannual operation of a handle 18 
provided at the opposite or upper end of the door 5. 
While not shown, the enclosure 1 contains means for 
supplying microwave energy to the interior 17. 
The interface between the enclosure 1 and the door 

comprises two planes which de?ne a stepped construc 
tion. In accordance with the invention, a cavity is 
formed in one of the stepped spaces, for cooperation 
with the other step. As will be seen in FIG. 2, in the 
most preferred form of the invention, the cavity is lo 
cated within the door structure 5, and such structure 
will be described more particularly below. 
The front wall 4 of the oven is attached with an oven 

shield plate 7, which in turnis attached with an oven 
" shield frame 8 which leaves a certain width of shield 
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plate portion 7a. Inthe front surface 8a of the oven 
shield frame 8 is formed a recess 10 in which is embed 
ded a wave absorber 11. As a result, around the access 
opening of the oven is formed a stepped structure 
which is de?ned by a ?rst plane presented by the inner 
portion 7a of the oven shield plate 7, and a second 
plane presented by the front surface 80 of the oven 
shield frame 8. The sidewall 8b of the oven shield frame 
8 which interconnects the ?rst and second planes 7a, 
8a is shown at right angles to the front surface 8a, but 
this need not be so restricted and a greater angle may 
be used to prevent deposition of dusts and other obsta 
cles on that sidewall. The oven shield frame 8 is rigidly 
secured together with the oven shield plate 7 to the 
front wall 4 with screws 9. 
The door 5 is provided with a back-up plate 14 all 

around it, to which a door shield frame 12 and a door 
shield plate 15 are rigidly secured with screws 16. The 
door shield frame 12 is a U - shaped plate member in~ 
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cluding a base 12a, a short leg portion 12b and a long 
leg portion 120, these together constituting a cavity 13 
which opens toward the sidewall 8b of the oven shield . 
frame 8. The long leg portion abuts against the back-up 
plate 14 and the short leg'portion 12b is in abutting re 
lation with the door shield plate 15. The door shield 
plate 15 comes opposite to the ?rst plane 7a of the 
oven, and abuts thereagainst in the example shown. 
The door shield plate 15 has a width substantially 
greater than the inner portion 7a of the oven shield 

_ plate 7 and forms at its one end a gap 20 with the side 
wall 8b of the oven shield frame when'the door is 
closed. The short leg portion 12b of the door shield 
frame terminates substantially at the same position with 
said one end of the door shield plate 15. Where the 
sidewall 8b is inclined as mentioned previously, the gap 
20 may be substantially reduced to zero, the require 
ment on the gap 20 being to insure the capability of the 
door 5 to be opened and closed. The long leg portion 
of the door shield frame extends to the outer periphery 
of the door and lies opposite to and abuts against the 
front surface 8a de?ning the second plane. In this man 
ner, a stepped structure comprising a ?rst plane pres 
ented by the door shield plate 15 and a second plane 
presented by the long leg portion 12c of the door shiel‘ 
frame is formed around the door 5. r5 “j 
The opposing stepped structures formed around the 

enclosure 1 and the door 5 have a signi?cance to the 
cavity 13 and enables a multiple electromagnetic en‘ 
ergy seal to be provided in a simple manner. As de 
scribed previously, the cavity 13 is formed by short and 
long leg portions 12b and 12c and a terminating wall or 
base 12a and has an opening which is opposite to and 
cooperates with the sidewall 8b of the oven shield 
frame. An opening de?ning line can be considered as 
extending from the effective end of the short leg por 
tion 12!), If the length of the gap 20 de?ned between 
the above end and the sidewall 8b of the oven shield 
frame is assumed to be approximately zero, then the 
opening de?ning line for the cavity 13. can be regarded 
as extending along the sidewall 8b, and can be consid 
ered as representing a surface of the step of the door 
structure. In accordance with the invention, when the 
door 5 is closed, the terminating surface of the cavity 
13 or base 12a which forms a sidewall thereof is located 
at a distance from the boundary 19 of the oven interior 
17 which is substantially an integral multiple of a 
wavelength and is also located at a distance of substan 
tially l4 wavelength from the center between the side 
wall 8b and the opening de?ning line of the cavity 13, 
or from the middle point between the steps of the en 
closure 1 and the door 5. As used herein, the term 
“wavelength" refers to that wavelength of an electro 
magnetic wave which is produced in theoven appara 
tus and propagates through the interspace between the 
oven walls and the door. For example, a practical mi 
crowave oven apparatus uses a radiation having a fre 
quency of 2,450 MHZ, which will have a wavelength of 
approximately 5 inches in the atmosphere. However, 
according to the invention, a propagation medium can 
be used which reduces the effective wavelength of a ra 
diation energy, and therefore the “wavelength” as 
termed herein does not refer to a radiation of any ?xed 
frequency, or only to those radiations capable of propa 
gation through the atmosphere. 

In the closed position of the door, the respective ?rst 
planes 7a and 15 of the enclosure 1 and the door 5 are 

4 
in abutting relationship with each other as are the re 
spectivesecond planes 8a and 120 thereof, as shown in 
‘FIG. 2, with result that the metal contact produced 
functions as an electromagnetic energy seal. Any es 
cape of electromagnetic energy through the metal 
contact at the ?rst planes 7a and .15 will be trapped by 
the metal contact provided at the second planes 8a and 
120.‘ However, in accordance with the invention, a 

' choke seal is provided independently from these metal 

15 

contacts. Speci?cally, the base 12a of the cavity 13 
presents a short circuit ‘condition effectively to any 
electromagnetic energy propagating thereinto. This is 
re?ected as an open circuit condition at the middle 
point between the opening de?ning line of the cavity 13 
and the sidewall 8b of the oven shield frame ‘which is 
spaced V4 wavelength from the terminating wall 12a, 
and also reflected as a short circuit condition at a point 
spaced therefrom by a further V4 wavelength. This 
means that a short circuit condition is eventually pro 
duced at the boundary 19 of the oven interior 17. As 
a result, leakage of electromagnetic energy from the 
boundary 19 to the exterior of the oven is prevented 
even if the metal contact at the ?rst and second planes 

tjgj‘s not complete, and is even‘more diminished by the 
."presence of such metal contact. While this is least likely 
to occur, any amount of leakage of electromagnetic en 
ergy through the metal contact at the second pleanes 
8a and 12c will be completely trapped by the wave ab 

i' sorber 11 disposed at a part of the second plane 8a of 
30 the oven. Desirably the wave absorber comprises rub 

w ber material blended with ferite, which serves to absorb 
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any adjacently existing wave without ‘directly blocking 
the wave path. ' 

it is found that the maximum length of the gap that 
may be formed between the enclosure and the door 
when opening the door by the time the switching means 
interlocked with door motion interrupts the electrical 
circuit of the microwave supply means is usually 3 mm 
or less. It will be understood that any gap length which 
may be left due to the presence of obstacles without 
being noticed by a user will be of a magnitude of the ‘ 
same order. A greater gap will be either noticeable or 
effective to operate an associated detector. Thus, the 
above ?gure can be taken as the magnitude of gap that 
may induce danger, and . it is satisfactory to prevent 
leakage of electromagnetic energy through a gap of this 
magnitude. 
With the arrangement of the invention, when vthe 

door 5 is left open even slightly, the sealing action by 
the metal contact at the first and second planes will be 
lost, but the leakage of electromagnetic energy through 
the gap will be prevented so long as the gap length re 
mains within the range of magnitude mentioned above. 
This is explained bythe fact that a short circuit condi 
tion can be established at the boundary 19 of the oven 
interior 17 so long as the cavity .13 is located opposite 
the sidewall 8b of the oven shield frame for a pivotable 
stroke of the door 5. While this short circuit condition 
may be unstable in nature as compared with the condi-' 
tion achieved when the door 5 is completely closed and 
hence may-be somewhat shifted in position from the 
boundary 19, the invention still provides an effective 
seal for electromagnetic energy. In addition, the wave 
absorber 1 1 serves to absorb portion of the electromag— 
netic wave emanating from the interior 17 of the oven. 
In particular, whenthe door 5 is left open slightly, it is - 
noted that the absorber 11 is advantageously located 
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along the path of the electromagnetic wave. It is a?exi 
bility provided by the invention that several different 
sorts of seals can be readily combined in sequential 
manner. 

FIG. 3 shows a door construction in which the door 
shield plate 15 is opposite to, but does not abut against 
the oven shield plate 7. Thus, in the closed position of 
the door 5, the metal contact is not formed at the ?rst 
planes as in FIG. 2, but the illustrated structure is effec 
tive to prevent leakage by virtue of the short circuit 
condition established at the boundary 19. In this em 
bodiment, the opening of the cavity 13 is provided with 
a dressing member 21 in order to avoid ingress of dust 
or the like. 

The cavity 13 which has been located within the door 
structure in the arrangements described thus far may 
be transferred to theenclosure 1. FIG. 4 shows such a 
modi?cation. In this embodiment, the door shield 
frame is omitted, and instead the door shield plate 15 
has a front portion 15a, de?ning a ?rst plane, and a rear 
portion 150, de?ning a second plane and which is con 
nected with the front portion 15a by a stepped sidewall 
15b. The cavity 13 is formed in the oven shield frame 
8 at a position opposite to the sidewall 15b. It will be 
appreciated that a gap is formed between the opening 
of the cavity 13 and the sidewall 15b and that the bot 
tom orterminating wall of the cavity 13 is spaced by M1 
wavelength and by 17% wavelength, respectively, from 
the center of the space and from the boundary 19, re 
spectively. It is noted that the opening of the cavity 13 
is provided with a dressing member 21 as mentioned in 
connection with FIG. 3. This embodiment achieves the 
similar prevention of leakage of electromagnetic en 
ergy as other embodiments described before. 

It should be understood that the description of above 
embodiments is illustrative only, but is not limiting the 
invention. Those skilled in the art would appreciate 
that various modi?cations and changes thereof are pos 
sible without departing from the scope and spirit of the 
invention. Therefore, it is intended that the invention 
is limited only by the appended claims. 

What is claimed is: 
1. A microwave oven comprising an enclosure de?n 

ing an interior having an access opening, a door pivot 
ally mounted on the enclosure and adapted to open and 
close the access opening, a stepped structure formed in 
the enclosure de?ned by a vertical plane through the 

, access opening, another vertical plane parallel thereto 
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and an interconnecting plane which connects said two 
vertical planes, a stepped structure provided in said 
door being of complementary form to stepped struc 
ture in said enclosure, and a cavity of substantially V4 
wavelength in depth, said cavity being opened to face 
to said interconnecting plane. 

2. A microwave oven according to claim 1, wherein 
said cavity is located within the stepped structure of 
said door. 

3. A microwave oven according to claim 1, wherein 
said interconnecting plane connects said vertical planes 
at right angles. 

4. Amicrowave oven according to claim 1, wherein 
a gap is formed between said stepped-structures. 

5. A microwave oven according to claim 1, wherein 
said interconnecting plane is, inclined with respect to 
said planes. .} 

6. A microwave oven according to claim 1, wherein 
said cavity is located within the stepped structure of 
said door andghas an opening which is opposite to said 
interconnecting plane of the stepped structure of said 
enclosure, said enclosure and said door being capable 
of metal contact at each of said vertical planes, one of 
said stepped structure having a recess formed therein 
at one of the planes thereof, and a wave absorber posi 
tioned in said recess. 

7. A microwave oven according to claim 6, wherein 
said wave absorber is located at one of .said vertical 
planes which is remote from said oven interior. ’ 

8. A microwave oven according to claim 1, wherein 
said cavity is located within the stepped structure of 
said enclosure. 

9. A microwave oven according to claim 1, wherein 
said enclosure and said door are capable of metal 
contact at either of said vertical planes. 

* * * * * 


