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use provides a magnetic wall boundary to radio frequen-
cy signals inside the resonator.
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Description

Field of the Invention

[0001] The present invention relates to telecommuni-
cations, in particular to resonators for possible use in
radio-frequency or microwave filtering.

Description of the Related Art

[0002] Filters are a key component of many radio-fre-
quency (RF) and microwave-frequency systems such as
for example cellular telecommunications base stations,
point-to-point radio transceivers, and radar systems. The
type of filter chosen depends on the particular applica-
tion, but there are certain common desirable character-
istics for filters. For example, the insertion loss in the
pass-band of the filter should be as low as possible, and
the attenuation in the stop-band should be as high as
possible. Furthermore, in some applications the frequen-
cy separation between the pass-band and stop-band
needs to be very small, requiring a filter of high order.
This frequency range is known as the guard-band.
[0003] A challenging aspect of filter design is how to
miniaturise the filter whilst maintaining electrical perform-
ance as compared to a similar but larger filter structure.
[0004] One of the main parameters determining a fil-
ter’s selectivity in terms of frequency, and insertion loss,
is the so-called quality factor ("Q factor") of the elements
that make up the filter. The Q factor is defined as the ratio
of energy stored in the filter element to the time-averaged
power loss.
[0005] In filters designed for low RF frequencies,
lumped elements are used. Lumped elements have a Q
factor in an approximate range of 60 to 100. On the other
hand, cavity type resonators that can be used to construct
filters have a Q factor which can be as high as several
1000s.
[0006] Although some miniaturisation of lumped ele-
ment filters is possible, their low Q factors prohibit their
use in highly demanding applications where high fre-
quency rejection or selectivity is required. On the other
hand, cavity resonators offer sufficiently high Q factors
but their large sizes prevent their use in many applica-
tions.
[0007] The problem of miniaturising filters is known to
be particularly pressing in the field of small cell base sta-
tions, as it has been realised that the footprint of a small
cell base stations should be minimal. Furthermore, a
known trend in base stations is a shift from a single fre-
quency band capability to a multiband capability whilst
seeking to maintain the same physical footprint and avoid
detriment to system performance.
[0008] Several known solutions exist. For relatively low
powers, ceramic monoblock filters are known with exter-
nal metallisation. They offer significant size reduction but
because of their relatively low Q factor of some 100s
(typically 500 to 700) are unsuitable for many applica-

tions. Furthermore, their small size prevents their use in
high power applications due to relatively high insertion
losses and limited power handling capabilities.
[0009] Another known type of filters are those made
up from ceramic resonators. These offer significant size
reductions but are able to handle much higher powers
than monoblock filters.

Summary

[0010] The inventor realised that it was known to use
high permeability materials in resonator design to reduce
the size of resonator in proportion to the square root of
real relative permittivity (εr) times real relative permea-

bility (mr), denoted 

[0011] The inventor also realised that known ceramic
filters are built from ceramic resonators in which the ce-
ramic material is dielectric having a real relative perme-
ability (mr) of about 1, but a real relative permittivity of
several tens, usually in range of 30 - 80.
[0012] The reader is referred to the appended inde-
pendent claims. Some preferred features are laid out in
the dependent claims.
[0013] An example of the present invention is a radio-
frequency or microwave resonator comprising a dielec-
tric ceramic core having a ferromagnetic ceramic cover-
ing, the covering in use providing a magnetic wall bound-
ary to electromagnetic signals inside the resonator.
[0014] The inventor found a way to produce a radio-
frequency resonator having improved properties by in-
cluding ferromagnetic ceramic covering. For example, a
more even energy distribution within the core is provided.
[0015] Preferred embodiments provide a magnetic
wall boundary dielectric resonator.
[0016] Preferred embodiments are a combination of
both dielectric and ferromagnetic ceramic parts in an ar-
rangement that allows the size of the dielectric part to be
reduced, as compared to a comparable filter in which the
ferromagnetic part is absent, for the same filtering fre-
quency and without a significant increase in energy loss-
es in the resonator.
[0017] In preferred embodiments, not only does the
dielectric ceramic part confine electromagnetic energy
due to the high contrast between the dielectric ceramic
part’s permittivity and surrounding material(s), but also
the ferromagnetic ceramic covering acts to aid that en-
ergy confinement as it introduces a high contrast be-
tween the permeability of the dielectric ceramic and the
ferromagnetic ceramic covering.
[0018] It can be considered that the ferromagnetic ce-
ramic covering enhances the magnetic wall boundary at
the surface of the dielectric ceramic bringing it closer to
perfect magnetic boundary conditions.
[0019] Preferred embodiments allow a significant re-
duction in resonator size, and hence filter size, due to
introducing a material of high relative permeability in ad-
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dition to a material of high relative permittivity.
[0020] Preferred embodiments provide reduced size
filters comprising reduced size resonators. Preferred em-
bodiments allow miniaturisation of ceramic resonators
that may be cavity resonators, for example at least par-
tially filling cavities within a metallic outer casing.
[0021] Preferred embodiments may be smaller sized,
with better RF power handling and thermal properties
than a known alternative.
[0022] Preferred embodiments operate in the radio-
frequency or microwave frequency bands.

Brief Description of the Drawings

[0023] An embodiment of the present invention will
now be described by way of example and with reference
to the drawings, in which:

Figure 1 is a diagram illustrating a known cylindrical
radio-frequency ceramic resonator within a metal
casing (PRIOR ART),
Figure 2 is a diagram illustrating the magnitude of
the electric field across the diameter of the resonator
shown in Figure 1 (PRIOR ART),
Figure 3 is a perspective illustration of how magni-
tude of this electric field varies in the resonator shown
in Figure 1 (PRIOR ART),
Figure 4 is a diagram illustrating a cylindrical radio-
frequency ceramic resonator according to an em-
bodiment of the present invention within a metal cas-
ing, and
Figure 5 is a diagram illustrating the magnitude of
the electric field across the diameter of the resonator
shown in Figure 4,
Figure 6 is a perspective illustration of how the mag-
nitude of this electric field varies in the resonator
shown in Figure 4,
Figure 7 is a perspective view of a filter including
resonators as shown in Figure 4,
Figure 8 is a cross-sectional view along the line A-
A of the filter shown in Figure 7, and
Figure 9 is a perspective cross-sectional view of the
filter shown in Figures 7 and 8.

Detailed Description

[0024] The inventors considered a known ceramic res-
onator 2 as shown in Figure 1. As shown in Figure 1, this
known resonator 2 consists of a cylindrical core 4 of di-
electric ceramic material fitting tightly within a metal cas-
ing 8. The shape of the core 4 can be considered a puck
6. In this example, the real relative permittivity of the core
4 is 38, the height is 12mm and the diameter is 25mm.
The first (lowest radio-frequency) resonating mode is
TM010.
[0025] The inventors realised that an improved field
distribution was possible.
[0026] As shown in Figure 4, the inventors devised a

resonator 12 consisting of a cylindrical core 14 of dielec-
tric ceramic material, surrounded by a tightly fitting thin
cylindrical ring 16 of ceramic ferromagnetic material, also
known as ferrite. In this example the ceramic material is
Ceramic DR-45 from TCI Ceramics Inc, and the ferro-
magnetic material is garnet NG-1850 from TCI Ceramics
Inc. This assembly of core 14 and ferrite ring 16 fits into
a tightly-fitting metal casing 18. The core 14 and ferrite
ring 16 can be considered together as a puck 20. In this
example, the real relative permittivity of the core 14 is
38, the height is 12mm and the diameter is 25mm. The
first (lowest radio-frequency) resonating mode is TM010.
The ferrite ring 16 is made of ferrite material having a
high relative magnetic permeability (mr) of 100. In this
example the thickness of the ferrite 16 is 1 mm.
[0027] The inventors realised that ceramic ferromag-
netic material (ferrite materials) possess an anisotropic
real relative permittivity of up to 1000s, but are signifi-
cantly more lossy, in other words have a significantly
higher imaginary relative permittivity component, than di-
electric ceramic materials, so their volumetric contribu-
tion to the resonator should be sufficient to be effective,
but kept to a minimum.

Comparison of the two resonators

[0028] Comparison of Figure 5 with Figure 2, and Fig-
ure 6 with Figure 3, reveal that the electric field strength
(E-Field) distributions are significantly different. More
specifically, the resonator 2 of Figure 1 (PRIOR ART)
shows a highly concentrated field in the centre of the
puck 6 with the magnitude of the electric field steadily
decaying towards the outer edge, which acts as an elec-
tric wall, where the field becomes zero. On the other
hand, the resonator 12 of Figure 4 which includes the
puck 20 having the ceramic core 14 and ferrite ring 16
shows a much more evenly distributed electric field
through the volume of the puck 20 with a clearly defined
field inside the ferrite ring 16 that rapidly decays as a
function of distance towards the outer edge where the
field becomes zero.
[0029] In the known example shown in Figures 1 (PRI-
OR ART) to 3 (PRIOR ART), the energy distribution is
less uniform, hence the effective electrical size of the
resonator is smaller, and so the resonant frequency is
higher (1.479 GHz in this example).
[0030] Conversely, in the example shown in Figures 4
to 6 the energy distribution is much more uniform, hence
the effective electrical size is larger, and so the resonant
frequency is lower (0.311 GHz in this example).
[0031] In the example shown in Figure 4, as the field
is distributed much more evenly, there is no region of
relatively high electric field; in other words the electric
field "hotspot", which occurs in the known resonator
shown in Figure 1 (PRIOR ART), is avoided. This advan-
tageously allows for higher power handling than in the
known approach.
[0032] In the known approach, as ceramics are poor
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heat conductors, the thermal stresses induced by the
electric field "hotspot" can result in catastrophic structural
failure. Furthermore uneven heat distribution tends to de-
grade electrical performance as different areas of the res-
onator are more likely to be at different temperatures re-
sulting in varying thermal expansions and variations in
permittivity due to temperature variations. The example
shown in Figure 4 avoids these disadvantages.

Example Filter

[0033] An example filter 22 is shown in Figures 7 to 9,
and includes two resonators 12 as described above in
relation to Figures 4 to 6.
[0034] As shown in Figure 7 to 9, the filter 22 has a
metal casing 24 within which is a cavity 26. The filter 22
is a two pole filter in that two resonators 12 are provided.
The resonators 12 are coupled via an opening 28 known
as an iris 28 between internal walls 30 in the cavity 26.
The size of the opening 28 dictates the level of coupling
between the two resonators 12.
[0035] The resonators 12 are both cylindrical and of a
dielectric material of high permittivity, and are each
sleeved in the respective ferrite ring 16 so as to provide
a respective puck 20. The top (not shown) and bottom
(not shown) of the puck 20 contact the respective top
(not shown) and bottom 32 of the cavity 26. The cavity
26 is otherwise substantially air-filled.
[0036] The filter 22 includes a metallic end launch
probe 34 near the first resonator 12’ used for signal input.
The distance between the probe and the resonator, and
the length of the probe, dictate the amount of coupling
and the loaded quality factor of the resonator. A similar
metallic end probe 36 is provided near the second reso-
nator 12" used for signal output.
[0037] As mentioned above each resonator 12 con-
sists of a high permittivity dielectric core 12 covered at
its sides by a ferromagnetic ring 16. The diameter of the
resonator dictates the resonant frequency of the resona-
tor 12 and effectively the centre frequency of the filter 22.

Some Alternative Examples

[0038] The above mentioned example resonator de-
scribed with reference to Figure 4 to 6 is cylindrical, being
in the shape of a puck 20. Other shapes are possible.
For example, the resonator can be in the shape of a cy-
lindrical puck or post, a puck or post of rectangular- or
square- cross section, another regular shape, or any
shape. Regular shapes are easier to machine. The ferrite
material can be in the form of a sleeve that tightly fits the
resonator or be a layer deposited on the dielectric ce-
ramic material core.
[0039] In the example described with reference to Fig-
ures 4 to 6, the resonator is within a metal casing. The
metal casing may be a tight-fitting to the resonator or not,
for example the resonator can be used within a cavity in
a cavity filter, for example a comb-line filter in which the

resonator is substantially surrounded by air or some other
material, for example a dielectric powder.
[0040] The present invention may be embodied in oth-
er specific forms without departing from its essential char-
acteristics. For example, other dielectric and ferromag-
netic materials may be used. These materials are avail-
able from various suppliers including TCI Ceramics Inc,
Murata and Kyocera. The described embodiments are
to be considered in all respects only as illustrative and
not restrictive. The scope of the invention is, therefore,
indicated by the appended claims rather than by the fore-
going description. All changes that come within the
meaning and range of equivalency of the claims are to
be embraced within their scope.

Claims

1. A radio-frequency or microwave resonator, the res-
onator comprising a dielectric ceramic core having
a ferromagnetic ceramic covering.

2. A radio-frequency or microwave resonator according
to claim 1, in which the covering in use provides a
magnetic wall boundary to electromagnetic signals
inside the resonator.

3. A radio-frequency or microwave resonator according
to claim 1 or claim 2, in which the covering has a
relative permittivity lower than the relative permittiv-
ity of the core.

4. A radio-frequency or microwave resonator according
to any preceding claim, in which the core is of a sim-
ple shape having sides and the covering covers said
sides.

5. A radio-frequency or microwave resonator according
to any preceding claim, in which the core is cylindrical
and the covering is a tubular sleeve or ring.

6. A radio-frequency or microwave resonator according
to claim 5, in which the core is a puck or post.

7. A radio-frequency or microwave resonator according
to any preceding claim, in which the core is of rec-
tangular cross-section and the covering is a sleeve
of rectangular cross section.

8. A radio-frequency or microwave resonator according
to claim 7, in which the core is a puck, post or a
cuboid.

9. A radio-frequency or microwave resonator according
to any preceding claim, in which the covering has a
thickness thick enough to provide a high contrast in
relative permeability with the core and thin enough
to avoid large energy losses in the covering.
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10. A radio-frequency or microwave resonator according
to any preceding claim, in which the ferromagnetic
ceramic has a relative permittivity of about 1.

11. A radio-frequency or microwave resonator according
to any preceding claim, in which the ferromagnetic
ceramic has a relative permeability in the order of
tens to in the order of thousands.

12. A radio-frequency or microwave resonator according
to any preceding claim, in which the dielectric ce-
ramic has a relative permittivity in the range 30 to
300.

13. A radio-frequency or microwave radio-frequency
resonator according to any preceding claim, further
comprising a metal casing for electromagnetic
shielding.

14. A filter comprising at least one radio-frequency or
microwave resonator according to any preceding
claim and a metal housing within which each reso-
nator resides.

15. A method of filtering comprising passing an input sig-
nal through a filter comprising a radio-frequency or
microwave resonator according to any of claims 1 to
13, so as to provide a filtered output signal.
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