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(57) Abstract: A duplexer-less transceiver arrangement (300) is disclosed. The transceiver comprises a receiver (302) arranged for
frequency-division duplex communication with a communication network; a transmitter (304) arranged for frequency-division du-
plex communication with the communication network; an antenna port (306) for connecting to an antenna; a balancing impedance
circuit (308) arranged to provide an adaptive impedance arranged to mimic the impedance at the antenna port; and an impedance
network differentially connecting the receiver (302), transmitter (304), antenna port (306) and balancing impedance circuit (308),
wherein the impedance network includes a cross-connection.
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DUPLEXER-LESS TRANSCEIVER AND COMMUNICATION APPARATUS

Technical field

The present invention generally relates to a duplexer-less transceiver. The

present invention also relates to a communication device capable of frequency division

duplex communication comprising such a transceiver.

Background
Transceivers comprise both a transmitter and a receiver, and are commonly

used in a variety of communication apparatuses. Transceivers can be arranged to be
operated in semi-duplex, i.e. the receiver and transmitter operates separated in time to
prevent the transmitter signal from concealing the received signal. This approach is
therefore commonly referred to as time division duplex (TDD). Transceivers can also be
operated in full duplex, i.e. the receiver and transmitter operates simultaneously wherein
some special arrangements are provided to prevent the transmitter from concealing the
received signal. One approach to achieve this is to assign different frequencies for
transmission and reception. This approach is therefore commonly referred to as
frequency division duplex (FDD).

Often the receiver and the transmitter use the same antenna, or antenna system
which may comprise several antennas, which implies that some kind of circuitry may be
desired to enable proper interaction with the antenna. This circuitry should be made
with certain care when operating the transceiver in full duplex since the transmitter
signal, although using FDD, may interfere with the received signal, i.e. internal
interference within the transceiver. Fig. 1 illustrates an example of a communication
apparatus 100 comprising a transceiver 102, an antenna 104 connected to the transceiver
102, and further circuitry 106 such as processing means, input and output circuitry, and
memory means. The transceiver 102 comprises a transmitter 108, a receiver 110, and a
duplexer 112 which is connected to the transmitter 102, the receiver 110 and the
antenna 104. The duplexer 112 is arranged to direct radio frequency (RF) signal from
the transmitter to the antenna, as indicated by arrow 114, and from the antenna to the
receiver, as indicated by arrow 116, and can for example comprise a circulator.
Duplexers are known in the art and for example described in US 4,325,140. However,
duplexers are not ideal and a leakage of transmitter signals from the transmitter to the
receiver, as indicated by arrow 118, is at least to some degree present. Further,
duplexers are commonly costly, space consuming and challenging to be implemented

on-chip. Therefore, efforts have been made in the art to achieve the similar effects with
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on-chip solutions. These are based on electrical balance by using a dummy load which
is arranged to be equal to the antenna impedance. Fig. 2 illustrates an example of such a
structure 200, which is also disclosed in WO 2009/080878 A1, comprising a transmitter
202, a receiver 204, and an antenna 206. The transmitter 202 provides its output signal
both to a branch towards the antenna 206, the branch comprising a capacitor 208 and an
inductor 210, and to a branch towards a dummy load 212, the branch comprising a
capacitor 208 and an inductor 210°. The dummy load 212 is arranged to mimic the
impedance of the antenna 206, and by the achieved symmetry, and, when using a
differential input to the receiver 204 via a transformer 214, the contribution at the

receiver input from the transmitted signal can be suppressed.

Summa

An object of the invention is to at least alleviate the above stated problem. The
present invention is based on the understanding that counteracting contribution from a
transmitter at a receiver input in a transceiver reduces or cancels signal leakage that
otherwise would require a duplexer solution or the like. The inventors have found that
contribution by the transmitter signal at the receiver input via one branch can be
counteracted by the contribution by the transmitter signal at the receiver input via
another branch including a cross connection, wherein the aggregate contribution by the
transmitter signal at the receiver input is ideally zero.

According to a first aspect, there is provided a duplexer-less transceiver
arrangement comprising

a receiver arranged for frequency-division duplex communication with a
communication network;

a transmitter arranged for frequency-division duplex communication with the
communication network;

an antenna port for connecting to an antenna; and

a balancing impedance circuit) arranged to provide an adaptive impedance
arranged to mimic the impedance at the antenna port; and

an impedance network differentially connecting the receiver, transmitter,
antenna port and balancing impedance circuit, wherein the impedance network includes
a cross-connection-

The impedance network may comprise impedances and connections such that

the antenna port is differentially connected to the receiver via a first pair of

impedances, a second pair of impedances and a third pair of impedances, wherein one of
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cach of the first pair of impedances, the second pair of impedances and the third pair of
impedances are connected in series, and another of the first pair of impedances, the
second pair of impedances and the third pair of impedances are connected in series,

the antenna port is differentially connected to the transmitter via the first pair
of impedances, a fourth pair of impedances and a fifth pair of impedances, wherein one
(310, 316, 318) of each of the first pair of impedances, the fourth pair of impedances
and the fifth pair of impedances are connected in series, and another (311, 317, 319) of
the first pair of impedances, the fourth pair of impedances and the fifth pair of
impedances are connected in series,

the balancing impedance circuit is differentially connected to the receiver via a
sixth pair of impedances, a seventh pair of impedances and the third pair of impedances,
wherein one of each of the sixth pair of impedances and the seventh pair of impedances
and the another of the third pair of impedances are connected in series, and another of
the sixth pair of impedances and the seventh pair of impedances and the one of the third
pair of impedances are connected in series,

the balancing impedance circuit is differentially connected to the transmitter
via the sixth pair of impedances, an eighth pair of impedances and the fifth differential
pair of impedances, wherein one of each of the sixth pair of impedances, the eighth pair
of impedances and the fifth pair of impedances are connected in series, and another of
the sixth differential pair of impedances, the eighth pair of impedances and the fifth pair
of impedances are connected in series, and

the pairs of impedances are symmetrically arranged and symmetrically valued
with respect to the differential connections such that transmitter signal contribution
through the third differential pair of impedances and the receiver is reduced.

The transceiver may further comprise a filter arrangement connected to
differential outputs of the transmitter and/or at differential inputs of the receiver
arranged to suppress transmitter output signal at frequency of reception.

The filter arrangement may comprise a pair of filters where respective filter of
the pair is connected between respective output of the differential output of the
transmitter or input of the differential input of the receiver and a signal ground.

Respective filter of the pair may be a frequency translated filter connected to
the respective output of the differential output of the transmitter or input of the
differential input of the receiver via a mixer clocked by any of the receiver frequency or

the transmitter frequency.
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The frequency translated filter may be a low-pass filter, wherein the filter is
arranged at the transmitter output, and the mixer is clocked by the transmitter frequency.

The frequency translated filter may be a low-pass filter, wherein the filter is
arranged at the receiver input, and the mixer is clocked by the receiver frequency.

The filter arrangement may comprise a filter connected between differential
outputs of the transmitter and/or between differential inputs of the receiver.

The transceiver arrangement may further comprise a balun connected at the
antenna port and arranged to convert the differential terminals of the antenna port to a
single-ended port to an antenna.

The balun may comprise a transformer, and at least a part of the first pair of
impedances is formed by a winding of the transformer.

The impedances of the first, third, fifth and sixth pairs of impedances may be
inductances and the impedances of the second, fourth, seventh and eighth pairs of
impedances may be capacitances.

The impedances of the first, third, fifth and sixth pairs of impedances may be
capacitances and the impedances of the second, fourth, seventh and eighth pairs of
impedances may be inductances.

The transceiver arrangement may further comprise amplitude and phase
detectors at respective differential antenna port terminals and differential port terminals
of the balancing impedance circuit, wherein the balancing impedance circuit comprises
a controller arranged to control the adaptive impedance such that magnitude and phase
are equal for the balancing impedance circuit to the antenna port.

All of the impedances of the first, third, fifth and sixth pairs of impedances
may be implemented on-chip.

All of the impedances of the second, fourth, seventh and eighth pairs of
impedances may be implemented on-chip.

According to a second aspect, there is provided a communication device,
capable of frequency division duplex communication via a communication network,
comprising a transceiver arrangement according to the first aspect.

Other objectives, features and advantages of the present invention will appear
from the following detailed disclosure, from the attached dependent claims as well as
from the drawings. Generally, all terms used in the claims are to be interpreted
according to their ordinary meaning in the technical field, unless explicitly defined
otherwise herein. All references to "a/an/the [element, device, component, means, step,

etc]" are to be interpreted openly as referring to at least one instance of said element,
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device, component, means, step, etc., unless explicitly stated otherwise. The steps of
any method disclosed herein do not have to be performed in the exact order disclosed,

unless explicitly stated.

Brief description of the drawings

The above, as well as additional objects, features and advantages of the present
invention, will be better understood through the following illustrative and non-limiting
detailed description of preferred embodiments of the present invention, with reference
to the appended drawings.

Fig. 1 is a block diagram which schematically illustrates a conventional
communication apparatus comprising a transceiver.

Fig. 2 is a schematic circuit diagram which illustrates a FDD transceiver
arrangement without duplexer and based on electrical balance.

Fig. 3 is a block diagram which schematically illustrates a transceiver
according to an embodiment.

Fig. 4 is a block diagram which schematically illustrates a transceiver
according to an embodiment.

Fig. 5 is a block diagram which schematically illustrates a transceiver
according to an embodiment.

Fig. 6 is a block diagram which schematically illustrates a transceiver
according to an embodiment.

Fig. 7 schematically illustrates a filter arrangement according to an
embodiment.

Fig. 8 schematically illustrates a filter arrangement according to an
embodiment.

Fig. 9 schematically illustrates a filter arrangement according to an
embodiment.

Fig. 10 schematically illustrates a filter arrangement according to an
embodiment.

Fig. 11 schematically illustrates a filter arrangement according to an
embodiment.

Fig. 12 schematically illustrates a filter arrangement according to an
embodiment.

Fig. 13 is a flow chart which schematically illustrates a method according to

embodiments.
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Fig. 14 schematically illustrates a computer program and a processor.

Fig. 15 is a block diagram schematically illustrating a communication device.

Detailed description

Fig. 3 is a block diagram which schematically illustrates a transceiver
arrangement 300 according to an embodiment. The transceiver comprises a receiver 302
arranged for frequency-division duplex communication with a wireless or wired
communication network, a transmitter 304 arranged for frequency-division duplex
communication with the wireless or wired communication network, an antenna port 306
for connecting to an antenna, and a balancing impedance circuit 308 arranged to provide
an adaptive impedance arranged to mimic the impedance at the antenna port 306.

The transceiver arrangement 300 works differentially and has a symmetry
between the antenna port 306 and the balancing impedance circuit 308, wherein a
portion of the circuitry connected to the balancing impedance circuit 308 to the receiver
302 is cross-connected with respect to the portion of the circuitry connected to the
antenna port 306. This provides for cancelling of transmitter signal contribution at
receiver input when balancing impedance circuit 308 is perfectly mimicking the
impedance at the antenna port 306. Considering that an absolutely perfect mimic of
impedance may not be present at all times, the transmitter signal contribution at receiver
input is at least significantly reduced. This is accomplished by a circuitry comprising
pairs of impedances that are symmetrically arranged and symmetrically valued with
respect to the differential connections.

The antenna port 306 is differentially connected to the receiver 302 via a first
pair of impedances 310, 311, a second pair of impedances 312, 313 and a third pair of
impedances 314, 315. It should be noted that the notation in the drawings of the
impedances as Zx and Zx’, where x is an integer, is for the purpose of illustrating the
differential mirrored circuit, and Zx’ should not be interpreted as a complex conjugate
of Zx. One of each 310, 312, 314 of the first pair of impedances, the second pair of
impedances and the third pair of impedances are connected in series, and another 311,
313, 315 of the first pair of impedances, the second pair of impedances and the third
pair of impedances are connected in series between the respective differential terminals
of the antenna port 306 and the receiver 302.

The antenna port 306 is also differentially connected to the transmitter 304 via
the first pair of impedances 310, 311, a fourth pair of impedances 316, 317 and a fifth
pair of impedances 318, 319. One of each 310, 316, 318 of the first pair of impedances,
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the fourth pair of impedances and the fifth pair of impedances are connected in series,
and another 311, 317, 319 of the first pair of impedances, the fourth pair of impedances
and the fifth pair of impedances are connected in series between the respective
differential terminals of the antenna port 306 and the transmitter 304.

The balancing impedance circuit 308 is differentially connected to the receiver
302 via a sixth pair of impedances 320, 321, a seventh pair of impedances 322, 323 and
the third pair of impedances 314, 315. One of each 320, 322 of the sixth pair of
impedances and the seventh pair of impedances and the another 315 of the third pair of
impedances are connected in series, and another 321, 323 of the sixth pair of
impedances and the seventh pair of impedances and the one 314 of the third pair of
impedances are connected in series between the respective differential terminals of the
balancing impedance circuit 308 and the receiver 302.

The balancing impedance circuit 308 is differentially connected to the
transmitter 304 via the sixth pair of impedances 320, 321, an eighth pair of impedances
324, 325 and the fifth differential pair of impedances 318, 319. One of each 320, 324,
318 of the sixth pair of impedances, the eighth pair of impedances and the fifth pair of
impedances are connected in series, and another 321, 325, 319 of the sixth differential
pair of impedances, the eighth pair of impedances and the fifth pair of impedances are
connected in series between the balancing impedance circuit 308 and the transmitter
304.

Thereby, the contribution by the transmitter signal at the receiver input via the
fifth pair of impedances318, 319, the fourth pair of impedances 316, 317, the second
pair of impedances 312, 313 and the third pair of impedances 314, 315 is counteracted
by the contribution by the transmitter signal at the receiver input via the fifth pair of
impedances 318, 319, the eighth pair of impedances 324, 325, the seventh pair of
impedances 322, 323, the cross connections 326, 327 and the third pair of impedances
315, 314, wherein the aggregate contribution by the transmitter signal at the receiver
input is ideally zero.

Symmetry is desired to keep the aggregate contribution by the transmitter
signal at the receiver input close to zero, i.e. through the branch of the sixth pair of
impedances 320, 321 and the balancing impedance circuit 308 and the branch of the
first pair of impedances 310, 311 and the antenna port 306. This is accomplished by
adapting the impedance of the balancing impedance circuit 308 to mimic the impedance
of at the antenna port 306. This can be made by having a controller 328 controlling an

adaptive impedance of the balancing impedance circuit 308. Here, although the
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controller 328 is depicted as a separate element, it can be integrated with the balancing
impedance circuit 308.

The controller 328 can comprise circuitry measuring transmitter contribution
signal at the input of the receiver 302, as indicated by hashed lines, and provide control
to the balancing impedance circuit 308 using a control scheme where the transmitter
signal contribution at the receiver input is minimised at all times.

Alternatively, the controller 328 can comprise amplitude and phase detectors at
respective differential antenna port 306 and differential port of the balancing impedance
circuit 308, as indicated by dotted lines. Magnitude and phase of the signals can thus be
kept equal for the balancing impedance circuit 308 and the antenna port 306, wherein
the symmetry is achieved. A particular advantage of the latter alternative is a fairly
simple and fast adjustment approach where real, i.e. corresponding to magnitude, and
imaginary, i.e. corresponding to phase, components of the adaptive impedance of the
balancing impedance circuit 308 are directly controlled based on derived differences in
magnitude and phase, which are controlled to be zero which facilitates accuracy,
between the antenna port 306 and the balancing impedance circuit 308.

In case increased isolation between transmitter 304 and receiver 302 is needed,
or for facilitating control of the balancing impedance circuit 308, a filter arrangement
330, 332 can be arranged to limit transmitter signal at receiver input. The filter
arrangement 330, 332 can be arranged at transmitter output and/or at receiver input. For
example, since frequency-division duplex is applied, transmit and receive frequencies
are separated, wherein the transmit frequency can be 100- 200 MHz lower than the
receive frequency for an allocated up-link and down-link channel set. A high-pass filter
across the transmitter output or a low-pass filter across the receiver input with cut-off
frequency assigned between the transmit and receive frequencies can then limit
transmitter signal at receiver input. Other suitable filter arrangements will be further
clucidated with reference to Figs 7 to 12 below.

Fig. 4 is a block diagram which schematically illustrates a transceiver
arrangement 400 according to an embodiment. The transceiver arrangement 400
corresponds to that demonstrated with reference to Fig. 3, and for reasons of
conciseness, only the particular features of the transceiver arrangement 400 compared to
the transceiver arrangement 300 of Fig. 3 will be demonstrated. In other senses, the
features of transceiver arrangement 400 can be as any of the other features of the

transceiver arrangement 300 of Fig. 3.



10

15

20

25

30

35

WO 2013/182458 9 PCT/EP2013/061040

The transceiver arrangement 400 comprises eight pairs of impedances as
demonstrated above, wherein the first, third, fifth and sixth pairs of impedances
comprises inductors, while the second, fourth, seventh and eighth pairs of impedances
comprises capacitors. Furthermore, a balun 402 is arranged to fit a single-ended input
from an antenna 404 to the differential antenna port. The balun 402 can comprise a
transformer with a primary winding 406 connected between the antenna 404 and a
signal ground 408. A secondary winding 410 comprises a first portion and a second
portion wherein a point where the first portion and the second portion mutually connects
is also connected to a signal ground 412.The first pair of impedances can be formed by
the first portion and the second portion, respectively, of the secondary winding. Here,
the inductances of at least the sixth pair of impedances should therefore be designed
accordingly to achieve the symmetry between the antenna port branch and the balancing
impedance circuit branch.

Fig. 5 is a block diagram which schematically illustrates a transceiver
arrangement 500 according to an embodiment. The transceiver arrangement 500
corresponds to that demonstrated with reference to Fig. 3, and for reasons of
conciseness, only the particular features of the transceiver arrangement 500 compared to
the transceiver arrangement 300 of Fig. 3 will be demonstrated. In other senses, the
features of transceiver arrangement 500 can be as any of the other features of the
transceiver arrangement 300 of Fig. 3. The transceiver arrangement 500 comprises eight
pairs of impedances as demonstrated above, wherein the first, third, fifth and sixth pairs
of impedances comprises inductors, while the second, fourth, seventh and eighth pairs
of impedances comprises capacitors.

Fig. 6 is a block diagram which schematically illustrates a transceiver
arrangement 600 according to an embodiment. The transceiver arrangement 600
corresponds to that demonstrated with reference to Fig. 3, and for reasons of
conciseness, only the particular features of the transceiver arrangement 600 compared to
the transceiver arrangement 300 of Fig. 3 will be demonstrated. In other senses, the
features of transceiver arrangement 600 can be as any of the other features of the
transceiver arrangement 300 of Fig. 3. The transceiver arrangement 600 comprises eight
pairs of impedances as demonstrated above, wherein the first, third, fifth and sixth pairs
of impedances comprises capacitors, while the second, fourth, seventh and eighth pairs
of impedances comprises inductors.

Fig. 7 schematically illustrates a filter arrangement 700 according to an

embodiment. The filter arrangement 700 is connected to transmitter output, and



10

15

20

25

30

35

WO 2013/182458 10 PCT/EP2013/061040

employs frequency translated filtering. The filter can comprise passive quadrature
mixers 702 clocked at transmit frequency and low-pass impedances 704 connected to a
signal ground. The impedance of the filter arrangement at transmit frequency then
becomes very high, while at receive frequency, the impedance becomes very low.
Thereby, output signals at receive frequency from the transmitter are connected to
signal ground and will not propagate to receiver input. Output signals at transmit
frequency will on the other hand not be grounded, and will propagate to the antenna
port.

Fig. 8 schematically illustrates a filter arrangement 800 according to an
embodiment. The filter arrangement 800 is connected to receiver input, and employs
frequency translated filtering. The filter can comprise passive quadrature mixers 802
clocked at receive frequency and low-pass impedances 804 connected to a signal
ground. The impedance of the filter arrangement at transmit frequency then becomes
very low, while at receive frequency, the impedance becomes very high. Thereby,
output signals at receive frequency from the transmitter propagating towards the
receiver input are connected to signal ground and will not reach the receiver input. Input
signals at receive frequency will on the other hand not be grounded, and will be
received at receiver input.

Fig. 9 schematically illustrates a filter arrangement 900 according to an
embodiment. The filter arrangement 900 is connected to transmitter output, and
employs traditional filtering. The filter arrangement 900 can comprise filters 902
connected to the respective differential output of the transmitter. When receive
frequency is lower than transmit frequency, the filters 902 can employ low-pass
impedances connected to a signal ground with a cut-off frequency between the transmit
frequency and the receive frequency. When receive frequency is higher than transmit
frequency, the filters 902 can employ high-pass impedances connected to a signal
ground with a cut-off frequency between the transmit frequency and the receive
frequency. A band-pass filter passing receive frequency but stopping the transmit
frequency, or a band-stop filter stopping the transmit frequency but passing receive
frequency can also be employed. The impedance of the filter arrangement at transmit
frequency then becomes very high, while at receive frequency, the impedance becomes
very low. Thereby, output signals at receive frequency from the transmitter are
connected to signal ground and will not propagate to receiver input. Output signals at
transmit frequency will on the other hand not be grounded, and will propagate to the

antenna port.
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Fig. 10 schematically illustrates a filter arrangement 1000 according to an
embodiment. The filter arrangement 1000 is connected to receiver input, and employs
traditional filtering. The filter arrangement 1000 can comprise filters 1002 connected to
the respective differential input of the receiver. When receive frequency is lower than
transmit frequency, the filters 1002 can employ high-pass impedances connected to a
signal ground with a cut-off frequency between the transmit frequency and the receive
frequency. When receive frequency is higher than transmit frequency, the filters 902 can
employ low-pass impedances connected to a signal ground with a cut-off frequency
between the transmit frequency and the receive frequency. A band-pass filter passing
transmit frequency but stopping the receive frequency, or a band-stop filter stopping the
receive frequency but passing transmit frequency can also be employed. The impedance
of the filter arrangement at transmit frequency then becomes very low, while at receive
frequency, the impedance becomes very high. Thereby, output signals at receive
frequency from the transmitter propagating towards the receiver input are connected to
signal ground and will not reach the receiver input. Input signals at receive frequency
will on the other hand not be grounded, and will be received at receiver input.

Fig. 11 schematically illustrates a filter arrangement according to an
embodiment comprising a filter 1100 connected between terminals of the differential
output of the transmitter. With techniques similar to those demonstrated with reference
to Figs 7 and 9, frequencies at receive frequency emitted by the transmitter are
prevented from propagating towards the receiver.

Fig. 12 schematically illustrates a filter arrangement according to an
embodiment comprising a filter 1200 connected between terminals of the differential
input of the receiver. With techniques similar to those demonstrated with reference to
Figs 8 and 10, frequencies at receive frequency emitted by the transmitter are bypassed
from propagating into the receiver.

Transceivers often operate at transmit and receive frequencies that are allocated
from time to time, and the filters demonstrated with reference to Figs 7 to 12 are
therefore preferably controllable, e.g. in sense of cut-off frequency, etc. Here, the filters
employing frequency translated filters are particularly suitable since they are
conveniently clocked by corresponding receive and/or transmit frequencies and thereby
provides advantageous controllability properties.

The transceiver arrangements demonstrated above are particularly suitable for
on-chip implementation, particularly since capacitors implemented on the same chip can

be provided with excellent matching properties, which enhance the provision of a
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symmetric circuitry. The inductors demonstrated above can be implemented on-chip or
off-chip. Here, it is noted that the series inductors demonstrated above are advantageous
both in sense of impedance matching and in sense of reduction of insertion loss.

The particular advantage of the receiver input being in connection with two
equal paths, except in sense of their mutual cross-coupling, where the two paths cancel
the transmitter signal contribution at receiver input, is further advantageous since it
works over a wide bandwidth. The effect is provided by the transmitter signal
contribution from the two paths is the same irrespective of frequency since symmetry is
provided. Thus, the effect of the invention will be present at all frequencies where the
circuitry works in other senses.

It is important that the balancing impedance circuit really mimics the
impedance of the antenna port. Here, the embodiment of phase and amplitude tracking
demonstrated above shows a particular advantage due to its simplicity and speed.

Fig. 13 is a flow chart which schematically illustrates a method according to
embodiments for controlling the balancing impedance circuit. The method includes
measuring 1301 amplitudes at antenna port and balancing impedance circuit and phase
also at antenna port and balancing impedance circuit. Amplitudes at antenna port and
balancing impedance circuit, and phases at antenna port and balancing impedance
circuit are mutually compared 1302. Since the balancing impedance circuit should
mimic the antenna port, an adaptive impedance of the balancing impedance circuit is
adjusted 1303 such that differences in amplitude and phase becomes zero. The control
according to the method is operating continuously since impedance at antenna port can
change over time, ¢.g. due to antenna environment. Continuously should in this context
not be interpreted as an opposite to time-discrete since the control mechanism can be
both a clocked process or a time-continuous process, but should be construed as the
adaptation of the impedance of the balancing impedance circuit is updated over time to
follow any impedance change at the antenna port.

Fig. 14 schematically illustrates a computer program and a processor. The
method according to the present invention is suitable for implementation with aid of
processing means, such as computers and/or processors, especially for the case where
the controller of the balancing impedance circuit is implemented as processor or
programmable circuit. Therefore, there is provided computer programs, comprising
instructions arranged to cause the processing means, processor, or computer to perform
the steps of any of the methods according to any of the embodiments described with

reference to Fig. 13. The computer programs preferably comprises program code which
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is stored on a computer readable medium 1400, as illustrated in Fig. 14, which can be
loaded and executed by a processing means, processor, or computer 1102 to cause it to
perform the methods, respectively, according to embodiments of the present invention,
preferably as any of the embodiments described with reference to Fig. 13. The computer
1402 and computer program product 1400 can be arranged to execute the program code
sequentially where actions of the any of the methods are performed stepwise. The
processing means, processor, or computer 1402 is preferably what normally is referred
to as an embedded system. Thus, the depicted computer readable medium 1400 and
computer 1402 in Fig. 14 should be construed to be for illustrative purposes only to
provide understanding of the principle, and not to be construed as any direct illustration
of the elements.

Fig. 15 is a block diagram schematically illustrating a communication device
1500. The communication device 1500 is capable of frequency division duplex
communication via a communication network. The communication device 1500
comprises a transceiver arrangement 1502 according to any of the above demonstrated.
The transceiver arrangement 1502 is connected to an antenna 1504 through its antenna
port. The communication device can also comprise other circuits 1506, such as interface
towards a user and/or other circuitry or machines, memory, processor, etc. The
communication device 1500 can be a cellphone, a communication card or device in or
for a computer, an embedded communication device in a machine, or the like. The
communication device 1500 can be adapted for cellular communication, point-to-point
communication, or for communication in a wireless or wired network.

The invention has mainly been described above with reference to a few
embodiments. However, as is readily appreciated by a person skilled in the art, other
embodiments than the ones disclosed above are equally possible within the scope of the

invention, as defined by the appended patent claims.
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CLAIMS

1. A duplexer-less transceiver arrangement (300, 400, 500, 600) comprising

a receiver (302) arranged for frequency-division duplex communication with a
communication network;

a transmitter (304) arranged for frequency-division duplex communication with
the communication network;

an antenna port (306) for connecting to an antenna;

a balancing impedance circuit (308) arranged to provide an adaptive impedance
arranged to mimic the impedance at the antenna port; and

an impedance network differentially connecting the receiver (302), transmitter
(304), antenna port (306) and balancing impedance circuit (308), wherein the

impedance network includes a cross-connection.

2. The transceiver (300, 400, 500, 600) according to claim 1, wherein the
impedance network comprises impedances and connections such that

the antenna port (306) is differentially connected to the receiver (302) via a
first pair of impedances (310, 311), a second pair of impedances (312, 313) and a third
pair of impedances (314, 315), wherein one of each (310, 312, 314) of the first pair of
impedances, the second pair of impedances and the third pair of impedances are
connected in series, and another (311, 313, 315) of the first pair of impedances, the
second pair of impedances and the third pair of impedances are connected in series,

the antenna port (306) is differentially connected to the transmitter (304) via
the first pair of impedances (310, 311), a fourth pair of impedances (316, 317) and a
fifth pair of impedances (318, 319), wherein one (310, 316, 318) of each of the first pair
of impedances, the fourth pair of impedances and the fifth pair of impedances are
connected in series, and another (311, 317, 319) of the first pair of impedances, the
fourth pair of impedances and the fifth pair of impedances are connected in series,

the balancing impedance circuit (308) is differentially connected to the receiver
(302) via a sixth pair of impedances (320,321), a seventh pair of impedances (322, 323)
and the third pair of impedances (314, 315), wherein one of each (320, 322) of the sixth
pair of impedances and the seventh pair of impedances and the another (315) of the
third pair of impedances are connected in series, and another (321, 323) of the sixth pair
of impedances and the seventh pair of impedances and the one (314) of the third pair of

impedances are connected in series,
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the balancing impedance circuit (308) is differentially connected to the
transmitter (304) via the sixth pair of impedances (320, 321), an eighth pair of
impedances (324, 325) and the fifth differential pair of impedances (318, 319), wherein
one of each (320, 324, 318) of the sixth pair of impedances, the eighth pair of
impedances and the fifth pair of impedances are connected in series, and another (321,
325, 319) of the sixth differential pair of impedances, the eighth pair of impedances and
the fifth pair of impedances are connected in series, and

the pairs of impedances are symmetrically arranged and symmetrically valued
with respect to the differential connections such that transmitter signal contribution
through the third differential pair of impedances (314, 315) and the receiver (302) is

reduced.

3. The transceiver (300, 400, 500, 600) arrangement according to claim 1 or 2,
further comprising a filter arrangement (330, 332, 700, 800, 900, 1000) connected to
differential outputs of the transmitter (304) and/or at differential inputs of the receiver

(302) arranged to suppress transmitter output signal at frequency of reception.

4. The transceiver (300, 400, 500, 600) arrangement according to claim 3,
wherein the filter arrangement (330, 332) comprises a pair of filters (704, 804, 902,
1002) where respective filter of the pair is connected between respective output of the
differential output of the transmitter or input of the differential input of the receiver and

a signal ground.

5. The transceiver (300, 400, 500, 600) arrangement according to claim 4,
wherein respective filter of the pair is a frequency translated filter (704, 804) connected
to the respective output of the differential output of the transmitter or input of the
differential input of the receiver via a mixer (702, 802) clocked by any of the receiver

frequency or the transmitter frequency.

6. The transceiver arrangement (300, 400, 500, 600) according to claim 5,
wherein the frequency translated filter is a low-pass filter (704), the filter is arranged at

the transmitter output, and the mixer (702) is clocked by the transmitter frequency.
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7. The transceiver arrangement (300, 400, 500, 600) according to claim 5 or 6,
wherein the frequency translated filter is a low-pass filter (804), the filter is arranged at

the receiver input, and the mixer (802) is clocked by the receiver frequency.

8. The transceiver arrangement (300, 400, 500, 600) according to claim 3,
wherein the filter arrangement comprises a filter (1100, 1200) connected between

differential outputs of the transmitter and/or between differential inputs of the receiver.

9. The transceiver arrangement (400) according to any of claims 1 to 8, further
comprising a balun (402) connected at the antenna port and arranged to convert the

differential terminals of the antenna port to a single-ended port to an antenna..

10. The transceiver arrangement (400) according to claim 9, wherein the balun
comprises a transformer, and at least a part of the first pair of impedances is formed by a

winding (410) of the transformer.

11. The transceiver arrangement (400, 500) according to any of claims 1 to 10,
wherein the impedances of the first, third, fifth and sixth pairs of impedances are
inductances and the impedances of the second, fourth, seventh and eighth pairs of

impedances are capacitances.

12. The transceiver arrangement (600) according to any of claims 1 to 9,
wherein the impedances of the first, third, fifth and sixth pairs of impedances are
capacitances and the impedances of the second, fourth, seventh and eighth pairs of

impedances are inductances.

13. The transceiver arrangement (300, 400, 500, 600) according to any of
claims 1 to 12, further comprising amplitude and phase detectors at respective
differential antenna port terminals and differential port terminals of the balancing
impedance circuit, wherein the balancing impedance circuit comprises a controller (328)
arranged to control the adaptive impedance such that magnitude and phase are equal for

the balancing impedance circuit (308) to the antenna port (306).
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14. The transceiver arrangement (300, 400, 500, 600) according to any of
claims 1 to 13, wherein all of the impedances of the first, third, fifth and sixth pairs of

impedances are implemented on-chip.

5 15. The transceiver arrangement (300, 400, 500, 600) according to any of
claims 1 to 14, wherein all of the impedances of the second, fourth, seventh and eighth

pairs of impedances are implemented on-chip.
16. A communication device (1500), capable of frequency division duplex

10 communication via a communication network, comprising a transceiver arrangement

(1502) according to any of claims 1 to 15.

15
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