
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

23
4 

27
1

A
2

��&��������
(11) EP 2 234 271 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
29.09.2010 Bulletin 2010/39

(21) Application number: 10157103.2

(22) Date of filing: 19.03.2010

(51) Int Cl.:
H03F 3/21 (2006.01) H03F 3/45 (2006.01)

H03F 3/24 (2006.01)

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MK MT NL NO PL 
PT RO SE SI SK SM TR
Designated Extension States: 
AL BA ME RS

(30) Priority: 27.03.2009 JP 2009079357

(71) Applicant: FUJITSU LIMITED
Kawasaki-shi,
Kanagawa 211-8588 (JP)

(72) Inventor: Suzuki, Toshihide
Kawasaki-shi, Kanagawa 211-8588 (JP)

(74) Representative: Fenlon, Christine Lesley
Haseltine Lake LLP 
Lincoln House, 5th Floor 
300 High Holborn
London WC1V 7JH (GB)

(54) Amplifier Circuit and Transceiver

(57) An amplifier circuit includes: a first field-effect
transistor (101) including a first gate, a first source and
a first drain, the first gate receiving one of differential
signals, and the first source being connected to a refer-
ence potential node, a second field-effect transistor (102)
including a second gate, a second source and a second
drain, the second gate receiving the other of the differ-
ential signals, and the second source being connected
to a reference potential node; a first transformer including

a first inductor (103) and a first secondary inductor (104)
which are magnetically coupled together, the first induc-
tor (103) being connected between the first drain of the
first field-effect transistor (101) and the second drain of
the second field-effect transistor (102), and the first sec-
ondary inductor (104) being connected between an out-
put terminal and a reference potential node; and a first
switch circuit (301,302) connecting a power-supply po-
tential node or a reference potential node to a midpoint
of the first inductor (103).
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Description

FIELD

[0001] The embodiments discussed herein are related
to an amplifier circuit and a transceiver.

BACKGROUND

[0002] It is commonly the case that in order to reduce
power consumption in radio transceivers, signal output
power is changed according to the communication dis-
tance. There are techniques that changes the number of
active high-output amplifiers provided in the last stage of
a transceiver according to signal output power to allow
the radio transceiver to operate with the optimum power
efficiency at all times.
[0003] An amplifier circuit using a transformer is dis-
closed in "Fully Integrated CMOS Power Amplifier With
Efficiency Enhancement at Power Back-Off", G, Liu, P.
Haldi, T.-J. K. Liu, and A. M. Niknejad, IEEE Journal of
Solid-State Circuits, Vol. 43, No. 3, pp. 600-609, March
2008. Japanese Laid-Open Patent Publication No.
9-307367 discloses a power combining method using
multiple bridge-type single-ended push-pull power am-
plifiers which amplify an input RF input signal and output
the amplified RF input signal to a common combining
transformer, in which no bias voltage is supplied to tran-
sistors constituting a bridge-type single-ended push-pull
circuit to which the RF signal is not input.

SUMMARY

[0004] It is desirable to provide an amplifier circuit and
a transceiver capable of preventing unnecessary power
loss and/or degradation of thigh-frequency characteris-
tics.
[0005] According to an embodiment of one aspect of
the present invention, there is provided an amplifier cir-
cuit which includes a first field-effect transistor including
a first gate which receives one of differential signals, a
first source connected to a reference potential node, and
a first drain. The amplifier circuit also includes a second
field-effect transistor including a second gate which re-
ceives the other of the differential signals, a second
source connected to a reference potential node, and a
second drain. The amplifier circuit further includes a first
transformer including a first primary inductor and a first
secondary inductor which are magnetically coupled to-
gether. The first primary inductor is connected between
the first drain of the first field-effect transistor and the
second drain of the second field-effect transistor. The
first secondary inductor is connected between an output
terminal and a reference potential node. The amplifier
circuit also includes a first switch circuit which connects
a power-supply potential node or a reference potential
node to a midpoint of the first primary inductor.

BRIEF DESCRIPTION OF DRAWINGS

[0006]

Fig. 1 is a circuit diagram illustrating an exemplary
configuration of an amplifier;
Fig. 2 is a circuit diagram illustrating another exem-
plary amplifier configuration;
Fig. 3 is a circuit diagram illustrating an exemplary
configuration of a transceiver including an amplifier
circuit according to a first embodiment of the present
invention;
Fig. 4 is a timing chart illustrating an exemplary op-
eration of the amplifier illustrated in Fig. 3;
Fig. 5 is a circuit diagram illustrating an exemplary
configuration of a transceiver including an amplifier
circuit according to a second embodiment of the
present invention;
Fig. 6 is a circuit diagram illustrating an exemplary
configuration of a transceiver including an amplifier
circuit according to a third embodiment of the present
invention; and
Fig. 7 is a diagram illustrating an exemplary opera-
tion of the transceiver including the amplifier circuit
according to the third embodiment of the present in-
vention.

DESCRIPTION OF EMBODIMENTS

(Related Art)

[0007] Fig. 1 is a circuit diagram illustrating an exem-
plary configuration of an amplifier circuit. The amplifier
circuit includes first, second and third amplifiers 111, 112
and 113. Each of the amplifiers 111, 112 and 113 includes
a first field-effect transistor 101, a second field-effect tran-
sistor 102, a primary inductor 103, and a secondary in-
ductor 104. The primary inductor 103 and the secondary
inductor 104 are magnetically coupled together to form
a transformer.
[0008] In the first amplifier 111, differential signals are
input to nodes IN1+ and IN1- of the gate of the first field-
effect transistor 101 and the gate of the second field-
effect transistor 102, respectively. In the second amplifier
112, differential signals are input into nodes IN2+ and
IN2- of the gate of the first field-effect transistor 101 and
the gate of the second field-effect transistor 102, respec-
tively. In the third amplifier 113, differential signals are
input to nodes IN3+ and IN3- of the gate of the first field-
effect transistor 101 and the gate of the second field-
effect transistor 102, respectively. The differential signals
input to nodes IN1+, IN2+ and IN3+ are identical; the
differential signals input to nodes IN1-, IN2- and IN3- are
identical.
[0009] Signal 121 in Fig. 1 is the signal amplified by
the third amplifier 113. Signal 122 is a combined signal
of the signal amplified by the second amplifier 112 and
the signal amplified by the third amplifier 113. Signal 123
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is a combined signal of the signal amplified by the first
amplifier 111, the signal amplified by the second amplifier
112, and the signal amplified by the third amplifier 113.
The combined signal 123 of the signals amplified by the
three amplifiers 111 to 113 is output through an output
terminal Pout.
[0010] Any of the three amplifiers 111 to 113 can be
activated to perform amplification. When any of the am-
plifiers 111 to 113 are deactivated, a problem arises that
since the primary inductor 103 and the secondary induc-
tor 104 of the transformers are magnetically coupled to-
gether, high-frequency power enters the deactivated or
amplifiers from activated amplifier(s) and is consumed
through the capacitance between the source and the
drain of each of the field-effect transistors 101 and 102
of the disabled amplifier. An amplifier circuit that solves
the problem will be described with reference to Fig. 2.
[0011] Fig. 2 is a circuit diagram illustrating another
exemplary amplifier configuration. The amplifier in Fig. 2
includes a first inductor 201, a second inductor 202, and
a field-effect transistor 203 in addition to the components
of the amplifier in Fig. 1. A gate bias node Vg1 is con-
nected to the inductors 201 and 202. A power-supply
potential node Vd1 is connected to the midpoint of the
primary inductor 103. When the amplifier is deactivated,
the field-effect transistor 203 is turned on to prevent the
high-frequency power from entering the deactivated am-
plifier.
[0012] On the other hand, when the amplifier is acti-
vated, the field-effect transistor 203 is turned off. In this
state, degradation of high-frequency characteristics and
unnecessary power loss in the field-effect transistor 203
occur because the capacitance between the source and
the drain of the field-effect transistor 203 is added, com-
pared the circuit in Fig. 1.
[0013] Amplifier circuits according to embodiments ca-
pable of preventing unnecessary power loss and/or deg-
radation of high-frequency characteristics will be de-
scribed below.

(First Embodiment)

[0014] Fig. 3 is a circuit diagram illustrating an exem-
plary configuration of a transceiver including an amplifier
circuit according to a first embodiment of the present in-
vention. Fig. 3 depicts an amplifier equivalent to a first
amplifier 611 depicted in Fig. 6. The amplifier is a high-
output amplifier used in an application such as a radio
transceiver.
[0015] A first field-effect transistor 101, which is an n-
channel field-effect transistor, includes a first gate, a first
source and a first drain. One of differential signals is input
to node IN1+ of the first gate and the first source is con-
nected to a reference potential node. Node D- is the node
of the first drain of the first field-effect transistor 101.
[0016] A second field-effect transistor 102, which is an
n-channel field-effect transistor, includes a second gate,
a second source and a second drain. The other of the

differential signals is input to node IN1- of the second
gate and the second source is connected to the reference
potential node. Node D+ is the node of the second drain
of the second field-effect transistor 102. The differential
signals input to nodes IN1+ and IN1- have opposite phas-
es.
[0017] A first transformer includes first primary induc-
tor 103 and first secondary inductor 104 which are mag-
netically coupled together. The first primary inductor 103
is connected between the first drain of the first field-effect
transistor 101 and the second drain of the second field-
effect transistor 102. The first secondary inductor 104 is
connected between an output terminal Pout and the ref-
erence potential node as depicted in Fig. 6. Node A is
the midpoint of the first primary inductors 103. Node T is
the node of the first secondary inductor 104.
[0018] A first switch circuit is an inverter including a p-
channel field-effect transistor 301 and an n-channel field-
effect transistor 302. The first switch connects a power-
supply potential node Vd1 or the reference potential node
to node A at the midpoint of the first primary inductor 103.
The p-channel field-effect transistor 301 receives a signal
SW1 at its gate. The source of the p-channel field-effect
transistor 301 is connected to the power-supply potential
node Vd1 and the drain is connected to node A at the
midpoint of the first primary inductor 103. The n-channel
field-effect transistor 302 receives the signal SW1 at its
gate. The source of the n-channel field-effect transistor
302 is connected to the reference potential node and the
drain is connected to node A at the midpoint of the first
primary inductor 103.
[0019] A first inductor 201 is connected between the
first gate of the first field-effect transistor 101 and a gate
bias node Vg1. A second inductor 202 is connected be-
tween the second gate of the second field-effect transis-
tor 102 and the gate bias node Vg1.
[0020] Fig. 4 is a timing chart illustrating an exemplary
operation of the amplifier in Fig. 3. The power-supply
potential node Vd1 is at 3.3V, for example. The left half
of Fig. 4 represents a state in which the amplifier is active
and the right half of Fig. 4 represents a state in which the
amplifier is inactive.
[0021] The amplifier active state depicted in the left
half of Fig. 4 will be described first. In the amplifier active
state, the signal SW1 is at a low level and the gate bias
node Vg1 is at the potential of a second bias node Vg2,
and differential signals are input to nodes IN+ and IN-.
The potential of the second bias node Vg2 is higher than
the potential of the reference potential node (for example
the ground potential node) GND and lower than the pow-
er-supply potential (3.3 V). The potential of each of nodes
IN1+ and IN- is the combined potential of the potential of
the gate bias node Vg1 and the potential of each differ-
ential signal.
[0022] When the signal SW1 goes low, the p-channel
field-effect transistor 301 turns on and the n-channel
field-effect transistor 302 turns off. Then, the potential of
node A at the midpoint of the first primary inductor 103
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becomes equal to the potential of the power-supply po-
tential node Vd1. As a result, the first and second field-
effect transistors 101 and 102 are supplied with a drain
bias and are enabled to perform amplification.
[0023] The first field-effect transistor 101 inverts and
amplifies the signal at node IN1+ of the first gate and
outputs the inverted and amplified signal to node D- of
the first drain. The second field-effect transistor 102 in-
verts and amplifies the signal at node IN1- of the second
gate and outputs the inverted and amplified signal to node
D+ of the second drain. Since the signals at nodes IN1+
and IN- are differential signals, the signals at nodes D+
and D- are also differential signals. Since the first primary
inductor 103 and the first secondary inductor 104 are
magnetically coupled together, a difference signal be-
tween the signals at nodes D+ and D- is induced at node
T of the first secondary inductor 104. Thus, the amplifier
can output the amplified signal to node T.
[0024] In the amplifier active state, when the first switch
circuit formed by the transistors 301 and 302 connects
the power-supply potential node Vd1 to node A at the
midpoint of the first primary inductor 103, differential sig-
nals are input to the first gate of the first field-effect tran-
sistor 101 and the second gate of the second field-effect
transistor 102.
[0025] The amplifier inactive state illustrated in the
right half of Fig. 4 will be described next. In the amplifier
inactive state, the signal SW1 is at a high level, the po-
tential at the gate bias node Vg1 is equal to the power-
supply potential (3.3 V), and the differential signals are
not input to nodes IN1+ and IN1-. The potential of each
of nodes IN1+ and IN1- is equal to the potential at the
gate bias node Vg1.
[0026] When the signal SW1 goes high, the p-channel
field-effect transistor 301 turns off and the n-channel
field-effect transistor 302 turns on. Then, the potential of
node A at the midpoint of the first primary inductor 103
becomes equal to the potential at the reference potential
node GND. Consequently, the first and second field-ef-
fect transistors 101 and 102 are not supplied with the
drain bias and do not perform amplification. Since the
gate bias node Vg1 is at the high level, the first and sec-
ond field-effect transistors 101 and 102 are turned on.
Then, the potential at nodes D- and D+ becomes equal
to the potential at the reference potential node GND. Con-
sequently, the potential at node T of the first secondary
inductor 104 also becomes equal to the potential at the
reference potential node GND. Thus the amplifier in the
amplifier inactive state does not output an amplified sig-
nal to node T of the first secondary inductor 104.
[0027] In the amplifier inactive state, when the first
switch circuit formed by the transistors 301 and 302 con-
nects the reference potential node GND to node A at the
midpoint of the first primary inductor 103, the differential
signals are not input into the first gate of the first field-
effect transistor 101 and the second gate of the second
field-effect transistor 102.
[0028] As has been described, in the amplifier of the

present embodiment, the first switch circuit formed by
the transistors 301 and 302 is connected to node A at
the midpoint of the first primary inductor 103. When the
amplifier is to be activated, the signal SW1 is forced low
so that the potential equal to the potential at the power-
supply potential node VD1 is applied to node A. In this
case, the transistors 101 and 102 of the differential am-
plifier amplify input RF differential signals and output an
amplified signal to the output terminal Pout through the
transformer formed by the inductors 103 and 104. On the
other hand, when the amplifier is to be deactivated, the
signal SW1 is forced high so that the potential equal to
the potential at the reference potential node GND is ap-
plied to node A. The potential equal to that at the power-
supply potential node Vd1 is applied to the gate bias node
Vg1 of the transistors 101 and 102 of the differential am-
plifier. Here, the transistors 101 and 102 constituting the
differential amplifier themselves act as a switch and turn
on to cause a DC short between node A and the reference
potential node GND. While the source and drain of the
transistors 101 and 102 of the differential amplifier are
shorted, node A is connected to the reference potential
node GND. Accordingly, no power-supply current is sup-
plied to the transistors 101 and 102 of the differential
amplifier and no power is consumed in the amplifier.
[0029] Specifically, in the amplifier inactive state, the
signal SW1 is forced high to connect the reference po-
tential node GND to node A. Then, the power-supply po-
tential (3.3 V) is supplied to the gate bias node Vg1 and
the transistors 101 and 102 of the differential amplifier
are turned on. This brings the source and drain of the
transistors 101 and 102 into conduction and node A is
shorted to the reference potential node GND. That is,
nodes D- and D+ across the first primary inductor 103 of
the transformer are shorted to the reference potential
node GND. This prevents high-frequency power from en-
tering the amplifier through the transformer, thereby
avoiding power consumption in the amplifier.
[0030] Thus, unnecessary power loss can be prevent-
ed. While the first switch circuit formed by the transistors
301 and 302 are connected to node A, the connection of
the first switch circuit formed by the transistors 301 and
302 does not have an adverse effect on the amplifier
because node A corresponds to a wave node relative to
Vd1. Thus degradation of high-frequency characteristics
due to the connection of the first switch circuit formed by
the transistors 301 and 302 can be avoided.

(Second Embodiment)

[0031] Fig. 5 is a circuit diagram illustrating an exem-
plary configuration of a transceiver including an amplifier
circuit according to a second embodiment of the present
invention. Fig. 5 depicts an amplifier equivalent to an am-
plifier 611 depicted in Fig. 6. The second embodiment
includes a resistance 501 and a transistor 502 in addition
to the components in the configuration of the first em-
bodiment (Fig. 3). Illustrated is an exemplary circuit for
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applying a gate bias to a gate bias node Vg1. Differences
of the second embodiment from the first embodiment will
be described below.
[0032] The resistance 501 is connected between a
power-supply potential node Vd1 and the gate bias node
Vg1. The n-channel field-effect transistor 502 receives a
signal /SW1 at its gate. The drain of the n-channel field-
effect transistor 502 is connected to the gate bias node
Vg1 and the source is connected to a bias node Vg2.
The signal /SW1 is the inverted signal of a signal SW1.
[0033] The resistance 501 and the transistor 502 form
a bias switch circuit which connects the power-supply
potential node (first bias node) Vd1 or the bias node (sec-
ond bias node) Vg2 to the gate bias node Vg1.
[0034] The potential at the power-supply potential
node (first bias node) Vd1 is higher than that at the bias
node (second bias node) Vg2. As illustrated in Fig. 5,
when the switch circuit formed by the transistors 301 and
302 connects the power-supply potential node Vd1 to
node A at the midpoint of the first primary inductor 103,
the bias switch circuit formed by the resistance 501 and
the transistor 502 connects the bias node (second bias
node) Vg2 to the gate bias node Vg1. On the other hand,
when the first switch circuit formed by the transistors 301
and 302 connects the reference potential node GND to
node A at the midpoint of the first primary inductor 103,
the bias switch circuit formed by the resistance 501 and
the transistor 502 connects the power-supply potential
node (first bias node) Vd1 to the gate bias node Vg1.
[0035] As illustrated in the left half of Fig. 4, when the
amplifier is to be activated, the signal SW1 is forced low
to connect the power-supply potential node Vd1 to node
A. At this time, the signal /SW1 goes high and therefore
the transistor 502 is turned on. As a result, the bias node
Vg2 is connected to the gate bias node Vg1. The differ-
ential amplifier formed by the transistors 101 and 102
amplifies input RF differential signals and outputs an am-
plified signal to the output terminal Pout through the trans-
former.
[0036] On the other hand, when the amplifier is to be
deactivated as illustrated in the right half of Fig. 4, the
signal SW1 is forced high to connect the reference po-
tential node GND to node A. At this time, the signal /SW1
goes low and therefore the transistor 502 is turned off.
The gate bias node Vg1 is disconnected from the bias
node Vg2 and is connected to the power-supply potential
node Vd1 instead. The drain and source of the transistors
101 and 102 forming the differential amplifier are DC-
shorted. Thus, unnecessary power loss can be prevent-
ed.

(Third Embodiment)

[0037] Fig. 6 is a circuit diagram illustrating an exem-
plary configuration of a transceiver including an amplifier
circuit according to a third embodiment of the present
invention. The embodiment includes amplifies 612 and
613 in addition to the components in the second embod-

iment (Fig. 5). Differences of the present embodiment
from the second embodiment will be described below.
[0038] The amplifier circuit includes first, second and
third amplifiers 611, 612 and 613. The first amplifier 611
has the same configuration as the amplifier in Fig. 5 and
therefore the description of the amplifier 611 will be omit-
ted. The amplifiers 612 and 613 have a configuration
similar to that of the amplifier 611. An identical signal is
selectively input to nodes IN1+, IN2+ and IN3+. An iden-
tical signal is selectively input to nodes IN1-, In2- and
In3-. First, second and third secondary inductors 104,
104a and 104b are connected in series between the out-
put terminal Pout and a reference potential node.
[0039] The configuration of the second amplifier 612
will be described first. A third field-effect transistor 101a,
which is an n-channel field-effect transistor, includes a
third gate, a third source and a third drain. One of differ-
ential signals is input to node In2+ of the third gate. The
third source is connected to a referential potential node.
Node Da- is the node of the third drain of the third field-
effect transistor 101a. A fourth field-effect transistor
102a, which is an n-channel field-effect transistor, in-
cludes a fourth gate, a fourth source and a fourth drain.
The other of the differential signals is input to node IN2-
of the fourth gate. The fourth source is connected to the
reference potential node. Node Da+ is the node of the
fourth drain of the fourth field-effect transistor 102. The
differential signals input to nodes IN2+ and IN2- have
opposite phases. A second transformer includes a sec-
ond primary inductor 103a and a second secondary in-
ductor 104a which are magnetically coupled together.
The second primary inductor 103a is connected between
the third drain of the third field-effect transistor 101a and
the fourth drain of the fourth field-effect transistor 102a.
The second secondary inductor 104a is connected with
the first secondary inductor 104 and the third secondary
inductor 104b in series between the output terminal Pout
and the reference potential node. Node Aa is the node
at the midpoint of the second primary inductor 103a. A
second switch circuit is an inverter including a p-channel
field-effect transistor 301a and an n-channel field-effect
transistor 302a. The second switch circuit connects the
power-supply potential node Vd1 or the reference poten-
tial node to the node Aa at the midpoint of the second
primary inductor 103a. The p-channel field-effect tran-
sistor 301a receives a signal SW1a at its gate. The source
of the p-channel field-effect transistor 301a is connected
to the power-supply potential node Vd1 and the drain is
connected to node Aa at the midpoint of the second pri-
mary inductor 103a. The n-channel field-effect transistor
302a receives the signal SW1a at its gate. The source
of the n-channel field-effect transistor 302a is connected
to the reference potential node and the drain is connected
to node Aa at the midpoint of the second primary inductor
103a. A third inductor 201a is connected between the
third gate of the third field-effect transistor 101a and a
gate bias node Vgla. A fourth inductor 202a is connected
between the fourth gate of the fourth field-effect transistor
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102a and the gate bias node Vg1a. A resistance 501a is
connected between the power-supply potential node Vd1
and the gate bias node Vg1a. An n-channel field-effect
transistor 502a receives a signal /SW1a at its gate. The
drain of the n-channel field-effect transistor 502a is con-
nected to the gate bias node Vg1a and the source is
connected to a bias node Vg2. The signal /SW1a is the
inverted signal of a signal SW1a.
[0040] The configuration of the third amplifier 613 will
be described next. A fifth field-effect transistor 101b,
which is an n-channel field-effect transistor, includes a
fifth gate, a fifth source and a fifth drain. One of differential
signals is input to node IN3+ of the fifth gate. The fifth
source is connected to a reference potential node. Node
Db- is the node of the fifth drain of the fifth field-effect
transistor 101b. A sixth field-effect transistor 102b, which
is an n-channel field-effect transistor, includes a sixth
gate, a sixth source and a sixth drain. The other of the
differential signals is input to node IN3- of the sixth gate
and the sixth source is connected to a reference potential
node. Node Db+ is the node of the sixth drain of the sixth
field-effect transistor 102b. The differential signals input
to nodes IN3+ and IN3- have opposite phases. A third
transformer includes a third primary inductor 103b and a
third secondary inductor 104b which are magnetically
coupled together. The third primary inductor 103b is con-
nected between the fifth drain of the fifth field-effect tran-
sistor 101b and the sixth drain of the sixth field-effect
transistor 102b. The third secondary inductor 104b is
connected with the first secondary inductor 104 and the
second secondary inductor 104a in series between the
output terminal Pout and the reference potential node.
Node Ab is the node at the midpoint of the third primary
inductor 103b. A third switch circuit is an inverter including
a p-channel field-effect transistor 301b and an n-channel
field-effect transistor 302b. The third switch circuit con-
nects the power-supply potential node Vd1 or the refer-
ence potential node to node Ab at the midpoint of the
third primary inductor 103b. The p-channel field-effect
transistor 301b receives a signal SW1b at its gate. The
source of the p-channel field-effect transistor 301b is con-
nected to the power-supply potential node Vd1 and the
drain is connected to node Ab at the midpoint of the third
primary inductor 103b. The n-channel field-effect tran-
sistor 302b receives the signal SW1b at its gate. The
source of the n-channel field-effect transistor 302b is con-
nected to the reference potential node and the drain is
connected to node Ab at the midpoint of the third primary
inductor 103b. A fifth inductor 201b is connected between
the fifth gate of the fifth field-effect transistor 101b and
the gate bias node Vg1b. A sixth inductor 202b is con-
nected between the sixth gate of the sixth field-effect tran-
sistor 102b and the gate bias node Vg1b. A resistance
501b is connected between the power-supply potential
node Vd1 and the gate bias node Vg1b. An n-channel
field-effect transistor 502b receives a signal /SW1b at its
gate. The drain of the n-channel field-effect transistor
502b is connected to the gate bias node Vg1b and the

source is connected to a bias node Vg2. The signal
/SW1b is the inverted signal of the signal SW1b.
[0041] The first amplifier 611 is activated by forcing the
signal SW1 low and the signal /SW1 high to input differ-
ential signals in nodes TN1+ and IN1-. The first amplifier
611 is deactivated by forcing the signal SW1 high and
the signal /SW1 low to prevent the differential signals
from being input to nodes IN1+ and IN1-.
[0042] Similarly, the second amplifier 612 is activated
by forcing the signal SW1a low and the signal /SW1a
high to input differential signals to nodes IN2+ and IN2-.
The second amplifier 612 is deactivated by forcing the
signal SW1a high and the signal /SW1a low to prevent
the differential signals from being input to nodes IN2+
and IN2-.
[0043] Likewise, the third amplifier 613 is activated by
forcing the signal SW1b low and the signal /SW1b high
to input differential signals to nodes IN3+ and IN3-. The
third amplifier 613 is deactivated by forcing the signal
SW1b high and the signal /SW1b low to prevent the dif-
ferential signals from being input to nodes IN3+ and IN3-.
[0044] All of the first to third amplifiers 611 to 613 are
depicted as being in the active state in Fig. 6. Signal 621
is a signal amplified by the third amplifier 613. Signal 622
is a combined signal of the signal amplified by the second
amplifier 612 and the signal amplified by the third ampli-
fier 613. Signal 623 is the combined signal of the signal
amplified by the first amplifier 611, the signal amplified
by the second amplifier 612, and the signal amplified by
the third amplifier 613. The combined signal 623 of the
signals amplified by the three amplifiers 611 to 613 is
output through the output terminal Pout.
[0045] Fig. 7 illustrates an exemplary operation of a
transceiver including an amplifier circuit according to a
third embodiment of the present invention. Any of three
amplifiers 611 to 613 can be activated. For example, the
first amplifier 611 can be activated and the second and
third amplifiers 612 and 613 can be deactivated. Signal
701 is the signal amplified by the first amplifier 611. Signal
701 amplified only by the single amplifier 611 is output
from the output terminal Pout.
[0046] In a radio transceiver, signal output power is
changed according to the communication distance in or-
der to reduce power consumption. The amplifier circuit
of the embodiment can be used in the last stage of a
radio communication transmitter to allow the transmitter
to operate with the optimum power efficiency at all times
by changing the number of active amplifiers 611 to 613
according to the signal output power requested.
[0047] As has been described above, according to any
of the first to third embodiments, the first and second
field-effect transistors 101 and 102 can be activated to
perform amplification by connecting the power-supply
potential node Vd1 to node A at the midpoint of the first
primary inductor 103. On the other hand, the first and the
second field-effect transistors 101 and 102 can be deac-
tivated to prevent unnecessary power loss by connecting
the reference potential node GND to node A at the mid-
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point of the first primary inductor 103. In addition, since
the first switch circuit formed by the transistors 301 and
302 does not adversely affect the amplification, degra-
dation of high-frequency characteristics can be avoided.
[0048] The embodiments described above are merely
illustrative of ways in which the present invention is car-
ried out and may not be construed to be limitative of the
technical scope of the present invention. The present in-
vention can be carried out in various ways without de-
parting from the technical spirit or primary features of the
present invention.

Claims

1. An amplifier circuit comprising:

a first field-effect transistor including a first gate,
a first source and a first drain, the first gate re-
ceiving one of differential signals, and the first
source being connected to a reference potential
node;
a second field-effect transistor including a sec-
ond gate, a second source and a second drain,
the second gate receiving the other of the differ-
ential signals, and the second source being con-
nected to a reference potential node;
a first transformer including a first primary induc-
tor and a first secondary inductor which are mag-
netically coupled together, the first primary in-
ductor being connected between the first drain
of the first field-effect transistor and the second
drain of the second field-effect transistor, and
the first secondary inductor being connected be-
tween an output terminal and a reference poten-
tial node; and
a first switch circuit connecting a power-supply
potential node or a reference potential node to
a midpoint of the first primary inductor.

2. The amplifier circuit according to claim 1, further
comprising:

a first inductor connected between the first gate
of the first field-effect transistor and a gate bias
node; and
a second inductor connected between the sec-
ond gate of the second field-effect transistor and
the gate bias node.

3. The amplifier circuit according to claim 2, further
comprising a bias switch circuit connecting a first bi-
as node or a second bias node to the gate bias node.

4. The amplifier circuit according to claim 3, wherein:

the first bias node has a higher potential than
the second bias node;

when the first switch circuit connects the power-
supply potential node to the midpoint of the first
primary inductor, the bias switch circuit connects
the second bias node to the gate bias node; and
when the first switch circuit connects the refer-
ence potential node to the midpoint of the first
primary inductor, the bias switch circuit connects
the first bias node to the gate bias node.

5. The amplifier circuit according to any preceding
claim, wherein:

when the first switch circuit connects the power-
supply potential node to the midpoint of the first
primary inductor, the differential signals are in-
put to the first gate of the first field-effect tran-
sistor and the second gate of the second field-
effect transistor; and
when the first switch circuit connects the refer-
ence potential node to the midpoint of the first
primary inductor, the differential signals are pre-
vented from being input to the first gate of the
first field-effect transistor and the second gate
of the second field-effect transistor.

6. The amplifier circuit according to any preceding
claim, wherein the first switch circuit is an inverter.

7. The amplifier circuit according to any preceding
claim, further comprising:

a third field-effect transistor including a third
gate, a third source and a third drain, the third
gate receiving one of the differential signals, and
the third source being connected to a reference
potential node;
a fourth field-effect transistor including a fourth
gate, a fourth source and a fourth drain, the
fourth gate receiving the other of the differential
signals, and the fourth source being connected
to a reference potential node;
a second transformer including a second prima-
ry inductor and a second secondary inductor
which are magnetically coupled together, the
second primary inductor being connected be-
tween the third drain of the third field-effect tran-
sistor and the fourth drain of the fourth field-ef-
fect transistor, and the second secondary induc-
tor being connected with the first secondary in-
ductor in series between the output terminal and
a reference potential node; and
a second switch circuit connecting a power-sup-
ply potential node or a reference potential node
to a midpoint of the second primary inductor.

8. A transceiver comprising:

a first field-effect transistor including a first gate,
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a first source and a first drain, the first gate re-
ceiving one of differential signals, and the first
source being connected to a reference potential
node;
a second field-effect transistor including a sec-
ond gate, a second source and a second drain,
the second gate receiving the other of the differ-
ential signals, and the second source being con-
nected to a reference potential node;
a first transformer including a first primary induc-
tor and a first secondary inductor which are mag-
netically coupled together, the first primary in-
ductor being connected between the first drain
of the first field-effect transistor and the second
drain of the second field-effect transistor, and
the first secondary inductor being connected be-
tween an output terminal and a reference poten-
tial node; and
a first switch circuit connecting a power-supply
potential node or a reference potential node to
a midpoint of the first primary inductor.

9. The transceiver according to claim 8, further com-
prising:

a first inductor connected between the first gate
of the first field-effect transistor and a gate bias
node; and
a second inductor connected between the sec-
ond gate of the second field-effect transistor and
the gate bias node.

10. The transceiver according to claim 9, further com-
prising a bias switch circuit connecting a first bias
node or a second bias node to the gate bias node.

11. The transceiver according to claim 10, wherein:

the first bias node has a higher potential than
the second bias node;
when the first switch circuit connects the power-
supply potential node to the midpoint of the first
primary inductor, the bias switch circuit connects
the second bias node to the gate bias node; and
when the first switch circuit connects the refer-
ence potential node to the midpoint of the first
primary inductor, the bias switch circuit connects
the first bias node to the gate bias node.

12. The transceiver according to any one of claims 8 to
11, wherein:

when the first switch circuit connects the power-
supply potential node to the midpoint of the first
primary inductor, the differential signals are in-
put to the first gate of the first field-effect tran-
sistor and the second gate of the second field-
effect transistor; and

when the first switch circuit connects the refer-
ence potential node to the midpoint of the first
primary inductor, the differential signals are pre-
vented from being input to the first gate of the
first field-effect transistor and the second gate
of the second field-effect transistor.

13. The transceiver according to any one of claims 8 to
12, wherein the first switch circuit is an inverter.

14. The transceiver according to any one of claims 8 to
13, further comprising:

a third field-effect transistor including a third
gate, a third source and a third drain, the third
gate receiving one of the differential signals, and
the third source being connected to a reference
potential node;
a fourth field-effect transistor including a fourth
gate, a fourth source and a fourth drain, the
fourth gate receiving the other of the differential
signals, and the fourth source being connected
to a reference potential node;
a second transformer including a second prima-
ry inductor and a second secondary inductor
which are magnetically coupled together, the
second primary inductor being connected be-
tween the third drain of the third field-effect tran-
sistor and the fourth drain of the fourth field-ef-
fect transistor, and the second secondary induc-
tor being connected with the first secondary in-
ductor in series between the output terminal and
a reference potential node; and
a second switch circuit connecting a power-sup-
ply potential node or a reference potential node
to a midpoint of the second primary inductor.

13 14 



EP 2 234 271 A2

9



EP 2 234 271 A2

10



EP 2 234 271 A2

11



EP 2 234 271 A2

12



EP 2 234 271 A2

13



EP 2 234 271 A2

14



EP 2 234 271 A2

15



EP 2 234 271 A2

16

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 9307367 A [0003]

Non-patent literature cited in the description

• G, Liu ; P. Haldi ; T.-J. K. Liu ; A. M. Niknejad. Fully
Integrated CMOS Power Amplifier With Efficiency
Enhancement at Power Back-Off. IEEE Journal of
Solid-State Circuits, March 2008, vol. 43 (3), 600-609
[0003]


	bibliography
	description
	claims
	drawings

