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to detect interference based on the first and third down-converted signals and to selectively set the second passive switching mixer
(80) in the enabled mode, for counteracting the interference, or in the disabled mode, for saving power compared with the enabled
mode, based on the detection. A corresponding receiver circuit, a corresponding communication device, and a corresponding method
are also disclosed.
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DOWN-CONVERSION CIRCUIT WITH INTERFERENCE DETECTION

Technical field
The present invention relates to a down-conversion circuit for a receiver circuit capable of

detecting and suppressing interference.

5  Background
Due to the deployment of more and more frequency bands for radio-communications
applications, the complexity of radio front-end circuitry to be used in such applications
increases. Normally, at least one relatively expensive external (or “off-chip”) filter, usually a
SAW (Surface Acoustic Wave) filter and/or duplexer, has to be used for each frequency band
10 to be received with the cellular radio. Therefore the size and cost of the external front-end
components increase when introducing new frequency bands. Striving towards more flexible
front-end solutions requires new circuit solutions that can handle strong interferers and
prevent harmonic down-conversion without sacrificing any other performance.
It is thus desirable to provide radio front-end circuitry that eliminates the need for at least
15 some of the off-chip filters, ¢.g. relatively expensive SAW filters and/or duplexers, that are
normally used in present cellular radio communications circuitry, or that at least relaxes the
requirements on such off-chip filters, which in turn facilitates a reduction of manufacturing
cost.
To handle the strong out-of-band interference in cell phones, or other similar
20 communication devices, without using sharp radio frequency (RF) filters, such as SAW filters
and/or duplexer, a relatively high linearity is normally needed. Otherwise the unfiltered
amplified interference might saturate low-noise amplifiers (LNAS) or down-conversion
mixers. To reduce the interference, it has been proposed (e.g. in US 2005/0239430 Al) to use
so called harmonic rejection in down-conversion circuitry to suppress interference at
25 harmonics of a local oscillator (LO) signal, which is particularly useful in a radio receiver
without sharp RF filters, since interferers at harmonics of the LO signal will be down-
converted to baseband and, unless suppressed in some way, detrimentally interfere with the

(desired) baseband signal.

Summary
30  The inventors have realized that many existing solutions (e.g. US 2005/0239430 Al) that
attempt to reduce harmonic down conversion mainly do so by relying on active buffers in the

mixer and are not very energy efficient. An object of the present invention is therefore to
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provide a down-conversion circuit with suppression of interference in a relatively energy-
efficient manner.

According to a first aspect, there is provided a down-conversion circuit for a receiver
circuit, such as a radio receiver circuit or a wireline receiver circuit. The down-conversion
circuit comprises a first passive switching mixer arranged to down-convert a received radio
frequency (RF) signal with a first local oscillator (LO) signal having a first duty cycle for
generating a first down-converted signal at an output port of the first passive switching mixer.
The down-conversion circuit further comprises a second passive switching mixer arranged to
down-convert the received RF signal with a second LO signal having the same LO frequency
as the first LO signal and a second duty cycle, different from the first duty cycle, for
generating a second down-converted signal at an output port of the second passive switching
mixer. The second passive switching mixer has an enabled and a disabled mode. Furthermore,
the down-conversion circuit comprises a third passive switching mixer arranged to down-
convert the received RF signal with the second LO signal for generating a third down-
converted signal at an output port of the third passive switching mixer. Moreover, the down-
conversion circuit comprises a passive output combiner network operatively connected to the
output ports of the first passive switching mixer and the second passive switching mixer and
arranged to combine the first and the second down-converted signals such that harmonically
down-converted signal content present in the first down-converted signal and harmonically
down-converted signal content present in the second down-converted signal cancel in a
combined output signal of the down-conversion circuit. In addition, the down-conversion
circuit comprises a detection unit adapted to detect interference based on the first and third
down-converted signals and to selectively set the second passive switching mixer in the
enabled mode, for counteracting the interference, or in the disabled mode, for saving power
compared with the enabled mode, based on the detection.

The detection unit may be adapted to generate a detection signal based on the first and
third down-converted signals. The detection signal may be a sum of the first and third down-
converted signals when the second passive switching mixer is in the disabled mode and a
difference between the first and third down-converted signals when the second passive
switching mixer is in the enabled mode. The detection unit may be adapted to detect said
interference based on the detection signal.

The down-conversion circuit may comprise a first automatic gain-control (AGC) circuit
arranged to receive the combined output signal as an input signal. The down-conversion

circuit may further comprise a second AGC circuit arranged to receive the detection signal as
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an input signal. The detection unit may be adapted to detect the interference based on gain-
control signals of the first and the second AGC circuits.

The detection unit may be adapted to, when the second passive switching mixer is in the
enabled mode, detect an absence of interference based on a relation between the gain-control
signal of the first AGC circuit and the gain-control signal of the second AGC circuit and, in
response to the detected absence of interference, set the second passive switching mixer in the
disabled mode.

The detection unit may be adapted to, when the second passive switching mixer is in the
disabled mode, detect a presence of interference based on a relation between the gain-control
signal of the first AGC circuit and the gain-control signal of the second AGC circuit and, in
response to the detected presence of interference, set the second passive switching mixer in
the enabled mode.

Said relation between the gain-control signal of the first AGC circuit and the gain-control
signal of the second AGC circuit may e.g. be a difference or a ratio.

The first duty cycle may be 25%. The second duty cycle may be 50%.

Said harmonically down-converted signal content present in the first down-converted
signal and said harmonically down-converted signal content present in the second down-
converted signal that cancel in the combined output signal may comprise signal content down-
converted by 3rd and 5th harmonics of the first LO signal and signal content down converted
by 3rd and 5th harmonics of the second LO signal, respectively.

The passive output combiner network may be tunable to adjust magnitudes and phases of
the first and the second down-converted signals.

The down-conversion circuit may be arranged to perform frequency-translated filtering.
According to a second aspect, there is provided receiver circuit, such as a radio receiver
circuit or a wireline receiver circuit, comprising the down-conversion circuit according to the

first aspect.

According to a third aspect, there is provided a communication device comprising the radio
receiver circuit according to the second aspect. The communication device may e.g. be, but is
not limited to, a wireless communication device such as a mobile phone, a wireless data
modem, or a radio base station, or a wireline communication device.

According to a fourth aspect, there is provided a method of controlling a down-conversion
circuit for a receiver circuit, such as a radio receiver circuit or a wireline receiver circuit. The
down-conversion circuit comprises a first passive switching mixer arranged to down-convert a

received RF signal with a first LO signal having a first duty cycle for generating a first down-



10

15

20

25

30

WO 2013/113599 PCT/EP2013/051254
4

converted signal at an output port of the first passive switching mixer. The down-conversion
circuit further comprises a second passive switching mixer arranged to down-convert the
received RF signal with a second LO signal having the same LO frequency as the first LO
signal and a second duty cycle, different from the first duty cycle, for generating a second
down-converted signal at an output port of the second passive switching mixer. The second
passive switching mixer has an enabled and a disabled mode. Furthermore, the down-
conversion circuit comprises a third passive switching mixer arranged to down-convert the
received RF signal with the second LO signal for generating a third down-converted signal at
an output port of the third passive switching mixer. Moreover, the down-conversion circuit
comprises a passive output combiner network operatively connected to the output ports of the
first passive switching mixer and the second passive switching mixer and arranged to combine
the first and the second down-converted signals such that harmonically down-converted signal
content present in the first down-converted signal and harmonically down-converted signal
content present in the second down-converted signal cancel in a combined output signal of the
down-conversion circuit. The method comprises detecting interference based on the first and
third down-converted signals. The method further comprises selectively setting the second
passive switching mixer in the enabled mode, for counteracting the interference, or in the
disabled mode, for saving power compared with the enabled mode, based on the detection.

Further embodiments are defined in the dependent claims. It should be emphasized that the
term “comprises/comprising” when used in this specification is taken to specify the presence
of stated features, integers, steps, or components, but does not preclude the presence or

addition of one or more other features, integers, steps, components, or groups thereof.

Brief description of the drawings

Further objects, features and advantages of embodiments of the invention will appear from
the following detailed description, reference being made to the accompanying drawings, in
which:

Fig. 1 schematically illustrates a mobile terminal in communication with a radio base
station;

Fig. 2 is a simplified block diagram of a radio receiver circuit;

Fig. 3 schematically illustrates a down-conversion circuit according to some embodiments
of the present invention;

Fig. 4 show waveform diagrams of LO signals according to an example;

Fig. 5 schematically illustrates implementation of a passive switching mixer;
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Figs. 6-7 schematically illustrates embodiments of a detection unit; and

Fig. 8 is a flowchart of a method according to some embodiments of the present invention.

Detailed description

Fig. 1 illustrates schematically an environment in which embodiments of the present
invention may be employed. In Fig. 1, a mobile terminal 1, illustrated in Fig. 1 as a mobile, or
cellular, telephone 1, is in wireless communication with a radio base station 2, ¢.g. in a
cellular communication network. The mobile telephone 1 and the radio base station 2 are
nonlimiting examples of what is referred to below generically with the term communication
device. Another nonlimiting example of such a communication device is a wireless data
modem, ¢.g. a wireless data modem to be used in a cellular communication network.
Embodiments of the present invention may also be employed in communication devices for
operation in other types of communication networks, such as but not limited to wireless local
arca networks (WLANSs) and personal area networks (PANs). The examples considered above
are all wireless communication devices, but embodiments of the present invention may be
employed in wireline communication devices as wells.

Such communication devices may comprise one or more receiver circuits. In the following,
such receiver circuits are referred to in a wireless communication context as radio receiver
circuits. However, as mentioned above, embodiments of the present invention are applicable
in wireline communication devices as well. An example of such a radio receiver circuit is
briefly described below with reference to Fig. 2. Fig. 2 is a simplified block diagram of a
radio receiver circuit 10 according to an embodiment of the present invention. In Fig. 2, the
radio receiver circuit 10 is connected to an antenna 15 for receiving electromagnetic radio
frequency (RF) signals. Although a single antenna 15 is shown in Fig. 2, multiple antennas
may well be used in other embodiments. In the embodiment illustrated in Fig. 2, the radio
receiver circuit comprises RF processing circuitry 20 for operative connection to the antenna
15. The RF processing circuitry 20 is adapted to perform (analog) signal processing on RF
signals from the antenna 15. The RF processing circuitry may comprise one or more filters,
transformers (e.g. balun transformers), and/or other circuitry for processing of RF signals.
Such circuitry is, per se, well known in the art of radio receivers and is therefore not further
described herein in greater detail. (In a wireline communication device, the antenna 15 is
replaced with a cable connector.)

Furthermore, the embodiment of the radio receiver circuit 10 illustrated in Fig. 2 comprises

a down-conversion circuit 30 for down-conversion, frequency translation to a lower
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frequency, of a received RF input signal (in this particular context first processed by the RF
processing circuitry 20). Such frequency translation is based on a local oscillator (LO) signal,
and may be referred to as “down-converting the received RF signal with the LO signal”. The
down-conversion circuit 30 has an input port 32 for supplying the received RF signal to the
down-conversion circuit. Furthermore, the down-conversion circuit 30 has an output port 34
for outputting a down-converted output signal.

The radio receiver circuit 10 illustrated in Fig. 2 is assumed to be a homodyne radio
receiver circuit. Thus, the radio receiver circuit 2 comprises baseband processing circuitry 40
operatively connected to the output port 34 of the down-conversion circuit 30 for processing
the output signal from the down-conversion circuit 30. However, embodiments of the down-
conversion circuit 30 described herein are applicable in other types of radio receiver circuits
as well, e.g. radio receiver circuits wherein frequency translation is performed in one or more
steps to one or more (non-zero) intermediate frequencies (IFs).

The baseband processing circuitry 40 may comprise one or more filters, amplifiers, analog-
to-digital converters, digital signal processors, and/or other circuitry for processing of
baseband signals. Such circuitry is, per se well known in the art of radio receivers and is
therefore not further described herein in greater detail.

Fig. 3 shows a simplified schematic circuit diagram of the down-conversion circuit 30
according to some embodiments of the present invention. Fig. 3 illustrates a differential
down-conversion circuit 30 using differential LO signals and differential signal paths. The
embodiments described in detail herein are such differential embodiments. However, single-
ended implementations are also possible according to some embodiments of the present
invention. In Fig. 3, the down-conversion circuit 30 comprises a first passive switching mixer
70. The first passive switching mixer 70 is arranged to down-convert the received RF signal
with a first LO signal LO1 for generating a first down-converted signal at an output port 75 of
the first passive switching mixer 70. The first LO signal LO1 has a frequency, in the
following referred to as the LO frequency. Furthermore, the first LO signal LO1 has a first
duty cycle.

Furthermore, in Fig. 3, the down-conversion circuit 30 comprises a second passive
switching mixer 80. The second passive switching mixer 80 is arranged to down-convert the
received RF signal with a second LO signal LO2 for generating a second down-converted
signal at an output port (85) of the second passive switching mixer 80. The second LO signal
LO2 has the same LO frequency as the first LO signal LO1. Furthermore, the second LO
signal LO2 has a second duty cycle, different from the first duty cycle.
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As illustrated in Fig. 3, the down-conversion circuit 30 may comprise an interface circuit
60 arranged to distribute the received RF signal to the first and the second passive switching
mixers 70 and 80. Such an input interface circuit 60 may e.g. comprise one or more low-noise
amplifiers (LNAs).

Moreover, In Fig. 3, the down-conversion circuit 30 comprises a passive output combiner
network 90 operatively connected to the output ports 75, 85 of the first passive switching
mixer 70 and the second passive switching mixer 80. The passive output combiner network 90
is arranged to combine the first and the second down-converted signals such that harmonically
down-converted signal content present in the first down-converted signal and harmonically
down-converted signal content present in the second down-converted signal cancel in a
combined output signal of the down-conversion circuit 30.

In Fig. 3, the down-conversion circuit 30 comprises a third passive switching mixer 140.
The third passive switching mixer is arranged to down-convert the received RF signal with
the second LO signal LO2 for generating a third down-converted signal at an output port 145
of the third passive switching mixer 140. The down-conversion circuit 30 further comprises a
detection unit 150 arranged to receive the first and the third down-converted signals at input
ports 154 and 152, respectively, of the detection unit 150. The detection unit 150 is further
described below in the context of various embodiments.

Furthermore, as illustrated in Fig. 3, the down-conversion circuit 30 may comprise a
channel-selection filter (CSF 160) operatively connected to the passive output combiner
network 90 for filtering the combined output signal. Moreover, as illustrated in Fig. 3, the
down-conversion circuit 30 may comprise a first automatic gain-control (AGC) circuit 170
arranged to receive the combined output signal (in Fig. 3, via the CSF 160) as an input signal.
The combined output signal may be output on the output port 34 of the down-conversion
circuit. Alternatively, it may e.g. be the output of the CSF 160 or the first AGC circuit 170
that is output on the output port 34 of the down-conversion circuit 30.

In Fig. 3, a particular implementation of the passive output combiner network 90
comprising resistors 100a-b, 110a-b and capacitors 120, 130 is shown. Before going into such
details of a particular implementation, some more general principles of the harmonic rejection
provided by embodiments of the down-conversion circuit 30 are first described. In the
following, reference is sometimes made to sums and differences between signals in the analog
domain. These terms should be interpreted as including weighted sums and differences, i.¢.

where the terms may be weighted, or scaled, before addition or subtraction.
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According to some embodiments of the present invention, which are used throughout this
detailed description as an clucidating example, the first duty cycle is 25% and the second duty
cycle is 50%. This is illustrated in Fig. 4, which schematically illustrates waveform diagrams
of the LO signals LO1 and LO2 with these duty cycles. Since differential LO signals are

5 considered, LO1 has a positive signal component LO1+ and a negative signal component
LO1-. Similarly, LO2 has a positive signal component LO2+ and a negative signal
component LO2—. Since switching mixers (70 and 80 in Fig. 3) are used, the LO signal
waveforms are square waves. Therefore, the mixers 70 and 80 will not only down-convert
signal content with the fundamental tones of the respective LO signals LO1 and LO2, but also

10 with harmonics of the LO signals LO1 and LO2, referred to above and in the following as
harmonically down-converted signal content. Unless compensated for, such harmonically
down-converted signal content will interfere with the desired signal content (i.e. the signal
content down-converted with the fundamental tone of an LO signal). Using a differential
topology (e.g. as in Fig. 3) inherently suppresses signal content down-converted by even-

15 order harmonics. However, it does not take care of signal content down-converted by odd-
order harmonics. Using a Fourier-series expansion of square-wave signals with amplitude A,
angular frequency w, and a duty-cycle of k/T, it can be shown that the 3rd harmonic is given

by

T
20 (Eq. 1)

where ¢ denotes time. Similarly, the 5th harmonic is given by

241 sin(Sn E] cos(5er)
TS5 T

241 sin(Sn ﬁ] cos(3er)
3 T

(Eq. 2)
Inserting 0.25 for k/T in Eq. 1 and Eq. 2 provides the 3rd and 5th harmonics, respectively,

25 for the 25% duty-cycle square wave, in the following denoted /3, (¢) and %(¢), respectively.
Similarly, inserting 0.5 for k/T in Eq. 1 and Eq. 2 provides the 3rd and 5th harmonics,
respectively, for the 50% duty-cycle square wave, in the following denoted 4, (¢) and 7, (¢),
respectively. It can be shown that

1, () = — 2R3 (1)
30 (Eq. 3)

and

R () = —2h3, (1)
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(Eq. 4)

Hence, there is the same weight-deviation between the 3rd harmonics of the 50% and 25%
duty-cycle square-wave signals as there is between the 5th harmonics of the 50% and 25%
duty-cycle square-wave signals. Thus, by properly weighting the output currents from the
mixers 70 and 80, harmonically down-converted signal content down-converted by both the
3rd and the 5th harmonics of the first and second LO signals LO1 and LO2 will cancel in the
combined output signal. At the same time, it can be noted that signal content down-converted
by the fundamental tones of the first and second LO signals LO1 and LO2 will under these
circumstances combine constructively.

Accordingly, in accordance with some embodiments of the present invention, said
harmonically down-converted signal content present in the first down-converted signal and
said harmonically down-converted signal content present in the second down-converted signal
that cancel in the combined output signal comprises signal content down-converted by 3rd
and 5th harmonics of the first LO signal LO1 and signal content down converted by 3rd and
5th harmonics of the second LO signal LO2, respectively.

It should be noted that, in practice, it is not possible to generate LO signals with exactly
25% and 50% duty cycle; the duty cycles will deviate from these values e.g. due to
manufacturing inaccuracies, temperature variations, noise, etc. Thus, the numbers 25% and
50% should not be interpreted as exactly 25% and 50%. Deviations from these exact numbers
(or other intended duty cycles) may be compensated for using tuning of the passive output
combiner network.

Selecting other combinations of duty cycles than 25% and 50% may provide for
cancelation of other harmonics or combination of harmonics. However, the 3rd and 5th
harmonics are normally the most important ones to cancel, since the amplitude of the
harmonics decrease with increasing order. In some embodiments, the duty cycle of the second
LO signal LO2 may be selected as (approximately) twice the duty cycle of the first LO signal
LO1. Such a relation between the duty cycles provides for a relatively easy generation of the
LO signals LO1 and LO2.

Fig. 5 illustrates an implementation of a passive switching mixer according to
embodiments of the present invention, which may be used for implementation of the first,
second, and third passive mixers 70, 80, and 140 in the down-conversion circuit 30. In passive
switching mixers, a switch is used to either connect an input terminal to an output terminal in
a closed state, or disconnect the input terminal from the output terminal in an open state, in

response to an LO signal (such as the first LO signal LO1 or the second LO signal LO2). The
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passive switching mixer in Fig. 5 has a differential input port with input terminals in+ and in—,
and a differential output port with output terminals out+ and out—. Furthermore, a differential
LO signal having signal components LO+ (e.g. LO1+ or LO2+) and LO- (e.g. LO1-or LO2-
) is used to control the switches in the passive switching mixer. Such a passive switching
mixer is normally referred to as a double-balanced passive mixer. In Fig. 5, the passive
switching mixer comprises a switch 180 connected between int+ and out+, a switch 190
connected between in— and out +, a switch 200 connected between in+ and out—, and a switch
210 connected between in— and out—. The switches 180 and 210 are controlled with LO+, and
the switches 190 and 200 are controlled with LO—. Comparing with Fig. 4, the state ‘on’
means that a corresponding switch is closed, and the state ‘off” means that a corresponding
switch is open. The switches in a passive switching mixer may be implemented with
transistors, such as MOS transistors.

The use of passive switching mixers together with a passive output combiner network
provides for a dual functionality for interference suppression. In addition to the harmonic
rejection described above, the down-conversion circuit may additionally be arranged to
provide frequency-translated filtering. For example, the passive output combiner network may
have a low-pass characteristic as seen from the output ports of the passive switching mixers
70 and 80. Seen from the input ports of the passive switching mixers, the low-pass
characteristic is transformed to a band-pass characteristic, which provides for a further
suppression of interference. Frequency translated filtering is known as such, see ¢.g.

US 2010/0267354. However, frequency-translated filters are normally used as separate
components. Using embodiments of the present invention, the frequency translated filtering is
built in into the down-conversion circuit 30 that performs the harmonic rejection, which is
beneficial for saving power and/or circuit area, since no additional dedicated circuitry is
required for the frequency translated-filtering.

According to some embodiments of the present invention, the passive output combiner
network 90 is tunable to adjust magnitudes and phases of the first and the second down-
converted signals. Using a tunable network of passive component provides for combining the
first and second down-converted signals such that the harmonically down-converted signal
content cancel with relatively high accuracy in the combined output signal, ¢.g. compared
with known techniques that attempt to reduce harmonic down conversion by relying on active
buffers with weighted amplitudes. In particular, even though such known techniques may use
control of the amplitude weights of the active buffers, it is difficult (or even neglected) to

control the phases of signals to be combined for canceling harmonically down-converted
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signal content, which may limit the effectiveness of the cancellation. The inventors have
realized that such phase control can be made more effectively using a tunable passive
combiner network. Furthermore, known techniques relying on active buffers in the signal
paths for controlling the cancellation normally requires more than two signal paths whose
respective output signals are combined, whereas embodiments of the present invention can
provide for relatively accurate cancelation of harmonically down-converted signal content
using only two signal paths (although the scope of the invention is not intended to exclude
embodiments where additional signal paths with other duty cycle are present as well).

An example of such a tunable passive network used for the passive output combiner
network is illustrated in Fig. 3. Since a differential topology is considered, the first and the
second down-converted signals are differential signals. Furthermore, the output port 75 of the
first passive switching mixer 70 and the output port 85 of the second passive switching mixer
80 are both differential output ports, each having a first and a second output terminal 75a-b,
85a-b. Similarly, the third down-converted signal is also a differential signal. The output port
145 of the third passive switching mixer 140 is also a differential output port, having a first
and a second output terminal 145a-b. The input ports 152 and 154 of the detection unit 150
are also differential input ports, each having a first and a second input terminal 152a-b, 154a-
b.

In Fig. 3, the passive output combiner network 90 comprises a first resistor 100a, a second
resistor 110a, a third resistor 100b, and a fourth resistor 110b. The first resistor 100a is
operatively connected between the first output terminal 75a of the output port 75 of the first
passive switching mixer 70 and a first summing node (in this case, the output terminal 34a of
the down-conversion circuit 30). The second resistor 110a is operatively connected between
the first output terminal 85a of the output port 85 of the second passive switching mixer 80
and the first summing node 34a. The first and second resistor act as voltage-to-current (V/I)
converters and their respective currents are combined (or summed) in the first summing node.
The weights of the currents are determined by the resistance values of the first and second
resistors 100a and 110a.

Similarly, the third resistor 100b is operatively connected between the second output
terminal 75b of the output port 75 of the first passive switching mixer 70 and a second
summing node (in this case the output terminal 34b of the down-conversion circuit 30). The
fourth resistor 110b is operatively connected between the second output terminal 85b of the
output port 85 of the second passive switching mixer 80 and the second summing node. The

third and fourth resistor also act as V/I converters and their respective currents are combined
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(or summed) in the second summing node. The weights of the currents are determined by the
resistance values of the third and fourth resistors 100a and 110a.

Furthermore, in Fig. 3, the passive output combiner network 90 comprises capacitors 120
and 130 connected to the first and second output terminals 75a-b, 85a-b of the output ports 75,
85 of the first and the second passive switching mixers 70, 80. In Fig. 3, the capacitor 120 is
shown as a differential capacitor connected between the output terminals 85a and 85b of the
output port 85 of the second passive switching mixer 80, and the capacitor 130 is shown as a
differential capacitor connected between the output terminals 75a and 75b of the output port
75 of the first passive switching mixer 70. However, capacitors may be connected in other
ways to the output terminals 75a-b and 85a-b. For example, alternatively or additionally,
capacitors may be connected between one or more of the output terminals 75a-b, 85a-b and a
reference-voltage node such as ground. The phases of the first and second down-converted
signals are affected by the capacitance values of the capacitors (such as 120 and 130 in Fig. 3)
connected to connected to the first and second output terminals 75a-b, 85a-b of the output
ports 75, 85 of the first and the second passive switching mixers 70, 80. This topology of the
passive output combiner network has a low-pass characteristic. Qualitatively speaking, low-
frequency currents are directed via the resistors 100a-b, 110a-b to the summing nodes,
whereas high-frequency currents are directed via the capacitors. As mentioned above, this
low-pass characteristic is transformed to a band-pass characteristic at the input ports of the
mixers 70 and 80, thereby providing frequency-translated filtering.

According to some embodiments, the aforementioned resistors (100a-b, 110a-b in Fig. 3)
and capacitors (120-130 in Fig. 3) are tunable components, as indicated by arrows over these
components in Fig. 3. For example, they may be digitally-controllable components, such that
their respective resistance values or capacitance values are controllable with a digital control
word. Thereby, the magnitudes and phases of the first and the second down-converted signals
can be adjusted, which in turn facilitates a relatively accurate cancellation of harmonically
down-converted signal content in the combined output signal.

According to embodiments, the second passive switching mixer 80 may be disabled when
the interference present at harmonics of the LO frequency is low, thereby saving energy. For
example, the second LO signal LO2 may be set to “zero”, i.¢. in a state where all switches of
the second passive switching mixer are open. Then, there is no charging or discharging of the
gates of the transistors in the switches, whereby power is saved. Furthermore, it is possible to
disable other circuitry in connection with the second passive mixer, ¢.g. circuitry in the input

interface 60, thereby saving further energy.
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Thus, according to embodiments of the present invention, the second passive switching
mixer 80 has an enabled and a disabled mode. The down-conversion circuit 30 may e.g. be
arranged to selectively set the second passive switching mixer 80 in the enabled mode when
an interference level exceeds a threshold for counteracting the interference, and, otherwise, in
the disabled mode for saving power compared with the enabled mode. For this purpose, the
detection unit 150 is adapted to detect interference based on the first and third down-
converted signals and to selectively set the second passive switching mixer 80 in the enabled
mode, for counteracting the interference, or in the disabled mode, for saving power compared
with the enabled mode, based on the detection.

According to some embodiments, the detection unit 150 is configured to combine the first
and the third down-converted signals, thereby generating a detection signal, such that
harmonically down-converted signal content present in the first down-converted signal and
harmonically down-converted signal content present in the third down-converted signal
combine constructively in the detection signal, whereas signal content present in the first
down-converted signal and the third down-converted signal, down-converted by the
fundamental of the first and the second LO signal LO1, LO2, respectively, cancel in the
detection signal for detecting when said interference level exceeds said threshold. This is
illustrated with an example embodiment of the detection unit 150 in Fig. 6. A positive signal
component of the third down-converted signal, represented with a current input at terminal
152a, is combined with a negative signal component of the first down-converted signal,
represented with a current input at terminal 154b. Similarly, a negative signal component of
the third down-converted signal, represented with a current input at terminal 152b, is
combined with a positive signal component of the first down-converted signal, represented
with a current input at terminal 154a. Thereby, a differential signal (which corresponds to the
above-mentioned detection signal) is formed that represents a difference between the first and
the third down-converted (differential) signals. This difference is input to a power detector
220, which is arranged to determine the power of the interference, and based on the
determined power, further determine whether the second passive switching mixer 80 should
be set in the enabled or the disabled mode. As shown in Fig. 6, the detection unit may
comprise resistors 222a-b and 224a-b acting as V/I converters for generating the currents
based on voltages at the terminals 152a-b and 154a-b. Furthermore, as indicated in Fig. 6,
these resistors may be variable for adjusting the weights of said currents.

According to some embodiments, the detection unit 150 is instead adapted to generate the

detection signal based on the first and third down-converted signals differently depending on
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the present mode of the second passive switching mixer 80. For example, the detection unit
150 may be adapted to generate the detection signal as a sum of the first and third down-
converted signals when the second passive switching mixer 80 is in the disabled mode, and as
a difference between the first and third down-converted signals when the second passive
switching mixer 80 is in the enabled mode. The detection unit 150 may then detect said
interference based on the detection signal. For example, the detection unit 150 may be
adapted to detect the interference based on a comparison between the detection signal and the
combined output signal.

According to some such embodiments, the down -conversion circuit comprises a first AGC
circuit (e.g. the AGC circuit 170 in Fig. 3) arranged to receive the combined output signal as
an input signal, and a second AGC circuit arranged to receive the detection signal as an input
signal. The detection unit 150 can then be adapted to detect the interference based on gain-
control signals of the first and the second AGC circuits. Fig. 7 schematically illustrates such
an embodiment of the detection unit 150. Fig. 7 includes a summation block 230 adapted to
generate the detection signal as a sum or a difference between the first and third down-
converted signals, depending on the mode of the second passive switching mixer 80. As
shown in Fig. 7, the detection unit may comprise resistors 232a, 232b, 234a, 234b connected
between the input terminals 152a, 152b, 154a, and 154b, respectively, and the summation
block 230. In practice, ends of the resistors 152a-b and 154a-b may be hardwired together
(much like the resistors 222a-b and 224a-b in Fig. 6) in the summation block 230. For
example, ends of the resistors 222a and 224a may be hardwired together for forming a first
signal component of the (differential) detection signal. Similarly, ends of the resistors 222b
and 224b may be hardwired together for forming a second signal component of the
(differential) detection signal. Whether an addition or subtraction is performed by the
summation block 230 can then be controlled by controlling a phase of the LO signal of the
third passive switching mixer 140. For example, addition can be achieved by controlling the
third passive switching mixer with the second LO signal LO2 directly, and subtraction can be
achieved by controlling the third passive switching mixer 140 with a 180 degrees phase
shifted version of the second LO signal LO2.

As shown in Fig. 7, the detection unit 150 may comprises a CSF 240 for filtering the
detection signal. Fig. 7 also includes the above-mentioned second AGC circuit (labeled 250 in
Fig. 7) arranged to receive the detection signal as an input signal (in this particular case via
the CSF 240). In Fig. 7, the detection unit 150 comprises a comparison unit 260 adapted to

receive the gain-control signal of the second AGC 250 and to receive the gain-control signal
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of the first AGC 170 (via an output 172 of the first AGC 170 and an input 156 of the detection
unit 150, see Fig. 3).

For example, the detection unit 150 may be adapted to, when the second passive switching
mixer 80 is in the enabled mode, detect an absence of interference based on a relation between
the gain-control signal of the first AGC circuit 170 and the gain-control signal of the second
AGC circuit 250 and, in response to the detected absence of interference, set the second
passive switching mixer 80 in the disabled mode. Similarly, the detection unit may be adapted
to, when the second passive switching mixer is in the disabled mode, detect a presence of
interference based on a relation between the gain-control signal of the first AGC circuit 170
and the gain-control signal of the second AGC circuit 250 and, in response to the detected
presence of interference, set the second passive switching mixer 80 in the enabled mode.
According to the embodiment illustrated in Fig. 7, the evaluation of said relation between the
gain-control signals of the first and the second AGC circuit 170, 250 can be performed by the
comparison unit 260.

Consider first the case when the second passive switching mixer 80 is in the disabled
mode. When a large harmonic interferer appears, the channel power in the combined output
signal will be large enough so that the first AGC circuit 170 backs off, that is, the gain-control
signal of the first AGC circuit 170 is reduced to command a reduced gain of the first AGC
circuit 170. However, when the second passive switching mixer is in the disabled mode, the
detection unit 150 is configured to generate the detection signal such that the harmonic
interferer is at least approximately canceled in the detection signal. Thus, the second AGC
circuit 250 will see substantially less channel power due to the cancelation of the interferer.
This means that the second AGC circuit 250 will not back off, at least not to the same extent
as the first AGC circuit 170. Hence, a relation such as a ratio or difference between the gain
control signal of the first AGC circuit 170 and the second AGC circuit 250 will tend to
decrease when the second passive switching mixer 80 is in the disabled state and a harmonic
interferer appears, whereby presence of the harmonic interferer can be detected. (It is assumed
above and in the following that the gain-control signal of an AGC circuit controls the gain of
the AGC circuit as an increasing function of the gain control signal, that is, an increasing
gain-control signal means an increasing gain and a decreasing gain-control signal means a
decreasing gain).

After the presence of the interferer is detected, the second passive switching mixer 80 goes
from the disabled mode to the enabled mode. In this case, the harmonic interferer is canceled

in the combined output signal, resulting in no back off in the first AGC circuit 170. Thus, the
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gain-control signal of the first AGC 170 is increased as a consequence of the removal of the
harmonic interferer in the combined output signal, which in turn results in a reduced channel
power in the combined output signal. However, the detection unit 150 now subtracts the first
and third down-converted signals instead of adding them, which causes the harmonic
interferer to dominate in the detection signal and causes a back off in the second AGC circuit
250. When the interferer again disappears, neither the first AGC circuit 170 nor the second
AGC circuit 250 will have any back off. Thus, the gain-control signal of the second AGC 250
will then increase to increase the gain of the second AGC circuit 250, whereas the gain-
control signal of the first AGC circuit 170 will not increase (at least not to the same extent as
the gain control signal of the second AGC circuit 250). Hence, a relation such as a ratio or
difference between the gain control signal of the first AGC circuit 170 and the second AGC
circuit 250 will tend to decrease when the second passive switching mixer 80 is in the enabled
state and a harmonic interferer (previously present) disappears, whereby absence of the
harmonic interferer can be detected.

Thus, by studying, or comparing, the relation between the gain-control signal of the first
AGC circuit 170 and the second AGC circuit 250, and thus how these signals behave
compared with each other, presence or absence of interference may be detected.

It should be noted that the power of the signals input to the detection unit 150 on input
ports 152 and 154 may be less, even considerable less, than the power of the signals input to
the passive output combiner network 90, e.g. since the detection signal does not need to have
as good signal-to-noise ratio (SNR) as the combined output signal. Thus, the overhead power
consumption for the inclusion of the detection unit 150 may be considerably less than the
power reduction obtainable by setting the second passive switching mixer 80 in the disabled
mode.

According to some embodiments of the present invention, there is provided a method of
controlling the down-conversion circuit 30. The method comprises detecting interference
based on the first and third down-converted signals, ¢.g. by the detection unit 150 as described
above in the context of embodiments of the down-conversion circuit 30. Furthermore, the
method comprises selectively setting the second passive switching mixer in the enabled mode,
for counteracting the interference, or in the disabled mode, for saving power compared with
the enabled mode, based on the detection, e.g. by the detection unit 150 as described above in
the context of embodiments of the down-conversion circuit 30.

Fig. 8 is a flowchart for the method according to some embodiments. Execution of the

method is started in step 300. In step 310, interference detection is performed. In step 320, the
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mode of the second passive switching mixer 80 is selectively set based on the result of the
detection (e.g. presence or absence of interference). The execution of the method is ended in
step 330. It should be noted that the flowchart in Fig. 8 is simplified. For example, in practice,
as indicated above in the description of embodiments of the down-conversion circuit 30, the
step 310 may be a more or less continually ongoing step, which may e.g. include detecting
absence of interference when the second passive switching mixer 80 is in the enabled mode,
and detecting presence of interference when the second passive switching mixer 80 is in the
disabled mode. Step 320 may then be triggered for changing the mode of the second passive
switching mixer 80 from enabled to disabled, or vice versa, when needed as indicated by the
interference detection performed in step 310.

The present invention has been described above with reference to specific embodiments.
However, other embodiments than the above described are possible within the scope of the
invention. Different method steps than those described above, performing the method by
hardware or software, may be provided within the scope of the invention. The different
features and steps of the embodiments may be combined in other combinations than those

described. The scope of the invention is only limited by the appended patent claims.
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CLAIMS

1. A down-conversion circuit (30) for a receiver circuit (10), comprising

a first passive switching mixer (70) arranged to down-convert a received radio frequency,
RF, signal with a first local oscillator, LO, signal (LO1) having a first duty cycle for
generating a first down-converted signal at an output port (75) of the first passive switching
mixer (70);

a second passive switching mixer (80) arranged to down-convert the received RF signal
with a second LO signal (LO2) having the same LO frequency as the first LO signal (LO1)
and a second duty cycle, different from the first duty cycle, for generating a second down-
converted signal at an output port (85) of the second passive switching mixer (80), wherein
the second passive switching mixer (80) has an enabled and a disabled mode;

a third passive switching mixer (140) arranged to down-convert the received RF signal
with the second LO signal (LO2) for generating a third down-converted signal at an output
port (145) of the third passive switching mixer (140);

a passive output combiner network (90) operatively connected to the output ports (75, 85)
of the first passive switching mixer (70) and the second passive switching mixer (80) and
arranged to combine the first and the second down-converted signals such that harmonically
down-converted signal content present in the first down-converted signal and harmonically
down-converted signal content present in the second down-converted signal cancel in a
combined output signal of the down-conversion circuit (30);

a detection unit (150) adapted to detect interference based on the first and third down-
converted signals and to selectively set the second passive switching mixer (80) in the enabled
mode, for counteracting the interference, or in the disabled mode, for saving power compared

with the enabled mode, based on the detection.

2. The down-conversion circuit according to claim 1, wherein the detection unit (150) is
adapted to

generate a detection signal based on the first and third down-converted signals, which is

— a sum of the first and third down-converted signals when the second passive switching
mixer is in the disabled mode; and

— a difference between the first and third down-converted signals when the second passive
switching mixer is in the enabled mode; and

detect said interference based on the detection signal.
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3. The down-conversion circuit according to claim 2, comprising

a first automatic gain-control, AGC, circuit (170) arranged to receive the combined output
signal as an input signal; and

a second AGC circuit (250) arranged to receive the detection signal as an input signal;
wherein

the detection unit (150) is adapted to detect the interference based on gain-control signals

of the first and the second AGC circuits (170, 250).

4. The down-conversion circuit (30) according to claim 3, wherein the detection unit (150)
is adapted to, when the second passive switching mixer (80) is in the enabled mode, detect an
absence of interference based on a relation between the gain-control signal of the first AGC
circuit (170) and the gain-control signal of the second AGC circuit (250) and, in response to
the detected absence of interference, set the second passive switching mixer (80) in the

disabled mode.

5. The down-conversion circuit (30) according to claim 3 or 4, wherein the detection unit is
adapted to, when the second passive switching mixer is in the disabled mode, detect a
presence of interference based on a relation between the gain-control signal of the first AGC
circuit (170) and the gain-control signal of the second AGC circuit (250) and, in response to
the detected presence of interference, set the second passive switching mixer (80) in the

enabled mode.

6. The down-conversion circuit (30) according to claim 4 or 5, wherein said relation
between the gain-control signal of the first AGC circuit (170) and the gain-control signal of

the second AGC circuit (250) is a difference or a ratio.

7. The down-conversion circuit (30) according to any preceding claim, wherein the first

duty cycle is 25% and the second duty cycle is 50%.

8. The down-conversion circuit (30) according to any preceding claim, wherein said
harmonically down-converted signal content present in the first down-converted signal and
said harmonically down-converted signal content present in the second down-converted signal

that cancel in the combined output signal comprises signal content down-converted by 3rd
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and 5th harmonics of the first LO signal (LO1) and signal content down converted by 3rd and
5th harmonics of the second LO signal (LO2), respectively.

9. The down-conversion circuit (30) according to any preceding claim, wherein the passive
output combiner network (90) is tunable to adjust magnitudes and phases of the first and the

second down-converted signals.

10. The down-conversion circuit (30) according to any preceding claim, wherein the down-

conversion circuit is arranged to perform frequency-translated filtering.

11. A receiver circuit (10) comprising the down-conversion circuit (30) according to any

preceding claim.

12. A communication device (1, 2) comprising the receiver circuit according to claim 11.

13. The wireless communication device (1) according to claim 12, wherein the

communication device (1) is a mobile phone or a wireless data modem.

14. The communication device (2) according to claim 12, wherein the communication

device (2) is a radio base station.

15. The communication device according to claim 12, wherein the communication device

s a wireline communication device.

16. A method of controlling a down-conversion circuit (30) for a receiver circuit (10),
wherein the down-conversion circuit (30) comprises:

a first passive switching mixer (70) arranged to down-convert a received radio frequency,
RF, signal with a first local oscillator, LO, signal (LO1) having a first duty cycle for
generating a first down-converted signal at an output port (75) of the first passive switching
mixer (70);

a second passive switching mixer (80) arranged to down-convert the received RF signal
with a second LO signal (LO2) having the same LO frequency as the first LO signal (LO1)

and a second duty cycle, different from the first duty cycle, for generating a second down-
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converted signal at an output port (85) of the second passive switching mixer (80), wherein
the second passive switching mixer (80) has an enabled and a disabled mode;

a third passive switching mixer (140) arranged to down-convert the received RF signal
with the second LO signal (LO2) for generating a third down-converted signal at an output
port (145) of the second passive switching mixer (140); and

a passive output combiner network (90) operatively connected to the output ports (75, 85)
of the first passive switching mixer (70) and the second passive switching mixer (80) and
arranged to combine the first and the second down-converted signals such that harmonically
down-converted signal content present in the first down-converted signal and harmonically
down-converted signal content present in the second down-converted signal cancel in a
combined output signal of the down-conversion circuit (30); and

wherein the method comprises:

— detecting (310) interference based on the first and third down-converted signals; and

— selectively setting (320) the second passive switching mixer in the enabled mode, for
counteracting the interference, or in the disabled mode, for saving power compared with the

enabled mode, based on the detection.
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