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(54) Tunable bandpass filter

(57) The invention provides a tunable bandpass fil-
ter, comprising a plurality of resonator cavities (2) ar-
ranged serially along a first direction, each resonator cav-
ity being equipped with a movable frequency tuning ele-
ment (10) and a control mechanism having a movable

control element (20), which are arranged such that an
adjusting movement of the control element causes the
tuning elements to be simultaneously displaced in de-
pendence of the adjusting movement of the control ele-
ment in order to adjust the centre frequencies of the res-
onator cavities.
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Description

[0001] The present invention relates to tunable band-
pass filters comprising a plurality of resonator cavities
arranged serially along a first direction, each resonator
cavity being equipped with a movable frequency tuning
element extending in the cavity, and a control mechanism
having a movable control element, wherein the tuning
elements and the control element are arranged such that
an adjusting movement of the movable control element
causes the tuning elements to be simultaneously dis-
placed within the resonator cavities in dependence of the
adjusting movement of the control element in order to
adjust the centre frequencies of the resonator cavities.
[0002] Such tunable bandpass filter is for example
known from US 2005/0212623. In each resonator cavity
a dielectric tuning element is located, which is guided for
linear movement along the inner surface of the lid of the
cavity resonator. The tuning element is connected to a
control element located at the outer surface of the lid wall
by a pin extending through an elongated slot in the lid
wall. The control element is formed by a rod extending
along the series of resonator cavities in a first direction.
This rod carries a dielectric tuning element in each of the
resonator cavities in the series of resonators, and by dis-
placement of the rod along the first direction, a simulta-
neous displacement of the dielectric tuning element in
the resonator cavities may be performed to allow a de-
sired adjustment of the centre frequencies. However, this
simultaneous adjustment of the frequency tuning ele-
ments does not allow a flexible design since the dielectric
tuning elements are mechanically linked to each other,
and therefore only a uniform displacement of all frequen-
cy tuning elements along the series of resonators is pos-
sible. Alternatively, it is suggested that individual adjust-
ment of the respective frequency tuning elements may
be achieved by providing each frequency tuning element
with its own actuator which may be individually controlled.
However, to provide an individual actuator for controlled
displacement for each of the resonator cavities is a rather
elaborate and complex approach which has disadvan-
tages regarding manufacturing costs, reliable long-term
operational safety and many other aspects, as for exam-
ple the relative calibration of the actuators with respect
to each other.
[0003] US 2006/0038640 A1 describes a cavity reso-
nator (also for use in multiple resonator assemblies such
as combline resonators) having an inner conductor with
a movable end cap. The end cap is mounted on a central
rod and is separated from the inner surface of the lid by
a dielectric disc. The distance between lid surface and
the end cap determines the capacitance of the capacitor
formed by lid surface, dielectric disc and end cap. This
capacitance in turn influences the resonator frequency.
To adjust the position of the end cap an electromagnet
is provided which drives the rod carrying the end cap
against a biasing force to a desired position. Again, pro-
vision of an individual actuator (an electromagnetic or

solenoid actuator in this case) for each resonator is an
elaborate and complex approach.
[0004] Software-defined radio (SDR) is a rapidly evolv-
ing technology that is receiving widespread interest in
the telecommunication industry. Over the last few years,
analogue radio systems are being replaced by digital ra-
dio system for various radio applications in military, civil-
ian and commercial spaces. In addition to this, program-
mable hardware modules are increasingly being used in
digital radio systems. The aims of SDR are to define radio
functions by software, and to configure a common hard-
ware platform for a specific air interface by downloading
software during operation or as part of the production
cycle. To enable users to install such technology, tunable
bandpass filters are needed. These filters have to be mul-
ti-standard filters and must be tunable over wide range.
[0005] It is an object of the present invention to provide
a tunable bandpass filter including a series of resonator
cavities which allows precise adjustment of the tuning
elements of the resonators in a flexible and simple man-
ner.
[0006] According to the invention a tunable bandpass
filter is provided, comprising a plurality of resonator cav-
ities arranged serially along a first direction, each reso-
nator cavity being equipped with a movable frequency
tuning element extending into the cavity, and a control
mechanism having a movable control element, wherein
the tuning elements and the control element are arranged
such that an adjusting movement of the movable control
element causes the tuning elements to be simultaneously
displaced within the resonator cavities in dependence of
the adjusting movement of the control element in order
to adjust the centre frequencies of the resonator cavities,
characterised in that
each frequency tuning element comprises a cam follower
which is projecting from a wall of the respective resonator
cavity to the outside and which is guided for shifting
movement therein to allow to adjust the position of fre-
quency tuning element by sliding the cam follower further
inside or outside with respect to the resonator cavity wall;
the control element comprises a cam shaft extending in
the first direction and having a plurality of cam sections
along its length, each cam section comprising a cam track
in the form of a conical spiral and each cam section being
associated with a cam follower of a frequency tuning el-
ement such that the cam follower is in sliding contact with
the cam track of the associated cam section, wherein the
cam shaft is mounted for rotation in such a manner that
it is axially shifted along the first direction in correspond-
ence to the slope of the conical spirals of the cam sec-
tions;
a drive is provided to rotate the cam shaft to a desired
adjusted position so that each of the frequency tuning
elements is adjusted by movement of its cam follower as
determined by the conical spiral cam track of its associ-
ated cam section at that adjusted rotational position of
the cam shaft.
[0007] The cam segments provided on the cam shaft
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each provide a cam track showing a conical spiral for at
least part of its length. By conical spiral in the sense of
the present invention a function with varying radial dis-
tance from the central axis is meant which also proceeds
in axial direction with each revolution; for example, the
cam track may first, with each revolution around the cen-
tral axis, increase its radial distance to the central axis,
while at the same time proceeding in axial direction,
wherein the slope of the conical spiral in axial direction
is such that the axial advancement per revolution equals
the width of the cam track in axial direction. The term
"conical spiral" as used in the present application is not
limited to three-dimensional spirals with strictly linear
growth along the axial direction. Furthermore, it is not
excluded that after a conical spiral portion with increasing
radial distance with respect to the central axis that there
may be a further portion in which the cam track returns
to lower radial distances with respect to the central axis
of the cam shaft again.
[0008] This design of a conical spiral cam track, in-
stead of a usual disc-like cam, allows that the displace-
ment of the cam track surface occurs over several revo-
lutions of the cam shaft, as opposed to a single revolution
with a simple cam, which, when using drive means of the
same precision, allows to achieve higher precision in the
adjustment.
[0009] The cam follower of each frequency tuning el-
ement is in sliding contact with the cam track surface of
the associated cam segment on the cam shaft. This slid-
ing contact may be maintained either by gravitational
force, in which case the elongated tuning elements must
be positioned vertically and located in the bottom wall of
the resonator cavities, or preferably by a biasing force,
for example provided by a spring which urges the tuning
element to its maximally extended position to the outside
of the resonator cavity.
[0010] Each frequency tuning element may be moved
to vary the position of the frequency tuning element with
respect to the cavity and thus to vary the centre reso-
nance frequency of the resonator. The positioning of
each frequency tuning element is determined by the cam
track surface against which its cam follower abuts, i.e.
by the radial distance of the conical spiral from the central
axis. The cam track surface has a predetermined radial
distance from the central axis r(ϕ) = r0 + f(ϕ), wherein r0
is a given initial value and f(ϕ) is a given function of ϕ,
wherein ϕ is the total revolution angle of the cam shaft,
i.e. ϕ is increasing by 2π with every revolution; in one
example f(ϕ) may be a linear function of ϕ: f(ϕ) = c · ϕ
with a constant c, in which case a "conical" spiral in a
strict sense would be realised. In this manner, a prede-
termined contour of the cam track of each cam segment
determines the pattern in which the frequency tuning el-
ements are displaced when the cam shaft is rotated by
the drive for a given angle. By providing cam segments
having predetermined different conical spiral shapes
along the cam shaft, in principle any predetermined pat-
tern of frequency adjustments along the series of reso-

nators may be accomplished by rotation of the cam shaft.
[0011] In a particularly preferred embodiment the cav-
ity resonators have coupling openings between adjacent
cavity resonators and have movable coupling tuning el-
ements extending into the coupling openings. The cou-
pling tuning elements are displaceable in the same man-
ner as the frequency tuning elements. Also, there are
associated cam segments for the coupling tuning ele-
ments, and associated cam segments and the coupling
tuning elements have cam followers arranged such that
the cam followers are in sliding contact with the associ-
ated cam segments on the cam shaft so that the rotation
of the cam shaft determines, in addition to the positioning
of the frequency tuning elements, the positioning of the
coupling tuning elements. Thus, in this arrangement, it
is possible to vary the centre frequencies of the individual
resonators as well as the coupling of the individual res-
onators. Thus, it is possible to vary the centre frequency
of the bandpass filter as well as its band width over a
wide range.
[0012] In the following the invention will be described
in connection with exemplary embodiments shown in the
accompanying drawings, in which:

Figure 1 shows a cross-sectional view of a single
cavity resonator which may be used in a filter ac-
cording to the invention;

Figure 2 shows a cross-sectional view of two coupled
resonator cavities which may be used in a filter ac-
cording to the invention;

Figure 3 shows a schematical view of the bottom
side of a filter having four coupled resonator cavities;

Figure 4 shows a cross-sectional view of the filter
according to Figure 3;

Figure 5 shows a perspective view of the filter shown
in Figures 3 and 4;

Figure 6 shows a schematical view of the bottom
side of an alternative embodiment of a filter having
four coupled resonator cavities.

Figure 7 shows a cross-sectional view of the filter of
Figure 6;

Fig. 8 shows the centre frequency of a resonator as
a function of the intruding length tf of the frequency
tuning element into the cavity;

Fig. 9 shows a graph of the transmission S21 and
the return loss S11 for an exemplary bandpass filter
having five resonator cavities for three frequency
tuning adjustments;

Fig. 10 shows a graph of the transmission S21 and
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the return loss S11 for an exemplary bandpass filter
having five resonator cavities for three frequency
tuning and coupling tuning adjustments;

Fig. 11 shows the variation of a coupling factor, in
this example between first and second resonator,
which is suitable to keep the bandwidth constant
when the centre frequency of the bandpass filter is
tuned through the frequency indicated on the x axis;

Fig. 12 shows the dependence of the coupling be-
tween two adjacent resonators on the adjustment tk
(intruding length) of the coupling tuning element for
three different settings of the intruding length tf of
frequency tuning elements of the resonators;

Fig. 13 shows a single cavity resonator which may
be used in a bandpass filter according to the inven-
tion.

[0013] In Figure 1 a cross-sectional view of a single
cavity 2 resonator is shown. A frequency tuning element
10, in this case a dielectric ceramic body, extends in the
resonator cavity 2 and is carried by a cam follower 12
which projects to the outside of the cavity. The cam fol-
lowers 12 is guided for linear movement further into and
out of the resonator cavity. The cam follower 12 is biased
by a spring 16 to a maximally extended position (only in
this Figure such bias spring is shown, whereas is has
been omitted in the remaining Figures to simplify the
graphical illustration).
[0014] Outside of the resonator cavity 2 a movable
control element 20 is mounted. This control element 20
comprises a shaft which is provided with cam sections
22 along its length (in this view of a single resonator only
one cam section 22 is shown which is associated with
the frequency tuning element and the cam follower of this
resonator). The cam section 22 has winding cam track
which follows a path of a conical spiral, i.e. its radial dis-
tance to the longitudinal axis of the shaft is increasing
over at least part of its length. The shaft is mounted in
such a manner that it, upon rotation, advances in its lon-
gitudinal direction at a rate that corresponds to the slope
of the conical spiral of the cam track. In this manner the
cam follower 12 may follow the conically spiraling cam
track when the shaft is rotating. The shaft may, for ex-
ample be provided with an outer thread (not shown) at a
certain portion which is engaging an inner thread of
sleeve which is relatively fixed with respect to the filter.
When the slope or pitch of the threads is identical to the
slope of the conical spiral of the cam track, the shaft ad-
vances upon rotation in the desired manner.
[0015] In Figure 2 two coaxial resonators having res-
onator cavities 2 are shown; of course, in general a band-
pass filter may have any number of resonators. As a gen-
eral remark, it should also be noted that means for cou-
pling electromagnetic energy to the filter and means for
extracting it have been omitted in the drawings in order

to simplify the graphical presentation.
[0016] In Figure 2 frequency tuning elements 10 ex-
tend in the resonator cavities 2 and are carried by cam
followers 12 which project to the outside of the cavities.
The cam segments 22 of the shaft are shaped in a pre-
determined manner such that by rotation of the shaft 20
the individual cam followers 12 and frequency tuning el-
ements 10 are displaced in a predetermined manner giv-
en by the conical spiral shape of the cam segments. For
controlled rotation of the shaft 20 a drive 24 (Fig. 1), for
example a step motor, is provided.
[0017] In the preferred embodiment there are further-
more coupling tuning elements 30 which extend into
openings between adjacent resonator cavities 2. The
coupling tuning elements 30 are mounted and guided in
a similar manner as the frequency tuning elements. The
outer ends of the coupling tuning elements 30 are like-
wise formed as cam followers 32 arranged to be in sliding
contact with cam segments 23 of the control element 20.
In this manner the positioning of the coupling tuning el-
ements 30 may be varied in a predetermined way togeth-
er with the adjustment of the centre frequencies of the
resonators by the frequency tuning elements 20. Thus,
in this arrangement, it is possible to vary the centre fre-
quencies of the individual resonators as well as the cou-
pling of the individual resonators. Thus, it is possible to
vary the centre frequency of the bandpass filter as well
as its bandwidth over a wide range.
[0018] Figures 3 to 5 show an embodiment of a filter
comprising four coupled cavity resonators 2. Each cavity
resonator comprises a frequency tuning element 10 car-
ried by a cam follower 12 which rides on the cam track
of an associated cam section 22 on a shaft 20. Likewise,
coupling tuning elements 30 with cam followers 32 are
adjusted by their associated cam segments 23. There
are two shafts 20 with three cam sections 22, 23 each
which are associated with the frequency tuning elements
10 of two adjacent resonator cavities and the coupling
tuning element 30 between them. There is a further shaft
21 which is provided with one cam segment 23 which
controls the positioning of an associated coupling tuning
element. With this arrangement the frequency tuning el-
ements and the coupling tuning element controlled by
one shaft 20 are displaced in the same sense, i.e. if the
frequency tuning elements 22 are displaced further inside
into the resonator cavities, a movement in the same di-
rection is performed by the coupling tuning element 30
in between the resonators. The shafts 20 and 21 may in
principle be rotated independently. However, it is also
possible to provide a single drive (not shown) and to pro-
vide transmissions to the three shafts 20, 21.
[0019] An alternative arrangement is shown in Figures
6 and 7 which in many aspects is similar to the filter of
Figures 3 to 5, but comprises two additional shafts 21’
which carry cam segments 23 which are associated with
the coupling tuning elements 30 which determine the
coupling of the resonators 2 which are associated with
one shaft 20. In this arrangement it is possible to adjust
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the coupling tuning elements completely independent of
the frequency tuning elements since the shafts 21, 21’
may be rotated independently of the shafts 20.
[0020] Fig. 8 shows how the centre frequency of a sin-
gle resonator of the type as shown in Fig. 1 is varying
when the depth at which the frequency tuning element
is intruding into the cavity is varied, this depth being des-
ignated as tf. At tf = -1 mm the frequency tuning element
is still outside of the resonator cavity, at a depth tf = 0,0
mm the top surface of the frequency tuning element is
flush with the inside wall of the resonator cavity. The var-
iation of the centre frequency of the resonator is shown
for three different cavity dimension, namely three differ-
ent heights of the cavity hc.
[0021] In Fig. 9 the behaviour of an exemplary band-
pass filter comprising five resonators is shown. Here the
return loss S11 is shown in dashed lines and the trans-
mission S21 in full lines. At a first adjustment of the filter
the bandpass filter has a centre frequency of about 1400
MHz. In a second adjusted state the centre frequencies
of the resonators are increased such that the centre fre-
quency of the filter is about 2000 MHz. In a third adjust-
ment the centre frequency of the filter is adjusted to 2600
MHz. This increase of the centre frequency is achieved
by moving the frequency tuning elements to lower intru-
sion lengths into the cavities, i.e. by letting the cam fol-
lowers 12 slide down the rotating cam segment 22 so
that is moves closer to the central axis of shaft 20, for
example by rotating the shaft 20 of Figure 1 in anti-clock-
wise direction. As can be seen from Fig. 9 the bandwidth
of the filter is increasing with increasing centre frequen-
cies. More precisely, the bandwidth of the filter is propor-
tional to the centre frequency.
[0022] Fig. 12 shows that a variation of the centre fre-
quency also leads to a variation in the coupling of reso-
nators. As an example, Fig. 13 shows the coupling factor
k (in units of 10-3) of adjacent first and second cavity
resonators as a function of the coupling tuning element
adjustment length tk (intrusion length), for three different
values of the intruding length tf of the frequency tuning
elements into the resonators cavities. As can be seen,
with decreasing intruding length tf and thus increasing
centre frequency of the resonators, their coupling k is
also increasing which contributes to the increasing band-
width discussed above.
[0023] It may be desired to vary the centre frequency
of the filter independently of the bandwidth, for example
to vary the centre frequency while maintaining the band-
width constant. This may be achieved when the coupling
between adjacent resonators is lowered with increasing
centre frequency.
[0024] In Fig. 10 a coupling between the first and sec-
ond resonator of an exemplary filter is shown as decreas-
ing with increasing centre frequency. By this decreasing
coupling as illustrated it is accomplished to maintain the
bandwidth of the filter constant with increasing centre
frequency. This decreasing coupling may be achieved
by displacing the coupling elements in a manner so that

the coupling reduction as shown in Fig. 10 is achieved.
The shape of the cam segments 23 effective for the cam
followers 32 of the coupling tuning elements 30 may be
chosen in relation to the cam sections 22 effective for the
cam followers 12 of the frequency tuning elements 10
such that the bandwidth is maintained constant when the
centre frequency of the band pass is adjusted. With such
a coupling reduction it is possible to tune the bandpass
centre frequency over a wide range while maintaining
the bandwidth constant, as may be seen from Fig. 10
which shows the filter response for three centre frequen-
cy adjustments, with a bandwidth which is maintained
constant.
[0025] In Fig. 13 a further schematical view of a single
resonator which may be used in a filter according to the
invention is shown. This resonator is shown to be
equipped with a tuning screw 40. This tuning screw 40
may be useful in addition to the possible adjustment by
way of the frequency tuning elements in order to allow
to compensate for manufacturing tolerances in large
scale production of filters. Thus, after manufacturing an
initial fine-tuning may be accomplished whereafter the
tuning may be performed using the cam surface, cam
followers and tuning elements.
[0026] In an alternative arrangement of a cam follower
and a frequency tuning element, the cam follower does
not extend into the resonator cavity but only up to a flex-
ible wall portion of the resonator cavity. By moving the
flexible wall portion which forms the frequency tuning el-
ement, the centre frequency of the resonator is varied.
The cam follower abuts against a cam segment on a
shaft, and the position of the cam follower 12 may be
adjusted by rotating the spiralling cam track of the cam
segment so that a desired adjustment is achieved.
[0027] In the above described embodiments frequency
and coupling tuning utilising the spiral cam track on a
rotatable shaft have been described. It is evident that
other tuning elements may be controlled and adjusted in
the same manner for, example cross-coupling tuning el-
ement, tuning elements for coupling electromagnetic en-
ergy to the filter (input) or for extracting electromagnetic
energy from the filter (output), etc.. It is noted that in gen-
eral the input and output side of the filter is interchange-
able depending on the intended operation.

Claims

1. Tunable bandpass filter, comprising a plurality of res-
onator cavities (2) arranged serially along a first di-
rection, each resonator cavity being equipped with
a movable frequency tuning element (10) extending
in the cavity, and a control mechanism having a mov-
able control element (20), wherein the tuning ele-
ments (10) and the control element (20) are arranged
such that an adjusting movement of the movable
control element causes the tuning elements to be
simultaneously displaced within the resonator cavi-
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ties in dependence of the adjusting movement of the
control element in order to adjust the centre frequen-
cies of the resonator cavities, characterised in that
each frequency tuning (10) element comprises a
cam follower (12) which is projecting from a wall of
the respective resonator cavity (2) to the outside and
which is guided for shifting movement therein to al-
low to adjust the position of frequency tuning element
(10) by sliding the cam follower (12) further inside or
outside with respect to the resonator cavity wall;
the control element comprises a cam shaft (20) ex-
tending in the first direction and having a plurality of
cam sections (22) along its length, each cam section
(22) comprising a cam track in the form of a conical
spiral and each cam section being associated with
a cam follower (12) of a frequency tuning element
such that the cam follower is in sliding contact with
the cam track of the associated cam section, wherein
the cam shaft is mounted for rotation in such a man-
ner that it is axially shifted along the first direction in
correspondence to the slope of the conical spirals of
the cam sections;
a drive (24) is provided to rotate the cam shaft to a
desired adjusted rotated position so that each of the
frequency tuning elements (10) is adjusted by move-
ment of its cam follower (12) as determined by the
conical spiral cam track of its associated cam section
(22) at that adjusted rotational position of the cam
shaft.

2. Tunable bandpass filter according to claim 1 char-
acterised in that the drive (24) comprises a step
motor.

3. Tunable bandpass filter according to any preceding
claim, wherein additional cam shafts and drives are
provided to control the adjustment of the frequency
tuning elements of additional resonator cavities.

4. Tunable bandpass filter according to any preceding
claim, wherein cavity resonators are coupled by cou-
pling openings between adjacent cavity resonators
(2), and wherein movable coupling tuning elements
(30) extend into the coupling openings, wherein the
coupling tuning elements (30) have cam followers
(32) and are displaceable in the same direction as
the frequency tuning elements (10) and wherein an
associated cam segment (23) is provided on the cam
shaft for each coupling tuning element (30), wherein
each associated cam section (23) comprises a cam
track in the form of a conical spiral and wherein the
cam follower (32) of each coupling tuning element
(30) is in sliding contact with the cam track of its
associated cam section so that each of the coupling
tuning elements (30) is adjustable as determined by
the conical spiral cam track of the associated cam
section (23).

5. Tunable bandpass filter according to any of the pre-
ceding claims, wherein a cross-coupling path is pro-
vided between two of the cavity resonators, and
wherein a movable cross-coupling tuning element is
provided which extends in the cross-coupling path,
wherein the cross-coupling tuning element compris-
es cam follower which is projecting to the outside
and which is displaceable in the same manner as
the cam followers (12) of the frequency tuning ele-
ments (10), and wherein the control element and
cam follower of the cross-coupling tuning element
are arranged such that the cam follower is in sliding
contact with an associated cam section comprising
a cam track in the form of a conical spiral track of
the shaft or one of the shafts so that the rotational
positioning of the cam segment determines position-
ing of the cross-coupling tuning element.

6. Tunable bandpass filter according to any of the pre-
ceding claims, wherein a path for inputting electro-
magnetic energy into the bandpass filter is provided
with a movable input tuning element which extends
in the input path, wherein the input tuning element
comprises cam follower which is projecting to the
outside and which is displaceable in the same man-
ner as the cam followers (12) of the frequency tuning
elements (10), and wherein the control element and
cam follower of the input tuning element are ar-
ranged such that the cam follower is in sliding contact
with an associated cam section comprising a cam
track in the form of a conical spiral track of the shaft
or one of the shafts so that the rotational positioning
of the cam segment determines positioning of the
input tuning element.

7. Tunable bandpass filter according to any of the pre-
ceding claims, wherein a path for outputting electro-
magnetic energy from the bandpass filter is provided
with a movable output tuning element which extends
in the output path, wherein the output tuning element
comprises cam follower which is projecting to the
outside and which is displaceable in the same man-
ner as the cam followers (12) of the frequency tuning
elements (10), and wherein the control element and
cam follower of the output tuning element are ar-
ranged such that the cam follower is in sliding contact
with an associated cam section comprising a cam
track in the form of a conical spiral track of the shaft
or one of the shafts so that the rotational positioning
of the cam segment determines positioning of the
output tuning element.
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