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(57) ABSTRACT

A variable gain amplifier (100) includes a transistor (110), an
FB impedance section (120), a source impedance section
(130), a drain impedance section (140), a gain controller
(150), and a frequency characteristic controller (160). The
gain controller (150) varies impedance of one of the FB
impedance section (140), the source impedance section
(130), and the drain impedance section (140), and outputs a
gain control signal. The frequency characteristic controller
(160) varies the impedance of different impedance section,
based on the gain control signal.
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FIG.4

CAN Cs
PARAMETER | VALUE
G, C,
(a)
GZ CZ
GAIN Cs
PARAMETER | TEMPERATURE | yATE
G, T, C,
(b) G1 T2 C2
GZ T1 C3
GZ T2 C4
GAIN Cs
PARAMETER | VALUE
G, C,
G, c,
(c) G, C,
G, C,
G5 C5
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FIG.15

GAIN Cs Co
PARAMETER § VALUE | VALUE
G, C, Cs
G2 C2 CG
G, C; C,

G, C, Cs
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GAIN Cs1 Co1 Cp2
PARAMETER VALUE VALUE VALUE
G, C, o C,
G, C, Ce Cio
G, C, C, Ci
G, C, Ce Ci,
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VARIABLE GAIN AMPLIFIER

TECHNICAL FIELD

[0001] The present disclosure relates to a variable gain
amplifier that amplifies a signal level in wireless communi-
cation.

BACKGROUND ART

[0002] A variable gain amplifier is used in, e.g., a mobile
phone or a communication terminal which supports a wire-
less LAN (Local Area Network), and amplifies a signal level
in wireless communication.

[0003] The variable gain amplifier can be classified into
two types, i.e., an analog-control variable gain amplifier that
controls the impedance thereof with an analog voltage, and a
digital-control variable gain amplifier that controls the
impedance thereof with a digital voltage. Compared to the
analog-control variable gain amplifier, the digital-control
variable gain amplifier eliminates the need for a digital-to-
analog converter (DAC) and can reduce current consumption
and footprint.

[0004] For example, a variable gain amplifier of Patent
Literature 1 is known as prior art relating to the digital-control
variable gain amplifier. The variable gain amplifier of Patent
Literature 1 is a digital-control variable gain amplifier of the
differential input type that amplifies a differential input signal
and outputs the amplified signal as a differential output sig-
nal. In the variable gain amplifier of Patent Literature 1, a
switch, a resistance, and a switch are cascade-connected in
this order between the source terminals of the respective first
and second transistors serving as a differential pair. In the
variable gain amplifier of Patent Literature 1, ON and OFF of
the two switches are controlled by digital signals serving as
control signals, and thus the impedance between ground and
the source of each of the first and second transistors changes
$0 as to vary a gain.

CITATION LIST

Patent Literature

[0005] Patent Literature 1: JP-A-2007-329675
SUMMARY OF INVENTION
Technical Problem
[0006] The present inventor has studied a variable gain

amplifier that amplifies a signal level in wireless communi-
cation. However, in the variable gain amplifier of Patent Lit-
erature 1, parasitic capacitance Cgy- is actually generated
even if the switches are OFF. Thus, the impedance decreases
with the increase of a frequency. Consequently, it is difficult
to obtain a desired gain-characteristic. Particularly, when
using a broadband signal (e.g., a signal whose baseband band-
width is 880 MHz) used in a 60 GHz-band short-range wire-
less communication system, the in-band deviation of the gain
of the variable gain amplifier increases, so that signal distor-
tion occurs.

[0007] The present disclosure is made in view of the above
background and an object of the present disclosure is to
provide a variable gain amplifier that reduces the in-band
deviation of the gain, which occurs as the frequency
increases.

Jul. 10,2014

Solution to Problem

[0008] The present disclosure provides a variable gain
amplifier including: an amplifying element including a con-
trol terminal to which an input signal is input, a reference-side
terminal connected to reference electric-potential, and a
power-supply-side terminal connected to a direct-current
power supply, the amplifying element configured to amplify
the input signal; an FB impedance section connected between
the control terminal and the power-supply-side terminal; a
reference-side impedance section connected to the reference-
side terminal; a power-supply-side impedance section con-
nected to the power-supply-side terminal; a gain controller
configured to control a gain of the amplifying element; and a
frequency characteristic controller configured to control a
frequency characteristic of the gain, wherein the gain control-
ler varies an impedance of one impedance section of the FB
impedance section, the reference-side impedance section,
and the power-supply-side impedance section, and outputs a
control signal for controlling the gain, and the frequency
characteristic controller varies an impedance of an imped-
ance section differing from the one impedance section, based
on the control signal for controlling the gain.

Advantageous Effects of Invention

[0009] According to the present disclosure, the in-band
deviation of the gain, which occurs as the frequency
increases, can be reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a diagram illustrating a circuit configura-
tion of a variable gain amplifier according to a first embodi-
ment.

[0011] FIG. 2 is a graph illustrating a frequency-gain rela-
tionship with respect to a gain parameter G, .

[0012] FIG. 3 is a graph illustrating a frequency-gain rela-
tionship with respect to a gain parameter G,.

[0013] FIG. 4 includes diagrams illustrating examples of a
lookup table used in the first embodiment, in which (a) illus-
trates a first example, (b) illustrates a second example and (c)
illustrates a third example.

[0014] FIG. 5 illustrates an example of a circuit configura-
tion of a variable capacitance of a source impedance section.
[0015] InFIG.6, (a)isadiagram illustrating an example of
the modification of the FB impedance section and (b) is a
diagram illustrating a state in which parasitic capacitances
CGN1 and CGN2 to ground occur in a switch 122.

[0016] FIG. 7 is a diagram illustrating a specific circuit
configuration of the variable gain amplifier according to the
first embodiment.

[0017] FIG. 8 is a diagram illustrating a specific circuit
configuration of the variable gain amplifier according to the
first embodiment, which is configured using two transistors
forming a differential pair.

[0018] FIG. 9 is a diagram illustrating a circuit configura-
tion of a first modification of the variable gain amplifier
configured using two transistors forming a differential pair.
[0019] FIG. 10 is a diagram illustrating a circuit configu-
ration of a second modification of the variable gain amplifier
configured using two transistors forming a differential pair.
[0020] FIG. 11 is a diagram illustrating a circuit configu-
ration of a variable gain amplifier according to a second
embodiment.



US 2014/0191804 Al

[0021] FIG. 12 is a diagram illustrating a circuit configu-
ration of a variable gain amplifier according to a third
embodiment.

[0022] FIG. 13 is a diagram illustrating a circuit configu-
ration of a variable gain amplifier according to a fourth
embodiment.

[0023] FIG. 14 is a diagram illustrating a circuit configu-
ration of a variable gain amplifier according to a fifth embodi-
ment.

[0024] FIG. 15 is a diagram illustrating an example of a
lookup table used in the fifth embodiment.

[0025] FIG. 16 is a diagram illustrating a circuit configu-
ration of a variable gain amplifier according to a sixth
embodiment.

[0026] FIG. 17 is a diagram illustrating an example of a
lookup table used in the sixth embodiment.

[0027] FIG. 18 is a circuit diagram illustrating an example
of a circuit configuration of a variable gain amplifier in a
related art.

[0028] FIG. 19 includes graphs each illustrating an
example of a gain characteristic of the variable gain amplifier
in the related art, in which (a) illustrates a gain with respect to
an impedance Z ., (b) illustrates a gain with respect to an
impedance Zg and (c) illustrates a gain with respect to an
impedance Z,.

[0029] FIG. 20 includes diagrams each illustrating a char-
acteristic of a switch, in which (a) illustrates a characteristic
of'an ideal switch, (b) illustrates a frequency characteristic of
the absolute value of the impedance of the ideal switch, (c)
illustrates a characteristic of an actual switch and (d) illus-
trates a frequency characteristic of the absolute value of the
impedance of the actual switch.

[0030] FIG. 21 is a diagram explaining problems of the
variable gain amplifier in the related art.

DESCRIPTION OF EMBODIMENTS

[0031] (Background for the Contents of Each Embodiment
According to the present disclosure)

[0032] FIG. 18 is a circuit diagram illustrating an example
of a circuit configuration of a variable gain amplifier 1000 in
a related art. Symbols Z 5, Z, and Z, represent the imped-
ance between the power supply terminal and the gate terminal
of a transistor T, the impedance between the source terminal
of the transistor T, and ground, and the impedance between
the drain terminal of the transistor T, and a power supply
terminal, respectively. The variable impedance amplifier
1000 varies a gain expressed by expression (1) by changing at
least one of the impedances Z .z, Z, and Z,.

[Expression 1]

Vout €8]

Vin

G=

_ % ( Emlr )
B Zp + Zpp 1+Zng

[0033] Symbol g,, represents the transconductance of the
transistor T,. FIG. 19 includes graphs each illustrating an
example of a gain characteristic of the variable gain amplifier
in the related art. FIG. 19(a) illustrates the gain with respectto
the impedance Zrz. FIG. 19(b) illustrates the gain with
respect to the impedance 7. FIG. 19(c) illustrates the gain
with respect to the impedance 7. The gain increases with
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increase of the value of the impedance Z,, or Z 5 or with
decrease of the value of the impedance Z;.

[0034] FIG. 20 includes diagrams each illustrating a char-
acteristic of a switch. FIG. 20(a) illustrates a characteristic of
an ideal switch. FIG. 20(5) illustrates a frequency character-
istic of the absolute value of the impedance of the ideal
switch. FIG. 20(c) illustrates a characteristic of an actual
switch. FIG. 20(d) illustrates a frequency characteristic of the
absolute value of the impedance of the actual switch. In the
ideal switch, the impedance becomes infinite, independent of
the frequency. Thus, the frequency characteristic of the
impedance becomes constant.

[0035] However, in the two switches cascade-connected in
the variable gain amplifier of Patent Literature 1, even if each
switch is OFF, the parasitic capacitance Cgy actually occurs
(see FIG. 20(c)). Each switch operates as an ideal switch for
direct-current signals. However, because the parasitic capaci-
tance Cgy, occurs for alternating-current signals if each
switch is OFF, the impedance decreases with increase of the
frequency (see FIG. 20(d)).

[0036] FIG. 21 is a diagram explaining problems of the
variable gain amplifier in the related art. When the impedance
decreases with increase of the frequency, a desired gain char-
acteristic (see a dashed line in FIG. 21) cannot be obtained.
Thus, an in-band deviation increases, which is the difference
between the maximum gain and the minimum gain in a signal
bandwidth. Consequently, signal distortion occurs. Particu-
larly, when using a signal having a wide signal band (e.g., a
signal, whose baseband is in a frequency band of 880 MHz, to
be treated on the basis of WiGig (Wireless Gigabit)), the
in-band deviation of the gain increases.

[0037] Thus, in each of the following embodiments, an
explanation is given of a variable gain amplifier that reduces
the in-band deviation of the gain, which occurs with increase
of frequency.

[0038] Each embodiment of the variable gain amplifier
according to the present disclosure is described below with
reference to the drawings.

First Embodiment

[0039] FIG. 1 is a diagram illustrating a circuit configura-
tion of a variable gain amplifier 100 according to a first
embodiment. The variable gain amplifier 100 illustrated in
FIG. 1 includes a transistor 110, an FB impedance section
120, a source impedance section 130, a drain impedance
section 140, a gain controller 150, a frequency characteristic
controller 160, input terminals 170, output terminals 180 and
a power supply terminal 190.

[0040] The transistor 110 serving as an amplifying element
includes a gate terminal 111 serving as a control terminal to
which an input signal is input, a drain terminal 112 serving as
a power-supply-side terminal connected to a direct-current
power supply, a source terminal 113 serving as a reference-
side terminal connected to a reference electric-potential (e.g.,
ground), and an output terminal 114.

[0041] The transistor 110 amplifies an input signal input to
the gate terminal 111 and outputs the amplified signal from
the output terminal 114 to the output terminal 180. A direct-
current voltage is applied to the drain terminal 112 via the
power supply terminal 190 and the drain impedance section
140. The source terminal 113 is grounded via the source
impedance section 130.

[0042] The FB impedance section 120 includes a resistor
121 and a switch 122 and to be connected between the gate
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terminal 111 and the drain terminal 112 of the transistor 110.
In the FB impedance section 120, the resistor 121 and the
switch 122 are series-connected. The change between ON
and OFF of the switch 122 causes change in the impedance
between the gate terminal 111 and the drain terminal 112 of
the transistor 110.

[0043] The source impedance section 130 serving as a ref-
erence-side impedance section includes a resistor 131 and a
variable capacitor 135 and to be connected between the
source terminal 113 of the transistor 110 and the reference
electric-potential (ground). In the source impedance section
130, the resistor 131 and the variable capacitor 135 are par-
allel-connected. If the capacitance value of the variable
capacitor 135 is changed, the impedance between the source
terminal 113 and ground, i.e., the frequency characteristic of
the source impedance section 130 changes.

[0044] The source impedance section 130 serving as the
reference-side impedance section includes a resistor 131 and
a variable capacitor 135 and to be connected between the
drain terminal 112 of'the transistor 110 and the power-supply
terminal 190.

[0045] The gain controller 150 sets the gain of the variable
gain amplifier 100 at a predetermined value by controlling
ON and OFF of the switch 122 of the FB impedance section
120. The gain controller 150 outputs, to the frequency char-
acteristic controller 160, a gain control signal including infor-
mation that represents a predetermined value of the gain
(hereinafter referred to as a “gain parameter”).

[0046] The frequency characteristic controller 160 receives
a gain control signal output from the gain controller 150 and
varies the capacitance value of the variable capacitor 135 of
the source impedance section 130, based on gain parameter
information included in the gain control signal.

[0047] The frequency characteristic controller 160 reduces
an in-band deviation of the gain, which is increased due to
change in the impedance of the impedance section including
the switch controlled by the gain controller 150, by changing
the capacitance value of the variable capacitor of an imped-
ance section that differs from the impedance section con-
trolled by the gain controller 150.

[0048] A specific example of changing the capacitance
value of the variable capacitor 135 by the frequency charac-
teristic controller 160 is described hereinafter. The variable
gain amplifier 100 sets the gain at a gain parameter G1 or G2
by setting the switch 122 of the FB impedance section 120 to
ON or OFF.

[0049] That is, if the switch of the FB impedance section
120 is set to ON, the gain controller 150 sets the gain of the
variable gain amplifier 100 at the gain parameter G,. If the
switch ofthe FB impedance section 120 is set to OFF, the gain
controller 150 sets the gain of the variable gain amplifier 100
at the gain parameter G,.

[0050] FIG. 2 is a graph illustrating the relationship
between the frequency and the gain for the gain parameter G, .
FIG. 3 is a graph illustrating the relationship between the
frequency and the gain for the two gain parameter G,. FIGS.
2 and 3 illustrate the frequency characteristics of the gain in
cases of setting the capacitance value C of the gain at each of
0 pF, 1 pF, 2 pF, 3 pF, 4 pF, and 5 pF.

[0051] Ifthe gain parameteris G, the switch 122 of the FB
impedance section 120 is ON. Thus, the in-band deviation
due to the above parasitic capacitance does not increase.
Accordingly, the in-band deviation hardly occurs even if the
capacitance value C of the variable capacitor 135 is 0. When
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the capacitance C of the variable capacitor 135 is increased,
the impedance of the source impedance section 130 in a
high-frequency region is reduced. Consequently, the gain of
the frequency in the high-frequency region increases, and the
in-band deviation increases. Thus, if the gain parameter is the
capacitance value Cgis set to 0.

[0052] On the other hand, if the gain parameter is G.,, the
switch 122 of the FB impedance section 120 is OFF. Thus, the
in-band deviation due to the above parasitic capacitance
increases. [fthe capacitance value C of the variable capacitor
135 is 0, the impedance of the FB impedance section 120
decreases with increase of the frequency. Thus, the gain of the
variable gain amplifier 100 decreases, while the in-band
deviation increases. Ifthe capacitance value C of the variable
capacitor 135 is increased, the impedance of the source
impedance section 130 in a high-frequency region decreases.
Thus, the gain in the high-frequency region increases, while
the in-band deviation decreases.

[0053] However, ifthe capacitance value Cg of the variable
capacitor 135 is excessively increased, the gain in a high-
frequency region is increased, and the in-band deviation is
increased. Thus, the frequency characteristic controller 160
uses the capacitance value Cg at which the in-band deviation
is minimized. It is seen from FIG. 3 that the capacitance value
Cs, at which the in-band deviation is minimized, is a value
between 4 pF and 5 pF.

[0054] Forexample, the frequency characteristic controller
160 stores lookup tables (LUTs) respectively illustrated in
FIGS. 4(a) to (¢) and determines a capacitance value Csbased
on the gain parameter information included in a gain control
signal output from the gain controller 150 by referring to the
lookup tables. The frequency characteristic controller 160
sets the capacitance value Cg determined by the lookup table
as the capacitance value C;ofthe variable capacitor 135 of the
source impedance section 130. Consequently, even when,
e.g., a high-frequency signal, whose baseband is 800 MHz
band, is input to the variable gain amplifier 100 and the gain
is set at the gain parameter G, (the switch 122 is OFF), the
in-band deviation of the gain can be reduced.

[0055] FIG. 4 is a diagram illustrating an example of a
lookup table used in the first embodiment. FIG. 4(a) illus-
trates a first example of the lookup table. FIG. 4(5) illustrates
a second example of the lookup table. FIG. 4(c) illustrates a
third example of the lookup table. The lookup tables may be
written in a memory (not shown) included in the frequency
characteristic controller 160, and may be written in a memory
(not shown) of the variable gain amplifier 100, which is
formed separately from the frequency characteristic control-
ler 160. The same goes for each of the following embodi-
ments.

[0056] The capacitance values (C, to Cs) in each lookup
table are previously calculated as values, at which the in-band
deviation to the frequency is reduced, using results of a simu-
lation based on the circuit configuration or the circuit constant
of the actual variable gain amplifier 100. Incidentally, the
frequency characteristic controller 160 may be configured to
calculate the capacitance value Cg corresponding to the gain
parameter each time using a known formula without storing
the lookup tables.

[0057] The capacitance values Cg other than those respec-
tively corresponding to the gain parameters shown in FIG.
4(a) may be previously calculated by including values of each
temperature shown in FIG. 4(b) in calculation. The same goes
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for each of the embodiments described below. The tempera-
ture represents, e.g., an ambient temperature of the variable
gain amplifier 100.

[0058] Additionally, the capacitance value Cgis not limited
to the value previously calculated on the basis of the gain
parameter and the temperature. The capacitance value C may
be calculated by including, in calculation, e.g., the battery-
power-supply voltage of the device that includes a variable
gain amplifier 100, or a modulation method (e.g., QPSK
method) for a modulation signal transmitted from a transmit-
ter. The same goes for each of the embodiments described
below.

[0059] If the FB impedance section 120 includes plural
resistors and plural switches, the variable gain amplifier 100
may be enabled to set three or more gain parameters (e.g., G,
to Gs). The same goes for the embodiments described below.
For example, in the case illustrated in FIG. 4(¢), all the capaci-
tance values C¢(s=1, 2, 3,4 and 5) respectively corresponding
to the gain parameters are previously calculated by simula-
tion. The frequency characteristic controller 160 varies the
capacitance value of the variable capacitor 135 using the
capacitance values C respectively corresponding to the three
or more gain parameters by referring to the lookup tables.
[0060] Incidentally, the variable capacitor 135 includes
parallel-connected plural pairs each consisting of, e.g., a
switch and a capacitor, which are series-connected. FIG. 5 is
a diagram illustrating an example of a circuit configuration of
the variable capacitor of the source impedance section. Note
that the resistor 121 and the switch 122 of the FB impedance
section 120 may be arranged in the reverse order.

[0061] The FB impedance section 120 shown in, e.g., FIG.
6(a) is configured to additionally include a resistor 123. FIG.
6(a) is a diagram illustrating a modification of the FB imped-
ance section 120. FIG. 6(b) illustrates that each parasitic
capacitance (Cgy, and Cgsy,) to ground is generated in the
switch 122. In the configuration of the FB impedance section
120, the resistor 123 is provided to be symmetrical to the
resistor 121 with respect to the switch 122, and to thereby
alleviate the influence of the parasitic capacitance C,,, the
frequency characteristic of the gain of the variable gain
amplifier 100 illustrated in FIG. 3 can be improved. The
influence of the in-band deviation of the gain can be reduced.
[0062] This is because if the resistor 123 is not added, the
parasitic capacitance C,, is directly connected to the drain
terminal 112 of the transistor 110, so that influence on the
frequency characteristic increases. Here, if the resistor 123 is
added, the parasitic capacitance Cg,, is connected to the
drain terminal 112 of the transistor 110 via the resistor 123.
Thus, the influence of the frequency characteristic is reduced.
[0063] Incidentally, when the resistance value of the resis-
tor 121 is divided by two, the resistance value of the resistor
121 is halved. The resistance value between the gate terminal
111 of the transistor 110 and the parasitic capacitance C,,, is
halved. Thus, the influence of the parasitic capacitance Cp,
on the frequency characteristic is somewhat increased. How-
ever, this effect is small, as compared with the effect of
reducing the influence of the parasitic capacitance Cgyy,.
Consequently, the frequency characteristic is mitigated, as
the whole of the variable gain amplifier 100.

[0064] FIG. 7 is a diagram illustrating a specific circuit
configuration of the variable gain amplifier 100 according to
the first embodiment. In the variable gain amplifier 100
shown in FIG. 7, the transistor 110 is an n-channel MOSFET
(Metal Oxide Semiconductor Field Effect Transistor).
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[0065] The variable gain amplifier 100 according to the
present embodiment has been configured such that a single-
ended signal is input thereto. However, even if the variable
gain amplifier 100 is configured, as shown in FIG. 8, such that
a differential signal is input thereto, the same effect can be
obtained. FIG. 8 is a diagram illustrating a specific circuit
configuration of the variable gain amplifier according to the
first embodiment in the case where the variable gain amplifier
is configured using two transistors 110p and 1107 that serve
as a differential pair. In the variable gain amplifier 100a
shown in FIG. 8, similarly, each of the transistors 1107 and
110p serving as a differential pair is an n-channel MOSFET.
[0066] The configuration of a variable gain amplifier 100a
illustrated in FIG. 8 is briefly described hereinafter. Inciden-
tally, the description of components in FIG. 8 is simplified or
omitted by additionally attaching reference symbol “p” to the
same components as those shown in FIG. 7 or FIG. 1. Thus,
components to each of which reference symbol “n” is addi-
tionally attached are described hereinafter.

[0067] The variable gain amplifier 100a shown in FIG. 8
includes the transistors 110p and 1107, FB impedance sec-
tions 120p and 120z, source impedance sections 130p and
130#, drain impedance sections 140p and 1407, a gain con-
troller 150, a frequency characteristic controller 160, input
terminals 170p and 170%, output terminals 180p and 1807 and
power supply terminals 190p, and 190z.

[0068] The transistor 110z serving as an amplifying ele-
ment receives a differential input signal serving as one of
signals respectively input to a differential pair, the other of
which is an input signal to be input to the gate terminal of the
transistor 110p. Then, the transistor 110z amplifies the
received signal and outputs the amplified differential input
signal to the output terminal 180z.

[0069] The FB impedance section 1207 includes a resistor
1217 and a switch 1227 and to be connected between the gate
terminal and the drain terminal of the transistor 110z. In the
FB impedance section 120z, the resistor 1217 and the switch
122n are series-connected. The impedance between the gate
terminal 111 and the drain terminal 112 of the transistor 110
is changed due to change between ON and OFF of the switch
122n.

[0070] The source impedance section 130z includes aresis-
tor 131» and a variable capacitor 135# and to be connected
between the source terminal of the transistor 1107 and the
reference electric-potential (ground). In the source imped-
ance section 130z, the resistor 131z and the variable capacitor
135n are parallel-connected. If the capacitance value of the
variable capacitor 135~ is changed, the impedance between
the source terminal and ground, i.e., the frequency character-
istic of the impedance of the source impedance section 1307
changes.

[0071] The drain impedance section 1407 includes a resis-
tor 1417 and to be connected between the drain terminal of the
transistor 1107 and the power supply terminal 190z.

[0072] The gain controller 150 sets the gain of the variable
gain amplifier 100a at a predetermined value by controlling
ON and OFF of each of a switch 122p and the switch 122»
respectively provided in the FB impedance sections 120p and
120%. The gain controller 150 outputs a gain control signal
including gain parameter information to the frequency char-
acteristic controller 160.

[0073] The frequency characteristic controller 160 receives
a gain control signal output from the gain controller 150, and
changes the capacitance value of each of variable capacitors
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135p and 135% respectively provided in the source impedance
sections 130p and 1307, based on gain parameter information
included in the gain control signal. A control method used by
the frequency characteristic controller 160 for controlling the
capacitance value of each of the variable capacitors 135p and
135 in the variable gain amplifier 100a is similar to that used
in the variable gain amplifier 100 shown in FIG. 1 or FIG. 7.
Therefore, description of this control method is omitted.
[0074] FIG. 9 is a diagram illustrating a circuit configura-
tion of a variable gain amplifier 1005 according to a first
modification configured using two transistors 110p and 110
forming a differential pair. Description of components of the
variable gain amplifier 1005 shown in FIG. 9, which are
similar to the components of the variable gain amplifier 100a
shown in FIG. 8, is omitted. Different contents between the
variable gain amplifiers are described hereinafter.

[0075] Inthe variable gain amplifier 1005, a source imped-
ance section 130pr is connected between the source terminals
of'the transistors 110p and 110z, instead of the source imped-
ance sections 130p and 130z shown in FIG. 8. A current
source [Sp is connected to the source terminal of the transistor
110p. A can source ISn is connected to the source terminal of
the transistor 110z.

[0076] The source impedance section 130prn includes a
resistor 131pr and a variable capacitor 135pn. In the source
impedance section 130pn, the resistor 131pn and the variable
capacitor 135pn are parallel-connected. If a sum of the resis-
tance values of the resistors 131p and 131# is the resistance
value of the resistor 131pn, a circuit configured by the source
impedance section 130pr and the current sources ISp and ISn
shown in FIG. 9 is an equivalent circuit of a circuit configured
by the source impedance sections 130p and 130x shown in
FIG. 8.

[0077] The frequency characteristic controller 160 receives
a gain control signal output from the gain controller 150 and
changes the capacitance value of the variable capacitor 135pn
of the source impedance section 130pr, based on the gain
parameter information included in the gain control signal. A
control method for controlling the capacitance value of the
variable capacitor 135pn of the frequency characteristic con-
troller 160 in the variable gain amplifier 1005 is similar to a
control method used in the variable gain amplifier 100a
shown in FIG. 8. Therefore, description of the former control
method is omitted.

[0078] FIG. 9 is a diagram illustrating a circuit configura-
tion of a variable gain amplifier 1005 according to a first
modification configured using two transistors 110p and 110
forming a differential pair. Description of contents of the
variable gain amplifier 100¢ shown in FIG. 10, which are
similar to the contents of the variable gain amplifier 100a
shown in FI1G. 8 and of the variable gain amplifier 1006 shown
in FIG. 9, is omitted. Different contents among the variable
gain amplifiers are described hereinafter.

[0079] In the variable gain amplifier 100c, the variable
capacitance 340pn is connected between the source terminals
of'the transistors 110p and 110z, instead of the source imped-
ance sections 130p and 130z shown in FIG. 8. Additionally, a
resistor 350p is connected to the source terminal of the tran-
sistor 110p. A resistor 350# is connected to the source termi-
nal of the transistor 1107. The resistors 350p and 3507 and the
variable capacitor 340p form a source impedance section in
the variable gain amplifier 100c.

[0080] In a case where a sum of the resistance values of
resistors 131p and 131# is the resistance value of each of the
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resistors 350p and 350%, and where the resistance values of
the resistors 350p and 350# are equal to each other, a circuit
of the source impedance section shown in FIG. 10 is an
equivalent circuit of a circuit configured by the source imped-
ance sections 130p and 130% shown in FIG. 8.

[0081] The frequency characteristic controller 160 receives
a gain control signal output from the gain controller 150 and
changes the capacitance value of the variable capacitor 340pn
of'the source impedance section, based on the gain parameter
information included in the gain control signal. A control
method for controlling the capacitance value of the variable
capacitor 340pn of the frequency characteristic controller 160
is similar to the control method in the variable gain amplifier
shown in FIG. 8. Thus, the description of the former control
method is omitted.

[0082] Incidentally, the drain impedance section connected
between one of the power supply terminals 190p and 190»
and the drain terminal of an associated one of the transistors
110p and 1107 and shown in FIGS. 8 to 10 may be configured
similarly to the source impedance section.

[0083] Thus, in the case of using high-frequency signals,
the variable gain amplifiers 100, 1004 to 100c¢ according to
the first embodiment can reduce the in-band deviation that
increases due to the parasitic capacitance of the switch of the
FB impedance section for setting a gain. Accordingly, the
variable gain amplifier can reduce signal distortion in an
output signal.

[0084] Itisnot always necessary to previously calculate the
capacitance values C in the lookup tables by simulation. The
same goes for each of the embodiments described below. For
example, the capacitance values Cg in the lookup tables may
be rewritten on an as needed basis according to results of
signal calibration performed in a device including the vari-
able gain amplifier 100 at the power activation of the device or
at a fixed predetermined time interval.

[0085] For example, a test signal generating portion (not
shown) for outputting a test signal for calibration is provided
on a transmission circuit side of the device. Thus, the test
signal is sent to a receiving circuit side by switching the
transmission circuit side to the receiving circuit side. The
variable gain amplifier 100 may be adapted such that signal
calibration is performed using a signal level of the test signal
sent out to the receiving circuit side, that the capacitance
values Cg are calculated according to calibration results, and
that the calculated capacitance values Cg are written directly
to the lookup tables.

[0086] The capacitance value C; of the variable capacitor
135 of the source impedance section 130 is calculated as a
value at which the in-band deviation of the variable gain
amplifier 100 is minimized. However, the capacitance value
Cg may be calculated as, e.g., a value at which the frequency
characteristic of the gain is most improved as the whole
transmitter, as the whole receiver, or as the whole transceiver.
The same goes for each of the embodiments described below.
More specifically, if the variable gain amplifier 100 is
included in a receiver, the capacitance value CS may be
calculated, at which the in-band deviation of the whole
receiver including each in-band deviation in a low noise
amplifier (LNA) and a downconverting mixer is minimized.
[0087] Alternatively, in the transmitter or the receiver, the
fine adjustment of the in-band deviation of the gain may be
performed in a signal processing portion for processing digi-
tal signals. It may be that the in-band deviation of the gain,
which is used in the variable gain amplifier 100, is not nec-
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essarily minimized, that the rough adjustment of the in-band
deviation of the gain is performed in the variable gain ampli-
fier 100, that the fine adjustment of the gain is performed in
the signal processing portion, and that the in-band deviation
of the gain is reduced in the whole transmitter or the whole
receiver. The same goes for each of the embodiments
described below.

Second Embodiment

[0088] FIG. 11 is a diagram illustrating a circuit configu-
ration of a variable gain amplifier 200 according to a second
embodiment. As compared with the variable gain amplifier
100 shown in FIG. 1, the variable gain amplifier 200 shown in
FIG. 11 differs from the variable gain amplifier 100 in that the
switch 122 is removed from the FB impedance section, and
that resistors 142 and 143 are added to the drain impedance
section 140.

[0089] In the description of the variable gain amplifier 200
shown in FIG. 11, a description of components similar to the
components of the variable gain amplifier 100 shown in FIG.
1 is simplified or omitted by attaching similar reference
numerals to such components. Different components are
described hereinafter.

[0090] The FB impedance section 120 includes the resistor
121 and to be connected between the gate terminal 111 and
the drain terminal 112 of the transistor 110.

[0091] The drain impedance section 140 includes a resistor
141, a switch 142, and a resistor 143, and to be connected
between the drain terminal 112 of the transistor 110 and the
power supply terminal 190. In the drain impedance section
140, the switch 142 and the resistor 143 are series-connected,
and the resistor 141 is parallel-connected to the switch 142
and the resistor 143. The impedance between the drain termi-
nal 112 and the power supply terminal 190 of the transistor
110 is changed due to change between ON and OFF of the
switch 142.

[0092] The gain controller 150 sets the gain of the variable
gain amplifier 200 at a desired value by controlling ON and
OFF of the switch 142 of the drain impedance section 140.
The gain controller 150 outputs a gain control signal includ-
ing gain parameter information to the frequency characteris-
tic controller 160.

[0093] The frequency characteristic controller 160 receives
a gain control signal output from the gain controller 150 and
changes the capacitance value of the variable capacitor 135 of
the source impedance section 130, based on gain parameter
information included in the gain control signal.

[0094] Inthe first embodiment, the frequency characteristic
controller 160 reduces the in-band deviation of the gain,
which is increased due to change between ON and OFF of the
switch 122 ofthe FB impedance section 120, which is caused
by the gain controller 150, by changing the capacitance value
of' the variable capacitor 135 of the source impedance section
130.

[0095] In the present exemplary embodiment, the fre-
quency characteristic controller 160 reduces the in-band
deviation of the gain, which is increased due to change
between ON and OFF of the switch 142 of the drain imped-
ance section 140, which is caused by the gain control section
150, by changing the capacitance value of the variable capaci-
tor 135 of the source impedance section 130.

[0096] Accordingly, the frequency characteristic controller
160 controls the in-band deviation of the gain, which is
increased due to change in the impedance of the impedance
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section including a switch controlled by the gain controller
150 by changing the capacitance value of the variable capaci-
tor of the impedance section different from the impedance
section controlled by the gain controller 150.

[0097] A control method of controlling the capacitance
value of the variable capacitor 135 of the source impedance
130 in the frequency characteristic controller 160 is similar to
the control method according to the first embodiment. There-
fore, the description of the former control method is omitted.
[0098] Thus, similarly to the variable gain amplifier 100
according to the first embodiment, in the case of using a
high-frequency signal, the variable gain amplifier 200
according to the second embodiment can reduce the in-band
deviation of the gain, which is increased due to the parasitic
capacitance of the switches in the drain impedance section for
setting the gain. Accordingly, the variable gain amplifier 300
can reduce signal distortion in an output signal.

[0099] Incidentally, the resistance value of the resistor 121
shown in FIG. 11 may be infinite. That is, if the resistor 121 is
not present, and even if the gate terminal 111 and the drain
terminal 112 are detached from each other by the FB imped-
ance section 120, the variable gain amplifier 200 according to
the present embodiment can achieve the same effect as that of
the variable gain amplifier 100.

[0100] Incidentally, although not shown to avoid compli-
cation of the drawings, the variable gain amplifier 200 may be
configured such that differential signals are input thereto
similarly as illustrated in FIGS. 8 to 10. The same goes for
each of the embodiments described below.

Third Embodiment

[0101] FIG. 12 is a diagram illustrating a circuit configu-
ration of a variable gain amplifier 300 according to a third
embodiment. As compared with the variable gain amplifier
100 shown in FIG. 1, the variable gain amplifier 300 shown in
FIG. 12 differs from the variable gain amplifier 100 in that the
switch 122 is removed from the FB impedance section and a
variable capacitor 125 is added thereto, and that a variable
capacitor 135 is removed from the source impedance section
130 and a switch 132 and a resistor 133 are added thereto.

[0102] In the description ofthe variable gain amplifier 300
shown in FIG. 12, a description of components similar to the
components of the variable gain amplifier 100 shown in FIG.
1 is simplified or omitted by attaching similar reference
numerals to such components. Different components are
described hereinafter.

[0103] The FB impedance section 120 includes a variable
capacitor 125 and a resistor 121 and to be connected between
the gate terminal 111 and the drain terminal 112 of the tran-
sistor 110. In the FB impedance section 120, the resistor 121
and the variable capacitor 125 are parallel-connected. If the
capacitance value of the variable capacitor 125 changes, the
frequency characteristic of the impedance between the gate
terminal 111 and the drain terminal 112 changes.

[0104] The source impedance section 130 includes a resis-
tor 131, a switch 132 and a resistor 133 and to be connected
between the source terminal 113 of the transistor 110 and the
reference electric-potential (ground). In the source imped-
ance section 130, the switch 132 and the resistor 133 are
series-connected. The resistor 131 is parallel-connected to the
switch 132 and the resistor 133. The impedance between the
source terminal 113 of the transistor 110 and the ground is
changed.
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[0105] The gain controller 150 sets the gain of the variable
gain amplifier 300 at a desired value by controlling ON and
OFF of the switch 132 of the source impedance section 130.
The gain controller 150 outputs a gain control signal includ-
ing gain parameter information to the frequency characteris-
tic controller 160.

[0106] The frequency characteristic controller 160 receives
the gain control signal output from the gain controller 150 and
change the capacitance value of the variable capacitor 125 of
the FB impedance section 120, based on the gain parameter
information included in the gain control signal.

[0107] In the present embodiment, the frequency charac-
teristic controller 160 reduces the in-band deviation of the
gain, which is increased due to change between ON and OFF
of'the switch 132 of the source impedance section 130, which
is caused by the gain controller 150 by changing the capaci-
tance value of the variable capacitor 125 of the FB impedance
section 120.

[0108] Accordingly, the frequency characteristic controller
160 reduces the in-band deviation of the gain, which is
increased due to change in the impedance of the impedance
section including a switch controlled by the gain controller
150 by changing the capacitance value of the variable capaci-
tor of the impedance section different from the impedance
section controlled by the gain controller 150.

[0109] A control method for controlling the capacitance
value of the variable capacitor 125 of the FB impedance
section 120, which is performed by the frequency character-
istic controller 160, is similar to the control method per-
formed in the first embodiment. Thus, a description of the
former control method is omitted.

[0110] Thus, similarly to the variable gain amplifier 100
according to the first embodiment, in the case of using a
high-frequency signal, the variable gain amplifier 300
according to the third embodiment can reduce the in-band
deviation of the gain, which is increased due to the parasitic
capacitance of the switches in the drain impedance section for
setting the gain.

[0111] Accordingly, the variable gain amplifier 200 can
reduce signal distortion in an output signal.

Fourth Embodiment

[0112] FIG. 13 is a diagram illustrating a circuit configu-
ration of a variable gain amplifier 400 according to a fourth
embodiment. As compared with the variable gain amplifier
100 shown in FIG. 1, the variable gain amplifier 400 shown in
FIG. 13 differs from the variable gain amplifier 100 in that the
switch 122 is removed from the FB impedance section 120,
and that a variable capacitor 135 is removed from the source
impedance section 130 and a switch 132 and a resistor 133 are
added thereto.

[0113] In the description of the variable gain amplifier 400
shown in FIG. 13, a description of components similar to the
components of the variable gain amplifier 100 shown in FIG.
1 is simplified or omitted by attaching similar reference
numerals to such components. Different components are
described hereinafter.

[0114] The FB impedance section 130 includes the resistor
121 and to be connected between the gate terminal 111 and
the drain terminal 112 of the transistor 110.

[0115] The source impedance section 130 includes the
resistor 131, the switch 132 and the resistor 133, and to be
connected between the source terminal 113 of the transistor
110 and the reference electric-potential (ground). In the
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source impedance section 130, the switch 132 and the resistor
133 are series-connected. The resistor 131 is parallel-con-
nected to the switch 132 and the resistor 133. The impedance
between the source terminal 113 of the transistor 110 and
ground is changed due to change between ON and OFF of the
switch 132.

[0116] The drain impedance section 140 includes a resistor
141 and a variable capacitor 145 and to be connected between
the drain terminal 112 of the transistor 110 and the power
supply terminal 190. In the drain impedance section 140, the
resistor 141 and the variable capacitor 145 are parallel-con-
nected. If the capacitance value of the variable capacitor 145
changes, the frequency characteristic of the impedance
between the drain terminal 112 and the power supply terminal
190 changes.

[0117] The gain controller 150 sets the gain of the variable
gain amplifier 400 by controlling ON and OFF of the switch
132 of the source impedance section 130. The gain controller
150 outputs a gain control signal including gain parameter
information to the frequency characteristic portion 160.
[0118] The frequency character controller 160 receives the
gain control signal output from the gain controller 150 and
changes the capacitance value of the variable capacitor 145 of
the drain impedance section 140, based on gain parameter
information included in the gain control signal.

[0119] In the present embodiment, the frequency charac-
teristic controller 160 reduces the in-band deviation of the
gain, which is increased due to change between ON and OFF
of'the switch 132 of the source impedance section 130, which
is caused by the gain controller 150, by changing the capaci-
tance value of the variable capacitor 145 of the drain imped-
ance section 140.

[0120] Accordingly, the frequency characteristic controller
160 reduces the in-band deviation of the gain, which is
increased due to change of the impedance of the impedance
section including a switch controlled by the gain controller
150 by changing the capacitance value of the impedance
section differing from the impedance section controlled by
the gain controller 150.

[0121] A control method for controlling the capacitance
value of the variable capacitor 145 of the drain impedance
section 140, which is performed by the frequency character-
istic controller 160, is similar to the control method per-
formed in the first embodiment.

[0122] Thus, similarly to the variable gain amplifier 100
according to the first embodiment, in the case of using a
high-frequency signal, the variable gain amplifier 400
according to the fourth embodiment can reduce the in-band
deviation of the gain, which is increased due to the parasitic
capacitance of the switches in the source impedance section
for setting the gain. Accordingly, the variable gain amplifier
400 can reduce signal distortion in an output signal

[0123] Incidentally, the resistance value of the resistor 121
shown in FIG. 13 may be infinite. That is, if the resistor 121 is
not present, and even if the gate terminal 111 and the drain
terminal 112 are detached from each other by the FB imped-
ance section 120, the variable gain amplifier 400 according to
the present embodiment can achieve the same effect as that of
the variable gain amplifier 100.

Fifth Embodiment

[0124] FIG. 14 is a diagram illustrating a circuit configu-
ration of a variable gain amplifier 500 according to a third
embodiment. As compared with the variable gain amplifier
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100 shown in FIG. 1, the variable gain amplifier 500 shown in
FIG. 14 differs from the variable gain amplifier 100 in that the
switch 132 and the resistor 133 are added to the FB imped-
ance section, and that a variable capacitor 145 is added to the
drain impedance section 140.

[0125] In the description of the variable gain amplifier 500
shown in FIG. 14, a description of components similar to the
components of the variable gain amplifier 100 shown in FIG.
1 is simplified or omitted by attaching similar reference
numerals to such components. Different components are
described hereinafter.

[0126] The FB impedance section 120 includes the resistor
121 and the switch 122 and to be connected between the gate
terminal 111 and the drain terminal 112 of the transistor 110.
In the FB impedance section 120, the resistor 121 and the
switch 122 are series-connected. The impedance between the
gate terminal 111 and the drain terminal 112 of the transistor
110 is changed due to change between ON and OFF of the
switch 122.

[0127] The source impedance section 130 includes the
resistor 131, the switch 132, the resistor 133, and the variable
capacitor 135 and to be connected between the source termi-
nal 113 of'the transistor 110 and the reference electric-poten-
tial (ground). In the source impedance section 130, the switch
132 and the resistor 133 are series-connected. The resistor
131 is parallel-connected to the switch 132 and the resistor
133. In addition, the variable capacitor 135 is also parallel-
connected to the switch 132 and the resistor 133. The imped-
ance between the source terminal 113 of the transistor 110
and ground is changed due to change between ON and OFF of
the switch 132. If the capacitance value of the variable capaci-
tor 135 changes, the frequency characteristic of the imped-
ance between the source terminal 113 and ground is changed.

[0128] The drain impedance section 140 includes the resis-
tor 141 and the variable capacitor 145 and to be connected
between the drain terminal 112 of the transistor 110 and the
power supply terminal 190. In the drain impedance section
140, the resistor 141 and the variable capacitor 145 are par-
allel-connected. If the capacitance value of the variable
capacitor 145 changes, the frequency characteristic of the
impedance between the drain terminal 112 and the power
supply terminal 190 is changed.

[0129] The gain controller 150 sets the gain of the variable
gain amplifier 500 by controlling ON and OFF of the switch
122 of the FB impedance section 120 and ON and OFF ofthe
switch 132 of the source impedance section 130. The gain
controller 150 outputs a control signal including gain param-
eter information to the frequency characteristic controller
160.

[0130] The frequency characteristic controller 160 receives
the gain control signal output from the gain controller 150,
and changes the capacitance value of each of the variable
capacitor 135 of the source impedance section 130 and the
variable capacitor 145 of the drain impedance section 140,
based on the gain parameter information included in the gain
control signal.

[0131] In the present embodiment, the frequency charac-
teristic controller 160 reduces the in-band deviation of the
gain, which is increased due to change between ON and OFF
of'the switch 132 of the source impedance section 130, which
is caused by the gain controller 150, by changing the capaci-
tance value of the variable capacitor 145 of the drain imped-
ance section 140.
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[0132] In addition, the frequency characteristic controller
160 reduces the in-band deviation of the gain, which is
increased due to change between ON and OFF of the switch
122 ofthe impedance section 120, which is caused by the gain
controller 150, by changing the capacitance value of the vari-
able capacitor 135 of the source impedance section 130.
[0133] Accordingly, the frequency characteristic controller
160 reduces the in-band deviation of the gain, which is
increased due to change of the impedance of the impedance
section including the switch controlled by the gain controller
150 by changing the capacitance value of the variable capaci-
tor of the impedance section differing from the impedance
section controlled by the gain controller 150.

[0134] FIG. 15 is a diagram illustrating an example of a
lookup table used in the fifth embodiment. In the present
embodiment, the capacitance value of the variable capacitor
135 is set at the capacitance value C (e.g., C, corresponding
to a gain parameter set by the gain controller 150. The capaci-
tance value of the variable capacitor 145 is set ata capacitance
value CD (e.g., Cs).

[0135] A control method for controlling the capacitance
value of the variable capacitor 135 of the drain impedance
section 140 and the capacitance value of the variable capaci-
tor 145 of the drain impedance section 140 is similar to the
method according to the first embodiment. Thus, description
of this control method is omitted.

[0136] The variable gain amplifier 500 shown in FIG. 14 is
such that the gain is set at the FB impedance section 120, that
the gain is set and the frequency characteristic of the gain due
to change of the variable capacitor is controlled at the source
impedance section 130, and that the frequency characteristic
of the gain due to change of the variable capacitor is con-
trolled at the drain impedance section 140. However, the
variable gain amplifier 500 according to the present embodi-
ment may cause the variable gain amplifier 500 sets the FB
impedance section 120, the source impedance section 130,
and the drain impedance section to play one of the following
four roles.

[0137] (1) The gaincontroller 150 does not set the gain. The
frequency characteristic controller 160 does not control the
frequency characteristic of the gain due to change of the
variable capacitor.

[0138] (2) The gain controller 150 sets the gain. The fre-
quency characteristic controller 160 does not control the fre-
quency characteristic of the gain due to change of the variable
capacitor.

[0139] (3) The frequency characteristic controller 160 con-
trols the frequency characteristic of the gain due to change of
the variable capacitor due to change of the variable capacitor.
The gain controller 150 does not set the gain.

[0140] (4) The gain controller 150 sets the gain. The fre-
quency characteristic controller 160 controls the frequency
characteristic ofthe gain due to change of the variable capaci-
tor.

[0141] However, the variable gain amplifier 500 sets the
gain controls the frequency characteristic of the gain due to
change of the variable capacitor in at least one of the FB
impedance section 120, the source impedance section 130
and the drain impedance section 140.

[0142] Thus, similarly to the variable gain amplifier 100 of
the first embodiment, in the case of using a high-frequency
signal, the variable gain amplifier 500 according to the fifth
embodiment can reduce the in-band deviation of the gain,
which is increased due to the parasitic capacitance of each
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switch of the source impedance section and the FB imped-
ance section for setting a gain. Accordingly the variable gain
amplifier 500 can reduce signal distortion in output signals.

Sixth Embodiment

[0143] FIG. 16 is a diagram illustrating a circuit configu-
ration of a variable gain amplifier 600 according to a sixth
embodiment. As compared with the variable gain amplifier
100 shown in FIG. 1, the variable gain amplifier 600 shown in
FIG. 16 differs from the variable gain amplifier 100 in that a
transistor 210 is cascade-connected to the transistor 110.

[0144] Particularly, the variable gain amplifier 600 includes
transistors 110 and 210, FB impedance sections 120 and 220,
the source impedance sections 130 and 230, drain impedance
sections 140 and 240, a gain controller 150, a frequency
characteristic controller 160, an input terminal 170, output
terminals 180 and 280, and power supply terminals 190 and
290.

[0145] The transistor 210 serving as the amplifying ele-
ment includes a gate terminal 211 serving as a control termi-
nal to which an output signal from the transistor 110 is input,
a drain terminal 212 serving as a power-supply-side terminal
connected to a direct-current power supply, a source terminal
213 serving as a reference-side terminal connected to the
reference electric-potential (e.g., ground), and an output ter-
minal 214.

[0146] A signal amplified at the transistor 110 is input to the
gate terminal 211 and the FB impedance section 220 of the
transistor 210 via the output terminals 114 and 180. The
transistor 210 amplifies an input signal input to the gate
terminal 211, and outputs the amplified signal from the output
terminal 214 to the output terminal 280. A direct-current
voltage is applied via the power supply terminal 290 and the
drain impedance section 240 to the drain terminal 212. The
source terminal 213 is grounded via the source impedance
section 230.

[0147] The FB impedance section 120 includes the resistor
121 and to be connected between the gate terminal 111 and
the drain terminal 112 of the transistor 110.

[0148] The FB impedance section 220 includes a resistor
221 and a switch 222 and connected between the gate termi-
nal 211 and the drain terminal 212 of'the transistor 210. In the
FB impedance section 220, the resistor 221 and the switch
222 are series-connected. The impedance between the gate
terminal 211 and the drain terminal 212 of the transistor 210
is changed due to change between ON and OFF of the switch
222.

[0149] The source impedance section 130 includes a resis-
tor 131, a switch 132, a resistor 133, and a variable capacitor
135 and to be connected between the source terminal 113 of
the transistor 110 and the reference electric-potential
(ground). In the source impedance section 130, the switch
132 and the resistor 133 are series-connected. The resistor
131 is parallel-connected to the switch 132 and the resistor
133. Additionally, a variable capacitor 136 is also parallel-
connected to the switch 132 and the resistor 133. The imped-
ance between the source terminal 113 of the transistor 110
and ground is changed due to change between ON and OFF of
the switch 132. If the capacitance value of the variable capaci-
tor 135 is changed, the frequency characteristic of the imped-
ance between the source terminal 113 and ground changes.
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[0150] A source impedance section 230 includes a resistor
231 and to be connected between the source terminal 213 of
the transistor 210 and the reference electric-potential
(ground).

[0151] The drain impedance section 140 includes the resis-
tor 141 and the variable capacitor 145 and connected between
the drain terminal 112 of the transistor 110 and the power
supply terminal 190. In the drain impedance section 140, the
resistor 141 and the variable capacitor 145 are parallel-con-
nected. If the capacitance value of the variable capacitor 145
is changed, the frequency characteristic of the impedance
between the drain terminal 112 and the power supply terminal
190 changes.

[0152] The drain impedance section 240 includes a resistor
241 and a variable capacitor 245 and to be connected between
the drain terminal 212 of the transistor 210 and the power
supply terminal 290. In the drain impedance section 240, the
resistor 241 and the variable capacitor 245 are parallel-con-
nected. If the capacitance value of the variable capacitor 245
changes, the frequency characteristic of the impedance
between the drain terminal 212 and the power supply terminal
290 is changed.

[0153] The gain controller 150 sets the gain of the variable
gain amplifier 600 at a desired value by controlling between
ON and OFF of the switch 132 of the source impedance
section 130 and ON and OFF of a switch 222 of the FB
impedance section 220. The gain controller 150 outputs a
gain control signal including gain parameter information to
the frequency characteristic controller 160.

[0154] The frequency characteristic controller 160 receives
the gain control signal output from the gain controller 150 and
changes the capacitance value of each of the variable capaci-
tor 135 of the source impedance section 130, the variable
capacitor 145 ofthe drain impedance section 140, the variable
capacitor 245 of the drain impedance section 240.

[0155] In the present embodiment, the frequency charac-
teristic controller 160 reduces the in-band deviation of the
gain, which is increased due to change between ON and OFF
of the switch 132 of the source impedance section 130 by
changing the capacitance value of each of the variable capaci-
tors 145 and 245 of the drain impedance sections 140 and 240.

[0156] Additionally, the frequency characteristic controller
160 reduces the in-band deviation of the gain, which is
increased due to change between ON and OFF of the switch
222 of'the FB impedance section 22 due to the gain controller
150 by changing the capacitance value of the variable capaci-
tor 135 of the source impedance section 130.

[0157] Accordingly, the frequency characteristic controller
160 reduces the in-band deviation of the gain, which is
increased due to change of the impedance of the impedance
section including the switch controlled by the gain controller
150 by changing the capacitance value of the variable capaci-
tor of the impedance section differing from the impedance
section controlled by the gain controller 150.

[0158] FIG. 17 is a diagram illustrating an example of a
lookup table used in the sixth embodiment. In the present
embodiment, the capacitance value of the variable capacitor
135 is set at the capacitance value Cg, (e.g., C,, the capaci-
tance value of the variable capacitor 145 is set at the capaci-
tance value Cp, (e.g., Cs), and the capacitance value of the
variable capacitor 245 is set at the capacitance value C, (e.g.,
C,) corresponding to the gain parameter (e.g., G,) set by the
gain controller 150.
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[0159] A control method for controlling the capacitance
value of the variable capacitor 135 of the source impedance
section 130, and the capacitance value of each of the variable
capacitors 145 and 245 of the drain impedance sections 140
and 240 is similar to the control method according to the first
embodiment. Therefore, a description of the control method
is omitted.

[0160] The variable gain amplifier 600 shown in FIG. 16 is
such that a gain is set in the FB impedance section 220, that a
gain is set and the frequency characteristic of the gain due to
change of the variable capacitor is controlled in the source
impedance section 130, and that the frequency characteristic
of the gain due to change of the variable capacitor is con-
trolled in each of the drain impedance sections 140 and 240.
However, the variable gain amplifier 600 according to the
present embodiment may cause each of the FB impedance
sections 120 and 220, the source impedance sections 130 and
230, and the drain impedance sections 140 and 240 to perform
one of the following four roles.

[0161] (1) The gaincontroller 150 does not set the gain. The
frequency characteristic controller 160 does not control the
frequency characteristic of the gain due to change of the
variable capacitor.

[0162] (2) The gain controller 150 sets the gain. The fre-
quency characteristic controller 160 does not control the fre-
quency characteristic of the gain due to change of the variable
capacitor.

[0163] (3) The frequency characteristic controller 160 con-
trols the frequency characteristic of the gain due to change of
the variable capacitor. The gain controller 150 does not set the
gain.

[0164] (4) The gain controller 150 sets the gain. The fre-
quency characteristic controller 160 controls the frequency
characteristic of the gain due to change of the variable capaci-
tor.

[0165] However, the variable gain amplifier 600 is such that
a gain is set in at least one of the FB impedance sections 120
and 220, the source impedance sections 130 and 230, and the
drain impedance sections 140 and 240, and that the frequency
characteristic of the gain due to change of the variable capaci-
tor is controlled in at least one of the impedance sections.
[0166] Thus, similarly to the variable gain amplifier 100
according to the first embodiment, in the case of using high-
frequency signals, the variable gain amplifier 600 according
to the sixth embodiment can reduce the in-band deviation
increased due to the parasitic capacitance of the switch of
each of the source impedance section and the FB impedance
section for setting a gain. Accordingly, the variable gain
amplifier 600 can reduce a signal distortion in an output
signal.

[0167] In the foregoing description, various embodiments
have been described with reference to the drawings. However,
obviously, the present disclosure is not limited to such
examples. It is apparent that those skilled in the art conceive
various modifications and alterations within the scope of the
claims. It is understood that the modifications and alterations
are within the technical scope of the present disclosure.
[0168] The present application is based on Japanese Patent
Application No. 2011-278449 filed on Dec. 20, 2011, the
contents of which are incorporated herein by reference.

INDUSTRIAL APPLICABILITY

[0169] The present disclosure relates to a variable gain
amplifier that achieves the adaptive in-band deviation com-
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pensation according to gain setting, and is useful as a variable
gain amplifier in a wireless communication device.

REFERENCE SIGNS LIST

[0170] 100, 1004, 1005, 100c, 200, 300, 400, 500, 600:
variable gain amplifier

[0171] 110, 110p, 1107, 210: transistor

[0172] 120, 120p, 120, 220: FB impedance section

[0173] 130, 130p, 130%, 130pn, 230: source impedance
section

[0174] 140, 140p, 140, 240: drain impedance section

[0175] 150: gain controller

[0176] 160: frequency characteristic controller

1-11. (canceled)
12. A variable gain amplifier comprising:
an amplifying element including a control terminal to
which an input signal is input, a reference-side terminal
connected to reference electric-potential, and a power-
supply-side terminal connected to a direct-current
power supply, the amplifying element configured to
amplify the input signal;
an FB impedance section connected between the control
terminal and the power-supply-side terminal;
a reference-side impedance section connected to the refer-
ence-side terminal;
a power-supply-side impedance section connected to the
power-supply-side terminal;
a gain controller configured to control a gain of the ampli-
fying element; and
a frequency characteristic controller configured to control
a frequency characteristic of the gain, wherein
the gain controller varies an impedance of one impedance
section of the FB impedance section, the reference-side
impedance section, and the power-supply-side imped-
ance section, and outputs a control signal for controlling
the gain, and
the frequency characteristic controller varies an impedance
of an impedance section differing from the one imped-
ance section, based on the control signal for controlling
the gain.
13. The variable gain amplifier according to claim 12,
wherein
at least one impedance section of the FB impedance sec-
tion, the reference-side impedance section, and the
power-supply-side impedance section includes at least
one switch, and
the gain controller changes the switch between ON and
OFF of at least one impedance section of the FB imped-
ance section, the reference-side impedance section, and
the power-supply-side impedance section.
14. The variable gain amplifier according to claim 12,
wherein
at least one impedance section of the FB impedance sec-
tion, the reference-side impedance section, and the
power-supply-side impedance section includes a vari-
able capacitor, and
the frequency characteristic controller varies the variable
capacitor of at least one impedance section of the FB
impedance section, the reference-side impedance sec-
tion, and the power-supply-side impedance section.
15. The variable gain amplifier according to claim 14,
further comprising:



US 2014/0191804 Al

a table which defines a gain parameter included in the
control signal and a capacitance value of the variable
capacitor, which corresponds to the gain parameter,
wherein

the frequency characteristic controller varies the variable
capacitor of at least one impedance section of the FB
impedance section, the reference-side impedance sec-
tion, and the power-supply-side impedance section, the
variable capacitor being varied into a capacitance value
of the variable capacitor corresponding to the gain
parameter.

16. The variable gain amplifier according to claim 14,

wherein

the gain controller changes the switch between ON and
OFF of the power-supply-side impedance section, and

the frequency characteristic controller varies the variable
capacitor of the reference-side impedance section.

17. The variable gain amplifier according to claim 14,

wherein

the gain controller changes the switch between ON and
OFF of the reference-side impedance section, and

the frequency characteristic controller varies the variable
capacitor of the FB impedance section.

18. The variable gain amplifier according to claim 14,

wherein

the gain controller changes the switch between ON and
OFF of the reference-side impedance section, and

the frequency characteristic controller varies the variable
capacitor of the power-supply-side impedance section.

19. The variable gain amplifier according to claim 14,

wherein

the gain controller varies the switch between ON and OFF
of the FB impedance section and varies the switch
between ON and OFF of the reference-side impedance
section, and

the frequency characteristic controller varies the variable
capacitor of the reference-side impedance section in
correspondence to change of the switch between ON and
OFF of the FB impedance section, and varies the vari-
able capacitor of the power-supply-side impedance sec-
tion in correspondence to change of the switch between
ON and OFF of the reference-side impedance section.

20. The variable gain amplifier according to claim 14,

further comprising:

a second amplifying element including a second control
terminal to which an output signal from the amplifying
element is input, a second reference-side terminal con-
nected to the reference electric-potential, and a second
power-supply-side terminal connected to the direct-cur-
rent power supply, the second amplifying element con-
figured to amplify the output signal from the amplifying
element;

a second FB impedance section connected between the
second control terminal and the second power-supply-
side terminal and including at least one switch; and

a second power-supply-side impedance section connected
to the second power-supply-side terminal and including
a variable capacitance, wherein

the gain controller changes the switch between ON and
OFF of the reference-side impedance section and
changes the switch between ON and OFF of the second
FB impedance section, and

the frequency characteristic controller varies the variable
capacitor of each of the power-supply-side impedance
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section and the second power-supply-side impedance
section in correspondence to change of the switch
between ON and OFF of the reference-side impedance
section, and the frequency characteristic controller var-
ies the variable capacitor of the reference-side imped-
ance section in correspondence to change of the switch
between ON and OFF of the second FB impedance
section.

21. The variable gain amplifier according to claim 12,

further comprising:

a third-amplifying element including a third control termi-
nal to which a second input signal, which indicates a
differential input signal with respect to the input signal,
is input, a third reference-side signal connected to the
reference electric-potential, and a third power-supply-
side terminal connected to the direct-current power sup-
ply, the amplifying element and the third-amplifying
element form a differential pair;

a third FB impedance section connected between the third
control terminal and the third power-supply-side termi-
nal and including at least one switch; and

a third reference-side impedance section connected to the
third reference-side terminal and including a variable
capacitor, wherein

the gain controller changes the switch between ON and
OFF of the FB impedance section and changes the
switch between ON and OFF of the third FB impedance
section, and

the frequency characteristic controller varies the variable
capacitor of the reference-side impedance section in
correspondence to change of the switch between ON and
OFF of the FB impedance section and varies the variable
capacitor of the third reference-side impedance section
in correspondence to change of the switch between ON
and OFF of the third FB impedance section.

22. The variable gain amplifier according to claim 12,

further comprising:

a third-amplifying element including a third control termi-
nal to which a second input signal, which indicates a
differential input signal with respect to the input signal,
is input, a third reference-side signal connected to the
reference electric-potential, and a third power-supply-
side terminal connected to the direct-current power sup-
ply, the amplifying element and the third-amplifying
element form a differential pair; and

a third FB impedance section connected between the third
control terminal and the third power-supply-side termi-
nal and including at least one switch, wherein

the reference-side impedance section is configured to con-
nect the variable capacity of the reference-side imped-
ance section to the reference-side terminal and the third
reference-side terminal,

the gain controller changes the switch between ON and
OFF of the FB impedance section and changes the
switch between ON and OFF of the third FB impedance
section, and

the frequency characteristic controller varies the variable
capacitor of the reference-side impedance section in
correspondence to change of the switch between ON and
OFF of each of the FB impedance section and the third
FB impedance section.
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