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(54) Mircowave filter

(57)  The invention relates to a radio frequency filter
based on transmission line resonators and having ad-
justable frequency response characteristics. The inven-
tion relates particularly to a bandpass filter in which the
transmission zero, or the highly-attenuated frequency
area limiting the pass band can be switched between at
least two frequency values. To affect the coupling be-
tween the transmission line resonators, an electrically

conductive regulating element and a switch are placed
in their vicinity, and said regulating element can be con-
nected to ground by means of said switch, thereby af-
fecting either the capacitive or the inductive component
of the coupling, depending on the location of the regu-
lating element. Stepless adjustment can be realized by
replacing the switch with a reactive component, advan-
tageously a capacitance diode.
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Description

The present invention relates to a radio frequency
filter comprising a first transmission line resonator and
a second transmission line resonator.

Radio devices generally employ filters which are
based on transmission line resonators with electromag-
netic couplings between them. Between transmission
line resonators coupled through an insulating material
by means of electromagnetic fields there usually is both
a capacitive and an inductive coupling, which together
result in a certain frequency response in the filter con-
stituted by the resonators. In particular, the capacitive
and inductive couplings together cause in the frequency
response of a bandpass filter a so-called transmission
zero, or a certain relatively narrow frequency area which
limits the pass band of the filter on one side and in which
the attenuation of the filter is particularly high. In a filter
based on so-called A/4 resonators, ie. in which the elec-
trical length of the resonators is substantially one fourth
of the wavelength corresponding to the nominal fre-
quency of thefilter, the location of said transmission zero
with respect to the pass band of the filter depends on
the interrelation of the strengths of the capacitive and
inductive couplings between the resonators. If the ca-
pacitive coupling is dominant, the transmission zero is
located below the pass band, and if the inductive cou-
pling is dominant, the transmission zero is located
above the pass band.

The strength of the coupling between two resona-
tors depends on the combined effect of the capacitive
and inductive coupling between them. The phase differ-
ence between the capacitive and inductive coupling is
180 degrees, which means they have opposite signs
andtherefore tendto cancel each other. Because of this,
both couplings in a bandpass filter can be made high
enough for the zero of the frequency response to be lo-
cated at a suitable distance from the pass band while
the combined effect is small enough to realize the band-
pass characteristic of the filter. If the absolute values of
the inductive and capacitive couplings are identical, the
total coupling between the resonators is zero, in which
case they cannot be used to realize a bandpass filter.

As known, it is possible to influence the strength of
an inductive and capacitive coupling by choosing suita-
ble dimensions for the filter structure. A method is known
from U.S. Patent No. 5,239,279 in which the couplings
are influenced by creating in the vicinity of the resona-
tors strip-like areas of a conducting material, which, de-
pending on their location and manner of implementa-
tion, either strengthen or weaken the electric and/or
magnetic field which acts as a medium of coupling be-
tween the resonators.

In the prior art solutions there is a drawback that
once afilter has been manufactured according to certain
dimensions and possibly fine-tuned by mechanically
working the strip elements affecting the coupling, its fre-
quency response cannot be altered during use, at least
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not in a simple manner.

According to the present invention there is provided
a radio frequency filter comprising a first transmission
line resonator and a second transmission line resonator
and an electromagnetic coupling between the first and
second transmission line resonators, which coupling
comprises a capacitive and inductive portion, character-
ized in that the radio frequency filter includes means for
changing the capacitive and/or inductive portion of said
coupling to affect the frequency response of the radio
frequency filter, said means comprising an electrically
conductive element and means for changing the poten-
tial of the conductive element.

Advantageously the potential of the conductive el-
ement is changed on the basis of a signal, ideally an
electric signal.

Exemplary embodiments in accordance with the in-
vention may provide a radio frequency filter based on
transmission line resonators the frequency response of
which can be changed electrically. Also exemplary em-
bodiments in accordance with the invention may provide
a bandpass filter operating at radio frequencies in which
the location on the frequency axis of the frequency re-
sponse zero limiting the pass band can be altered elec-
trically. Furthermore exemplary embodiments in accord-
ance with the invention may provide afilter as described
above in which the frequency response adjustment is
realized in a simple manner.

Embodiments in accordance with the invention may
be achieved by adding an electrically controllable switch
or an electrically adjustable reactive component be-
tween a prior-art passive regulating element located in
the vicinity of the resonators and the ground potential of
the filter to change the reactance between said regulat-
ing element and the filter ground plane.

Embodiments in accordance with the invention may
relate to the adjustment of the frequency response of a
filter, based on transmission line resonators and oper-
ating at radio frequencies. In afilter in accordance with
the invention, the adjustment may be directed especially
to the location on the frequency axis of the so-called
transmission zero, or the attenuation peak limiting the
pass band of a bandpass filter. In some applications it
would be advantageous that the frequency response of
the filter, particularly the location of the transmission ze-
ro, or the frequency response zero, could be altered us-
ing an external control voltage or current.

Embodiments in accordance with the invention may
be based on the idea that when examining a prior-art
passive regulating element located in the vicinity of res-
onators, we can see that its regulating characteristics
are affected, in addition to its location and conductivity
properties, by its potential which can be electrically al-
tered using the method in accordance with the invention.
In practice, this means that an electrically controlled
switch, advantageously a PIN diode, field-effect transis-
tor or other voltage- and/or current-controlled semicon-
ductor switch known to one skilled in the art or an elec-
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trically variable reactive element, advantageously a ca-
pacitance diode, or a varactor, may be placed between
said regulating element, which can be e.g. a metal strip,
and the ground potential. A semiconductor switch made
of gallium arsenide (GaAs) is fast and reliable, whereby
the frequency response of a filter can be changed very
quickly between two different states. Adding more reg-
ulating elements and more switches one can implement
adjustment arrangements with more steps. By placing
a variable reactive component, such as a capacitance
diode, between the regulating element and the ground
potential of the filter instead of a switch, one can have
an arrangement in which the frequency response of the
filter can be steplessly adjusted by means of a control
voltage and/or current.

Embodiments of the invention will now be de-
scribed, by way of example, with reference to the ac-
companying drawings, in which

Fig. 1a illustrates diagrammatically afilter in accord-
ance with the invention,

Fig. 1b is a circuit diagram of a filter in accordance
with the invention,

Fig. 2 shows an advantageous embodiment in ac-
cordance with the invention,

Fig. 3 shows a second advantageous embodiment
in accordance with the invention,

Fig. 4 is a graph showing qualitatively the frequen-
cy response characteristics achieved with
the embodiments shown in Figs. 2 and 3,

Fig. 5 is a graph showing qualitatively the frequen-
cy response characteristics achieved with a
third embodiment in accordance with the in-
vention,

Fig. 6a is a circuit diagram of a fourth embodiment
in accordance with the invention,

Fig. 6b is a circuit diagram of a fifth embodiment in
accordance with the invention,

Fig. 7 is a circuit diagram of a sixth embodiment in
accordacne with the invention, and

Fig. 8 is a graph showing the frequency response

characteristics achieved with the embodi-
ment shown in Fig. 7.

According to Fig. 1a, there is a coupling K between
two transmission line resonators R1, R2, which can be
influenced with a control signal C. The practical imple-
mentation of Fig. 1a can be realized in many ways by
embodiments in accordance with the present invention.
Fig. 1b shows a circuit diagram of an advantageous em-
bodiment wherein an electrically conducting regulating
element S3, which affects the coupling between reso-
nators R1 and R2, can be grounded by means of switch
SW1 when desired. Next, we will discuss the technical
implementation of this embodiment.

Fig. 2 shows a dielectric filter made of one piece
(so-called monoblock) comprising two transmission line
resonators R1, R2. The manufacture of this kind of filter

10

15

20

25

30

35

40

45

50

55

will not be described since it is known to one skilled in
the art. The dielectric block B which constitutes the body
of the filter is advantageously of ceramic material, and
the resonators R1 and R2 are cylindrical holes in the
block, extending from the lower surface of the block to
the upper surface (the top surface in the figure) of the
block, and the walls of the holes are coated with a con-
ductive material. Most of the side surfaces of the block
B are also coated with a conductive material, which is
indicated by white colour in the figure. The front side
shown in Fig. 2 is not entirely coated, but strip-like con-
ductive patterns S1, S2 and S3 are formed on it. The
top side shown in Fig. 2 is uncoated. The uncoated ce-
ramic material is shown as gray in the figure. The two
widest conductive patterns S1 and S2 constitute the in-
put and output port of the filter, ie. they provide the cou-
pling interface to the resonators R1 and R2. The third
conductive pattern S3 is a regulating element known in
the prior art which, as such, strengthens in a known
manner the capacitive coupling between the resonators
R1 and R2. The alternative embodiment shown in Fig.
3 is also a dielectric filter which differs from the embod-
iment in Fig. 2 in that there the front side is coated with
a conductive material and the conductive patterns S1,
S2 and S8 are formed on the top surface which is un-
coated except for the conductive patterns.

In accordance with the invention, the embodiments
shown in Figs. 1b, 2 and 3 include a switch SW1, which
is shown in the figures only diagrammatically, but which
is realized by a PIN diode, field-effect transistor or other
semiconductor switch in a manner which is known to
one skilled in the art. In the implementation, the switch
component is coupled e.g. by soldering to connection
pads (not shown in the figures) which are formed on the
surface of the dielectric block B in the same way as the
other conductive patterns S1, S2 and S3. Also a control
signal C, which opens and closes the switch SW1, is
coupled to said switch component by means of strip
lines (not shown) formed on the surface of the dielectric.

In the position shown in Figs. 1b, 2 and 3, the switch
SW1 is open, whereby there is no significant effect on
the operation of the filter. As the switch SW1 is closed
it couples the regulating element S3 to the ground po-
tential, whereby the grounded regulating element S3
weakens the capacitive coupling between the resona-
tors R1 and R2. According to the principle discussed
above in conjunction with the description of the prior art,
weakening the capacitive coupling strengthens the rel-
ative portion of the inductive coupling, which in turn
shifts the transmission zero of the frequency response
of the filter upwards on the frequency axis. Fig. 4 shows
a qualitative representation of a real frequency re-
sponse measurement, in which the frequency response
of a filter according to the embodiment shown in Fig. 2
is measured with the switch SW1 open (solid line) and
closed (dashed line). Fig. 4 shows clearly that closing
the switch SW1, ie. grounding the regulating element
83, shifts the transmission zero in the frequency re-
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sponse upwards on the frequency axis, or, in Fig. 4, to
the right, from position O1 to position O1'. In addition,
the pass band of the filter, or the frequency area with the
lowest attenuation, becomes somewhat narrower when
the switch SW1 is closed, because the absolute value
of the combined effect of the capacitive and inductive
coupling becomes smaller.

Fig. 5 is a simplified illustration of a frequency re-
sponse measurement for the frequency response of a
third embodiment of the invention. Since the transmis-
sion zero is in this case above the pass band, ie. on the
right-hand side in the figure, the inductive coupling is
dominant in a filter according to the third embodiment.
It is clear to one skilled in the art how to implement a
filter the frequency response of which qualitatively cor-
responds to the solid-line curve using known methods
discussed above in conjunction with the description of
the prior art, advantageously a regulating element made
of a conductive material. When such a regulating ele-
ment is grounded according to the invention, the relative
portion of the inductive coupling increases compared to
the capacitive coupling, whereby the transmission zero
is shifted upwards on the frequency axis, ie. in Fig. 5, to
the right, from position 02 to position 02'. At the same
time the pass band of the filter becomes somewhat wid-
er, because the absolute value of the combined effect
of the capacitive and inductive coupling becomes great-
er.

Above it was discussed how to switch the transmis-
sion zero of a bandpass filter between two frequency
values. In some cases it is advantageous that the loca-
tion of the transmission zero can be switched between
more values. Then, more regulating elements and cor-
responding ground switches can be included in the filter,
thereby broadening the adjustment range respectively.
This fourth embodiment of the invention is shown as a
circuit diagram in Fig. 6a including regulating elements
S3 and S4, which advantageously are strip lines, and
corresponding switches SW1 and SW2. According to
their location shown in Fig. 6a the regulating element
S3 primarily affects the capacitive coupling between the
resonators R1 and R2, and the regulating element S4
primarily affects the inductive coupling between the res-
onators R1 and R2. The switches are controlled by sep-
arate control signals C and C'. A further alternative is to
use, instead of the aforementioned simple two-state
switch SW1, a switch SW3 with three or more states
which is included in the fifth embodiment of the invention
as shown in the circuit diagram of Fig. 6b. The imple-
mentation of such a switch using e.g. PIN diodes is
known to a person skilled in the art. Advantageously, the
switch SW3 could be open in its first state, connect the
regulating element S3 directly to the ground in the sec-
ond state and, in the third state, ground the regulating
element S3 through a transmission line SL1 which ad-
vantageously could be a strip line similar to the other
strip lines in the filter structure. Grounding through a
transmission line SL1 would affect the resonance char-
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acteristics of the regulating element S3 differently than
direct grounding, whereby the effect on the frequency
response would be different. Various other embodi-
ments may be realised within the scope of the inventive
idea disclosed here.

The above description concerned switching the
transmission zero in the frequency response of a band-
pass filter between two or more discrete frequency val-
ues. In some cases it is advantageous that the location
on the frequency axis of the transmission zero can be
switched steplessly within a frequency range limited by
certain limit values. Such a coupling is implemented by
replacing the switch SW1 mentioned above with a reac-
tive component, advantageously a capacitance diode,
or varactor D controlled with a voltage and/or current
signal, as shown in the circuit diagram of Fig. 7 illustrat-
ing a sixth embodiment of the invention. The reactance
of the capacitance diode can be steplessly adjusted by
changing the voltage serving as control signal C". Fig.
8 is a simplified representation of a frequency response
measurement in which the frequency response of afilter
according to the embodiment shown in Fig. 7 is meas-
ured with three different values of the control voltage C"'.
Each curve represents a certain value of the control volt-
age C".

In abandpass filter in accordance with the invention
the shifting of the transmission zero is easy and quick,
and only one switch and a suitable ground strip line need
be added to a filter according to the prior art. The inven-
tion is in no way limited to bandpass filters only but it
can be generalized to apply to other transmission line
resonators when their frequency response characteris-
tics need be electrically changed. Neither is the inven-
tion limited to dielectric filters, but it can be applied in all
filter structures which are based on transmission line
resonators and in which the coupling between the res-
onators can be affected with a conductive regulating el-
ement. Another example of a possible filter structure is
a helix filter based on cylindrical coil conductors, known
e.g. from Finnish Patent FI-90157, wherein the regulat-
ing elements according to the invention can be manu-
factured as strip lines in the same way as in the embod-
iments described above. Filters according to the inven-
tion can be advantageously used in small radio commu-
nication devices, such as mobile phones.

Claims

1. A radio frequency filter comprising a first transmis-
sion line resonator (R1) and a second transmission
line resonator (R2) and an electromagnetic cou-
pling (K) between the first and second transmission
line resonators, which coupling comprises a capac-
itive and inductive portion, characterized in that the
radio frequency filter includes means (S3; S4; SW1;
SW2; SW3; SL1; D) for changing the capacitive
and/or inductive portion of said coupling (K) to affect
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the frequency response of the radio frequency filter,
said means comprising an electrically conductive
element (S3; S4) and means (SW1; SW2; SW3; D)
for changing the potential of the conductive ele-
ment.

The radio frequency filter of claim 1, wherein the fil-
ter includes an electrically conductive first regulat-
ing element (S3) and first switching means (SW1;
SWa3) to change the potential of said first regulating
element (S3) with an electric signal (C; C") between
at least two values in order to affect the frequency
response of said radio frequency filter.

The radio frequency filter of claim 1 or 2, wherein
said first switching means include a first swiich
(SW1) between said first regulating element (S3)
and the ground potential, and the switch (SW1) has
two states and in the first state the swiich is open
and in the second state the switch connects said
first regulating element (S3) to ground.

The radio frequency filter of any one of the preced-
ing claims, wherein said first regulating element
(S3) is a strip line.

The radio frequency filter of any one of the preced-
ing claims, wherein said first regulating element
(S3) is arranged to affect the electromagnetic cou-
pling between said transmission line resonators
when said first regulating element (S3) is not con-
nected to any particular potential.

The radio frequency filterof claim 1, 2, 4 or 5, where-
in the filter includes a transmission line (SL1) for in-
direct grounding of said first regulating element
(S3), and said first switching means include a sec-
ond switch (SW3) between said regulating element
(S3) and the ground potential, and the switch (SW3)
has at least three states and in the first state the
switch (SW3) is open, in the second state the switch
(SW3) connects said first regulating element (S3)
directly to the ground, and in the third state the
switch (SW3) connects said first regulating element
(S3) to the ground via said transmission line (SL1).

The radio frequency filter of any one of the preced-
ing claims, wherein said first switch (SW1) and sec-
ond switch (SW3) are PIN diodes or field-effect tran-
sistors.

The radio frequency filter of claim 1, wherein the fil-
ter includes an electrically conductive first regulat-
ing element (S3) and first reactive means (D) for
steplessly changing the potential of said first regu-
lating element (S3) with an electric signal (C") in
order to affect the frequency response of said radio
frequency filter.
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9.

10.

11.

The radio frequency filter of claim 8, wherein said
first reactive means (D) comprises a capacitance
diode (D) between said first regulating element (S3)
and the ground potential, and said electric signal
(C")is a voltage signal arranged to bias said capac-
itance diode.

The radio frequency filter of any one of the preced-
ing claims, wherein the filter also includes a second
electrically conductive regulating element (S4) to
affect said coupling (K), and a second switching
means (SW2) to change the potential of said sec-
ond regulating element with an electric signal (C")
between at least two values in order to affect the
frequency response characteristics of said radio
frequency filter.

The radio frequency filter of any one of the preced-
ing claims, wherein the filter is a bandpass filter.
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