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(54) Antenna switching circuit with band pass filter and harmonics suppression

(57) The present invention relates to a radio frequen-
cy (RF) apparatus comprising a radio frequency (RF)
transceiver circuit (1) or radio frequency (RF) transmitter
circuit (1), an antenna switching circuit for connecting the
RF transceiver circuit or RF transmitter circuit to one of
a plurality of antennas (4) to provide a signal path be-
tween the RF transceiver/transmitter circuit and a select-
ed one of the plurality of antennas (4). The antenna
switching circuit comprises a parallel resonator circuit (5)

comprising a capacitor (5a) and an inductor (5b), and a
plurality of additional inductors (6.1, ..., 6.n) coupled to
each of a plurality of antenna connectors (3.1, ..., 3.n).
The capacitor (5a), the inductor (5b), and the additional
inductors (6.1, ..., 6.n) are chosen to form a bandpass-
filter at the fundamental frequency (f0), and to suppress
the second harmonic (f1) and the third harmonic (f2) of
the fundamental frequency (f0), by tuning the parasitic
capacitances and inductances of at least one of said com-
ponents.
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Description

[0001] The present invention relates in general to a
radio frequency (RF) apparatus, and in particular, to an
antenna switching circuit for such a RF apparatus. In one
aspect, the RF apparatus of the present invention com-
prises a RF transceiver circuit incorporating a RF trans-
mitter circuit and a RF receiver circuit for transmitting and
receiving RF signals, and an antenna switching circuit
for connecting the RF transceiver circuit to one of a plu-
rality of antennas to provide a signal path between the
RF transceiver circuit and a selected one of the plurality
of antennas. According to another aspect of the inven-
tion, the RF apparatus comprises a RF transmitter circuit
for transmitting RF signals, and an antenna switching
circuit for connecting the RF transmitter circuit to one of
a plurality of antennas to provide a signal path between
the RF transmitter circuit and a selected one of the plu-
rality of antennas.
[0002] The RF apparatus of the present invention is,
for example, a wireless communication apparatus, such
as a cell phone or a similar wireless device having at
least a built-in internal antenna. When such a wireless
communication apparatus is used as a mobile phone,
the built-in internal antenna is used for communication.
Thus, the antenna switching circuit is adapted to connect
the RF transceiver circuit to the internal antenna. How-
ever, when the mobile phone is used in a car as a car
telephone, an external antenna mounted to the car is
used for communication, and the antenna switching cir-
cuit is adapted to connect the RF transceiver to the ex-
ternal antenna. Thus, by means of the antenna switching
circuit, the signal path to and from the RF transceiver is
switched between the internal antenna and the external
antenna. It is obvious that instead of an internal antenna
and an external antenna, a plurality of different types of
antennas can be used, for example, a plurality of internal
antennas and/or a plurality of external antennas.
[0003] The antenna switching circuit can be realized
by means of a simple mechanical or electronic switch
which is operated when the plug of the external antenna
cable is inserted in or removed from an external antenna
connector. In other words, when the external antenna
plug is inserted in the external antenna connector of the
RF apparatus, the signal path between the RF transceiv-
er and the internal antenna is disconnected, and a con-
nection between the RF transceiver and the external an-
tenna is established. Such a solution is shown, for ex-
ample, in EP 0 718 981 A2.
[0004] In a second example, the RF apparatus is a
wireless communication module (w.c.m.) used as a com-
ponent for electronic devices in order to add wireless
communication capability to them. The antenna required
for operation of the wireless communication module is
selected by design of the electronic device to fit to various
parameters, such as space constraints, antenna charac-
teristics and cost. Thus, the RF terminals of a wireless
communication module are designed to allow for various

antenna terminals without changing the printed wiring
board of the wireless communication module.
[0005] A series contact located on the wireless com-
munication module defines the selection of the antenna,
as for example:

1. a series contact to a socket located on the wireless
communication module for a cable connection to an
external antenna,

2. a series contact to an integrated antenna located
on the wireless communication module,

3. a series contact to the board where the wireless
communication module is mounted on.

[0006] The series contact for antenna selection on the
wireless communication module can be for example:

1. a component or bondwire inserted on the wireless
communication module during assembly of the wire-
less communication module, or

2. a surface mount component inserted on the wire-
less communication module after insertion of the
wireless communication module on of the electronic
device, or

3. a bondwire serving as interconnection from the
wireless communication module to the electronic de-
vice.

[0007] Usually, the RF apparatus further comprises a
frontend bandpass-filter and/or lowpass-filter for filtering
a signal received or transmitted via the antenna switching
circuit. The purpose of the bandpass-filter or lowpass-
filter is (a), during the receiving operation, to suppress
disturbances or interferences of the received signal pow-
er outside the signal frequency bandwidth, and (b), during
transmission operation, to suppress spectral compo-
nents outside the signal frequency bandwidth of the
transmitted signal. During the transmission operation,
harmonics, especially the most dominating second and
third harmonics, are critical and not desired because of
the emission thereof is restricted by law or regulations.
[0008] One possible solution for suppression of un-
wanted harmonics is shown in Figure 1 wherein the RF
transceiver circuit (or RF transmitter circuit) 1 having an
impedance of Z0 is connected to an antenna connector
3 via conductive line 2. The antenna connector 3 is adapt-
ed to be coupled with an external or internal antenna 4.
Further, a parallel resonator circuit 5 comprising a ca-
pacitor 5a (with capacitance C1) and an inductor 5b (with
inductance L1) is connected to line 2. The capacitor 5a
and the inductor 5b are chosen to define a parallel res-
onator circuit having a high impedance compared to Z0
within the signal frequency bandwidth (i.e. nearly no load)
and a low impedance compared to Z0 outside the signal
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frequency bandwidth (i.e. nearly short circuit). With this
circuit the available suppression of spectral components
outside the signal frequency bandwidth with circuit 5 is
limited, and in particular, the suppression of the harmon-
ics of the transmitted signals is often insufficient.
[0009] Further, the above mentioned prior art filters,
often consisting of discrete inductor/capacitor circuitry or
LTCC (Low Temperature Cofired Ceramic) devices, lead
to additional costs and require space on the whole RF
transceiver circuit board.
[0010] Thus, it is an object of the present invention to
alleviate the above mentioned disadvantages and to pro-
vide a radio frequency (RF) apparatus, for example for
use in wireless communications devices or modules,
having an improved antenna switching circuit, and in par-
ticular, to provide an antenna switching circuit comprising
an improved bandpass-filter for harmonics suppression.
[0011] This object is achieved by a radio frequency
apparatus as defined in claims 1 and 2, and by an antenna
switching circuit as defined in claim 15 and 16. Preferred
embodiments of the radio frequency apparatus and the
antenna switching circuit are set out in the respective
dependent claims.
[0012] The invention will in the following be described
in connection with different, non-limiting embodiments
shown in the drawings, in which:

Figure 1 shows a circuit diagram of a prior art radio
frequency apparatus having an antenna connector
for connecting an external antenna, and a bandpass-
filter;

Figure 2 shows a circuit diagram of a radio frequency
apparatus according to a first embodiment of the
present invention, having antenna connectors for
connecting a plurality of internal/external antennas,
and a bandpass-filter; and

Figure 3 shows a circuit diagram of a radio frequency
apparatus according to a second embodiment of the
present invention, having antenna connectors for
connecting a plurality of internal/external antennas,
and a bandpass-filter.

[0013] In the following detailed description, reference
is made to the accompanying drawings that form part of
it, and in which by way of illustration specific embodi-
ments of the present invention are shown. Embodiments
of the present invention provide improvements in a radio
frequency apparatus, and in particular, in an antenna
switching circuit, which is used in, for example, wireless
communication devices such as mobile phones, person-
al digital assistants (PDA), Bluetooth apparatuses, and
wireless communication modules (w.c.m.) used as com-
ponents for electronic devices in order to add wireless
communication capability to them.
[0014] Reference is now made to Figure 1 which
shows a schematic circuit diagram of a radio frequency

apparatus comprising a RF transceiver or RF transmitter
1 having an impedance Z0 which is connected to an an-
tenna connector 3 via line 2. The antenna connector 3 is
adapted to be coupled with an external antenna 4. Fur-
ther, a parallel resonator circuit 5 comprising a capacitor
5a and an inductor 5b is connected to line 2. As shown
in Figure 1, the first terminal of the capacitor 5a and of
the inductor 5b is connected to line 2, and the second
terminal of the capacitor 5a and of the inductor 5b is con-
nected to ground. The capacitance C1 of capacitor 5a
and the inductance L1 of inductor 5b are chosen to define
a resonator circuit having an high impedance compared
to Z0 within the signal frequency bandwidth and having
a low impedance compared to Z0 outside the signal fre-
quency bandwidth, thus forming a bandpass-filter for the
fundamental frequencies.
[0015] Figure 2 shows a circuit diagram of a radio fre-
quency apparatus according to a first embodiment of the
present invention. As shown in Figure 2, the RF appara-
tus comprises a RF transceiver or RF transmitter 1 having
an impedance Z0 which is connected to a plurality of
antenna connectors 3.1, ..., 3.n via line 2. The antenna
connectors 3.1, ..., 3.n are adapted to be coupled with
external antennas 4 or intern antennas (not shown). Sim-
ilar to the prior art embodiment in Figure 1, a parallel
resonator circuit 5 also comprising a capacitor 5a (ca-
pacitance C1) and an inductor’ 5b (inductance L1) is con-
nected to line 2, and the first terminal of the capacitor 5a
and of the inductor 5b is connected to line 2, and the
second terminal of the capacitor 5a and of the inductor
5b is connected to ground. The capacitance C1 of ca-
pacitor 5a and the inductance L1 of inductor 5b are cho-
sen to define a parallel resonator circuit serving as a
bandpass-filter which theoretically has a high impedance
compared to Z0 within the signal frequency bandwidth
and a low impedance compared to Z0 outside the signal
frequency bandwidth.
[0016] In addition to the known radio frequency appa-
ratus circuit configuration of Figure 1, the inventive circuit
configuration of Figure 2 comprises one or more addi-
tional inductors 6.1, ..., 6.n (having inductances L21, ...,
L2n - merely L21 and L22 are shown in Figure 2) con-
nected to line 2 and coupled between the parallel reso-
nator circuit 5 and each of the antenna connectors 3.1, ...,
3.n.
[0017] The passive components, i.e. the capacitor C1,
the inductor L1, and the inductors L21, ..., L2n, are cho-
sen with respect to their common impedance over the
whole frequency range such that:

1. the capacitor 5a (with its fundamental capacitance
C1 and together with its serial parasitic inductance
and its serial terminal inductance) forms a series res-
onator circuit at the second harmonic, for example
at 4,8 GHz for a first harmonic at 2,4 GHz in the ISM
frequency range,

2. the inductors 6.1, ..., 6.n (with their fundamental
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respective inductances L21, ..., L2n and together
with their respective parallel parasitic capacitances
and their respective parallel terminal capacitances)
each form a parallel resonator circuit at the third har-
monic, for example at 7,2 GHz for a first harmonic
at 2,4 GHz in the ISM frequency range,

3. the inductor 5b (with its fundamental inductance
L1 and together with its serial parasitic inductance
and its serial terminal inductance) together with the
capacitor 5a (with its fundamental capacitance C1
and together with its serial parasitic inductance and
its serial terminal inductance) form a bandpass-filter
for the signal frequency bandwidth.

[0018] Thus, by means of a suitable selection of the
combined impedance of components 5a and 6.1, ..., 6.n,
the second and third harmonics in the output spectrum
of the transmitter (which are the dominant harmonics)
can be suppressed in a very effective manner by use of
the parasitic reactances, as described above.
[0019] Further, the self resonances of the capacitor 5a
and the inductors 6.1, ..., 6.n which are necessary for
suppression of the second and third harmonics can be
obtained by selection of suitable component technolo-
gies for the capacitor 5a and the inductors 6.1, ..., 6.n.
Tuning to the required overall sum of parasitic capaci-
tances and parasitic inductances of the capacitor 5a and
the inductors 6.1, ..., 6.n can be realized by suitable con-
figuration and structure of the electric conductors, for ex-
ample conductive line 2 and/or the conductive lines of
the printed circuit board (PCB) of the RF apparatus and/or
terminal connections of said components, to create the
desired resonances at the second and third harmonic
frequencies.
[0020] Figure 3 shows a second embodiment of the
invention which is similar to the first embodiment of Figure
2, and the same reference numbers are used to desig-
nate components which are identical or similar to those
in Figure 2.
[0021] In addition to the embodiment of Figure 2, the
circuit of the RF apparatus of Figure 3 comprises a plu-
rality of inductors 6.1, ..., 6.n, wherein a first terminal of
each inductor is connected to a respective antenna con-
nector 3.1, ..., 3.n, as in Figure 2, and a second terminal
of each inductor is connected to a second terminal of a
respective switch 8.1, ..., 8.n, wherein the first terminal
of each of the switches is connected to line 2. Thus, each
of the antenna connectors 3.1, ..., 3.n is coupled to line
2 via a respective inductor 6.1, ..., 6.n and a respective
switch 8.1, ..., 8.n. Therefore, it is possible to select one
out of a plurality of antennas (internal and/or external
antennas) connected to the antenna connectors 3.1, ...,
3.n by setting one of the antenna switches to ON state
while all other switches are set to OFF state. As described
above, the antenna switches can be realized by simple
mechanical or electronic switches as shown in EP 0 718
981 A2, for example.

[0022] As shown in Figure 3, the antenna 4 having im-
pedance Z0 (for example 50 ohms) is coupled via induc-
tor L21 (shown as inductor 6.1) to closed switch 8.1
(switches 8.2, ..., 8.n are open). As mentioned above,
the discrete components 5a, 5b and 6.1, ..., 6.n are se-
lected with the appropriate parasitic elements in addition
to parasitic inductance/capacitance of the printed wiring
board as follows:

1. Bandpass at frequency f0. The capacitance C1 of
capacitor 5a and the inductance L1 of inductor 5b
resonate at the fundamental frequency f0. Supposed
that C1 and L1 have high quality factors, the trans-
mission loss at f0 is low.

2. Suppression of the second harmonic f1. The par-
asitic inductance in series to capacitance C1 of ca-
pacitor 5a is chosen to resonate with the capacitance
C1 at the frequency of the second harmonic f1.
Therefore, capacitance C1 is suppressing the sec-
ond harmonic f1. An additional inductance in series
to C1 can be realized by the design of the printed
circuit board in order to tuning the series resonance
to f1, for example with a ground via at the C1 ground
contact.

3. Suppression of the third harmonic f2. The parasitic
capacitance in parallel to inductance L21, ..., L2n
resonates with the inductance L21, ..., L2n at f2.
Therefore, the third harmonic f2 is suppressed. An
additional capacitance in parallel to L21, ..., L2n can
be realized by the design of the printed circuit board
in order to tune the parallel resonance to f2, for ex-
ample with a gap in parallel to L21, ..., L2n.

[0023] As an important feature of the present invention,
the switches 8.1, ..., 8.n may simultaneously perform the
function of the inductors 6.1, ..., 6.n, or in other words,
the components 6.1, ..., 6.n having inductances L21, ...,
L2n may simultaneously perform the function of switches.
Thus, no additional space is required for the inductors/
components 6.1, ..., 6.n. This is the case when the an-
tenna connector is selected by mounting a bridge ele-
ment (not shown) as switch on the printed circuit board,
which is often a broadband coupling capacitor. Thus, the
switches 8.1, ..., 8.n can directly be replaced by the in-
ductors as depicted in Figure 2. By mounting of one of
the inductors L21, ..., L2n on the printed circuit board one
of the antenna terminals 3.1, ..., 3.n is activated. The in-
ductors L21, ..., L2n may for example consist of lumped
components for surface mount or bond wires with appro-
priate dimensions.
[0024] Therefore, the described discrete inductor/ca-
pacitor topology of the present invention takes advantage
of parasitic reactances of the components to reduce the
number of components. As described with reference to
Figure 3, the discrete inductors 6.1, ..., 6.n can be omitted
as the antenna switches 8.1, ..., 8.n and/or the electric
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switch contacts thereof are used as the required induct-
ances. Thus, the space and costs are reduced when the
inductors 6.1, ..., 6.n are used as switch contacts, and
the remaining components are sufficient to provide a
bandpass-filter for the fundamental power, suppression
means for the second harmonic, and suppression means
for the third harmonic.
[0025] According to an example, an ISM (Industrial,
Scientific and Medical) band transceiver as shown in Fig-
ure 2 is operated at a frequency of 2,45 GHz. The surface
mounted circuit of Figure 2 can be configured for one of
two different antenna connectors/terminals 3.1 and 3.2,
depending on whether L21 or L22 is inserted. The com-
ponents are a chip capacitor C1 and surface mounted
multilayer inductors L1, L21 and L22.

The values are:

[0026]

C1 = 1,2 pF nominal with 0,9 nH total series induct-
ance

L1 = 3,3 nH with 0,15 pF total parallel capacitance
L21 = 3,3 nH with 0,15 pF total parallel capacitance
L22 = 3,3 nH with 0,15 pF total parallel capacitance

Result:

[0027] The parallel resonance of C1 and L1 occurs at
appr. 2,45 GHz. The series resonance of C1 occurs at
appr. 4,9 GHz. The parallel resonance of L21 (L22) oc-
curs at appr. 7,35 GHz.

Claims

1. Radio frequency (RF) apparatus comprising:

- a radio frequency (RF) transmitter circuit (1)
for transmitting RF signals;
- an antenna switching circuit for connecting the
RF transmitter circuit to one of a plurality of an-
tennas (4) to provide a signal path between the
RF transmitter circuit and a selected one of the
plurality of antennas (4);
- wherein the antenna switching circuit compris-
ing:

- a plurality of antenna connectors (3.1, ...,
3.n) coupled to the RF transmitter circuit (1)
via a conductive line (2);
- a parallel resonator circuit (5) comprising
a capacitor (5a) having a capacitance (C1)
and an inductor (5b) having an inductance
(L1) which is connected to the conductive
line (2); and
- a plurality of inductors (6.1, ..., 6.n) having
inductances (L21, ..., L2n) for coupling each

of the plurality of antenna connectors
(3.1, ..., 3.n) to the conductive line (2);

- wherein the capacitance (C1) of capacitor (5a)
and the inductance (L1) of inductor (5b) are cho-
sen to resonate at a fundamental frequency (f0)
to form a bandpass-filter at the fundamental fre-
quency (f0);
- wherein the parasitic inductances in series to
the capacitance (C1) of the capacitor (5a) is cho-
sen to resonate with the capacitance (C1) at the
frequency of the second harmonic (f1) of the fun-
damental frequency (f0); and
- wherein the parasitic capacitances in parallel
to the inductances (L21, ..., L2n) of the inductors
(6.1, ..., 6.n) are chosen to resonate with the in-
ductances (L21, ..., L2n) at the frequency of the
third harmonic (f2) of the fundamental frequency
(f0).

2. Radio frequency (RF) apparatus comprising:

- a radio frequency (RF) transceiver circuit (1)
incorporating a transmitter circuit and a receiver
circuit for transmitting and receiving RF signals;
- an antenna switching circuit for connecting the
RF transceiver circuit to one of a plurality of an-
tennas (4) to provide a signal path between the
RF transceiver circuit and a selected one of the
plurality of antennas (4);
- wherein the antenna switching circuit compris-
ing:

- a plurality of antenna connectors (3.1, ...,
3.n) coupled to the RF transmitter circuit (1)
via a conductive line (2);
- a parallel resonator circuit (5) comprising
a capacitor (5a) having a capacitance (C1)
and an inductor (5b) having an inductance
(L1) which is connected to the conductive
line (2); and
- a plurality of inductors (6.1, ..., 6.n) having
inductances (L21, ..., L2n) for coupling each
of the plurality of antenna connectors
(3.1, ..., 3.n) to the conductive line (2);

- wherein the capacitance (C1) of capacitor (5a)
and the inductance (L1) of inductor (5b) are cho-
sen to resonate at a fundamental frequency (f0)
to form a bandpass-filter at the fundamental fre-
quency (f0);
- wherein the parasitic inductances in series to
the capacitance (C1) of the capacitor (5a) is cho-
sen to resonate with the capacitance (C1) at the
frequency of the second harmonic (f1) of the fun-
damental frequency (f0) ; and
- wherein the parasitic capacitances in parallel
to the inductances (L21, ..., L2n) of the inductors
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(6.1, ..., 6.n) are chosen to resonate with the in-
ductances (L21, ..., L2n) at the frequency of the
third harmonic (f2) of the fundamental frequency
(f0).

3. Radio frequency (RF) apparatus according to claim
1 or claim 2, wherein the parasitic inductance in se-
ries to the capacitance (C1) of the capacitor (5a) can
be realized fully or partly by the design of the printed
circuit board of the radio frequency (RF) apparatus
in order to tune the series resonance to the frequency
of the second harmonic (f1).

4. Radio frequency (RF) apparatus according to any of
the preceding claims, wherein the parasitic capaci-
tances in parallel to the inductances (L21, ..., L2n)
of the inductors (6.1, ..., 6.n) can be realized fully or
partly by the design of the printed circuit board of the
radio frequency (RF) apparatus in order to tune the
parallel resonance to the frequency of the third har-
monic (f2).

5. Radio frequency (RF) apparatus according to any of
the preceding claims, wherein a first terminal of the
capacitor (5a) and a first terminal of the inductor (5b)
are connected to conductive line (2), and the second
terminal of the capacitor (5a) and the second termi-
nal of the inductor (5b) are connected to ground.

6. Radio frequency (RF) apparatus according to any of
the preceding claims, wherein the capacitance (C1)
of capacitor (5a) and the inductance (L1) of inductor
(5b) are chosen to define a parallel resonator circuit
serving as a bandpass-filter which has a high imped-
ance compared to Z0 within the signal frequency
bandwidth (f0) and a low impedance compared to
Z0 outside the signal frequency bandwidth (f0).

7. Radio frequency (RF) apparatus according to any of
the preceding claims, wherein the antenna connec-
tors (3.1, ..., 3.n) are adapted to be coupled with ex-
ternal antennas (4) or internal antennas.

8. Radio frequency (RF) apparatus according to any of
the preceding claims, wherein tuning of the required
overall parasitic capacitances and inductances of
the capacitor (5a) and the inductors (6.1, ..., 6.n) is
realized by suitable configuration and structure of
electric conductors and/or conductive line (2) and/or
the conductive lines of the printed circuit board (PCB)
of the RF apparatus and/or terminal connections of
said components.

9. Radio frequency (RF) apparatus according to any of
the preceding claims, wherein a first terminal of each
of the plurality of inductors (6.1, ..., 6.n) is connected
to a respective one of the plurality of antenna con-
nectors (3.1, ..., 3.n), and a second terminal of each

of the plurality of inductors is connected to a second
terminal of a respective switch (8.1, ..., 8.n), wherein
the first terminal of each of the switches is connected
to conductive line (2).

10. Radio frequency (RF) apparatus according to claim
9, wherein each of the antenna connectors (3.1, ...,
3.n) is coupled to conductive line (2) via a respective
inductor (6.1, ..., 6.n) and a respective switch
(8.1, ..., 8.n) to select one of the plurality of antennas
connected to the antenna connectors (3.1, ..., 3.n)
by setting one of the antenna switches to the ON
state.

11. Radio frequency (RF) apparatus according to any of
claims 9 and 10, wherein the antenna switches are
realized by simple mechanical or electronic switch-
es.

12. Radio frequency (RF) apparatus according to any of
the preceding claims, wherein the RF apparatus is
a wireless communication apparatus, such as a cell
phone or a similar wireless device.

13. Radio frequency (RF) apparatus according to any of
the preceding claims, wherein the RF apparatus is
a module intended for adding wireless communica-
tion capability to electronic devices.

14. Radio frequency (RF) apparatus according to any of
the preceding claims, wherein the switches (8.1, ...,
8.n) and/or the inductors (6.1, ..., 6.n) of the RF ap-
paratus are a wire or a via interconnection between
modules and/or printed circuit boards.

15. Antenna switching circuit for a radio frequency (RF)
apparatus having a radio frequency (RF) transceiver
circuit (1) for connecting the RF transceiver circuit
to one of a plurality of antennas (4) to provide a.signal
path between the RF transceiver circuit and a se-
lected one of the plurality of antennas (4);
wherein the RF transceiver circuit (1) having a RF
transmitter circuit and a RF receiver circuit for trans-
mitting and receiving RF signals;
wherein the antenna switching circuit comprising:

- a plurality of antenna connectors (3.1, ..., 3.n)
coupled to the RF transceiver circuit (1) via a
conductive line (2);
- a parallel resonator circuit (5) comprising a ca-
pacitor (5a) having a capacitance (C1) and an
inductor (5b) having an inductance (L1) which
is connected to the conductive line (2); and
- a plurality of inductors (6.1, ..., 6.n) having in-
ductances (L21, ..., L2n) for coupling each of the
plurality of antenna connectors (3.1, ..., 3.n) to
the conductive line (2);

9 10 
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wherein the capacitance (C1) of capacitor (5a) and
the inductance (L1) of inductor (5b) are chosen to
resonate at a fundamental frequency (f0) to form a
bandpass-filter at the fundamental frequency (f0);
wherein the parasitic inductance in series to the ca-
pacitance (C1) of the capacitor (5a) is chosen to res-
onate with the capacitance (C1) at the frequency of
the second harmonic (f1) of the fundamental fre-
quency (f0) ; and
wherein the parasitic capacitances in parallel to the
inductances (L21, ..., L2n) of the inductors (6.1, ...,
6.n) are chosen to resonate with the inductances
(L21, ..., L2n) at the frequency of the third harmonic
(f2) of the fundamental frequency (f0).

16. Antenna switching circuit for a radio frequency (RF)
apparatus having a radio frequency (RF) transmitter
circuit (1) for connecting the RF transmitter circuit to
one of a plurality of antennas (4) to provide a signal
path between the RF transmitter circuit and a select-
ed one of the plurality of antennas (4);
wherein the RF transmitter circuit (1) is adapted for
transmitting RF signals;
wherein the antenna switching circuit comprising:

- a plurality of antenna connectors (3.1, ..., 3.n)
coupled to the RF transmitter circuit (1) via a
conductive line (2);
- a parallel resonator circuit (5) comprising a ca-
pacitor (5a) having a capacitance (C1) and an
inductor (5b) having an inductance (L1) which
is connected to the conductive line (2); and
- a plurality of inductors (6.1, ..., 6.n) having in-
ductances (L21, ..., L2n) for coupling each of the
plurality of antenna connectors (3.1, ..., 3.n) to
the conductive line (2);

wherein the capacitance (C1) of capacitor (5a) and
the inductance (L1) of inductor (5b) are chosen to
resonate at a fundamental frequency (f0) to form a
bandpass-filter at the fundamental frequency (f0);
wherein the parasitic inductance in series to the ca-
pacitance (C1) of the capacitor (5a) is chosen to res-
onate with the capacitance (C1) at the frequency of
the second harmonic (f1) of the fundamental fre-
quency (f0) ; and
wherein the parasitic capacitances in parallel to the
inductances (L21, ..., L2n) of the inductors (6.1, ...,
6.n) are chosen to resonate with the inductances
(L21, ..., L2n) at the frequency of the third harmonic
(f2) of the fundamental frequency (f0).

17. Antenna switching circuit according to claim 15 or
claim 16, wherein the parasitic inductance in series
to the capacitance (C1) of the capacitor (5a) is fully
or partly realized by the design of the printed circuit
board of the radio frequency (RF) apparatus in order
to tune the series resonance to the frequency of the

second harmonic (f1).

18. Antenna switching circuit according to any of claims
15 to 16, wherein the parasitic capacitances in par-
allel to the inductances (L21, ..., L2n) of the inductors
(6.1, ..., 6.n) is fully or partly realized by the design
of the printed circuit board of the radio frequency
(RF) apparatus in order to tune the parallel reso-
nance to the frequency of the third harmonic (f2).

19. Antenna switching circuit according to any of claims
15 to 18, wherein a first terminal of the capacitor (5a)
and a first terminal of the inductor (5b) are connected
to conductive line (2), and the second terminal of the
capacitor (5a) and the second terminal of the induc-
tor (5b) are connected to ground.

20. Antenna switching circuit according to any the claims
15 to 19, wherein the capacitance (C1) of capacitor
(5a) and the inductance (L1) of inductor (5b) are cho-
sen to define a parallel resonator circuit serving as
a bandpass-filter which has a high impedance com-
pared to Z0 within the signal frequency bandwidth
(f0) and a low impedance compared to Z0 outside
the signal frequency bandwidth (f0).

21. Antenna switching circuit according to any of claims
15 to 20, wherein the antenna connectors (3.1, ...,
3.n) are adapted to be coupled with external anten-
nas (4) or internal antennas.

22. Antenna switching circuit according to any of claims
15 to 21, wherein tuning of the parasitic capacitances
and inductances of the capacitor (5a) and the induc-
tors (6.1, ..., 6.n) is realized by suitable configuration
and structure of electric conductors and/or conduc-
tive line (2) and/or the conductive lines of the printed
circuit board (PCB) of the RF apparatus and/or ter-
minal connections of said components.

23. Antenna switching circuit according to any of claims
15 to 22, wherein a first terminal of each of the plu-
rality of inductors (6.1, ..., 6.n) is connected to a re-
spective one of the plurality of antenna connectors
(3.1, ..., 3.n), and a second terminal of each of the
plurality of inductors is connected to a second termi-
nal of a respective switch (8.1, ..., 8.n), wherein the
first terminal of each of the switches is connected to
conductive line (2).

24. Antenna switching circuit according to claim 23,
wherein each of the antenna connectors (3.1, ..., 3.n)
is coupled to conductive line (2) via a respective in-
ductor (6.1, ..., 6.n) and a respective switch (8.1, ...,
8.n) to select one of the plurality of antennas con-
nected to the antenna connectors (3.1, ..., 3.n) by
switching one of the antenna switches to ON state.
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25. Antenna switching circuit according to any of claims
23 and 24, wherein the antenna switches are real-
ized by simple mechanical or electronic switches.

26. Antenna switching circuit according to any of claims
15 to 25, wherein the RF apparatus is a wireless
communication apparatus, such as a cell phone or
a similar wireless device.

27. Antenna switching circuit according to any of claims
15 to 26, wherein the RF apparatus is a module in-
tended for adding wireless communication capability
to electronic devices.

28. Antenna switching circuit according to any of claims
15 to 27, wherein the switches (8.1, ..., 8.n) and/or
the inductors (6.1, ..., 6.n) of the antenna switching
circuit are a wire or a via interconnection between
modules and/or printed circuit boards.
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