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(54) Dielectric multimode resonator

(57)  The presentinvention relates to a dielectric mul-
timode resonator comprising a plurality of walls (2,3,4)
enclosing a resonator cavity (6) a resonator element (7)
made of dielectric material and disposed in the resonator
cavity (6) The plurality of walls (2,3,4) includes a first wall
(2), an opposing second wall (3) and at least on one third
wall (4) extending between and connecting the first wall
(2) and the second wall (3). The resonator element (7)
comprises a central portion (8) and exactly four elongate
leg portions (9a,9b,9¢,9d) extending longitudinally from
the central portion (8) towards the walls (2,3,4), such that
one (10) of the two longitudinal ends (10,11) of each elon-
gate leg portion (9a,9b,9¢,9d) is directly joined to the cen-
tral portion (8) and the other longitudinal end (11) is con-
nected to only one of the walls (2,3,4). Elongate leg por-
tions (9a,9b,9¢,9d) included in a first set are connected
to a different wall (2,3,4) than elongate leg portions (9a,
9b,9¢,9d) included in a second set.
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Description

[0001] The presentinventionrelatesto adielectric mul-
timode resonator comprising a plurality of walls enclosing
a resonator cavity, wherein the plurality of walls includes
a first wall, an opposing second wall and at least one
third wall extending between and connecting the first wall
and the second wall, and a resonator element made of
dielectric material and disposed in the resonator cavity,
wherein the resonator element comprises a central por-
tion and exactly four elongate leg portions extending lon-
gitudinally from the central portion towards the walls,
such that one of the two longitudinal ends of each elon-
gate leg portion is directly joined to the central portion
and the other longitudinal end is connected to only one
of the walls. The invention further relates to a microwave
filter comprising at least one of such dielectric multimode
resonators.

[0002] Dielectric resonators are commonly used as ba-
sic components of microwave filters which are e.g. uti-
lized in various devices, such as base stations and mobile
units, of wireless communications systems. Generally, a
dielectric resonator comprises a piece of material having
a large dielectric constant and disposed within an elec-
trically conductive housing or enclosure acting as a shield
against coupling of radiation between the inside and the
outside of the enclosure. Electromagnetic energy cou-
pled into the piece of dielectric material is internally re-
flected at the interfaces between the dielectric material
and air. In this way, at certain frequencies resonances
are supported by the piece of dielectric material, so that
the piece of dielectric material functions as a miniature
microwave resonator or resonator element. This results
in the electric field being guided by the resonator element
and, thus, in confinement of electromagnetic energy with-
in and in the vicinity of the resonator element. Such res-
onance modes may therefore be referred to as "guided
modes". Depending on their shape and construction,
such resonator elements may support one or more TE
(transverse electric) modes and/or one or more TM
(transverse magnetic) modes.

[0003] At the resonance frequency of a dielectric res-
onator, the magnetic field energy equals the electric field
energy and electromagnetic fields can be transmitted
with minimal loss. The resonance frequencies of a mul-
timode dielectric resonator are controlled by the shape,
the cross sectional area and the per-mittivity constant of
its resonator element. Important characteristics of a die-
lectric resonator are the field patterns, the Q factor, the
resonance frequencies and the spurious free bandwidth.
It is known that these factors depend on the dielectric
material used, the shape of the resonator element, and
the resonance mode(s) used. The quality factor Q, which
is determined by losses in a structure, is an important
design parameter in the design of dielectric resonator
filters. The resonator bandwidth is inversely proportional
to Q. A high Q is a desirable property of a dielectric res-
onator as it infers low insertion losses.

10

15

20

25

30

35

40

45

50

55

[0004] Another factor that is important in the design of
dielectric resonator filters is the tuning of the individual
resonance frequencies of the dielectric resonator(s) to
achieve a desired filter response. Such adjusting means
are usually realized by a screw extending in a direction
orthogonal to the reflection surface effective to change
the resonance frequency of a particular resonator ele-
ment or resonance mode. Further tuning of the filter re-
sponse may be effected by a screw between two dielec-
tric resonators to adjust the coupling between these di-
electric resonators.

[0005] The first dielectric resonator arrangements in-
cluded cylindrical resonator elements commonly known
as pucks. As a fundamental mode such pucks support
the TEO18 mode in which the electric field is concentrated
within the dielectric material and rotates inside the puck
forming closed circular rings. To avoid ohmic losses, any
contact between the dielectric puck and the walls of the
enclosure has to be avoided and sufficient distance be-
tween the puck and the walls has to be provided to min-
imize the surface currents which are induced by the mag-
netic field circularly surrounding the electric field and not
confined by the dielectric material. For these purposes,
the pucks were usually supported within the enclosure
by a supporting structure made of low dielectric constant
material.

[0006] Other common dielectric resonator elements
are formed by a straight dielectric rod disposed centrally
inside a cylindrical cavity extending between and in elec-
trical contact with the bottom wall and the top wall. As a
fundamental mode such resonator elements support the
TMO10 mode, wherein for mode designation purposes
the direction of extension of the rod is chosen as z axis.
Inthis mode, the electric field is again concentrated within
and guided by the dielectric material, i.e. the electric field
lines extend along the direction of extension of the die-
lectric rod and are perpendicular to the bottom wall and
the top wall. The magnetic field lines are circularly closed
and surround the rod in planes perpendicular to the rod.
Surface currents are induced, which are flowing between
the two contact locations of the rod with the enclosure
and together with the electric field lines form closed loops.
[0007] Fordielectric rods supporting the TM010 mode,
good electric contact between the dielectric material and
the top wall and the bottom wall has to be maintained
because an air gap between the dielectric rod and the
walls leads to an undesired frequency shift. Mechanical
stress due to different coefficients of thermal expansion
for the walls and the dielectric rod poses a problem which
has to be taken into account upon construction of the
dielectric resonator. For example, it is known to avoid
mechanical stress and increase temperature stability by
letting the dielectric rod extend into bores in the top wall
and the bottom wall (see e.g. Y. Kobayashi, S. Yoshida,
"Bandpass filters using TM010 dielectric rod resonators",
Proc. IEEE MTT-Symposium, 1978, pages 233-235).
However, this construction has been found to be insuffi-
cient in solving the problem of frequency stability. Anoth-
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er approach utilizes a dielectric shielding enclosure made
of the same material as the dielectric rod. This technique
was improved by constructing the dielectric shielding en-
closure and the rod integrally in one piece (see e.g. Y.
Ishikawa, J. Hattori, M. Andoh, T. Nishikawa, "800 MHz
high power duplexer using TM dual mode dielectric res-
onators", Proc. IEEE MTT-Symposium, 1992, pages
1617-1620).

[0008] Furthermore, dual mode operation was
achieved by utilizing a cross-shaped resonator element,
i.e. an element that can be described as comprising two
intersecting dielectric rods arranged perpendicular to
each other or as comprising a central portion forming the
node of the cross and four elongate leg portions extend-
ing longitudinally from the central portion at angles of 90°.
With such a resonator element, each of the two rod com-
ponents supports afundamental resonance mode having
a field configuration described above for the case of a
single rod.

[0009] In general, multimode dielectric resonators, re-
alized by using two or more distinct dielectric resonator
elements and/or a dielectric resonator element structure,
parts of which form different dielectric resonator compo-
nents, are superior to single mode dielectric resonators
with regard to filter production. This is because the filter
characteristics are commonly enhanced when the
number of resonance modes excited in the filter is in-
creased. Thus, a single dielectric resonator having a res-
onator element supporting more than one mode enables
a reduction in the size of the filter, because a plurality of
coupled single mode dielectric resonators is avoided.
[0010] Therefore, a variety of different dielectric reso-
nators with resonator elements simultaneously support-
ing two or more resonance modes are known in the prior
art. For example, triple mode operation of a TM mode
dielectric resonator for a channel dropping filter is de-
scribed in T. Nishikawa, K. Wakino, H. Wada, Y.
Ishikawa, "800 MHz band dielectric channel dropping fil-
ter using TM110 triple mode resonance", Proc. IEEE
MTT-Symposium, 1985, pages 289-292. In this case, a
resonator element comprising three perpendicular die-
lectric rods was used.

[0011] With regard to the terminology used to desig-
nate the resonance modes it has to be noted that different
designations may exist for a particular resonator or mode.
For example, instead of using the name TM mode reso-
nator or filter the name dielectric-loaded waveguide filter
is used in the textbook |.C. Hunter, "Theory and Design
of microwave filters", IEE electromagnetic waves series
No. 48, London: IEE, 2001, chapter 7.5.1 pages 314 et
sqq., since the field patterns of this type of resonator are
comparable to similar waveguide filters which are using
air cavity resonators, i.e. resonators not comprising die-
lectric resonator elements. As another example, the
TMO010 mode in a cylindrical cavity is comparable to the
TM110 mode in a rectangular cavity. Furthermore, the
mode names may depend on the axis chosen to be the
direction of propagation for the corresponding waveguide
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modes leading to the resonances. This is explained in
the textbook S. Ramo, J.R. Whinnery, T. van Duzer,
"Fields and waves in communication electronics", 3rd ed.
New York: John Wiley & Sons, 1993, chapter 10.4 pages
494 et sqq.

[0012] Therefore, to avoid ambiguities, it is more con-
venient to include the direction of propagation into the
mode designation. For example, in a rectangular reso-
nator the TMy110 mode is identical to the TEz101 mode.
Using this terminology, the above mentioned TM dual
mode resonances of two crossed dielectric rods are des-
ignated as TMy110 and TMx110 in US 6,278,344 (Fig-
ures 12a and 12b). However, they could also be desig-
nated as TEz101 and TEz011. In the summary of US
6,278,344, the modes are designated as "pseudo
TM110".

[0013] In the prior art, triple mode operation was also
achieved by using the cross-shaped resonator element
described above with regard to dual mode operation by
choosing suitable dimensions of the resonator element.
For example, such a triple mode dielectric resonator with
a planar cross-shaped resonator element is disclosed in
US 6,278,344. The four leg portions extending from the
central portion are connected with their longitudinal ends,
located opposite the central portion, to the sidewalls of
a cubical enclosure in which the resonator element is
disposed. In addition to the above-described pseudo
TM110 modes, in which the electric field is guided in only
two opposing of the four elongate leg portions, i.e. in one
of the two rod components, the resonator element also
supports a pseudo TM111 mode, in which the electric
field is guided in all four elongate leg portions, to achieve
triple mode operation. A through bore may be provided
in the center of the central portion and extending perpen-
dicular to the plane of the cross. The dimensions of the
through bore are chosen to adjust the resonance fre-
quencies of the two pseudo TM110 modes with respect
to the pseudo TM111 mode, so that the resonance fre-
quencies of the three modes are approximately equal.
This adjustment is possible because the through bore
mainly affects the resonant frequencies of the pseudo
TM 110 modes.

[0014] EP 1014 474 relates to a dielectric multimode
resonator having a resonator element comprising a
block-shaped central portions and a plurality of short di-
electric support portions extending between the block
and the walls of the enclosure to support the block within
the cavity. The resonator element supports different
TEO18 and TMO018 modes in which the electric field is
guided annularly closed within the block-shaped central
portion. In order to be able to support these modes, the
block-shaped central portion has to have a large volume.
[0015] The prior art dielectric multimode resonators
comprising a cross-shaped resonator element have sev-
eral disadvantages. It is difficult to securely mount the
resonator element within the resonator cavity such that
a good electrical contact between the dielectric material
and the walls is maintained in order to avoid an undesired
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frequency shift. As noted above, mechanical stress due
to different coefficients of thermal expansion for the walls
and the dielectric resonator element has to be taken into
account in this regard. Further, it is difficult and cost in-
tensive to place tuning elements for tuning the resonator.
[0016] Itis an object of the present invention to provide
a dielectric multimode resonator, and in particular a die-
lectric multimode resonator, which is adapted to over-
come the above mentioned disadvantages.

[0017] This object is achieved by a dielectric multi-
mode resonator with the features of claim 1. Further pre-
ferred embodiments of the dielectric multimode resona-
tor are the subject-matter of the dependent claims.
[0018] The dielectric multimode resonator comprises
a plurality of walls defining a resonator cavity enclosed
by the walls. The plurality of walls includes and preferably
consists of a first wall, an opposing second wall and at
least one third wall extending between and connecting
the first wall and the second wall, and thus separating
the first wall and the second wall. Thus, there is one such
third wall or a plurality of distinct such third walls, i.e. a
plurality of third walls in which each two adjacent third
walls are separated by a sharp or rounded edge. For
example, the n sidewalls of a right prism with a polygonal
base having n sides with sharp or rounded corners, are
n distinct third walls. Preferably, the third walls are con-
nected edge to edge in series in an annularly closed man-
ner. The first wall may e.g. be the bottom wall of the res-
onator, the second wall may e.g. be the top wall of the
resonator, and the at least one third wall may e.g. be at
least one sidewall of the resonator. For example, the res-
onator cavity can have a circularly or elliptically cylindri-
cal, cuboidal or cubical shape with sharp and/or rounded
edges or the shape of a prism with a polygonal base
having three or more sides with sharp and/or rounded
corners. Preferably, the plurality of walls completely sur-
round the resonator cavity. In general, the walls consist
of or comprise, e.g. in the form of a coating, a conductive
material, such as a metal material.

[0019] The dielectric multimode resonator further com-
prises a resonator element made of dielectric material
and disposed within the resonator cavity. The dielectric
material may e.g. be a ceramic, preferably a mixture of
mainly zirconate and titanate, in particular about 48%
ZrO, and about 48% TiO,, such as e.g. a Zr-Ti-Mg-Nb-
O based dielectric ceramic. Preferably, the dielectric ma-
terial has a dielectric constant €, of between 20 and 80,
preferably of between 35 and 45, and most preferred of
about 42.

[0020] The resonator element comprises and prefera-
bly consists of a central portion spaced from the walls
and exactly four elongate leg portions - i.e. leg portions
having a length dimension that is greater than the two
width dimensions - extending longitudinally from the cen-
tral portion towards the walls, such that each elongate
leg portion is directly joined to the central portion only
with exactly one of its two longitudinal ends and is con-
nected to a wall with only its other longitudinal end. In
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this regard, it should be noted that the longitudinal end,
of course, includes an end section of a certain extension.
The remainder of the elongate leg portions is not con-
nected to a wall or to the central portion. Each elongate
leg portion is connected to only one of the walls. Further,
due to the fact that the resonance frequencies of unde-
sired modes, in which the electric field lines are guided
annularly closed within an elongate portion, are lower for
plate-shaped portions than for rod-shaped portions, it is
preferred that the elongate portions have the shape of a
straight, curved and/or angled rod, i.e. that the two width
dimensions are comparable.

[0021] One, two or three of the four elongate leg por-
tions constitute a first set of elongate leg portions and
the remaining elongate leg portion (in the case of the first
set including three of the four elongate leg portions) or
the remaining elongate leg portions (in the case of the
first set including one or two of the four elongate leg por-
tions) ofthe four elongate leg portions constitute a second
set of elongate leg portions. All elongate leg portions in-
cluded in the first set are connected to the same wall,
and all elongate leg portions included in the second set
are also connected to the same wall. The elongate leg
portions of the first set are connected to a different wall
than the elongate leg portions of the second set. With
other words, the four elongate leg portions are connected
to only two of the plurality of walls of the resonator, where-
in one, two or three of the four elongate leg portions are
connected to one of the two walls, and the other three,
two and one, respectively, elongate leg portions are con-
nected to the other of the two walls.

[0022] Preferably, the resonator element is integrally
made in one piece.

[0023] This dielectric multimode resonator has the ad-
vantage that secure mounting of the resonator element
with a reliable electric contact to the walls is greatly fa-
cilitated, because only two walls have to be taken into
consideration for the mounting arrangement and mount-
ing procedure. Further, only two walls instead of four have
to be considered when determining the behavior of the
resonator upon temperature increase and decrease. In
addition, because at least two of the elongate leg portions
are connected to the same wall, it is easier to arrange
and dispose suitable tuning elements, so that the costs
for placing the tuning elements are lower. In this way,
manufacturing of the dielectric multimode resonator is
greatly facilitated.

[0024] The resonator cavity may have the shape of a
right prism with a polygonal base having three or more
sides and sharp and/or rounded edges. In this case, the
plurality of walls consists of the first wall and the second
wall and a number of third walls, which number is equal
to the number of sides of the polygonal base of the right
prism. Each of these third walls extends between and
connects the first wall and the second wall. The third walls
are connected edge-to-edge in an annularly closed man-
ner with the edges between adjacent third walls being
sharp and/or rounded. The first wall and the second wall
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are perpendicular to each of the third walls and are par-
allel to each other. For example, the first wall may be the
bottom wall of the resonator, the second wall may be the
top wall of the resonator, and the third walls may be the
sidewalls of the resonator.

[0025] Thus, the resonator cavity may in particular
have a cuboidal shape with sharp and/or rounded edges.
Then, the plurality of walls consists of six walls, each
defining one side of the cuboidal resonator cavity, and
includes four third walls extending between and connect-
ing the first wall and the second wall. The third walls are
connected edge-to-edge in an annularly closed manner,
wherein adjacent third walls are perpendicular to each
other and opposing third walls are parallel to each other.
The first wall and the second wall are perpendicular to
each of the four third walls and are parallel to each other.
For example, the first wall may be the bottom wall of the
resonator, the second wall may be the top wall of the
resonator, and the four third walls may be the four side-
walls of the resonator.

[0026] The resonator cavity may also have a circularly
or elliptically cylindrical shape with sharp and/or rounded
edges. Accordingly, in this case, the plurality of walls con-
sists of three walls and includes one cylindrical third wall
extending between and connecting the first wall and the
second wall. The third wall is extending annularly closed
in a circular or oval shape. The first wall and the second
wall are perpendicular to the single third wall and are
parallel to each other. For example, the first wall may be
the bottom wall of the resonator, the second wall may be
the top wall of the resonator, and the single third wall may
be the sidewall of the resonator.

[0027] In a preferred embodiment, the first wall and
the second wall are planar and parallel to each other. In
a further preferred embodiment, each of the third walls
is planar. Of course, it is also possible that the first wall
and the second wall are planar and parallel to each other
and that each of the third walls is planar. In any case, the
edges between adjacent walls may be sharp and/or
rounded.

[0028] Ina preferred embodiment, the firstand the sec-
ond set of elongate leg portions are connected to oppos-
ing walls, such as to the bottom wall and the top wall,
respectively, of a cylindrical or cuboidal resonator, or to
two non-adjacent sidewalls of a cuboidal resonator. This
arrangement provides the advantage that in connection
with the problem of mechanical stress only mechanical
forces need to be considered that mainly dominate in one
axis. By contrast, in case of resonator elements connect-
ed to four different walls or to two adjacent walls, me-
chanical forces acting in two axes have to be taken into
consideration.

[0029] For this embodiment, it can be advantageous
if one or both of the two opposing walls to which the two
sets of elongate leg portions are connected comprises a
resilient portion which is adapted to exert a spring or bi-
asing force on the resonator element generating a clamp-
ing force that at least contributes to securing the resona-
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tor elementwithin the resonator cavity. Each resilient por-
tion is further adapted to accommodate expansion and
contraction of the resonator element, while ensuring
good electric contact between the resonator element and
the respective wall. In this way, the resonator element is
even securely held in place and electric contact is main-
tained by the clamping force if the resonator element
changes its dimensions due to a change in temperature.
Each resilient wall portion is associated with at least one
of the elongate leg portions connected to the respective
wall. In case of two or three elongate leg portions being
connected to a particular wall, it should be noted that it
is, of course, possible that this wall comprises two or
three resilient portions, wherein each of the two or three
resilient portions of the wall are associated with one of
the two or three elongate leg portions.

[0030] Inanalternative preferred embodiment, the first
and the second set of elongate leg portions are connect-
ed to adjacent walls. Such an arrangement may be ad-
vantageous in case it is desired to construct at least the
walls to which the elongate leg portions are connected
from dielectric material and integrally with the resonator
element. Further, if clamping forces are not required for
securing a separate resonator element within the reso-
nator cavity, e.g. because the coefficients of thermal ex-
pansion of the resonator element and the walls are similar
or substantially identical, it is particularly easy in this ar-
rangement to connect the elongate portions to the walls
e.g. by soldering, brazing, welding or by using adhesives.
[0031] The longitudinal end opposite the central por-
tion of one or more or all of the elongate leg portions may
be directly joined to the respective wall. Further, the lon-
gitudinal end opposite the central portion of one or more
or all of the elongate leg portions may be connected to
the respective wall via one or more intermediate ele-
ments that are made of dielectric material having a die-
lectric constant that is smaller than that of the dielectric
material of the resonator element. It is also possible that
some of the elongate leg portions are directly connected
to their associated wall and some of the elongate leg
portions are connected to their associated wall via one
or more intermediate elements. The intermediate ele-
ment(s) may also take the form of a dielectric shielding
cavity provided instead of metallic walls or between the
electrically conductive portions of the walls and the elon-
gate leg portions. In the latter case, the resonator element
may also be integrally formed in one piece with such a
shielding cavity. If intermediate elements are used, it is
preferred that they are made of a ceramic or other die-
lectric material having a much lower dielectric constant
than the resonator element, e.g. a dielectric constant g,
of between 8 and 12, and preferably of about 10. Advan-
tageous materials are alumina, forsterite or quartz. By
utilizing intermediate elements it is easily possible to shift
the resonance frequencies of the modes supported by
the resonator elementto higher frequencies as compared
to an arrangement without intermediate elements or with
smaller intermediate elements.
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[0032] Itis preferred that the maximum diameter of the
central portion is smaller than the length of the elongate
leg portions. Accordingly, the central portion does not
form the main portion of the resonator element. In par-
ticular, it is preferred that at the connection to the central
portion, each elongate leg portion is in direct contact with
at least one adjacent elongate leg portion.

[0033] Ina preferred embodiment, one of the elongate
leg portions of the first set of elongate leg portions and
one of the elongate leg portions of the second set of elon-
gate leg portions together form a first elongate member,
such as e.g. afirst elongate rod member, and the remain-
ing two elongate leg portions together form a second
elongate member, such as e.g. a second elongate rod
member, wherein the first and the second elongate mem-
ber intersect each other. In this case, the region of inter-
section of the two elongate members is the central portion
of the resonator element. In case of two straight elongate
rod members, the resonator has an X-shape, and the
central portion is the center of the X. In case the elongate
members are not straight, the resonator element has an
X-shape with deformed arms, such as angled and/or
curved arms.

[0034] In an alternative preferred embodiment, the
central portion of the resonator element is itself an elon-
gate portion. Two of the elongate leg portions extend
from one longitudinal end of the central elongate portion
and the remaining two elongate leg portions extend from
the other longitudinal end of the central elongate portion.
In case the elongate leg portions are perpendicular to
the central elongate portion and the resonator element
is planar, the resonator element has an H-shape.
[0035] In a preferred embodiment, the resonator ele-
ment is planar, so that all elongate leg portions extend
in a common plane. In an alternative preferred embodi-
ment, the first set of elongate leg portions extends in a
first plane, and the second set of elongate leg portions
extends in a second plane, wherein the first plane is ex-
tending transverse to the second plane. In this case, it is
particularly preferred that the first plane is perpendicular
to the second plane. In this way, it is possible to achieve
a geometrical symmetry resulting in two of the fundamen-
tal modes supported by the resonator element being at
essentially the same frequency.

[0036] Itis possible that all elongate leg portions have
the same shape and dimensions, or that one or more or
all of the leg portions has/have a different shape and/or
different dimensions as compared to the other leg por-
tions. For example, at one or more or all of the elongate
leg portions may be straight and/or one or more or all of
the elongate leg portions may be curved and/or angled.
The design of the individual elongate leg portions de-
pends on the desired values of the resonance frequen-
cies of the modes of interest.

[0037] By suitably choosing the dimensions, shape,
orientation and relative arrangement of the elongate leg
portions, it is easily possible to adapt the resonators for
use with different frequencies and to set the filter char-
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acteristics. For example, as compared to a prior art res-
onator element comprising at least two perpendicular di-
electric rods, there is advantageously more freedom to
individually choose the design and construction charac-
teristics of each elongate leg portion, such as its length,
width, height and shape.

[0038] Thus, such a resonator element supports sev-
eral guided orthogonal resonance modes, i.e. resonance
modes in which in the ideal case energy is transmitted
separately from the other orthogonal resonance modes
with no cross-coupling between any two orthogonal res-
onance modes. In this regard, it is to be noted that there
might be different sets of orthogonal resonance modes
and that sets of non-orthogonal resonance modes may
be constructed by superposition of the members of a set
of orthogonal resonance modes.

[0039] In a preferred embodiment, the first set of elon-
gate leg portions consists of exactly one of the four elon-
gate leg portions and the second set of elongate leg por-
tions consists of the remaining three elongate leg por-
tions.

[0040] Inanalternative preferred embodiment, the first
set of elongate leg portions consists of exactly two of the
four elongate leg portions and the second set of elongate
leg portions consists of the remaining two elongate leg
portions.

[0041] In the latter embodiment, it is further preferred
if one set of guided orthogonal resonance modes sup-
ported by the present resonator element includes a first
resonance mode in which the electric field is only domi-
nant in and guided in one elongate leg portion of the first
set of elongate leg portions, one elongate leg portion of
the second set of elongate leg portions, and at least a
part of the central portion. With other words, while a small
amount of electric field may be present in the other elon-
gate leg portions, the electric field lines are essentially
confined or concentrated in the two elongate leg portions
considered. In the present application, wordings such as
"the electric field is only dominant in a particular part of
the resonator element" mean that the electric field
strength in the remainder of the resonator elementis neg-
ligible as compared to the electric field strength in the
particular part. Preferably, the maximum electric field
strength in the remainder of the resonator element is less
than 5% of the maximum electric field strength in the
particular part, more preferably less than 1%, and most
preferably less than 0.5%. In this context it has to be
noted, however, that some electric field "leaks out of"
parts of the resonator element in which the electric field
is guided, so that e.g. even in case of a leg portion in
which essentially no electric field is concentrated and
guided, some electric field may be present immediately
adjacent the end connected to a part of the annularly
closed portion in which electric field is concentrated and
guided. Such electric field components, that exponential-
ly decrease with the distance from the guiding part, are
disregarded in the above definition. In this firstresonance
mode, the electric field in one of the elongate leg portions
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is oppositely directed as compared to the other elongate
leg portion relative to the central portion, i.e. in one elon-
gate leg portion the electric field is guided longitudinally
towards the central portion, and in the other elongate leg
portion the electricfield is guided longitudinally away from
the central portion.

[0042] In this embodiment, the set of orthogonal res-
onance modes further includes a second resonance
mode in which the electric field is only dominant in and
guided in one elongate leg portion of the first set of elon-
gate leg portions, one elongate leg portion of the second
set of elongate leg portions, and at least a part of the
central portion, wherein these two elongate leg portions
are different from the elongate leg portions in which the
electric field is guided in the first resonance mode, and
wherein, relative to the central portion, the electric field
in one of the elongate leg portions is oppositely directed
as compared to the other elongate leg portion, i.e. in one
elongate leg portion the electric field is guided longitudi-
nally towards the central portion, and in the other elon-
gate leg portion the electric field is guided longitudinally
away from the central portion.

[0043] Thus, the first resonance mode and the second
resonance mode correspond to the two pseudo TM110
modes described above for a cross-shaped planar res-
onator element.

[0044] In this embodiment, the set of orthogonal res-
onance modes further includes a third resonance mode
in which the electric field is dominant in and guided in the
entire resonator element, wherein in each two non-adja-
cent elongate leg portions the electric field is identically
directed relative to the central portion, i.e. either directed
towards or away from the central portion, and the electric
field is oppositely directed relative to the annularly closed
portion in the two sets of non-adjacent elongate leg por-
tions. In this connection, it should be noted that in some
arrangement of the elongate leg portions around the cen-
tral portion, all elongate leg portions may be equal with
regard to a particular elongate leg portion. It is then not
possible refer to a particular elongate leg portion as ad-
jacent or non-adjacent. Thus, in these cases any of the
remaining three elongate leg portions might equally be
regarded as non-adjacent to a particular elongate leg por-
tion.

[0045] In this embodiment, the elongate leg portions
and the central portion are further arranged, e.g. by
choosing suitable material, dimensions such as width
and/or length, shape and relative positions of the individ-
ual elongate leg portions and the central portion, such
that the central frequencies of the first resonance mode
and the second resonance mode are within the same
pass band of the dielectric multimode resonator, so that
they contribute to this pass band. Preferably, these cen-
tral frequencies are equal, or they are substantially equal
to deviate not more than 25% from their mean value,
preferably not more than 20%, more preferably not more
than 15%, even more preferably not more than 10%, even
more preferably not more than 5%, even more preferably
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not more than 2% and most preferably not more than
1%. It is further preferred that the elongate leg portions
and the central portion are arranged and constructed
such that the resonance frequency of the third resonance
mode also contributes to this pass band and lies within
the ranges indicated above.

[0046] It can be advantageous if a through bore is pro-
vided in the central portion of the resonator element. Due
to the path of the electric field lines within the resonator
element in each of the first, the second and the third res-
onance mode, the through bore shifts the resonance fre-
quencies of the first mode and the second mode to val-
ues, but has a much smaller effect on the resonance
frequency of the third mode. Thus, by choosing a suitable
diameter of the through bore, it is possible to bring the
three resonance frequencies closer together such that
they contribute to the same pass band.

[0047] The dielectric multimode resonator preferably
comprises an input coupling means for coupling electro-
magnetic energy into the resonator element and/or an
output coupling means for coupling electromagnetic en-
ergy out of the resonator element. In one advantageous
embodiment, the input coupling means or the output cou-
pling means is an inductive coupling means or both the
input coupling means and the output coupling means are
inductive coupling means. Such an inductive coupling
means may e.g. comprise an electrically conductive rod,
wire-shaped element or plate. In this case, it is further
preferred that the distance between the rod, wire-shaped
element or plate or portions thereof and the resonator
element and/or its width or the width of portions thereof
is adjustable in order to adjust the coupling strength. The
input coupling means and the output coupling means
may be arranged such that the input coupling means se-
lectively couples electromagnetic energy predominantly
into one resonance mode and that the output coupling
means selectively couples electromagnetic energy pre-
dominantly out of another resonance mode. In this case,
the resonator element and/or suitable tuning elements
are constructed and arranged such that electromagnetic
energy is transferred between these two modes directly
orin series via one or more additional modes. In this way,
the modes are coupled in series, and the dielectric res-
onator can be regarded as comprising a number of indi-
vidual resonators connected in series between input and
output. In the alternative, the input coupling means and
the output coupling means may be arranged such that
the input coupling means simultaneously excites two or
more or all utilized modes and that the output coupling
means simultaneously receives electromagnetic energy
from two or more or all of the utilized modes. In this way,
at least some of the modes are coupled in parallel, and
the dielectric resonator can be regarded as comprising
a number of individual resonators connected in parallel
between input and output.

[0048] Itis also preferred that the dielectric multimode
resonator comprises at least one frequency or coupling
adjustment screw extending through a wall into the res-
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onator cavity towards the resonator element, wherein the
distance between the terminal ends of the tuning screws
and the resonator element can be adjusted in order to
increase or decrease the influence of the screw. Instead
of or in addition to such adjustment screws, there may
advantageously be provided at least one frequency or
coupling adjustment screw that is arranged differently.
For each of these adjustment screws, a bore is provided
in a portion of a wall to which a longitudinal end of one
of the elongate leg portions is connected, which bore
extends longitudinally into the respective elongate leg
portion. The screw extends through the bore in the wall
into the bore provided longitudinally in the elongate leg
portion. The extension of the tuning screw into the bore
in the elongate leg portion can be modified to thereby
adjust the resonator element.

[0049] The dielectric multimode resonators described
above can be advantageously used in a microwave filter
comprising a plurality of coupled resonators. The cou-
pling to and/or from the at least one dielectric resonator
to the adjacent resonators may preferably be effected by
means of coupling loops or coupling apertures. Such mi-
crowave filter may only comprise dielectric resonators of
the present invention, or at least one dielectric resonator
may be mixed with other types of microwave resonators,
such as e.g. other dielectric resonators or coaxial reso-
nators.

[0050] In the following, the invention is explained in
more detail for preferred embodiments with reference to
the figures.

Fig. 1 shows a schematic elevational view
of one embodiment of a dielectric
multimode resonator according to
the present invention.

Fig. 2 shows a cross-sectional view of the
planar resonator element of the em-
bodiment shown in Figure 1.

Fig. 3a shows a simplified branch model of

the dielectricresonator shown in Fig-

ure 1.

to 3d show the distribution of the
electricfieldin the resonator element
for a set of three fundamental orthog-
onal resonance modes supported by
the resonator element shown in Fig-
ure 3a.

Figs. 3b

Figs. 3e to 3g show the distribution of the
electricfieldin the resonator element
for a different set of three fundamen-
tal orthogonal resonance modes
supported by the resonator element

shown in Figure 3a.
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Fig. 4

Fig. 5a

Fig. 5b

Fig. 6a

Figs. 6b

Figs. 6e

Fig. 7

Fig. 8

Fig. 9

Fig. 10

Fig. 11

14

shows a schematic elevational view
of another embodiment of a dielec-
tric multimode resonator according
to the present invention.

shows a schematic top elevational
view of the resonator element of the
embodiment shown in Figure 4 as
viewed from above perpendicularly
to the top wall in Figure 4.

shows a schematic side elevational
view of the resonator element of the
embodiment shown in Figure 4 as
viewed from the side perpendicularly
to the right sidewall in Figure 4.

shows a simplified branch model of
the dielectricresonator shownin Fig-
ure 4.

to 6d show the distribution of the
electricfield in the resonator element
for a setofthree fundamental orthog-
onal resonance modes supported by
the resonator element shown in Fig-
ure 6a.

to 6g show the distribution of the
electricfield in the resonator element
for a different set of three fundamen-
tal orthogonal resonance modes
supported by the resonator element
shown in Figure 6a.

shows a schematic elevational view
of another embodiment of a dielec-
tric multimode resonator according
to the present invention.

shows a schematic elevational view
of another embodiment of a dielec-
tric multimode resonator according
to the present invention.

shows a schematic elevational view
of another embodiment of a dielec-
tric multimode resonator according
to the present invention.

shows a schematic elevational view
of another embodiment of a dielec-
tric multimode resonator according
to the present invention.

shows a schematic elevational view
of another embodiment of a dielec-
tric multimode resonator according
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to the present invention.
Fig. 12 shows a schematic elevational view
of another embodiment of a dielec-
tric multimode resonator according
to the present invention.

shows a schematic elevational view
of another embodiment of a dielec-
tric multimode resonator according
to the present invention.

Fig. 13

Fig. 14a shows a simplified branch model of
the dielectric resonators shown in

Figures 11 and 12.

to 14d show the distribution of the
electricfield in the resonator element
for a set of three fundamental orthog-
onal resonance modes supported by
the resonator element shown in Fig-
ure 14a.

Figs. 14b

Fig. 15a shows a simplified branch model of
a dielectric resonator having a sym-
metric resonator element with elon-
gate portions defining angles of

109.47°.

show the distribution of the electric
field in the resonator element for a
set of three fundamental orthogonal
resonance modes supported by the
resonator element shown in Figure
15a.

Figs. 15b to 15d

[0051] In Figure 1 a schematic elevational view of a
dielectric multimode resonator 1 according to the present
invention is shown. The dielectric resonator 1 comprises
afirst wall 2, a second wall 3 opposite the first wall 2, and
four third walls 4. In Figure 1, the first wall 2 is the bottom
wall, the second wall 3 is the top wall and the four third
walls 4 are the sidewalls. The planar top wall 3 is parallel
to and spaced from the planar bottom wall 2. The side-
walls 4 are perpendicular to the bottom wall 2 and the
top wall 3 and extend between and connect them. The
four sidewalls 4 are interconnected in series edge-to-
edge in an annular manner. The edges 5 between each
two adjacent sidewalls 4 are rounded. Apart from the
rounded edge regions, each two adjacent sidewalls 4
extend perpendicularly to each other, and each two op-
posing sidewalls 4 extend parallel to each other. Thus,
the six walls 2, 3 and 4 enclose and define a cuboidal
resonator cavity 6, wherein some of the edges are round-
ed. The walls 2, 3, 4 are, at least in part, electrically con-
ductive.

[0052] Inside the resonator cavity 6 a planar resonator
element 7 made of dielectric material is disposed elec-
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trically connected to the walls 2, 3. A cross-sectional view
of the resonator element 7 alone is depicted in Figure 2.
The resonator element 7 is integrally formed in one piece
and can be thought of as consisting of a central portion
8 and four elongate leg portions 9a, 9b, 9¢c, 9d that extend
longitudinally between the central portion 8 and the walls
2, 3. Each of the four elongate leg portions 9a, 9b, 9c,
9d is directly joined with one longitudinal end 10 of its
two longitudinal ends 10, 11 to the central portion 8 and
with the other longitudinal end 11 to one of the walls 2,
3. In this regard, the two leg portions 9a, 9b are only
joined to the top wall 3, and the other two leg portions
9c, 9d are only joined to the bottom wall 2. None of the
leg portions 9a, 9b, 9c, 9d is connected to one of the four
sidewalls 4.

[0053] The opposite elongate leg portions 9a, 9d to-
gether with the central portion 8 can be regarded as a
firstelongate member extending between the bottom wall
2 and the top wall 3, and the opposite elongate leg por-
tions 9b, 9c together with the central portion 8 can be
regarded as a second elongate member extending be-
tween the bottom wall 2 and the top wall 3. In this termi-
nology, the central portion 8 is the region or portion of
intersection of the first elongate member 9a, 8, 9d and
the second elongate member 9b, 8, 9c.

[0054] Each elongate leg portion 9a, 9b, 9¢, 9d has
the same shape and dimensions and is angled. Overall,
theresonator element 7 has the shape of an X with angled
branches.

[0055] The dielectric multimode resonator 1 shown in
Figure 1 is particularly suitable for supporting dual mode
operation. Figure 3a shows a simplified branch model of
this resonator 1. The elongate leg portions 9a and 9b are
electrically connected to the electrically conductive top
wall 2 and the elongate leg portions 9¢ and 9d are elec-
trically connected to the electrically conductive bottom
wall 3. All four elongate leg portions extend from central
portion 8. In Figures 3b and 3c the distribution of the
electricfield (arrows) for two fundamental orthogonal res-
onance modes supported by the resonator element 7 and
guided along the general direction of extension of the
elongate leg portions 9a, 9b, 9c, 9d is illustrated. In the
mode shown in Figure 3b, the electric field extends to-
wards the central portion 8 in the two elongate leg por-
tions 9a, 9b connected to the top wall 3 and away from
the central portion 8 in the two elongate leg portions 9c,
9d connected to the bottom wall 2, whereas in the mode
shown in Figure 3c, the electric field extends away from
the central portion 8 in the two adjacent elongate leg por-
tions 9a, 9c and towards the central portion 8 in the other
two adjacent elongate leg portions 9b, 9d. It should be
noted that the direction of the electricfield reverses within
one oscillation period.

[0056] In case of equal resonance frequencies of the
two modes illustrated in Figures 3b and 3c, another pair
of fundamental orthogonal resonance modes can be gen-
erated by adding and subtracting the two modes of Fig-
ures 3b and 3c. The electric field configuration of the
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resulting modes are depicted in Figures 3e and 3f, re-
spectively. They are the TEz101 and the TEz011 mode
described above with respect to a cross-shaped resona-
tor element. Thus, in these two modes the electric field
extends longitudinally in one elongate leg portion 9a, 9b
towards and across the central portion 8, and extends
longitudinally along the respective opposite elongate leg
portion 9d, 9¢ away from the central portion 8. Again, it
should be noted that the direction of the electric field re-
verses within one oscillation period. With other words, in
each of the two resonance modes, the electric field is
guided longitudinally within the first elongate member 9a,
8, 9d or the second elongate member 9b, 8, 9c.

[0057] Due to the fact that in comparison to a cross-
shaped resonator element with straight arms the geo-
metrical symmetry is broken, the TEz101 and the TEz011
mode do not have identical resonance frequencies if the
resonator cavity 6 has identical side lengths. In order to
bring the two resonance frequencies closer together or
even to the same value, the dimensions of the resonator
cavity 6 and of the resonator element 7 have to be adapt-
ed. For example, it is possible to change the chamfers
or the angle of the X-shaped structure. Further, it is pos-
sible to replace the central portion 8 shown in Figure 1
by an elongate portion (not shown) resulting in a shape
similar to an "H", or to mill ridges into the bottom wall 2
and/or the top wall 3 in order to increase the path that
has to be taken by the electric current flowing in the walls
2, 3, 4 in a particular resonance mode.

[0058] The resonatorelement7 is also capable of sup-
porting a further orthogonal resonance mode, namely the
TEz111 mode described above with respect to a cross-
shaped resonator element. The distribution of the electric
field in this mode is shown in Figures 3d and 3g. Thus,
in this mode the electric field extends away from the cen-
tral portion 8 in the opposing elongate leg portions 9a,
9d and towards the central portion 8 in the other two
opposing elongate leg portions 9¢, 9d. Again, it should
be noted that the direction of the electric field reverses
within one oscillation period. However, for the resonator
element 7 shown in Figure 1, the resonance frequency
of this mode is higher than the resonance frequencies of
the TEz101 and the TEz011 mode. In order to tune the
three modes to approximately the same frequency, it is
possible to provide a through bore through the central
portion 8 extending perpendicularly to the plane of the
resonator element 7. Such a through bore mainly effects
the TEz101 and the TEz011 mode, and only to a lesser
extent the TEz111 mode.

[0059] Each of the two groups of three modes shown
in Figures 3b to 3d and 3e to 3g, respectively, is a set of
fundamental orthogonal resonance modes supported by
the resonator element 7.

[0060] In Figure 4, a schematic elevational view of a
modified dielectric multimode resonator 1 according to
the present invention is shown. Top and side elevational
view of its resonator element 7 alone are depicted in Fig-
ures 5a and 5b, respectively. The resonator 1 shown in
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Figure 4 differs from the resonator 1 shown in Figure 1
only in that the two elongate leg portions 9a, 9b extend
in a plane perpendicular to the plane in which the leg
portions 9c, 9d extend, so that the resonator element 7
is not planar. This arrangement has the advantage that
due to symmetry the TEz101 and the TEz011 mode are
already at the same resonance frequency. Furthermore,
due to the elongate leg portions 9a, 9b extending in a
plane perpendicular to the plane in which the other two
elongate leg portions 9c, 9d extend, the resonance fre-
quency of the TEz111 mode is already closer to the res-
onance frequencies of the TEz101 and the TEz011 mode
as compared to the case shown in Figure 1. Thus, it is
easier to achieve triple mode operation.

[0061] Figure 6a shows a simplified branch model of
this resonator 1. The elongate leg portions 9a and 9b are
electrically connected to the electrically conductive top
wall 2 and the elongate leg portions 9¢ and 9d are elec-
trically connected to the electrically conductive bottom
wall 3. All four elongate leg portions extend from central
portion 8. In Figures 6b to 6d the distribution of the electric
field (arrows) for a first set of three fundamental orthog-
onal resonance modes is shown, and in Figures 6e to 6g
the distribution of the electric field for a second set of
three fundamental orthogonal resonance modes is
shown. Figures 6e and 6f correspond to the TEz101 and
the TEz011 mode, respectively, and Figure 6g corre-
sponds to the TEz111 mode. Again, it should be noted
that the direction of the electric field reverses within one
oscillation period.

[0062] In Figures 7 and 8 schematic elevational views
of further modified dielectric multimode resonators 1 ac-
cording to the present invention are shown. The resona-
tors 1 shown in Figures 6 and 7 differ from the resonators
1 shown in Figure 1 and Figure 4, respectively, only in
that the longitudinal ends 11 of the elongate leg portions
9a, 9b, 9c, 9d are not directly joined to the walls 2, 3, but
via intermediate elements 12. These intermediate ele-
ments 12 are made of dielectric material having a dielec-
tric constant considerably smaller than that of the reso-
nator element 7. For example, the intermediate elements
12 could be made of alumina, forsterite or quartz with a
dielectric constant of approximately 10. By means of the
provision of these intermediate elements 12, the reso-
nance frequencies are shifted to higher values as com-
pared to the corresponding arrangements of Figures 1
and 4.

[0063] In Figures 9to 13, schematic elevational views
of various other exemplary embodiments of a dielectric
multimode resonators 1 according to the present inven-
tion are shown.

[0064] While the dielectric resonator 1 shown in Figure
13 corresponds to the resonators 1 shown in Figures 1,
4,7, and 8 in that it has six walls 2, 3, 4 enclosing and
defining a cuboidal resonator cavity 6, the dielectric res-
onators 1 shown in Figures 9 to 12 each comprise a first
wall 2, a second wall 3 opposite the first wall 2, and a
single, circularly cylindrical third wall 4. In these Figures,
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the first wall 2 is the bottom wall, the second wall 3 is the
top wall and the single third wall 4 is the sidewall. The
planar top wall 3 is parallel to and spaced from the planar
bottom wall 2. The sidewall 4 is perpendicular to the bot-
tom wall 2 and the top wall 3 and extends between and
connect them. Thus, the three walls 2, 3 and 4 enclose
and define a circularly cylindrical resonator cavity 6.
[0065] In Figure 9, the two elongate leg portions 9a
and 9b are connected to the top wall 3, and the two elon-
gate leg portions 9c and 9d are connected to the bottom
wall 2. The angle between each two elongate leg portions
is 109.47°. Due to the symmetry of the arrangement de-
picted, the resonance frequencies of the first two reso-
nance modes corresponding to the resonance modes
shown in Figures 14c and 14d are already identical, and
the value of the resonance frequency of the third reso-
nance mode corresponding to the resonance mode
shown in Figure 14b can be adjusted by adapting the
dimensions of the resonator cavity. It should be noted
that the angled elongate leg portions shown in Figure 1
are preferred, because they ensure a perpendicular con-
nection to the walls 2, 3.

[0066] InFigure 10, the elongate leg portion 9b is con-
nected to the top wall 3, and the three elongate leg por-
tions 9a, 9c and 9d are connected to the sidewall 4. Due
to the 120° rotational symmetry of the arrangement de-
picted, the resonance frequencies of the first two reso-
nance modes corresponding to the resonance modes
shown in Figures 14c and 14d are already identical, and
the value of the resonance frequency of the third reso-
nance mode corresponding to the resonance mode
shown in Figure 14b can be adjusted by adapting the
dimensions of the resonator cavity or the course of the
elongate leg portions 9a, 9b, 9c, 9d. This is an embodi-
ment, in which three of the four elongate leg portions are
connected to the same wall, and the remaining elongate
leg portion is connected to a different wall.

[0067] The same applies to the exemplary embodi-
ments shown in Figures 11 to 13. In Figure 11, the elon-
gate leg portion 9b is connected to the top wall 3, and
the three elongate leg portions 9a, 9¢ and 9d are con-
nected to the bottom wall 2. Due to the 120° rotational
symmetry of the arrangement depicted, the resonance
frequencies of the first two resonance modes corre-
sponding to the resonance modes shown in Figures 14c
and 14d are already identical, and the value of the res-
onance frequency of the third resonance mode corre-
sponding to the resonance mode shown in Figure 14b
can be adapted by adapting the dimensions of the reso-
nator cavity or the course of the elongate leg portions 9a,
9b, 9c, 9d.

[0068] In Figure 12, the straight elongate leg portion
9b having a circular cross-section is connected to the top
wall 3, and the three angled elongate leg portions 9a, 9¢
and 9d having a rectangular cross-section are connected
to the bottom wall 2. Due to the 120° rotational symmetry
of the arrangement depicted, the resonance frequencies
of the first two resonance modes corresponding to the
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resonance modes shown in Figures 14c and 14d are al-
ready identical, and the value of the resonance frequency
of the third resonance mode corresponding to the reso-
nance mode shown in Figure 14b can be adjusted by
adapting the dimensions of the resonator cavity or the
course of the elongate leg portions 9a, 9b, 9c, 9d.
[0069] In Figure 13, the elongate leg portion 9d is con-
nected to the bottom wall 2, and the three elongate leg
portions 9a, 9b and 9c are connected to the top wall 3.
The four elongate leg portions 9a, 9b, 9c, 9d are arranged
in ay-shape. Due to the lack of 120° rotational symmetry,
the resonance frequencies of two resonance modes are
not automatically identical. Therefore, the dimensions of
the resonator cavity and/or of the resonator element
and/or the arrangement of the elongate leg portions 9a,
9b, 9c, 9d have to be adapted.

[0070] Figure 14a shows a simplified branch model of
theresonator 1 shownin Figures 11 and 12. The elongate
leg portion 9b is electrically connected to the electrically
conductive top wall 2 and the elongate leg portions 9a,
9c and 9d are electrically connected to the electrically
conductive bottom wall 3. All four elongate leg portions
extend from central portion 8. In Figures 14b to 14d the
distribution of the electric field (arrows) for a set of three
fundamental orthogonal resonance modes is shown.
Due to 120° rotational symmetry, the resonance frequen-
cies of the two modes shown in Figures 14c and 14d are
identical. In the mode shown in Figure 14b, the electric
field extends in all four elongate leg portions 9a, 9b, 9c,
9d with the electric field extending in elongate leg portion
9b towards the central portion 8, splitting up evenly at
central portion 8 and extending in each of elongate leg
portions 9a, 9¢, 9d away from central portion 8. The res-
onance frequency of this mode can be adapted by chang-
ing the dimensions of the resonator cavity and/or the di-
mensions of elongate leg portion 9b. In this regard, elon-
gate leg portion 9b could even terminate spaced from
top wall 2. Again, it should be noted that the direction of
the electric field reverses within one oscillation period.
[0071] Figure 15a shows a simplified branch model of
a dielectric resonator having a symmetric resonator ele-
ment with each pair of elongate portions defining an angle
of 109.47° between them. In Figures 15b to 15d the dis-
tribution of the electric field (arrows) for a set of three
fundamental orthogonal resonance modes is shown. In
each mode, the electric field extends towards the central
portion 8 in two of the elongate leg portions 9a, 9b, 9c,
9d and extends away from the central portion 8 in the
remaining two of the elongate leg portions 9a, 9b, 9c¢, 9d.
Due to the particular symmetry of such a resonator ele-
ment, the resonance frequencies of all three modes are
identical. Again, it should be noted that the direction of
the electric field reverses within one oscillation period.

Claims

1. Dielectric multimode resonator comprising
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- a plurality of walls (2, 3, 4) enclosing a reso-
nator cavity (6), wherein the plurality of walls (2,
3, 4)includes afirst wall (2), an opposing second
wall (3) and one third wall (4) or a plurality of
third walls (4) extending between and connect-
ing the first wall (2) and the second wall (3), and
- aresonator element (7) made of dielectric ma-
terial and disposed in the resonator cavity (6),
wherein the resonator element (7) comprises a
central portion (8) spaced from the walls (2, 3,
4) and exactly four elongate leg portions (9a, 9b,
9c, 9d) extending longitudinally from the central
portion (8) towards the walls (2, 3, 4), such that
one (10) of the two longitudinal ends (10, 11) of
each elongate leg portion (9a, 9b, 9c, 9d) is di-
rectly joined to the central portion (8) and the
other longitudinal end (11) is connected to only
one of the walls (2, 3, 4),

characterized in that one, two or three of the four
elongate leg portions (9a, 9b, 9c, 9d) constitute a
first set of elongate leg portions (9a, 9b, 9c¢, 9d) and
the remaining elongate leg portion or portions (9a,
9b, 9c, 9d) constitute a second set of elongate leg
portions (9a, 9b, 9c, 9d), and that all elongate leg
portions (9a, 9b, 9c, 9d) included in the first set are
connected to the same wall (2, 3, 4), all elongate leg
portions (9a, 9b, 9c, 9d) included in the second set
are connected to the same wall (2, 3, 4), and the
elongate leg portions (9a, 9b, 9c¢, 9d) included in the
first set are connected to a different wall (2, 3, 4) than
the elongate leg portions (9a, 9b, 9c, 9d) included in
the second set.

Dielectric multimode resonator according to claim 1,
wherein the resonator cavity (6) has the shape of a
right prism with a polygonal base having three or
more sides with sharp or rounded corners, so that
the plurality of walls (2, 3, 4) consists of the first wall
(2), the second wall (3) and a number of third walls
(4), which number is equal to the number of sides of
the polygonal base of the right prism, wherein each
third wall (4) extends between and connects the first
wall (2) and the second wall (3).

Dielectric multimode resonator according to claim 2,
wherein the resonator cavity (6) has a cuboidal
shape with sharp or rounded edges, so that the plu-
rality of walls (2, 3, 4) consists of six walls, each
defining one side of the cuboidal resonator cavity,
including four third walls (4) extending between and
connecting the first wall (2) and the second wall (3).

Dielectric multimode resonator according to claim 1,
wherein the resonator cavity (6) has a circularly or
elliptically cylindrical shape with sharp or rounded
edges, so that the plurality of walls (2, 3, 4) consists
of three walls including one cylindrical third wall (4)
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10.

11.

12.

22

extending between and connecting the first wall (2)
and the second wall (3).

Dielectric multimode resonator according to any of
the preceding claims, wherein the first and the sec-
ond set of elongate leg portions (9a, 9b, 9c, 9d) are
connected to opposing walls (2, 3, 4).

Dielectric multimode resonator according to claim 5,
wherein at least one of the two opposing walls (2, 3,
4) to which the two sets of elongate leg portions (9a,
9b, 9c¢, 9d) are connected comprises a resilient por-
tion which is adapted to exert a spring force on the
resonator element (7) generating a clamping force
for securing the resonator element (7) within the res-
onator cavity (6) and to accommodate expansion
and contraction of the resonator element (7).

Dielectric multimode resonator according to any of
claims 1 to 4, wherein the first and the second set of
elongate leg portions (9a, 9b, 9c, 9d) are connected
to adjacent walls (2, 3, 4).

Dielectric multimode resonator according to any of
the preceding claims, wherein the longitudinal end
(11) opposite the central portion (8) of at least one
of the elongate leg portions (9a, 9b, 9c, 9d) is directly
connected to the respective wall (2, 3, 4).

Dielectric multimode resonator according to any of
the preceding claims, wherein the longitudinal end
(11) opposite the central portion (8) of at least one
of the elongate leg portions (9a, 9b, 9c, 9d) is con-
nected to the respective wall (2, 3, 4) via an interme-
diate element (12) that is made of dielectric material
having a dielectric constant that is smaller than that
of the dielectric material of the resonator element (7).

Dielectric multimode resonator according to any of
the preceding claims, wherein the maximum diam-
eter of the central portion (8) is smaller than the
length of the elongate leg portions (9a, 9b, 9c, 9d).

Dielectric multimode resonator according to any of
the preceding claims, wherein at the central portion
(8), each elongate leg portion (9a, 9b, 9c, 9d) is in
direct contact with at least one adjacent elongate leg
portion (9a, 9b, 9c, 9d).

Dielectric multimode resonator according to any of
the preceding claims, wherein one (9a) of the elon-
gate leg portions of the first set of elongate leg por-
tions and one of the elongate leg portions (9d) of the
second set of elongate leg portions together form a
first elongate member (9a, 8, 9d), and the remaining
two elongate leg portions (9b, 9c) together form a
second elongate member (9b, 8, 9¢), wherein the
first and the second elongate member intersect each
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other and wherein the central portion (8) is the region
of intersection of the two elongate members.

Dielectric multimode resonator according to any of
claims 1 to 11, wherein the central portion (8) of the
resonator element (7) is an elongate portion, and two
of the elongate leg portions (9a, 9b, 9c, 9d) extend
from one longitudinal end of the central portion (8)
and the remaining two elongate leg portions (9a, 9b,
9c, 9d) extend from the other longitudinal end of the
central portion (8).

Dielectric multimode resonator according to any of
the preceding claims, wherein the resonator element
(7) is planar, so that all elongate leg portions (9a, 9b,
9c, 9d) extend in a common plane.

Dielectric multimode resonator according to any of
claims 1 to 13, wherein the first set of elongate leg
portions extends in a first plane, and the second set
of elongate leg portions extends in a second plane,
wherein the first plane is perpendicular to the second
plane.

Dielectric multimode resonator according to any of
the preceding claims, wherein all elongate leg por-
tions (9a, 9b, 9c, 9d) have the same shape and di-
mensions, or at least one of the leg portions (9a, 9b,
9c, 9d) has a different shape and/or different dimen-
sions as compared to the other leg portions (9a, 9b,
9c, 9d).

Dielectric multimode resonator according to any of
the preceding claims, wherein at least one of the
elongate leg portions (9a, 9b, 9¢, 9d) is straight
and/or at least one of the elongate leg portions (9a,
9b, 9c, 9d) is curved and/or angled.

Dielectric multimode resonator according to any of
the preceding claims, wherein the first set of elongate
leg portions includes exactly one of the four elongate
leg portions (9a, 9b, 9c, 9d) and the second set of
elongate leg portions includes the remaining three
elongate leg portions (9a, 9b, 9c, 9d).

Dielectric multimode resonator according to any of
claims 1 to 17, wherein the first set of elongate leg
portions includes exactly two of the four elongate leg
portions (9a, 9b, 9¢, 9d) and the second set of elon-
gate leg portions includes the remaining two elon-
gate leg portions (9a, 9b, 9c, 9d).

Dielectric multimode resonator according to claim
19, wherein the elongate leg portions (9a, 9b, 9c, 9d)
and the central portion (8) are arranged and con-
structed such thatthe resonator element (7) supports
a plurality of orthogonal resonance modes including
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- a first resonance mode in which the electric
field is only dominant in and guided in one elon-
gate leg portion (9b) of the first set of elongate
leg portions (9a, 9b), one elongate leg portion
(9c) of the second set of elongate leg portions
(9c¢, 9d), and at least a part of the central portion
(8), wherein, relative to the central portion (8),
the electric field in one (9b) of the elongate leg
portions (9b, 9c¢) is oppositely directed as com-
pared to the other elongate leg portion (9c),

- asecond resonance mode in which the electric
field is only dominant in and guided in one elon-
gate leg portion (9a) of the first set of elongate
leg portions (9a, 9b), one elongate leg portion
(9d) of the second set of elongate leg portions
(9c, 9d), and at least a part of the central portion
(8), wherein these two elongate leg portions (9a,
9d) are different from the elongate leg portions
(9b, 9c) in which the electric field is guided in
the first resonance mode, and wherein, relative
to the central portion (8), the electric field in one
of the elongate leg portions (9a) is oppositely
directed as compared to the other elongate leg
portion (9d), and

- a third resonance mode in which the electric
field is dominant in and guided in the entire res-
onator element (7), wherein in each two non-
adjacent elongate leg portions (9a, 9b, 9c, 9d)
the electric field is identically directed relative to
the central portion (8), and the electric field is
oppositely directed relative to the central portion
(8) in the two groups of non-adjacent elongate
leg portions (9a, 9b, 9c, 9d), and such that

the resonance frequencies of the first resonance
mode and the second resonance mode are within
the same pass band of the dielectric multimode res-
onator.

Dielectric multimode resonator according to claim
20, wherein the elongate leg portions (9a, 9b, 9¢, 9d)
and the central portion (8) are arranged and con-
structed such that the resonance frequencies of the
first resonance mode, the second resonance mode
and the third resonance mode are within the same
pass band of the dielectric multimode resonator.

Dielectric multimode resonator according to any of
the preceding claims, further comprising an input
coupling means for coupling electromagnetic energy
into the resonator element (7) and/or an output cou-
pling means for coupling electromagnetic energy out
of the resonator element (7).

Dielectric multimode resonator according to claim
22, wherein the input coupling means and/or the out-
put coupling means is an inductive coupling means.
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Dielectric multimode resonator according to claim
23, wherein the inductive input coupling means
and/or the inductive output coupling means compris-
es an electrically conductive rod, wire-shaped ele-
ment or plate.

Dielectric multimode resonator according to claim
24, wherein the inductive input coupling means
and/or the inductive output coupling means is ar-
ranged such that the distance between its rod, wire-
shaped element or plate and the resonator element
(7) and/or its width is adjustable.

Dielectric multimode resonator according to any of
the preceding claims, further comprising at least one
frequency or coupling adjustment screw extending
through a wall (2, 3, 4) into the resonator cavity (6)
towards the resonator element (7), wherein the dis-
tance between the terminal ends of the tuning screws
and the resonator element (7) can be adjusted.

Dielectric multimode resonator according to any of
the preceding claims, wherein a through bore is pro-
vided in the central portion (8) of the resonator ele-
ment (7).

Dielectric multimode resonator according to any of
the preceding claims, wherein at least one bore is
provided in a portion of a wall (2, 3, 4) to which a
longitudinal end (11) of one of the elongate leg por-
tions (9a, 9b, 9c, 9d) is connected, which bore ex-
tends longitudinally into the elongate leg portion (9a,
9b, 9¢, 9d), and wherein the dielectric multimode res-
onator (1) further comprises at least one frequency
or coupling adjustment screw extending through
such a bore in a wall (2, 3, 4) into the bore provided
longitudinally in the respective elongate leg portion
(9a, 9b, 9c, 9d), wherein the extension of the tuning
screw into the bore in the elongate leg portion (93,
9b, 9c, 9d) can be modified to thereby adjust the
resonator element.

Microwave filter comprising a plurality of coupledres-
onators including at least one of the dielectric reso-
nators (1) according to any of claims 1 to 28, wherein
the coupling to and/or from the at least one dielectric
resonator (1) to the adjacent resonators is effected
by means of coupling loops and/or coupling aper-
tures.
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