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Description
Technical field

[0001] The present invention generally relates to the field of radio communication devices. In particular, the present
invention relates to a band-pass radio filter.

Background art

[0002] In a radio communication network, information is transported in form of radio signals, each radio signal being
an electromagnetic wave whose carrier frequency is comprised in the range of radio frequencies or in the range of
microwave frequencies, according to the features of the radio communication system (system capacity, span length, etc.).
[0003] An apparatus of a radio communication system typically comprises an antenna configured to transmit and/or
receive radio signals and one or more radio communication devices configured to process the transmitting radio signals
and/or the received radio signals.

[0004] An exemplary radio communication device is a multiplexer, which allows to multiplex a plurality of radio signals
having different carrier frequencies into a single multi-carrier radio signal to be transmitted by means of the antenna. A
further exemplary radio communication device is a demultiplexer, which allows to demultiplex a multi-carrier radio signal
received by means of the antenna into a plurality of radio signals having different carrier frequencies,

[0005] A radio communication device typically comprises a combination of different radio components, such as radio
filters (either band-pass, low-pass or high-pass), diplexers, circulators, delay lines and so on.

[0006] In particular, band-pass radio filters may be implemented according to two known techniques.

[0007] According to a first known technique, a band-pass radio filter is obtained by cascading a low-pass radio filter
and a high-pass radio filter. If the cut-off frequency of the low-pass radio filter is higher than the cut-off frequency of the
high-pass radio filter, the cascade of the two radio filters has an overall band-pass spectral response, whose bandwidth
is equal to the difference between the cut-off frequency of the low-pass radio filter and the cut-off frequency of the high-
pass radio filter.

[0008] According to a second known technique, a band-pass radio filter is obtained by cascading a number of resonant
cavities. If all the resonant cavities have a same fundamental resonance frequency, the cascade of the resonant cavities
has an overall band-pass spectral response, whose passing band is substantially centered at the fundamental resonance
frequency of the resonant cavities, and whose bandwidth is dependent on the spectral response of each single resonant
cavity, on the coupling intensity between adjacent resonant cavities and on the overall number of cascaded resonant
cavities. In the following description, a band-pass radio filter based on this second technique will be termed "resonant
cavity filter".

[0009] Different types of resonant cavity filters are known in the art, according to the type of resonant cavities they
include.

[0010] A first type of resonant cavity filter is represented by the coaxial filters. A coaxial filter may include a number
of cascaded coaxial resonant cavities, each coaxial resonant cavity having a length of about A/4, A being the wavelength
corresponding to the fundamental resonance frequency of the coaxial resonant cavity. Adjacent coaxial resonant cavities
are coupled to each other according to an alternated configuration. Alternatively, a coaxial filter may include a number
of cascaded coaxial resonant cavities, each coaxial resonant cavity having a length of about A/8, wherein adjacent
coaxial resonant cavities are coupled each other according to a "combline" configuration.

[0011] A second type of resonant cavity filter is represented by the waveguide filters. A waveguide filter typically
comprises a number of cascaded waveguide resonant cavities, each waveguide resonant cavity comprising a waveguide
stub (e.g. arectangular waveguide stub) having a length of A/2, A being the wavelength corresponding to the fundamental
resonance frequency of the waveguide resonant cavity. Adjacent waveguide resonant cavities are typically coupled to
each other by means of an iris, whose shape and size determines the coupling intensity between the adjacent waveguide
resonant cavities.

[0012] A third type of resonant cavity filter is represented by the dielectric resonator filters. Typically, a dielectric
resonator filter comprises a cascade of a number of dielectric resonators which are placed within a waveguide. Typically,
the waveguide is configured so that propagation of the fundamental mode (i.e. TE10) is prevented. The longitudinal
distance between consecutive dielectric resonators within the waveguide determines the coupling intensity between
consecutive dielectric resonators.

Summary of the invention

[0013] The above band-pass radio filters have some drawbacks.
[0014] Indeed, as to the band-pass radio filters implemented according to the above first technique (i.e. cascading a
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low-pass radio filter and a high-pass radio filter), they are costly and they have rather high weight and size. Further,
disadvantageously, they exhibit rather high insertion losses within the passing band, thus inducing high attenuations on
filtered radio signals.

[0015] As to the resonant cavity filters, their spectral response disadvantageously exhibits, in addition to the passing
band centered at the fundamental resonance frequency of the resonant cavities (which, in the present description, will
be termed "main passing band"), further passing bands (which in the present description will be termed "spurious passing
bands") centered at the resonance frequencies of higher orders of the resonant cavities. Disadvantageously, such
spurious passing bands may make the resonant cavity filter not suitable for applications in radio communication devices.
[0016] Indeed, generally, a band-pass radio filter for a radio communication device should have, within the main
passing band, a power transmission coefficient (i.e. the ratio between the power exiting the filter and the power entering
the filter) higher than a predetermined minimum power transmission coefficient and, externally to the main passing band,
a power transmission coefficient lower than a predetermined maximum power transmission coefficient (which is typically
-50 dB).

[0017] If the power transmission coefficient of a resonant cavity filter within at least one of the spurious passing bands
is higher than the maximum power transmission coefficient, the second requirement is not fulfilled, and therefore the
resonant cavity filter can not be included in a radio communication device.

[0018] Accordingly, the main object of the present invention is providing a band-pass radio filter which overcomes the
aforesaid drawbacks.

[0019] In particular, an object of the present invention is providing a band-pass radio filter which is less costly and
which has lower weight and size than known band-pass radio filters while exhibiting, externally to the main passing band,
a power transmission coefficient lower than the maximum power transmission coefficient which is typically required for
radio communication applications.

[0020] According to an aspect thereof, the present invention provides a pass-band radio filter including a number of
resonant cavities, wherein each of the number of resonant cavities has afundamental resonance frequency, characterized
in that at least one of the number of resonant cavities has a first higher order resonance frequency and in that remaining
resonant cavities of the number of resonant cavities have a second higher order resonance frequency, the second higher
order resonance frequency being different from the first higher order resonance frequency.

[0021] Preferably, the number of resonant cavities are arranged in cascade and the at least one of the number of
resonant cavities includes a first resonant cavity in the cascade arrangement, which is suitable to receive a radio signal
to befiltered, and alast resonant cavity inthe cascade arrangement, which is suitable to emit said radio signal after filtering.
[0022] Preferably, the number of resonant cavities consists in six or eight cascaded resonant cavities.

[0023] Preferably, the first resonant cavity and the last resonant cavity are coaxial cavities.

[0024] Preferably, a remaining number of resonant cavities, other than the first resonant cavity and the last resonant
cavity, are waveguide resonant cavities or dielectric resonators.

[0025] Preferably, the number of resonant cavities are arranged according to an in-line configuration or according to
a U structure.

[0026] Profitably, the band-pass radio filter further comprises a low-pass filter cascaded to said number of resonant
cavities.

Brief description of the drawings

[0027] The present invention will become clearer by the following detailed description, given by way of example and
not of limitation, to be read with reference to the accompanying drawings, wherein:

- Figure 1 schematically shows an exemplary embodiment of a band-pass radio filter including six resonant cavities
suitable for the implementation of the present invention;

- Figure 2 schematically shows the spectral response of some of the resonant cavities of Figure 1 (graphs (a) and
(b)) and the overall spectral response of the band-pass radio filter of Figure 1 (graph (c));

- Figure 3 shows a band-pass radio filter according to another embodiment of the present invention;

- Figure 4 shows the spectral response of the band-pass radio filter of Figure 3, obtained by numerical simulation;

- Figure 5 shows a band-pass radio filter according to a further embodiment of the present invention; and

- Figure 6 shows spectral response of the band-pass radio filter of Figure 5, obtained by experimental measurement.

Detailed description of preferred embodiments of the invention

[0028] Figure 1 schematically shows a band-pass radio filter F. The band-pass radio filter F comprises six cascaded
resonant cavities RC1, RC2, ..., RC6. This is merely exemplary, since the band-pass radio filter F may include any
number of resonant cavities.
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[0029] Further, the band-pass radio filter F has an input IN connected to the first resonant cavity RC1 and an output
OUT connected to the last resonant cavity RC6. The input IN is suitable to receive a radio signal RS and to forward it
to the cascade of the six resonant cavities RC1, RC2, ..., RC6, which perform a band-pass filtering operation upon it.
The output OUT is suitable to receive the filtered radio signal FRS from the cascade of the six resonant cavities RC1,
RC2, ..., RC6 and to output it towards a further radio component (not shown in Figure 1).

[0030] Preferably, the resonant cavities RC1, RC2, ..., RC6 have respective spectral responses. Preferably, the spec-
tral responses of all the resonant cavities RC1, RC2, ..., RC6 have a same fundamental resonance frequency f0. Ac-
cordingly, the overall spectral response of the filter F, which is calculated as the product of the spectral responses of
the six resonant cavities RC1, RC2, ..., RC6, is a band-pass spectral response with a passing band centred at the
fundamental resonance frequency f0.

[0031] According to preferred embodiments of the present invention, at least one of the six resonant cavities RC1,
RC2, ..., RC6 is of a type different from the other resonant cavities of the band-pass radio filter F.

[0032] By way of example, in the following description of Figure 1, it will be assumed that the first resonant cavity RC1
and the last resonant cavity RC6 are of a type different from the other resonant cavities RC2, RC3, RC4 and RC5. This
is merely exemplary, as it will be discussed in further detail herein after. For instance, the resonant cavities RC2, RC3,
RC4 and RC5 may be waveguide resonant cavities, while the resonant cavities RC1 and RC6 may be coaxial resonant
cavities.

[0033] Preferably, the resonant cavities RC1 and RC6 are identical the one to the other, thus having a same first
spectral response. For instance, in case the resonant cavities RC1 and RC6 are coaxial resonant cavities, they may
have the same shape, size and length (i.e. A0/4, A0 being the wavelength corresponding to the fundamental resonance
frequency f0). Further, preferably, the resonant cavities RC2, RC3, RC4 and RC5 are identical the one to the other, thus
having a same second spectral response. For instance, in case the resonant cavities RC2, RC3, RC4 and RC5 are
waveguide resonant cavities, they may be waveguide stubs of a same conductive material, having a same cross-section
(e.g. arectangular cross-section) and a same length (i.e. 10/2, A0 being the wavelength corresponding to the fundamental
resonance frequency f0).

[0034] By referring now to Figure 2, graph (a) shows the first spectral response (i.e. the power transmission coefficient
versus frequency) SR’ of the resonant cavities RC1 and RC6, whereas graph (b) shows the second spectral response
(i.e. the power transmission coefficient versus frequency) SR" of the resonant cavities RC2, RC3, RC4 and RC5. The
graphs (a) and (b) are not in scale.

[0035] The comparison between graph (a) and graph (b) shows that, even though both the spectral responses SR’
and SR" have the same fundamental resonance frequency f0, the first spectral response SR’ of the resonant cavities
RC1 and RC6 exhibits a first order resonance frequency f1’, while the second spectral response SR" of the resonance
cavities SR" has a first order resonance frequency f1’ different from f1°. This is due to the fact that the resonant cavities
RC1 and RC6 are of a type different from the resonant cavities RC2, RC3, RC4 and RC5.

[0036] Although the graphs (a) and (b) only show the first order resonance frequencies 1’ and f1", respectively, the
above considerations also apply to the higher order resonance frequencies, which for simplicity are not shown in the
graphs of Figure 2.

[0037] Graph (c) of Figure 2 shows the overall spectral response (i.e. the power transmission coefficient versus
frequency) SR of the band-pass radio filter F, which is obtained by multiplying the spectral responses of the resonant
cavities RC1, RC2, ..., RC6, i.e.:

SR = SR-SR".SR".SR".SR".SR' [1]

[0038] Also graph (c) is not in scale. Graph (c) shows that the overall spectral response SR of the band-pass radio
filter F has a main passing band centred at the fundamental resonance frequency fO and a spurious passing band centred
at the first order resonance frequency f1" of the second spectral response SR".

[0039] However, thanks to the fact that not all the resonant cavities have a same first order resonance frequency (i.e.
not all the resonant cavities are of a same type), the power transmission coefficient within the spurious passing band is
remarkably lower than the power transmission coefficient that would result for aband-pass radio filter comprising resonant
cavities all having a same first order resonance frequency.

[0040] Indeed, while graphs (a) and (b) show that the power transmission coefficient of each resonant cavity within
the spurious passing band is substantially equal to the power transmission coefficient of the resonant cavity within the
main passing band, graph (c) shows that the power transmission coefficient of the overall band-pass radio filter F within
the spurious passing band is well below the power transmission coefficient of the overall band-pass radio filter F within
the main passing band.

[0041] Although the above considerations are referred to the embodiment of Figures 1 and 2, wherein it has been
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assumed that the resonant cavities RC1 and RC6 are of a type different from the resonant cavities RC2, RC3, RC4 and
RC5, numerical simulations have shown that the same result (i.e. remarkable reduction of the power transmission
coefficient within the spurious passing bands) is obtained each time at least one of the resonant cavities is of a type
different from the other resonant cavities of the filter (i.e. it has higher order resonance frequencies different from the
higher order resonance frequencies of the other resonant cavities), independently of the position of such at least one
resonant cavity within the filter. Indeed, even if in the above description it has been assumed that the first and last
resonant cavities RC1 and RC6 are of a type different from the "intermediate" resonant cavities RC2, RC3, RC4 and
RC5, according to other embodiments (not shown in the drawings) of the present invention, an "intermediate" cavity
(such as e.g. RC2, RC3, RC4 or RC5) may be of a type different from the other resonant cavities.

[0042] The remarkable reduction of the power transmission coefficient within the spurious passing bands may allow
to employ the band-pass radio filter F in a radio communication device.

[0043] Indeed, advantageously, if the power transmission coefficient within the spurious passing band is lower than
the maximum power transmission coefficient defined in the introduction of the present description, the band-pass filter
is suitable to be employed in a radio communication device.

[0044] Anyway, even ifthe power transmission coefficient within the spurious passing band is higher than the maximum
power transmission coefficient, the former can be further decreased to a value lower than the maximum power trans-
mission coefficient by cascading a low-pass radio filter to the band-pass radio filter. Since, according to preferred em-
bodiments of the present invention, the power transmission coefficient within the spurious transmission band is very
low, this result can be achieved by using a low-pass radio filter of a very low order which therefore introduces very low
additional insertion losses.

[0045] Further, advantageously, the band-pass radio filter F may be manufactured in a very compact form and reduced
in size, and it exhibits very low insertion losses.

[0046] Figure 3 shows a band-pass radio filter F1 according to another embodiment of the present invention.

[0047] The band-pass radio filter F1 comprises six cascaded resonant cavities RC11, RC12, ... RC16. Preferably, the
resonant cavities RC11 and RC16 are coaxial cavities, whereas the resonant cavities RC12, RC13, RC14 and RC15
are dielectric resonators. The resonant cavities RC11, RC12, ... RC16 are arranged according to an in-line configuration.
Further, the band-pass filter F1 has a first connector C1 and a second connector C2 which are configured for connecting
the band-pass radio filter F to other radio components (not shown in Figure 3).

[0048] Figure 4 is a graph showing the spectral response (i.e. the power transmission coefficient versus frequency)
of the band-pass filter F1. The graph of Figure 4 has been obtained by means of a numerical simulation based on the
FEM calculation method (Finite Element Method).

[0049] Figure 4 shows that the band-pass filter F1 has a main passing band centred at a fundamental resonance
frequency f01 equal to about 5.914 GHz and a spurious passing band centred at a first order resonant frequency f11
equal to about 6.646 GHz.

[0050] The spectral response of the band-pass filter F1 within the main passing band has a power transmission
coefficient of about -0.1 dB. Accordingly, advantageously, within the passing band the filter F1 exhibits very low insertion
losses, i.e. a radio signal filtered by the filter F1 undergoes a very low attenuation.

[0051] On the other hand, externally to the main passing band, the spectral response has a power transmission
coefficient substantially lower than or equal to -50dB. In particular, within the spurious passing band centred at f11, the
spectral response has a power transmission coefficient of about -50 dBm. Therefore, advantageously, the power trans-
mission coefficient of the filter F1 within the spurious passing band is lower than the maximum power transmission
coefficient -50 dB established for telecommunication applications. Accordingly, the filter F1 is suitable for being included
in a radio communication device.

[0052] Figure 5 shows a band-pass radio filter F2 according to a further embodiment of the present invention.
[0053] The band-pass radio filter F2 comprises eight cascaded resonant cavities RC21, RC22, ..., RC82. Preferably,
the resonant cavities RC21 and RC28 are coaxial cavities, whereas the resonant cavities RC22, RC23, RC24, RC25,
RC26 and RC27 are waveguide resonant cavities, i.e. they are waveguide stubs with a length of Ay/2. The resonant
cavities RC21, RC22, ..., RC82 are arranged according to a "U" structure.

[0054] Figure 6 is a graph showing the spectral response (i.e. the power transmission coefficient versus frequency)
of the band-pass filter F2. The graph of Figure 6 has been derived by experimentally measuring the spectral response
of the filter F2 by means of an electrical spectrum analyser.

[0055] Figure 6 shows that the band-pass filter F2 has a main passing band centred at a fundamental resonance
frequency f02 equal to about 7.527 GHz and a spurious passing band centred at a first order resonant frequency 12
equal to about 17.535 GHz.

[0056] The spectral response of the band-pass filter F2 within the main passing band has a power transmission
coefficient of about -1.9 dB. Accordingly, advantageously, within the passing band the filter F2 exhibits very low insertion
losses, i.e. a radio signal filtered by the filter F2 undergoes a very low attenuation.

[0057] On the other hand, externally to the main passing band, the spectral response has a power transmission
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coefficient substantially lower than or equal to -50dB. In particular, within the spurious passing band centred at f12, the
spectral response has a power transmission coefficient of about -53 dBm. Therefore, advantageously, the power trans-
mission coefficient of the filter F2 within the spurious passing band is lower than the maximum power transmission
coefficient -50 dB established for telecommunication application. Accordingly, the filter F2 is suitable for being included
in a radio communication device.

Claims

10.

Pass-band radio filter (F) including a number of resonant cavities (RC1, RC2 ... RC6), wherein each of said number
of resonant cavities (RC1, RC2 ... RC6) has a fundamental resonance frequency (f0), characterized

in that at least one (RC1, RC6) of said number of resonant cavities (RC1, RC2 ... RC6) has a first higher order
resonance frequency (f1°) and in that remaining resonant cavities (RC2, RC3, RC4, RC5) of said number of resonant
cavities (RC1, RC2 ... RC6) have a second higher order resonance frequency (f1"), said second higher order res-
onance frequency (f1") being different from said first higher order resonance frequency (f1’).

The pass-band radio filter (F) according to claim 1, wherein said number of resonant cavities (RC1, RC2 ... RC6)
are arranged in cascade and wherein said at least one (RC1, RC6) of said number of resonant cavities (RC1, RC2 ...,
RCB6) includes a first resonant cavity (RC1) in said cascade arrangement, which is suitable to receive a radio signal
to be filtered (RS), and a last resonant cavity (RC6) in said cascade arrangement, which is suitable to emit said
radio signal after filtering (FRS).

The pass-band radio filter (F) according to claim 1 or 2, wherein said number of resonant cavities (RC1, RC2 ...
RCB) consists in six cascaded resonant cavities (RC11, RC12 ... RC16).

The pass-band radio filter (F) according to claim 1 or 2, wherein said number of resonant cavities (RC1, RC2 ...
RC6) consists in eight cascaded resonant cavities (RC21, RC22 ... RC28).

The pass-band radio filter (F) according to any one of the claims 2 to 4, wherein said first resonant cavity (RC1) and
said last resonant cavity (RC6) are coaxial cavities.

The band-pass radio filter (F) according to any one of claims 2 to 5, wherein a remaining number of resonant cavities
(RC2, RC3, RC4, RC5), other than the first resonant cavity and the last resonant cavity, are waveguide resonant
cavities.

The band-pass radio filter (F) according to any one of claims 2 to 5, wherein a remaining number of resonant cavities
(RC2, RC3, RC4, RC5), other than the first resonant cavity and the last resonant cavity, are dielectric resonators.

The band-pass radio filter (F) according to any of the preceding claims, wherein said number of resonant cavities
(RC1, RC2 ... RC6) are arranged according to an in-line configuration.

The band-pass radio filter (F) according to any of the claims 1 to 8, wherein said number of resonant cavities (RC1,
RC2 ... RC6) are arranged according to a U structure.

The band-pass radio filter (F) according to any of the preceding claims, wherein it further comprises a low-pass filter
cascaded to said number of resonant cavities (RC1, RC2 ... RC6).
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