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FIG. 1

(57) Abstract: The present disclosure relates to a dielectric filter. It comprises a first single-mode dielectric resonator, a second sin-
gle-mode dielectric resonator, and a triple-mode dielectric resonator arranged side by side in sequence in a first direction, adjacent
dielectric resonators being coupled by coupling windows provided between their opposite surfaces, characterized in that the coupling
windows between the first single-mode dielectric resonator and the second single-mode dielectric resonator comprise a first main cou-
pling window and a first cross coupling window. A length of the first main coupling window measured along a second direction is
greater than half of a length measured along the second direction, of a filter cross section where the first main coupling window is
located, and a width of the first main coupling window measured along a third direction is less than half of a width measured along
the third direction, of the filter cross section where the first main coupling window is located, the first direction, the second direction
and the third direction being three dimensional extension directions of the dielectric filter. A length of the first cross coupling window
measured along the second direction is less than a length of the first main coupling window measured along the second direction.
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A DIELECTRIC FILTER

Technical Field

[0001] The present disclosure relates to the technical field of components of

communication equipments, more particularly, to a dielectric filter.

Background

[0002] This section introduces aspects that may facilitate better understanding of the
present disclosure. Accordingly, the statements of this section are to be read in this light
and are not to be understood as admissions about what is in the prior art or what is not

in the prior art.

[0003] As an important part of the mobile communication system, the base station (BS)
is usually composed of a base station unit, a radio frequency (RF) unit, and an antenna.
In a traditional base station solution, the remote radio unit (RRU) and antenna unit (AU)
are two independent units and hung on high constructions. Considering the installation,
fixation and occupation issues, smaller volume and lighter weight has always been an
important evolution direction in the design of BS including legacy base station, street

macro, micro station, small cell and adaptive antenna system (AAS).

[0004] In recent years, with the development of the mobile communication system, the
demand for small-size and high-performance radio is growing rapidly. The current
advanced radio requires that the size of the whole unit should be miniaturized as much

as possible. Therefore, the filter is also required to have an increasingly small volume.

Summary

[0005] This summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the detailed description. This summary is not
intended to identify key features or essential features of the claimed subject matter, nor

is it intended to be used to limit the scope of the claimed subject matter.
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[0006] In view of the defects of the prior art, the present disclosure proposes an
improved dielectric filter, which enables the transmission zero to be provided at the

triple-mode high-order resonant frequency to suppress the spurious.

[0007] To solve the above technical problem, the present disclosure proposes a
dielectric filter, comprising: a first single-mode dielectric resonator, a second single-
mode dielectric resonator, and a triple-mode dielectric resonator arranged side by side
in sequence in a first direction, adjacent dielectric resonators being coupled by coupling
windows provided between their opposite surfaces. The coupling windows between the
first single-mode dielectric resonator and the second single-mode dielectric resonator
comprise a first main coupling window and a first cross coupling window. A length of
the first main coupling window measured along a second direction is greater than half
of a length measured along the second direction, of a filter cross section where the first
main coupling window is located. And a width of the first main coupling window
measured along a third direction is less than half of a width measured along the third
direction, of the filter cross section where the first main coupling window is located.
The first direction, the second direction and the third direction are three dimensional
extension directions of the dielectric filter. A length of the first cross coupling window
measured along the second direction is less than the length of the first main coupling

window measured along the second direction.

[0008] In an embodiment of the disclosure, the length of the first cross coupling
window measured along the second direction is less than half of the length of the first

main coupling window measured along the second direction.

[0009] In an embodiment of the disclosure, the length of the first main coupling
window measured along the second direction is substantially equal to the length
measured along the second direction, of the filter cross section where the first main

coupling window is located.
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[0010] In an embodiment of the disclosure, the first main coupling window is located
at an edge area of the filter cross section where the first main coupling window 1is

located.

[0011] In an embodiment of the disclosure, a blind hole or through hole for adjusting

coupling is provided in an area where the first main coupling window is located.

[0012] In an embodiment of the disclosure, at least part of a hole wall surface of the

blind hole or through hole is metallized.

[0013] In an embodiment of the disclosure, the coupling windows between the first
single-mode dielectric resonator and the second single-mode dielectric resonator

include a plurality of the first cross coupling windows.

[0014] In an embodiment of the disclosure, the coupling windows between the second
single-mode dielectric resonator and the triple-mode dielectric resonator comprise a
first mode coupling window, a second mode coupling window and a third mode
coupling window; the first mode coupling window, viewed in terms of a shape of a
filter cross section where it is located, is located near a first edge of the shape and is
centrally arranged in an extension direction of the first edge, the second mode coupling
window, viewed in terms of a shape of a filter cross section where it is located, is located
near a second edge of the shape adjacent to the first edge and is centrally arranged in
an extension direction of the second edge, and the third mode coupling window, viewed
in terms of a shape of a filter cross section where it is located, is located in a corner
region of the shape that is opposite to an angle defined by the first edge and the second
edge.

[0015] In an embodiment of the disclosure, the coupling windows between the second
single-mode dielectric resonator and the triple-mode dielectric resonator include a
plurality of the first mode coupling windows arranged side by side in a direction
perpendicular to the first edge and/or a plurality of the second mode coupling windows

arranged side by side in a direction perpendicular to the second edge.
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[0016] In an embodiment of the disclosure, the dielectric filter comprises a third single-
mode dielectric resonator arranged side by side with respect to the triple-mode

dielectric resonator in the first direction.

[0017] In an embodiment of the disclosure, the coupling windows between the third
single-mode dielectric resonator and the triple-mode dielectric resonator comprise a
first mode transmission coupling window, a second mode transmission coupling
window and a third mode transmission coupling window, wherein the first mode
transmission coupling window, viewed in terms of a shape of a filter cross section
where it is located, is located near a first edge of the shape and is centrally arranged in
an extension direction of the first edge, the second mode transmission coupling
window, viewed in terms of a shape of a filter cross section where it is located, is located
near a second edge of the shape adjacent to the first edge and is centrally arranged in
an extension direction of the second edge, and the third mode transmission coupling
window, viewed in terms of a shape of a filter cross section where it is located, is located
in a corner region of the shape that is opposite to an angle defined by the first edge and

the second edge.

[0018] In an embodiment of the disclosure, the coupling windows between the third
single-mode dielectric resonator and the triple-mode dielectric resonator are mirror
symmetrical with the coupling windows between the second single-mode dielectric
resonator and the triple-mode dielectric resonator with respect to a central symmetry

plane of the triple-mode dielectric resonator perpendicular to the first direction.

[0019] In an embodiment of the disclosure, the dielectric filter comprises a fourth
single-mode dielectric resonator arranged side by side with respect to the third single-

mode dielectric resonator in the first direction.

[0020] In an embodiment of the disclosure, the coupling windows between the fourth
single-mode dielectric resonator and the third single-mode dielectric resonator
comprise a second main coupling window and a second cross coupling window,

wherein a length of the second main coupling window measured along the second
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direction is greater than half of a length measured along the second direction, of a filter
cross section where the second main coupling window is located, a width of the second
main coupling window measured along the third direction is less than half of a width
measured along the third direction, of the filter cross section where the second main
coupling window 1is located, and a length of the second cross coupling window
measured along the second direction is less than the length of the second main coupling

window measured along the second direction.

[0021] In an embodiment of the disclosure, the length of the second cross coupling
window measured along the second direction is less than half of the length of the second

main coupling window measured along the second direction.

[0022] In an embodiment of the disclosure, the coupling windows between the fourth
single-mode dielectric resonator and the third single-mode dielectric resonator are
configured to be mirror symmetric with the coupling windows between the first single-
mode dielectric resonator and the second single-mode dielectric resonator with respect
to a central symmetry plane of the triple-mode dielectric resonator perpendicular to the

first direction.

[0023] In an embodiment of the disclosure, the first single-mode dielectric resonator,
the second single-mode dielectric resonator, the third single-mode dielectric resonator,
the fourth single-mode dielectric resonator, and the triple-mode dielectric resonator are

ceramic dielectric resonators.
[0024] In an embodiment of the disclosure, the dielectric filter is an integral device.

[0025] With the help of the first main coupling window and the first cross coupling
window, the dielectric filter according to the present disclosure can obtain a
transmission zero outside the passband, and suppress the high-order resonant spurious
of the triple-mode dielectric resonator. In addition, the first mode coupling window, the
second mode coupling window and the third mode coupling window are arranged to

improve the high-frequency spurious and thereby improve the filter performance.
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Therefore, in addition to the advantages of small volume and light weight, the dielectric
filter according to the present disclosure has got improved RF performance and elevated
reliability and robustness of the filter. Moreover, the dielectric filter of the present
disclosure can be integrally formed, leading to flexibility in design, increased

productivity, and reduced manufacturing costs.

Brief Description of the Drawings

[0026] These and other objects, features and advantages of the disclosure will become
apparent from the following detailed description of illustrative embodiments thereof,

which are to be read in connection with the accompanying drawings.

[0027] FIG. 1 is a perspective view of the dielectric filter according to the present

disclosure;

[0028] FIG. 2 is a perspective view of a portion of the dielectric filter of the present
disclosure comprising a first single-mode dielectric resonator and a second single-mode

dielectric resonator;

[0029] FIG. 3A is a schematic view of the cross section where the coupling windows

shown in FIG. 2 are located;

[0030] FIG. 3B is a variant of the arrangement of the coupling windows shown in FIG.
3A;

2

[0031] FIG. 3C is another variant of the arrangement of the coupling windows shown

in FIG. 3A;
[0032] FIG. 4 is a variant of the portion of the dielectric filter shown in FIG. 2;

[0033] FIGs. SA-5D are local sectional view of the area of the first main coupling

window in which a blind hole or through hole is provided,;

[0034] FIG. 6 is a three-dimensional schematic view of a portion of the dielectric filter
of the present disclosure comprising a second single-mode dielectric resonator and a

triple-mode dielectric resonator;
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[0035] FIGs. 7A-7B are schematic diagrams of the cross section where the coupling
windows between the second single-mode dielectric resonator and the triple-mode

dielectric resonator are located; and

[0036] FIG. 8 is a schematic diagram of the S parameter performance curve of the

dielectric filter according to the present disclosure.

[0037] The drawings are only schematic and are not necessarily drawn to scale. In
addition, they only show the parts necessary to illustrate the filter of the present
disclosure, and other parts are omitted or only simply mentioned. That is, in addition to
the components shown in the drawings, the filter of the present disclosure can also

include other components.

Detailed Description

[0038] The embodiments of the present disclosure are described in detail with reference
to the accompanying drawings. It should be understood that these embodiments are
discussed only for the purpose of enabling those skilled in the art to better understand
and thus implement the present disclosure, rather than suggesting any limitations on the
scope of the present disclosure. Reference throughout this specification to features,
advantages, or similar language does not imply that all of the features and advantages
that may be realized with the present disclosure should be or are in any single
embodiment of the disclosure. Rather, language referring to the features and advantages
is understood to mean that a specific feature, advantage, or characteristic described in
connection with an embodiment is included in at least one embodiment of the present
disclosure. Furthermore, the described features, advantages, and characteristics of the
disclosure may be combined in any suitable manner in one or more embodiments.
Those skilled in the relevant art will recognize that the disclosure may be practiced
without one or more of the specific features or advantages of a particular embodiment.
In other instances, additional features and advantages may be recognized in certain

embodiments that may not be present in all embodiments of the disclosure.
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[0039] Generally, all terms used herein are to be interpreted according to their ordinary
meaning in the relevant technical field, unless a different meaning is clearly given
and/or is implied from the context in which it is used. All references to a/an/the element,
apparatus, component, means, step, etc. are to be interpreted openly as referring to at
least one instance of the element, apparatus, component, means, step, etc., unless
explicitly stated otherwise. Any feature of any of the embodiments disclosed herein
may be applied to any other embodiment, wherever appropriate. Likewise, any
advantage of any of the embodiments may apply to any other embodiments, and vice
versa. Other objectives, features and advantages of the enclosed embodiments will be

apparent from the following description.

[0040] The currently used small-size dielectric filter comprises a body made of a solid
dielectric material and a metal layer obtained by metallizing a surface of the body (e.g.,
by silver plating). This type of single-mode filter can be composed of several
resonators, each of which has a primary resonant frequency or mode. A multimode filter
includes at least one multimode resonator, which can produce multiple resonant

frequencies in a single resonator, thereby significantly reducing the size of the filter.

[0041] The filter performance will be reduced when only the filter size is reduced,
resulting in, e.g. insertion loss or out-of-band attenuation. One way to reduce the filter
size while maintaining the high performance is to use multiple modes of each resonant

cavity.

[0042] At present, the triple-mode dielectric filter is usually composed of several
resonator blocks covered with conductive layers. Every two separate resonator blocks
are assembled by welding. These resonator blocks are coupled via coupling windows
on their opposite sides. This method of assembly by welding involves a complex
process, high costs and great difficulty. In addition, because the high-order mode
resonant frequency of the triple-mode resonator is very close to that of the fundamental

mode, the triple-mode dielectric filter will encounter the out-of-band spurious problem.
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[0043] The present invention aims to make one or more improvements over the prior

art.

[0044] As shown in FIG. 1, the dielectric filter 1 of the present disclosure is cuboid in
shape and has three dimensional extension directions (see the directions X, Y and Z
indicated by the arrows in FIG. 1). The dielectric filter 1 comprises a first single-mode
dielectric resonator 110, a second single-mode dielectric resonator 120, a triple-mode
dielectric resonator 130, a third single-mode dielectric resonator 140, and a fourth
single-mode dielectric resonator 150 arranged side by side in the Y direction. These
dielectric resonators are constructed as cube-like dielectric resonators with solid
dielectric materials inside and a metal conductive layer on the outside. Adjacent
dielectric resonators are coupled via coupling windows set between their opposite faces.
A signal input blind hole 101 is provided on the side of the first single-mode dielectric
resonator 110 that is away from the second single-mode dielectric resonator 120. A
signal output blind hole 102 is provided on the side of the fourth single-mode dielectric
resonator 150 that is away from the third single-mode dielectric resonator 140. A signal
is input to the first single-mode dielectric resonator 110 through the signal input blind
hole 101. Through the coupling windows between adjacent dielectric resonators, the
signal is transmitted from the first single-mode dielectric resonator 110 to the fourth
single-mode dielectric resonator 150, and finally output through the signal output blind
hole 102. The resonant cavity of each single-mode dielectric resonator produces only
one resonant frequency at the filter passband, while the resonant cavity of the triple-

mode dielectric resonator 130 has three resonant frequency modes at the filter passband.

[0045] In the embodiment shown in FIG. 1, the coupling windows between the first
single-mode dielectric resonator 110 and the second single-mode dielectric resonator
120 include the first main coupling window 111 and the first cross coupling window
112. As shown in FIGs. 2 and 3A, the first main coupling window 111 is located at a
lower edge area of the filter cross section where the first main coupling window 111 is
located. The first cross coupling window 112 is arranged separately from the first main

coupling window 111, and is located at an upper edge area of the filter cross section
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(i.e., in a Z-O-X plane) where the first cross coupling window 112 is located. The length
L1 of the first main coupling window 111 measured along the second direction X is
greater than half of the length measured along the second direction, of the filter cross
section where the first main coupling window 111 is located. In the illustrated
embodiment, the length L1 of the first main coupling window 111 measured along the
second direction X is substantially equal to the length measured along the second
direction, of the filter cross section where the first main coupling window 111 is
located. The width W1 of the first main coupling window 111 measured along the third
direction Z is less than half of the width measured along the third direction, of the filter
cross section where the first main coupling window 111 is located. The length L2 of
the first cross coupling window 112 measured along the second direction X is less than
the length L1 of the first main coupling window 111 measured along the second
direction. In a preferred embodiment, the length L2 of the first cross coupling window
112 measured in the second direction is less than half of the length L1 of the first main
coupling window 111 measured in the second direction. With the help of the first main
coupling window 111 and the first cross coupling window 112, high selectivity of the
filter and a transmission zero at the out of pass band can be achieved, so as to suppress
the high-order resonant spurious of the triple-mode dielectric resonator 130. When the
first main coupling window 111 provides capacitive coupling, the transmission zero is
located at a higher side of the passband. Otherwise, when the first main coupling
window 111 provides inductive coupling, the transmission zero is at a lower side of the
passband. The first main coupling window 111 functions to produce capacitive or

inductive coupling, depending on its size.

[0046] Although only one first cross coupling window 112 is shown in FIG. 3A, it
should be understood that the coupling window between the first single-mode dielectric
resonator and the second single-mode dielectric resonator can include a plurality of first
cross coupling windows 112, 112°° as shown in FIG. 3B. The position of the first cross
coupling window 112 is not limited to the edge area of the filter cross section as shown

in FIG. 3B. For example, the first cross coupling window 112 can also be arranged near

10
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a central area of the filter cross section, as shown in FIG. 3C, as long as it is separate
from the first main coupling window. Similarly, the position of the first main coupling
window is not limited to the edge area of the filter cross section as shown in FIG. 3C.
For example, the first main coupling window may be wholly displaced toward the

central area of the filter cross section where the first main coupling window is located.

[0047] As shown in FIG. 4, a hole 601 for adjusting coupling is arranged in an area of
the first main coupling window 111. The hole 601 may be a blind hole or a through
hole. As shown in FIGs. SA-5D, at least part of the hole wall surface of the hole 601 is
metallized, for example, plated with a metal conductive coating. The hole 601 in FIG.
5A is a blind hole, of which both the side wall and bottom wall are metallized.
Alternatively, as shown in FIG. 5B, the side wall of the blind hole is surface metallized,
while the bottom wall of the hole is not surface metallized. The hole 601 in FIG. 5C is
a through hole, which passes through an upper metal conductive layer of the first main
coupling window area to open to the gap between the first single-mode dielectric
resonator and the second single-mode dielectric resonator. A section 60la of the
sidewall of the through hole is not surface metallized. In the embodiment shown in F1G.
5D, the hole 601 is a stepwise hole, in which an inner surface of a larger aperture portion
of the hole is not applied with a metal conductive coating. Of course, the configuration
of the hole 601 is not limited to the examples shown, but can be varied according to the
specific situation. The cross-sectional shape of the hole 601 is not limited to the circle
as shown in the drawings, but can be designed as, for example, a square, a rectangle or
a polygon or the like. Due to the arrangement of the hole 601, the dielectric material in
the first main coupling window area is no longer continuous in the area of the hole 601,
but separated into different branches of signal transmission, leading to a change in a
coupling amount. Thus, the coupling amount realized through the first main coupling

window may be adjusted by the arrangement of the hole 601.

[0048] As shown in FIGs. 1 and 6, the coupling windows between the second single-
mode dielectric resonator 120 and the triple-mode dielectric resonator 130 include a

first mode coupling window 121, a second mode coupling window 122, and a third

11
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mode coupling window 123. The first mode coupling window 121, the second mode
coupling window 122, and the third mode coupling window 123 are arranged
separately. Referring to FIG. 7A, the first mode coupling window 121 is located near
the first edge of the filter cross section where the first mode coupling window 121 is
located and is centrally arranged in the extension direction of the first edge. The second
mode coupling window 122 is located near the second edge adjacent to the first edge in
the filter cross section where the second mode coupling window 122 is located, and is
centrally arranged in the extension direction of the second edge. The third mode
coupling window 123 is located in a corner region opposite to an angle defined by the
first edge and the second edge of the filter cross section where the third mode coupling
window 123 is located. Specifically, the third mode coupling window 123 is close to
ends of corresponding edges that are positioned in the corner region. With the help of
the first mode coupling window 121, the second mode coupling window 122, and the
third mode coupling window 123, the high-frequency spurious can be improved such

that the performance of the filter is enhanced.

[0049] Referring to FIG. 7B, as a variant, the coupling windows between the second
single-mode dielectric resonator 120 and the triple-mode dielectric resonator 130 may
include a plurality of first-mode coupling windows 121', 121" arranged side by side in
a direction perpendicular to the first edge. Optionally or additionally, the coupling
windows between the second single-mode dielectric resonator 120 and the triple-mode
dielectric resonator 130 may include a plurality of second-mode coupling windows

122', 122" arranged side by side in a direction perpendicular to the second edge.

[0050] Referring back to FIG. 1, the coupling windows between the triple-mode
dielectric resonator 130 and the third single-mode dielectric resonator 140 include a
first-mode transmission coupling window 131, a second-mode transmission coupling
window 132 and a third-mode transmission coupling window 133. The first-mode
transmission coupling window 131, the second-mode transmission coupling window
132 and the third-mode transmission coupling window 133 are arranged separately to

transmit signals of respective modes. Similar to the first-mode coupling window 121,

12
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the first-mode transmission coupling window 131 is located near a first edge of the filter
cross section where the first-mode transmission coupling window is located and is
centrally arranged in the extension direction of the first edge. Similar to the second-
mode coupling window 122, the second-mode transmission coupling window 132 is
located near a second edge adjacent to the first edge in the filter cross section where the
second-mode transmission coupling window 132 is located and is centrally arranged in
the extension direction of the second edge. Similar to the third-mode coupling window
123, the third-mode transmission coupling window 133 is located in a corner region
opposite to an angle defined by the first edge and the second edge of the filter cross
section where the third-mode transmission coupling window 133 is located. Of course,
similar to the coupling windows between the second single-mode dielectric resonator
and the triple-mode dielectric resonator 130, the coupling windows between the third
single-mode dielectric resonator 140 and the triple-mode dielectric resonator 130 may
also include a plurality of first-mode transmission coupling windows arranged side by
side in a direction perpendicular to the first edge and/or a plurality of second-mode
transmission coupling windows arranged side by side in a direction perpendicular to
the second edge. In a preferred embodiment, the coupling windows between the third
single-mode dielectric resonator 140 and the triple-mode dielectric resonator 130 are
mirror symmetrical with the coupling windows between the second single-mode
dielectric resonator 120 and the triple-mode dielectric resonator 130 with respect to a
central symmetry plane of the triple-mode dielectric resonator 130 perpendicular to the

first direction Y.

[0051] Still referring to FIG. 1, the coupling windows between the fourth single-mode
dielectric resonator 150 and the third single-mode dielectric resonator 140 include a
second main coupling window 141 and a second cross coupling window 142. The
second main coupling window 141 and the second cross coupling window 142 are
arranged separately. The length of the second main coupling window 141 measured
along the second direction X is greater than half of the length measured along the

second direction X, of a filter cross section (i.e. in a Z-O-X plane) where the second

13
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main coupling window 141 is located. Similar to the first main coupling window 111,
the width of the second main coupling window 141 measured along the third direction
Z is less than half of the width measured along the third direction, of the filter cross
section where the second main coupling window 141 is located. Similar to the first cross
coupling window, the length of the second cross coupling window 142 measured along
the second direction X is less than the length of the second main coupling window 141
measured along the second direction. Preferably, the length of the second cross
coupling window 142 measured along the second direction X is less than half of the
length of the second main coupling window 141 measured along the second direction.
In a preferred embodiment, the coupling windows between the fourth single-mode
dielectric resonator 150 and the third single-mode dielectric resonator 140 are
configured to be mirror symmetrical with the coupling windows between the first
single-mode dielectric resonator 110 and the second single-mode dielectric resonator
120 with respect to a central symmetry plane of the triple-mode dielectric resonator

perpendicular to the first direction.

[0052] In the illustrated embodiment, the first single-mode dielectric resonator 110, the
second single-mode dielectric resonator 120, the third single-mode dielectric resonator
140, the fourth single-mode dielectric resonator 150, and the triple-mode dielectric
resonator 130 are ceramic dielectric resonators, that is, the dielectric material therein is
a ceramic material. In a preferred embodiment, the dielectric filter is an integral device
(i.e.,, a one-piece component). For example, it is integrally formed by a ceramic
injection molding process, or by splicing the resonator blocks via welding. The
coupling windows between adjacent dielectric resonators may be specifically embodied
as an opening, a slot, or a channel. The metal conductive layer defining the boundary
of the coupling window can be formed by electroplating or casting. In the illustrated
embodiment, the coupling windows has a certain extension length in the Y direction.
An air gap may be arranged around the coupling window between adjacent dielectric
resonators. Of course, it can be understood that a metal sheet having a certain thickness

can be provided in the air gap so that it forms a barrier against electric conduction

14



WO 2023/143003 PCT/CN2023/071327

between the two adjacent dielectric resonators in areas other than the area of coupling
windows. The filter of the present disclosure can also be formed by connecting the
dielectric resonator blocks by welding, and the coupling window(s) between adjacent
dielectric resonators can be formed by removing metal materials from a predetermined
area of the conductive metal layer on external surfaces of the dielectric resonator blocks

by a process such as laser etching,

[0053] Although all coupling windows shown in FIG. 1 have a roughly rectangular
cross-sectional shape, it should be understood that the cross sections of these coupling
windows can be presented in regular shapes such as circle or polygon or irregular
shapes. Coupling windows are spaced from each other, without shared or connected
portions. The size of the coupling windows can also be set according to specific
application scenarios. The position/location of the coupling windows can also vary
according to specific needs. For example, if necessary, the position of the coupling
windows shown in drawings in the filter cross section where it is located can be shifted

from the edge area to the central area.

[0054] Although the dielectric filter shown in FIG. 1 has five dielectric resonators, it
should be understood that the dielectric filter may only include a first single-mode
dielectric resonator, a second single-mode dielectric resonator, and a triple-mode
dielectric resonator arranged side by side in sequence, wherein the signal is input to the
first single-mode dielectric resonator, transmitted through the second single-mode
dielectric resonator and the triple-mode dielectric resonator, and output from the triple-
mode dielectric resonator. Alternatively, the dielectric filter may comprise a first single-
mode dielectric resonator, a second single-mode dielectric resonator, a triple-mode
dielectric resonator, and a third single-mode dielectric resonator arranged side by side
in sequence, wherein the signal is input to the first single-mode dielectric resonator,
transmitted through the second single-mode dielectric resonator, the triple-mode
dielectric resonator, and the third single-mode dielectric resonator, and finally output

from the third single-mode dielectric resonator.
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[0055] "Side by side in sequence" herein is not limited to strict linear arrangement of
the dielectric resonators. For example, according to a specific space requirement, the
dielectric resonators may be arranged such that the filter has a certain curved angle
viewed along the overall extension direction. That is, the first direction Y, which mainly
represents the longitudinal extension direction of the dielectric filter, is not limited to

the overall linear extension shown in the drawings.

[0056] As shown in FIG. 8, the S parameter performance curve of the dielectric filter
of the present disclosure shows that the out-of-band spurious has been significantly
improved. The dielectric filter of the present disclosure has a smaller size and a lighter
weight, leading to a simplified and flexible design, which improves the production
efficiency and saves the cost. In addition, it has a better filter performance and RF

performance, as well as improved reliability and robustness.

[0057] References in the present disclosure to “an embodiment”, “another
embodiment” and so on, indicate that the embodiment described may include a
particular feature, structure, or characteristic, but it is not necessary that every
embodiment includes the particular feature, structure, or characteristic. Moreover, such
phrases are not necessarily referring to the same embodiment. Further, when a
particular feature, structure, or characteristic is described in connection with an
embodiment, it is submitted that it is within the knowledge of one skilled in the art to
implement such feature, structure, or characteristic in connection with other

embodiments whether or not explicitly described.

[0058] It should be understood that, the term “and/or” includes any and all

combinations of one or more of the associated listed terms.

[0059] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to limit the present disclosure. As used herein,
the singular forms “a”, “an” and “the” are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be further understood that the

terms “comprises”, “comprising’, “has”, “having”, “includes” and/or “including”,
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when used herein, specify the presence of stated features, elements, and/or components,
but do not preclude the presence or addition of one or more other features, elements,
components and/or combinations thereof. The terms “connect”, “connects”,
“connecting” and/or “connected” used herein cover the direct and/or indirect

connection between two elements.

[0060] The present disclosure includes any novel feature or combination of features
disclosed herein either explicitly or any generalization thereof. Various modifications
and adaptations to the foregoing exemplary embodiments of this disclosure may
become apparent to those skilled in the relevant arts in view of the foregoing
description, when read in conjunction with the accompanying drawings. However, any
and all modifications will still fall within the scope of the non-limiting and exemplary

embodiments of this disclosure.
Reference signs:
1. Dielectric filter;
110. First single-mode dielectric resonator;
120. Second single-mode dielectric resonator;
130. Triple-mode dielectric resonator;
140. Third single-mode dielectric resonator;
150. Fourth single-mode dielectric resonator;
111. First main coupling window;
112, 112', 112", First cross coupling window;

601. Hole;
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601a. Section

121, 121", 121", First-mode coupling window;

122, 122', 122", Second-mode coupling window;

123. Third-mode coupling window;

131. First-mode transmission coupling window;

132. Second-mode transmission coupling window;

133. Third-mode transmission coupling window;

141. Second main coupling window;

142. Second cross coupling window.
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Claims

What is claimed is:

1. A dielectric filter (1), comprising:

a first single-mode dielectric resonator (110), a second single-mode dielectric
resonator (120), and a triple-mode dielectric resonator (130) arranged side by side in

sequence in a first direction (Y),

adjacent dielectric resonators being coupled by coupling windows provided

between their opposite surfaces,

characterized in that, the coupling windows between the first single-mode
dielectric resonator (110) and the second single-mode dielectric resonator (120)

comprise a first main coupling window (111) and a first cross coupling window (112),

a length of the first main coupling window (111) measured along a second
direction (X) is greater than half of a length measured along the second direction, of a
filter cross section where the first main coupling window is located, and a width of the
first main coupling window (111) measured along a third direction (Z) is less than half
of a width measured along the third direction, of the filter cross section where the first
main coupling window is located, the first direction, the second direction and the third
direction being three dimensional extension directions of the dielectric filter,

a length of the first cross coupling window (112) measured along the second
direction is less than the length of the first main coupling window (111) measured along

the second direction.
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2. The dielectric filter (1) according to claim 1, characterized in that the length of the
first cross coupling window (112) measured along the second direction is less than half

of the length of the first main coupling window measured along the second direction.

3. The dielectric filter (1) according to claim 1, characterized in that the length of the
first main coupling window (111) measured along the second direction (X) is
substantially equal to the length measured along the second direction, of the filter cross

section where the first main coupling window is located.

4. The dielectric filter (1) according to claim 3, characterized in that the first main
coupling window (111) is located at an edge area of the filter cross section where the

first main coupling window is located.

5. The dielectric filter (1) according to claim 4, characterized in that a blind hole or
through hole for adjusting coupling is provided in an area where the first main coupling

window (111) is located.

6. The dielectric filter (1) according to claim 5, characterized in that at least part of a

hole wall surface of the blind hole or through hole is metallized.

7. The dielectric filter (1) according to claim 1, characterized in that the coupling
windows between the first single-mode dielectric resonator (110) and the second single-

mode dielectric resonator (120) include a plurality of the first cross coupling windows.

8. The dielectric filter (1) according to one of claims 1-7, characterized in that the
coupling windows between the second single-mode dielectric resonator (120) and the
triple-mode dielectric resonator (130) comprise a first mode coupling window (121), a
second mode coupling window (122) and a third mode coupling window (123); the first
mode coupling window (121), viewed in terms of a shape of a filter cross section where

it is located, is located near a first edge of the shape and is centrally arranged in an
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extension direction of the first edge, the second mode coupling window (122), viewed
in terms of a shape of a filter cross section where it is located, is located near a second
edge of the shape adjacent to the first edge and is centrally arranged in an extension
direction of the second edge, and the third mode coupling window (123), viewed in
terms of a shape of a filter cross section where it is located, is located in a corner region

of the shape that is opposite to an angle defined by the first edge and the second edge.

9. The dielectric filter (1) according to claim 8, characterized in that the coupling
windows between the second single-mode dielectric resonator (120) and the triple-
mode dielectric resonator (130) include a plurality of the first mode coupling windows
arranged side by side in a direction perpendicular to the first edge and/or a plurality of
the second mode coupling windows arranged side by side in a direction perpendicular

to the second edge.

10. The dielectric filter (1) according to claim 8, characterized in that the dielectric filter
comprises a third single-mode dielectric resonator (140) arranged side by side with

respect to the triple-mode dielectric resonator (130) in the first direction (Y).

11. The dielectric filter (1) according to claim 10, characterized in that the coupling
windows between the third single-mode dielectric resonator (140) and the triple-mode
dielectric resonator (130) comprise a first mode transmission coupling window (131),
a second mode transmission coupling window (132) and a third mode transmission
coupling window (133), wherein the first mode transmission coupling window (131),
viewed in terms of a shape of a filter cross section where it is located, is located near a
first edge of the shape and is centrally arranged in an extension direction of the first
edge, the second mode transmission coupling window (132), viewed in terms of a shape
of a filter cross section where it is located, is located near a second edge of the shape
adjacent to the first edge and is centrally arranged in an extension direction of the

second edge, and the third mode transmission coupling window (133), viewed in terms
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of a shape of a filter cross section where it is located, is located in a corner region of

the shape that is opposite to an angle defined by the first edge and the second edge.

12. The dielectric filter (1) according to claim 11, characterized in that the coupling
windows between the third single-mode dielectric resonator (140) and the triple-mode
dielectric resonator (130) are mirror symmetrical with the coupling windows between
the second single-mode dielectric resonator (120) and the triple-mode dielectric
resonator (130) with respect to a central symmetry plane of the triple-mode dielectric

resonator (130) perpendicular to the first direction.

13. The dielectric filter (1) according to claim 10, characterized by comprising a fourth
single-mode dielectric resonator (150) arranged side by side with respect to the third

single-mode dielectric resonator (140) in the first direction (Y).

14. The dielectric filter (1) according to claim 13, characterized in that the coupling
windows between the fourth single-mode dielectric resonator (150) and the third single-
mode dielectric resonator (140) comprise a second main coupling window (141) and a
second cross coupling window (142), wherein a length of the second main coupling
window (141) measured along the second direction is greater than half of a length
measured along the second direction (X), of a filter cross section where the second main
coupling window is located, a width of the second main coupling window (141)
measured along the third direction (Z) is less than half of a width measured along the
third direction, of the filter cross section where the second main coupling window is
located, and a length of the second cross coupling window (142) measured along the
second direction (X) is less than the length of the second main coupling window (141)

measured along the second direction.

15. The dielectric filter (1) according to claim 14, characterized in that the length of the

second cross coupling window (142) measured along the second direction is less than
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half of the length of the second main coupling window (141) measured along the second

direction.

16. The dielectric filter (1) according to claim 14, characterized in that the coupling
windows between the fourth single-mode dielectric resonator (150) and the third single-
mode dielectric resonator (140) are configured to be mirror symmetric with the
coupling windows between the first single-mode dielectric resonator (110) and the
second single-mode dielectric resonator (120) with respect to a central symmetry plane

of the triple-mode dielectric resonator perpendicular to the first direction.

17. The dielectric filter (1) according to claim 14, characterized in that the first single-
mode dielectric resonator (110), the second single-mode dielectric resonator (120), the
third single-mode dielectric resonator (140), the fourth single-mode dielectric resonator

(150), and the triple-mode dielectric resonator (130) are ceramic dielectric resonators.

18. The dielectric filter (1) according to one of claims 1-17, characterized in that the

dielectric filter is an integral device.
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