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RF FILTER CIRCUIT, RF FILTER WITH IMPROVED ATTENUATION AND
DUPLEXER WITH IMPROVED ISOLATION

Field of the Invention

The present invention relates to RF filter circuits, e.g. for
mobile communication devices, to RF filters having such cir-
cuits and to duplexers using such filter circuits and having

a high isoclation.

Background of the Invention

RF filter circuits may be used in wireless communication de-
vices, e.g. mobile phones, to select wanted signals from a
plurality of signals propagating in a plurality of frequency
bands.

An important aspect of an RF filter circuit is the possible
attenuation, i.e. the insertion loss that should be small in
a pass band and high in a stop band. if the filter circuit
is, in particular, used in pass band filters important as-
pects are bandwidth and the slope of the pass band flanks. If
two pass band filters are combined, a duplexer can be ob-
tained. An important parameter of duplexers is their isola-
tion. The isolation mainly is the ratio of power fed into the
transmission (TX) port divided by the power leaking to the
reception (RX) port. Good attenuation (i.e. a high insertion
loss) in a stop band - usually in the RX frequency band - is

needed to obtain a good isolation.

In principle, filter circuits working with acoustic waves
provide good attenuation. Filters with such filter circuits

may be SAW filters (SAW = surface acoustic wave), BAW filters
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(BAW = bulk acoustic wave) or GBAW filters (GBAW = guided
bulk acoustic wave). An electroacoustic filter is known from

US patent no. 6,441,704.

However, the ongoing trend towards miniaturization on the one
hand, and more and more functionality on the other hand,
jeopardizes the intrinsic good filter properties of such

electroacoustic filters.

Thus, the need for filters with good filter properties even
at small lateral dimensions exits. Further, duplexers com-

prising such filters are also needed.

Summary of the Invention

The filter circuit, the filter and the duplexer according to
the independent claims provide the needed circuits and compo-

nents. Dependent claims provide preferred embodiments.

An RF filter circuit comprises an input port with an input
terminal and an output port with an output terminal. The fil-
ter circuit further comprises a signal path between the input
port and the output port. The signal path has a first series
resonator. The filter circuit further comprises a ground ter-
minal, a first coupling conductor segment and a second cou-
pling conductor segment. The first coupling conductor segment
is a part of the signal path and is directed connected to the
input terminal. The second coupling conductor segment is di-
rectly connected to the output terminal or to the ground ter-
minal. The RF filter circuit further has a rejection frequen-
cy band of high attenuation. Further, the first coupling con-
ductor segment and the second coupling conductor segment are

arranged next to each other and are electromagnetically cou-
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pled such that the coupling enhances the attenuation of the

filter circuit in the rejection band.

Apart from the input terminal, the input port can have a sec-
ond or further input terminals. It is, thus, possible that
the input port works with unbalanced signals (one input ter-
minal) or balanced signals (two input terminals). Also, the
output port can have a second or more output terminals. Then,
it is possible that the output port of the filter circuit
works with unbalanced signals (one output terminal) or bal-

anced output signals (two output terminals).

The signal path comprises conductor segments between the in-
put port and the output port in which RF signals can propa-
gate. The signal path can be provided for working with unbal-
anced signals or for working with balanced signals. The first
series resonator is electrically connected in series within
the signal path. RF signals propagating in the signal path

have to pass the first series resonator.

The ground terminal provides a connection to a ground poten-
tial. The connection towards the ground potential can be a
direct connection to ground potential or via an impedance el-

ement such as a capacitive element or an inductive element.

As the first coupling conductor element is a part of the sig-
nal path and as the first coupling conductor segment is di-
rectly connected to the input terminal, RF signals being fed
into the input terminal propagate through the first coupling
conductor segment. Due to the vicinity of the first and the
second coupling conductor segments an electromagnetic cou-
pling is possible and wanted. Compared to ideal filter cir-

cuits real filter circuits have a finite attenuation in a re-
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jection band. This is related to the fact that due to finite
conductivity properties of conductor segments a ground poten-
tial of a filter circuit in a real filter is not absolutely
fixed in its wvalue. RF signals may contaminate the ground po-
tential. Thus, frequency components of an unwanted signal may
be found at the ground potential and/or at the output of the
filter. By electromagnetically coupling the first coupling
conductor segment and the second coupling conductor segment
the attenuation properties of the filter circuit can be im-
proved. Accordingly, a duplexer of which such an RF circuit
establishes a transmission filter or a reception filter can

have an improved isolation.

However, creating such a first coupling conductor segment in
the vicinity of a second coupling conductor segment adds fur-
ther conductor segments to a filter, thus jeopardizing the
ongoing trend towards miniaturization and increasing the
probability of further crosstalk between conductor elements.
Thus, the respective coupling conductor segments and their
topology in a filter need to be chosen very carefully and the
design of the respective other filter components must be
adapted to the presence of the coupling conductor segments if
the full potential of the respective electromagnetic coupling

is to be utilized.

It is possible that the second coupling conductor segment is

directly connected to the output terminal.

However, it is also possible that the second coupling conduc-

tor segment is directly connected to the ground terminal.

Thus, it is possible that an electromagnetic coupling between

input signals and signals propagating in the output terminal
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is obtained and it is also possible that such a coupling be-
tween input signals and a non-ideal ground potential is ob-

tained.

It is possible that the RF filter circuit has a ladder-type
structure and comprises a second series resonator. The second
series resonator is electrically connected in the signal path
and in series to the first series resonator. The RF filter
circuit may then further comprise a first parallel branch and
a second parallel branch. The first parallel branch electri-
cally connects the signal path to ground and comprises a
first parallel resonator. The second parallel branch electri-
cally connects the signal path to ground and comprises a sec-
ond parallel resonator. The first parallel resonator and the
second parallel resonator are, thus, electrically connected
in parallel and establish shunt connections between the sig-

nal path and ground.

Fach series and each parallel resonator can have a resonance
frequency and an anti-resonance frequency. If the regpective
frequencies are chosen accordingly then the RF filter circuit
can establish a band pass filter or a band stop filter. In
any case, the RF filter circuit has a rejection frequency

band with improved attenuation.

It is possible that the attenuation is enhanced by cancella-
tion of unwanted RF signals. Cancellation is obtained in the
first and in the second coupling conductor segments due to

the electromagnetic coupling.

It is possible that the first series resonator is dedicated
to work with acoustic waves. Thus, the first series resonator

is an electroacoustic resonator and may be an SAW resonator,
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a BAW resonator or a GBAW resonator. If the RF filter circuit
comprises further resonators such as a second series resona-
tor and a first and/or a second parallel resonator, then
these additional resonators may also be electroacoustic reso-
nators. The additional resonators may be of the same type as

the first series resonator.

It is possible that the first series resonator comprises res-
onator components that are arranged on a chip. If the first
series resonator is an SAW resonator, the resonator compo-
nents may be bus bars and electrode fingers, a thermal com-
pensation layer (TCF layer = thermal coefficients of frequen-
cy) or a frequency adjusting layer. By choosing the thickness
of the frequency adjusting layer the frequency of the resona-

tor can be tuned.

If the RF filter circuit comprises further resonators then
the further resonators’ components may also be arranged on

the same chip or they may be arranged on another chip.

If the first series resonator is a BAW resonator, then the
resonator components may comprise a lower electrode area, an
upper electrode area and a piezoelectric material between the

two electrode areas.

If the first series resonator is a GBAW resonator, then the
resonator components may comprise bus bars, electrode fingers
and a dielectric material burying the bus bars and the elec-

trode fingers.

In the case of an SAW resonator or a GBRAW resonator, the chip
may comprise a piezoelectric material such as lithium tanta-

lite (LiTaOs), lithium niobate (LiNbO;) or quartz. If the
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first series resonator is a BAW resonator, then the chip may

be a semiconductor chip.

It is possible that the chip is arranged on a carrier sub-

strate.

The carrier substrate may comprise a single layer of a die-

lectric material, e.g. a PCBR (printed circuit board) materi-
al. The carrier substrate may comprise conductor segments on
its top side or on its bottom side for electrically connect-

ing the filter circuit to an external circuit environment.

However, it is possible that the carrier substrate is a mul-
tilayer substrate with a plurality of two or more dielectric
layers and metallization layers in between. Within the metal-
lization layers conductor segments such as signal lines, im-
pedance elements such as capacitance elements or inductive
elements, etc. may be structured and electrically connected
to the first series resonator. Thus, circuit components of
the RF filter circuit may be embedded within the multilayer

substrate.

It is possible that the first coupling conductor segment and
the second coupling conductor segment are arranged on the

chip or on the carrier substrate.

Depending on the desired degree of coupling and on the dis-
tance between the coupling area and other circuit components
arranging the coupling conductor segments on the chip or on

the carrier substrate provides two alternative solutions.

Conventional and known techniques are possible for combining

the chip and the carrier substrate. It is thus possible that



10

15

20

25

30

WO 2016/000873 PCT/EP2015/061887

the chip and the carrier substrate are combined to a filter
component using DSSP techniques where DSSP (die sized SAW
packaging) is a brand name for small sized highly integrated

electrical filter component.

It is possible that the first coupling conductor segment and
the second coupling conductor segment are aligned in paral-
lel. The two conductor segments can be arranged next to each
other in the same layer within a layer system on a chip or
within a layer system in a multilayer substrate. However, it
is possible that the two conductor segments are arranged one
above the other in different layers of a multilayer struc-
ture. By choosing the length and the distance between the two
parallel conductor segments and by choosing the material and
the dielectric properties of the material in between the de-
gree of coupling between the two conductor segments can be
adjusted according to requirements that the filter needs to

fulfil.

It is possible that the first coupling conductor segment and
the second coupling conductor segment are dedicated to con-

duct RF signals in the same or in the opposite direction.

By choosing the direction of propagation relative to one an-
other a designer has an additional degree of freedom for ad-

justing the degree of coupling.

It is possible that the first coupling conductor segment and
the second coupling conductor segment establish a segment of

a coupled differential signal line.

For example by placing the two different conductor segments

in opposite directions, opposite flowing currents may produce
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oppositely polarized magnetic and/or electric fields which
may reduce or even cancel each other. Thus, a differential
line operation may be obtained. By utilizing such a differen-
tial line for TX signals and electromagnetic signals propa-
gating in a TX ground path or in the filter’s output port, a
cancellation effect can be created which improves the filter
circuit’s attenuation and an according filter’s electrical
properties. An according duplexer obtains an improved isola-

tion.

It is possible that the first coupling conductor segment and
the second coupling conductor segment are dedicated to carry
currents having opposite directions and being out of phase.
By choosing the phase of the RF signals propagating at the
location of the conductor segments, the designer has a fur-

ther degree of freedom in adjusting the degree of coupling.

It is possible that the electromagnetic coupling comprises a

magnetic coupling as its main constituent.

An electromagnetic coupling usually has an electrical compo-
nent and a magnetic component. By choosing the geometric de-
tails of the conductor segments and the distance between the
conductor segments and the electromagnetic properties of the
material in between, emphasis of the coupling can be laid on
the magnetic aspect or on the electric aspect. Thus, a fur-

ther degree of freedom in adjusting the degree of coupling

can be obtained.

It is possible to utilize such an RF filter circuit in an ac-
cording RF filter. Thus, an RF filter may comprise such an RF

filter circuit.
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It is further possible that a duplexer comprises such an RF
filter with an improved attenuation. Then, it is possible
that the rejection band of the RF filter is a reception band
(RX). The enhanced attenuation of RF signals in the reception

band enhances the duplexer’s isolation.

It is possible that the duplexer has a transmission filter, a
reception filter and an impedance matching circuit. The first
series resonator of the filter circuit is an element of the
transmission filter. The impedance matching circuit is con-
nected between the transmission filter and the reception fil-
ter. It is also possible that such a duplexer has a DMS
structure (DMS = double mode SAW) in the reception filter.

Especially if such a filter is utilized in a duplexer, TX in-
put signals and ground currents made add up (interfere) at
the antenna but cancel each other at the output port of the

reception filter. Thus, the duplexer’s isolation is improved.

Depending on the geometric details of the conductor segments
oppositely polarized magnetic fields can be obtained that
cancel each other for an improved attenuation and, thus, an

improved isolation.

Series resonators and parallel resonators may comprise inter-
digitated electrodes with bus bars and electrode fingers that
are arranged in an acoustic track between acoustic reflec-
tors. However, each resonator may be realized as a multiport
resonator (MPR) with more than one electroacoustic transducer

in the according acoustic track.

The filter circuit, the filter, the duplexer and the basic

working principles and preferred embodiments are further de-



10

15

20

25

30

WO 2016/000873 PCT/EP2015/061887
11

scribed in more detail in the accompanying schematic figures,

not limiting the scope of the invention.

Brief Description of the Drawings

Fig. 1 shows a filter circuit FC with a ladder-structure
where an input port is electromagnetically coupled to a

ground port.

Fig. 2 shows a duplexer where the input port of the transmis-
sion filter is electromagnetically coupled to an output ter-

minal of a balanced output port of the reception filter.

Fig. 3 shows a possible layout of a filter topology and a
possible arrangement of the first coupling conductor segment

relative to the second coupling conductor segment.

Fig. 4 shows a possible arrangement of a chip located above
the carrier substrate. The chip and the carrier substrate es-

tablish an RF filter F.

Fig. 5 shows another possible layout and another possible ar-

rangement of the first coupling conductor segment.

Fig. 6 shows a perspective view of a physical realization of
first and second coupling conductor segments within the mul-

ti-layered construction of a filter component.

Fig. 7 shows a perspective view onto another possible embodi-

ment of a physical realization of a filter component.
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Fig. 8 shows simulated frequency-dependent matrix elements
S12523 indicated the impact of different embodiment of elec-

tromagnetic coupling.

Fig. 9 shows simulated frequency-dependent matrix elements
S13 indicating the impact of different embodiments of elec-

tromagnetic coupling.

Fig. 10 shows simulated matrix elements S17Sgp3 of a duplexer
indicating the impact of different embodiments of the elec-

tromagnetic coupling.

Fig. 11 shows simulated frequency-dependent matrix elements
S13 indicating the impact of different embodiments of elec-

tromagnetic coupling.

Figure 1 illustrates an equivalent circuit diagram of a fil-
ter circuit FC of a basic example in which an electromagnetic
coupling between an input port and a ground potential is ob-
tained. The filter circuit FC comprises a signal path SP in
which a first S1, a second 52 and a third S3 series resonator
are electromagnetically coupled in series. A first parallel
resonator Pl is electrically connected in a first parallel
branch shunting the signal path to ground GND. A second par-
allel resonator P2 is electrically connected in a second par-
allel branch shunting the signal path SP to ground GND. A
third parallel resonator P3 is electrically connected in a
third parallel branch shunting the signal path SP to ground
GND.

It is possible that the third parallel resonator P3 comprises

a parallel cascade of two parallel resonators of which one is
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a conventional resonator and of which the second is an MPR

resonator.

The input port IP comprises at least an input terminal IT.
From the input terminal IT conductor segments lead to an area
of electromagnetic coupling. The electromagnetic coupling
takes place between the first coupling conductor segment CSS1
of the input port and a second coupling conductor segment
CCS2 which is - in this example - a conductor segment to

ground GND.

In the equivalent circuit diagram shown in Figure 1, the out-
put port OP comprises a single output terminal OT. However, a
filter circuit SC working with balanced RF signals at the in-
put port IP or balanced output signals at the output port OP

is also possible.

Figure 2 shows a possible implementation of coupling conduc-
tor segments for improved attenuation in a duplexer DPX. The
duplexer DPX comprises a transmission filter TX and a recep-
tion filter RX. The transmission filter TX may be the RF fil-
ter with the above-described filter circuit FC. The transmis-
sion filter TX comprises three series resonators S1, S2, S3
and three parallel resonators. The reception filter RX com-
prises a first S1 and a second 32 series resonator and a
first parallel resonator Pl in a first parallel branch and a
second parallel resonator P2 in a second branch. The recep-
tion filter RX further comprises a DMS filter structure DMS.
The DMS filter structure DMS has a balanced signal output and
provides an output port OP that is compatible with balanced
signals. Thus, the output port OP comprises two output termi-
nals. One output terminal OT of the output port OP is elec-
tromagnetically coupled to the input terminal IT of the input
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port IP. Therefore, the first coupling conductor segment CCS1
electromagnetically connected to the input port IP is ar-
ranged in the wvicinity of the conductor segment of the output
terminal 02 establishing the second coupling conductor seg-

ment.

Between the transmission filter TX and the reception filter
RX an impedance matching circuit MC is arranged. Further, be-
tween the transmission filter FX and the impedance matching
circuit MC an antenna port is arranged which may be connected

to an antenna.

As such a duplexer comprises a plurality of resonators, con-
ductor segments and circuit elements in an impedance matching
circuit, further providing conductor segments for an electro-
magnetic coupling via the first and second coupling conductor
segments is not a triviality but demands a careful design and
an adaption of the electromagnetic and acoustical properties

of the respective other duplexer components.

Figure 3 shows a possible layout of a duplexer DPX. Series
resonators S1, S2, S3 define the main direction of propaga-
tion of transmission signals from the input port IP to an an-
tenna ANT connected to an antenna port AP. The reception fil-
ter comprises a series resonator and two DMS structures ar-
ranged in two parallel aligned acoustic tracks. Apart from
the first, second and third series resonator, the transmis-
sion filter further comprises up to five parallel resonators
P1 to P5 of which, for example P4 and P5 may establish dif-

ferent acoustic tracks of an MPR resonator.

The duplexer DPX comprises conductor segments - shown in Fig-

ure 3 by bold lines - which establish conductor segments
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needed for the electromagnetic coupling. Especially the con-
ductor segments between a parallel resonator, i.e. a third
parallel resonator P3, and ground may establish a conductor
pattern utilized for the electromagnetic coupling. Thus, the
ground connection between the resonator and ground may be ar-
ranged in a coil-like pattern which realizes an inductive el-
ement. The electromagnetic coupling is visualized by two par-
allel aligned arrows. The inductive element realized by the
conductor segments may have a conductivity in the range of
0.1 to 0.5 nH, e.g. 0.3 nH. Depending on the phase of a sig-
nal propagating in the second coupling conductor segment CCS2
and in the first coupling conductor segment CCS1 parallel or
anti-parallel currents at the place of the electromagnetic
coupling can be adjusted. The phase of the signal of one or
two of the conductor segments can be adjusted by adjusting
the length of the respective conductor segments comprising

the coupling conductor segments.

The topologies of the layouts shown in Figures 3 and 5 may
comprise conductor elements which are arranged in different
layers on a chip. Especially if conductor segments have an
overlap area a dielectric material can be arranged between

the conductor elements.

Figure 4 schematically illustrates an RF filter F where fil-
ter components are arranged within or on a surface of a chip
CH. The chip is arranged on a carrier substrate CS. The chip
CH and the carrier substrate CS may be electrically and me-

chanically connected via bump connections BU. However, other

electrical connections such as bond wires are also possible.

The place of the first and second coupling conductor segments

may be located on the chip CH or on the carrier substrate CH.
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Figure 5 shows a possible layout of a duplexer DPX in which
the conductor segments comprising the second coupling conduc-
tor segment CCS2 are chosen such that - at the place of the
electromagnetic coupling - anti-parallel currents inducing
anti-parallel magnetic fields are obtained as visualized by

anti-parallel arrows.

Figure 6 shows a possible realization of conductor elements
establishing the first CCS1 and the second CCS2 coupling con-
ductor segments within a layered structure of a filter. The
first coupling conductor segment CCS1 is directly connected
to an area establishing the input port IP. In the vicinity of
the first coupling conductor segment CCS1 the second coupling
conductor segment CCS2 is arranged which is connected via

further conductor segments to ground.

Figure 7 shows a perspective view of another possible embodi-
ment where the first coupling conductor segment CCS1 is cou-

pled to the output port of the reception filter. In this em-

bodiment conductor segments leading the second coupling con-

ductor segment CCS2 of the output port are lead to the vicin-
ity of the input port IP of the TX filter.

Figure 8 shows simulation results for the fregquency-dependent
matrix elements S, (insertion loss between the input port of
the transmission filter and the antenna port) and the matrix

element Sp3 (insertion loss between the antenna port and the

output of the reception filter) of a duplexer. The filters of
the duplexer provide two pass bands. The pass band comprising
frequencies between 700 and 740 MHz establishes the transmis-
sion band, i.e. the pass band of the transmission filter. The

pass band comprising frequencies between 760 and 790 MHz es-



10

15

20

25

30

WO 2016/000873 PCT/EP2015/061887
17

tablishes the reception band, i.e. the pass band of the re-

ception filter.

Curve IL1 1s the matrix element Sq, of a duplexer where the
input port is electromagnetically coupled to a conductor pat-
tern connecting parallel resonators to ground and having an
inductivity of 0.3 nH. Curve IL2 is the simulated matrix ele-
ment S, of an embodiment where the currents in the two cou-
pling conductor segments flow in the same direction. Curve
IL3 is the matrix element S7, of an embodiment where the cur-
rent in the two coupling conductor segments flows in opposite

directions.

Figure 9 shows the calculated matrix elements Sq13 (isolation)
of the duplexer according to the insertion losses of Figure
8. Curve ISl 1s the matrix element S13 of the duplexer where
the conductor segments of the second coupling conductor seg-
ment establish a inductive element of 0.3 nH, curve IS2 is
the matrix element Sq3 of an embodiment where in the coupling
conductor segments the currents have the same direction and
curve IS3 1s the matrix element Si3 of an embodiment where
the currents in the coupling conductor segments have the op-

posite direction.

Figure 10 shows simulated insertion losses for the transmis-
sion filter and the reception filter of a duplexer. Curve IL1
is the matrix element Sq1, of an embodiment where the two cou-
pling conductor segments establish segments of a differential
signal line where the coupling conductor segments are ar-

ranged in the package of a DSSP (die sized SAW packaging)

component. Curve IL2Z is the matrix element Sqp of an embodi-
ment where the coupling conductor segments establish conduc-

tor segments of differential signal line and the coupling
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conductor segments are arranged in a laminate structure of
the multilayer carrier substrate. Curve IL3 is the matrix el-
ement S1p of an embodiment where the two coupling conductor
segments establish conductor segments of a differential sig-
nal line where the coupling conductor segments are arranged
between the transmission filter and the reception filter on

an according filter chip.

Figure 11 shows the according matrix elements Sq3 of the du-
plexer corresponding to the curves shown in Figure 10. Curve
IS1 1s the matrix element S13 where the coupling conductor
segments are arranged in package of a DSSP-component, curve
IS2 1s the matrix element S13 of an embodiment where the seg-
ments establish a differential signal line in a laminate
structure of the carrier substrate and curve IS3 is the ma-
trix element Sq{3 where the area of electromagnetic coupling
is arranged between the TX filter and the RX filter on the

filter chip.

From Figures 8 to 11 it is clear that the designer has a plu-
rality of possibilities to adapt a duplexer’s electrical

properties to external requirements.

Neither the filter circuit nor the filter nor the duplexer
are restricted to details and embodiments described above or
shown in the figures. Filter circuits, filters and duplexer
comprising further coupling conductor segments or further

circuit components are also comprised.
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List of Reference Symbols
ANT: antenna
AP: antenna port
BU: bump connection
CCS1: first coupling conductor segment
CCS2: second coupling conductor segment
CH: chip
DMS: double mode SAW structure
DPX: duplexer
F: filter
FC: filter circuit
GND: ground
IE: inductive element
IL1, IL2, IL3: matrix element S;, / insertion loss
IP: input port
Is1l, Is2, IS3: matrix element S:;3 / isolation
IT: input terminal
OP: output port
OT: output terminal
P1, P2, P3: parallel resonator
P4, Pb: parallel resonator
RX reception filter
RXout: output port of the reception filter
S1, S2, S3: series resonator
SP: signal path
TX: transmission filter

TXin: input port of the TX filter
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What 1s claimed is:

1. An RF filter circuit (FC), comprising

- an input port (IP) with an input terminal (IT),

an output port (OP) with an output terminal (OT),

- a signal path (SP) between the input port (IP) and the
output port (OP), the signal path having a first series
resonator (S1),

- a ground terminal (GND),

- a first coupling conductor segment (CCS1l) being a part of
the signal path (SP) and being directly connected to the
input terminal (IT),

- a second coupling conductor segment (CCS2) directly
connected to the output terminal (OT) or to the ground
terminal (GND),

- a rejection frequency band,

where

- the first coupling conductor segment (CCS1l) and the second
coupling conductor segment (CCS2) are arranged next to each
other and are electromagnetically coupled such that the
coupling enhances the attenuation of the filter circuit in

the rejection band.

2. The RF filter circuit of claim 1, where the second
coupling conductor segment (CCS2) is directly connected to

the output terminal (OT).

3. The RF filter circuit of claim 1, where the second
coupling conductor segment (CCS2) is directly connected to

the ground terminal (GND).

4, The RF filter circuit of one of the previous claims,

having a ladder type structure and comprising
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- a second series resonator (S2) electrically connected in
the signal path (SP) in series to the first series resonator
(51),

- a first parallel branch electrically connecting the signal
path (GND) to ground and comprising a first parallel
resonator (Pl), and

- second parallel branch electrically connecting the signal
path (SP) to ground (GND) and comprising a second parallel

resonator (P2).

5. The RF filter circuit of one of the previous claims, where
the attenuation is enhanced by cancellation of unwanted RF
signals in the first (CCS1) and second (CCS2) coupling

conductor segments.

6. The RF filter circuit of one of the previous claims, where
the first series resonator (S1l) is dedicated to work with

acoustic waves.

7. The RF filter circuit of one of the previous claims, where
the first series resonator (S1) comprises resonator

components being arranged on a chip (CH).

8. The RF filter circuit of the previous claim, where the

chip (CH) is arranged on a carrier substrate (CS).

9. The RF filter circuit of the previous claim, where the
first coupling conductor segment (CCS1l) and the second
coupling conductor segment (CCS2) are arranged on the chip

(CH) or on the carrier substrate (CS).

10. The RF filter circuit of one of the previous claims,

where the first coupling conductor segment (CCS1l) and the
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second coupling conductor segment (CCS2) are aligned in

parallel.

11. The RF filter circuit of the previous claim, where the
first coupling conductor segment (CCS1l) and the second
coupling conductor segment (CCS2) are dedicated to conduct RF

signals in the opposite direction.

12. The RF filter circuit of the previous claim, where the
first coupling conductor segment (CCS1l) and the second
coupling conductor segment (CCS2) establish a segment of a

coupled differential signal line.

13. The RF filter circuit of the previous claim, where the
first coupling conductor segment (CCS1l) and the second
coupling conductor segment (CCS2) are dedicated to carry

currents having opposite directions and being out of phase.

14. The RF filter circuit of the previous claim, where the
electromagnetic coupling comprises a magnetic coupling as its

maln constituent.

15. An RF filter (F) comprising an RF filter circuit (FC) of

one of the previous claims.

l16. A duplexer (DPX) comprising an RF filter (F) of the
previous claim where the rejection band is a reception band
and where the enhanced attenuation of RF signals in the

reception band enhances the duplexer’s isolation.

17. The duplexer of the previous claim, having a transmission
filter (TX), an impedance matching circuit (MC) and a

reception filter (RX),
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where

- the first series resonator (S1) is an element of the
transmission filter (TX), and

- the impedance matching circuit (MC) is connected between

the transmission filter (TX) and the reception filter (RX).

18. The duplexer of the previous claim where the reception

filter comprises a DMS structure (DMS).
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