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(54) RESONATOR FOR RADIO FREQUENCY SIGNALS

(57) A resonator (10; 10a; 10b; 10c) for radio fre-
quency, RF, signals, said resonator (10; 10a; 10b; 10c)
comprising a cavity (8), the cavity comprising a first wall
(102), a second wall (104) opposite the first wall, and at
least one side wall (106); the resonator also comprising:
a resonator post (120) having a basically cylindrical body
(122) with a first diameter (D1), wherein a first axial end
section (122a) of said body (122) is attached to an inner
surface (104a) of said second wall (104), and wherein a
second axial end section (122b) of said body (122) ex-

tends into said cavity (8) and has a second diameter (D2)
which is greater than said first diameter (D1), a first ele-
ment (130; 1300) having a basically rotational solid shape
radially surrounding at least the first axial end section
(122a) of said body (122) and at least a part of an inter-
mediate section (122c) of said body (122) which is ar-
ranged between said first and second axial end sections
(122a, 122b), wherein a first axial end section (130a) of
said first element (130) is attached to the inner surface
(104a) of said second wall (104).
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Description

Technical Field

[0001] Example embodiments relate to a resonator for
radio frequency, RF, signals.

Background

[0002] In filters for use in high to medium power base
stations, particularly at the lower end of the microwave
frequency spectrum, for example around 700 MHz (Meg-
ahertz), the physical volume and weight of the filter is a
concern. In high to medium power applications, such as
those found in mobile cellular communication base sta-
tions and networks, there is still no real practical alterna-
tive to cavity filters.
[0003] That volume and weight is an issue, is a con-
sequence of the fact that the requirements for electrical
performance by the filter are stringent, for example, to
provide high isolation between transmit and receive
paths.
[0004] This often places practical lower limits on filter
size. The choice of filter technology for a given application
depends on the application specifics. However, there are
certain desirable characteristics that are common to
many filters. For example, insertion loss in the pass-band
of a filter should be as low as possible, while the atten-
uation in the stop-band should be as high as possible.
Furthermore, in some applications the guard band,
namely the frequency separation between the pass-band
and stop-band, needs to be narrow. This requires filters
of high order to be implemented in order to achieve this
requirement. However, the requirement for a high-order
filter is accompanied by an increase in complexity (due
to a greater number of components that a filter requires)
and in size.
[0005] In addition to the requirement for low insertion
loss (high quality factor), power handling, miniaturisation
and tunability of a filter are also of importance. Power
handling capability is highly dependent on the energy
density of the electromagnetic (EM) fields inside the filter
cavity, and, in general, the greater the energy density of
the EM fields, the lower the power that can be handled.
[0006] Since the miniaturisation of a filter’s cavity in-
herently increases the energy density of EM fields, it can
be stated that, in general, miniaturisation results in re-
duced power handling.

Summary

[0007] Example embodiments relate to a resonator for
radio frequency, RF, signals, said resonator comprising
a cavity, the cavity comprising a first wall, a second wall
opposite the first wall, and at least one side wall; the
resonator also comprising: a resonator post having a ba-
sically (preferably circular) cylindrical body with a first
diameter, wherein a first axial end section of said body

is attached to an inner surface of said second wall, and
wherein a second axial end section of said body extends
into said cavity and has a second diameter which is great-
er than said first diameter, a first element having a basi-
cally rotational solid shape radially surrounding at least
the first axial end section of said body and at least a part
of an intermediate section of said body which is arranged
between said first and second axial end sections, wherein
a first axial end section of said first element is attached
to the inner surface of said second wall.
[0008] In the present context, "basically cylindrical
body" means that the body has a basic shape which is
cylindrical, and that deviations from a strict cylindrical
shape in a geometrical sense are possible. This e.g. also
applies to the "basically rotational solid shape" men-
tioned below.
[0009] According to preferred embodiments, a second
element is provided that has a basically rotational solid
shape radially surrounding at least the second axial end
section of said body wherein a first axial end section of
said second element is attached to an inner surface of
said first wall.
[0010] According to further preferred embodiments,
said resonator post comprises a basically T-shaped
cross-section.
[0011] According to further preferred embodiments,
said first element and/or said second element has a ba-
sically hollow cylindrical shape.
[0012] According to further preferred embodiments, a
third element is provided which comprises a basically
rotational solid shape, wherein said third element is ar-
ranged between a second axial end section of said body
and a second axial end section of said first element.
[0013] According to further preferred embodiments,
said third element comprises a basically T-shaped cross-
section.
[0014] According to further preferred embodiments,
said third element is made of dielectric material, wherein
preferably said dielectric material comprises ceramic ma-
terial or polytetrafluorethylene, PTFE.
[0015] According to further preferred embodiments,
said first element comprises at its first axial end section
a radially inward protruding end section.
[0016] According to further preferred embodiments,
said first axial end section of said body comprises a
threaded portion, particularly for screwing into a respec-
tive threaded opening within said inner surface of said
second wall and/or within a or said radially inward pro-
truding end section of said first element.
[0017] According to further preferred embodiments,
said first element and/or said second element has a ba-
sically conical shape, preferably substantially a right cir-
cular conical shape. According to further embodiments,
the aperture (angle) of the first and second elements is
substantially identical.
[0018] According to preferred embodiments, said sec-
ond axial end section of the body of the resonator post
comprises a basically trapezoidal cross-section.
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[0019] According to further preferred embodiments,
opposing surfaces of said second axial end section of
said body and said second element are substantially par-
allel to each other.
[0020] According to further preferred embodiments,
opposing surfaces of said first element and said second
element are substantially parallel to each other.
[0021] According to further preferred embodiments, a
tuning element is provided within said cavity, wherein
said tuning element is preferably arranged on an or said
inner surface of said first wall.
[0022] According to further preferred embodiments,
the inner surface of said second wall comprises a pro-
trusion to which the resonator post and/or the first ele-
ment are, preferably detachably, attachable. According
to further preferred embodiments, said protrusion is sub-
stantially cylindrical, preferably having a circular disc
shape (with a diameter of said disc shape being greater
than a height measured along an axial direction of said
circular disc shape).
[0023] According to further preferred embodiments,
the diameter of the disc shape of the protrusion is sub-
stantially similar or identical to an outer diameter of the
first axial end section of said first element.
[0024] Further preferred embodiments relate to a filter
for radio frequency, RF, signals comprising at least one
resonator according to the embodiments.
[0025] Further preferred embodiments relate to a
method of filtering a radio frequency, RF, signal, com-
prising passing said RF signal through a filter comprising
at least one resonator according to the embodiments.
[0026] Exemplary embodiments may provide at least
one of the following advantages: a size reduction leading
to a very compact resonator, increased power handling,
high performance, i.e. a high quality factor Q per volume,
superior spurious-free performance, low-cost implemen-
tation, particularly enabling low-cost mass-production
techniques, easy implementation, robustness, and good
tunability.

Brief Description of the Drawings

[0027] Some example embodiments will now be de-
scribed with reference to the accompanying drawings.

Fig. 1 schematically depicts a cross-sectional side
view of an example embodiment of a resonator
according to an embodiment,

Fig. 2 schematically depicts a cross-sectional side
view of an example embodiment of a resonator
according to a further embodiment,

Fig. 3 schematically depicts a cross-sectional side
view of an example embodiment of a resonator
according to a further embodiment,

Fig. 4 schematically depicts a cross-sectional side

view of an example embodiment of a resonator
according to a further embodiment,

Fig. 5 schematically depicts scattering parameters
according to an exemplary embodiment,

Fig. 6 schematically depicts scattering parameters
according to a further exemplary embodiment,
and

Fig. 7 schematically depicts a detail view of Fig. 1.

Detailed Description

[0028] Figure 1 schematically depicts a cross-section-
al side view of an example embodiment of a resonator
10 for radio frequency, RF, signals according to an em-
bodiment.
[0029] The resonator 10 comprises a cavity 8 compris-
ing a first wall 102, a second wall 104 opposite the first
wall, and at least one side wall 106. Presently, the first
wall 102 may form a lid that is detachably attachable to
the further walls, preferably the side walls 106, of the
resonator.
[0030] According to some embodiments, the side walls
106 and the first and second walls 102, 104 may form a
basically cuboid shape with the first and second walls
102, 104 substantially parallel to each other and with four
side walls 106 extending vertically in Fig. 1 between the
first and second walls 102, 104. Note that in Fig. 1 only
a left and right side wall 106 are depicted for the sake of
clarity, while a front and rear side wall are not depicted.
[0031] The resonator 10 further comprises a resonator
post 120 having a basically cylindrical body 122, prefer-
ably circular cylindrical body 122, with a first diameter
D1, wherein a first axial end section 122a of said body
122 is attached to an inner surface 104a of said second
wall 104, and wherein a second axial end section 122b
of said body 122 extends into said cavity 8 and has a
second diameter D2 which is greater than said first di-
ameter D1.
[0032] The resonator 10 further comprises a first ele-
ment 130 having a basically rotational solid shape radially
surrounding at least the first axial end section 122a of
said body 122 and at least a part of an intermediate sec-
tion 122c of said body 122 which is arranged between
said first and second axial end sections 122a, 122b,
wherein a first axial end section 130a of said first element
130 is attached to the inner surface 104a of said second
wall 104.
[0033] According to some embodiments, the resonator
10 further comprises a second element 140 surrounding
at least the second axial end section 130b of the first
element 130.
[0034] According to further embodiments, said second
element 140 may comprise a basically rotational solid
shape.
[0035] According to further embodiments, said second
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element 140 (which preferably has a basically rotational
solid shape) is radially surrounding at least the second
axial end section 122b of said body 122. Preferably, a
first axial end section 140a of said second element 140
is attached to an inner surface 102a of said first wall 102.
[0036] According to some embodiments, said resona-
tor post 120 comprises a basically T-shaped cross-sec-
tion. According to further embodiments, the first element
130 comprises a basically hollow cylindrical shape and
is preferably arranged coaxially with said body 122 of the
resonator post 120. According to further embodiments,
the second element 140 also comprises a basically hol-
low cylindrical shape.
[0037] According to some embodiments, during oper-
ation of the resonator, the T-shaped resonator post 120
interacts with the first element 130, which may be con-
sidered to form an inner conductor according to some
embodiments. According to further embodiments, the di-
ameter D2 of the second axial end section 122b, e.g. of
the top surface of the T-shaped resonator post 120, may
be chosen such that the second axial end section 122b
is in close proximity to the second axial end section 130b
("open end") of the hollow cylindrical first element 130.
In that way the T-shaped resonator post 120 or its second
axial end section 122b, respectively, may interact partic-
ularly efficiently with the hollow cylindrical first element
130.
[0038] Fig. 7 depicts a detail view of Fig. 1 indicating
an axial distance ad1 between the components 122b,
130b. According to some embodiments, said axial dis-
tance ad1 may range between about 0.5 mm (millimeter)
and about 3.0 mm, preferably between about 0.5 mm
and about 2.0 mm.
[0039] According to further embodiments, the T-
shaped resonator post 120 or its second axial end section
122b, respectively, may at least partly overlie the first
hollow cylindrical element 130. As an example, the sec-
ond axial end section 122b may comprise a second di-
ameter D2 which is substantially equal to or greater than
the diameter D21 of the first hollow cylindrical element
130.
[0040] According to further embodiments, the T-
shaped resonator post 120 or its second axial end section
122b, respectively, may be adjacent to said second ele-
ment 140, which may be considered to form an outer
conductor according to some embodiments.
[0041] According to some embodiments, a radial dis-
tance rd1, cf. Fig. 7, may range between about 0.5 mm
and about 3.0 mm, preferably between about 0.5 mm
and about 2.0 mm.
[0042] According to further embodiments, a third ele-
ment 150 (Fig. 1) may be provided which comprises a
basically rotational solid shape, wherein said third ele-
ment 150 is arranged between the second axial end sec-
tion 122b of said body 122 and the second axial end
section 130b of said first element 130.
[0043] Preferably, according to some embodiments,
said third element 150 comprises a basically T-shaped

cross-section. According to further embodiments, said
third element 150 is made of dielectric material, wherein
preferably said dielectric material comprises ceramic ma-
terial or polytetrafluorethylene, PTFE.
[0044] According to further embodiments, said third el-
ement 150 may also comprise metallic material or a me-
tallic surface. In these cases, it may be preferable to pro-
vide mechanical means of support that do not attach /
contact the remaining conductive structure such as e.g.
the resonator post 120 and/or the first element 130 and/or
the second element 140.
[0045] According to some embodiments, such support
may e.g. be provided in the form of an additional dielectric
support (not shown) e.g. fixing the third element 150 in
a position relative to the components 120, 130, 140 such
that there is an air gap between said third element 150
and these components 120, 130, 140. However, if - ac-
cording to further embodiments - said third element 150
is made of dielectric material, an air gap is not required,
but direct contact between the third element 150 and any
of the components 120, 130, 140 is possible.
[0046] According to preferred embodiments, the pres-
ence of the third element 150 further improves the power
handling capability of the resonator 10.
[0047] According to some embodiments, said first axial
end section 122a of said body 122 comprises a threaded
portion 122a’, particularly for screwing into a respective
threaded opening (not shown) within said inner surface
104a of said second wall 104 or another component
130a.
[0048] According to some embodiments, said first el-
ement 130 comprises at its first axial end section 130a
a radially inward protruding end section 130a’. According
to some embodiments, this end section 130a’ may com-
prise a threaded hole for receiving said threaded section
122a’ of the body 122. Alternatively, said end section
130a’ may comprise a through hole (i.e., without thread-
ing).
[0049] In the following, examples for implementing and
manufacturing components of the resonator 10 accord-
ing to Fig. 1 are provided.
[0050] According to exemplary embodiments, the res-
onator post 120 and/or the first element 130 may be made
out of electrically conductive material or a non-conductive
material with a conductive surface or surface layer (e.g.,
metallized surface). According to further embodiments,
the resonator post 120 and/or the first element 130 may
also be made out of other material, e.g. ceramic or die-
lectric.
[0051] According to some embodiments, the first ele-
ment 120 is hollow, e.g. substantially a hollow cylinder,
and can be made as a deep-drawn piece. According to
further embodiments, the resonator post 120 (e.g., T-
shaped) may be threaded at the bottom, i.e. its first axial
end section 122a may be screwed towards the inner sur-
face 104a of the second wall 104, which may represent
a ground bottom side of the cavity 8.
[0052] According to further embodiments, the resona-
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tor post 120 may be employed also as a mechanical sup-
port of the hollow cylindrical first element 130. The thread-
ed section 122a’ of the resonator post 120 may e.g. be
used to screw down and lock the hollow cylindrical first
element 130 to the cavity 8 or its bottom wall 104, re-
spectively. This provides a particularly advantageous
way to ease the fabrication and assembly of the resonator
10. This way, locking down/screwing of the hollow cylin-
drical first element 130 may be achieved (by means of
the threaded section 122a’) without the use of an extra
screw, saving on cost and assembly. It creates a low-
cost easy-to-fabricate solution for the implementation of
the resonator 10 according to some embodiments. In oth-
er words, in some embodiments, the T-shaped body 122
may play a double role. With the hollow cylindrical first
element 120 made in the deep-drawn technology accord-
ing to some embodiments and utilizing said T-shaped
body 122 for fixing said first element 120 to the second
wall 104, assembly of this components within the cavity
8 is facilitated.
[0053] According to further embodiments, the second
element 140 may also be a hollow cylinder and may also
be deep-drawn. Alternatively, according to further em-
bodiments, it can also be made by similar means to the
making of a bushing.
[0054] According to further embodiments, the second
element 140 can also be stamped on the lid 102 of the
resonator 10. This approach gives a particularly compact
resonator 10 that is easy to build and assemble, contrib-
uting to an increased efficiency.
[0055] According to further embodiments, an optional
tuning element 160 may be provided within said cavity
8, wherein said tuning element 160 is preferably arranged
on said inner surface 102a of said first wall 102 ("lid").
[0056] According to further embodiments, the wall
components 102, 104, 106 of the cavity may be machined
or die-casted and may preferably comprise metal mate-
rial.
[0057] Figure 2 schematically depicts a cross-section-
al side view of an example embodiment of a resonator
10a according to a further embodiment. In this embodi-
ment, the cavity 8, particularly the second wall 104, is
extended to form part of the first element 130. According
to some embodiments, the inner surface 104a of said
second wall 104 comprises a protrusion 170 to which the
resonator post 120 and/or the first element 130 are, pref-
erably detachably, attachable.
[0058] In effect, the first element 130 may be made
partly out of the cavity material (wall 104, protrusion 170)
and partly out of a different way, for example, a deep-
drawn piece.
[0059] According to further embodiments, the T-
shaped resonator post 120 enables a particularly efficient
operation of the resonator 10, 10a. According to Appli-
cant’s analysis, it provides a route for the currents to run,
thus increasing the overall surface area where resonant
currents are running thus providing more efficient per-
formance (higher Q-factor). The T-shaped section of the

resonator post 120 is also increasing the volume area in
which the electric field is stored thus reducing the oper-
ating frequency and increasing the power handling. Ac-
cording to some embodiments, the T-shaped section of
the resonator post 120 at least partly overlies the inner
hollow conductor, i.e. the first element 130, at its open
end, i.e. the second axial end section 130b and is pref-
erably adjacent to the other outer conductor, i.e. the first
element 130. This way, the electric field is increased thus
making the resonator 10, 10a more compact.
[0060] According to some embodiments, the third ele-
ment 150, e.g. in the form of a teflon (PTFE) ring as shown
in Fig. 1, 2, with T-shaped cross-section, may serve two
purposes other than the immediate effect of reducing the
frequency of operation: 1. to make the resonator 10 more
robust, as it can be used to support mechanically the
remaining elements 120, 130, 140 and 2. to increase the
power handling by covering the areas where the strong
electric fields are present.
[0061] According to some embodiments, the second
element 140 may be employed to run currents on its sur-
faces and thus store the magnetic field energy inside the
cavity 8 of the resonator 10, 10a.
[0062] Figure 3 schematically depicts a cross-section-
al side view of an example embodiment of a resonator
10b according to a further embodiment. In contrast to the
embodiments explained above with reference to Fig. 1,
Fig. 2, the resonator 10b of Fig. 3 comprises a first ele-
ment 1300 and a second element 1400 which each have
a basically conical shape. Further, the second axial end
section 122b of the body 122 of the resonator post 120
comprises a basically trapezoidal cross-section with the
second diameter D2 representing the base (longer one
of the two parallel sides) of the trapezoid shape, wherein
preferably the first diameter D1 of the body 122 substan-
tially corresponds with a length of the shorter one of the
two parallel sides.
[0063] In other words, a cross-section or diameter of
the second axial end section 122b, the first element 1300,
and the second element 1400 change over a vertical co-
ordinate of the depiction of Fig. 3. According to some
embodiments, the second element 1400 may be at-
tached with its first axial end section 1400a to the lid 102
(an inner surface of the lid 102), and the first element
1300 may be attached with its first axial end section
1300a to the (bottom) wall 104.
[0064] According to some embodiments, opposing
surfaces 1222, 1400c of said second axial end section
122b of said body 122 and said second element 1400
are substantially parallel to each other. According to
some embodiments, opposing surfaces 1300c, 1400d of
said first element 1300 and said second element 1400
are substantially parallel to each other. This is creating
a uniform area where the electric energy can be stored
during operation of the resonator 10b.
[0065] Similar to Fig. 1, the resonator 10b of Fig. 3 may
also comprise a body 122 with a threaded section 122a’
(not shown in Fig. 3) for detachably attaching it to the
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wall 104 of the resonator 10b. The first and second ele-
ments 1300, 1400 may e.g. be deep-drawn or may be
made similar to a bushing.
[0066] Figure 4 schematically depicts a cross-section-
al side view of an example embodiment of a resonator
10c according to a further embodiment. Similar to Fig. 2,
a protrusion 170 may be provided to which the elements
120, 1300 may be, preferably detachably, attached.
[0067] Similar to Fig. 1, the resonators 10a, 10b, 10c
of Fig. 2 to 4 may also optionally comprise a tuning ele-
ment 160 according to further embodiments.
[0068] Exemplary embodiments as inter alia explained
above with reference to Fig. 1, 2, 3, 4 may provide better
tolerances, ease of fabrication and compactness as well
as a size reduction leading to a very compact resonator
10, 10a, 10b, 10c that may offer at least one of: increased
power handling, high performance, i.e. a high quality fac-
tor Q per volume, superior spurious-free performance,
low-cost implementation, particularly enabling low-cost
mass-production techniques, easy implementation, ro-
bustness, and good tunability.
[0069] In the following, simulation results are dis-
cussed which have been obtained by numerical simula-
tion with a numerical simulation tool ("Eigenmode solv-
er") of an example resonator module similar to exemplary
embodiments as explained above with reference to Fig.
1.
[0070] The example resonator on which the numerical
simulation is based comprises dimensions of 2cm (cen-
timeter) x 2cm x 0.7cm (i.e., a volume of about 2.8 cm^3).
The operating frequency is 3384 MHz with a Q-factor of
∼2000 (not optimized). The physical height of the reso-
nator (internal height, corresponding to a vertical dimen-
sion of the cavity 8 of e.g. Fig. 1) is 1=0.7 cm. This rep-
resents an electrical height for the simulated resonator
of 0.0886 λ0 or ∼28.4°. The first harmonic appears at
17248 MHz, thus a ratio of fundamental to harmonic of
∼5.1. The surface current distribution (not shown) as ob-
tained from the simulation shows that there is a current
running along the body 122 of the resonator post 120
(Fig. 1) as well as on the elements, 130, and 140. Com-
pared to conventional resonators, this current distribution
mechanism allows for reduced losses since the surface
area that the currents run is greater.
[0071] As a comparison with conventional resonators,
the same dimensions for the conventional resonator
leads to a simulated operating frequency of ∼3802.4 MHz
and a Q-factor of ∼2260. Thus, employing the new res-
onator according to some exemplary embodiments, with
the same internal dimensions for the module in the same
cavity, the frequency has dropped by about ∼418.42 MHz
or 11% operating frequency drop. This drop enhances
the compact properties of the module significantly as
compared to conventional resonators making resonators
according to exemplary embodiments highly desirable
and efficient for size reduction.
[0072] As a further example, in comparison with further
conventional resonators, a resonator according to exem-

plary embodiments has a maximum electric field intensity
of 3.03 e+09 V/m at 3384 MHz, whereas for the conven-
tional resonator the maximum field intensity is the same
at 3802.4 MHz. In another example resonator according
to exemplary embodiments, the maximum field intensity
drops to 2.68 e+09 V/m (11.55 % less) at a resonant
frequency of 3295.79 MHz (represents an operating fre-
quency drop of 506.63 MHz or 13.32 %).
[0073] Fig. 5 schematically depicts scattering param-
eters (S-parameters) according to an exemplary embod-
iment along a vertical axis y1 (magnitude in dB) over a
frequency axis f1. Fig. 5 has been obtained by numerical
simulation of a two-pole filter for RF signals using a res-
onator 10a according to exemplary embodiments.
[0074] Curve C1 indicates S-parameter S2,2 (output
port voltage reflection coefficient), and curve C2 indicates
S-parameter S1,2 (reverse voltage gain).
[0075] Fig. 6 schematically depicts scattering param-
eters along a vertical axis y2 (magnitude in dB) over a
frequency axis f2 according to a further exemplary em-
bodiment. Curve C3 indicates S-parameter S1,1 (input
port voltage reflection coefficient) of an exemplary con-
ventional resonator with specific mechanical dimensions,
and curve C4 indicates S-parameter S2,1 (forward volt-
age gain) of said exemplary conventional resonator,
while curve C5 indicates S-parameter S1,1 of a resonator
according to an exemplary embodiment which has the
same specific mechanical dimensions as said conven-
tional resonator, and curve C6 indicates S-parameter
S2,1 of the resonator according to an exemplary embod-
iment. While the cavity dimensions of the conventional
resonator and the resonator according to an exemplary
embodiment are the same, from Fig. 6 it can be seen that
the filter with the resonators according to an exemplary
embodiment has a significantly reduced center frequen-
cy of about 3219.5 MHz, as compared to that of the con-
ventional resonator filter (3615.9 MHz)(reduction of
about 10,96%).
[0076] The resonators 10, 10a, 10b, 10c according to
exemplary embodiments may advantageously e.g. be
used for providing RF filters having one or more filter
poles.
[0077] Using at least one resonator 10, 10a, 10b, 10c
according to exemplary embodiments, a method of filter-
ing an RF signal may be provided comprising passing
said RF signal through a filter comprising said at least
one resonator 10, 10a, 10b, 10c.
[0078] Resonators 10, 10a, 10b, 10c according to ex-
emplary embodiments may have the following benefits:
size reduction: 11 % frequency drop (as of the simplified
example) of the simplified version with the same external
and internal dimensions, easy to implement and robust,
improved power handling, as with the same critical di-
mensions the electric field intensity is reduced.
[0079] The description and drawings merely illustrate
the principles of exemplary embodiments. It will thus be
appreciated that those skilled in the art will be able to
devise various arrangements that, although not explicitly
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described or shown herein, embody the principles of the
invention and are included within its spirit and scope.
Furthermore, all examples recited herein are principally
intended expressly to be only for pedagogical purposes
to aid the reader in understanding the principles of ex-
emplary embodiments and the concepts contributed by
the inventor(s) to furthering the art, and are to be con-
strued as being without limitation to such specifically re-
cited examples and conditions. Moreover, all statements
herein reciting principles, aspects, and embodiments, as
well as specific examples thereof, are intended to en-
compass equivalents thereof.
[0080] It should be appreciated by those skilled in the
art that any block diagrams herein represent conceptual
views of illustrative circuitry embodying exemplary em-
bodiments. Similarly, it will be appreciated that any flow
charts, flow diagrams, state transition diagrams, pseudo
code, and the like represent various processes which
may be substantially represented in computer readable
medium and so executed by a computer or processor,
whether or not such computer or processor is explicitly
shown.
[0081] A person of skill in the art would readily recog-
nize that steps of various above-described methods can
be performed and/or controlled by programmed comput-
ers. Herein, some embodiments are also intended to cov-
er program storage devices, e.g., digital data storage me-
dia, which are machine or computer readable and encode
machine-executable or computer-executable programs
of instructions, wherein said instructions perform some
or all of the steps of said above-described methods. The
program storage devices may be, e.g., digital memories,
magnetic storage media such as a magnetic disks and
magnetic tapes, hard drives,
or optically readable digital data storage media. The em-
bodiments are also intended to cover computers pro-
grammed to perform said steps of the above-described
methods.

Claims

1. A resonator (10; 10a; 10b; 10c) for radio frequency,
RF, signals, said resonator (10; 10a; 10b; 10c) com-
prising a cavity (8), the cavity comprising a first wall
(102), a second wall (104) opposite the first wall, and
at least one side wall (106); the resonator also com-
prising: a resonator post (120) having a basically cy-
lindrical body (122) with a first diameter (D1), where-
in a first axial end section (122a) of said body (122)
is attached to an inner surface (104a) of said second
wall (104), and wherein a second axial end section
(122b) of said body (122) extends into said cavity (8)
and has a second diameter (D2) which is greater
than said first diameter (D1), a first element (130;
1300) having a basically rotational solid shape radi-
ally surrounding at least the first axial end section
(122a) of said body (122) and at least a part of an

intermediate section (122c) of said body (122) which
is arranged between said first and second axial end
sections (122a, 122b), wherein a first axial end sec-
tion (130a; 1300a) of said first element (130; 1300)
is attached to the inner surface (104a) of said second
wall (104).

2. A resonator (10; 10a; 10b; 10c) according to claim
1, wherein a second element (140; 1400) is provided
that has a basically rotational solid shape radially
surrounding at least the second axial end section
(122b) of said body (122) wherein a first axial end
section (140a; 1400a) of said second element (140;
1400) is attached to an inner surface (102a) of said
first wall (102).

3. A resonator (10; 10a) according to at least one of
the preceding claims, wherein said resonator post
(120) comprises a basically T-shaped cross-section.

4. A resonator (10; 10a) according to at least one of
the preceding claims, wherein said first element
(130) and/or said second element (140) has a basi-
cally hollow cylindrical shape.

5. A resonator (10; 10a) according to at least one of
the preceding claims, wherein a third element (150)
is provided which comprises a basically rotational
solid shape, wherein said third element (150) is ar-
ranged between the second axial end section (122b)
of said body (122) and a second axial end section
(130b) of said first element (130).

6. A resonator (10; 10) according to claim 5, wherein
said third element (150) comprises a basically T-
shaped cross-section.

7. A resonator (10; 10) according to claim 6, wherein
said third element (150) is made of dielectric mate-
rial, wherein preferably said dielectric material com-
prises ceramic material or polytetrafluorethylene,
PTFE.

8. A resonator (10; 10a) according to at least one of
the preceding claims, wherein said first element
(130) comprises at its first axial end section (130a)
a radially inward protruding end section (130a’).

9. A resonator (10; 10a) according to at least one of
the preceding claims, wherein said first axial end
section (122a) of said body (122) comprises a
threaded portion (122a’), particularly for screwing in-
to a respective threaded opening within said inner
surface (104a) of said second wall (104) and/or with-
in a or said radially inward protruding end section
(130a’) of said first element (130).

10. A resonator (10b; 10c) according to at least one of
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the preceding claims, wherein said first element
(1300) and/or said second element (1400) has a ba-
sically conical shape.

11. A resonator (10b; 10c) according to claim 10, where-
in said second axial end section (122b) comprises a
basically trapezoidal cross-section.

12. A resonator (10b; 10c) according to at least one of
the claims 2 to 11, wherein opposing surfaces (1222,
1400c) of said second axial end section (122b) of
said body (122) and said second element (140;
1400) are substantially parallel to each other, and/or
wherein opposing surfaces (1300c, 1400d) of said
first element (130; 1300) and said second element
(140; 1400) are substantially parallel to each other.

13. A resonator (10; 10a; 10b; 10c) according to at least
one of the preceding claims, wherein a tuning ele-
ment (160) is provided within said cavity (8), wherein
said tuning element (160) is preferably arranged on
an or said inner surface (102a) of said first wall (102).

14. A resonator (10; 10a; 10b; 10c) according to at least
one of the preceding claims, wherein the inner sur-
face (104a) of said second wall (104) comprises a
protrusion (170) to which the resonator post (120)
and/or the first element (130) are, preferably detach-
ably, attachable.

15. A filter for radio frequency, RF, signals comprising
at least one resonator (10; 10a; 10b; 10c) according
to at least one of the preceding claims.

16. A method of filtering a radio frequency, RF, signal,
comprising passing said RF signal through a filter
comprising at least one resonator (10; 10a; 10b; 10c)
according to at least one of the claims 1 to 14.

Amended claims in accordance with Rule 137(2)
EPC.

1. A resonator (10; 10a; 10b; 10c) for radio frequency,
RF, signals, said resonator (10; 10a; 10b; 10c) com-
prising a cavity (8), the cavity comprising a first wall
(102), a second wall (104) opposite the first wall, and
at least one side wall (106); the resonator also com-
prising: a resonator post (120) having a basically cy-
lindrical body (122) with a first diameter (D1), where-
in a first axial end section (122a) of said body (122)
is attached to an inner surface (104a) of said second
wall (104), and wherein a second axial end section
(122b) of said body (122) extends into said cavity (8)
and has a second diameter (D2) which is greater
than said first diameter (D1), a first element (130;
1300) having a basically rotational solid shape radi-
ally surrounding at least the first axial end section

(122a) of said body (122) and at least a part of an
intermediate section (122c) of said body (122) which
is arranged between said first and second axial end
sections (122a, 122b), wherein a first axial end sec-
tion (130a; 1300a) of said first element (130; 1300)
is attached to the inner surface (104a) of said second
wall (104), wherein a second element (140; 1400) is
provided that has a basically rotational solid shape
radially surrounding at least the second axial end
section (122b) of said body (122) wherein a first axial
end section (140a; 1400a) of said second element
(140; 1400) is attached to an inner surface (102a) of
said first wall (102).

2. A resonator (10; 10a) according to claim 1, wherein
said resonator post (120) comprises a basically T-
shaped cross-section.

3. A resonator (10; 10a) according to at least one of
the preceding claims, wherein said first element
(130) and/or said second element (140) has a basi-
cally hollow cylindrical shape.

4. A resonator (10; 10a) according to at least one of
the preceding claims, wherein a third element (150)
is provided which comprises a basically rotational
solid shape, wherein said third element (150) is ar-
ranged between the second axial end section (122b)
of said body (122) and a second axial end section
(130b) of said first element (130).

5. A resonator (10; 10) according to claim 4, wherein
said third element (150) comprises a basically T-
shaped cross-section.

6. A resonator (10; 10) according to claim 5, wherein
said third element (150) is made of dielectric mate-
rial, wherein preferably said dielectric material com-
prises ceramic material or polytetrafluorethylene,
PTFE.

7. A resonator (10; 10a) according to at least one of
the preceding claims, wherein said first element
(130) comprises at its first axial end section (130a)
a radially inward protruding end section (130a’).

8. A resonator (10; 10a) according to at least one of
the preceding claims, wherein said first axial end
section (122a) of said body (122) comprises a
threaded portion (122a’), particularly for screwing in-
to a respective threaded opening within said inner
surface (104a) of said second wall (104) and/or with-
in a or said radially inward protruding end section
(130a’) of said first element (130) .

9. A resonator (10b; 10c) according to at least one of
the preceding claims, wherein said first element
(1300) and/or said second element (1400) has a ba-
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sically conical shape.

10. A resonator (10b; 10c) according to claim 9, wherein
said second axial end section (122b) comprises a
basically trapezoidal cross-section.

11. A resonator (10b; 10c) according to at least one of
the preceding claims, wherein opposing surfaces
(1222, 1400c) of said second axial end section
(122b) of said body (122) and said second element
(140; 1400) are substantially parallel to each other,
and/or wherein opposing surfaces (1300c, 1400d)
of said first element (130; 1300) and said second
element (140; 1400) are substantially parallel to each
other.

12. A resonator (10; 10a; 10b; 10c) according to at least
one of the preceding claims, wherein a tuning ele-
ment (160) is provided within said cavity (8), wherein
said tuning element (160) is preferably arranged on
an or said inner surface (102a) of said first wall (102).

13. A resonator (10; 10a; 10b; 10c) according to at least
one of the preceding claims, wherein the inner sur-
face (104a) of said second wall (104) comprises a
protrusion (170) to which the resonator post (120)
and/or the first element (130) are, preferably detach-
ably, attachable.

14. A filter for radio frequency, RF, signals comprising
at least one resonator (10; 10a; 10b; 10c) according
to at least one of the preceding claims.

15. A method of filtering a radio frequency, RF, signal,
comprising passing said RF signal through a filter
comprising at least one resonator (10; 10a; 10b; 10c)
according to at least one of the claims 1 to 13.
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