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(57) Abstract

The object of the invention is a coax-
ial resonator structure which enables the re-
alisation of a high frequency filter, which

has a small height and is realised with
coaxial resonators. The frequency tuning
means and the coupling tuning means of
the resonator are realised with the aid of 1
projections. The frequency tuning means
adjusts the coupling of the resonator’s open
end to the outer wall or to the partition
of the resonator structure, and the cou-
pling tuning means adjusts the coupling of
the resonator’s open end to another res-
onator of the resonator structure or to the

input or output of the resonator structure.
The tuning means are preferably sheet-like
projections. At the same time the tuning
means act as capacitive loads, whereby it
is possible to shorten the resonator’s phys-
ical length compared to an unloaded res-
onator. Most preferably the frequency tun-

2

ing méans and the coupling tuning means are realised as projections of a single sheet-like component, whereby a resonator according to
the invention is formed by two parts: a resonator and a capacitive loading part fastened to it, whereby the loading part at the same time
acts as a frequency tuning means and a coupling tuning means. In a resonator structure of this type the tuning of the resonance frequency
and the tuning of the coupling between the resonator circuits are combined by using a single mechanical part so that the tuning operations
are mutually almost independent, both electrically and mechanically, whereby the tuning of the coupling and of the frequency substantially

do not affect each other.
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Resonator structure

Object of the invention

The object of the invention is a resonator structure according to the preamble of
claim 1. Most preferably the invention can be applied in resonator structures com-
prising coaxial resonators.

Technical background

In prior art coaxial high frequency filters the tuning of the resonators is typically
realised by a screw adjustment, which requires a separate frequency adjustment
screw and a nut to lock it. Particularly in covers with thin walls, particularly of
aluminium, a screw requires also a separate fastener (threaded bushing). The patent
US-5 023 579 presents the use of a screw for tuning the frequency of a resonator. A
screw adjustment is also presented for instance in the patents US-4 224 587 and US-
4 268 809. A screw adjustment has a disadvantage in that it increases the number of
filter components and thus it increases the manufacturing costs and the price of the
final product.

When high transmission power levels are used in coaxial filter structures with screw
adjustment there is a further problem, namely the susceptibility to electric break-
down. When a screw adjustment is used the tip of the screw must often be located
close to the open end of the resonator so that the screw can have a sufficient effect
on the resonator and so that the frequency adjustment could operate. The close rela-
tion of the screw and resonator ends cause a risk of electric breakdown, because
very high voltages may occur at the open end of the resonator when high powers are
used.

In known filter structures the inductive or capacitive coupling between resonators is
realised for instance by forming in the metal partition between the resonators a
coupling opening, through which the required electromagnetic coupling can be real-
ised. The coupling between the circuits through the opening can be adjusted for in-
stance by a screw. Such a structure is presented for instance in the application pub-
lication WO-96/29754. Such a structure requires as components of the adjustment
of the coupling a separate screw and a component required for locking the screw,
which again increases the number of the required components. The patent US-4 216
448 presents the adjustment of the coupling between the resonators, which is real-



10

15

20

25

30

35

WO 99/30383 PCT/F198/00967

ised by connecting to the top of the resonators round metal wires, with the aid of
which the coupling between the resonators can be adjusted. The patént US-4 268
809 again presents a structure where the open end of a coaxial resonator receives a
sheet of dielectric material, on which are connected metallic coupling tuning com-
ponents, with which the amount of coupling can be tuned. Also this solution is
complicated and expensive.

The patent US-4 292 610 shows how a resonator is shortened by capacitively load-
ing the resonator at the open end. A solution of this kind can decrease the physical
dimension of the resonator by several tens of percents without decreasing the qual-
ity factor too much. The patent US-4 224 587 presents an interdigital filter structure
where the length of the resonator is decreased by a capacitive loading of the resona-
tor. In the structure according to the invention the resonator is also shortened by
loading the open end of the resonator, and to be more precise, by connecting a me-
chanical coupling means to the open end. Then the length of the straight section of
the resonator could be shortened from about 70 mm to 23 mm, and at the same time
the Q-value or the quality factor decreased only less than 30 % compared to a reso-
nator of full length.

In series production the filters are typically tuned after the production. During pro-
duction the filters are preset so that their characteristics are close to the desired
value. For instance, an adjustment screw used for adjusting the frequency can be
turned to a certain depth, where the resonance frequency of the filter is set close to
the desired value. After the production each filter is typically fastened to a measur-
ing equipment measuring the frequency response of the filter, and then the screw or
other tuning means are adjusted so that the desired filter property obtains the desired
value. With prior art filter structures this final tuning is cumbersome and time con-
suming,.

Short description of the invention

An object of the invention is to realise a coaxial resonator structure having fre-
quency tuning means with a construction which is as simple as possible. An object
of the invention is also to realise a coaxial resonator structure where the means for
tuning the coupling between the resonators have a structure which is as simple as
possible. A further object of the invention is to realise a coaxial resonator structure
where the number of components is as low as possible. A further object of the in-
vention is to realise a low resonator structure according to the above mentioned ob-
jects.
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These objects are attained by realising the frequency tuning means and the coupling
tuning means as projections, whereby the frequency and the coupling can be tuned
by bending the corresponding tuning means or projections. At the same time the
projections act as capacitive loads, whereby the physical length of the resonator can
be made shorter. Preferably the tuning means can be realised as projections of a
single sheet-like component acting as a capacitive load, whereby only a single com-
ponent must be fixed to the resonator.

The resonator structure according to the invention is characterised in what is pre-
sented in the characterising clause of the main claim. Other preferred embodiments
of the invention are presented in the dependent claims.

The inventive structure allows the realizing of a coaxial resonator struciure having a
small height. The frequency tuning means and the coupling tuning means are real-
ised with the aid of projections. The frequency tuning means controls the coupling
of the resonator’s open end to the outer wall or to the partition of the filter structure,
and the coupling tuning means controls the coupling of the resonator’s open end to
the second resonator of the filter structure or to the filter structure’s input or output.
The tuning means are preferably sheet-like projections, and the coupling of the pro-
jections is controlled by bending their ends towards or away from the outer wall or
the partition or the tuning means of the adjacent resonator. The area of the tuning
means can be used to have an effect on the amount of the coupling. There can be
one or more tuning means, whereby tuning means of different sizes can realise for
instance a coarse tuning and a fine tuning of the frequency or of the coupling. The
coupling of the tuning means can also be controlled for instance by changing the
area of the tuning means. At the same time the tuning means act as capacitive loads,
whereby the physical length of the resonator can be decreased compared to an un-
loaded resonator.

Most preferably the frequency tuning means and the coupling tuning means are real-
ised as projections of a single sheet-like component, whereby the resonator accord-
ing to the invention comprises two parts: a resonator and a capacitive loading com-
ponent connected to the resonator, whereby the loading part at the same time acts as
a frequency tuning means and a coupling tuning means. In a resonator structure of
this kind the resonator’s frequency tuning and the tuning of the coupling between
the resonator circuits are combined by using a single mechanical component, so that
the tuning actions are electrically and mechanically almost independent of each
other, whereby the tuning action of the coupling and of the frequency do not have a
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substantial effect on each other.
Brief description of the figures

The invention is described in more detail below with reference to preferred em-
bodiments presented as examples, and to the enclosed figures, in which:

Figure 1 shows the structure of a preferred embodiment of the invention;
Figure 2 shows the structure of another preferred embodiment of the invention;
Figure 3 shows the structure of figure 2 seen from another direction;

Figure 4 shows the structure of the coupling tuning means according to a preferred
embodiment of the invention;

Figure 5 shows the structure of the coupling tuning means according to another em-
bodiment of the invention,;

Figure 6a shows the structure of the coupling tuning means according to a third em-
bodiment of the invention;

Figure 6b shows the structure of the coupling tuning means according to a fourth
embodiment of the invention;

Figure 7 shows the structure of a frequency tuning means according to a preferred
embodiment of the invention; and

Figures 8A, 8B, 8C, and 8D illustrate resonator structures according to an advanta-
geous embodiment of the invention, in which at least a part of the inner conductor
and the ground plane 2 form a single continuous piece of material.

The same reference numerals and markings are used for corresponding parts in the
figures.

Detailed description of preferred embodiments of the invention

Figure 1 shows in a perspective view a resonator structure according to a preferred
embodiment of the invention. For the sake of clarity parts of the cover, such as the
wall 5, are not shown in figure 1. The first end 1a of the resonator 1 is fixed with a
galvanic joint to the bottom plate 2 of the structure, or to the ground plane 2 of the
cover. A resonator upper part 3, which most preferably is made of a thin metal
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sheet, is fixed with a galvanic joint to the second end 1b of the coaxial resonator. At
the same time the upper part 3 of the resonator acts as a capacitive loading means in
order to shorten the physical length of the resonator 1. The frequency tuning means
4 are preferably bent towards the ground plane 2 in the manner shown in figure 1.
The resonance frequency of the resonator can be tuned to a lower value by bending
the frequency tuning means towards the metal wall 5 enclosing the resonator,
whereby the wall most preferably is grounded. The frequency of the resonator can
be tuned to a higher value by bending the frequency tuning means 4 towards the
resonator 1. The frequency tuning means can have a areas of different sizes,
whereby the effect of the frequency tuning differs when the positions of different
tuning means 4 are changed. For instance in an embodiment like that of figure 1
having two frequency tuning means 4 the first tuning means can be used for a coarse
frequency tuning, for instance on a frequency range of several tens of megahertz,
and the second tuning means can be used for a fine frequency tuning on a frequency
range of a few megahertz. According to the respective filter application there can
also be more than two frequency tuning means, or for instance only a single one.
One frequency tuning means may be sufficient in an embodiment where the struc-
ture according to the invention is used in a very narrow-band filter. Preferably the
area of the one or more frequency tuning means 4 is dimensioned according to the
desired tuning range.

Preferably the resonance frequency of the resonator can be tuned with the aid of the
frequency tuning means 4 by bending the frequency tuning means with a special
tuning key made of a dielectric material, whereby the tuning key has an almost neg-
ligible effect on the resonance frequency of the resonator. When the upper part of
the resonator structure is selected as a sufficiently thick sheet and when the upper
part 3 is fixed to the open end of the resonator structure in a sufficiently robust
manner, this provides a mechanically robust structure, whereby for instance me-
chanical vibrations and mechanical shocks will not affect the resonance frequency
nor any other characteristics of the resonator. Then also the tuning of the resonator
is simple, because the torsion caused by the bending will not bend the whole resona-
tor structure.

During the production stage of the resonator the resonance frequency of the resona-
tor can be preset close to the desired value, and after the production it can be tuned
to the desired value with the aid of the frequency tuning means 4. The presetting can
be realised for instance by a suitable design of the upper part 3 of the resonator.
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Further figure 1 shows the coupling tuning means 7, with which the coupling be-
tween two resonators of the resonator structure can be adjusted. The coupling be-
tween the resonators is thus mainly determined by the dimensions and the location
of the opening 8, and by the size of the coupling tuning means 7 and by their mutual
distance.

Thus a part of the coupling between the resonance circuits of the resonator structure
can be realised by suitable dimensioning of the coupling opening 8. In a preferred
embodiment of the invention the main part of the coupling between the resonators is
formed through the opening 8, and the fine tuning with the coupling tuning means 7.
This provides an insensitive resonator structure which is easy to tune. For instance,
a coupling of 20 MHz between the circuits can be realised so that the opening cre-
ates a coupling of 15 MHz and the rest of 5 MHz is created by the tuning means. A
larger opening can realise a larger inductive coupling, and with a smaller opening
the case 1s the opposite.

In such cases where the basic coupling between the resonance circuits, through the
coupling opening is too strong, it is possible to make close to the grounded end 1a
of the resonator a second coupling opening in the partition 5, which separates the
resonance circuits. The effect of a second opening of this type is the opposite com-
pared to a coupling which is created through a coupling opening adjacent to the
open end of the resonator. Then the coupling can be tuned to an approximately suit-
able level with aid of the coupling opening formed close to the grounded end of the
resonator, whereby the fine tuning of the coupling can be realised by adjusting the
position of the coupling tuning means 7.

The coupling openings 8 can be formed in the partitions, for instance by punching
or in any other way according to prior art. With the aid of the structure according to
the invention all coupling openings can be made equally large, so that in series pro-
duction they can be made with a single tool, which reduces the manufacturing costs.
In such an embodiment any required coupling strength differences between the
resonators can be realised with the aid of the coupling tuning means 7.

Figure 2 shows a structure according to another preferred embodiment of the inven-
tion. Figure 3 illustrates the structure of figure 2 seen from a different direction. In
this embodiment there is no separate upper part 3 of the resonator, but the frequency
tuning means 4 and the coupling tuning means 7 are separate parts, which are gal-
vanically fixed to the resonator 1. In figures 2 and 3 the frequency tuning means 4
and the coupling tuning means 7, more particularly their shafts 4°, 7°, act further as
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means which capacitively load the resonator in order to shorten the physical length
of the resonator. For the sake of clarity the shafts 4°, 7° are marked in figures 2 and
3 only at the location of one resonator.

The coupling tuning means 7 and the frequency tuning means 4 illustrated by the
exemplary embodiment in figures 2 and 3 could naturally for each resonator also be
realised as correspondingly shaped projections of a single integral body, whereby
the projections in a fully corresponding manner would enable the realisation of the
alternative structures and embodiments described with the aid of figures 2 and 3.

The figures 2 and 3 also illustrate a structure according to the invention where the
same projection is used as two coupling tuning means 7. In figures 2 and 3 one pro-
jection creates a coupling to two other resonators.

In the embodiment of the figures 2 and 3 the open ends of the coupling tuning
means 7 are realised differently from the embodiment of figure 1. In the embodi-
ment of the figures 2 and 3 the ends of the coupling tuning means 7 are bent so that
the bent ends of the coupling tuning means of two adjacent resonators are substan-
tially parallel, at least along a certain part. By bending the ends of the coupling
tuning means closer to each other it is possible to amplify the coupling between the
resonators, and by bending the ends of the coupling tuning means 7 farther from
each other it is possible to weaken the coupling between the resonators. With the
solution for the coupling tuning means according to the embodiment of figures 2
and 3 it is possible to realise a very strong coupling between the resonators, or a so
called over-coupling, if it is desired to form a strong zero in the frequency response
of the resonator structure, whereby the attenuation of the resonator structure is very
high at a frequency corresponding to the zero. The figures 2 and 3 further illustrate
the fact that more than only one coupling tuning means 7 can be fixed to the same
resonator, for instance in order to couple to the resonators the input and output sig-
nals of the total resonator.

In a resonator structure structure according to the invention it is possible to add a
separate capacitive loading means to the embodiment presented in the figures 2 and
3, preferably for instance a sheet-like body in order to create a capacitive load and
to shorten the physical length of the resonator.

Figure 2 illustrates in an example also a preferred embodiment of the invention
where the tuning means are fastened at another location of the resonator, different
from the open end of the resonator. In the exemplary embodiment of figure 2 the



10

15

20

25

30

35

WO 99/30383 PCT/F198/00967

tuning means are fastened closer to the resonator’s open end than to its grounded
end, but not directly to the open end as in the embodiment of figure 1. In a structure
like this the tuning means are not fastened to the resonator at a point where the oc-
curring voltages reach a maximum, 1.e. at the open end, but in a place where the
voltages are lower. This contributes to increasing the air gap between the open end
and the grounded parts, whereby the risk of an electrical breakdown is lower than in
prior art solutions. Also in such preferred embodiments of the invention where the
tuning means 4, 7 are realised as projections of a single body, as for instance in fig-
ure 1, this single body can be fastened at the desired location on the coaxial resona-
tor between the open and the grounded ends of the coaxial resonator. Further it is
possible to increase the distance from the open end to said grounded parts, such as
the cover structure, by shortening the resonator with the aid of a capacitive load in
any of the ways described in this application, for instance with the aid of the ca-
pacitive load created by the separate upper part 3, or with the aid of the capacitive
load created by the shafts of the tuning means. For instance with the aid of the area
of the loading means or the selection of the fixing point of the loading means it is
possible to control the magnitude of the capacitive load. If the frequency tuning
means and the coupling tuning means are separate components, then in the different
embodiments of the invention they can be fixed independently of each other also at
different distances from the open end of the resonator. Of course they can also be
fixed at a substantially identical distance from the open end, as is shown in figure 2.

The fixing point of the tuning means can further have an effect on the resonance
frequencies of the resonator structure. This is particularly advantageous in series
production of the resonator structures, because then it is possible to manufacture
identical resonators and resonator structure covers for many different resonator
structure applications, and the resonance frequencies can then be determined at least
partly with the fixing points of the tuning means. In some prototype structures it was
possible to shift the resonance frequency up to 300 MHz with the aid of the fixing
point of the tuning means, when the basic frequency was about 1800 MHz. Such
tunability makes it possible to use the resonator structures based on the identical
resonators and covers in devices of many different mobile communication systems.

The dimensions of the tuning means can be selected according to the requirements
of the respective application. If a strong coupling between the circuits is required,
then the coupling tuning means can be wide in that part where their open ends are
close to each other. If a strong coupling between the circuits is not required, then the
open ends of the coupling tuning means can be located far from each other, or they
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can have a small area.

The tuning of the coupling tuning means can be made in a manner similar to the
tuning of the frequency tuning means, for instance with a tool made of a dielectric
material. In order to provide the desired couplings the coupling tuning means can
also be preset during the assembly or the manufacturing stages, depending on the
respective requirements.

The shape, the size and the number of the one or more coupling tuning means and
the one or more frequency tuning means can be selected according to the require-
ments of the respective application, and the invention is not limited to the examples
presented in this application.

Figure 4 shows a preferred embodiment of the invention where the coupling tuning
means 7 extend partly through the opening 8 in the partition 5, so that the coupling
tuning means 7 of adjacent resonators are partly overlapping. In an embodiment of
this kind the strength of the coupling can be increased by bending the members 7
towards each other, and decreased by bending the members 7 away from each other.

Figure 5 illustrates a preferred embodiment of the invention where the coupling
tuning means 7 has two branches 7a, 7b. With the aid of two differently sized
branches it is possible to realise the coarse tuning and the fine tuning of the cou-

pling.

The figures 6a and 6b illustrate a preferred embodiment of the invention where there
is also other matter than air as the dielectric between the open ends of the coupling
tuning means 7. In figure 6a the partly overlapping ends of the coupling tuning
means 7 are fixed to a dielectric body 21, which again advantageously can be fixed
to the partition 5. A solution of this kind is mechanically more robust than an air in-
sulated solution, so that the resonator structure can better withstand vibration and
shocks. Figure 6b illustrates an embodiment where the ends of the coupling tuning
means 7 are side by side and fixed to a dielectric body 21, which also in this em-
bodiment can be advantageously fixed to the partition 5. In the embodiments shown
in the figures 6a and 6b the dielectric body is not exactly at the ends of the coupling
tuning means 7, whereby the strength of the coupling can be adjusted in the above
described manner by bending the ends of the coupling tuning means 7.

However, the invention is not limited to the tuning of the strength of the coupling
and to the tuning of the frequency by bending the corresponding means 4, 7, but the
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tuning can also be performed by shaping the corresponding means 4, 7 in other
ways, for instance by cutting the means 4, 7 or by adjusting their area in some other
manner.

Figure 7 illustrates an embodiment where the frequency tuning means 4 is fixed via
the dielectric body 21 to the partition 5 in order to provide a mechanical stability.
Also in this embodiment the frequency can be tuned by bending the end of the fre-
quency tuning means 4 in the manner described above, or for instance by reducing
the area of the end of the frequency tuning means 4, for instance by cutting.

The figures 6a, 6b and 7 show only some examples of the use of a dielectric mate-
rial between different members. However, the invention is not limited to the use of a
certain dielectric body 21, but the frequency tuning means 4 and the coupling tuning
means 7 could for instance be coated by plastic or other isolating material, whereby
for instance the coupling tuning means of resonators standing side by side can be
fixedly glued to each other at one or more points, or for instance the frequency tun-
g means 4 can be fixedly glued to the partition at one or more points.

The solution according to the figures 4, 5, 6 and 7 can be used in all preferred em-
bodiments described in this application, as in such embodiments where the fre-
quency tuning means 4 and the coupling tuning means 7 are projections of an inte-
gral component, and in such embodiments where the frequency tuning means and
the coupling tuning means are components separately fixed to the resonator.

In the previous examples of various embodiments of the invention, the resonator 1.e.
the inner conductor 1 was specified as being in galvanic contact with the ground
plane 2. Figures 8A, 8B, 8C, and 8D illustrate resonator structures according to an
advantageous embodiment of the invention, in which at least a part of the inner con-
ductor and the ground plane 2 form a single continuous piece of material. Further,
the walls 5 of the structure can also be a part of the same continuous piece of mate-
rial as the ground plane 2 and the inner conductor 1. Such a combined structure is
simple to manufacture, since the step of fixing the inner conductor to the ground
plane 2 is not required in such an embodiment. This advantage 1s especially impor-
tant in cases, where a resonator structure comprises a large number of resonators.
The structure can be manufactured for example using extrusion, casting or milling.
The combined structure can be manufactured very accurately to desired dimensions,
especially when using extrusion to form the structure. The combined structure pro-
duces also less intermodulation artefacts to the signals processed by the structure.
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Figure 8A shows a cross section of a structure according to an embodiment of the
invention, in which at least a part of the inner conductor and the ground plane 2
form a single continuous piece of material. In the example of figure 8A, the walls 5
of the structure are also a part of the same continuous piece of material as the inner
conductor i.e. resonator 1 and the ground plane 2.

For clarity, coupling tuning means 7 and frequency tuning means 4 are not illus-
trated in figures 8A, 8B, and 8C.

Figure 8B illustrates a cross section of an advantageous embodiment of the inven-
tion, in which the corner 24 between the inner conductor 1 with the ground plane 2
is rounded. The rounding of the corner 24 is advantageous, since it has the effect of
further decreasing the amount of intermodulation artefacts created into the signals
processed by the structure. In the example of figure 8B, the walls 5 of the structure
are also a part of the same continuous piece of material as the inner conductor 1.e.
resonator 1 and the ground plane 2.

The continuous structure such as illustrated in figures 8A and 8B is advantageous,
since there is no junction between the inner conductor 1 and the ground plane 2.
The electrical coupling over a junction may be imperfect for several reasons, for ex-
ample due to inaccurate machining of the junction surfaces, insufficient force used
to create the junction, oxidising of the junction surfaces and contamination of the
junction surfaces. Such imperfections may cause the electrical contact between the
inner conductor and the ground plane to be less than perfect, for example to have a
non-linear voltage to current relation. Such imperfections can create intermodulation
artefacts to the signals processed by the structure. The base of the inner conductor is
especially critical in this respect, since a current maximum exists at the base of the
mner conductor, when the structure operates at a resonating frequency. A high cur-
rent increases the effect of any eventual imperfections of the junction. A continuous
structure therefore eliminates a junction, which is a main source of intermodulation
artefacts.

In an advantageous embodiment of the invention, the inner conductor 1 comprises
more than one parts, one of which is a part of the same continuous piece of material
as the ground plane 2. Figure 8C illustrates the cross section of an example of such
an embodiment. The inner conductor comprises two parts 1A,1B which are electri-
cally connected to each other. Part 1B is a part of the same continuous piece of ma-
terial as the ground plane 2 and walls 5. In this embodiment, any coupling or fre-
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quency tuning means can be fixed to the part 1A either before or after the fixing of
part 1A to part 1B. Any coupling or frequency tuning means can also be fixed to the
part 1B. The inner conductor 1 can also comprise more than two parts 1A, 1B.

One example of advantages of an embodiment of the invention, in which the inner
conductor comprises more than one parts, is that while the creation of a junction at
the base of the inner conductor can be avoided with such a structure, parts of the
inner conductor can for example be manufactured from different material than some
other parts in order to create a temperature compensated structure. By careful selec-
tion of materials on one hand for the element comprising base 1B of the inner con-
ductor, ground plane 2 and the walls 5 and on the other hand for a second part 1A of
the inner conductor, the effect of the changing of dimensions of said element on the
resonance frequency of the structure can be compensated by the change of dimen-
sions of the second part 1A.

Another example of advantages of an embodiment of the invention, in which the in-
ner conductor comprises more than one parts, is that one base structure can be used
in different resonator structures with differing properties by tailoring the second part
1A and/or further parts of the inner conductor according to the desired properties of
the resonator structure. For example, any coupling or frequency tuning means may
be manufactured as integral extensions of the second part 1A, whereby the tuning
means do not need to be separately fixed to an inner conductor.

Although a structure in which the inner conductor comprises more than one parts
has at least one junction within the inner conductor, it is not as large a disadvantage
regarding intermodulation artefacts as a junction at the base of the inner conductor,
since a junction between the ends of the inner conductor are generally not located at
a current maximum.

The parts 1A,1B of the inner conductor can be fixed to each other using any known
fixing method creating also an electrical contact between the parts, and the inven-
tion is not limited to any specific method of fixing the parts to each other.

Figure 8D illustrates a further example of a structure according to an embodiment of
the invention, in which at least a part of the inner conductor 1 and the ground plane
2 form a single continuous piece of material. As figure 8D shows, an inventive
resonator structure may comprise more than one resonators. Figure 8D illustrates
further, that a resonator structure according to the invention may comprise resona-
tors having a single part 1 and resonators comprising more than one parts 1A,1B.
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Further, figure 8D illustrates such an embodiment of the invention, in which a
coupling tuning means 7 is an integral extension to a part 1A of an inner conductor
1, i.e. part of the same continuous piece of material. Figure 8D also shows walls 5.

The assembly of a resonator structure according to the invention is simpler than the
assembly of prior art solutions, because the number of required components is
lower. Further the electrical performance of the solution according to the invention
is better than the prior solution with a screw adjustment. Thus a resonator structure
according to the invention is more economical, easier and faster to manufacture in
sertes production than the prior art solutions. A further advantage provided by the
easy and wide tunability of the solution according to the invention is that the prod-
uct development of different resonator structure versions having different frequen-
cies and bandwidths is easier, and the time required by the design is reduced, which
saves costs in the product development and in the production. When the number of
required components is reduced the management of the product ranges will be im-
proved.

The upper part 3 of the resonator, the frequency tuning means 4 and the coupling
tuning means 7 can be formed for instance of a thin copper sheet or of another suit-
able sheet material, such as for instance of a sheet manufactured from another
metal, or of a metal coated dielectric sheet, or of a dielectric sheet, which is metal-
lised after coarse shaping. Advantageously also the upper part 3 of the resonator, the
frequency tuning means 4, and the coupling tuning means 7, can be coated with sil-
ver, gold, or with another material with a very good electric conductivity.

The above described galvanic joints can be made for instance by soldering, but also
by other known means, such as spot welding or by gluing with an electrically con-
ductive adhesive.

Above we described such examples where the frequency tuning means 4 and the
coupling tuning means 7 are substantially separate components, which both also act
as capacitive loads. However, this does not limit the invention, but in a solution ac-
cording to the invention it is sufficient that at least one of them, or that component
to which the means are fastened or which forms the projections, acts as the ca-
pacitive load.

Although the solution according to the invention is particularly well adapted to be
used in such resonator structures where there are more than one coaxial resonator,
the solution according to the invention can also be used in such resonator structures,
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which have only one coaxial resonator. Then with the aid of the coupling tuning
means 7 it is possible to adjust the strength of the coupling to the input and output
of the resonator structure, or simultaneously to further resonator structure stages
realised by other techniques.

The inventive resonator structures can be advantageously used i filter structures.
The resonator structure according to the invention can be particularly advanta-
geously used in mobile stations and in different devices of cellular network systems,
such as in base station filters for the 900 MHz GSM and in base station filters for
the 1800 MHz DCS and the 1900 MHz PCS. However, the invention is not limited
to these examples, but the filter solution according to the invention can be used in
any other applications.

Above the invention was described with reference to some of its preferred embodi-
ments, but it is obvious that the invention can be modified in many different ways
within the inventive idea defined by the enclosed claims.
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Claims

1. A resonator structure having at least one coaxial resonator (1), characterised
in that the resonator structure comprises:

- at least one frequency tuning means (4) for tuning the resonance frequency of the
coaxial resonator,

- at least one coupling tuning means (7) for adjusting the strength of the coupling
between the coaxial resonator and other members of the resonator structure, and

- at least one capacitive loading means (3, 4°, 7°) of the coaxial resonator,

whereby at least one of said tuning means (4, 7) forms an integral body with at least
one of said capacitive loading means (3, 4°, 7).

2. A resonator structure according to claim 1, characterised in that said tuning
means (4, 7) are realised as projections of a single integral component (3), which is
the capacitive loading means of the coaxial resonator.

3. A resonator structure according to claim 1, characterised in that said tuning
means (4, 7) are manufactured of a sheet-like material.

4. A resonator structure according to claim 3, characterised in that the sheet
material used for the manufacturing of said tuning means (4, 7) is copper sheet
coated with a silver layer.

5. A resonator structure according to claim 1, characterised in that said tuning
means (4, 7) are realised as separate bodies fastened to said at least one coaxial
resonator.

6. A resonator structure according to claim 1, characterised in that at least one
of said tuning means (4, 7) is fastened to said at least one coaxial resonator between
its open and grounded ends.

7. A resonator structure according to claim 1, characterised in that said tuning
means (4, 7) are fastened at the open end of said at least one coaxial resonator.

8. A resonator structure according to claim 1, characterised in that said resona-
tor (1) is a part of the same continuous piece of material as the ground plane (2) of
the resonator structure.

9. A resonator structure according to claim 1, characterised in that a part (1B) of
said resonator (1) is a part of the same continuous piece of material as the ground
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plane (2) of the resonator structure.
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