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and a second (C22) capacitor
are connected between a first
(IN_P) and a second (IN_N)
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_{m ouT_P in response to a first oscillator
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Passive Amplification of Signals

Field
[0001] The invention relates to passive amplification of received signals in a

radio receiver.

Background
[0002] In radio transceivers, and particularly in direct-conversion receivers,

amplifiers having low noise figures and capable of handling high-level signals
are needed in front-ends of an in-phase (i) and a quadrature (Q) signal paths.
Figure 1 illustrates a receiver structure converting a received radio signal
directly to the baseband. The receiver comprises a first amplifier 2 before
mixers 4 and 5. The first amplifier 2 is typically a low-noise amplifier. Bandpass
filters 1 and 3 have been provided before and after the amplifier 2 to remove
undesired frequency components. Mixers 4 and 5 mix in-phase (l) and
quadrature (Q) components of the received radio signal to the baseband with
local oscillator signals 1LO_0, LO_90, LO_180, and LO_270. The number refers
to the phase shift of the respective local oscillator signal. After the downmixing,
baseband amplifiers 6 and 7 amplify the downmixed | and Q components,
respectively, and low-pass filters 8 and 9 remove harmonic signal components
resulting in the downmixing. Amplifiers 10 and 11 further amplify the low-pass
filtered signals before analog-to-digital (A/D) conversion in an A/D-converter
12.

[0003] In case the baseband amplifiers 6 and 7 are active amplifiers, noise
figures of the baseband amplifiers 6 and 7 are typically relatively poor due to
flicker noise (known also as 1/f noise), among others. Nowadays, supply
voltages applied fo the active amplifiers 6 and 7 are quite low, which degrades
their ability to handle input signals having large amplitudes. As a consequence,
the amplifiers 6 and 7 may distort input signals severely causing difficulties in
further processing of the input signals. Low-pass filters may be arranged to
have low impedance levels in order to minimize noise levels. This may result in
high capacitance values in the low-pass filter components and, as a
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consequence, increase the size of an actual implementation in an integrated

circuit.

Brief description of the invention
[0004] An object of the invention is to provide an improved solution for

amplifying a received radio signal.

[0005] According to an aspect of the invention, there is provided a method,
comprising: receiving an input signal voltage into a first and a second input port
of a balanced input port, connecting, in a first stage in response to a first
oscillator signal, a first and a second capacitance between the first and the
second input port of the balanced input port, connecting, in a second stage in
response to a second oscillator signal, the first capacitance between the first
input port and a third capacitance and the second capacitance between the
second input port and the third capacitance, and obtaining the voltage over the

third capacitance as an output voltage.

[0006] According to another aspect of the invention, there is provided a
method, comprising: producing a first and a second oscillator signal having the
same frequency, charging a first capacitance and a second capacitance with
an input signal sample received into a first and a second input port of a
balanced input port during the first half cycle of the oscillator signals, and
charging a third capacitance operationally coupled with the first and the second
capacitance, with the charges in the first and the second capacitances together
with an input signal sample received into the first and the second input port of
the balanced input port during the second half cycle of the oscillator signal.

[0007] According to another aspect of the invention, there is provided an
apparatus, comprising an input interface comprising a balanced input port to
receive a balanced input signal and a oscillator signal input port to receive a
first and a second oscillator signal, a first, a second, and a third capacitance, a
first set of switches responsive to the first oscillator signal and arranged to

connect, in response to the first oscillator signal, the first and the second
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capacitance between a first and a second input port of the balanced input port,
a second set of switches responsive to the second oscillator signal and
arranged to connect, in response to the second oscillator signal, the first
capacitance between the first input port and the third capacitance and the
second capacitance between the second input port and the third capacitance,
and an output port connected to terminals of the third capacitance.

[0008] According to another aspect of the invention, there is provided an
apparatus, comprising input means comprising a balanced input port to receive
a balanced input signal and an oscillator signal input port to receive a first and
a second oscillator signal, first, second, and third capacitance means, first
switching means responsive fo the first oscillator signal and arranged to
connect, in response to the first oscillator signal, the first and the second
capacitance means between a first and a second input port of the balanced
input port, second switching means responsive to the second oscillator signal
and arranged to connect, in response to the second oscillator signal, the first
capacitance means between the first input port and the third capacitance
means and the second capacitance means between the second input port and
the third capacitance means, and output means connected to terminals of the
third capacitance means.

[0009] According to another aspect of the invention, there is provided an
automatic gain control amplifier comprising the above-described apparatus.

[0010] According to another aspect of the invention, there is provided a radio
transmitter comprising the above-described apparatus.

List of drawings
[0011] In the following, the invention will be described in greater detail with

reference to the embodiments and the accompanying drawings, in which

Figure 1 illustrates an example of components of a radio receiver;



WO 2008/000907 PCT/F12007/050390

Figure 2 illustrates a passive amplifier structure according to an
embodiment of the invention;

Figure 3A illustrates an equivalent circuit in a first stage of the
operation of the passive amplifier illustrated in Figure 2;

Figure 3B illustrates an equivalent circuit in a second stage of the
operation of the passive amplifier illustrated in Figure 2;

Figure 4 illustrates signals input to the passive amplifier illustrated in
Figure 2 and voltage levels in components of the passive amplifier;

Figure 5A illustrates an exemplary switched capacitor filter structure;

Figure 5B illustrates an equivalent circuit diagram of the switched
capacitor filter structure illustrated in Figure 5A;

Figure 6 illustrates a basic structure for a passive amplifier
according to an embodiment of the invention;

Figure 7 illustrates an automatic gain control (AGC) passive
amplifier structure according to an embodiment of the invention;

Figure 8A illustrates an equivalent circuit diagram in a first stage of
operation of the AGC passive amplifier having a voltage multiplication factor of
two;

Figure 8B illustrates an equivalent circuit diagram in a first stage of
operation of the AGC passive amplifier having a voltage multiplication factor of
one;

Figure 9 illustrates the structure of a passive amplifier according to
an embodiment of the invention and having an adjustable voltage multiplication
factor;

Figure 10 illustrates an adjustment circuit configured to adjust the
voltage multiplication factor of the embodiment illustrated in Figure 9;

Figure 11 illustrates the structure of a passive amplifier according to
another embodiment of the invention and having an adjustable voltage
multiplication factor;

Figure 12 illustrates an automatic gain control (AGC) passive
amplifier structure according to another embodiment of the invention, and

Figure 13 illustrates an implementation of the passive amplifier
illustrated in Figure 2.

Description of embodiments
[0012] Figure 2 illustrates the structure of an apparatus according to an

embodiment of the invention. The apparatus may be a baseband passive
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amplifier or a voltage multiplier implemented in a radio receiver. The amplifier
may be iocated after a mixer converting a received radio frequency signal into

the baseband.

[0013] The amplifier comprises an input interface including a balanced input
port to receive a balanced input signal to be amplified. The balanced input port
comprises a first and a second input port IN_P and IN_N to receive a balanced
input signal. As known in the art, the balanced input signal comprises two
components having opposite phases. Referring to Figure 2, a signal input to
the second input port IN_N is accordingly an inverted version of a signal input
to the first input port IN_P.

[0014] The input interface further comprises an oscillator signal input port to

receive a first and a second oscillator signal LO_0 and LO_180. A local

oscillator may provide a local oscillator signal which may be modified into the

first and the second oscillator signals LO_0 and LO_180 input to the oscillator

signal input port of the amplifier. The oscillator signals LO_0 and LO_180 may
~ be modified to have substantially the same frequency.

[0015] The amplifier according to the embodiment of the invention includes a
first capacitance C21, a second capacitance C22, and a third capacitance C23.
Additionally, the amplifier comprises a first set of switches responsive to the
first oscillator signal LO_0 and a second set of switches responsive to the
second oscillator signal LO_180. In the embodiment illustrated in Figure 2, the
first set of switches comprises a first switch 41, a second switch 44, a third
switch 46, and a fourth switch 47. The first switch 41 may be disposed
between the first input port IN_P of the balanced input port and a first terminal
of the first capacitance C21.The second switch 44 may be disposed between a
second terminal of the first capacitance and a first connection port A which is
connected to the second input port IN_N of the balanced input port in this
embodiment. The third switch 46 may be disposed between a first terminal of
the second capacitance and a second connection port B which is connected to
the first input port of the balanced input port in this embodiment. The fourth
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switch 47 may be disposed between the second input port of the balanced
input port and a second terminal of the second capacitance.

[0016] The second set of switches may include a fifth switch 42, a sixth
switch 43, a seventh switch 45, and an eighth switch 48. The fifth switch 42
may be disposed between the first terminal of the first capacitance and a first
end of the third capacitance C23. The sixth switch 43 may be disposed
between the first input port of the balanced input port and the second terminal
of the first capacitance C21. The seventh switch 45 may be disposed between
the second input port of the balanced input port and the first terminal of the
second capacitance C22. The eighth switch 48 may be disposed between the
second terminal of the second capacitance C22 and the second terminal of the
third capacitance C23.

[0017] As described above, the first oscillator signal LO_0 may be applied to
each switch of the first set of switches and the second oscillator signal LO_180
may be applied to each switch of the second set of switches.

[0018] Let us now consider the operation of the amplifier according to this
embodiment of the invention during a clock cycle of the local oscillator signals
LO_0 and 1.O_180. The clock cycle may be divided into two stages. In the first
stage, the value of the first oscillator signal LO_0 is high and the value of the
second oscillator signal LO_180 remains low. Accordingly, the first set of
switches, i.e. the switches 41, 44, 46, and 47, is closed in the first stage.
Thereby, the closed first set of switches forms a circuit illustrated in Figure 3A.
That is, the first and the second capacitance C21 and C22 are connected in
parallel between the first and the second input port of the balanced input port.
The first switch 41 connects the first terminal of the first capacitance C21 to the
first input port and the second switch 44 connects the second terminal of the
first capacitance C21 to the second input port. Correspondingly, the third
switch 46 connects the first terminal of the second capacitance C22 to the first
input port and the fourth switch 47 connects the second terminal of the second
capacitance C22 to the second input port.
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[0019] When connected in parallel between the first and the second input
port, the first and the second capacitance are charged with a voltage
corresponding to the voltage between the first and the second input port IN_P
and IN_N. The voltages over the first and the second input port IN_P and IN_N
are illustrated in Figure 4. With reference to Figures 2 and 4, voltage V1A
represents the voliage between the first input port and the ground level, and
voltage V1B represents the voltage between the second input port and the
ground level. Voltage V1 represents the voltage between the first and the
second input port IN_P and IN_N, voltage V2 represents the voltage over the
second capacitance C22, and voltage V3 represents the voltage over the first
capacitance C21. Signals input into the input ports IN_P and IN_N are also
ilustrated in Figure 4. Accordingly, the first and the second capacitance C21
and C22 are charged with voltage V1 in the first stage.

[0020] In the second stage, the value of the first oscillator signal LO_0 is low
and the value of the second oscillator signal LO_180 is high. Accordingly, the
first set of switches, i.e. the switches 41, 44, 46, and 47, is open in the second
stage, and the second set of switches, i.e. the switches 42, 43, 45, and 48, is
closed. Thereby, the closed second set of switches forms a circuit illustrated in
Figure 3B. That is, the first capacitance C21 is connected in series with the
second capacitance C22 and the third capacitance C23 between the first and
the second input port. In more detail, the sixth switch 43 connects the second
terminal of the first capacitance C21 fo the first input port IN_P, and the fifth
switch 42 connects the first terminal of the first capacitance C21 to the first
terminal of the third capacitance C23. The rest of the circuit illustrated in Figure
3B is formed by the seventh switch 45 connecting the first terminal of the
second capacitance C22 to the second input port IN_N and the eighth switch
48 connecting the second terminal of the second capacitance C22 to the
second terminal of the third capacitance C23.

[0021] Accordingly, the first and the second‘ capacitance C21 and C22
release their charges into the third capacitance C23. in addition to the voltages
in the first and the second capacitance C21 and C22, the third capacitance
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C23 is charged with the input voltage which sums up together with the voltages
in the first and the second capacitance C21 and C22 in the second stage.
Referring to Figure 4, voltage V2 represents the voltage charged into the
second capacitance C22 just before closing the second set of switches, and
voltage V3 represents the voltage charged into the first capacitance C21 just
before closing the second set of switches. In practice, voltages V2 and V3
roughly equal the voltage V1, if the level of the input signal has not changed
significantly between the first and the second stage. Accordingly, the sum of
voltages V2 and V2 is charged into the third capacitance C23 together with the
current voltage V1’ between the input ports of the balanced input port, i.e. the
voltage V4 over the third capacitance C23 becomes V4=V1'+V2+V3. A first
and a second output port OUT;P and OUT_N of a balanced output port may
be connected to the first and the second terminal of the third capacitance C23,
respectively. If the oscillator signal frequency is higher than the highest
frequency component of the input signals IN1 and IN2 input to the input ports
IN_P and IN_N, i.e. the voltages of the input signals IN1 and IN2 do not vary
significantly over one period of the local oscillator signals LO_0 and LO_180,
the input voltage V1 is roughly tripled. In other words, the amplification of the
passive amplifier according to this embodiment of the invention is 9 dB, which
is affected by the actual implementation and the properties of the components
used in the amplifier. The amplification of 9 dB is obtained with a passive
amplifier structure without an additional power supply (except the oscillator
signals, of course).

[0022] The principles of the amplifier according to the embodiment of the
invention are based on charging the first and the second capacitance C21 in
the first stage and C22 and releasing the charges in the first and the second
capacitance C21 and C22 in series with the input signal to the third
capacitance C23 in the second stage. This operation of sequentially charging
and discharging the first capacitance C21 makes the first capacitance C21 and
the switches 41, 42, 43, and 44 (the first, second, fifth and sixth switch) to
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function as a resistor implemented with a switched capacitor filter (SC filter)
technique.

[0023] Figures 5A and 5B illustrate a schematic diagrams of a low-pass filter
implemented with the SC filter technique (Figure 5A) and its equivalent circuit
(Figure 5B). Switches 25 and 26 operated according to respective oscillator
signals CLK_0 and CLK_180 and a first capacitor between the switches 25, 26
function as a resistor having a resistance R2=T/C1, where T is the period of
the osciliator signals CLK_0 and CLK_180 and C1 is the capacitance of the
first capacitor. V_in denotes an input port and V_out an output port of the filter.
The equivalent circuit is illustrated in Figure 5B in which the switches 25 and
26 and the first capacitor have been replaced with a resistor having resistance
R2. Additionally, the SC filter includes a second capacitor connected in parallel
to the second switch 26. The corner frequency of the SC filter is defined as:

e - T T T (1)

where C2 is the capacitance of the second capacitor. It can be seen that if the
frequency of the oscillator signals is constant, the corner frequency depends
on the ratio of the capacitances C1 and C2. In CMOS implementations, the
absolute capacitance values may have a high diversity, but the ratio of the
capacitance values remains very stable and accurate. That is, the ratio C1/C2
remains quite constant regardless of variations in the absolute values of C1
and C2. Accordingly, the corner frequency may be defined accurately and it
has only marginal variations.

[0024] Consequently, the amplifier according to an embodiment of the
invention may be used as a low-pass filter by designing the components, i.e.
the first, the second, and the third capacitance C21, C22, and C23, the
switches 41 to 48 and the oscillator signals LO_0 and LO_180 properly. Now,
the first, second, fifth, and sixth switch 41, 42, 43, and 44 and the first
capacitance C21 function as a first resistor, and the third, fourth, seventh, and
eighth switch 45, 46, 47, and 48 and the second capacitance C22 function as a
second resistor. The corner frequency is defined by the ratio of the
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capacitance vaiues of the first and the third capacitance C21 and C23 and the
ratio of the capacitance values of the second and the third capacitance C22
and C23. If the capacitance value of the second capacitance C22 equals to
that of the first capacitance C21, the corner frequency simplifies into

L c2

Je= 4 T

[0025] Accordingly, the amplifier according to an embodiment of the
invention is configured to function also as a low-pass filter having a corner
frequency defined by capacitance values of the first, second, and third
capacitance C21, C22, and C23. Therefore, no additional components are
required for implementation of the low-pass filter. This reduces the size of a
receiver structure employing the passive amplifier according to the
embodiment of the invention.

[0026] Figure 6 illustrates an amplifier configuration similar to that illustrated
in Figure 2. Referring to Figure 2 and the embodiment described above, the
connection ports A and B were connected to the second and the first input port
IN_N and IN_P, respectively. In Figure 6, the connection ports A and B are
now open. It is possible to control the amplification or voltage multiplication
factor of the amplifier by connecting the connection ports A and B
appropriately. Figure 6 is a starting point for an automatic gain control (AGC)
amplifier according to embodiments of the invention.

[0027] In an embodiment illustrated in Figure 7, the amplifier illustrated in
Figure 6 is now denoted by reference numeral 70. The first connection port A
is connected to a first switching mechanism 72 which is configured to connect
the first connection port A to one of output ports C, D, or E of the first switching
mechanism 72. The second connection port B is connected to a second
switching mechanism 74 which is configured to connect the second connection
port B to one of output ports F, G, or H of the second switching mechanism 74.
Output port C of the first switching mechanism 72 and output port H of the
second switching mechanism 74 may be connected to the first input port IN_P
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of the balanced input port of the amplifier 70. Qutput port D of the first
switching mechanism 72 may be connected to the output port G of the second
switching mechanism 74. Output port E of the first switching mechanism 72
and output port F of the second switching mechanism 74 may be connected to
the second input port IN_N of the balanced input port of the amplifier 70.

[0028] The first and the second switching mechanism may be controlled by a
controller 76 according to the desired voltage multiplication factor. The
controller 76 may determine the desired voltage multiplication factor according
to a method known in the art related to AGC amplifiers. When the desired
voltage multiplication factor is three (amplification is 9dB), the controller 76
may control the first switching mechanism 72 to connect the first connection
port A to output port E, i.e. to the second input port IN_N, and the second
switching mechanism 74 to connect the second connection port B to output
port H, i.e. to the first input port IN_P. This configuration corresponds to the
embodiment described above with reference to Figure 2. Accordingly, the first
and the second capacitance C21 and C22 are connected in parallel between
the input ports IN_P and IN_N of the balanced input port in the first stage (as
ilustrated in Figure 3A) and in series with the third capacitance C23 between
the input ports in the second stage (as iliustrated in Figure 3B).

[0029] When the desired voltage multiplication factor is two (amplification is
6 dB), the controiler 76 may control the first switching mechanism 72 to
connect the first connection port A to output port D and the second switching
mechanism 74 to connect the second connection port B to output port G. in
other words, the first connection port A is connected to the second connection
port B. Accordingly, the first and the second capacitance C21 and C22 are
connected in series between the input ports IN_P and IN_N of the balanced
input port in the first stage, as illustrated in Figure 8A. Now, the voltage
between the input ports IN_P and IN_N is divided between the first and the
second capacitance in the first stage and, therefore, the voltage charged into
the first and the second capacitance, and the voltage multiplication factor of
the amplifier is lower than in the case where the capacitances were connected
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in parallel. If the capacitance values of the first and the second capacitance
C21 and C22 are equal, the input voltage is divided equally between the first
and the second capacitance. The second stage is again similar to that
illustrated in Figure 3B, i.e. the first, second, and third capacitance C21, C22,
and C23 are connected in series between the input ports IN_P and IN_N.

[0030] When the desired voltage multiplication factor is one, the controller 76
may control the first switching mechanism 72 to connect the first connection
port A to output port C, i.‘e. to the first input port IN_P, and the second
switching mechanism 74 to connect the second connection port B to output
port F, i.e. to the second input port IN_N. This configuration is illustrated in
Figure 8B. In this case, the first and the second capacitance are not charged in
the first stage and, as a result, no voltage multiplication is obtained
(amplification is 0 dB). The second stage is again similar to that illustrated in
Figure 3B, i.e. the first, second, and third capacitance C21, C22, and C23 are
connected in series between the input ports IN_P and IN_N.

[0031] In some cases, the desired voltage multiplication factor may,
however, be other than 1 (0 dB), 2 (6 dB), or 3 (9 dB). Figure 9 illustrates an
embodiment of the invention, which is similar to the configuration illustrated in
Figure 6 except that a fourth capacitance C5 is provided between the first and
the second connection port A and B. In this embodiment, the first set of
switches connects the first, second, and fourth capacitance C21, C22, and C5
in series between the input ports IN_P and IN_N in the first stage. Accordingly,
a portion of the total input voltage is charged into the fourth capacitance C5,
and the rest of the input total voltage is charged into the first and the second
capacitance C21 and C22. The degree of voltage charged into the fourth
capacitance C5 depends on the capacitance value of the fourth capacitance
with respect to the capacitance values of the first and the second capacitance
C21 and C22. In the second stage, the second set of switches connects the
first and the second capacitance in series with the third capacitance C23
between the input ports IN_P and IN_N. Now, the voltage charged into the first
and the second capacitance C21 and C22 is released into the third
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capacitance C23 in series with the input voltage. The fourth capacitance C5
may be isolated from the circuit in the second stage.

[0032] In this embodiment, the amplification depends on the amount of input
voltage charged into the fourth capacitance CS5, i.e. on the capacitance value
of the fourth capacitance C5, according to the following equation:

_ 4.C5+C21 )
2-C23+2-C5+C21

where C21, C23, and C5 represent the capacitance values of the first, third,
and fourth capacitance C21, C23, and C5, respectively. Here, it is assumed
that the capacitance value of the second capacitance C22 equals that of the
first capacitance C21.The higher the capacitance value of the fourth
capacitance C5 is, the lower is the voltage over the fourth capacitance C5 in
the first stage, i.e. the higher is the voltage multiplication factor of the amplifier.
The voltage multiplication factor of the amplifier may be adjusted on-the-fly by
adjusting the capacitance value of the fourth capacitance C5. For that purpose,
an adjustment circuit may be arranged into the amplifier. Figure 10 illustrates
the basic amplifier structure 70 in which the fourth capacitance C5 is provided
between the connection ports A and B. In addition to the fourth capacitance,
the adjustment circuit is arranged between the connection ports A and B and in
parallel with the fourth capacitance C5. The adjustment circuit may comprise
capacitances C31, C32, C33, and C34 and switches 42 and 43. The effective
capacitance value of the fourth capacitance value, i.e. the additional
capacitance contributed to the amplifier circuit 70 by the fourth capacitance, is
adjusted by selecting capacitances of the adjustment circuit appropriately in
parallel with the fourth capacitance. The capacitances C31, €32, C33, and
C34 may be selected by closing andfor opening the switches 42 and 43
appropriately. The operation of the switches 42 and 43 may be controlled by a
control signal generator 100. The more capacitances that are connected in
parallel with the fourth capacitance C5, the higher is their combined
capacitance value, i.e. the higher is the effective capacitance induced by the
fourth capacitance C5. The adjustment circuit may comprise more stages than
illustrated in Figure 10, or it may be implemented according to any other
method known in the art.
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[0033] In the embodiment described above with reference to Figure 9, a
maximum voltage multiplication factor of the amplifier is two (6 dB), since the
configuration is based on connecting the connection port A to the connection
port B (see Figure 7 for connection D, G in the respective switches 72 and 74).
[0034] In other words, the amplification may be adjustable up to 6 dB.
Figure 11 illustrates another embodiment in which the maximum voltage
multiplication factor of the amplifier is three (9 dB) and the amplification is
adjustable up to 9 dB. This embodiment is based on the embodiment
illustrated in Figure 2 in which the first connection port A was connected to the
second input port IN_N and the second connection port B was connected to
the first input port IN_P. In the embodiment illustrated in Figure 11, a fifth
capacitance C26 is arranged between the first connection port A and the
second input port IN_N. Correspondingly, a sixth capacitance C25 is arranged
between the second connection port B and the first input port IN_P. Wording
*fifth” and “sixth® capacitance is used in order not to cause confusion with the
fourth capacitance comprised in the embodiment described above.

[0035] In the first stage, the first set of switches connects the first
capacitance C21 in series with the fifth capacitance C26 and in parallel with
the second and the sixth capacitance C22 and C25 between the input ports
IN_P and IN_N. Consequently, the voltage between the input ports IN_P and
IN_N is divided between the first and the fifth capacitance C21 and C26 and
between the second and the sixth capacitance C22 and C26. Therefore, the
voltage over the first capacitance C21 depends on the capacitance value of the
fith capacitance C26 and the voltage over the second capacitance C22
depends on the capacitance value of the sixth capacitance C25. The higher is
the capacitance values of the fifth and the sixth capacitance C26 and C25, the
higher is the voltage over the first and the second capacitance C21 and C22,
respectively. The second stage is similar to the embodiments described above,
i.e. the second set of switches connects the first and the second capacitance
C21 and C22 in series with the third capacitance C23 between the input ports
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IN_P and IN_N. Accordingly, the fifth and the sixth capacitance C26 and C25
are isolated from the circuit in the second stage.

[0036] The capacitance values of the fifth and the sixth capacitance C26 and
C25 may be adjusted according to the desired voltage multiplication factor. For
example, an adjustment circuit similar to that illustrated in Figure 11 may be
arranged in parallel with each of the fifth and the sixth capacitance C26 and
C25. The ampilification of the amplifier may be calculated from the capacitance
values according to the following equation:

3-C26+C21

= ; (3)
C26+C21+2-C23

where C21, C23, and C26 represent the capacitance values of the first, third
and fifth capacitance, respectively. In this case, it is assumed that the second
capacitance C22 and the sixth capacitance C25 have the same capacitance
values as the first and the fifth capacitance C21 and C26, respectively. It
should be noted that equation (3) is simplified in the sense that it does not take
into account on-resistances of the switches 41 to 48 and input and output
impedances of the amplifier. The same simplification has been applied to
equation (3), too.

[0037] Embodiment illustrated in Figure 7 comprising the switches 72 and 74
controlled according to the desired voltage multiplication factor may still be
improved by providing a fourth optional connection for the connection ports. In
the embodiment illustrated in Figure 7, the possible voltage multiplication
factors were one, two, and three, that is amplification of 0, 6, and 9 dB. Figure
12 illustrates an embodiment of the invention in which a fourth voltage
multiplication factor may be selected with by connecting the connection ports A
and B appropriately. The fourth voltage multiplication factor may be 1.4
(amplification is 3 dB), for example. The embodiment illustrated in Figure 12
comprises switching mechanisms 80 and 82, both having one input port and
four output ports. Output ports C, D, and E of switching mechanism 80 are
connected as those of the first switching mechanism 72 described above with
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reference to Figure 7. Correspondingly, output ports F, G, and H of switching
mechanism 82 are connected as those of the second switching mechanism 74.

[0038] Both switching mechanisms 80 and 82 comprise an additional output
port which are connected to each other through an additional capacitance C7
(seventh capacitance). Accordingly, output port | of switching mechanism 80 is
connected to output port J of switching mechanism 82 through the seventh
capacitance C7. The capacitance value of the seventh capacitance C7 may be
selected to provide a desired amplification factor (3 dB, for example) for the

amplifier.

[0039] Switching mechanisms 80 and 82 may be controlled by a controller
84. The controller 84 may have a functionality similar to the controller 76
described above with reference to Figure 7. The only difference is that the
switching mechanisms 80 and 82 now have four output ports, and the
controller selects the desired voltage multiplication factor from a set of four

possible factors.

[0040] With the embodiments having adjustable voltage multiplication factor
as described above, the passive amplifier may be implemented with automatic
gain control functionality. This feature is very practical in radio transceivers,
since the level of a received radio signal may have high variations.

[0041] In general, the embodiments of the invention are advantageous in
multi-mode radio receivers (or transceivers) operating at multiple frequency
bands and requiring high linearity and noise figures from the receiver
components. in such transceivers, it is generally difficult to arrange a low-noise
amplifier (amplifier 2 in Figure 1) followed by filters changeable according to
the current frequency band. If the filters following the low-noise amplifier are
omitted, the amplification of the low-noise amplifier should typically be lowered
and, as a result, noise figures of amplifiers following a downmixer (4 and 5 in
Figure 1) have to be reduced. The embodiments of the invention comprise a
passive amplifier having low noise figures and functioning also as a low-pass
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switched capacitor filter without an increase in components or increase in the
size of an actual implementation (integrated circuit, for example).

[0042] In practice, the passive amplifier according to embodiments of the
invention may be implemented by arranging the first set of switches to respond
to the first oscillator signal and the second set of switches to respond to the
second oscillator signal, as described above. In that case, the first and the
second oscillator signals may be different oscillator signals and the individual
switches may have the same functionality, i.e. a switch may be closed when
the level of an oscillator signal controlling the switch is high and open when the
level of the oscillator signal is low. Alternatively, the first and the second set of
switches may be arranged to respond to the same oscillator signal which may
be the first or the second oscillator signal. In this case, the first set of switches
may be arranged to be closed when the level of the oscillator signal is high
(and open otherwise), and the second set of switches may be arranged to be
closed when the level of the oscillator signal is low (and open otherwise). This
functionality may be achieved by implementing the first set of switches by
NMOS transistors and the second set of switches by PMOS transistors, for
example. Accordingly, the operation of the first and the second set of switches
may be complementary in the sense that both sets of switches are not closed

at the same time.

[0043] In the description above, it is mentioned that the first and the second
oscillator signals may have the same frequency. Accordingly, the oscillator
signals may have different pulse ratios and/or pulse shapes, for example, as
long as the first and the second set of switches are not closed at the same
time. The first and the second oscillator signals may also have opposite
phases.

[0044] Figure 13 illustrates an example of a practical implementation of the
amplifier illustrated in Figure 2. Each of the switches 41 to 48 may be
implemented by a single MOS fransistor Q89 to Q96. The oscillator signals
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CLK_0 and CLK_180 may be applied to the gates of the corresponding
switches through a small capacitor C110 and C112 to C118.

[0045] The third capacitance C23 may be implemented by three capacitors
C111, C108 and C130. Capacitor C130 may be connected in parallel with
capacitors C111 and C108, and capacitors C111 and C108 may be connected
in series, as shown in Figure 12. Capacitance values of capacitors C111 and
C108 may be very small compared with the capacitance value of capacitor
C130, and the main purpose of capacitors C111 and C108 may be to attenuate
common mode oscillator signals.

[0046] While the embodiments are described above in conjunction with
balanced input and output ports, an embodiment employing dual balanced
structure may be formed by arranging two balanced passive amplifier
structures in parallel and providing input signals into corresponding balanced
input ports of the parallel structures in opposite phases and also obtaining
output signals from corresponding balanced output ports of the parallel
structures in opposite phases. In this structure, the oscillator signal may be
input into corresponding input ports of the parallel structures in the same
phase. Alternatively, oscillator signals may be provided into corresponding
oscillator signal input ports of the parallel structures in opposite phases and
signals in the corresponding input or output ports of the parallel structures are
arranged to be in opposite phases. In a further alternative solution, the input
signals, oscillator signals, or the output signals may be provided into (or
obtained from) the corresponding ports of the parallel structures in opposite
phases and switches of one structure may be implemented with NMOS
transistors and switches of the other structure may be implemented with
PMOS transistors. Other solutions for arranging a dual balanced structure are
also possible. Advantages obtained with a dual balanced structure depend on
the actual implementation but, generally, leakage of the oscillator signals into
the input ports is lower with a dual-balanced structure. Additionally, loads
experienced by the oscillator signals equalize better with respect to the
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balanced structure, and this property facilitates maintaining the correct phasing
of the oscillator signals.

[0047] It is obvious to one skilled in the art that the embodiments of the
invention may be carried out in numerous ways in terms of practical
implementation. For example, the switches 41 to 48 or Q89 to Q96 may be
realized with GaAs field effect transistors, SOI-CMOS transistors, diodes, etc.
Additional components may also be included in the embodiments described
above, depending on the practical implementation. The embodiments may be
realized on an integrated circuit, a printed circuit board, or any other material.
Applications of the embodiments include radio transceivers or radio
transmitters or receivers according to the following exemplary technologies:
mobile telephones, Global Positioning System (GPS), Galileo, Wireless Local
Area Network (WLAN), Bluetooth®, FM radio, television receivers, digital video
broadcasting for handheld devices (DVB-H), AM receivers, audio amplifiers,
measuring instruments, etc.

[0048] Even though the invention has been described above with reference
to an example according to the accompanying drawings, it is clear that the
invention is not restricted thereto but it can be modified in several ways within
the scope of the appended claims.
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Claims

1. A method, comprising:

receiving an input signal voltage into a first input port and a second
input port of a balanced input port;

connecting, in a first stage, in response to a first oscillator signal, a
first capacitance and a second capacitance between the first input port and the
second input port of the balanced input port;

connecting, in a second stage, in response to a second oscillator
signal, the first capacitance between the first input port and a third
capacitance, and the second capacitance between the second input port and
the third capacitance; and

obtaining a voltage over the third capacitance as an output voltage.

2. The method of claim 1, further comprising:

connecting a first terminal of the first capacitance, connected to the
second input port in the first stage, to the first input port at the second stage;

connecting a second ferminal of the first capacitance to a first
terminal of the third capacitance in the second stage;

connecting a first terminal of the second capacitance, connected to
the first input port in the first stage, to the second input port in the second
stage; and

connecting a second terminal of the second capacitance to a
second terminal of the third capacitance in the second stage.

3. The method of claim 1 or 2, further comprising:

charging, in the first stage, the first capacitance and the second
capacitance with a voltage corresponding to the voltage over the first input port
and the second input port; and

releasing, in the second stage, the charge in the first capacitance
and the second capacitance into the third capacitance in series with the current
voltage over the first input port and the second input port, to produce a voltage
over the third capacitance, which is the sum of the voltage over the first
capacitance in the first stage, the voltage over the second capacitance in the
first stage, and the current voltage over the first input port and the second input
port.
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4. The method according to any of claims 1 to 3, further comprising:
producing the first oscillator signal and the second oscillator signal
from a local oscillator signal used for downmixing a received radio signal.

5. The method according to any of claims 1 to 3, further comprising:

connecting, in the first stage, the first capacitance and the second
capacitance between the first input port and the second input port either in
series or in parallel depending on a desired voltage multiplication factor of the
output signal.

6. The method of claim 5, further comprising:

connecting, in the first stage, the first capacitance and the second
capacitance between the first input port and the second input port in series
when the desired voltage multiplication factor is two and in parallel when the
desired voltage multiplication factor is three.

7. The method of claim 5 or 6, further comprising:

connecting the first terminal and the second terminal of the first
capacitance to the first input port in the first stage; and

connecting the first terminal and the second terminal of the second
capacitance to the second input port in the first stage when the desired voltage
multiplication factor is one.

8. The method according to any of claims 5 to 7, further comprising:

connecting, in the first stage, the first capacitance and the second
capacitance in series between the first input port and the second input port;
and

providing, in series with the first and the second capacitance, an
additional capacitance having a capacitance value determined according to the
desired voltage multiplication factor.

9. The method according to any of claims 1 to 8, further comprising:

configuring the frequencies of the first oscillator signal and the
second oscillator signal to be higher than the highest frequency component of
input signals at the input ports.
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10. The method according to any of claims 1 to 9, further
comprising:

defining a corner frequency of a low-pass filter with the capacitance
values of the first capacitance, the second capacitance, and the third
capacitance; and

low-pass filtering an input signal input fo the first and the second
input port.

11. The method according to any of claims 1 to 10, further
comprising:

connecting, in the first stage, the first capacitance and the second
capacitance between the first input port and the second input port in series:
and

providing a fourth capacitance in series between the first
capacitance and the second capacitance in the first stage,

wherein the capacitance value of the fourth capacitance is
adjustable to enable adjustable voltage multiplication.

12. The method according to any of claims 1 to 10, further
comprising:

connecting, in the first stage, the first capacitance and the second
capacitance between the first input port and the second input port in series;

providing a fourth capacitance in series with the first capacitance in
the first stage; and

providing a fifth capacitance in series with the second capacitance
in the first stage,

wherein the capacitance values of the fourth capacitance and the
fifth capacitance are adjustable to enable adjustable voltage multiplication.

13. The method according to any of claims 1 to 12, further
comprising:

configuring the first stage to be the first half cycle of the oscillator
signals; and

configuring the second stage to be the second half cycle of the
oscillator signals.
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14. The method according to any of clams 1 to 13, further
comprising:

configuring the first oscillator signal and the second oscillator signal
to be a same oscillator signal.

15. The method according to any of claims 1 to 13, further
comprising:

configuring the first oscillator signal and the second oscillator signal
to have a same frequency and different phases.

16. The method of claim 1, which method is carried out in an
apparatus having a dual balanced structure.

17. A method, comprising:

producing a first oscillator signal and a second oscillator signal
having the same frequency;

charging a first capacitance and a second capacitance with an input
signal sample received into a first input port and a second input port of a
balanced input port during a first half cycle of the first oscillator signal and the
second oscillator signal; and

charging a third capacitance operationally coupled with the first
capacitance and the second capacitance, with the charges in the first
capacitance and the second capacitance together with an input signal sample
received into the first input port and the second input port of the balanced input
port during a second half cycle of the first oscillator signal and the second
oscillator signal.

18. An apparatus, comprising:

an input interface comprising a balanced input port configured to
receive a balanced input signal and an oscillator signal input port configured to
receive a first oscillator signal and a second oscillator signal;

a first capacitance;

a second capacitance;

a third capacitance;

a first set of switches responsive to the first oscillator signal and
configured to connect, in response to the first oscillator signal, the first and the
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second capacitance between a first input port and a second input port of the
balanced input port;

a second set of switches responsive to the second oscillator signal
and configured to connect, in response to the second oscillator signal, the first
capacitance between the first input port and the third capacitance, and the
second capacitance between the second input port and the third capacitance;
and

an output port connected to terminals of the third capacitance.

19. The apparatus of claim 18, wherein a first set of switches is
configured to connect, when closed, a first terminal of the first and the second
capacitance to the first input port and a second terminal of the first and the
second capacitance to the second input port, and the second set of switches is
configured to connect, when closed, the first terminal of the first capacitance to
a first terminal of the third capacitance, the second terminal of the first
capacitance to the first input port, the first terminal of the second capacitance
to the second input port, and the second terminal of the second capacitance to
a second terminal of the third capacitance.

20. The apparatus of claim 18 or 19, wherein the first oscillator
signal and the second oscillator signal are a same oscillator signal.

21. The apparatus of claim 18 or 19, wherein the first osciliator
signal and the second oscillator signal have a same frequency and different
phases.

22. The apparatus according to any of claims 18 to 21, further
comprising:

a local oscillator signal generator configured to apply the first
oscillator signal and the second oscillator signal to the oscillator input port.

23. The apparatus of claim 22, wherein the local oscillator signal
generator is configured to produce the first oscillator signal and the second
oscillator signal from a local oscillator signal used for downmixing a received
radio signal.
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24, The apparatus of claim 22 or 23, wherein the local osciilator
signal generator is configured to produce the first oscillator signal and the
second oscillator signal to have a frequency higher than the highest expected
frequency component of input signals at the input ports.

25. The apparatus according to any of claims 18 to 24, further
comprising:

a controllable switching mechanism configured to connect, when the
first set of switches is closed, the first capacitance and the second capacitance
between the first input port and the second input port sither in series or in
parallel depending on a desired voltage multiplication factor effected by the
apparatus on an input signal input to the balanced input port.

26. The apparatus of claim 25, wherein the switching mechanism is
configured to connect the first capacitance and the second capacitance
between the first input port and the second input port in series when the
desired voltage multiplication factor is two and in parallel when the desired
voltage muitiplication factor is three.

27. The apparatus of claim 25 or 26, wherein the switching
mechanism is further configured to connect, when the first set of switches is
closed, two terminals of the first capacitance to the first input port and two
terminals of the second capacitance to the second input port when the desired
voltage multiplication factor is one.

28. The apparatus according to any of claims 25 to 27, further
comprising:

an additional capacitance having a capacitance value determined
according to the desired voltage multiplication factor,

wherein the switching mechanism is configured to connect the first
capacitance and the second capacitance in series with the additional
capacitance between the first input port and the second input port.

29. The apparatus according to any of claims 18 to 28, wherein the
apparatus is configured to function as a low-pass filter having a corner
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frequency defined by a ratio of the capacitance values of the first capacitance,
the second capacitance, and the third capacitance.

30. The apparatus according to any of claims 18 to 29, wherein

the first set of switches comprises a first switch connected between
the first input port and a first terminal of the first capacitance, a second switch
connected between the second input port and a second terminal of the first
capacitance, a third switch connected between the first input port and a first
terminal of the second capacitance, and a fourth switch connected between
the second input port and a second terminal of the second capacitance, and

the second set of switches comprises a fifth switch connected
between the first terminal of the first capacitance and a first terminal of the third
capacitance, a sixth switch connected between the first input port and the
second terminal of the first capacitance, a seventh switch connected between
the second input port and the first terminal of the second capacitance, and an
eighth switch connected between the second terminal of the second
capacitance and a second terminal of the third capacitance.

31. The apparatus according to any of claims 18 to 30, further
comprising:

a fourth capacitance,

wherein the first set of switches is configured to connect, when
closed, the fourth capacitance together with the first capacitance and the
second capacitance in series between the first input port and the second input
port of the balanced input port.

32. The apparatus of claim 31, further comprising:

an adjustment circuit configured to adjust the capacitance value of
the fourth capacitance and to control a voltage multiplication factor of the
apparatus.

33. The apparatus according to any of claims 18 to 30, further
comprising:

a fifth capacitance; and

a sixth capacitance,
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wherein the first set of switches is configured to connect, when
closed, the fifth capacitance in series with the first capacitance, the sixth
capacitance in series with the second capacitance, and the first capacitance
and the fifth capacitance in parallel with the second capacitance and the sixth
capacitance between the first input port and the second input port of the
balanced input port.

34. The apparatus of claim 33, further comprising:

an adjustment circuit configured to adjust the capacitance value of
the fifth capacitance and the sixth capacitance and to conirol a voltage
multiplication factor of the apparatus.

35. The apparatus according to any of claims 18 to 34, having a
dual balanced structure.

36. An automatic gain control amplifier, comprising:

an input interface comprising a balanced input port configured to
receive a balanced input signal and an oscillator signal input port configured to
receive a first oscillator signal and a second oscillator signal;

a first capacitance;

a second capacitance;

a third capacitance;

a first set of switches responsive to the first oscillator signal and
configured to connect, in response to the first oscillator signal, the first and the
second capacitance between a first input port and a second input port of the
balanced input port;

a second set of switches responsive to the second oscillator signal
and configured to connect, in response to the second oscillator signal, the first
capacitance between the first input port and the third capacitance, and the
second capacitance between the second input port and the third capacitance;
and

an output port connected to terminals of the third capacitance.

37. A radio transmitter comprising an amplifier, comprising:
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an input interface comprising a balanced input port configured to
receive a balanced input signal and an oscillator signal input port configured to
receive a first oscillator signal and a second oscillator signat;

a first capacitance;

a second capacitance;

a third capacitance;

a first set of switches responsive to the first oscillator signal and
configured to connect, in response to the first oscillator signal, the first and the
second capacitance between a first input port and a second input port of the
balanced input port;

a second set of switches responsive to the second oscillator signal
and configured to connect, in response to the second oscillator signal, the first
capacitance between the first input port and the third capacitance, and the
second capacitance between the second input port and the third capacitance;
and

an output port connected to terminals of the third capacitance.

38. An apparatus, comprising:

input means comprising a balanced input port for receiving a
balanced input signal and an oscillator signal input port for receiving a first and
a second oscillator signal;

first capacitance means for holding charge;

second capacitance means for holding charge;

third capacitance means for holding charge;

first switching means responsive to the first oscillator signal for
connecting, in response to the first oscillator signal, the first capacitance
means and the second capacitance means between a first input port and a
second input port of the balanced input port;

second switching means responsive to the second oscillator signal
for connecting, in response to the second oscillator signal, the first capacitance
means between the first input port and the third capacitance means and the
second capacitance means between the second input port and the third
capacitance means; and

output means connected to terminals of the third capacitance
means.
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