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(57) Abstract: A method for tuning a filter component using size adjustment includes measuring a first frequency of a first resonant
mode of a dielectric resonator component of an RF filter, said dielectric resonator component being a block of dielectric material
having a cuboid shape with three pairs of opposite faces. The first resonant mode has an electric-field component oriented in a direction
perpendicular to one of the pairs of opposite faces and parallel to the other two pairs of opposite faces. When a measured value of the
first frequency of the first resonant mode is less than a desired value, dielectric material is removed uniformly from at least one face of
the two pairs of opposite faces parallel to the electric-tield component of the first resonant mode to maintain the cuboid shape of the
block of dielectric material. The removal of the dielectric material may be by at least one of lapping, grinding, and milling. The first
frequency of the first resonant mode is remeasured to check whether a remeasured value therefor is closer or equal to the desired value
without exceeding the desired value. The method is also applicable for tuning multiple modes of dielectric resonator component in the
form of a block of dielectric material having a cuboid shape, as well as for tuning multiple modes in dielectric resonator components
in the form ot blocks of dielectric material having cylindrical and spherical shapes.
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FILTER COMPONENT TUNING USING SIZE ADJUSTMENT

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application is a continuation-in-part of U.S. Patent Application SN
15/227,169, filed August 3, 2016, the teachings of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] This invention relates generally to filter components and, more specifically,

relates to a method for the tuning of the filter components.

BACKGROUND

[0003] This section is intended to provide a background or context for the invention
disclosed below. The description to follow may include concepts that could be pursued, but have
not necessarily been previously conceived, implemented or described. Therefore, unless otherwise
explicitly indicated below, what is described in this section is not prior art to the description in this
application and is not admitted to be prior art by inclusion in this section.

[0004] A filter is composed of a number of resonating structures and energy
coupling structures which are arranged to exchange radio-frequency (RF) energy among
themselves and input and output ports. The pattern of interconnection of these resonators to one
another and to the input and output ports, the strength of these interconnections, and the resonant
frequencies of the resonators determine the response of the filter.

[0005] During the design process for a filter, the arrangement of the parts, the
materials from which the parts are made, and the precise dimensions of the parts are determined
such that an ideal filter so composed will perform the desired filtering function. If a physical filter
conforming exactly to this design could be manufactured, the resulting filter would perform
exactly as intended by the designer.

[0000] However, in practice the precision and accuracy of manufacture of both the
materials and the parts are limited, and the result is errors in resonant frequencies and coupling
strengths, which, in turn, cause the filter response to differ from that predicted by an ideal filter

model. Often, this departure from the ideal response is sufficiently large to bring the filter outside
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of'its specification. Asaresult, it is desirable to include in the filter design some means of adjusting
the resonator frequencies and couplings to bring the filter response within the specification.

[0007] A common way to accomplish this is to include, in or on the filter, tuning
screws or other devices, such as are well known in the art. An alternative way often used in small
ceramic monoblock filters is to remove selected portions of the metallization on the exterior of
these filters, and possibly portions of ceramic as well, to perform the tuning.

[0008] Most filters are manufactured as completed units and, subsequent to
manufacture, the tuning process is performed on the entire filter. Since adjustments on the filter
may interact strongly with one another, the tuning procedure is often quite complicated, and
requires a skilled operator.

[0009] An alternative tuning method is to build the resonator parts separately, tune
them individually to a specification calculated for the separated parts from the ideal filter model,
and then assemble them into the final filter. Since the individual parts are simple compared with
the fully assembled filter, the tuning procedure for these individual parts can also be made very
simple. This minimizes the need for skilled operators to tune the filters. This procedure also
provides the benefit of either reducing or entirely eliminating the tuning process for the assembled
filter.

[0010] In many cases, it is sufficient to adjust only the resonant frequencies of the
resonator parts, because the manufacturing precision and accuracy for the resonator parts are good
enough to bring the coupling strengths within the required range to allow the performance of the
assembled filter to be within specification. In such cases, adjustment of the resonant frequencies
is all that is required to tune the individual parts.

[0011] To facilitate pretuning of the individual parts, both methods of measurement
of the frequencies and methods of adjustment of the frequencies are required. The present
specification is concerned with the latter.

[0012] A tuning method may include the manipulation of a tuning device or
structure included as part of the resonator, such as a tuning screw or deformable metal part.
Alternatively, a method may comprise an operation performed on the resonator, such as the
removal of material from a selected region. The method may also comprise a combination of

these, or any other means or process which can alter the resonant frequencies of the resonator part.
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[0013] A tuning physical adjustment (commonly abbreviated more simply as
“adjustment’) can then be defined as one or more manipulations of tuning structures and/or one or
more operations causing one or more of the resonant frequencies to be altered. For instance, such
physical adjustment includes, but is not limited to, removal of material from a surface or face of a
resonator component, drilling of holes in the resonator component, adjustments of screws in the
resonator component, and/or denting of material covering the resonator component.

[0014] In cases where the parts include multimode resonators, the tuning methods
for the parts will need to be capable of independently adjusting the resonant frequencies of the two
or more modes of the resonator. For example, if the multimode resonator has three modes
requiring independent adjustment, at least three independent tuning adjustments will be required.
It is a common situation with multimode resonators that an individual adjustment causes more than
one of the mode frequencies to change. As a result, there is no one-to-one correspondence between
a single adjustment and a frequency change as there is in a single-mode filter.

[0015] In the present discussion, the focus will be upon the removal of material
from one or more selected regions of a resonator structure. Unfortunately, ceramic filter
components cannot be brought to a desired resonant frequency within the precision required to
produce a tuned filter only by adjusting dimensions because of manufacturing spreads in the
dielectric constant of the ceramic. That is to say, one manufactured batch of a ceramic material
may have a dielectric constant which departs from the dielectric constant of the same material
manufactured at a different time. Moreover, there may be variations in the dielectric constant
within a single manufactured batch, or, indeed, within a single resonator structure. That is to say,
a single resonator structure may not always be homogeneous with respect to dielectric constant.
As a consequence, in order to tune the filter components and, hence, the filter overall, the resonant
frequencies need to be adjusted to compensate for the dielectric constant variations. For a
multimode filter component, there are multiple modes whose frequencies need to be independently
adjustable. In addition, to minimize loss in the completed filter, and to maintain the design
performance of the filter, the components need to be maintained as close as possible to an ideal
shape.

[0016] Heretofore, ceramic components, such as monoblock ceramic filters, have

been tuned by grinding off small portions of their silver coatings.
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[0017] Further, the frequencies of donut ceramic resonators have been adjusted by
grinding material from one face. The resonant frequency of a donut ceramic resonator is measured
in a standard test cavity, then the resonator is removed for grinding, and, subsequently, it is
remeasured in the test cavity. However, it is not measured in its final cavity as part of a completed
filter. Because of manufacturing spreads in the final cavity, tuning screws are still needed to adjust

the final filter.

SUMMARY

[0018] This section contains examples of possible implementations and is not
meant to be limiting.

[0019] A method is disclosed in an exemplary embodiment. The method includes
measuring a first frequency of a first resonant mode of a dielectric resonator component of an RF
(radio frequency) filter, wherein the dielectric resonator component is a block of dielectric material
having a cuboid shape with three pairs of opposite faces. The first resonant mode has an electric-
field component oriented in a direction perpendicular to one of the pairs of opposite faces and
parallel to the other two pairs of opposite faces.

[0020] When a measured value of the first frequency of the first resonant mode is
less than a desired value, dielectric material is removed uniformly from at least one face of the two
pairs of opposite faces parallel to the electric-field component of the first resonant mode to
maintain the cuboid shape of the block of dielectric material. Subsequently, the first frequency of
the first resonant mode is remeasured to check whether a remeasured value therefor is closer or
equal to the desired value without exceeding the desired value.

[0021] In another embodiment, in which the dielectric resonator component is a
block of dielectric material having a cuboid shape, the method just described includes, after
measuring the first frequency of the first resonant mode, and before removing dielectric material
uniformly from at least one face of the two pairs of opposite faces parallel to the electric-field
component of the first resonant mode, measuring a second frequency of a second resonant mode
of the dielectric resonator component of the RF filter. The second resonant mode has an electric-
field component oriented in a direction perpendicular to the electric-field component of the first

resonant mode and parallel to a pair of opposite faces.
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[0022] When a measured value of the second frequency of the second resonant
mode is also less than a desired value, and before remeasuring the first frequency of the first
resonant mode, dielectric material is removed uniformly from at least one face of the two pairs of
opposite faces parallel to the electric-field component of the second resonant mode to maintain the
cuboid shape of the block of dielectric material. Subsequently, the second frequency of the second
resonant mode is also remeasured to check whether a remeasured value therefor is closer or equal
to a desired value for the second frequency without exceeding the desired value of the second
frequency.

[0023] In still another embodiment, in which the dielectric resonator component is
a block of dielectric material having a cuboid shape, the method of the first cuboid embodiment
described above includes, after measuring the first frequency of the first resonant mode, and before
removing dielectric material uniformly from at least one face of the two pairs of opposite faces
parallel to the electric-field component of the first resonant mode, measuring a second frequency
and a third frequency of a second resonant mode and a third resonant mode, respectively, of the
dielectric resonator component of the RF filter. The second and third resonant modes have
respective electric-field components oriented in directions perpendicular to the electric-field
component of the first resonant mode, perpendicular to each other, and parallel to pairs of opposite
faces.

[0024] When measured values of the second frequency and the third frequency of
the second resonant mode and the third resonant mode, respectively, are less than desired values,
and before remeasuring said first frequency of said first resonant mode, dielectric material is
removed uniformly from at least one face of the two pairs of opposite faces parallel to the electric-
field component of the second resonant mode and from at least one face of the two pairs of opposite
faces parallel to the electric-field component of the third resonant mode to maintain the cuboid
shape of the block of diclectric material. Subsequently, the second frequency and the third
frequency of the second resonant mode and the third resonant mode, respectively, are also
remeasured to check whether remeasured values therefor are closer or equal to desired values for
the second and third frequencies without exceeding the desired values of the second and third
frequencies.

[0025] In another embodiment, the method includes measuring a first frequency of

a first resonant mode of a diclectric resonator component of an RF filter, wherein the dielectric
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resonator component is a block of dielectric material having a cylindrical shape with a pair of
opposite end faces and a circularly curved side surface with a first plane region. The first plane
region is perpendicular to the opposite end faces, and the first resonant mode has an electric-field
component oriented in a direction perpendicular to the pair of opposite end faces.

[0026] When a measured value of the first frequency of the first resonant mode is
less than a desired value, dielectric material is removed from a surface of the block uniformly from
at least one of:

the first plane region,

a second plane region formed by removing dielectric material from the circularly
curved side surface of the block, the second plane region being perpendicular to both the
first plane region and to the pair of opposite end faces, and

a third plane region formed by removing diclectric material from the circularly
curved side surface of the block, the third plane region being diametrically opposite to the
first plane region and parallel thereto, and perpendicular to the pair of opposite end faces.

[0027] Subsequently, the first frequency of the first resonant mode is remeasured
to check whether a remeasured value therefor is closer or equal to the desired value without
exceeding the desired value.

[0028] In another embodiment, in which the dielectric resonator component is a
block of diclectric material having a cylindrical shape with a pair of opposite end faces and a
circularly curved side surface with a first plane region, the above method includes, after measuring
the first frequency of the first resonant mode, and before removing dielectric material from the
surface of the block uniformly from at least one of the first plane region, the second plane region,
and the third plane region, measuring a second frequency of a second resonant mode of the
dielectric resonator component of the RF filter, the second resonant mode having an electric-field
component oriented in a direction perpendicular to the electric-field component of the first
resonant mode, substantially parallel to a diameter of the circularly curved side surface of the
block, and perpendicular to the first plane region.

[0029] When a measured value of the second frequency of the second resonant
mode is less than a desired value, and before remeasuring the first frequency of the first resonant
mode, dielectric material is removed uniformly from at least one of:

one of the opposite end faces,
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the first plane region,

the second plane region,

the third plane region, and

a fourth plane region formed by removing dielectric material from the circularly
curved side surface of the block, the fourth plane region being diametrically opposite to
the second plane region and parallel thereto, and perpendicular to the pair of opposite end
faces.

[0030] Subsequently, the second frequency of the second resonant mode is
remeasured to check whether a remeasured value therefor is closer or equal to a desired value for
the second frequency without exceeding the desired values of the first and second frequencies.

[0031] In another embodiment, in which the dielectric resonator component is a
block of diclectric material having a cylindrical shape with a pair of opposite end faces and a
circularly curved side surface with a first plane region, the method includes, after measuring the
first frequency of the first resonant mode, and before removing dielectric material from a surface
of the block uniformly from at least one of the first plane region, the second plane region, and the
third plane region, measuring a second frequency and a third frequency of a second resonant mode
and a third resonant mode, respectively, of the dielectric resonator component of the RF filter, the
second and third resonant modes having respective electric-field components oriented in directions
perpendicular to the electric-field component of the first resonant mode, substantially parallel to
diameters of said circularly curved side surface of the block, and substantially perpendicular to
cach other, the second resonant mode further being perpendicular to the first plane region.

[0032] When measured values of the second frequency and the third frequency of
the second resonant mode and the third resonant mode, respectively, are less than desired values,
and before remeasuring the first frequency of the first resonant mode, removing dielectric material
uniformly from at least one of:

one of the opposite end faces,

the first plane region,

the second plane region,

the third plane region, and

a fourth plane region formed by removing dielectric material from the circularly

curved side surface of the block, the fourth plane region being diametrically opposite to
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the second plane region and parallel thereto, and perpendicular to the pair of opposite end
faces.

[0033] Subsequently, the second frequency and the third frequency of the second
resonant mode and the third resonant mode, respectively, are remeasured to check whether
remeasured values therefor are closer or equal to desired values for the second and third
frequencies without exceeding the desired values of the first, second, and third frequencies.

[0034] In still another embodiment, a method includes measuring a first frequency
of a first resonant mode of a dielectric resonator component of an RF filter, the dielectric resonator
component being a block of dielectric material having a cylindrical shape with a pair of opposite
end faces and a circularly curved side surface with a first plane region, the first plane region being
perpendicular to said opposite end faces, the first resonant mode having an electric-field
component oriented in a direction perpendicular to said first plane region.

[0035] When a measured value of the first frequency of the first resonant mode is
less than a desired value, dielectric material is removed from a surface of the block uniformly from
at least one of:

one of the opposite end faces,

the first plane region,

a second plane region formed by removing dielectric material from the circularly
curved side surface of the block, the second plane region being perpendicular to both the
first plane region and to the pair of opposite end faces, and

a third plane region formed by removing diclectric material from the circularly
curved side surface of the block, the third plane region being diametrically opposite to the
first plane region and parallel thereto, and perpendicular to the pair of opposite end faces.

[0036] Subsequently, the first frequency of the first resonant mode is remeasured
to check whether a remeasured value therefor is closer or equal to the desired value without
exceeding the desired value.

[0037] In another embodiment, in which the dielectric resonator component is a
block of diclectric material having a cylindrical shape with a pair of opposite end faces and a
circularly curved side surface with a first plane region, the above method includes, after measuring
the first frequency of the first resonant mode, and before removing diclectric material from a

surface of the block uniformly from at least one of one of the opposite end faces, the first plane
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region, the second plane region, and the third plane region, measuring a second frequency of a
second resonant mode of the dielectric resonator component of the RF filter, the second resonant
mode having an electric-field component oriented in a direction perpendicular to the electric-field
component of the first resonant mode, and perpendicular to the pair of opposite end faces.

[0038] When a measured value of the second frequency of the second resonant
mode is less than a desired value, and before remeasuring the first frequency of the first resonant
mode, dielectric material is removed uniformly from at least one of:

the first plane region,

the second plane region,

the third plane region, and

a fourth plane region formed by removing dielectric material from the circularly
curved side surface of the block, the fourth plane region being diametrically opposite to
the second plane region and parallel thereto, and perpendicular to the pair of opposite end
faces.

[0039] Subsequently, the second frequency of the second resonant mode is
remeasured to check whether a remeasured value therefor is closer or equal to a desired value for
the second frequency without exceeding the desired values of the first and second frequencies

[0040] In another embodiment, in which the dielectric resonator component is a
block of diclectric material having a cylindrical shape with a pair of opposite end faces and a
circularly curved side surface with a first plane region, the method includes, after measuring the
first frequency of the first resonant mode, and before removing dielectric material from a surface
of the block uniformly from at least one of one of the opposite end faces, the first plane region, the
second plane region, and the third plane region, measuring a second frequency and a third
frequency of a second resonant mode and a third resonant mode, respectively, of the dielectric
resonator component of the RF filter, the second and third resonant modes having respective
electric-field components oriented in directions perpendicular to the electric-field component of
the first resonant mode, said electric-field component of said second resonant mode being
perpendicular to said pair of end faces, and said electric-field component of said third resonant
mode being substantially parallel to the diameter of said circularly curved side surface of said

block and substantially perpendicular to said first resonant mode.
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[0041] When measured values of the second frequency and the third frequency of
the second resonant mode and the third resonant mode, respectively, are less than desired values,
and before remeasuring the first frequency of the first resonant mode, dielectric material is
removed uniformly from at least one of:

one of the opposite end faces,

the first plane region,

the second plane region,

the third plane region, and

a fourth plane region formed by removing dielectric material from the circularly
curved side surface of the block, the fourth plane region being diametrically opposite to
the second plane region and parallel thereto, and perpendicular to the pair of opposite end
faces.

[0042] Subsequently, the second frequency and the third frequency of the second
resonant mode and the third resonant mode, respectively, are remeasured to check whether
remeasured values therefor are closer or equal to desired values for the second and third
frequencies without exceeding the desired values of the first, second, and third frequencies.

[0043] In yet another embodiment, a method includes measuring a first frequency,
a second frequency, and a third frequency of a first resonant mode, a second resonant mode, and a
third resonant mode, respectively, of a dielectric resonator component of an RF filter, wherein the
dielectric resonator component is a block of diclectric material having a spherical shape with a
first plane region and a second plane region, the first plane region and the second plane region
being perpendicular to each other. The first resonant mode has an electric-field component
oriented in a direction substantially parallel to a diameter of the spherical shape and perpendicular
to the first plane region; the second resonant mode has an electric-field component oriented in a
direction perpendicular to the electric-field component of the first resonant mode, substantially
parallel to a diameter of the spherical shape, and perpendicular to the second plane region; and the
third resonant mode has an electric-field component oriented in a direction perpendicular to the
electric-field components of the first and second resonant modes, and substantially parallel to a

diameter of the spherical shape.
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[0044] When measured values of the first, second, and third frequencies of the first,
second, and third resonant modes, respectively, are less than desired values, removing dielectric
material is removed from a surface of the block uniformly from at least one of:

the first plane region,

the second plane region,

a third plane region formed by removing dielectric material from the surface of the
block, the third plane region being perpendicular to both the first plane region and the
second plane region,

a fourth plane region formed by removing dielectric material from the surface of
the block, the fourth plane region being diametrically opposite to the first plane region and
parallel thereto, and perpendicular to the second plane region, and

a fifth plane region formed by removing diclectric material from the surface of the
block, the fifth plane region being diametrically opposite to the second plane region and
parallel thereto, and perpendicular to the first plane region.

[0045] Subsequently. the first, second and third frequencies of the first, second, and
third resonant modes, respectively, are remeasured to check whether values therefor are closer or
equal to desired values for the first, second, and third frequencies without exceeding the desired

values of the first, second, and third frequencies.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] In the attached Drawing Figures:

[0047] FIG. 1 is an example of a dielectric resonator component;

[0048] FIG. 2, which includes both FIGS. 2A and 2B, illustrates the dielectric
resonator component of FIG. 1 with a test structure and transmission line attached, where FIG. 2A
illustrates the test structure attached to a face of the dielectric resonator component and the
transmission line connected to the test structure, and where FIG. 2B illustrates the face of the
dielectric resonator component on which the test structure is attached;

[0049] FIG. 3, which includes FIGS. 3A, 3B, and 3C, illustrates electric and
magnetic fields of the X (FIG. 3A) modes, Y (FIG. 3B) modes, and Z (FIG. 3C) modes, for a

dielectric resonator component in the shape of a cuboid;
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[0050] FIG. 4 includes FIGS. 4A to 4K; FIGS. 4A, 4C, 4E, 4G, and 4I indicate
electric (E) fields for the X mode, Y mode, Z mode, X21 mode, and X12 mode, respectively; FIGS.
4B, 4D, 4F, 4H, and 4J indicate magnetic (H) fields for the X mode, Y mode, Z mode, X21 mode,
and X12 mode, respectively; and FIG. 4K illustrates the planar orientation for FIGS. 4A to 4J;

[0051] FIG. 5, which includes FIGS. 5A and 5B, illustrates S-parameters (in dB
versus frequency) for cubes with a 45-degree bridge angle (FIG. 5A) and a 37-degree bridge angle
(FIG. 5B);

[0052] FIG. 6 illustrates a dielectric resonator component in the shape of a cylinder
with regions removed;

[0053] FIG. 7 illustrates a dielectric resonator component in the shape of a sphere
with regions removed; and

[0054] FIGS. 8A, 8B, and 8C represent possible physical adjustments in the X, Y,
and Z directions, respectively, of a cuboid resonator, and FIG. 8D shows multiple physical

adjustments in the X, Y, and Z directions.

DETAILED DESCRIPTION OF THE DRAWINGS

[0055] The word "exemplary” is used herein to mean "serving as an example,
instance, or illustration." Any embodiment described herein as "exemplary” is not necessarily to
be construed as preferred or advantageous over other embodiments. All of the embodiments
described in this Detailed Description are exemplary embodiments provided to enable persons
skilled in the art to make or use the invention and not to limit the scope of the invention which is
defined by the claims.

[0056] As described above in part, what is needed to perform tuning operations on
individual resonator components of a filter separately is the ability to calculate the desired target
frequencies of the separate components, to measure the actual resonant frequencies of the
components, and then to perform physical adjustments on the components to bring their actual
frequencies into agreement with the target frequencies. Once this is done to the precision and
accuracy required for a filter assembled from the tuned components to have a response within
specification, the component is considered tuned. The present specification is concerned with the
physical adjustment of the diclectric resonator component or components of a filter to bring its

actual resonant frequencies into agreement with its target frequencies.

12



WO 2018/091207 PCT/EP2017/075878

[0057] Further, when the one or more of the resonant components is a multimode
resonator, then at least as many independent physical adjustments are required as there are resonant
mode frequencies to be adjusted. Typically, with multimode resonators, each individual physical
adjustment alters more than one of the mode frequencies, so that there is no one-to-one
correspondence between an individual physical adjustment and an individual mode frequency
change. As a consequence, when a multimode component is to be tuned conveniently, some means
of calculating the set of physical adjustments which will effect a desired set of changes in the mode
frequencies is required.

[0058] In the absence of the techniques presented herein, and in the case where the
physical adjustments are performed by means of a series of tuning screws or other similar devices
whose actions are reversible, the fact that one physical adjustment typically alters more than one
mode frequency is not too troublesome because a skilled operator can perform combinations of
adjustments to move particular frequencies in desired directions, and take additional corrective
actions in the forward and reverse directions until the desired frequency shifts have been obtained.
However, if the operator were in possession of techniques for calculating the set of physical
adjustments which will effect a desired set of changes to the mode frequencies, the required
number of actions could be minimized, thus saving valuable time while tuning. Further, the skill
level required of the operator would be reduced.

[0059] In the absence of such techniques, and in the case where the physical
adjustments are not reversible, such as, for example, a drilling or lapping operation or the denting
of a metal enclosure, the fact that one physical adjustment typically alters more than one mode
frequency is quite troublesome because even a skilled operator will need to perform much smaller
steps to avoid overshooting the desired target frequencies. The procedure will be one of making
many small adjustments to gradually approach the correct result for all of the modes. In the event
that the physical adjustments overshoot the target, the part will need to be scrapped, or reworked.
Thus, in this situation, the absence of such techniques greatly increases the time for tuning and the
amount of wastage, thus making the production process much more expensive. Nevertheless, this
is a situation of the type to which the present application is directed.

[0060] As discussed above, the full tuning process described herein requires a filter
design which can be split into individual dielectric resonator components, where these components

are configured to allow the resonant frequencies to be measured, where the desired resonant
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frequencies can be calculated, and where methods to adjust the frequencies of the resonant modes
are available, the present specification relating primarily to the latter. Each of these aspects will
now be described. For ease of reference, this disclosure i1s divided into sections.

[00061] Section 1: Measurement and Introduction to a Filter Component

[0062] In order to measure the resonant frequencies of a multimode resonator, it is
necessary to affix to the multimode resonator some kind of measurement device which couples to
all of its resonator modes. Such a device needs to be positioned so as to be exposed to portions of
the electric and/or magnetic fields of all of the modes of interest in the resonator. The design of
the measurement device needs to permit an exchange of energy with the resonator modes by way
of the above-mentioned electric and magnetic fields.

[0063] An example of a dielectric resonator component that will be used in some
of the techniques presented below is a cuboid, as illustrated in FIG. 1. The cuboid component 100
(also called a resonator) includes a dielectric cuboid 140 that has six sides: a top side 110-1, a right
side 110-2, a bottom side 110-3, a left side 110-4, a back side 110-5, and a front side 110-6. Each
individual side 110 is also considered to be a face of the component 100. The sides 110 are
typically covered with conductive material (see FIG. 2A). The X, Y, and Z axes are shown, as are
the corresponding dimensions Sx, Sy, and Sz. These axes are used throughout the figures. It is
noted that the cuboid is used merely for ease of exposition, and other components 100 may be
used, as is illustrated below.

[0064] An example of a measurement structure 210 is shown in FIG. 2, and will be
referred to as a keyhole. FIG. 2 includes both FIGS. 2A and 2B, and illustrates the filter component
of FIG. 1 with a keyhole 210. FIG. 2A illustrates the keyhole 210 on a face 110-4 of the filter
component, and illustrates a transmission line connected to the keyhole 210. FIG. 2B illustrates
the face 110-4 of the filter component 100 on which the keyhole 210 is formed. The face 110-4
has a surface 211. The filter component 100 has a conductive coating 250 that covers a dielectric
cuboid 140. This keyhole 210 is formed in part as a C-shaped region 220 devoid of metallization
in an otherwise continuous coating 250 on the exterior of a ceramic resonator component 100. The
keyhole 210 comprises also a central conductive island 270 with a short conductive bridge 280
connecting the island 270 to the surrounding grounded perimeter 271 (of the coating 250). The
center conductor 290 of an external coaxial or similar transmission line 240 is connected to the

island 270 of the keyhole 210 and the shield 295 of the transmission line 240 is connected to the
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grounded perimeter 271 of the keyhole 210. The island 270 couples to any electric field striking
the inside surface of the conductive coating 250 in the location of the keyhole 210, while the bridge
280 couples to any magnetic field running parallel to the surface 211 and at any angle not parallel
to the bridge 230 at the location of the keyhole 210. Such a keyhole 210 will exchange energy
with any resonant modes which conform to the above field distributions, and so will permit the
frequencies of those modes to be determined by connecting the above transmission line to a vector
network analyzer (VNA) or similar instrument.

[0065] We consider the case where the multimode resonator is a ceramic block
formed into a cuboid shape and covered with a conducting layer, such as one of silver (see FIG.
1). The three lowest order modes of such a resonator will frequently be employed as the active in-
band modes of the filter, so only those modes will be considered here. The three lowest order
modes have electric fields running in the three orthogonal directions which are parallel to the axes
of the cube, and have magnetic fields circulating around the main axis of the electric field, as
illustrated in FIG. 3. The modes with electric field lines running parallel to the X, Y and Z axes
are referred to as the X (FIG. 3A), Y (FIG. 3B) and Z (FIG. 3C) modes, respectively.

[0066] The field distribution of most relevance to a measurement structure set into
the conductive coating of the multimode resonator, such as keyhole 210, is that which occurs at
the boundary between the ceramic and the inside surface of the conductive coating on the face on
which the keyhole 210 is located. For this example, we consider the situation where the keyhole
210 has been placed upon one of the X faces, as shown in FIG. 2. FIG. 4 shows the electric and
magnetic fields existing at the boundary between the ceramic and the conductive coating of the X
face. The electric field of the X mode strikes the inside of the conductive coating perpendicularly,
reaching a maximum at the center of the face and dropping to zero at the edges. This is indicated
by the group of small crosses in the center of FIG. 4A. The corresponding magnetic field circulates
around the face, having a maximum strength at the edge, and dropping to zero in the center, as
shown in FIG. 4B. The Y and Z modes illustrated in FIGS. 4C to 4F have zero electric field over
the entire face (see FIGS. 4C and 4E), while the corresponding magnetic fields are parallel to the
Z and Y axes (see FIGS. 4D and 4F), respectively. Examples of additional higher order modes are
shown in FIGS. 4G to 4J. FIG. 4K illustrates the planar orientation for FIGS. 4A to 4J.

[0067] If a keyhole is formed in the center of the X face, then the electric field of
the X mode will couple to the keyhole island 270, and, when the bridge 280 is oriented at a non-

15



WO 2018/091207 PCT/EP2017/075878

perpendicular angle to both the Y and Z directions, for example, 45 degrees, the magnetic fields
of both the Y and the Z modes will couple to the bridge 280. As a result, the keyhole will couple
to all three of the modes of interest, therefore permitting their resonant frequencies to be measured.
Examination of the magnetic fields of the additional modes shown in FIGS. 4H and 4J shows that
the keyhole will also couple to both of these. This illustrates that the important aspect of the mode
fields for determining whether significant coupling takes place is whether there is significant
electric field striking the island and whether there is significant magnetic field not parallel to the
bridge.

[0068] An example of such a measured signal is shown in FIG. 5A. FIG. 5 includes
FIGS. 5A and 5B, and illustrates S-parameters (in dB versus frequency) for cubes with a 45-degree
bridge angle (FIG. 5A) and a 37-degree bridge angle (FIG. 5B). The lowest frequency dip is the
X mode, the next dip is the Z mode and the highest frequency dip is the Y mode. Note that the
depths of the dips are not the same. By changing the angle 230 of the bridge 280 relative to the Y
axis 272 in FIG. 2, the relative heights of the Y mode and Z mode dips can be varied, with
approximate equality occurring at 45 degrees, as seen in FIG. SA. The X mode dip is smaller than
the other two. If the keyhole 210 is placed in the center of the one of the faces of the cuboid
resonator 100, and the angle of the bridge 280 is set to about 37 degrees to the Y axis 272, rather
than the more obvious and symmetrical 45 degrees, then the amplitudes of the dips form a sequence
in the order X smallest, Z intermediate and Y largest, which can assist in the identification of the
dips during a frequency measurement. This signal is illustrated in FIG. 5B.

[0069] The use of a carefully chosen bridge angle 230 to provide identification of
the modes corresponding to each dip provides a particular advantage in situations where the
multimode resonator 100 has two or more mode frequencies which are sufficiently close that they
may overlap or even cross, such as by the Y mode frequency becoming less than the Z mode
frequency, during the tuning process. In such a situation, the ability to unambiguously identify the
modes based only on the dip amplitudes avoids the need for auxiliary mode identification
procedures, such as provision of an additional measurement structure elsewhere on the resonator.

[0070] Section 2: Physical Adjustment

[0071] A variety of physical adjustment methods are possible, such as removing
ceramic material, drilling holes, inserting tuning screws and deforming a metal enclosure. A set

of such methods may be employed to allow multiple mode frequencies to be altered. The essential
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feature is that the set of methods must provide a sufficient number of independent adjustments to
allow the resonant frequencies of all of the desired modes to be altered. Each physical adjustment
may comprise one or more individual actions, such as adjusting a tuning screw, drilling a hole, or
lapping material from a surface. In the present specification, we shall be concentrating upon the
removal of material from a surface, such as by lapping, or by grinding or milling.

[0072] In order to implement the techniques presented herein, it is necessary that
there be the same number of adjustments as the number of mode frequencies requiring adjustment.
Each adjustment may be composite, meaning that it includes a number of separate manipulations
or operations, but the number of independent composite adjustments must equal the number of
modes. It is also desirable that the adjustments be quantified, so that the amount or size or extent
of the adjustments can be specified by a mathematical procedure. For example, we consider the
case of a cuboid resonator where the three lowest order modes are to be adjusted, and where the
adjustments to be employed are uniform removal of material from three orthogonal faces. Useful
quantifications in this case are the three side lengths of the cuboid, or the amounts of material
removed from each of the faces, or the change in size of the three side lengths. As another example,
consider a cylindrical resonator where the three lowest order modes are to be adjusted. One
adjustment could be uniform removal of material from one of the flat faces, quantified by the
height of the cylinder. The second adjustment could be the drilling of two holes of equal depth
oppositely located on the curved surface, and quantified by the depth of the holes. The third
adjustment could be another pair of equal depth holes located on the curved surface but
orthogonally located relative to the first pair of holes, and quantified by the depth of the holes.

[0073] One convenient method for adjusting the resonant frequencies of a silvered
ceramic resonator is to remove the silver from several regions to expose the ceramic, then to
remove specified amounts of the ceramic from each exposed region, and finally to resilver the
regions. Each of these sequences of activities on a particular region constitutes an individual
adjustment action (as described above), where the action may be quantified by the depth of ceramic
removed, or alternatively by the change in the corresponding dimension of the part. We will refer
to this as the lapping method. If the regions are comparable in size with a side of the resonator,
then this method has the advantage that it minimally disturbs the geometry of the resonator and so

largely preserves the distribution of electric and magnetic fields of the modes of interest.
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[0074] This method is very well adapted to a cuboid resonator, where the
abovementioned regions are three orthogonal faces, such as those illustrated in FIG. 1. However,
it also may be applied to other shapes, such as a cylindrical resonator, where one region is the flat
top, and the other two regions are removed from the curved surfaces such that the resulting regions
form three substantially perpendicular flattened areas. This is illustrated in FIG. 6, which shows
a cylindrical resonator 100-1. The flat top 430 is shown, as is the outer curved surface 420 of the
cylinder resonator 100-1. Two regions 410-1 and 410-2 are removed from the curved surface 420.
The two regions 410-1 and 410-2 are planes which are perpendicular to each other and to the flat
top 430. Resonator 100-1 may then be described as a truncated cylinder. A similar set of
adjustment actions can be performed on a sphere, as illustrated in FIG. 7. FIG. 7 illustrates a
spherical resonator 100-2 with an outside surface 520 and three regions 510-1, 510-2, and 510-3
removed from the outside surface 520. The adjustment information quantifying the adjustments
might then be the amounts of material removed from each of the three substantially orthogonal
regions. The three regions 510-1, 510-2, and 510-3 are planes which are mutually perpendicular
to one another. Resonator 100-2 may then be described as a truncated sphere.

[0075] A set of adjustment actions which are suitable for adjusting the resonant
frequencies of a bare ceramic block located in a conductive enclosure is similar to that described
above, except that, because there is no silver coating, the ceramic can be removed directly. The
removal of ceramic from a particular region constitutes an individual adjustment. We will refer to
this as the direct lapping method. The locations and manner of ceramic removal for the examples
of cuboidal, cylindrical and spherical blocks are the same as for the silvered case above. Of course,
the blocks may need to be removed from the enclosure to perform the adjustment and then replaced
afterward.

[0076] Section 3: Additional Considerations for Tuning a Cuboid Resonator

[0077] In the case of a cuboid resonator, whose three lowest order resonant modes,
labelled X, Y, and Z, have their electric fields entirely in the X-direction, the Y -direction, and the
Z-direction, when material is removed uniformly from one of the faces perpendicular to the X-
direction, the frequencies of the Y and Z modes will increase, while the frequency of the X mode
will be unchanged. As a consequence, in order to tune the frequencies of the X, Y, and Z modes,

it is generally necessary to remove material from three mutually perpendicular faces.
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[0078] For purposes of illustration, FIGS. 8A, 8B, and 8C represent possible
adjustments in the X, Y, and Z directions, respectively, of a cuboid resonator. Each cuboid
component 1400 is a version of cuboid component 100, with one dimension clongated along one
axis. FIG. 8A shows an adjustment, ASx , in the X direction for a cuboid component 1400. FIG.
8B shows an adjustment, ASy , in the Y direction for the cuboid component 1400, and FIG. 8C
shows an adjustment, ASz , in the Z direction for the cuboid component 1400. One axis in each of
FIGS. 8A, 8B, and 8C is shown elongated to draw attention to the axis being adjusted. This does
not imply that the adjustment must be carried out on the longest axis. The three diagrams are
meant to represent three possible adjustments which might be performed on a single component.
A single one or multiple ones of these adjustments may be performed. For example, FIG. 8D
illustrates adjustments (in X, Y, and Z directions) being performed on the same cuboid, and other
combinations such as X and Y, X and Z, and Y and Z could be performed on the same cuboid.

[0079] Section 4: Additional Considerations for Tuning a Cylindrical Resonator

[0080] In the case of a cylindrical resonator, one of the three lowest order resonant
modes is in the axial direction. The other two are in transverse directions and are mutually
perpendicular to one another and to the mode in the axial direction. The electric field of the mode
in the axial direction is parallel to the axis of the cylinder, but the electric field of each of the two
transverse modes is parallel to the diameter of the cylinder only near the center, or axis, of the
cylinder, where they are perpendicular to those of the other transverse mode. At other points
within the cylinder farther from the center, or axis, the electric field of each of the transverse modes
diverges so as to be perpendicular to points on the circularly curved side surface of the cylinder.

[0081] When dielectric material is removed uniformly from one of the end faces of
the cylinder, the frequencies of the two transverse modes will increase, but the frequency of the
axial mode will remain unchanged. In contrast, when dielectric material is removed uniformly
from the circularly curved side surface of the cylinder, so as to create a plane region, or truncation,
the frequency of the axial mode and the frequency of the transverse mode whose electric field is
substantially parallel to the truncation surface will increase, while the frequency of the other
transverse mode whose electric filed is substantially perpendicular to the truncation surface will
decrease. The magnitude of the increases will be larger than the magnitude of the decrease.

[0082] Section 5: Additional Considerations for Tuning a Spherical Resonator
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[0083] In the case of a spherical resonator, the three lowest order resonant modes
are in three mutually perpendicular directions with respect to one another. The electric field of
cach of the modes is parallel to the diameter of the sphere only near the center, where they are
perpendicular to those of the other two modes. At other points within the sphere farther from the
center, the electric field of each of the transverse modes diverges so as to perpendicular to points
on the surface of the sphere.

[0084] When dielectric material is removed uniformly from the surface of the
cylinder, so as to create a plane region, or truncation, the frequencies of the two modes having
electric fields substantially parallel to the truncation surface will increase, while the frequency of
the mode whose electric field is substantially perpendicular to the truncation surface will decrease.
The magnitude of the increases will be larger than the magnitude of the decrease. In order to tune
a spherical resonator, diclectric material generally has to be removed from three mutually
perpendicular plane regions.

[0085] Although various aspects of the invention are set out in the independent
claims, other aspects of the invention comprise other combinations of features from the described
embodiments and/or the dependent claims with the features of the independent claims, and not
solely the combinations explicitly set out in the claims.

[0086] It is also noted herein that while the above describes example embodiments
of the invention, these descriptions should not be viewed in a limiting sense. Rather, there are
several variations and modifications which may be made without departing from the scope of the

present invention as defined in the appended claims.
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WHAT IS CLAIMED IS:

1. A method comprising:

measuring a first frequency of a first resonant mode of a dielectric resonator component of
an RF filter, said dielectric resonator component being a block of dielectric material having a
cuboid shape with three pairs of opposite faces, said first resonant mode having an electric-field
component oriented in a direction perpendicular to one of said pairs of opposite faces and parallel
to the other two pairs of opposite faces;

when a measured value of said first frequency of said first resonant mode is less than a
desired value, removing dielectric material uniformly from at least one face of the two pairs of
opposite faces parallel to the electric-field component of the first resonant mode to maintain the
cuboid shape of the block of dielectric material; and

remeasuring said first frequency of said first resonant mode to check whether a remeasured

value therefor is closer or equal to the desired value without exceeding the desired value.

2. The method as claimed in claim 1, further comprising:

after measuring said first frequency of said first resonant mode, and before removing
dielectric material uniformly from at least one face of the two pairs of opposite faces parallel to
the electric-field component of the first resonant mode, measuring a second frequency of a second
resonant mode of the dielectric resonator component of the RF filter, said second resonant mode
having an electric-field component oriented in a direction perpendicular to the electric-field
component of the first resonant mode and parallel to a pair of opposite faces;

when a measured value of said second frequency of said second resonant mode is less than
a desired value, and before remeasuring said first frequency of said first resonant mode, removing
dielectric material uniformly from at least one face of the two pairs of opposite faces parallel to
the electric-field component of the second resonant mode to maintain the cuboid shape of the block
of dielectric material; and

remeasuring the second frequency of said second resonant mode to check whether a
remeasured value therefor is closer or equal to a desired value for the second frequency without

exceeding the desired value of the second frequency.
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3. The method as claimed in claim 1, further comprising:

after measuring said first frequency of said first resonant mode, and before removing
dielectric material uniformly from at least one face of the two pairs of opposite faces parallel to
the electric-field component of the first resonant mode, measuring a second frequency and a third
frequency of a second resonant mode and a third resonant mode, respectively, of the dielectric
resonator component of the RF filter, said second and third resonant modes having respective
electric-field components oriented in directions perpendicular to the electric-field component of
the first resonant mode, perpendicular to each other, and parallel to pairs of opposite faces;

when measured values of said second frequency and said third frequency of said second
resonant mode and said third resonant mode, respectively, are less than desired values, and before
remeasuring said first frequency of said first resonant mode, removing dielectric material
uniformly from at least one face of the two pairs of opposite faces parallel to the electric-field
component of the second resonant mode and from at least one face of the two pairs of opposite
faces parallel to the electric-field component of the third resonant mode to maintain the cuboid
shape of the block of dielectric material; and

remeasuring said second frequency and said third frequency of said second resonant mode
and said third resonant mode, respectively, to check whether remeasured values therefor are closer
or equal to desired values for the second and third frequencies without exceeding the desired values

of the second and third frequencies.

4. The method as claimed in claim 1, wherein removing dielectric material uniformly from
at least one face of the two pairs of opposite faces parallel to the electric-field component of the

first resonant mode is performed by at least one of lapping, grinding, and milling.

5. The method as claimed in claim 2, wherein removing dielectric material uniformly from at
least one face of the two pairs of opposite faces parallel to the electric-field component of the

second resonant mode is performed by at least one of lapping, grinding, and milling.

6. The method as claimed in claim 3, removing dielectric material uniformly from at least one
face of the two pairs of opposite faces parallel to the electric-field component of the second

resonant mode and from at least one face of the two pairs of opposite faces parallel to the electric-
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field component of the third resonant mode is performed by at least one of lapping, grinding, and

milling.

7. A method comprising:

measuring a first frequency of a first resonant mode of a dielectric resonator component of
an RF filter, said dielectric resonator component being a block of dielectric material having a
cylindrical shape with a pair of opposite end faces and a circularly curved side surface with a first
plane region, said first plane region being perpendicular to said opposite end faces, said first
resonant mode having an electric-field component oriented in a direction perpendicular to said pair
of opposite end faces;

when a measured value of said first frequency of said first resonant mode is less than a
desired value, removing dielectric material from a surface of said block uniformly from at least
one of:

said first plane region,

a second plane region formed by removing dielectric material from said circularly
curved side surface of said block, said second plane region being perpendicular to both said
first plane region and to said pair of opposite end faces, and

a third plane region formed by removing dielectric material from said circularly
curved side surface of said block, said third plane region being diametrically opposite to
said first plane region and parallel thereto, and perpendicular to said pair of opposite end
faces; and
remeasuring said first frequency of said first resonant mode to check whether a remeasured

value therefor is closer or equal to the desired value without exceeding the desired value.

8. The method as claimed in claim 7, further comprising:

after measuring said first frequency of said first resonant mode, and before removing
dielectric material from said surface of said block uniformly from at least one of said first plane
region, said second plane region, and said third plane region, measuring a second frequency of a
second resonant mode of the dielectric resonator component of the RF filter, said second resonant
mode having an electric-field component oriented in a direction perpendicular to the electric-field

component of the first resonant mode, substantially parallel to a diameter of said circularly curved
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side surface of said block, and perpendicular to said first plane region;
when a measured value of said second frequency of said second resonant mode is less than
a desired value, and before remeasuring said first frequency of said first resonant mode, removing
dielectric material uniformly from at least one of:
one of said opposite end faces,
said first plane region,
said second plane region,
said third plane region, and
a fourth plane region formed by removing dielectric material from said circularly
curved side surface of said block, said fourth plane region being diametrically opposite to
said second plane region and parallel thereto, and perpendicular to said pair of opposite
end faces; and
remeasuring the second frequency of said second resonant mode to check whether a
remeasured value therefor is closer or equal to a desired value for the second frequency without

exceeding the desired values of the first and second frequencies.

9. The method as claimed in claim 7, further comprising:

after measuring said first frequency of said first resonant mode, and before removing
dielectric material from a surface of said block uniformly from at least one of said first plane
region, said second plane region, and said third plane region, measuring a second frequency and a
third frequency of a second resonant mode and a third resonant mode, respectively, of the dielectric
resonator component of the RF filter, said second and third resonant modes having respective
electric-field components oriented in directions perpendicular to the electric-field component of
the first resonant mode, substantially parallel to diameters of said circularly curved side surface of
said block, and substantially perpendicular to each other, said second resonant mode further being
perpendicular to said first plane region;

when measured values of said second frequency and said third frequency of said second
resonant mode and said third resonant mode, respectively, are less than desired values, and before
remeasuring said first frequency of said first resonant mode, removing dielectric material
uniformly from at least one of:

one of said opposite end faces,
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said first plane region,
said second plane region,
said third plane region, and
a fourth plane region formed by removing dielectric material from said circularly
curved side surface of said block, said fourth plane region being diametrically opposite to
said second plane region and parallel thereto, and perpendicular to said pair of opposite
end faces; and
remeasuring the second frequency and the third frequency of said second resonant mode
and said third resonant mode, respectively, to check whether remeasured values therefor are closer
or equal to desired values for the second and third frequencies without exceeding the desired values

of the first, second, and third frequencies.

10.  The method as claimed in claim 7, wherein removing dielectric material from a surface of
said block uniformly from at least one of said first plane region, said second plane region, and said

third plane region is performed by at least one of lapping, grinding, and milling.

11.  The method as claimed in claim 8, wherein removing dielectric material from a surface of
said block uniformly from at least one of one of said opposite end faces, said first plane region,
said second plane region, said third plane region, and said fourth plane region is performed by at

least one of lapping, grinding, and milling.

12. The method as claimed in claim 9, wherein removing dielectric material from a surface of
said block uniformly from at least one of one of said opposite end faces, said first plane region,
said second plane region, said third plane region, and said fourth plane region is performed by at

least one of lapping, grinding, and milling.

13. A method comprising:

measuring a first frequency of a first resonant mode of a dielectric resonator component of
an RF filter, said dielectric resonator component being a block of dielectric material having a
cylindrical shape with a pair of opposite end faces and a circularly curved side surface with a first

plane region, said first plane region being perpendicular to said opposite end faces, said first
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resonant mode having an electric-field component oriented in a direction perpendicular to said first
plane region;

when a measured value of said first frequency of said first resonant mode is less than a
desired value, removing dielectric material from a surface of said block uniformly from at least
one of:

one of said opposite end faces,

said first plane region,

a second plane region formed by removing dielectric material from said circularly
curved side surface of said block, said second plane region being perpendicular to both said
first plane region and to said pair of opposite end faces, and

a third plane region formed by removing dielectric material from said circularly
curved side surface of said block, said third plane region being diametrically opposite to
said first plane region and parallel thereto, and perpendicular to said pair of opposite end
faces; and
remeasuring said first frequency of said first resonant mode to check whether a remeasured

value therefor is closer or equal to the desired value without exceeding the desired value.

14.  The method as claimed in claim 13, further comprising:
after measuring said first frequency of said first resonant mode, and before removing
dielectric material from a surface of said block uniformly from at least one of one of said opposite
end faces, said first plane region, said second plane region, and said third plane region, measuring
a second frequency of a second resonant mode of the dielectric resonator component of the RF
filter, said second resonant mode having an electric-field component oriented in a direction
perpendicular to the electric-field component of the first resonant mode, and perpendicular to said
pair of opposite end faces;
when a measured value of said second frequency of said second resonant mode is less than
a desired value, and before remeasuring said first frequency of said first resonant mode, removing
dielectric material uniformly from at least one of:
said first plane region,
said second plane region,

said third plane region, and
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a fourth plane region formed by removing dielectric material from said circularly
curved side surface of said block, said fourth plane region being diametrically opposite to
said second plane region and parallel thereto, and perpendicular to said pair of opposite
end faces; and
remeasuring the second frequency of said second resonant mode to check whether a

remeasured value therefor is closer or equal to a desired value for the second frequency without

exceeding the desired values of the first and second frequencies.

15.  The method as claimed in claim 13, further comprising:
after measuring said first frequency of said first resonant mode, and before removing
dielectric material from a surface of said block uniformly from at least one of one of said opposite
end faces, said first plane region, said second plane region, and said third plane region, measuring
a second frequency and a third frequency of a second resonant mode and a third resonant mode,
respectively, of the dielectric resonator component of the RF filter, said second and third resonant
modes having respective electric-field components oriented in directions perpendicular to the
electric-field component of the first resonant mode, said electric-field component of said second
resonant mode being perpendicular to said pair of end faces, and said electric-field component of
said third resonant mode being substantially parallel to the diameter of said circularly curved side
surface of said block and substantially perpendicular to said first resonant mode;
when measured values of said second frequency and said third frequency of said second
resonant mode and said third resonant mode, respectively, are less than desired values, and before
remeasuring said first frequency of said first resonant mode, removing dielectric material
uniformly from at least one of:
one of said opposite end faces,
said first plane region,
said second plane region,
said third plane region, and
a fourth plane region formed by removing dielectric material from said circularly
curved side surface of said block, said fourth plane region being diametrically opposite to
said second plane region and parallel thereto, and perpendicular to said pair of opposite

end faces; and
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remeasuring said second frequency and said third frequency of said second resonant mode
and said third resonant mode, respectively, to check whether remeasured values therefor are closer
or equal to desired values for the second and third frequencies without exceeding the desired values

of the first, second, and third frequencies.

16.  The method as claimed in claim 13, wherein removing dielectric material from a surface
of said block uniformly from at least one of one of said opposite end faces, said first plane region,
said second plane region, and said third plane region is performed by at least one of lapping,

grinding, and milling.

17.  The method as claimed in claim 14, wherein removing dielectric material from a surface
of said block uniformly from at least one of said first plane region, said second plane region, said
third plane region, and said fourth plane region is performed by at least one of lapping, grinding,

and milling.

18.  The method as claimed in claim 15, wherein removing dielectric material from a surface
of said block uniformly from at least one of one of said opposite end faces, said first plane region,
said second plane region, said third plane region, and said fourth plane region is performed by at

least one of lapping, grinding, and milling.

19. A method comprising:

measuring a first frequency, a second frequency, and a third frequency of a first resonant
mode, a second resonant mode, and a third resonant mode, respectively, of a dielectric resonator
component of an RF filter, said dielectric resonator component being a block of dielectric material
having a spherical shape with a first plane region and a second plane region, said first plane region
and said second plane region being perpendicular to each other, wherein said first resonant mode
has an electric-field component oriented in a direction substantially parallel to a diameter of said
spherical shape and perpendicular to said first plane region; wherein said second resonant mode
has an electric-field component oriented in a direction perpendicular to the electric-field
component of the first resonant mode, substantially parallel to a diameter of said spherical shape,

and perpendicular to said second plane region; and wherein said third resonant mode has an
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electric-field component oriented in a direction perpendicular to the electric-field components of
the first and second resonant modes, and substantially parallel to a diameter of said spherical shape;

when measured values of said first, second, and third frequencies of said first, second, and
third resonant modes, respectively, are less than desired values, removing dielectric material from
a surface of said block uniformly from at least one of:

said first plane region,

said second plane region,

a third plane region formed by removing dielectric material from the surface of said
block, said third plane region being perpendicular to both said first plane region and said
second plane region,

a fourth plane region formed by removing dielectric material from the surface of
said block, said fourth plane region being diametrically opposite to said first plane region
and parallel thereto, and perpendicular to said second plane region, and

a fifth plane region formed by removing dielectric material from the surface of said
block, said fifth plane region being diametrically opposite to said second plane region and
parallel thereto, and perpendicular to said first plane region; and
remeasuring said first, second and third frequencies of said first, second, and third resonant

modes, respectively, to check whether remeasured values therefor are closer or equal to desired
values for said first, second, and third frequencies without exceeding the desired values of said

first, second, and third frequencies.

20.  The method as claimed in claim 18, wherein removing dielectric material from a surface
of said block uniformly from at least one of said first plane region, said second plane region, said
third plane region, said fourth plane region, and said fifth plane region is performed by at least one

of lapping, grinding, and milling.

29



WO 2018/091207 PCT/EP2017/075878
1/7

110-5
110-1 110-2
/ 100
J/ i ,/ P
i A
110—4 —” 140 |
— |
| Sz
U RS
Z \ N '
\ ~
Y Sy \

\ X ,

FIG.1
X MODE Z MODE
| bid!
Gﬂ Y MODE ;1
=" \\ : | _ — = \\
2
FIG3: FIG.3A _@ FIG.3: FIG.3C
N
AN

FIG.3: FIG.3B



WO 2018/091207 PCT/EP2017/075878
2/7

140
] 100
211 7/| r
R .
2100 1 N N
295 N ___~
N T
R | !
)::::Dﬁ@ : | |
3 1 [ |l/.-——250
290 7 &\"\i“} __________ _k\\ |
, 240 o~ ™~y
v ‘ 110-4
\_*x FIG.2: FIG.2A

_ \ .
110-4
™~ 220 N 271

: N\ 272
270 7

Y —= N
%\\ - BRIDGE ANGLE,
| bag 230

FIG.2: FIG.2B



PCT/EP2017/075878

WO 2018/091207

¥°Old
AN

3/7

Av Ol

—

My'Old HYOIld d¥°Old a¥'Old 8+ 0l

-
-

oo

—-—

—_————

—_——

———

Hi

O

40N ¢1X
aidid H

30N LEX
gndi4 H

I¥°9l4d Ov°Old

JdON Z
aidd H

JA0N A
aidd H

JAOW X
g1314 H

A¥'Old O¥Old V#Old

% X X X
X X X X X
X X X % X X X
X X X
JAONW CLX JA0ONW LEX JAONW Z JA0ONW A JJONW X
an3d 3 g1did 4 g13d 4 a13d 3 qdid 4




PCT/EP2017/075878

WO 2018/091207

4/7

VG Oold -GOId

ZHN/AONIND NS

oo8l

0881 0L81

098l
1A

oG8l

orgl
1z

0e8l

0z8l

0L8l

10—
¥ 10—
K115
L |'0—
-80°0—

gp
-90°0-

L'IS—

[P NI JANLINOYA] SYILIWVEVA—S 390148 334930 S¥ HLM 38ND



PCT/EP2017/075878

WO 2018/091207

57

g6°0l4 -GOld

ZHN/AONINDIYA

088l om_m; 098l 068l ov8l 0£8 l
: z > : : :

0281 ol8l 0081
: : ¢'0-

- 81°0—
-91°0-

- [8P NI JANLINOYW] SYILINVUVA—S

-0
390148 334930 /¢ HLIm 39N



WO 2018/091207 PCT/EP2017/075878
6/7

420

430 e 100-1

z}*ﬁ

420
510-3
F'G.G ys 100-2
520
510—1 510-2

FIG.7



PCT/EP2017/075878

WO 2018/091207

717

ds ol

XSV Xg p
SV
- S\
|
| _//
Nm _ _
! _
I L
25y L S
oort " N
. g¢ "9ld
08 9Old A
SV
\rf K
A
Nm _
|
oy | ] N |
A
00% |
ooi\\

Vg Ol

XSV
P

[
|
I
I
|
|
I
|
~




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/075878

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO1P7/10 HO1P1/208
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO1P

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

3 October 2002 (2002-10-03)
abstract

figures 1A, 4A-4C, 5

Y paragraphs [0014] - [0022]
paragraphs [0127] - [0144]
figures 1A-1E

figures 2A-2C

paragraphs [0170] - [0173]
table 4

figures 6A-6C

page 15, Tine 10 - page 16, line 4

X WO 02/078119 Al (UBE INDUSTRIES [JP]) 1-6

X US 2013/049890 Al (HENDRY DAVID ROBERT 1-6
[AU] ET AL) 28 February 2013 (2013-02-28)

7-18

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

17 January 2018

Date of mailing of the international search report

25/01/2018

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Culhaoglu, ATi

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/075878

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

US 2010/244992 Al (KASASHIMA TAKASHI [JP]
ET AL) 30 September 2010 (2010-09-30)
figures 33-36

paragraphs [0155] - [0163]

JP 2013 168868 A (NGK SPARK PLUG CO)

29 August 2013 (2013-08-29)

paragraphs [0006], [0007]

paragraphs [0034] - [0038]

figures 10-14

US 20037090344 Al (WANG CHI [US] ET AL)
15 May 2003 (2003-05-15)

paragraphs [0050], [0051]

7-18

19,20

1-6

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2017/075878
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 02078119 Al 03-10-2002  JP 3852598 B2 29-11-2006
JP 3852598 K2 29-11-2006
JP W02002078119 Al 15-07-2004
WO 02078119 Al 03-10-2002

US 2013049890 Al 28-02-2013  EP 2748886 Al 02-07-2014
EP 2748887 Al 02-07-2014
EP 2748888 Al 02-07-2014
EP 2748889 Al 02-07-2014
EP 2748890 A2 02-07-2014
US 2013049890 Al 28-02-2013
US 2013049891 Al 28-02-2013
US 2013049892 Al 28-02-2013
US 2013049893 Al 28-02-2013
US 2013049894 Al 28-02-2013
US 2013049895 Al 28-02-2013
US 2013049896 Al 28-02-2013
US 2013049897 Al 28-02-2013
US 2013049898 Al 28-02-2013
US 2013049899 Al 28-02-2013
US 2013049901 Al 28-02-2013
US 2013053104 Al 28-02-2013
WO 2013027057 Al 28-02-2013
WO 2013027058 A2 28-02-2013
WO 2013027059 Al 28-02-2013
WO 2013027060 Al 28-02-2013
WO 2013027061 Al 28-02-2013
WO 2013027062 Al 28-02-2013

US 2010244992 Al 30-09-2010  CN 101803107 A 11-08-2010
GB 2465522 A 26-05-2010
US 2010244992 Al 30-09-2010

JP 2013168868 A 29-08-2013  NONE

US 2003090344 Al 15-05-2003 AT 330334 T 15-07-2006
CN 1492535 A 28-04-2004
DE 60306067 T2 04-01-2007
EP 1414103 Al 28-04-2004
JP 4388778 B2 24-12-2009
JP 2004266803 A 24-09-2004
KR 20040036540 A 30-04-2004
US 2003090344 Al 15-05-2003

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - wo-search-report
	Page 40 - wo-search-report
	Page 41 - wo-search-report

