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(54) Tunable cavity filter

(57) A tunable cavity filter is proposed. The tunable
cavity filter comprises a housing which is made of metal
forming a cavity. Inside the cavity, a tunable element is
attached to one side of the cavity. The tunable element

is expandable or compressible using a control voltage,
thus, if a control voltage is applied the tunable element
expands or compresses itself.



EP 2 887 449 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE INVENTION

[0001] The present invention relates to a tunable cavity
filter.

BACKGROUND OF THE INVENTION

[0002] This section introduces aspects that may be
helpful in facilitating a better understanding of the inven-
tion. Accordingly, the statements of this section are to be
read in this light and are not to be understood as admis-
sion about what is in the prior art.
[0003] Today’s mobile radio systems need to cover a
wide range of the RF spectrum. Radio transmitter carrier
frequencies in 4G and 5G wireless systems vary between
700 MHz and 4 GHz. For frequency filtering, cavity filters
are used especially in case of high transmission power.
Depending on the frequency band to be selected by the
filter, the geometrical dimensions of the filter are defined
by physical characteristics. The geometrical dimensions
are often tuned in a complex process to meet the required
performance.
[0004] Cavity filters may be tuned to the required fre-
quency by mechanical adjustment, e.g. by turning a
screw, in order to change the characteristic capacitanc-
es. This may be done once during or at the end of the
manufacturing process. The adjustment is elaborative
and is often not correctable or adjustable later on in the
field.
[0005] Using servo/step motor drives to move tuning
screws and thus to change the capacitances of the cavity
is more flexible but at the cost of higher system complex-
ity, cost and failure probability. Using the piezo-electrical
effect by means of a piezoelectric drive suffers from the
small deflection of the piezoelectric drive, thus providing
only a small tuning range.

SUMMARY OF THE INVENTION

[0006] It is an object of the invention to propose a cavity
filter which can easily be tuned over a wide tuning range.
[0007] According to one embodiment, a tunable cavity
filter comprises a housing which is made of metal forming
a cavity. Inside the cavity, a tunable element is attached
to one side of the cavity. "Attached" is to be understood
in that the tuning element is directly glued, screwed or
otherwise mechanically attached to the inner surface of
one side of the cavity. The tunable element is expandable
or compressible using a control voltage, thus, if a control
voltage is applied, the tunable element expands or com-
presses itself. The proposed cavity filter is advantageous,
because such a structure can be manufactured more
easily than other filters known in the prior art. Due to the
low mechanical complexity, the manufacturing costs are
kept low. The cavity filter is easily tunable, only by apply-
ing a control voltage and has a comparably large tuning

range. Complex tuning processes as last step of the man-
ufacturing process or during use for fine-tuning of the
filter are omitted. In contrast, the filter specification can
be adapted and tuned easily by applying the control volt-
age.
[0008] In one embodiment, the tunable cavity filter fur-
ther comprises a control input for receiving the control
voltage. In one embodiment, the control voltage is per-
manently applied to the control input. There is no or only
few current dissipation through the tunable element when
the tuning element does not change its geometry, though
the power dissipation is negligible. Only when the control
voltage is changed and the geometry of the tuning ele-
ment changes, the power dissipation is non-negligible.
In one embodiment, the control voltage is only applied
to the control input during the tuning process and after-
wards, the control voltage is switched off. The control
input is electrically connected to the tunable element and
is for applying the control voltage to the tunable element.
In one embodiment, the control voltage is a DC voltage.
[0009] In one embodiment, the tunable cavity filter fur-
ther comprises a resonator within the cavity. In one em-
bodiment, the resonator is defined by an axial rod at-
tached to one side of the cavity and extending into the
cavity. In one embodiment, the axial rod is made of metal
or is metalized. The frequency of the cavity filter is
amongst others defined by the distance between the end
of the axial rod and the tunable element. This is advan-
tageous as this distance is easily adjustable by expand-
ing and compressing the tunable element.
[0010] In one embodiment, a metallization layer is at-
tached to the inner side of the tunable element. Thus,
the tunable element is covered by a metallization. Inner
side of the tunable element means the side which is not
in direct contact with the cavity. Thus, in the embodiment
with the axial rod, the inner side of the tunable element
is the side which is closest to the axial rod. Metalizing
the top of the tunable element has the advantage that a
cavity is built which has a variable size by moving the
metallization layer up and down by expanding and com-
pressing the tunable element. In one embodiment, the
metallization layer on the inner side of the tunable ele-
ment and the side walls of the cavity are arranged without
space between them such that the edges of the metalli-
zation layer and the side walls of the cavity are electrically
connected.
[0011] In one embodiment, an isolation layer is includ-
ed between the metallization layer and the inner side of
the tunable element. Thus, the metallization layer and
the tunable element are not electrically connected. In one
embodiment, isolation layers are included between the
cavity and the tunable element. Thus the tunable element
and the cavity are not electrically connected.
[0012] In one embodiment, the tunable element of the
tunable cavity filter is expanded when a suitably polarized
control voltage is attached. The tunable element of the
tunable cavity filter is compressed when the polarity of
the control voltage is reversed. In one embodiment, the
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degree of expansion and the degree of compression cor-
responds to the absolute value of the applied control volt-
age and to the sign of the applied control voltage. In one
embodiment, when applying a voltage above a certain
threshold, the tunable element is expanded to the max-
imum value and when applying a voltage below this cer-
tain threshold, the tunable element is not expanded at
all. Thus, the expansion is performed stepwise.
[0013] In one embodiment, the tunable element is an
ionic electroactive polymer. Ionic electroactive polymers
are for example ionic gels, ionic polymer-metal compos-
ites, stimuli-responsive gels or the like. Ionic electroactive
polymers have the advantage that only a low voltage, e.
g. a few volts are necessary to control them.
[0014] In one embodiment, the tunable element is
made of a dielectric electroactive polymer. Dielectric
electroactive polymers are for example ferroelectric pol-
ymers, electrostrictive graft polymers, liquid crystalline
polymers or the like. Dielectric electroactive polymers are
controlled by a voltage which is applied and almost no
current is needed. One group of dielectric electroactive
polymers are dielectric elastomers, which provide a large
strain and are thus dedicated for the use in a cavity filter
as tuning element. A large tuning range of the cavity filter
is realized with such dielectric elastomers.
[0015] In one embodiment, the tunable element keeps
its expansion state when the control voltage is switched
off. Thus, only when tuning the cavity filter, a control volt-
age needs to be applied to the tuning element in order
to tune the tuning element. After the cavity filter has been
tuned, the control voltage is switched off and no further
power needs to be applied. Thus, power is saved and
after tuning the cavity filter does not consume any power.
[0016] In one embodiment, the cavity includes an input
port and an output port at a first side of the cavity. The
resonator defining element is attached to this first side
of the cavity and the tunable element is attached to a
second side of the cavity which is the side opposite to
the first side of the cavity.
[0017] In one embodiment, further metalized tunable
elements are attached to further sides of the cavity. Such
tunable elements are attached to the side walls of the
cavity. This has the advantage that more degrees of free-
dom are available to fine tune the cavity filter.
[0018] In one embodiment, a duplex filter for a recep-
tion path and for a transmission path is made of at least
one tunable cavity filter in the transmission path and at
least one tunable cavity filter in the reception path.
[0019] In one embodiment, two or more tunable cavity
filters, each one made of a housing forming a cavity, are
coupled such that they form a multi-pole filter. In one
embodiment, two tunable cavity filters are coupled such
that they form a dipole filter.
[0020] In one embodiment, a transceiver device for
mobile communication is proposed which comprises at
least one tunable cavity filter.
[0021] Further advantageous features of the embodi-
ments of the invention are defined and are described in

the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Some embodiments of apparatus and methods
in accordance with embodiments of the present invention
are now described, by way of examples only, and with
reference to the accompanying drawings, in which:

Fig. 1 shows a cavity filter known in the art

Fig. 2 shows a cavity filter according to the invention
in a first filter state

Fig. 3 shows a cavity filter according to the invention
in a second filter state

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0023] The description and drawings merely illustrate
the principles of the invention. It will thus be appreciated
that those skilled in the art will be able to devise various
arrangements that, although not explicitly 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 ex-
pressly to be only for pedagogical purposes to aid the
reader in understanding the principles of the invention
and the concepts contributed by the inventors to further-
ing the art, and are to be construed as being without
limitation to such specifically recited examples and con-
ditions. Moreover, all statements herein reciting princi-
ples, aspects, and embodiments of the invention, as well
as specific examples thereof, are intended to encompass
equivalents thereof.
[0024] Fig. 1 depicts a cavity filter as known in the art.
The cavity filter comprises a cavity 1, which is metalized.
Two RF input/output connectors 2, 3 are located in the
upper side of the cavity 1. A resonator defining element
4 ("resonator") is attached to the upper side of the cavity
1 inside the cavity 1. The resonator 4 is attached in the
center of one side of the cavity as shown in Fig. 1. In one
embodiment, the resonator is attached beside the center
of one side of the cavity. The resonator 4 includes a tuning
element 5 which is movable and expands the resonator
4 by a length depending on movement of the tuning el-
ement 5. A tuning screw 6 is provided to move the tuning
element 5. The resonant frequency is depending,
amongst others, on the free space distance d between
the tuning element 5 and the below boundary of the cavity
1.
[0025] Fig.2 and Fig. 3 show a cavity filter according
to the invention. The cavity filter comprises a cavity 1,
which is metalized. Two RF input/output connectors 2, 3
are located in the upper side of the cavity 1. A resonator
defining element 4 ("resonator") is attached to the upper
side of the cavity 1 inside the cavity 1. A tunable element
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7 is included in the cavity 1 and is attached on the lower
side of the cavity 1. The tunable element 7 is attached
by gluing, screwing or otherwise mechanically attaching
it to the surface of the lower side of the cavity 1. In one
embodiment, on top of the tuning element, a metallization
layer 8 is attached. The metallization layer 8 is electrically
connected to the cavity walls. In one embodiment, an
isolation layer is included between the tunable element
7 and the metallization layer 8. In the embodiments with
the metallization layer 8, an inner cavity is built which is
completely metalized providing a filter cavity. In another
embodiment, no metallization layer 8 is attached. The
filter frequency is then influenced by the thickness of the
tunable element 7, the geometry of the assembly, and
the dielectric constant of the tunable element 7. This
means, the space between the resonator 4 and the op-
posing wall of the cavity 1 is partially filled with the tunable
element 7 and with air or a gas within the cavity 1. The
ratio between the space filled with the tunable element
7 and the space filled with air or gas between the reso-
nator 4 and the opposing wall of the cavity 1 as well as
the geometry of the assembly determines the filter fre-
quency. A further parameter influencing the filter frequen-
cy is the difference between the dielectric constant of the
tunable element 7 and the dielectric constant of the ma-
terial in the cavity, i.e. air. A control input 9 is provided
for receiving a control voltage 10 and for applying the
control voltage 10 to the tunable element 7. In one em-
bodiment, the control input 9 is connected to the tunable
element 7 by means of highly conductive adhesive. In
one embodiment, a part of a side wall or the bottom wall
is used as a control input 9. Depending on the control
voltage 10 received at the control input 9, the tunable
element expands or compresses its size and thus, the
upper edge of the tunable element 7 moves up and down.
In case a metallization layer 8 is attached on top of the
tunable element, the distance d between the resonator
and the metallization layer 8 increases or decreases in
dependence of the applied control voltage 10. This dis-
tance d influences as a main factor the resonant frequen-
cy of the cavity 1 and thus, tuning of the cavity filter is
made by applying a corresponding control voltage 10. In
case no metallization layer 8 is provided on top of the
tunable element 7, the distance between the resonator
4 and the upper edge of the tunable element 7 increases
or decreases in dependence of the applied control volt-
age 10. This distance is a main factor defining the reso-
nant frequency of the cavity. In addition, by expanding
and compressing the tunable element 7, the ratio be-
tween the part below the resonator 4 which is filled with
air and the part which is filled with a material with a higher
dielectric constant than air, namely the tunable element
7, which has a dielectric constant depending on its ma-
terial, is changing and influences significantly the reso-
nant frequency. Thus, the characteristic of the dielectric
constant between the resonator 4 and the opposing wall
follows a step function, which influences the resonant
frequency significantly. In both embodiments, by apply-

ing a control voltage, the resonant frequency is tuned.
Fig. 2 depicts a state of the embodiment when a control
voltage 10 is applied such that the tunable element 7 is
compressed. Fig. 3 depicts a state of the embodiment
when a control voltage 10 is applied such that the tunable
element 7 is expanded.
[0026] The functions of the various elements shown in
the Figures, including any functional blocks, may be pro-
vided through the use of dedicated hardware as well as
hardware capable of executing software in association
with appropriate software. When provided by a proces-
sor, the functions may be provided by a single dedicated
processor, by a single shared processor, or by a plurality
of individual processors, some of which may be shared.
Moreover, the functions may be provided, without limita-
tion, by digital signal processor (DSP) hardware, network
processor, application specific integrated circuit (ASIC),
field programmable gate array (FPGA), read only mem-
ory (ROM) for storing software, random access memory
(RAM), and non volatile storage. Other hardware, con-
ventional and/or custom, may also be included.

Claims

1. A tunable cavity filter comprising:

- a housing (1) forming a cavity (1),
- a tunable element (7) inside the cavity (1) being
attached to one side of the cavity (1),
characterized in that the tunable element (7)
is expanded or compressed if a control voltage
(10) is applied.

2. A tunable cavity filter according to claim 1, further
comprising a control input (9) for receiving the control
voltage (10), the control input (9) is connected to the
tunable element (7) and is for applying the control
voltage (9) to the tunable element (7).

3. A tunable cavity filter according to one of claims 1 or
2, further comprising a resonator (4) within the cavity
(1).

4. A tunable cavity filter according to one of claims 1 to
3, wherein a metallization layer (8) is attached to the
inner side of the tunable element (7).

5. A tunable cavity filter according to one of claims 1 to
4, wherein an isolation layer is included between the
metallization layer (8) and the inner side of the tun-
able element (7).

6. A tunable cavity filter according to one of claims 1 to
5, wherein the tunable element (7) is expanded if a
suitably polarized control voltage (10) is applied and
the tunable element (7) is compressed if a the po-
larization of the control voltage (10) is reversed.
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7. A tunable cavity filter according to one of claims 1 to
6, wherein the tunable element (7) is made by ionic
electroactive polymer.

8. A tunable cavity filter according to one of claims 1 to
7, wherein the tunable element (7) is made by a di-
electric electroactive polymer.

9. A tunable cavity filter according to claim 8, wherein
the tunable element (7) keeps its expansion state
when the control voltage (10) is switched off.

10. A tunable cavity filter according to one of claims 3 to
9, wherein the cavity includes an input port (2) and
an output port (3) at a first side of the cavity (1),
wherein the resonator (4) is attached to this first side
of the cavity (1) and the tunable element (7) is at-
tached to a second side of the cavity (1) which is the
side opposite to the first side of the cavity (1).

11. A tunable cavity filter according to one of claims 1 to
10, wherein further tunable elements are attached
to further sides of the cavity (1).

12. A tunable cavity filter according to one of claims 1 to
11, comprising two housings forming cavities ac-
cording to one of claims 1 to 11, the two housings
forming a duplexfilter for a transmission path and a
reception path.

13. A tunable cavity filter according to one of claims 1 to
12, comprising more than one housings forming cav-
ities according to one of claims 1 to 12, the more
than one housings forming a multi-pole filter.

14. A transceiver device for mobile communication,
comprising at least one tunable cavity filter according
to one of claims 1 to 13.
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