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(54) Electromagnetic bandgap seal for microwave energy

(57) A sealing system for blocking or attenuating mi-
crowave energy (14) between two environments or re-
gions of space (1, 2) includes an electromagnetic band-
gap (EBG) seal (20) mounted within an opening (3) in
the partition (4) that separates the two environments or
regions of space (1, 2) from each other. The EBG seal
(20) consists of an EBG structure (21) secured to one
side of the opening (3), an electrically conducting surface
(12) secured to the other side of the opening, and a die-
lectric volume (11) between the EBG structure (21) and
the electrically conducting surface (12). Transmission
spectral response of the EBG seal (20) features one or
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more distinct stop bands (bandgaps), as shown in Fig. 1
B, that the seal (20) operates in.

Said EBG structure especially refers to any metall-
odielectric structure with substantially periodic metalliza-
tion and featuring inherent frequency bands where prop-
agation of electromagnetic energy is forbidden and al-
lowed. Typical EBG structure may consist of substantially
periodically-spaced electrically conducting patches (31)
placed on, or embedded in, a dielectric layer (32) that is
backed by an electrically conducting surface (33). The
electrically conducting patches (31) may be connected
to the electrically conducting surface by electrically con-
ducting posts (34).
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Description

FIELD OF THE INVENTION,

[0001] The present invention relates to seals for mi-
crowave energy in general and in particular to such seals
in the field of microwave heating and/or drying devices.

BACKGROUND OF THE INVENTION

[0002] Containment - and the necessary sealing or at-
tenuating - of microwave energy is important for many
reasons, including safety of people and electromagnetic
interference with assorted electronic devices.

[0003] Conventional seals for microwave energy typi-
cally rely on a quarter-wavedeep electromagnetic choke.
The choke functions so as to yield near-cancellation of
electromagnetic energy in the immediate vicinity of the
choke’s aperture, in a narrow frequency band centered
around the frequency where the choke’s depth is one
quarter wavelength. Also, in order to further improve the
performance of the seal structure (by reducing the in-
duced standing wave along the choke structure), a plu-
rality of slits is usually provided along the choke. The
choke and slitdimensions are determined by the required
electrical performance and typically are such that the
choke is bulky, heavy, aesthetically not pleasing and not
amenable to cleaning.

[0004] Another group of conventional seals for micro-
wave energy uses absorbers of microwave energy. Volt-
age absorbers, in order to be effective, have depths com-
parable to one half wave length; as aresult they are phys-
ically large at microwave frequencies. Current absorbers,
on the other hand, can be low in profile; however, they
are based on ferrite matrices and as such are heavy and
oftentimes also brittle. Moreover, as all absorber seals
absorb the incident electromagnetic energy, their utility
is invariably limited to low-power applications only.
[0005] U.S. Patent No. 6,825,741 B2, granted on No-
vember 30, 2004 to Chappell et al., discloses planarfilters
built on periodic electromagnetic bandgap substrates.
The filters include resonant cavities in the electromag-
netic bandgap substrates and external lines extending
through the substrate lattice. This makes the filters suit-
able for feeding the signal in and out by transmission
lines only.

OBJECTS OF THE INVENTION

[0006] It is therefore a general object of the present
invention to provide a microwave seal that obviates at
least some of the above-noted disadvantages.
[0007] Another object of the presentinvention is to pro-
vide a microwave seal that is easy to integrate.
[0008] A further object of the present invention is to
provide a microwave seal that is fully scalable.
[0009] Yetanother object of the present invention is to
provide a microwave seal easily adaptable to microwave
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devices of various physical sizes, shapes and power rat-
ings.

[0010] Still another object of the present invention is
to provide a microwave seal having a low profile.
[0011] Another object of the presentinvention s to pro-
vide a microwave seal, having a simple, smooth and
closed surface.

[0012] A further object of the present invention is to
provide a microwave seal that is easy to clean.

[0013] Other objects and advantages of the present
invention will become apparent from a careful reading of
the detailed description provided herein, within appropri-
ate reference to the accompanying drawings.

SUMMARY OF THE INVENTION

[0014] According to afirst aspect of the present inven-
tion, there is provided a seal for blocking or attenuating
microwave energy between two environments or regions
of space, said seal comprises:

- an electromagnetic bandgap structure secured to
one side of an opening in a partition that separates
the two environments (e.g., humid / dry) or regions
of space (e.g., inside / outside) from each other;

- anelectrically conducting surface secured to the oth-
er side of the opening; and

- a dielectric volume between the electromagnetic
bandgap structure and the electrically conducting
surface. The dielectric volume may be any suitable
dielectric like, e. g., a dielectric volume comprising
one or more dielectric materials, e. g. comprised of
a mosaic of dielectric subvolumes (wherein some of
the dielectric subvolumes may be made of different
dielectric materials), a dielectric layer of a thin-film
type or of a thick film type, or a combination of mul-
tiple dielectric layers, wherein the used dielectrics
may be respectively homogeneous or inhomogene-
ous.

[0015] According to a second aspect of the present
invention, there is provided a microwave oven utilizing
the seal according to the first aspect of the invention.
[0016] Especially preferred embodiments arise, inter
alia, from the subclaims as such or in any possible com-
bination thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] In the annexed schematic drawings, like refer-
ence characters indicate like elements throughout.

Figure 1A is a cross-section view of an indicative
embodiment of a microwave seal according to the
present invention;

Figure 1B indicates a transmission spectral re-
sponse between regions of space (1, 2) for the struc-
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ture of Figure 1A, as understood by one of ordinary
skill in the art;

Figure 2 is a perspective illustration showing a sam-
ple electromagnetic bandgap structure that can be
employed in the present invention, also as under-
stood by one of ordinary skill in the art;

Figure 3 is a cross-section view taken along line 3-3
of Fig. 2;

Figure 4 is a perspective illustration showing the em-
bodiment of Fig. 1 installed in a microwave oven with
the oven door open;

Figure 5 is a cross-section view taken along line 5-5
of Fig. 4 when the oven door is closed (i.e., in oper-
ating position);

Figure 6 is a perspective illustration showing the em-
bodiment of Fig. 1 alternatively installed in a micro-
wave oven with the oven door open; and

Figure 7 is a cross-section view taken along line 7-7
of Fig. 6 when the oven door is closed (i.e., in oper-
ating position).

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0018] With reference to the annexed drawings, the
preferred embodiments and examples of the present in-
vention will be herein described on the example of a mi-
crowave oven for indicative purposes only and by no
means as of limitation.

[0019] Fig. 1A schematically shows a general sealing
system for blocking or attenuating microwave energy 14
between two environments or regions of space 1, 2 that
includes an electromagnetic bandgap (EBG) seal 20
mounted within an opening 3 of a partition 4 that sepa-
rates the two environments or regions of space 1, 2 from
each other. The EBG seal 20 consists of an EBG struc-
ture 21 secured to one side of the opening 3, an electri-
cally conducting surface 12 secured to the other, oppos-
ing side of the opening, and a dielectric layer 11 between
the EBG structure 21 and the electrically conducting sur-
face 12.

[0020] The dielectric layer 11 can be made of any suit-
able material and may be dependent of the types of en-
vironment or materials within the regions of space 1, 2.
Thus, for two air-filled regions 1, 2, the dielectric layer
11, or volume in general, may be air; for two regions 1,
2 immersed in fluid, it may be this fluid. Of course, also
a solid dielectric can be used, e. g. as a coating.

[0021] Fig. 1 B shows a diagram of a transmission
spectral response of an EBG structure in terms of the
magnitude of the energy passing the microwave seal in
terms of dB as a function of the frequency of the energy
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for microwave ovens. There exists a frequency band
where the energy entering the EBG seal is strongly at-
tenuated or blocked. The width of the frequency band,
here of around 200 MHz, can be suitably adapted. For
microwave seals, the width of this band gap can be set
such that part or all of the relevant microwave energy is
blocked or attenuated. The EBG structure in general can
have more than one distinct bandgaps (stop bands). In
general, the specific frequency and attenuation values
can be adapted to special conditions and other applica-
tions. One structure realising this transmission spectral
response is described in greater detail below.

[0022] In general, the described EBG structure refers
to any metallodielectric structure with substantially peri-
odic metallization and featuring inherent frequency
bands where propagation of electromagnetic energy is
forbidden and allowed. Such an EBG structure is spe-
cially suitable for microwave seals and may be referred
to as "patch-and-post" structure or "mushroom" struc-
ture. Similarly, other basic EBG structures may be used
instead.

[0023] Now referring to Figs. 2 and 3, a typical EBG
structure 21 may consist of substantially periodically-
spaced electrically conducting patches 31 placed on, or
embedded in, a dielectric layer 32 that is backed by an
electrically conducting surface 33. The electrically con-
ducting patches 31 may be connected to the electrically
conducting surface by electrically conducting posts 34,
thus forming a unit element 35.

[0024] The choice of material for the EBG structure’s
dielectric layer 32 depends on several factors, including:

- an operating temperature in the regions of space;
for low-temperature environments (as found in some
microwave ovens), common plastics, e.g., FR4, can
be used, while high-temperature environments
(such as found in microwave ovens with a pyrolytic
self-cleaning function) require the use of materials
with a higher temperature resistivity, preferably on
the basis of glass or ceramics, e.g. silicon dioxide.
Ultimately, air can be used as well;

- mechanical durability; the EBG seal should be re-
sistant to chipping or cracking due to factors such
as, on the example of microwave ovens, door impact
or dropped cookware; brittle materials may be pro-
tected by coverings or silicon /rubber landing pads;

- sealing frequency; there is aninverse correlation be-
tween the EBG seal’s stop-band frequency and the
relative dielectric constant of the EBG structure’s di-
electric layer 32; a similarly designed seal employing
a higher relative dielectric constant material for the
EBG structure’s dielectric layer 32 will seal ata lower
frequency; and

- losses: if necessary, a lossy material may be used
to accentuate the sealing behaviour of the EBG seal,
e.g., glasses / ceramics doped with ferrite powder
are one possibility for the material of the EBG struc-
ture’s dielectric layer 32.
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[0025] Indicative dimensions of the electrically con-
ducting patches 31 with the EBG structure’s dielectric
layer 32 made of FR4 (relative dielectric constant 4.5)
for a 200 MHz-wide stop band centered around 2.45 GHz
are 14 x 14 mm when the EBG structure’s dielectric layer
32 is 2-mm thick and 6.5 x 6.5 mm when the EBG struc-
ture’s dielectric layer 32 is 10-mm thick. In both cases,
the dielectric layer 11 is air 2 mm thick.

[0026] Standard printed-circuit-board printing tech-
niques may be used for fabrication of the electrically con-
ducting patches 31 when FR4 or some other plastics are
used as the EBG structure’s dielectric layer 32. Copper-
plated holes or holes plated by conductive pastes can be
used for the electrically conducting posts 34; rivets offer
another manufacturing possibility for the electrically con-
ducting posts 34. Alternatively, thumbtack-like structures
combining the electrically conducting patches 31 with the
electrically conducting posts 34 can be inserted into a
molten dielectric that, upon hardening/curing, will serve
as the EBG structure’s dielectric layer 32; the electrically
conducting surface 33 with prefabricated holes can be
attached/soldered thereafter.

[0027] A technique that can be used to facilitate man-
ufacture consists of relocating the electrically conducting
posts 34 from the centers to the edges of the electrically
conducting patches 31; this way, the electrically conduct-
ing posts 34 and the electrically conducting patches 31
can be manufactured as combined units, by stamping or
cutting metal sheets, thenfolded (to provide the 90° angle
between the electrically conducting posts’ 34 parts and
the electrically conducting patches’ 31 parts of the com-
bined units), inserted into prefabricated holes in the EBG
structure’s dielectric layer 32 and finally the end points
of the electrically conducting posts 34 are folded over the
electrically conducting surface 33. Connections between
the electrically conducting posts 34 and the electrically
conducting surface 33 can be ensured by conventional
joining / welding techniques if care is taken to protect the
EBG structure’s dielectric layer 32. Yet another manu-
facturing possibility for the EBG seal 20 includes using
a grid of metal rods to form a piece of glass with holes in
it, allowing the glass to solidify, removing the grid from
the glass and adding the metallic substructure of the EBG
seal 20 (the electrically conducting surface 33, the elec-
trically conducting patches 31 and the electrically con-
ducting posts 34).

[0028] Referring now to Figs. 4 to 7, there are shown
two embodiments of a microwave seal (system) 20 ac-
cording to the present invention mounted in a generic
household microwave oven 40, 60, i.e., a first embodi-
ment in Figs. 4 and 5 and a second embodiment in Figs.
6 and 7. The microwave oven 40, 60 consists of an oven
body 41 and an oven door 42. The oven body 41 and the
oven door 42 enclose a heating chamber 43. Here, the
oven body 41 comprises a substantially flat front side
frame 45 (flange) that surrounds a loading port 46 to load
and unload items into and from, resp., the heating cham-
ber 43. The oven door 42 comprises a corresponding
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substantially flat frame 47 that surrounds a window 48
that is impenetrable to microwave radiation. For heating
items within the heating chamber 43 by microwave en-
ergy, a microwave generator (not shown) is comprised
by the oven 40. Typically, the oven 40 employs a safety
means (not shown) to ensure that the microwave gener-
ator only operates if the oven door 42 is closed. If in a
closed position, the frame 45 of the oven body 41 and
the frame 47 of the oven door 42 are arranged opposite
to each other and define a partitioning and a respective
opening between each other that in this case is substan-
tially planar. To prevent microwave energy from leaking
to the outside through this opening, the opening must be
sealed against microwave radiation.

[0029] To achieve this, in Figs. 4 and 5, the EBG seal
20 is mounted in the opening between the oven body 41
and the ovendoor42insuch away thatthe EBG structure
21 similar to Figs. 1A, 1B, 2, and 3 is secured to the oven
body 41 and the electrically conducting surface 12 is se-
curedtothe ovendoor42. In particular, the EBG structure
21 is secured to the substantially planar frame 45 of the
oven body 41, and the electrically conducting surface 12
is secured to the substantially planar frame 47 of the oven
door 42 such that, in a closed position, both frames - thus
also the EBG structure 21 and the electrically conducting
surface 12 - are, over large parts, arranged parallel to
each other.

[0030] In Figs. 6 and 7, the EBG seal 20 is mounted
in the opening between the oven body 41 and the oven
door 42 of a microwave oven 60 in such a way that the
EBG structure 21 is secured to the oven door 42 and the
electrically conducting surface 12 is secured to the oven
body 41.

[0031] In both types of arrangements, the EBG seal
20 prevents the microwave energy in the heating cham-
ber 43 from leaking into outside space 44.

[0032] Referring to Figs. 4 to 7, the EBG seal 20 can
be manufactured integrally with the microwave oven 40,
60, or it can be manufactured separately and only inte-
grated with the assembled oven 40, 60 later. In the former
case, the entire metallic substructure of the EBG seal 20
- consisting of the electrically conducting surface 33, the
electrically conducting patches 31 and the electrically
conducting posts 34 - can be manufactured integrally with
the front side frame (flange) 45 of the heating chamber
43 (Figs 4 and 5) or the door 42 (Figs. 6 and 7). Subse-
quently, molten glass or any other suitable dielectric ma-
terial can be poured in (or introduced in any other way)
tofillin the EBG structure’s dielectric layer 32. In the latter
case, the EBG seal 20 is manufactured separately and
secured to the front side frame (flange) 45 of the heating
chamber 43 (Figs. 4 and 5) or the door (Figs. 6 and 7)
by means of one or more fasteners or a suitable adhesive,
for example. For example, the EBG seal 20 can also be
manufactured and / or adhered to the oven 40, 60 by the
methods and processes described in conjunction with
Figs. 2 and 3.

[0033] The EBG structure 21 in the EBG seal 20 can
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be made up of as many unit elements 35 as needed to
provide required attenuation/blocking of microwave en-
ergy. Although the particular seal depicted in Figs. 4 to
7 consists of four rings (if seen from a radial direction) of
unit elements 35, this is by no means to suggest the
present invention would be limited to any particular
number of unit elements 35. For more attenuation, addi-
tional rings of unit elements 35 can readily be added to
the EBG structure 21. Conversely, the number of unit
elements 35 can just as readily be reduced if less atten-
uation suffices. The EBG seal 20 is fully scalable this way.
[0034] With 5rings of unitelements 35, radiated power
flux levels, measured at 5 cm from the outer edges of the
EBG seal 20, lower than 0.15 pW/cm?2 per 1 Watt of input
microwave power have been achieved over a 200 MHz-
wide stop band centered around 2.45 GHz for a micro-
wave oven employing an EBG seal 20.

[0035] Advantageously,inthe shown EBG seal 20, the
EBG structure 21 and the electrically conducting surface
12 have a smooth and closed surface. This facilitates
easy cleaning of the EBG seal 20 from the food spills,
grease buildup and other deposits that are inevitable in
regular normal use of any microwave oven.

The frequency position of at least one stop band (band-
gap) in the transmission spectral response of the seal 20
in both embodiments can be controlled by at least one
out of the geometry and material properties of the unit
element 35 of the EBG structure 21, the thickness of the
dielectric layer 11, and the relative dielectric constant of
the dielectric layer 11. The dielectric layer 11 can be com-
posed of one or more dielectric materials in any suitable
form, e.g. as single or multi layer and / or layer(s) of a
thin film type or thick film type, etc.

[0036] The width and depth of at least one stop band
(bandgap) in the transmission spectral response can be
controlled by at least one out of the geometry and material
properties of the unit element 35 of the EBG structure
21, the number of unit elements 35 of the EBG structure
21, the thickness of one or more materials comprising
the dielectric layer 11, and the relative dielectric constant
of the dielectric layer 11.

[0037] By controlling / adjusting, e. g., at least one of
the frequency position, width, and depth of the stop band
(bandgap), along with the size and density of the EBG
unit elements 35, the EBG seal 20 can be adapted to
block or attenuate the permeating microwave radiation
according to need. This may be done by taking into ac-
count, e. g., factors such as the maximum microwave
power of the microwave oven 40, the in-plane width of
the frames 45, 47 of the oven body 41 and the oven door
42, resp., and the height of the opening between the
frames 45, 47.

[0038] The EBG structure 21 and the electrically con-
ducting surface 12 are preferably flat. Such an arrange-
ment allows the oven door 42 to open and close with
maximum ease.

[0039] In a preferred embodiment of the EBG seal 20
of the present invention, the EBG structure’s dielectric
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layer 32 is a solid and the dielectric layer 11 between the
EBG structure 21 an the electrically conducting surface
12 is air. In such an embodiment, there is no physical
contact between the solid seal part secured to the oven
door 42 and the solid seal part secured to the oven body
41; as a result, there is no tear or wear due to opening
and closing the door 42.

[0040] In an alternative embodiment of the EBG seal
20 of the present invention (not shown), the EBG struc-
ture (if seen from a radial direction) is divided into several
segments, with some of the segments secured to the
oven body 41 and the electrically conducting surface 12
secured to the oven door 42 and the remaining segments
secured to the oven door 42 and their electrically con-
ducting surface 12 secured to the oven body 41.

[0041] Although the EBG seal 20 has been described
with a certain degree of particularity, it is to be understood
that the disclosure has been made by way of example
only and that the present invention is not limited to the
features of the embodiments described and illustrated
herein, butincludes all variations and modifications within
the scope and spirit of the invention as hereinafter
claimed.

[0042] Generally, there are several advantages to us-
ing microwaves which the one skilled in the art will rec-
ognize for his field of expertise. In terms of heating, for
example, with microwave heating, the energy is ab-
sorbed volumetrically, which means that the heat is gen-
erated inside the material in a more distributed manner,
thus making it possible to obtain faster temperature rises
than in conventional heating, where the heat flows into
the body of the material from the surface. Greater time
and energy savings, fast on and off switching, reduced
floor space, ability to heat selectively, possible improved
quality of products and creation of new types of material
are the other notable benefits. A subsidiary advantage
is the ability to add microwaves at various stages of an
existing conventional process in order to optimize the
yield and compatibility with other means of heating such
as steam, hot air and infrared.

[0043] Forexample, otherindustrial applications of mi-
crowaves apart from household appliances include the
processing of food (heating, pasteurizing, etc.), rubber
(vulcanization), textiles (drying and sterilizing), wood
products (drying), ceramics (curing), adhesives (bonding
and curing), waste (drying and sterilizing) and so forth.
[0044] Regarding these and other applications, the
corresponding devices should be sealed against leakage
of microwave radiation which can be achieved by the
seal according to the invention. The corresponding de-
vices typically operate between around 460 MHz and
around 2.45 GHz, with the two most heavily used fre-
quency bands centered around 915 MHz and 2.45 GHz.

List of reference numbers

[0045]
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1 region of space

2 region of space

3 opening

4 partition

11 dielectric layer

12 electrically conducting surface
14  energy

20 EBG seal

21 EBG structure

31  electrically conducting patches
32  dielectric layer

33 electrically conducting surface
34  electrically conducting posts
35  unit element

40 microwave oven

41  oven body

42  oven door

43  heating chamber

44  outside space

45  front side frame

46 loading port

47  frame

48  window

60 microwave oven

Claims

1. A seal (20) for blocking or attenuating microwave
energy (14) between two environments or regions
of space (1, 2), said seal comprising:

- an electromagnetic bandgap structure (21) se-
cured to one side of an opening (3) in a partition
(4) that separates the two environments or re-
gions of space (1, 2) from each other;

- an electrically conducting surface (12) secured
to the other side of the opening (3); and

- a dielectric volume (11) between the EBG
structure (21) and the electrically conducting
surface (12).

2. Aseal (20) as defined in claim 1, wherein the EBG
structure (21) is a metallodielectric structure with
substantially periodic metallization and featuring in-
herent frequency bands where propagation of elec-
tromagnetic energy is forbidden and allowed.

3. Aseal (20) as defined in claim 1, wherein the seal
(20) has a transmission spectral response featuring
one or more stop bands (bandgaps).

4. A seal (20) as defined in claim 3, wherein the fre-
quency position of the stop band (bandgap) in the
transmission spectral response can be controlled by
at least one out of the geometry of the unit element
(35) of the EBG structure (21),the material properties
of the unit element (35) of the EBG structure (21),
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the thickness of the dielectric volume (11), and the
effective relative dielectric constant of the dielectric
volume (11).

5. Aseal (20) as defined in claim 3, wherein the width
of the stop band (bandgap) in the transmission spec-
tral response can be controlled by at least one out
of the geometry of the unit element (35) of the EBG
structure (21), the material properties of the unit el-
ement (35) of the EBG structure (21), the number of
unit elements (35) of the EBG structure (21), the
thickness of the dielectric volume (11), and the rel-
ative dielectric constant of the dielectric volume (11).

6. A seal (20) as defined in claim 3, wherein the depth
of the stop band (bandgap) can be controlled by at
least one out of the geometry of the unit element (35)
of the electromagnetic bandgap structure (21), the
material properties of the unit element (35) of the
EBG structure (21), the number of unit elements (35)
of the electromagnetic bandgap structure (21), the
thickness of the dielectric layer volume (11), and the
effective relative dielectric constant of the dielectric
volume (11).

7. A seal (20) as defined in claim 1, wherein at least
one out of the electromagnetic bandgap structure
(21) and the electrically conducting surface (12) has
a smooth and closed surface.

8. A seal (20) as defined in claim 1, wherein at least
one out of the electromagnetic bandgap structure
(21) and the electrically conducting surface (12) is
substantially flat.

8. A seal (20) as defined in claim 1, wherein the di-
electric volume (11) is comprised of a single dielec-
tric layer.

9. A seal (20) as defined in claim 1, wherein the di-
electric volume (11) is comprised of multiple dielec-
tric layers.

10. A seal (20) as defined in claim 9, wherein some
ofthe dielectric layers are made of different dielectric
materials.

11. A seal (20) as defined in claim 1, wherein the
dielectric volume (11) is comprised of a mosaic of
dielectric subvolumes.

12. A seal (20) as defined in claim 11, wherein some
of the dielectric subvolumes are made of different
dielectric materials.

13. A seal (20) as defined in claim 1, wherein the
dielectric volume (11) is homogeneous or inhomo-
geneous.
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14. Microwave oven (40) comprising:

an oven body (41) enclosing a heating chamber
(43) and having a loading port (46) into the heat-
ing chamber (43);

an oven door (42) adapted to selectively open
and close the loading port (46);

wherein, in a closed position of the oven (40), the
oven body (41) and the oven door (42) define two
respective sides of an opening (3) between the heat-
ing chamber (43) and an outside space (44);
wherein

at least part of the opening (3) is provided with a
electromagnetic bandgap seal (20) to block or atten-
uate microwave radiation radiating through the at
least part of the opening (3) while being in a closed
position.

15. Microwave oven (40) as defined in claim 14,
wherein the seal (20) is mounted in the opening (3)
between the oven body (41) and the oven door (42)
in such a way that an electromagnetic bandgap
structure (21) is secured to the oven body (41) and
an electrically conducting surface (12) is secured to
the oven door (42).

16. Microwave oven (40) as defined in claim 14,
wherein the seal (20) is mounted in the opening (3)
between the oven body (41) and the oven door (42)
in such a way that an electromagnetic bandgap
structure (21) is secured to the oven door (42) and
an electrically conducting surface (12) is secured to
the oven body (41).

17. Microwave oven (40) as defined in claim 14,
wherein the seal (20) is mounted in the opening (3)
between the oven body (41) and the oven door (42)
in such a way that an electromagnetic bandgap
structure (21) - if seen from a radial direction - is
divided into several segments, with some of the seg-
ments secured to the oven body (41), and an elec-
trically conducting surface (12) secured to the oven
door (42) and the remaining segments secured to
the oven door (42) and their electrically conducting
surface (12) secured to the oven body (41).

18. Microwave oven (40) as defined in claim 14,
wherein the electromagnetic bandgap structure (21)
is made by steps comprising:

manufacturing an electromagnetic bandgap
structure’s (21) electrically conducting posts
(34) and electrically conducting patches (31) as
combined units by stamping or cutting metal
sheets; folding and inserting them into prefabri-
cated holes in an EBG structure’s dielectric layer
(32); and folding end points of the electrically
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conducting posts (34) over an electrically con-
ducting surface (33).
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