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(54) FILTER COUPLING UNIT AND FILTER

(67)  Embodiments of the present disclosure provide
a filter coupling unit and a filter. The filter coupling unit
comprises sub-resonant cavities, a shielding layer, tun-
ing holes, a capacitive coupling hole and an inductive
coupling hole, wherein the shielding layer is arranged on
an outer surface of the coupling unit; a plurality of sub-res-
onant cavities are provided in the coupling unit, and
the-sub resonant cavities are distributed in the coupling
unit; each of the tuning holes is formed in an end face of
the corresponding sub-resonant cavity and is used for
adjusting the frequency of the filter; there is at least one
capacitive coupling hole located between at least two of
the sub-resonant cavities and used for generating a ca-
pacitive coupling effect; and there is atleast one inductive
coupling hole arranged between adjacent sub-resonant
cavities and used for generating an inductive coupling
effect. Cross-coupling of the filter is achieved, the struc-
ture thereof is simple, and same is easily implemented.
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Description
TECHNICAL FIELD

[0001] The embodiments of the present disclosure re-
late but are not limited to the field of communication, and
in particular, relate but are not limited to a filter coupling
unit and a filter.

BACKGROUND

[0002] The wavelength of an electromagnetic wave
may be shortened when the electromagnetic wave prop-
agates in a material having a high dielectric constant. By
virtue of that theory, under a condition of the same in-
dexes, the size of a filter can be reduced by using a di-
electric material in replacement of a conventional metal
material. The research on dielectric filters has always
been a hot spot in the communication industry. As filters
are important components in wireless communication
products, dielectric filters are of particular significance to
the miniaturization of communication products.

[0003] The significance of cross-coupling lies in that
the phase and polarity of an electromagnetic wave are
reversed after the electromagnetic wave passes through
different coupling links, thereby infinitesimal notch points
(i.e., transmission zeros) are generated outside the filter
band. Thus, the out-of-band rejection of a filter is im-
proved without increasing the number of resonant cavi-
ties.

[0004] Out-of-band zeros are generated on either or
both sides of the high end and the low end of the working
passband of a filter. A type of cross-coupling in which
two out-of-band zeros are at both sides of the passband
of afilter respectively and have different intensities (i.e.,
at different distances from the frequency of the channel)
is referred to as unbalanced cross-coupling. Another type
of cross-coupling in which two out-of-band zeros are at
both sides of the passband of a filter respectively and
have the same intensity (i.e., at the same distance from
the frequency of the channel) is referred to as balanced
cross-coupling. Both of the above-mentioned types of
cross-coupling can be realized easily with conventional
metal resonant cavities, because these metal resonant
cavities have a large adjustment space. However, it is
quite difficult to create a form of cross-coupling between
two resonant cavities of a dielectric filter, because the
dielectric filter is fully filled with solid ceramics and con-
sequently has poor plasticity and adjustability.

SUMMARY

[0005] Theembodiments ofthe presentdisclosure pro-
vide a filter coupling unit and a filter, to mainly solve a
technical problem of providing a cross-coupling structure
in a dielectric filter.

[0006] In orderto solve the above-mentioned technical
problem, the embodiments of the present disclosure pro-
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vide a filter coupling unit, the filter coupling unit includes
a plurality of sub-resonant cavities provided and distrib-
uted in the coupling unit; a shielding layer arranged on
an outer surface of the coupling unit; a plurality of tuning
holes, each of the tuning holes being respectively formed
in an end face of a respective one of the sub-resonant
cavities and configured for adjusting a frequency of a
filter; at least one capacitive coupling hole arranged be-
tween at least two of the sub-resonant cavities and con-
figured for generating a capacitive coupling effect; and
at least one inductive coupling hole arranged between
adjacent sub-resonant cavities and configured for gen-
erating an inductive coupling effect.

[0007] The embodiments of the present disclosure fur-
ther provide afilter, the filter includes a power supply unit
and at least one filter coupling unit described above.
[0008] The present disclosure has the following bene-
ficial effects.

[0009] According to the embodiments of the present
disclosure, a filter coupling unit and a filter are provided.
Thefilter coupling unitincludes a plurality of sub-resonant
cavities provided and distributed in the coupling unit; a
shielding layer arranged on an outer surface of the cou-
pling unit; a plurality of tuning holes, each of the tuning
holes being respectively formed in an end face of a re-
spective one of the sub-resonant cavities and configured
for adjusting a frequency of afilter; at least one capacitive
coupling hole arranged between at least two of the sub-
resonant cavities and configured for generating a capac-
itive coupling effect; and at least one inductive coupling
hole arranged between adjacent sub-resonant cavities
and configured for generating an inductive coupling ef-
fect. Thus, cross-coupling of the filter is achieved, the
structure is simple, and the cross-coupling is easy to im-
plement.

[0010] Otherfeatures and corresponding beneficial ef-
fects of the present disclosure will be described in the
following part of the description. In addition, it should be
understood that at least some of the beneficial effects
become obvious from the description of the present dis-
closure.

BRIEF DESCRIPTION OF DRAWINGS

[0011]
Fig. 1 is a schematic structural diagram of the filter
coupling unit according to the embodiments of the

present disclosure;

Fig. 2 is a schematic diagram of the offset of the
tuning holes according to the present disclosure;

Fig. 3 is a schematic structural diagram of the filter
coupling unit according to the embodiments of the

present disclosure;

Fig. 4 is a schematic structural diagram of the filter
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coupling unit according to the embodiments of the
present disclosure;

Fig. 5 is a structural perspective view of the filter
coupling unit according to Embodiment three of the
present disclosure; and

Fig. 6 is a schematic diagram of the waveform at the
symmetrical zeros according to Embodiment three
of the present disclosure.

DETAILED DESCRIPTION

[0012] To make the object, technical scheme and ad-
vantages of the present disclosure understood more
clearly, hereunder the present disclosure will be further
detailed in specific embodiments with reference to the
accompanying drawings. It should be understood that
the embodiments described herein are only intended to
explain the present disclosure, but do not constitute any
limitation to the present disclosure.

Embodiment one

[0013] Referring to Fig. 1, in this embodiment, a filter
coupling unit is provided. The filter coupling unit includes
sub-resonant cavities 209, a shielding layer, tuning holes
201-204, a capacitive coupling hole 205 and inductive
coupling holes 206-208. The shielding layer is arranged
on an outer surface of the coupling unit; a plurality of sub-
resonant cavities 209 are provided in the coupling unit,
and the sub-resonant cavities 209 are distributed in the
coupling unit; each of the tuning holes 201-204 is respec-
tively formed in an end face of a corresponding sub-res-
onant cavity and is configured for adjusting the frequency
of the filter; there is at least one capacitive coupling hole
205, the capacitive coupling hole is arranged between at
least two of the sub-resonant cavities and configured for
generating a capacitive coupling effect; and there is at
least one inductive coupling hole 206-208, the inductive
coupling hole is arranged between adjacent sub-reso-
nant cavities and configured for generating an inductive
coupling effect.

[0014] In some embodiments, the filter coupling unitis
in a rectangular shape, and has four sub-resonant cavi-
ties that are in the same rectangular shape and distrib-
uted in four directions of the filter coupling unit. The filter
coupling unit is made of a ceramic medium, and the four
sub-resonant cavities of the filter coupling unit are inte-
grally formed, and the four resonant cavities are respec-
tively located at four corners and arranged into a square
structure. For example, in Fig. 1, the filter coupling unit
includes: sub-resonant cavities 209 made of a ceramic
material; tuning holes 201, 202, 203 and 204 arranged
in the sub-resonant cavities respectively; a capacitive
coupling hole 205 arranged between the sub-resonant
cavities; and inductive coupling holes 206, 207 and 208
arranged between the sub-resonant cavities. The func-
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tion of a resonant cavity is to perform frequency filtering,
so that useful frequencies can pass through the resonant
cavity by resonance, while useless frequencies are sup-
pressed. While the distribution of four sub-resonant cav-
ities is described as an example in this embodiment, it is
known to those skilled in the art that the sub-resonant
cavities may be distributed and arranged in a different
way according to the shape of the resonant cavity if there
are more than or less than 4 sub-resonant cavities.
[0015] In some embodiments, the tuning holes are
blind holes. A blind hole means that a hole formed in one
of the surfaces of a device only extends into the interior
of the device but doesn’t penetrate through the device
completely. A tuning hole is provided in a surface of each
sub-resonant cavity for the purpose of tuning the frequen-
cy by means of the depth of the blind hole. Alternatively,
the frequency may be tuned by adjusting the area of a
metal grounding layer inside the blind hole.

[0016] In some embodiments, at least one tuning hole
is arranged at a non-central position of a corresponding
sub-resonant cavity, that is to say, the tuning hole is off-
set. Please see Fig. 2, Fig. 2 shows a concept of the
offset of a tuning hole. In Fig. 2, it is assumed that the
coordinates of a circle center of the bottom surface of a
tuning hole 101 are right located at the center of a plane
of the sub-resonant cavity 104, then the position of the
circle center of the bottom surface of the tuning hole 101
is defined as a base point. The tuning hole 101 is offset
by a certain distance in any direction within a range of
360 degrees from the base point as the circle center, and
the offset blind hole is denoted by a reference number
102. Now, the tuning hole is asymmetric with respect to
anothertuning hole 103 on the right along the central axis.
[0017] In some embodiments, the tuning holes are cir-
cular holes, at least one of the tuning holes has a circle
center located at a position offset from the center of a
corresponding sub-resonant cavity in a horizontal direc-
tion and/or vertical direction. The so-called horizontal di-
rection and/or vertical direction is defined with respect to
the cavity plane of a sub-resonant cavity. In an embodi-
ment, the tuning hole may be offset by a certain distance
in any direction within a range of 360 degrees from the
cavity center of the corresponding sub-resonant cavity.
[0018] In some embodiments, the circle center of at
least one of the tuning holes is offset from the center of
the corresponding sub-resonant cavity by an absolute
distance of 0 mm to 30 mm, where 0 mm offset distance
means that there is no offset.

[0019] In some embodiments, the capacitive coupling
hole is a blind hole or a through-hole. A through-hole is
contrary to a blind hole. A through-hole is a hole pene-
trating through two opposing sides of a device.

[0020] In some embodiments, in response to the ca-
pacitive coupling hole being a blind hole, the hole depth
of the capacitive coupling hole is 1.1 to 1.95 times that
of an adjacent tuning hole, and the bottom area of the
capacitive coupling hole is 0.3 to 1.8 times that of the
adjacent tuning hole; each capacitive coupling hole pro-
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duces two transmission zeros.

[0021] In some embodiments, the inductive coupling
hole is a through-hole, and the cross section of the in-
ductive coupling hole is in a regular shape or an irregular
shape. A regular shape means that the shape of the in-
ductive coupling hole is regular, such as circle, square,
rectangle or ellipse, etc., while an irregular shape means
that the shape of the inductive coupling hole is irregular,
such as T-shape or L-shape, etc.

[0022] Insomeembodiments,there are three inductive
coupling holes, each of the inductive coupling holes is
arranged between different adjacent tuning holes. There
is one capacitive coupling hole, the capacitive coupling
hole is arranged between the other two adjacent tuning
holes. That is to say, in this embodiment, there are four
coupling holes, the coupling holes are respectively ar-
ranged between every two tuning holes, including three
inductive coupling holes and one capacitive coupling
hole.

[0023] According to this embodiment, the filter cou-
pling unitincludes sub-resonant cavities, a shielding lay-
er, tuning holes, a capacitive coupling hole and an induc-
tive coupling hole. The shielding layer is arranged on an
outer surface of the coupling unit. A plurality of sub-res-
onant cavities are provided in the coupling unit, and the
sub-resonant cavities are distributed in the coupling unit.
Each of the tuning holes is respectively formed in an end
face of a corresponding sub-resonant cavity and is con-
figured for adjusting the frequency of the filter. The ca-
pacitive coupling hole includes at least one capacitive
coupling hole, and the capacitive coupling hole is ar-
ranged between at least two of the sub-resonant cavities
and configured for generating a capacitive coupling ef-
fect. The inductive coupling hole includes at least one
inductive coupling hole, and the inductive coupling hole
is arranged between adjacent sub-resonant cavities and
configured for generating an inductive coupling effect.
Thus, cross-coupling of the filter is achieved, the struc-
ture is simple, and the cross-coupling is easy to imple-
ment.

[0024] This embodiment further provides a filter, which
includes a power supply unit and at least one filter cou-
pling unit described in the embodiments.

Embodiment two

[0025] This embodiment provides a cross-coupling
unit of an all-dielectric filter. The cross-coupling unit in-
cludes four cavities arranged in a clockwise or counter-
clockwise direction into a square shape or rectangular
shape. For example, in Fig. 1, the cross-coupling unit
includes: dielectric resonant cavities 209 formed by a ce-
ramic body of the dielectric filter; tuning holes 201, 202,
203 and 204 of the dielectric filter; a capacitive coupling
hole 205 of the dielectric filter; and inductive coupling
holes 206, 207 and 208 of the dielectric filter.

[0026] Hereunder the cross-coupling unit will be de-
tailed with reference to Figs. 1, 2, 3 and 4.
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[0027] In Fig. 1, the main body of a dielectric filter has
dielectric resonant cavity 209 made of solid ceramics,
which has a high relative dielectric constant and may be
configured as desired, for example, the relative dielectric
constant may be 15, 20, 35, or 40, etc. The ceramic ma-
terial is formed by sintering through a specific process,
and electromagnetic wave energy can be transmitted in-
side the dielectric material, for example, from a cavity
containing a tuning hole 201 to another cavity containing
a tuning hole 202. A metal grounding layer is further
formed on the outer surface. The metal grounding layer
may be formed through various processes, among which,
the mostcommon process is silver-plating or copper-plat-
ing.

[0028] In Fig. 2, the concept of the offset of a tuning
hole is illustrated. In Fig. 2, it is assumed that the coor-
dinates of a circle center of the bottom surface of a tuning
hole 101 is right at the center of a plane of the sub-res-
onant cavity 104, then the circle center of the bottom
surface of the tuning hole 101 is defined as a base point.
The tuning hole 101 is offset by a certain distance in any
direction within a range of 360 degrees from the base
point as the circle center, and the offset blind hole is de-
noted by a reference number 102. Now, the tuning hole
is asymmetric with respect to another tuning hole 103 on
the right along the central axis.

[0029] The function of a dielectric resonant cavity is to
perform frequency filtering, so that useful frequencies
can pass through the resonant cavity by resonance, while
useless frequencies are suppressed. A blind hole is pro-
vided in a surface of each sub-resonant cavity for the
purpose of tuning the frequency by means of the depth
of the blind hole. Alternatively, the frequency may be
tuned by adjusting the area of a metal grounding layer
inside the blind hole. In this figure, the four tuning blind
holes corresponding to the four cavities are blind holes
201, 202, 203 and 204 respectively. In this example
shown in the figure, signals pass through the cavities
containing the tuning blind holes 201, 202, 203 and 204
sequentially in a clockwise direction.

[0030] In order to achieve an electrical effect of bal-
anced out-of-band zeros of the filter, the tuning blind
holes are not at the centers of the square resonant cav-
ities, but should be at specially specified positions. In the
example shown in Fig. 1, the position of the tuning blind
hole 202 is offset by a certain distance in a horizontal
direction from the base point. The tuning blind hole 202
is offset in a horizontal direction toward the tuning blind
hole 203, and the horizontal offset of the circle center of
the bottom surface of the tuning blind hole 202 from the
base point is 0 mm to 30 mm. The position of the tuning
blind hole 203 is offset by a certain distance in a horizontal
direction from the base point. The tuning blind hole 203
is offset in a horizontal direction toward the tuning blind
hole 202, and the distance of the circle center of the bot-
tom surface of the tuning blind hole 203 with respect to
the circle center of the bottom surface of the tuning blind
hole 201 is 0 mm to 30 mm.
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[0031] The inductive coupling holes 206, 207 and 208
are through-holes, and their inner surfaces are metal-
lized. The distance of the edge of the through-hole from
the edge of the dielectric ceramic body 209 is greater
than 0.5 mm. The inductive coupling holes are located
in the regions between the tuning blind holes, and there
is at least one inductive coupling hole between every two
tuning blind holes. The cross section of the inductive cou-
pling hole may be in a circular shape, rectangular shape,
elliptical shape, or other irregular shapes.

[0032] In Fig. 1, the function of the capacitive coupling
hole denoted by a reference number 205 is to generate
notch points (i.e., transmission zeros) outside the pass-
band of the filter by virtue of a principle that the phases
of signals transmitted in different paths is destructive
when they are reversed to each other. The capacitive
coupling hole may be in various forms, for example, it
may be a blind hole, a U-slot or a through-hole.

[0033] Fig. 3 is different from Fig. 1 in that the offset
direction of the tuning blind holes is different. The dielec-
tric resonant cavity is denoted by a reference number
309, the tuning blind holes are denoted by reference num-
bers 301-304, the inductive coupling holes are denoted
by reference numbers 206-208, and the capacitive cou-
pling hole is denoted by a reference number 205. The
position of the tuning blind hole 302 is offset from the
position of the base point by a certain distance in a non-
horizontal direction. The tuning blind hole 302 is offset
at a certain angle toward the tuning blind hole 304. The
circle enter of the tuning blind hole is offset from the base
point by a distance of 0-30 mm.

[0034] Fig. 4isdifferent from Fig. 3 in that there is more
than one capacitive coupling hole, and the capacitive
coupling holes are denoted by reference numbers 401
and 402 respectively. The capacitive coupling hole 402
is located in a region between the inductive coupling
holes 403 and 404. The capacitive coupling hole 402
exists in this structure for a purpose of achieving sym-
metric and asymmetric adjustment of the zeros by ad-
justing the capacitance of the capacitive coupling hole
402. The capacitive coupling hole 402 may have various
cross-sectional shapes, such as the straight shape
shown in the figure.

Embodiment three

[0035] The following embodiment is provided for ap-
plications in filters.

[0036] This embodiment shows how the basic unit of
the topological structure of the present disclosure and its
peripheral resonant cavities form an entire filter. Howev-
er, filters may have various overall structures. Obviously,
this embodiment is only one of possible embodiments.
[0037] Fig. 5 is a perspective view of an embodiment,
which will be described in detail below.

[0038] A tuning blind hole denoted by a reference
number 501 is located in an end face of a corresponding
ceramic resonant cavity. In this embodiment, there are
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altogether 10 tuning blind holes, and a function of fre-
quency selection is completed after signals pass through
the frequency-tuning blind holes of 10 ceramic resonant
cavities sequentially. Not all the circle centers of the bot-
tom surfaces of the tuning blind holes 501 are located at
the centers of the corresponding ceramic resonant cav-
ities, but should be offset from the base points by a certain
distance, as described above.

[0039] The inductive coupling holes denoted by a ref-
erence number 502 are through-holes with a metallized
inner surface respectively, and are located between
some of the tuning blind holes 501. In this embodiment
as shown in Fig. 4, the inductive coupling holes 502 are
located between the tuning blind holes at the lower left
end and between the tuning blind holes at the upper right
end of the filter respectively. There is an inductive cou-
pling hole 502 between two tuning blind holes 501. Cor-
respondingly, the four groups of cavities at the lower left
end and the four groups of cavities at the upper right end
constitute the topological cross-coupling units of the
present disclosure respectively. The cross-sections of
the inductive coupling holes 502 may have various
shapes, and are circular and rectangular in this embod-
iment.

[0040] The capacitive coupling hole denoted by a ref-
erence number 503 has a metallized or partially metal-
lized inner surface. It is located between specific tuning
blind holes 501. One capacitive coupling hole 503 is ar-
ranged between two tuning blind holes 501. In this em-
bodiment as shown in Fig. 4, two capacitive coupling
holes 503 constitute a lower left topological cross-cou-
pling unit and an upper right topological cross-coupling
unit respectively. The capacitive coupling hole 503 may
be in various forms. In this embodiment, a through-hole
and a blind hole are used respectively.

[0041] An inductive coupling slot denoted by a refer-
ence number 504 is provided. In this embodiment, the
inductive coupling slot is located in the central area of
the filter. The inductive coupling slot has a function of
separating the cavities and forming inductive coupling,
and adopts the form of a traditional coupling window.
[0042] Insummary,the cross-coupling units with aspe-
cial structure described in the present disclosure are a
part of the overall topological structure of a filter. In the
embodiment as shown in Fig. 5, the cross-coupling units
are located at the lower left and upper right of the filter
respectively, thereby forming transmission zeros that are
symmetrical in a left-right direction and have the same
intensity at the high-end side and low-end side of the
passband of the filter, i.e., balanced transmission zeros,
as shownin Fig. 6. Besides, owing to the special structure
of the inductive coupling holes 502, the length of the con-
ventional inductive coupling slot 504 is greatly shortened,
thereby solving the problem of fracture of the ceramic
body during filter die-casting.

[0043] While the present disclosure is further detailed
above in the embodiments, the present disclosure is not
limited to the described embodiments. Various simple
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derivations or replacements may be made by those hav-
ing ordinary skill in the art without departing from the con-
cept of the present disclosure, but all such simple deri-
vations or replacements shall be deemed as falling within
the protection scope of the present disclosure.

Claims
1. Afilter coupling unit, comprising:

a plurality of sub-resonant cavities provided and
distributed in the coupling unit;

a shielding layer arranged on an outer surface
of the coupling unit;

a plurality of tuning holes, each of the tuning
holes being respectively formed in an end face
of a respective one of the sub-resonant cavities
and configured for adjusting a frequency of a
filter;

at least one capacitive coupling hole arranged
between atleasttwo ofthe sub-resonant cavities
and configured for generating a capacitive cou-
pling effect; and

at least one inductive coupling hole arranged
between adjacent sub-resonant cavities and
configured for generating an inductive coupling
effect.

2. Thefilter coupling unit of claim 1, wherein a dielectric
resonant cavity is in a rectangular shape, and the
sub-resonant cavities comprise four sub-resonant
cavities that are in the same rectangular shape and
distributed in four directions of the dielectric resonant
cavity.

3. Thefilter coupling unit of claim 1, wherein the tuning
holes are blind holes.

4. The filter coupling unit of claim 3, wherein at least
one of the tuning holes is arranged at a non-central
position of a respective one of the sub-resonant cav-
ities.

5. Thefilter coupling unit of claim 4, wherein the tuning
holes are circular holes, and the circle center located
at a position offset from a center of the respective
one of the sub-resonant cavities in a horizontal di-
rection and/or a vertical direction.

6. The filter coupling unit of claim 5, wherein the circle
center of the tuning holes is offset from the center of
the respective one of the sub-resonant cavities by
an absolute distance of 0 mm to 30 mm.

7. The filter coupling unit of any one of claims 1 to 6,
wherein the capacitive coupling hole is a blind hole
or a through-hole.
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8.

10.

1.

The filter coupling unit of claim 7, wherein in re-
sponse to the capacitive coupling hole being a blind
hole, a hole depth of the capacitive coupling hole is
1.1 to 1.95 times that of an adjacent tuning hole, a
bottom area of the capacitive coupling hole is 0.3 to
1.8 times that of the adjacent tuning hole, and each
capacitive coupling hole produces two transmission
zeros.

The filter coupling unit of any one of claims 1 to 6,
wherein the inductive coupling hole is a through-
hole, and a cross section of the inductive coupling
hole is in a regular shape or an irregular shape.

The filter coupling unit of any one of claims 1 to 6,
wherein the inductive coupling hole comprises three
inductive coupling holes, each of the inductive cou-
pling holes is arranged between different adjacent
tuning holes; and the capacitive coupling hole com-
prises one capacitive coupling hole that is arranged
between the other two adjacent tuning holes.

A filter, comprising a power supply unit and at least
one filter coupling unit of any one of claims 1 to 10.
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