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(54) Filter for radio frequency signals

(57) The invention relates to a filter (F1) for radio fre-
quency signals comprising a first cavity resonator (RC2),
a second cavity resonator (RC5), an inner separating
plate (ISP1) separating the first cavity resonator (RC2)
and the second cavity resonator (RC5) and extending
upwards from a base plate (BP), a first capacitive cou-

pling means (CCM1) penetrating the inner separating
plate (ISP1) at a first height level (CCM1-H) with respect
to the base plate (BP) and a second capacitive coupling
means (CCM2) penetrating the inner separating plate
(ISP1) at a second height level (CCM2-H) with respect
to the base plate (BP).
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Description

FIELD OF THE INVENTION

[0001] The invention relates to a filter for radio frequen-
cy signals and, more particularly but not exclusively, to
a bandpass filter comprising a plurality of coaxial air cav-
ity resonators.

BACKGROUND

[0002] A radio frequency spectral range is split into
several sub-ranges for different wireless communication
technologies such as radio broadcasting, mobile radio
communication or satellite communication or is split into
several sub-ranges for a same wireless communication
technology but for different operators providing the same
wireless communication technology. Bandpass filters are
used for example in radio communication systems to
keep radio frequency signals within a specific radio fre-
quency sub-range for avoiding interference and/or noise
in neighbouring radio frequency sub-ranges or for keep-
ing the interference and/or the noise below specific
thresholds, which may depend on legal requirements or
on wireless communication specifications.
[0003] Tunable bandpass filters are preferably used
for filtering RF signals (RF = radio frequency) in compar-
ison to bandpass filters with fixed filtering properties, es-
pecially due to manufacturing and storage costs and flex-
ibility in use.
[0004] Characteristics of the bandpass filter such as a
maximum allowed deviation from a required frequency
bandwidth or a minimum required signal suppression for
example in dB outside a passband of the bandpass filter
irrespective of a centre frequency of the passband within
a specified filter tuning range are major design criteria
for bandpass filters having to fulfil a frequency independ-
ent selectivity mask over the specified filter tuning range.
[0005] Due to the nature of electromagnetic coupling
structures within a bandpass filter having an electromag-
netic coupling of present state of the art, the character-
istics of the bandpass filter are usually frequency depend-
ent and may not fulfil specific legal emission require-
ments or wireless communication specifications over a
predefined frequency tuning range.

SUMMARY

[0006] If the filter comprises for example coaxial air
cavity resonators with enclosed hollow spaces as an out-
er conductor and with length adjustable resonator rods
as inner conductors, the filter can be tuned to another
frequency by adjusting a length of the resonator rods.
[0007] If a bandpass filter of the present state of the
art is tuned to a lower centre frequency and a same filter
mask has to be applied at the lower centre frequency,
then the filter bandwidth would decrease and a passband
part of the filter curve cannot exceed a first threshold of

the filter mask for a first predefined frequency range ac-
cording to different centre frequencies of the predefined
frequency tuning range. Similarly, if the bandpass filter
of the present state of the art is tuned to a higher centre
frequency and a same filter mask has to be applied at
the higher centre frequency, then the filter bandwidth
would increase and the filter curve cannot fall below sec-
ond and third thresholds of the filter mask for second and
third predefined frequency ranges according to further
different centre frequencies of the predefined frequency
tuning range.
[0008] Such behaviour is mainly based on a length
change of the resonator rods generating a frequency de-
pendent coupling between the resonators of the filter and
thereby causing a frequency dependence in a width of
the passband and in a frequency selectivity of the filter.
[0009] The way of fulfilling spectral requirements of fil-
ter masks over a predefined filter tuning range affects
the spectral characteristic of the filter.
[0010] Therefore, it is an object of the invention to pro-
vide an improved filter for radio frequency signals with a
frequency independent spectral characteristic for all cen-
tre frequencies within a predefined filter tuning range.
[0011] The object is achieved by a filter for radio fre-
quency signals comprising a first cavity resonator, a sec-
ond cavity resonator and an inner separating plate sep-
arating the first cavity resonator and the second cavity
resonator and extending upwards from a base plate. The
filter further comprises a first capacitive coupling means
penetrating the inner separating plate at a first height
level with respect to the base plate and a second capac-
itive coupling means penetrating the inner separating
plate at a second height level with respect to the base
plate.
[0012] The filter may be a bandpass filter and the at
least two cavity resonators may be coaxial transverse
electromagnetic wave mode resonators.
[0013] The invention has a first benefit of providing a
frequency independent width of the passband of the filter
and a frequency independent selectivity over a prede-
fined frequency tuning range. A frequency independent
bandwidth is linked to a frequency independent selectiv-
ity especially in case of a Chebyshev filter.
[0014] The invention provides a second benefit of al-
lowing for an easy tuning process not requiring an ad-
justment of adjustment means even more complex than
adjustable coupling loops for getting a same bandpass
filter bandwidth for different center frequencies within the
predefined filter tuning range.
[0015] The invention provides a third benefit of lower-
ing manufacturing and storage costs, because a same
bandpass filter type can be used for many applications
and different center frequencies with a same spectral
quality.
[0016] In a preferred embodiment of the invention, the
first capacitive coupling means is arranged vertically on
top of the second capacitive coupling means with respect
to the base plate and the first capacitive coupling means
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and the second coupling means are arranged with a
same distance to further inner separating plates between
the first or the second cavity resonator and further cavity
resonators of the filter. This arrangement provides a
strongest effect of keeping a coupling between the first
and the second cavity resonator frequency independent
over the predefined frequency tuning range.
[0017] In a further embodiment of the invention, at least
a third capacitive coupling means penetrates the inner
separating plate between the first height level and the
second height level. This allows for more flexibility in ob-
taining a frequency independent spectral characteristic
of the filter over a predefined frequency tuning range.
[0018] According to an even further embodiment of the
invention, at least two further capacitive coupling means
penetrate the inner separating plate at a same height
level with respect to the base plate. This also provides a
possibility for optimizing a frequency independence of
the spectral characteristic of the filter over a predefined
frequency tuning range.
[0019] In a further preferred embodiment of the inven-
tion, the filter further comprises a first resonator rod ex-
tending upwards from the base plate within the first cavity
resonator and a second resonator rod extending upwards
from the base plate within the second cavity resonator,
lengths of the first and the second resonator rod are ad-
justable between a minimum length for an upper limit of
a predefined frequency tuning range and a maximum
length for a lower limit of the predefined frequency tuning
range and the at least two different height levels of the
first and the second capacitive coupling means depend
on the minimum and the maximum length.
[0020] This allows applying the invention preferably to
filters comprising length adjustable resonator rods for
tuning the filter.
[0021] In a further embodiment of the invention, a first
size and/or a first geometrical form of the first capacitive
coupling means extending into the first cavity resonator
and a second size and/or a second geometrical form of
the second capacitive coupling means extending into the
second cavity resonator are equal or different. This offers
a benefit of not limiting an arrangement of the capacitive
coupling means according to the heights but also adapt-
ing the size and/or the geometrical form of the first and
the second capacitive coupling means in a same or dif-
ferent manner for a frequency independent electromag-
netic coupling. This allows for a larger flexibility in simu-
lations for choosing in addition to adequate heights also
adequate sizes and forms for the first and the second
capacitive coupling means for a frequency independent
coupling over a predefined frequency range.
[0022] According to a preferred embodiment of the in-
vention, the first and the second capacitive coupling
means comprise first disks of an electroconductive ma-
terial within the first cavity resonator and second disks
of the electroconductive material within the second cavity
resonator and wherein the first and the second disks are
centrally connected with an electrical conductor.

[0023] Preferably, the first and the second disks are
circular. This provides a benefit of a uniform distribution
of the electrical field within the first and the second disks.
[0024] According to a further preferred embodiment of
the invention, the electrical conductor is a screw coupling.
This provides an advantage of using a centre part of the
capacitive coupling means also as a mounting material
for mounting the first and second capacitive coupling
means at the inner separating plate and thereby not re-
quiring any additional mounting material. This allows fur-
ther cost saving.
[0025] The first and the second capacitive coupling
means are electrically isolated with respect to the inner
separating plate. Thereby, a short-circuit is avoided and
a capacitive coupling between the first and the second
cavity resonator can be provided.
[0026] According to an even further preferred embod-
iment of the invention, the filter further comprises first flat
washers of an electrically insulating material between
first ends of the first and the second capacitive coupling
means and the inner separating plate and second flat
washers of the electrically insulating material between
second ends of the first and the second capacitive cou-
pling means and the inner separating plate. This provides
a first benefit of an increased mechanical stability accord-
ing to vibrations. This provides a second benefit of an
increased power handling and long-term stability of the
filter.
[0027] Preferably, the electrically insulating material is
Teflon. This provides an advantage of using advanta-
geous features of Teflon such as low-loss and sufficient
stiffness for high power applications.
[0028] In a further preferred embodiment of the inven-
tion, the filter further comprises an electroconductive cou-
pling loop penetrating the inner separating plate from the
first cavity resonator to the second cavity resonator.
[0029] The alternative embodiment of the invention
provides a benefit of using the electroconductive coupling
loop within an opening of the inner separating plate for
an adjustment of the capacitive coupling between the
first and the second cavity resonator. The adjustment
allows for an improved frequency independence of the
bandpass filter curve at different centre frequencies with-
in the predefined frequency range or allows to increase
the frequency range with frequency dependence below
a predefined threshold. Preferably, the electroconductive
coupling loop is adjustable by an immersion depth to-
wards the first and the second cavity resonator with re-
spect to the base plate.
[0030] This allows for an external adjustment of the
immersion depth and low costs not requiring opening the
housing of the filter.
[0031] According to a further alternative embodiment
of the invention, the first and the second height level, the
first size and/or the first geometrical form of the first ca-
pacitive coupling means and the second size and/or the
second geometrical form of the second capacitive cou-
pling means are adapted to an immersion depth, a size
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and/or a geometrical form of the electroconductive cou-
pling loop. This provides an advantage of adapting geo-
metrical parameters of the first and the second capacitive
coupling means for example by simulations to geomet-
rical parameters of the electroconductive coupling loop
for a frequency independent inductive coupling between
the first and the second resonator using the electrocon-
ductive coupling loop.
[0032] In a further preferred embodiment of the inven-
tion, the filter further comprises a second electroconduc-
tive coupling loop penetrating a second inner separating
plate between the first cavity resonator and a further cav-
ity resonator and a third electroconductive coupling loop
penetrating a third inner separating plate between the
second cavity resonator and an even further cavity res-
onator and the second electroconductive coupling loop
and the third electroconductive coupling loop are located
with a first distance to outer walls of the filter and with a
second distance to the inner separating plate and the
first distance is smaller than the second distance. This
provides a benefit of optimizing a frequency independ-
ence of the spectral characteristic of the filter over a pre-
defined frequency tuning range by selecting same or dif-
ferent adequate positions for the second electroconduc-
tive coupling loop and the the third electroconductive cou-
pling loop with respect to the outer walls and the inner
separating plate. In a further preferred embodiment of
the invention, the second distance is in a range between
a threefold and fourfold of the first distance. A more spe-
cific range for the second distance depends on required
coupling values for the filter with respect to fulfilling a
specific filter mask over a predefined frequency tuning
range. This provides an advantage of allowing for an eas-
ier manufacturing process of hollow spaces required for
the cavity resonators and of openings within inner sep-
arating walls required for the second and the third elec-
troconductive coupling loop by applying a milling process
in a single direction. If the second electroconductive cou-
pling loop and the third electroconductive coupling loop
would be located with equal values for the first and the
second distance a milling process for the openings of the
second and the third electroconductive coupling loop
would require a further milling step in a further direction
perpendicular to the milling process for the hollow spaces
of the cavity resonators. Therefore, manufacturing costs
can be reduced.
[0033] Further advantageous features of the invention
are defined and are described in the following detailed
description of the invention.

BRIEF DESCRIPTION OF THE FIGURES

[0034] The embodiments of the invention will become
apparent in the following detailed description and will be
illustrated by accompanying figures given by way of non-
limiting illustrations.

Figure 1 shows schematically a spectral character-

istic of a Chebyshev type bandpass filter of the
present art at three different centre frequencies.
Figure 2 shows schematically spectral characteris-
tics of a quasi-elliptic bandpass filter and a filter mask
at a single centre frequency.
Figure 3 shows schematically a block diagram of a
filter in a top view according an embodiment of the
invention.
Figure 4 shows schematically a block diagram of a
portion of the filter in a side view.
Figure 5 shows schematically a block diagram of the
filter in a first section view.
Figure 6 shows schematically a block diagram of a
section of the filter in the first section view drawn to
a larger scale.
Figure 7 shows schematically a spectral character-
istic of a filter according to a further embodiment of
the invention at three different centre frequencies.
Figure 8 shows schematically a block diagram of the
filter in a second section view.

DESCRIPTION OF THE EMBODIMENTS

[0035] Figure 1 shows schematically a spectral char-
acteristic of a Chebyshev type bandpass filter of the
present art at three different centre frequencies. Three
different fitter curves FC1_1, FC1_2, FC1_3 are shown
as a function of frequency at three different centre fre-
quencies CF1, CF2, CF3 1 and exhibit increasing filter
bandwidths FBW1_1, FBW1_2, FBW1_3 with increasing
tuning frequency. The filter bandwidths FBW1_1,
FBW1_2, Few1_3 are shown exemplarily as filter band-
widths at an attenuation value of -3 dB with respect to a
minimum attenuation (maximum power throughput) at
the centre frequencies CF1, CF2, CF3. Such a frequency
dependent filter characteristic may not fulfil specific legal
emission requirements or wireless communication spec-
ifications for all centre frequencies within a predefined
frequency tuning range.
[0036] Figure 2 shows exemplarily a filter curve FC of
a bandpass filter around a centre frequency CF as a func-
tion of frequency. Figure 2 further shows a curve of a
filter mask with a first part SPEC1 around the centre fre-
quency CF, with further parts SPEC2, SPEC3, SPEC4
at lower frequencies and with even further parts SPEC5,
SPEC6, SPEC7 at higher frequencies. The bandpass
filter is optimized with sufficient small unbalance for a
given centre frequency in such a way, that the filter curve
FC exceeds a first threshold of the first part SPEC1
around the centre frequency CF and falls below thresh-
olds of further parts SPEC2 to SPEC7 at the lower and
the higher frequencies with respect to the curve of the
filter mask. If a bandpass filter of the present art is tuned
to another centre frequency requirements of the filter
mask may not be fulfilled.
[0037] Figure 3 shows schematically in a block dia-
gram and a top view a filter F1 according to a preferred
embodiment of the invention. The detailed structure of
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the filter F1 is not critical, and as can be understood by
those skilled in the art, that the detailed structure of the
filter F1 may vary without departing from the scope of the
invention.
[0038] The filter F1 may be a band-pass filter for radio
frequency signals of a broadcasting service and may be
applied in a transmission path of a base station of a net-
work of a broadcasting service provider. The filter F1 may
be for example a high-power radio broadcasting filter
adapted to a frequency band with a frequency tuning
range between 470 MHz and 860 MHz. Alternatively, the
filter F1 may be applied in a transmission and/or reception
path of a base station of a mobile radio network using a
radio access technology such as GSM/GPRS (GSM =
Global System for Mobile Communication, GPRS = Gen-
eral Packet Radio Service), UMTS (UMTS = Universal
Mobile Telecommunication Systems), or LTE (LTE =
Long Term Evolution). Therefore, the filter F1 may be for
example adapted to 900 MHz or 1800 MHz frequency
bands of GSM or to frequency bands specified for UMTS,
WiMAX (WiMAX = Worldwide Interoperability for Micro-
wave Access), and/or LTE.
[0039] The filter F1 may comprise a first cavity reso-
nator RC1, a second cavity resonator RC2, a third cavity
resonator RC3, a fourth cavity resonator RC4, a fifth cav-
ity resonator RC5 and a sixth cavity resonator RC6 ar-
ranged in a U-shaped order with a U-shaped resonator
path as indicated in Figure 3 by an arrow AR. The cavity
resonators RC1 to RC6 may be coaxial transverse elec-
tromagnetic wave mode resonators and may have iden-
tical geometrical dimensions.
[0040] Alternatively, the filter may comprise less than
six cavity resonators or more than six cavity resonators.
[0041] In a further alternative, the cavity resonators
may be arranged in a linear or straight form.
[0042] In even further alternatives, the cavity resona-
tors may be arranged in an S-shaped order or an ar-
rangement of the cavity resonators may comprise a com-
bination of cavity resonators in a U-shaped order and of
further cavity resonators in an S-shaped order.
[0043] The filter F1 comprises a first port PORT1 for
coupling the radio frequency signals into the filter F1 and
comprises a second port PORT2 for outcoupling the radio
frequency signals from the filter F1.
[0044] The ports PORT1, PORT2 may be for example
coaxial ports with a central inner and an outer conductor.
[0045] Openings within a first outer wall OW1 of a
housing of the filter F1 between the first port PORT1 and
the first cavity resonator RC1 and between the second
port PORT2 and the sixth cavity resonator RC6 are not
shown for simplification.
[0046] The housing of the filter F1 is shown in Figure
3 without a cover plate to be able to see the interior parts
of the filter F1.
[0047] The housing comprises a base plate BP, the
first outer wall OW1, a second outer wall OW2, a third
outer wall OW3, a fourth outer wall OW4, a first inner
separating wall ISP1, a second inner separating wall

ISP2, a third inner separating wall ISP3, a fourth inner
separating wall ISP4, a fifth inner separating wall ISP5,
a sixth inner separating wall ISP6 and a seventh inner
separating wall ISP7. Resonator rods RR1, RR2, RR3,
RR4, RR5, RR6 are located centrally within the cavity
resonators RC1 to RC6 and are extending upwards from
the base plate BP.
[0048] The housing of the filter F1 is used as an outer
conductor and the resonator rods RR1 to RR6 are used
as inner conductors. The base plate BP, the outer walls
OW1 to OW4, the inner separating walls ISP1 to ISP7
and the cover plate partly (because the cover plate is not
shown) form separate hollow spaces for the cavity res-
onators RC1 to RC6.
[0049] The filter F1 further comprises a first coupling
loop STR1 in a first opening OP1 of the second inner
separating wall ISP2 between the first cavity resonator
RC1 and the second cavity resonator RC2, a second
coupling loop STR2 in a second opening OP2 of the third
inner separating wall ISP3 between the second cavity
resonator RC2 and the third cavity resonator RC3, a third
coupling loop STR3 in a seventh opening OP7 of the
fourth inner separating wall ISP4 between the third cavity
resonator RC3 and the fourth cavity resonator RC4, a
fourth coupling loop STR4 in a third opening OP3 of the
fifth inner separating wall ISP5 between the fourth cavity
resonator RC4 and the fifth cavity resonator RC5 and a
fifth coupling loop STR5 in a fourth opening OP4 of the
sixth inner separating wall ISP6 between the fifth cavity
resonator RC5 and the sixth cavity resonator RC6. The
coupling loops STR1 to STR5 are used for direct induc-
tive electromagnetic couplings between adjacent cavity
resonators in a direction of the arrow AR and have pref-
erably externally adjustable immersion depths.
[0050] In a preferred embodiment, the first and the sec-
ond coupling loops STR1, ST2 are located with a first
distance D1 to the fourth outer wall OW4 of the filter F1
and with a second distance D2 to the first inner separating
plate ISPI and the first distance D1 is smaller than the
second distance D2. Equally, the third and the fourth cou-
pling loops STR3, ST4 are located with the first distance
D1 to the second outer wall OW2 of the filter F1 and with
the second distance D2 to the first inner separating plate
ISP1.
[0051] In a further preferred embodiment of the inven-
tion as shown in Figure 3, the second distance D2 is in
a range between a threefold and fourfold of the first dis-
tance D1.
[0052] A filter for radio frequency signals exhibits an
electromagnetic coupling between adjacent cavity reso-
nators in a direction of the resonator path such as shown
by the arrow AR in Figure 3. This type of electromagnetic
filter resonator coupling is called direct coupling or adja-
cent coupling between the cavity resonator pairs
RC1/RC2, RC2/RC3, RC3/RC4, RC4/RC5, RC5/RC6. A
specific bandwidth of the passband can be adjusted ac-
cording to a specific filter mask for fulfilling the spectral
requirements by adjusting the direct coupling between
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the cavity resonator pairs RC1/RC2, RC2/RC3,
RC3/RC4, RC4/RC5, RC5/RC6.
[0053] The filter usually also exhibits a further electro-
magnetic coupling between cavity resonators, which are
not adjacent in the direction of the resonator path. This
further type of electromagnetic filter resonator coupling
is referred to as cross coupling. Due to the U-shape of
the resonator path of the filter F1 exemplarily shown in
Figure 3, cross couplings exist between following pairs
of cavity resonators: RC1/RC6, RC2/RC5.
[0054] Cross coupling can be used to include trans-
mission zeros or notches in monotonous sloping filter
attenuation bands besides a (transmission) passband of
the bandpass filter being symmetrically arranged accord-
ing to a centre frequency of the passband. The cross
coupling between two cavity resonators not adjacent in
the direction of the resonator path determines a frequen-
cy position and a symmetry of the notches shown for
example in Figure 2.
[0055] Such application is known to a person skilled in
the art and is therefore not further explained in the fol-
lowing.
[0056] The filter F1 further comprises first capacitive
coupling means CCM1 penetrating the first inner sepa-
rating plate ISP1 using a sixth opening OP6 between the
second and the fifth cavity resonator RC2, RC5 at a first
vertical coupling means height with respect to the base
plate BP and second capacitive coupling means (the sec-
ond capacitive coupling means is not shown in Figure 3
due to the top view) penetrating the first inner separating
plate ISP1 using a ninth opening (not shown in Figure 3
due to the top view) between the second and the fifth
cavity resonator RC2, RC5 at a second vertical coupling
means height with respect to the base plate BP. The ca-
pacitive coupling means are also known as capacitive
coupling probes. The first capacitive coupling means
CCM1 and the second capacitive coupling means extend
into the second and the fifth cavity resonator RC2, RC5
for being able to link to the electrical fields within the
second and the fifth cavity resonator RC2, RC5.
[0057] The first capacitive coupling means CCM1 and
the second capacitive coupling means are preferably ap-
plied for controlling the cross coupling.
[0058] In a first alternative, two or more further capac-
itive coupling means may penetrate additionally into the
sixth inner separating wall ISP6 using further openings
at different heights with respect to the inner surface of
the base plate BP.
[0059] In a second alternative, the two or more further
capacitive coupling means penetrate the sixth inner sep-
arating wall ISP6 using the further openings at the differ-
ent heights instead of the first capacitive coupling means
CCM1 and the second capacitive coupling means pen-
etrating the first inner separating wall ISP1.
[0060] In a further alternative according to a Cheby-
shev filter (not shown in Figure 3), two or even more
capacitive coupling means may penetrate at two or more
heights with respect to a base plate of the Chebyshev

filter an inner separating plate between two adjacent cav-
ity resonators employing a direct coupling. In such a case,
a first bandwidth of a passband of the Chebyshev filter
for a first centre frequency within a predefined frequency
tuning range is equal to a second bandwidth of the pass-
band of the Chebyshev filter for a second centre frequen-
cy within a predefined frequency tuning range and the
second centre frequency is different to the first centre
frequency. Thereby, the bandwidth of the passband is
frequency independent over the predefined frequency
tuning range.
[0061] The first and the second height are chosen in
such a way, that a frequency selectivity and a frequency
distance of the notches with respect to the centre fre-
quency is frequency-independent between a lower and
an upper limit of a predefined frequency tuning range.
[0062] The lower limit and the upper limit of the prede-
fined frequency tuning range may depend on a frequency
subband assigned to an operator of a broadcast service
or a mobile radio service such as LTE.
[0063] Alternatively, the lower limit and the upper limit
of the predefined frequency tuning range may depend
on a frequency band allocated to broadcast services or
mobile radio services of several operators and wherein
the frequency band may be divided into several adjacent
subbands for the several operators.
[0064] The filter F1 may further but not necessarily
comprise one or several inductive coupling means form-
ing a first electroconductive loop EL1 in a fifth opening
OP5 of the first inner separating wall ISP1 for an inductive
coupling between the second cavity resonator RC2 and
the fifth cavity resonator RC5 and forming preferably a
second electroconductive loop EL2 in an eighth opening
OP8 of the sixth inner separating wall ISP6 for an induc-
tive coupling between the first cavity resonator RC1 and
the sixth cavity resonator RC6.
[0065] Immersion depths of the first electroconductive
loop EL1 and the second electroconductive loop EL2 may
be adjustable for adjusting and fine tuning the cross cou-
plings between the second cavity resonator RC2 and the
fifth cavity resonator RC5 and between the first cavity
resonator RC1 and the sixth cavity resonator RC6 (see
also Figure 8). Thereby, the position of the notches can
be determined more precisely.
[0066] Figure 3 shows a first intersection line ISL1 for
a first section view shown in Figure 4, a second intersec-
tion line ISL2 for a second section view shown in Figure
5 and a third intersection line ISL3 for a third section view
shown in Figure 8.
[0067] Figure 4 shows schematically a block diagram
of the filter F1 in a side view with respect to the first in-
tersection line ISL1 shown in Figure 3. The elements
shown in Figure 4 that correspond to elements of the
Figure 3 have been designated by the same reference
numerals.
[0068] Figure 4 shows mainly the second cavity reso-
nator RC2 without the second resonator rod RR2 (a first
part RR2-FP with a fixed length and a second resonator
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part RR2-AP with an adjustable length are indicated by
dotted lines) and partly the first cavity resonator RC 1 on
the left-hand side and partly the third cavity resonator
RC3 on the right-hand side. The first capacitive coupling
means CCM1 are mounted with equal distances to the
second inner separating plate ISP2 and the third inner
separating plate ISP3 at the first inner separating plate
ISP1 with the first vertical coupling means height CCM1-
H with respect to the inner surface of the base plate BP
and with respect to a central point of the first capacitive
coupling means CCM1. The second capacitive coupling
means CCM2 are mounted with equal distances to the
second inner separating plate ISP2 and the third inner
separating plate ISP3 at the first inner separating plate
ISP1 with the second vertical coupling means height
CCM2-H with respect to the inner surface of the base
plate BP and with respect to a central point of the second
capacitive coupling means CCM2. The second vertical
coupling means height CCM2-H is smaller than the first
capacitive coupling means CCM1. In further alternatives,
one further or several further capacitive coupling means
are mounted with equal distances to the second inner
separating plate ISP2 and the third inner separating plate
at the first inner separating plate ISP1 with one further
or several further vertical coupling means heights with
respect to the inner surface of the base plate BP and with
respect to a central point of the one further or the several
further capacitive coupling means.
[0069] In an even further alternative, two further or
more than two further capacitive coupling means are
mounted symmetrically and side by side with one or sev-
eral predefined intermediate distances at the first inner
separating plate ISP1 with one further vertical coupling
means height with respect to the inner surface of the
base plate BP and with respect to a central point of the
two further or the more than two further capacitive cou-
pling means. Two further capacitive coupling means may
be for example mounted symmetrically and side by side
with a predefined intermediate distance between the first
and the second capacitive coupling means CCM1,
CCM2.
[0070] Figure 4 shows a second intersection line ISL2
for a second section view shown in Figure 5 and a third
intersection line ISL3 for a third section view shown in
Figure 8.
[0071] Figure 5 shows schematically a block diagram
of the filter F1 in the second section view with respect to
the second intersection line ISL2 shown in Figure 3. The
elements shown in Figure 5 that correspond to elements
of the Figure 3 and/or Figure 4 have been designated by
the same reference numerals.
[0072] The second resonator rod RR2 extends up-
wards from the base plate BP within the second cavity
resonator RC2 and comprises the first part RR2-FP with
the fixed length and the second resonator part RR2-AP
with the adjustable length.
[0073] The fifth resonator rod RR5 extends upwards
from the base plate BP within the fifth cavity resonator

RC5 and comprises a first part RR5-FP with a fixed length
and a second part RR5-AP with an adjustable length.
[0074] Such length adjustable resonator rods are
known for a person skilled in the art and are therefore
not explained in more detail. An overall length of the fixed
length and the adjustable length of the resonator rods
RR2, RR5 determine a resonator frequency. The overall
length of the resonator rods RR2, RR5 is adjusted for
each centre frequency of the passband to a quarter of a
wavelength with respect to the centre frequency. Usually
the overall length is slightly smaller than the quarter of
the wavelength because of a so-called end effect known
to a person skilled in the art. A maximum of the electrical
field within the cavity resonators RC2, RC5 is at a top
level of the resonator rods RR2, RR5.
[0075] The lengths of the second and fifth resonator
rod RR2, RR5 are adjustable between a minimum length
RR-MIN related to an upper limit of a predefined frequen-
cy tuning range and a maximum length RR-MAX related
to a lower limit of the predefined frequency tuning range.
The first and second vertical coupling means heights
CCM1-H, CCM2-H are adapted to and depend on the
minimum length RR-MIN and the maximum length RR-
MAX and further depend on a gradient and strength of
the electrical field near by the first inner separating plate
ISP1.
[0076] The first and second vertical coupling means
heights CCM1-H, CCM2-H can be obtained for example
by performing iterative simulations with a target to obtain
a frequency independent filter bandwidth for the band-
pass filter between the lower and the upper limit of the
predefined frequency range.
[0077] Figure 5 further indicates a cut-out CO, which
is shown enlarged in Figure 6.
[0078] Figure 6 shows schematically a block diagram
of the cut-out CO of the first section view of Figure 5 of
the filter F1 drawn to a larger scale.
[0079] The first capacitive coupling means CCM1 pref-
erably comprises a first disk MD1-CCM1 of an electro-
conductive material located within the second cavity res-
onator RC2, a second disk MD2-CCM1 of the electro-
conductive material located within the fifth cavity reso-
nator RC5 and an electrical conductor SC-CCM1 provid-
ing an electrical contact between the first disk MD1-
CCM1 and the second disk MD2-CCM1 of the first ca-
pacitive coupling means CCM1.
[0080] Similarly, the second capacitive coupling
means CCM2 preferably comprises a first disk MD1
-CCM2 of the electroconductive material located within
the second cavity resonator RC2, a second disk MD2-
CCM2 of the electroconductive material located within
the fifth cavity resonator RC5 and an electrical conductor
SC-CCM2 providing an electrical contact between the
first disk MD1-CCM2 and the second disk MD2-CCM2
of the second capacitive coupling means CCM1.
[0081] Preferably, the disks MD1-CCM1, MD2-CCM1,
MD1-CCM2 and MD2-CCM2 are circular disks.
[0082] The electroconductive material is for example
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a metallic material such as copper, aluminium, brass. In
a further alternative, the electroconductive material may
be electro-plated plastics.
[0083] Inner diameters of the electrical conductors SC-
CCM1, SC-CCM2 are smaller than diameters of the sixth
opening OP6 and a ninth opening OP9 for the second
capacitive coupling means CCM2. Furthermore, the
electrical conductors SC-CCM1, SC-CCM2 are centrally
located with the openings OP6, OP9. These both fea-
tures allow for an electrical insulation of the electrical
conductors SC-CCM1, SC-CCM2 with respect to the first
inner separating plate ISP1.
[0084] In a further preferred embodiment as shown in
Figure 6, the first capacitive coupling means CCM1 pref-
erably comprises a first flat washer (NS1-CCM1 of an
insulating material located between the first disk MD1
-CCM1 and the first inner separating plate ISP1 and a
second flat washer INS2-CCM1 of the insulating material
located between the second disk MD2-CCM1 and the
first inner separating plate ISP1 providing an electrical
insulation of the disks MD1 -CCM1, MD2-CCM1 with re-
spect to the first inner separating plate ISP1.
[0085] Equally, the second capacitive coupling means
CCM2 preferably comprises a first flat washer INS1
-CCM2 of the insulating material located between the
first disk MD1 -CCM2 and the first inner separating plate
ISP1 and a second flat washer INS2-CCM2 of the insu-
lating material located between the second disk MD2-
CCM2 and the first inner separating plate ISP1 providing
the electrical insulation of the disks MD1 -CCM2, MD2-
CCM2 with respect to the first inner separating plate
ISP1.
[0086] The insulating material may be for example Te-
flon, Rexolite (is a cross linked polystyrene microwave
plastic), or a suitable PVC material (PVC = polyvinyl chlo-
ride).
[0087] The disks MD1-CCM1, MD2-CCM2, MD1-
CCM2, MD2-CCM2 may comprise on one side directed
away from the first inner separating plate ISP1 outer
rounded edges as shown in Figure 6. The outer rounded
edges allow for a larger radio frequency power handling.
[0088] The disks MD1-CCM1, MD2-CCM2, MD1-
CCM2, MD2-CCM2 may further comprise on an outside
a recess. The recess can be used for centring of the disks
MD1 -CCM1, MD2-CCM2, MD1 -CCM2, MD2-CCM2
with respect to the opening OP6.
[0089] The electrical conductors SC-CCM1, SC-
CCM2 are preferably screw couplings for mounting the
disks MD1 -CCM1, MD2-CCM2, MD1 -CCM2, MD2-
CCM2 and the flat washers INS1 -CCM1 , INS2-CCM1,
INS1 -CCM2, IN52-CCM2 at the first inner separating
plate 1SP1.
[0090] Screw heads of the screw couplings may fit into
the recesses of the disks MD 1-CCM1, MD2-CCM2, MD1
-CCM2, MD2-CCM2.
[0091] An extension of the diameter of the disks MD1-
CCM1, MD2-CCM2, MD1-CCM2, MD2-CCM2 parallel to
a surface of the first inner separating plate ISP1 and a

geometrical form of the disks MD1-CCM1, MD2-CCM2,
MD1 - CCM2, MD2-CCM2 may be adapted to and de-
pend on the minimum length RR-MIN and the maximum
length RR-MAX. A suitable extension of the diameter of
the disks MD1-CCM1, MD2-CCM2, MD1-CCM2, MD2-
CCM2 and a suitable geometrical form of the disks MD1-
CCM1, MD2-CCM2, MD1-CCM2, MD2-CCM2 can be
obtained for example by performing iterative simulations
with a target to obtain a frequency independence of the
frequency selectivity and the frequency distance of the
notches with respect to the centre frequency between
the lower and the upper limit of the predefined frequency
range. The disks MD1-CCM1, MD2-CCM2, MD1-CCM2,
MD2-CCM2 may have for example a quadratic or rec-
tangular form but with a lower power handling in com-
parison to the disks MD1-CCM1, MD2-CCM2, MD1-
CCM2, MD2-CCM2 having a circular form.
[0092] Figure 7 shows schematically a spectral char-
acteristic of a filter comprising the first and the second
capacitive coupling means CCM1, CCM2 for adjusting
the direct coupling or adjacent coupling between adja-
cent cavity resonators according to a further embodiment
of the invention. The spectral characteristic relates to a
so-called Chebyshev filter without any cross couplings.
[0093] Three different filter curves FC2_1, FC2_2,
FC2_3 are shown as a function of frequency at the same
centre frequencies CF1, CF2, CF3 as shown in Figure
1. Filter bandwidths FBW2_1, FBW2_2, FBW2_3 are
shown exemplarily as filter bandwidths at an attenuation
value of -3 dB with respect to a maximum power through-
put at the centre frequencies CF1, CF2, CF3.
[0094] Using the present invention the spectral char-
acteristic of the bandpass filter does not show any change
in the filter bandwidths FBW2_1, FBW2_2, FBW2_3 for
an increasing tuning frequency. This allows for a frequen-
cy independent filter bandwidth for all center frequencies
within the predefined filter tuning range.
[0095] Figure 8 shows schematically a block diagram
of the filter F1 in the third section view with respect to the
third intersection line ISL3 shown in Figure 3. The ele-
ments shown in Figure 8 that correspond to elements of
the Figure 3, Figure 4, Figure 5 and/or Figure 4 have
been designated by the same reference numerals.
[0096] The first electroconductive loop EL1 extends
from the second cavity resonator RC2 to the fifth cavity
resonator RC5 using the fifth opening OP5. The first elec-
troconductive loop EL1 comprises a head piece HP-EL1
aligned parallel to the surface of the base plate BP and
vertically aligned to the surface of the first inner separat-
ing plate ISP1, a first rod ST1 -EL2 vertically mounted to
the head piece HP-EL1 by pressing an end piece of the
first rod ST1-EL1 into an opening of the head piece HP-
EL1 and a second vertical rod ST2-EL2 vertically mount-
ed to the head piece HP-EL1 by pressing an end piece
of the second rod ST2-EL2 in a further opening of the
head piece HP-EL1.
[0097] The first vertical rod ST1-EL1 penetrates the
base plate BP and is partly located within the second
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cavity resonator RC2. Similarly, the second vertical rod
ST2-EL1 penetrates the base plate BP and is partly lo-
cated within the fifth cavity resonator RC5.
[0098] An immersion depth ID of the first electrocon-
ductive loop EL1 between the inner surface of the base
plate BP and an upper surface of the head piece HP-EL1
is adjustable by moving the first and the second rod ST1-
EL1, ST2-EL1 vertically to the base plate BP. The first
and the second rod ST1 -EL1, ST2-EL1 are locked into
position by using fixing sockets F51-EL1, FS2-EL2 in
openings of the base plate BP, wherein the fixing sockets
FS1-EL1, FS2-EL2 are plugged on the first and the sec-
ond vertical rod ST1-EL, ST2-EL.
[0099] The adjustable first electroconductive loop EL1
is preferably used to further adjust the cross coupling
between the second and the fifth cavity resonator RC2,
RC5 for obtaining a frequency independent filter selec-
tivity within the predefined frequency tuning range.
[0100] In an alternative embodiment, the first and the
second vertical coupling means heights CCM1 -H,
CCM2-H and/or the size of the first and the second ca-
pacitive coupling means CCM1, CCM2 and/or the geo-
metrical form of the first and the second capacitive cou-
pling means CCM1, CCM2 may be adapted to the im-
mersion depth ID of the first electroconductive loop EL1
and/or to a vertical length of the first electroconductive
loop EL1 with respect to the first inner separating plate
ISP1 and/or to a vertical width of the first electroconduc-
tive loop EL1 with respect to the second and the third
inner separating plates ISP2, ISP3 and/or to a geomet-
rical form of the first electroconductive loop EL1.
[0101] A combined use of the first and the second ca-
pacitive coupling means CCM1, CCM2 and the first elec-
troconductive loop EL1 at the inner separating plate ISP1
between the second cavity resonator RC2 and the fifth
cavity resonator RC5 allows for an adjustable and fre-
quency independent cross coupling between the second
cavity resonator RC2 and the fifth cavity resonator RC5.

Claims

1. A filter (F1) for radio frequency signals comprising a
first cavity resonator (RC2), a second cavity resona-
tor (RC5), an inner separating plate (ISP1) separat-
ing said first cavity resonator (RC2) and said second
cavity resonator (RC5) and extending upwards from
a base plate (BP), a first capacitive coupling means
(CCM1) penetrating said inner separating plate
(ISP1) at a first height level (CCM1 -H) with respect
to said base plate (BP) and a second capacitive cou-
pling means (CCM2) penetrating said inner separat-
ing plate (ISP1) at a second height level (CCM2-H)
with respect to said base plate (BP).

2. Filter (F1) according to claim 1, wherein said filter
(F1) further comprises an electroconductive cou-
pling loop (EL1) penetrating said inner separating

plate (ISP1) from said first cavity resonator (RC2) to
said second cavity resonator (RC5).

3. Filter (F1) according to any of the preceding claims,
wherein said filter (F1) further comprises a second
electroconductive coupling loop (STR1, STR2) pen-
etrating a second inner separating plate (ISP2, ISP3)
between said first cavity resonator (RC2) and a fur-
ther cavity resonator (RC1, RC3) and a third elec-
troconductive coupling loop (STR3, STR4) penetrat-
ing a third inner separating plate (ISP5, ISP6) be-
tween said second cavity resonator (RC5) and an
even further cavity resonator (RC4, RC6), wherein
said second electroconductive coupling loop (STR1,
STR2) and said third electroconductive coupling
loop (STR3, STR4) are located with a first distance
(D1) to outer walls (OW2, OW4) of said filter (F1)
and with a second distance (D2) to said inner sepa-
rating plate (ISP1) and wherein said first distance
(D1) is smaller than said second distance (D2).

4. Filter (F1) according to any of the preceding claims,
wherein said first capacitive coupling means (CCM1)
is arranged vertically on top of said second capaci-
tive coupling means (CCM2) with respect to said
base plate (BP) and wherein said first capacitive cou-
pling means (CCM1) and said second coupling
means (CCM2) are arranged with a same distance
to inner separating plates (ISP2, ISP3, ISP5, ISP6)
between said first cavity resonator (RC2, RC5) and
further cavity resonators (RC1, RC3) of the filter (F1)
or between said second cavity resonator (RC2, RC5)
and even further cavity resonators (RC4, RC6) of
the filter (F1).

5. Filter (F1) according to any of the preceding claims,
wherein said first and said second capacitive cou-
pling means (CCM1, CCM2) are applied for an elec-
tromagnetic cross coupling or an electromagnetic di-
rect coupling between said first cavity resonator
(RC2) and said second cavity resonator (RC5).

6. Filter (F1) according to any of the preceding claims,
wherein said filter (F1) further comprises a first res-
onator rod (RR1) extending upwards from said base
plate (BP) within said first cavity resonator (RC2) and
a second resonator rod (RR2) extending upwards
from said base plate (BP) within said second cavity
resonator (RC5), wherein lengths of said first and
said second resonator rod (RR1, RR2) are adjusta-
ble between a minimum length (RR-MIN) for an up-
per limit of a predefined frequency tuning range and
a maximum length (RR-MAX) for a lower limit of said
predefined frequency tuning range and wherein said
first and said second height level (CCM1-H, CCM2-
H) of said first and said second capacitive coupling
means (CCM1, CCM2) depend on said minimum
and said maximum length (RR-MIN, RR-MAX).
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7. Filter (F1) according to any of the preceding claims,
wherein said filter (F1) is a band-pass filter.

8. Filter (F1) according to any of the preceding claims,
wherein said at least two resonators (RC2, RC3) are
coaxial transverse electromagnetic wave mode res-
onators.

9. Filter (F1) according to any of the preceding claims,
wherein said filter (F1) is a high-power radio broad-
casting filter.
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