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ABSTRACT

In a mixer circuit, addition of analog signals by capacitive
coupling is used and square-law characteristics of the drain
current ofa MOS transistor operating in a saturated region are
used. With this configuration, the voltage and power of the
mixer circuit can be reduced.
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MIXER CIRCUIT

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a mixer circuit used
for a large scale integration (LSI) for radio communications.
[0003] 2. Background Art

[0004] Inradio communications of the prior art, mixer cir-
cuits for frequency converting radio frequency (RF) signals
have been used.

[0005] As technology scaling arises with the development
of CMOS process technology, a reduction in power supply
voltage has become a serious problem in the design of future
RF analog circuits. Further, since RF analog circuits have
been increasingly mounted in portable equipment, another
significant challenge is to operate LSIs for radio communi-
cations, on which RF analog circuits are mounted, with low
power.

[0006] However, the mixer circuits used for [.SIs according
to the prior art have been mainly made up of MOS transistors
stacked in two stages or more, so that the mixer circuits of the
prior art are not suitable for low-voltage operations.

[0007] In order to solve this problem, mixer circuits for
low-voltage operations (a circuit of a mixer core and an add-
ing circuit of analog signals) have been proposed (for
example, see Japanese Patent No. 3520175).

[0008] In order to achieve a mixer circuit with this circuit
configuration, however, an adding circuit of analog signals is
necessary.

[0009] When analog signals are added by the adding cir-
cuit, power is consumed because of the DC bias currents of
MOS transistors.

[0010] Thusitis difficult for the mixer circuit of the prior art
to have a low-power adding circuit, though the mixer circuit
can achieve low-voltage operations.

SUMMARY OF THE INVENTION

[0011] According to one aspect of the present invention,
there is provided: a mixer circuit comprising:

[0012] a first input terminal fed with a first voltage signal;
[0013] a second input terminal fed with a second voltage
signal;

[0014] a third input terminal fed with a third voltage signal

equivalent to an inverted signal of the first voltage signal;
[0015] a fourth input terminal fed with a fourth voltage
signal equivalent to an inverted signal of the second voltage
signal;

[0016] a fifth input terminal fed with the first voltage signal;
[0017] a sixth input terminal fed with the fourth voltage
signal;
[0018] aseventh input terminal fed with the second voltage
signal;
[0019] afirst resistor circuit comprising one end connected

to a first potential;

[0020] a first output terminal connected to an other end of
the first resistor circuit;

[0021] a first transistor connected between the other end of
the first resistor circuit and a second potential;

[0022] a first impedance element connected between the
first input terminal and a control electrode of the first transis-
tor;
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[0023] asecond impedance element connected between the
second input terminal and the control electrode of the first
transistor;

[0024] a second transistor of a same conductivity type as
the first transistor, the second transistor being connected in
parallel with the first transistor between the other end of the
first resistor circuit and the second potential;

[0025] a third impedance element connected between the
third input terminal and a control electrode of the second
transistor;

[0026] a fourth impedance element connected between the
fourth input terminal and the control electrode of the second
transistor;

[0027] a second resistor circuit comprising one end con-
nected to the first potential;

[0028] a second output terminal connected to an other end
of the second resistor circuit;

[0029] athirdtransistor of the same conductivity type as the
first transistor, the third transistor being connected between
the other end of the second resistor circuit and the second
potential;

[0030] a fifth impedance element connected between the
fifth input terminal and a control electrode of the third tran-
sistor;

[0031] a sixth impedance element connected between the
sixth input terminal and the control electrode of the third
transistor;

[0032] a fourth transistor of the same conductivity type as
the first transistor, the fourth transistor being connected in
parallel with the third transistor between the other end of the
second resistor circuit and the second potential;

[0033] a seventh impedance element connected between
the third input terminal and a control electrode of the fourth
transistor; and

[0034] an eighth impedance element connected between
the seventh input terminal and the control electrode of the
fourth transistor.

[0035] According to the other aspect of the present inven-
tion, there is provided: a mixer circuit comprising:

[0036] a first input terminal fed with a first voltage signal;
[0037] a second input terminal fed with a second voltage
signal;

[0038] a third input terminal fed with a third voltage signal

equivalent to an inverted signal of the first voltage signal;
[0039] a fourth input terminal fed with a fourth voltage
signal equivalent to an inverted signal of the second voltage
signal;

[0040] a fifth input terminal fed with the first voltage signal;
[0041] a sixth input terminal fed with the fourth voltage
signal;

[0042] aseventh input terminal fed with the second voltage
signal;

[0043] an eighth input terminal fed with the third voltage
signal;

[0044] a ninth input terminal fed with the second voltage
signal;

[0045] a tenth input terminal fed with the first voltage sig-
nal;

[0046] aeleventh input terminal fed with the fourth voltage
signal;

[0047] a twelfth input terminal fed with the third voltage
signal;

[0048] a thirteenth input terminal fed with the fourth volt-

age signal;
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[0049] a fourteenth input terminal fed with the second volt-
age signal;

[0050] a first transistor comprising one end connected to a
first potential;

[0051] a first output terminal connected to an other end of
the first transistor;

[0052] a first impedance element connected between the
first input terminal and a control electrode of the first transis-
tor;

[0053] asecond impedance element connected between the
second input terminal and the control electrode of the first
transistor;

[0054] a second transistor of a same conductivity type as
the first transistor, the second transistor being connected in
parallel with the first transistor between the first output ter-
minal and the first potential;

[0055] a third impedance element connected between the
third input terminal and a control electrode of the second
transistor;

[0056] a fourth impedance element connected between the
fourth input terminal and the control electrode of the second
transistor;

[0057] athirdtransistor of the same conductivity type as the
first transistor, the third transistor comprising one end con-
nected to the first potential;

[0058] a second output terminal connected to an other end
of the third transistor;

[0059] a fifth impedance element connected between the
fifth input terminal and a control electrode of the third tran-
sistor;

[0060] a sixth impedance element connected between the
sixth input terminal and the control electrode of the third
transistor;

[0061] a fourth transistor of the same conductivity type as
the first transistor, the fourth transistor being connected in
parallel with the third transistor between the second output
terminal and the first potential;

[0062] a seventh impedance element connected between
the third input terminal and a control electrode of the fourth
transistor;

[0063] an eighth impedance element connected between
the seventh input terminal and the control electrode of the
fourth transistor,

[0064] a fifth transistor of a second conductivity type dif-
ferent from the first conductivity type, the fifth transistor
being connected between the first output terminal and a sec-
ond potential;

[0065] a ninth impedance element connected between the
eighth input terminal and a control electrode of the fifth
transistor;

[0066] a tenth impedance element between the ninth input
terminal and the control electrode of the fifth transistor;
[0067] a sixth transistor of a same conductivity type as the
fifth transistor, the sixth transistor being connected in parallel
with the fifth transistor between the first output terminal and
the second potential;

[0068] an eleventh impedance element connected between
the tenth input terminal and a control electrode of the sixth
transistor;

[0069] atwelfth impedance element connected between the
eleventh input terminal and the control electrode of the sixth
transistor;
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[0070] aseventh transistor of the same conductivity type as
the fifth transistor, the seventh transistor being connected
between the second output terminal and the second potential;
[0071] a thirteenth impedance element connected between
the twelfth input terminal and a control electrode of the sev-
enth transistor;

[0072] afourteenth impedance element connected between
the thirteenth input terminal and the control electrode of the
seventh transistor;

[0073] an eighth transistor of the same conductivity type as
the fifth transistor, the eighth transistor being connected in
parallel with the seventh transistor between the second output
terminal and the second potential;

[0074] a fifteenth impedance element connected between
the tenth input terminal and a control electrode of the eighth
transistor; and

[0075] a sixteenth impedance element connected between
the fourteenth input terminal and the control electrode of the
eighth transistor.

[0076] According to further aspect of the present invention,
there is provided: a mixer circuit comprising:

[0077] afirst adder configured to output a first output signal
by adding a first voltage signal and a second voltage signal;
[0078] asecond adder configured to output a second output
signal by adding an inverted signal of the first voltage signal
and an inverted signal of the second voltage signal;

[0079] a third adder configured to output a third output
signal by adding the inverted signal of the first voltage signal
and the second voltage signal;

[0080] a fourth adder configured to output a fourth output
signal by adding the first voltage signal and the inverted signal
of'the second voltage signal;

[0081] a first square circuit configured to output a fifth
output signal by squaring the first output signal;

[0082] a second square circuit configured to output a sixth
output signal by squaring the second output signal;

[0083] a third square circuit configured to output a seventh
output signal by squaring the third output signal; and a fourth
square circuit configured to output a eighth output signal by
squaring the fourth output signal.

[0084] According to still further aspect of the present
invention, there is provided: a mixer circuit comprising:
[0085] a first adder comprising a first input terminal fed
with a first voltage signal and a second input terminal fed with
a second voltage signal, and configured to output a first output
signal by adding the first voltage signal and the second volt-
age signal;

[0086] asecond adder comprising a third input terminal fed
with an inverted signal of the first voltage signal and a fourth
input terminal fed with an inverted signal of the second volt-
age signal, and configured to output a second output signal by
adding the inverted signal of the first voltage signal and the
inverted signal of the second voltage signal;

[0087] a third adder comprising a fifth input terminal fed
with the inverted signal of the first voltage signal and a sixth
input terminal fed with the second voltage signal, and con-
figured to output a third output signal by adding the inverted
signal of the first voltage signal and the second voltage signal;
[0088] a fourth adder comprising a seventh input terminal
fed with the first voltage signal and a eighth input terminal fed
with the inverted signal of the second voltage signal, and
configured to output a fourth output signal by adding the first
voltage signal and the inverted signal of the second voltage
signal;
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[0089] a first square circuit comprising a ninth input termi-
nal fed with the first output signal and a first output terminal
to output a fifth output signal by squaring the first output
signal;

[0090] a second square circuit comprising a tenth input
terminal fed with the second output signal and a second
output terminal to output a sixth output signal by squaring the
second output signal;

[0091] a third square circuit comprising a eleventh input
terminal fed with the third output signal and a third output
terminal to output a seventh output signal by squaring the
third output signal; and

[0092] a fourth square circuit comprising a twelfth input
terminal fed with the fourth output signal and a fourth output
terminal to output a eighth output signal by squaring the
fourth output signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0093] FIG. 1 is a circuit diagram showing the main con-
figuration of the mixer circuit according to a first embodiment
which is an aspect of the present invention;

[0094] FIG. 2 is a circuit diagram showing the main con-
figuration of the mixer circuit according to a second embodi-
ment which is an aspect of the present invention. Configura-
tions indicated by the same reference numerals as the first
embodiment are the same configurations as the first embodi-
ment;

[0095] FIG. 3 is a circuit diagram showing the main con-
figuration of the mixer circuit according to a third embodi-
ment which is an aspect of the present invention;

[0096] FIG. 4 is a circuit diagram showing the main con-
figuration of the mixer circuit according to a fourth embodi-
ment which is an aspect of the present invention;

[0097] FIG. 5 is a circuit diagram showing the main con-
figuration of the mixer circuit according to a fifth embodiment
which is an aspect of the present invention;

[0098] FIG. 6 is a circuit diagram showing the main con-
figuration of the mixer circuit according to a sixth embodi-
ment which is an aspect of the present invention;

[0099] FIG. 7 is a circuit diagram showing the main con-
figuration of the mixer circuit according to a seventh embodi-
ment which is an aspect of the present invention;

[0100] FIG. 8 is a circuit diagram showing the main con-
figuration of the mixer circuit according to an eighth embodi-
ment which is an aspect of the present invention;

[0101] FIG. 9 is a circuit diagram showing the main con-
figuration of a mixer circuit according to a ninth embodiment
which is an aspect of the present invention;

[0102] FIG. 10 is a circuit diagram showing the main con-
figuration of a mixer circuit according to a tenth embodiment
which is an aspect of the present invention;

[0103] FIG. 11 is a circuit diagram showing the main con-
figuration of the mixer circuit according to an eleventh
embodiment which is an aspect of the present invention;
[0104] FIG. 12 is a circuit diagram showing the main con-
figuration of a mixer circuit according to a twelfth embodi-
ment which is an aspect of the present invention;

[0105] FIG. 13 is a circuit diagram showing the main con-
figuration of a mixer circuit according to the thirteenth
embodiment which is an aspect of the present invention; and
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[0106] FIG. 14 is a figure showing a main configuration of
a radio communication terminal 2000 to which the mixer
circuits of the present invention are applicable.

DETAILED DESCRIPTION

[0107] In the following explanation, it is assumed that
NMOS transistors composing the mixer circuit of the prior art
are operated in a saturated region. In this case, drain currents
“lzs,” of the NMOS transistors are expressed by formulas (1)
and (2). For simplification, a channel length modulation
effect is ignored.

[0108] In formula (1), “Vgs” represents a gate-to-source
voltage and “V,,,” represents the threshold voltage of the
NMOS transistor. In formula (2), “w,,” represents the mobility
of electrons, “C,,” represents the thickness of the gate oxide
film of the transistor, and “W,”” and “L.,” represent the gate
width and gate length of the NMOS transistor.

1 oy
lasn = 5 PalVes = Viin)*

Wi @
B = tnCox E

[0109] As expressed in formulas (1) and (2), the drain cur-
rent “I, " of each NMOS transistor has square-law charac-
teristics.

[0110] Inthis case, a difference “I,-1,” between two output

currents from the circuit of a mixer core is expressed by
formula (3).

[0111] In formula (3), “v,” and “v,” represent the input
voltages (AC voltages) of the mixer circuit. In formula (3), a
DC voltage is canceled and thus is not considered. Further,
voltages inputted to the mixer core are represented as v, +v,
(=v,=v,) and v,—v,(-v, +v,). The input voltages of the mixer
core are generated by adding input voltages v, (-v,) and v,(-
v,) of the mixer circuit through an adding circuit of analog
signals.

Ip‘ln:4[5n"1"2 (€))

[0112] As expressed in formula (3), by determining a dif-
ference between the two output currents, it is possible to
multiply “v,” and “v,” which are the input signals of the
mixer circuit.

[0113] Further, when a difference “I -1, between the two
output currents is converted to a voltage output by a resistance
“R”, adifference “V,,,,-V,,,,” between the two output volt-
ages is expressed by formula (4).

v

oup’

[0114] In the circuit of the mixer core, the transistors are
stacked in a single stage between a power supply and the
ground and this configuration is suitable for low-voltage
operations.

[0115] Inthe present invention, analog signals are added by
a configuration where power is not consumed because of the
DC bias currents of transistors, thereby reducing the voltage
and power of the mixer circuit.

[0116] Embodiments to which the present invention is
applied will be described below with reference to the accom-

Vorin==4RPBv1v> (©)]

outn
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panying drawings. In the following embodiments, transistors
composing mixer circuits are MOS transistors.

First Embodiment

[0117] The present embodiment will describe an example
of a mixer circuit in which analog signals inputted to input
terminals are added by capacitive coupling. In the present
embodiment, the addition of the analog signals by capacitive
coupling is used and the square-law characteristics of the
drain current of a MOS transistor operating in a saturated
region are used. With this configuration, the voltage and
power of the mixer circuit can be reduced.

[0118] Further, in the present embodiment, a first potential
is a power supply potential and a second potential is a ground
potential. Moreover, MOS transistors are n-type MOS tran-
sistors. The control electrodes of the transistors correspond to
the gate electrodes of the MOS transistors.

[0119] On the gate of each MOS transistor, a DC voltage is
biased but is canceled in the examination of output charac-
teristics. Thus a direct current is not considered in the present
embodiment.

[0120] Particularly in a radio transmitter, undesired spuri-
ousness is disadvantageous and is caused by a distortion
occurring in a quadrature modulator (mixer circuit).

[0121] FIG. 1 is a circuit diagram showing the main con-
figuration of the mixer circuit according to a first embodiment
which is an aspect of the present invention.

[0122] As shown in FIG. 1, a mixer circuit 100 includes a
first input terminal 1, a second input terminal 2, a third input
terminal 3, a fourth input terminal 4, a fifth input terminal 5,
a sixth input terminal 6, and a seventh input terminal 7.
[0123] The first input terminal 1 is fed with a first voltage
signal v, which is an analog signal.

[0124] The second input terminal 2 is fed with a second
voltage signal v, which is an analog signal.

[0125] The third input terminal 3 is fed with a third voltage
signal (-v,) which is equivalent to the inverted signal of the
first voltage signal v;.

[0126] The fourth input terminal 4 is fed with a fourth
voltage signal (-v,) which is equivalent to the inverted signal
of the second voltage signal v,.

[0127] The fifth input terminal 5 is fed with the first voltage
signal v,.
[0128] The sixth input terminal 6 is fed with the fourth

voltage signal (-v,).

[0129] The seventh input terminal 7 is fed with the second
voltage signal v,.

[0130] The mixer circuit 100 further includes a first resistor
circuit 8, a second resistor circuit 9, a first output terminal 10,
and a second output terminal 11.

[0131] The first resistor circuit 8 has one end connected to
apower supply potential Vdd which is the first potential. The
first resistor circuit 8 has a resistance value R. The first resis-
tor circuit 8 is, for example, a load resistor and includes a
transistor, an inductor, and a parasitic resistor such as wiring.
[0132] The second resistor circuit 9 has one end connected
to the power supply potential Vdd which is the first potential.
The second resistor circuit 9 has the same resistance value R
as the first resistor circuit 8. The second resistor circuit 9 is,
for example, a load resistor and includes a transistor, an
inductor, and a parasitic resistor such as wiring.

[0133] The first output terminal 10 is connected to the other
end of the first resistor circuit 8. The first resistor circuit 8 is
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fed with an output current Ip, so that an output voltage Voutp
is outputted from the first output terminal 10.

[0134] The second output terminal 11 is connected to the
other end of the second resistor circuit 9. The second resistor
circuit 9 is fed with an output current In, so that an output
voltage Voutn is outputted from the second output terminal
11.

[0135] The mixer circuit 100 further includes a first tran-
sistor 12, a first capacitor 13, a second capacitor 14, a second
transistor 15, a third capacitor 16, and a fourth capacitor 17.
[0136] The first transistor 12, which is an n-type MOS
transistor, is connected between the other end of the first
resistor circuit 8 and the ground potential which is the second
potential.

[0137] The first capacitor 13 is connected between the first
input terminal 1 and the gate of the first transistor 12. The gate
is the control electrode of the first transistor 12. The first
capacitor 13 has a capacitance value C1.

[0138] The second capacitor 14 is connected between the
second input terminal 2 and the gate of the first transistor 12.
The second capacitor 14 has a capacitance value C2.

[0139] The second transistor 15 is connected in parallel
with the first transistor 12 between the other end of the first
resistor circuit 8 and the ground potential. The second tran-
sistor 15 is an n-type MOS transistor of the same conductivity
type as the first transistor 12.

[0140] The third capacitor 16 is connected between the
third input terminal 3 and the gate of'the second transistor 15.
The third capacitor 16 has the same capacitance value C1 as
the first capacitor 13.

[0141] The fourth capacitor 17 is connected between the
fourth input terminal 4 and the gate of the second transistor
15. The fourth capacitor 17 has the same capacitance value C2
as the second capacitor 14.

[0142] The mixer circuit 100 further includes a third tran-
sistor 18, a fifth capacitor 19, a sixth capacitor 20, a fourth
transistor 21, a seventh capacitor 22, and an eighth capacitor
23.

[0143] The third transistor 18 is connected between the
other end of the second resistor circuit 9 and the ground
potential. The third transistor 18 is an n-type MOS transistor
of the same conductivity type as the first transistor 12.
[0144] The fifth capacitor 19 is connected between the fifth
input terminal 5 and the gate of the third transistor 18. The
fifth capacitor 19 has the same capacitance value C1 as the
first capacitor 13.

[0145] The sixth capacitor 20 is connected between the
sixth input terminal 6 and the gate of the third transistor 18.
The sixth capacitor 20 has the same capacitance value C2 as
the second capacitor 14.

[0146] The fourth transistor 21 is connected in parallel with
the third transistor 18 between the other end of the second
resistor circuit 9 and the ground potential. The fourth transis-
tor 21 is an n-type MOS transistor of the same conductivity
type as the first transistor 12.

[0147] The seventh capacitor 22 is connected between the
third input terminal 3 and the gate of the fourth transistor 21.
The seventh capacitor 22 has the same capacitance value C1
as the first capacitor 13.

[0148] The eighth capacitor 23 is connected between the
seventh input terminal 7 and the gate of the fourth transistor
21. The eighth capacitor 23 has the same capacitance value
C2 as the second capacitor 14.
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[0149] The mixer circuit 100 further includes a current
source 24 connected between the sources of the first to fourth
transistors 12, 15, 18, and 21 and the ground potential. The
current source 24 outputs a current I, , ..

[0150] The following will describe the operations of the
mixer circuit 100 configured thus.

[0151] Themixer circuit 100 differentially operates the first
and second MOS transistors 12 and 15 based on a voltage Vpp
obtained by capacitively coupling the first input signal v, and
the second input signal v, and a voltage Vnn obtained by
capacitively coupling the third input signal (-v,) and the
fourth input signal (-v,). That is, it seems that a adder is made
up of the first capacitor 13 and the second capacitor 14 and has
two input and one output, or the adder outputs the voltage Vpp
by adding the first input signal (v,) and the second input
signal (v,). In the same way, it seems that a adder is made up
of the third capacitor 16 and the fourth capacitor 17 and has
two input and one output, or the adder outputs the voltage Vpp
by adding the third input signal (-v,) and the fourth input
signal (-v,).

[0152] The output current Ip fluctuates according to the
operations of the first and second MOS transistors 12 and 15.
That is, it seems that a current (source/drain current) is out-
putted from the first MOS transistor (square circuit) 12 based
on the voltage Vpp, a current (source/drain current) is output-
ted from the second MOS transistor (square circuit) 15 based
on the voltage Vnn, and the output current Ip is obtained by
adding the currents (source/drain currents).

[0153] As has been discussed, the output voltage Voutp
corresponding to a voltage drop in the first resistor circuit 8 is
outputted from the first output terminal 10.

[0154] Similarly, the mixer circuit 100 differentially oper-
ates the third and fourth MOS transistors 18 and 21 based on
avoltage Vpn obtained by capacitively coupling the first input
signal v, and the fourth input signal (-v,) and a voltage Vnp
obtained by capacitively coupling the third input signal (-v,)
and the second input signal v,. That is, it seems that a adder is
made up of the seventh capacitor 22 and the eighth capacitor
23 and has two input and one output, or the adder outputs the
voltage Vnp by adding the third input signal (-v,) and the
second input signal (v,). Inthe same way, it seems that aadder
is made up of the fifth capacitor 19 and the sixth capacitor 20
and has two input and one output, or the adder outputs the
voltage Vpn by adding the first input signal (v, ) and the fourth
input signal (-v,).

[0155] The output current In fluctuates according to the
operations of the third and fourth MOS transistors 18 and 21.
That is, it seems that a current (source/drain current) is out-
putted from the third MOS transistor (square circuit) 18 based
on the voltage Vpn, a current (source/drain current) is output-
ted from the fourth MOS transistor (square circuit) 21 based
on the voltage Vnp, and the output current In is obtained by
adding the currents (source/drain currents).

[0156] As has been discussed, the output voltage Voutn
corresponding to a voltage drop in the second resistor circuit
9 is outputted from the second output terminal 11.

[0157] As described above, the mixer circuit 100 outputs
the output voltages in response to the first to fourth input
signals.

[0158] As has been discussed, the mixer circuit 100 adds
the analog signals, which are inputted to the input terminals,
by capacitive coupling. The following will describe the prin-
ciple of the addition of the analog signals by capacitive cou-

pling.
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[0159] First, according to Kirchhoff’s law, voltages are
determined on nodes connected to the gates of the MOS
transistors of the mixer circuit 100 shown in FIG. 1. Voltages
Vo s Vs v, and “v, ” on the nodes are expressed by

fo?mulas (5) to (8) as below.

v = —Cl vy + —C2 1% (5)
N o A
R o N o B ©)
TG, T CAG
S o N &, M
" Ci1+Cy t Ci1+Cy 2

Cy &) (8)

v = V| - =V
N e N oA

[0160] Asisunderstood from formulas (5)to (8), the analog
signals can be added by capacitive coupling.

[0161] For example, it is assumed that the MOS transistors
of the mixer circuit 100 in FIG. 1 are operated in a saturated
region. In this case, a difference “I -1, between the output
currents of the mixer circuit is expressed by formulas (9) to
(11). “B,,” represents the same value as in formula (2).

I, = I, = 4Ba1a2v1v2 )

. q 10
N=TFG

G an
2=V G,

[0162] As expressed in formulas (9) to (11), the circuit

configuration of the mixer circuit 100 makes it possible to
multiply the input signals v, and v, by determining a differ-
ence in output current.

[0163] Further, the voltages are outputted through the resis-
tor circuits, so that a difference “V V_, .7 between the

outp™ ¥ outn
output voltages is expressed by formulil (12).

v

oup’
[0164] As expressed in formula (12), the circuit configura-
tion of the mixer circuit 100 makes it possible to multiply the
input signals v, and v, also by determining a difference
between the output voltages.
[0165] As described above, the mixer circuit of the first
embodiment can eliminate the need for an adding circuit of
analog signals unlike the prior art in which power is con-
sumed because of the DC bias currents of transistors. Thus the
mixer circuit of the first embodiment can operate with lower
power than in the prior art.
[0166] As described above, the mixer circuit of the present
embodiment can perform low-voltage operations with lower
power.

Vour=4RBna 105V, v> 12)

Second Embodiment

[0167] The first embodiment described an example of the
configuration of the mixer circuit.

[0168] The mixer circuit of the first embodiment can
achieve the same effect even when the polarity ofthe circuitis
inverted.
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[0169] The present embodiment will describe a structural
example of a mixer circuit whose polarity is inverted from the
circuit of the first embodiment.

[0170] As described above, the polarity of the circuit is
inverted in the present embodiment, so that a first potential is
a ground potential and a second potential is a power supply
potential. Moreover, MOS transistors are p-type MOS tran-
sistors. The control electrodes of the transistors correspond to
the gate electrodes of the MOS transistors.

[0171] Asinthe first embodiment, a DC voltage is biased to
the gates of the MOS transistors but is canceled in the exami-
nation of output characteristics. Thus a direct current is not
considered in the present embodiment.

[0172] FIG. 2 is a circuit diagram showing the main con-
figuration of the mixer circuit according to a second embodi-
ment which is an aspect of the present invention. Configura-
tions indicated by the same reference numerals as the first
embodiment are the same configurations as the first embodi-
ment.

[0173] As shown in FIG. 2, a mixer circuit 200 includes a
first input terminal 201, a second input terminal 202, a third
input terminal 203, a fourth input terminal 204, a fifth input
terminal 205, a sixth input terminal 206, and a seventh input
terminal 207.

[0174] The first input terminal 201 is fed with a first voltage
signal v, which is an analog signal.

[0175] The second input terminal 202 is fed with a second
voltage signal v, which is an analog signal.

[0176] The third input terminal 203 is fed with a third
voltage signal (=v,) which is equivalent to the inverted signal
of the first voltage signal v,.

[0177] The fourth input terminal 204 is fed with a fourth
voltage signal (-v,) which is equivalent to the inverted signal
of the second voltage signal v,.

[0178] The fifth input terminal 205 is fed with the first
voltage signal v,.

[0179] The sixth input terminal 206 is fed with the fourth
voltage signal (-v,).

[0180] The seventh input terminal 207 is fed with the sec-
ond voltage signal v,.

[0181] The mixer circuit 200 further includes a first resistor
circuit 208, a second resistor circuit 209, a first output termi-
nal 210, and a second output terminal 211.

[0182] The first resistor circuit 208 has one end connected
to the ground potential which is the first potential. The first
resistor circuit 208 has a resistance value R. The first resistor
circuit 208 is, for example, a load resistor.

[0183] The second resistor circuit 209 has one end con-
nected to the ground potential which is the first potential. The
second resistor circuit 209 has the same resistance value R as
the first resistor circuit 208. The second resistor circuit 209 is,
for example, a load resistor.

[0184] The first output terminal 210 is connected to the
other end of the first resistor circuit 208. The first resistor
circuit 208 is fed with an output current Ip, so that an output
voltage Voutp is outputted from the first output terminal 210.
[0185] The second output terminal 211 is connected to the
other end of the second resistor circuit 209. The second resis-
tor circuit 209 is fed with an output current In, so that an
output voltage Voutn is outputted from the second output
terminal 211.
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[0186] The mixer circuit 200 further includes a first tran-
sistor 212, a first capacitor 213, a second capacitor 214, a
second transistor 215, a third capacitor 216, and a fourth
capacitor 217.

[0187] The first transistor 212, which is a p-type MOS
transistor, is connected between the other end of the first
resistor circuit 208 and a power supply potential Vdd which is
the second potential.

[0188] Thefirstcapacitor 213 is connected between the first
input terminal 201 and the gate of the first transistor 212. The
gate is the control electrode of the first transistor 212. The first
capacitor 213 has a capacitance value C1.

[0189] The second capacitor 214 is connected between the
second input terminal 202 and the gate of the first transistor
212. The second capacitor 214 has a capacitance value C2.
[0190] The second transistor 215 is connected in parallel
with the first transistor 212 between the other end of the first
resistor circuit 208 and the power supply potential Vdd. The
second transistor 215 is a p-type MOS transistor of the same
conductivity type as the first transistor 212.

[0191] The third capacitor 216 is connected between the
third input terminal 203 and the gate of the second transistor
215. The third capacitor 216 has the same capacitance value
C1 as the first capacitor 213.

[0192] The fourth capacitor 217 is connected between the
fourth input terminal 204 and the gate of the second transistor
215. The fourth capacitor 217 has the same capacitance value
C2 as the second capacitor 214.

[0193] The mixer circuit 200 further includes a third tran-
sistor 218, a fifth capacitor 219, a sixth capacitor 220, a fourth
transistor 221, a seventh capacitor 222, and an eighth capaci-
tor 223.

[0194] The third transistor 218 is connected between the
other end of the second resistor circuit 209 and the power
supply potential Vdd. The third transistor 218 is a p-type
MOS transistor of the same conductivity type as the first
transistor 212.

[0195] The fifth capacitor 219 is connected between the
fifth input terminal 205 and the gate of the third transistor 218.
The fifth capacitor 219 has the same capacitance value C1 as
the first capacitor 213.

[0196] The sixth capacitor 220 is connected between the
sixth input terminal 206 and the gate of the third transistor
218. The sixth capacitor 220 has the same capacitance value
C2 as the second capacitor 214.

[0197] The fourth transistor 221 is connected in parallel
with the third transistor 218 between the other end of the
second resistor circuit 209 and the power supply potential
Vdd. The fourth transistor 221 is a p-type MOS transistor of
the same conductivity type as the first transistor 212.

[0198] The seventh capacitor 222 is connected between the
third input terminal 203 and the gate of the fourth transistor
221. The seventh capacitor 222 has the same capacitance
value C1 as the first capacitor 213.

[0199] The eighth capacitor 223 is connected between the
seventh input terminal 207 and the gate of the fourth transistor
221. The eighth capacitor 223 has the same capacitance value
C2 as the second capacitor 214.

[0200] The mixer circuit 200 further includes a current
source 224 connected between the sources of the first to
fourth transistors 212, 215, 218, and 221 and the power sup-
ply potential Vdd. The current source 224 outputs a current

IBIAS .



US 2010/0264979 Al

[0201] The operations of the mixer circuit 200 configured
thus are similar to the operations of the mixer circuit 100
described in the first embodiment.

[0202] In other words, the mixer circuit 200 outputs the
output voltages in response to the first to fourth input signals.
[0203] Further, as in the first embodiment, the mixer circuit
200 adds the analog signals, which are inputted to the input
terminals, by capacitive coupling.

[0204] Thus as in the first embodiment, the mixer circuit of
the second embodiment can eliminate the need for an adding
circuit of analog signals unlike the prior art in which power is
consumed because of the DC bias currents of transistors.
Hence the mixer circuit of the second embodiment can oper-
ate with lower power than in the prior art.

[0205] As described above, the mixer circuit of the present
embodiment can perform low-voltage operations with lower
power.

Third Embodiment

[0206] The first and second embodiments described
examples of the configuration of the mixer circuit.

[0207] In the first and second embodiments, for example,
resistance loads are used as the first and second resistor cir-
cuits of the mixer circuits. Transistors may be used as the first
and second resistor circuits.

[0208] The present embodiment will describe a structural
example of a mixer circuit using transistors as first and second
resistor circuits. In this example, transistors are used as the
first and second resistor circuits of the mixer circuit described
in the first embodiment.

[0209] As inthe first embodiment, a DC voltage is biased to
the gates of the MOS transistors but is canceled in the exami-
nation of output characteristics. Thus a direct current is not
considered in the present embodiment.

[0210] FIG. 3 is a circuit diagram showing the main con-
figuration of the mixer circuit according to a third embodi-
ment which is an aspect of the present invention. Configura-
tions indicated by the same reference numerals as the first
embodiment are the same configurations as the first embodi-
ment.

[0211] As shown in FIG. 3, the first and second resistor
circuits of a mixer circuit 300 are made up of p-type MOS
transistors 308 and 309, each having a control electrode (gate)
connected to a fixed potential Vbias. The p-type MOS tran-
sistors 308 and 309 also act as current sources.

[0212] Inthe configuration of the mixer circuit 300, when it
is assumed that the p-type MOS transistors 308 and 309 have
infinite output impedances, first and second output terminals
10 and 11 output currents. In this assumption, a difference
“1,-L,” between output currents Ip and In is expressed as
formula (9).

[0213] Further, voltages can be outputted by disposing a
current/voltage converting circuit downstream of the mixer
circuit 300.

[0214] The mixer circuit 300 configured thus outputs the
output voltages in response to first to fourth input signals as in
the first embodiment.

[0215] Further, as in the first embodiment, the mixer circuit
300 adds analog signals, which are inputted to the input
terminals, by capacitive coupling.

[0216] Thus as in the first embodiment, the mixer circuit of
the third embodiment can eliminate the need for an adding
circuit of analog signals unlike the prior art in which power is
consumed because of the DC bias currents of transistors.
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Hence the mixer circuit of the third embodiment can operate
with lower power than in the prior art.

[0217] As described above, the mixer circuit of the present
embodiment can perform low-voltage operations with lower
power.

Fourth Embodiment

[0218] The first and second embodiments described
examples of the configuration of the mixer circuit.

[0219] The present embodiment will describe a structural
example of a mixer circuit for further improving characteris-
tics. In this example, transistors are used as the first and
second resistor circuits of the mixer circuit of the first
embodiment.

[0220] Asinthe first embodiment, a DC voltage is biased to
the gates of the MOS transistors but is canceled in the exami-
nation of output characteristics. Thus a direct current is not
considered in the present embodiment.

[0221] FIG. 4 is a circuit diagram showing the main con-
figuration of the mixer circuit according to a fourth embodi-
ment which is an aspect of the present invention. Configura-
tions indicated by the same reference numerals as the firstand
second embodiments are the same configurations as the first
and second embodiments.

[0222] As shown in FIG. 4, a mixer circuit 400 includes a
first input terminal 1, a second input terminal 2, a third input
terminal 3, a fourth input terminal 4, a fifth input terminal 5,
a sixth input terminal 6, and a seventh input terminal 7.
[0223] The first input terminal 1 is fed with a first voltage
signal v, which is an analog signal.

[0224] The second input terminal 2 is fed with a second
voltage signal v, which is an analog signal.

[0225] The third input terminal 3 is fed with a third voltage
signal (—v,) which is equivalent to the inverted signal of the
first voltage signal v,.

[0226] The fourth input terminal 4 is fed with a fourth
voltage signal (-v,) which is equivalent to the inverted signal
of the second voltage signal v,.

[0227] The fifth input terminal 5 is fed with the first voltage
signal v,.
[0228] The sixth input terminal 6 is fed with the fourth

voltage signal (—=v,).

[0229] The seventh input terminal 7 is fed with the second
voltage signal v,.

[0230] The mixer circuit 400 further includes a first output
terminal 10 and a second output terminal 11.

[0231] The first output terminal 10 outputs an output cur-
rent loutp. The second output terminal 11 outputs an output
current loutn.

[0232] The mixer circuit 400 further includes a first tran-
sistor 12, a first capacitor 13, a second capacitor 14, a second
transistor 15, a third capacitor 16, and a fourth capacitor 17.
[0233] The first transistor 12, which is an n-type MOS
transistor, is connected between the first output terminal 10
and a ground potential which is a second potential.

[0234] The first capacitor 13 is connected between the first
input terminal 1 and the gate of the first transistor 12. The gate
is the control electrode of the first transistor 12. The first
capacitor 13 has a capacitance value C1.

[0235] The second capacitor 14 is connected between the
second input terminal 2 and the gate of the first transistor 12.
The second capacitor 14 has a capacitance value C2.

[0236] The second transistor 15 is connected in parallel
with the first transistor 12 between the first output terminal 10
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and the ground potential. The second transistor 15 is an n-type
MOS transistor of the same conductivity type as the first
transistor 12.

[0237] The third capacitor 16 is connected between the
third input terminal 3 and the gate of'the second transistor 15.
The third capacitor 16 has the same capacitance value C1 as
the first capacitor 13.

[0238] The fourth capacitor 17 is connected between the
fourth input terminal 4 and the gate of the second transistor
15. The fourth capacitor 17 has the same capacitance value C2
as the second capacitor 14.

[0239] The mixer circuit 400 further includes a third tran-
sistor 18, a fifth capacitor 19, a sixth capacitor 20, a fourth
transistor 21, a seventh capacitor 22, and an eighth capacitor
23.

[0240] The third transistor 18 is connected between the
second output terminal 11 and the ground potential. The third
transistor 18 is an n-type MOS transistor of the same conduc-
tivity type as the first transistor 12.

[0241] The fifth capacitor 19 is connected between the fifth
input terminal 5 and the gate of the third transistor 18. The
fifth capacitor 19 has the same capacitance value C1 as the
first capacitor 13.

[0242] The sixth capacitor 20 is connected between the
sixth input terminal 6 and the gate of the third transistor 18.
The sixth capacitor 20 has the same capacitance value C2 as
the second capacitor 14.

[0243] The fourth transistor 21 is connected in parallel with
the third transistor 18 between the second output terminal 11
and the ground potential. The fourth transistor 21 is an n-type
MOS transistor of the same conductivity type as the first
transistor 12.

[0244] The seventh capacitor 22 is connected between the
third input terminal 3 and the gate of the fourth transistor 21.
The seventh capacitor 22 has the same capacitance value C1
as the first capacitor 13.

[0245] The eighth capacitor 23 is connected between the
seventh input terminal 7 and the gate of the fourth transistor
21. The eighth capacitor 23 has the same capacitance value
C2 as the second capacitor 14.

[0246] The mixer circuit 400 further includes a current
source 24 connected between the sources of the first to fourth
transistors 12, 15, 18, and 21 and the ground potential. The
current source 24 outputs a current I, , ..

[0247] The mixer circuit 400 further includes an eighth
input terminal 401, a ninth input terminal 402, a tenth input
terminal 403, an eleventh input terminal 404, a twelfth input
terminal 405, a thirteenth input terminal 406, and a fourteenth
input terminal 407.

[0248] The eighth input terminal 401 is fed with the third
voltage signal (-v,).

[0249] The ninth input terminal 402 is fed with the second
voltage signal v,.

[0250] The tenth input terminal 403 is fed with the first
voltage signal v,.

[0251] The eleventh input terminal 404 is fed with the
fourth voltage signal (-v,).

[0252] The twelfth input terminal 405 is fed with third
voltage signal (-v,).

[0253] The thirteenth input terminal 406 is fed with the
fourth voltage signal (-v.,).

[0254] The fourteenth input terminal 407 is fed with the
second voltage signal v,.
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[0255] The mixer circuit 400 further includes a fifth tran-
sistor 412, a ninth capacitor 413, a tenth capacitor 414, a sixth
transistor 415, an eleventh capacitor 416, and a twelfth
capacitor 417.

[0256] The fifth transistor 412, which is a p-type MOS
transistor, is connected between the first output terminal 10
and a power supply potential Vdd which is a first potential.
[0257] The ninth capacitor 413 is connected between the
first input terminal 401 and the gate of the fifth transistor 412.
The gate is the control electrode of the fifth transistor412. The
ninth capacitor 413 has the capacitance value C1.

[0258] The tenth capacitor 414 is connected between the
second input terminal 402 and the gate of the fifth transistor
412. The tenth capacitor 414 has the capacitance value C2.
[0259] The sixth transistor 415 is connected in parallel with
the fifth transistor 412 between the first output terminal 10
and the power supply potential Vdd. The sixth transistor 415
is a p-type MOS transistor of the same conductivity type as
the fifth transistor 412.

[0260] The eleventh capacitor 416 is connected between
the tenth input terminal 403 and the gate of the sixth transistor
415. The eleventh capacitor 416 has the same capacitance
value C1 as the ninth capacitor 413.

[0261] The twelfth capacitor 417 is connected between the
eleventh input terminal 404 and the gate of the sixth transistor
415. The twelfth capacitor 417 has the same capacitance
value C2 as the tenth capacitor 414.

[0262] The mixer circuit 400 further includes a seventh
transistor 418, a thirteenth capacitor 419, a fourteenth capaci-
tor 420, an eighth transistor 421, a fifteenth capacitor 422, and
a sixteenth capacitor 423.

[0263] The seventh transistor 418 is connected between the
second output terminal 11 and the power supply potential
Vdd. The seventh transistor 418 is a p-type MOS transistor of
the same conductivity type as the fifth transistor 412.

[0264] The thirteenth capacitor 419 is connected between
the twelfth input terminal 405 and the gate of the seventh
transistor 418. The thirteenth capacitor 419 has the same
capacitance value C1 as the ninth capacitor 413.

[0265] The fourteenth capacitor 420 is connected between
the thirteenth input terminal 406 and the gate of the seventh
transistor 418. The fourteenth capacitor 420 has the same
capacitance value C2 as the tenth capacitor 414.

[0266] The eighth transistor 421 is connected in parallel
with the seventh transistor 418 between the second output
terminal 11 and the power supply potential Vdd. The eighth
transistor 421 is a p-type MOS transistor of the same conduc-
tivity type as the fifth transistor 412.

[0267] The fifteenth capacitor 422 is connected between
the tenth input terminal 403 and the gate of the eighth tran-
sistor 421. The fifteenth capacitor 422 has the same capaci-
tance value C1 as the ninth capacitor 413.

[0268] The sixteenth capacitor 423 is connected between
the fourteenth input terminal 407 and the gate of the eighth
transistor 421. The sixteenth capacitor 423 has the same
capacitance value C2 as the tenth capacitor 414.

[0269] The operations of the mixer circuit 400 configured
thus are similar to the operations of the mixer circuits
described in the first and second embodiments.

[0270] In other words, the mixer circuit 400 outputs the
output voltages in response to the first to fourth input signals.
[0271] Further, as in the first and second embodiments, the
mixer circuit 400 adds the analog signals, which are inputted
to the input terminals, by capacitive coupling.



US 2010/0264979 Al

[0272] The following will describe a principle for improv-
ing the characteristics of the mixer circuit 400 configured thus
as compared with the mixer circuits of the first to third
embodiments.

[0273] Itis assumed that the transistors of the mixer circuit
400 are operated in a saturated region. Also in this case, a
channel length modulation effect is ignored for simplifica-
tion. To be specific, the drain currents of the n-type MOS
transistors are expressed by the foregoing formula (1). The
drain currents of the p-type MOS transistors are expressed by
formulas (13) and (14).

1 » (13)
losp = _Eﬁp(lvgxl = Vipl)

W, (14)
:Bp = ﬂpcox L_p
P

where “u,” is the mobility of holes, “C,,” represents the
thickness of the gate oxide film of the transistor, and “W,”
and “L,” respectively represent the gate width and gate length
of the p-type MOS ftransistor. Further, “V_” represents a
gate-to-source voltage and “V,,,” represents the threshold
voltage of the p-type MOS transistor.

[0274] Based on this assumption, currents “I, yas057 “L,
aatos s “L_paros”s and “T, .04 passing through the mixer
circuit 400 shown in FIG. 4 are expressed by formulas (15) to

(18).

2,2 2,2 2

Iy imos=Bp(@17V 7420165V Vot as v + Vg, ") (1s)
_ 2,2 2,2 2

Ly imos=Bp(@17V1"=2a1a5v Vot as v + Vg, ") (16)

_ 2,2 2,2 2
L, pmos=B @1V =201 1o+ a5 VoV g -

2V 4l Ve + Vthpz) 17)

L, pmos=B(@ 12V12+20102V1V2+022V22+ Vddz_

2V 4l Ve + Vthpz) (18)
[0275] Thus in the case of the output current1,,,.=L, ...~
L, ,mosandtheoutput current,,, =L, .05~ ,mos @ differ-
ence “L,,,.-1,,,~ between the output currents is expressed by
formula (19).

LT3 (BrtBpla v vo (19)
[0276] Asisunderstood from formula (19), when the mixer

circuit is designed so as to have f3,=f,,, the mixer circuit of the
present embodiment can obtain an output current twice as
large as the mixer circuits of the first to third embodiments.
Further, voltages can be outputted by disposing a current/
voltage converting circuit downstream of the mixer circuit.
[0277] Thus as in the first and second embodiments, the
mixer circuit of the fourth embodiment can eliminate the need
for an adding circuit of analog signals unlike the prior art in
which power is consumed because of the DC bias currents of
transistors. Hence the mixer circuit of the fourth embodiment
can operate with lower power than in the prior art.

[0278] As described above, the mixer circuit of the present
embodiment can perform low-voltage operations with lower
power.

Fifth Embodiment

[0279] The first to fourth embodiments described examples
of'the configuration of the mixer circuit which can be reduced
in voltage and power.
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[0280] In the foregoing mixer circuits, capacitive coupling
is used on signal input points to the mixer circuits. Thus it is
assumed in the embodiments that two of the input signals to
the mixer circuit are high frequency signals.

[0281] In other words, it is assumed in the first to fourth
embodiments that the mixer circuit is used in a radio fre-
quency integrated circuit (RFIC) receiving system for down
converting a high frequency signal to a baseband signal.

[0282] Itistherefore difficultto use the mixer circuits of the
first to fourth embodiments as they are in transmitting sys-
tems.

[0283] The present embodiment will describe a structural
example of a mixer circuit which is used for an RFIC trans-
mitting system and can operate with low voltage and low
power.

[0284] In the present embodiment, capacitive coupling on
one of the signal input points is replaced with direct current
(DC) coupling without changing the basic configurations of
the transistors in the mixer circuit of the first embodiment.
Thus the mixer circuit can be used for an RFIC transmitting
system.

[0285] Asinthe first embodiment, a DC voltage is biased to
the gates of the MOS transistors.

[0286] FIG. 5 is a circuit diagram showing the main con-
figuration of the mixer circuit according to a fifth embodiment
which is an aspect of the present invention. Configurations
indicated by the same reference numerals as the first embodi-
ment are the same configurations as the first embodiment.

[0287] As shown in FIG. 5, in a mixer circuit 500, the first
capacitor 13 of the mixer circuit 100 described in the first
embodiment is replaced with a first resistance element 513.
The third capacitor 16 of the mixer circuit 100 is similarly
replaced with a second resistance element 516. The fifth
capacitor 19 of the mixer circuit 100 is similarly replaced with
athird resistance element 519. The seventh capacitor 22 of the
mixer circuit 100 is similarly replaced with a fourth resistance
element 522.

[0288] In the present embodiment (also in the following
embodiments), a first voltage signal v, is a baseband signal
having a frequency of, for example, about 20 MHz to 30
MHz. A second voltage signal v, is a high frequency signal
having a frequency of, for example, about 400 MHz to several
GHz.

[0289] Other configurations of the mixer circuit 500 are
similar to the configurations of the mixer circuit 100
described in the first embodiment.

[0290] The operations of the mixer circuit 500 configured
thus are similar to the operations of the mixer circuit 100
described in the first embodiment. Thus the mixer circuit 500
outputs output voltages in response to first to fourth input
signals.

[0291] As described above, the mixer circuit 500 adds ana-
log signals, which are inputted to input terminals, by capaci-
tive coupling and DC coupling. The following will describe a
principle of the addition of the analog signals by capacitive
coupling and DC coupling.

[0292] First, according to Kirchhoff’s law, voltages are
determined on nodes connected to the gates of MOS transis-
tors of the mixer circuit 500 shown in FIG. 5. Voltages “v,,,”,
Vs “V,,,”,and “v, ) on the nodes are expressed by formu-
las (20) to (23) as follows:



US 2010/0264979 Al

RO 20)
Vpp = m(vl + jwR C1v2)
1 RO 2D
Van = m(_vl — jwR C1v2)
= ! ( + jwR | C1v,) @2
Vip = 1+ joR G, Vi + jwr vy
1 . 23)
(V1 = jwR C1v2)

Y S Ty joR G

[0293] As expressed in formulas (20) to (23), the analog
signals can be added by capacitive coupling and DC coupling.
As in the first embodiment, based on the square-law charac-
teristics of the saturated drain current of the MOS transistor,
the input signals v, and v, can be multiplied by determining a
difference “I -1, between the output currents. In other
words, the functions of the mixer can be achieved as in the
first embodiment.

[0294] Asshown in FIG. 5, the first input signal v, is input-
ted to the gate terminal of the transistor through DC coupling,
and the second input signal v, is inputted to the gate terminal
of the transistor through capacitive coupling. Further, as has
been discussed, it is assumed that the first input signal v, is a
baseband signal and the second input signal v, is a high
frequency signal. Thus the mixer circuit 500 can be used as
the mixer of an RFIC transmitting system.

[0295] Moreover, the basic configurations of the transistors
in the mixer circuit 500 are similar to the configurations of the
transistors of the first embodiment, so that the mixer circuit
500 can operate with low voltage and low power.

[0296] As described above, the mixer circuit of the present
embodiment can perform low-voltage operations with lower
power.

Sixth Embodiment

[0297] The fifth embodiment described an example in
which the configuration of the mixer circuit of the first
embodiment used for an RFIC receiving system is changed to
be used for an RFIC transmitting system.

[0298] In the present embodiment, capacitive coupling on
one of the signal input points is replaced with DC coupling
without changing the basic configurations of the transistors of
the mixer circuit described in the second embodiment. Thus
the mixer circuit can be used for an RFIC transmitting system.
[0299] As inthe fifth embodiment, a DC voltage is biased to
the gates of MOS transistors.

[0300] FIG. 6 is a circuit diagram showing the main con-
figuration of the mixer circuit according to a sixth embodi-
ment which is an aspect of the present invention. Configura-
tions indicated by the same reference numerals as the second
embodiment are the same configurations as the second
embodiment.

[0301] As shown in FIG. 6, in a mixer circuit 600, the first
capacitor 213 of the mixer circuit 200 described in the second
embodiment is replaced with a first resistance element 613.
The third capacitor 216 of the mixer circuit 200 is similarly
replaced with a second resistance element 616. The fifth
capacitor 219 of the mixer circuit 200 is similarly replaced
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with a third resistance element 619. The seventh capacitor
222 ofthe mixer circuit 200 is similarly replaced with a fourth
resistance element 622.

[0302] Other configurations of the mixer circuit 600 are
similar to the configurations of the mixer circuit 200
described in the second embodiment.

[0303] The operations of the mixer circuit 600 configured
thus are similar to the operations of the mixer circuit 200
described in the second embodiment. Thus the mixer circuit
600 outputs output voltages in response to first to fourth input
signals.

[0304] As in the fifth embodiment, the mixer circuit 600
adds analog signals, which are inputted to input terminals, by
capacitive coupling and DC coupling. Thus as in the fifth
embodiment, the mixer circuit 600 can be used as the mixer of
an RFIC transmitting system.

[0305] Moreover, the basic configurations of the transistors
in the mixer circuit 600 are similar to the configurations ofthe
transistors of the second embodiment, so that the mixer cir-
cuit 600 can operate with low voltage and low power.
[0306] As described above, the mixer circuit of the present
embodiment can perform low-voltage operations with lower
power as in the second embodiment.

Seventh Embodiment

[0307] The fifth embodiment described an example in
which the configuration of the mixer circuit of the first
embodiment used for an RFIC receiving system is changed to
be used for an RFIC transmitting system.

[0308] In the present embodiment, capacitive coupling on
one of the signal input points is replaced with DC coupling
without changing the basic configurations of the transistors of
the mixer circuit described in the third embodiment. Thus the
mixer circuit can be used for an RFIC transmitting system.
[0309] Asinthefifth embodiment, a DC voltage is biased to
the gates of MOS transistors.

[0310] FIG. 7 is a circuit diagram showing the main con-
figuration of the mixer circuit according to a seventh embodi-
ment which is an aspect of the present invention. Configura-
tions indicated by the same reference numerals as the third
embodiment are the same configurations as the third embodi-
ment.

[0311] As shown in FIG. 7, in a mixer circuit 700, the first
capacitor 13 of the mixer circuit 300 described in the third
embodiment is replaced with a first resistance element 713.
The third capacitor 16 of the mixer circuit 300 is similarly
replaced with a second resistance element 716. The fifth
capacitor 19 of the mixer circuit 300 is similarly replaced with
athird resistance element 719. The seventh capacitor 22 of the
mixer circuit 300 is similarly replaced with a fourth resistance
element 722.

[0312] Other configurations of the mixer circuit 700 are
similar to the configurations of the mixer circuit 300
described in the third embodiment.

[0313] The operations of the mixer circuit 700 configured
thus are similar to the operations of the mixer circuit 300
described in the third embodiment. Thus the mixer circuit 700
outputs output voltages in response to first to fourth input
signals.

[0314] As in the fifth embodiment, the mixer circuit 700
adds analog signals, which are inputted to input terminals, by
capacitive coupling and DC coupling. Thus as in the fifth
embodiment, the mixer circuit 700 can be used as the mixer of
an RFIC transmitting system.
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[0315] Moreover, the basic configurations of the transistors
in the mixer circuit 700 are similar to the configurations of the
transistors of the third embodiment, so that the mixer circuit
700 can operate with low voltage and low power.

[0316] As described above, the mixer circuit of the present
embodiment can perform low-voltage operations with lower
power as in the third embodiment.

Eighth Embodiment

[0317] The fifth to seventh embodiments described
examples in which the configurations of the mixer circuits of
the first to third embodiments used for an RFIC receiving
system are changed to be used for an RFIC transmitting
system.

[0318] In the present embodiment, capacitive coupling on
one of the signal input points is replaced with DC coupling
without changing the basic configurations of the transistors of
the mixer circuit described in the fourth embodiment. Thus
the mixer circuit can be used for an RFIC transmitting system.
[0319] FIG. 8 is a circuit diagram showing the main con-
figuration of the mixer circuit according to an eighth embodi-
ment which is an aspect of the present invention. Configura-
tions indicated by the same reference numerals as the fourth
embodiment are the same configurations as the fourth
embodiment.

[0320] As shown in FIG. 8, in a mixer circuit 800, the first
capacitor 13 of the mixer circuit 400 described in the fourth
embodiment is replaced with a first resistance element 813a.
The third capacitor 16 of the mixer circuit 400 is similarly
replaced with a second resistance element 816a. The fifth
capacitor 19 of the mixer circuit 400 is similarly replaced with
a third resistance element 819a. The seventh capacitor 22 of
the mixer circuit 400 is similarly replaced with a fourth resis-
tance element 8224.

[0321] Further, as shown in FIG. 8, in the mixer circuit 800,
the ninth capacitor 413 of the mixer circuit 400 described in
the fourth embodiment is replaced with a fifth resistance
element 8134. The eleventh capacitor 416 of the mixer circuit
400 is similarly replaced with a sixth resistance element 8164.
The thirteenth capacitor 419 of the mixer circuit 400 is simi-
larly replaced with a seventh resistance element 8194. The
fifteenth capacitor 422 of the mixer circuit 400 is similarly
replaced with an eighth resistance element 8225.

[0322] Other configurations of the mixer circuit 800 are
similar to the configurations of the mixer circuit 400
described in the fourth embodiment.

[0323] The operations of the mixer circuit 800 configured
thus are similar to the operations of the mixer circuit 400
described in the fourth embodiment. Thus the mixer circuit
800 outputs output voltages in response to first to fourth input
signals.

[0324] As in the fifth embodiment, the mixer circuit 800
adds analog signals, which are inputted to input terminals, by
capacitive coupling and DC coupling. Thus as in the fifth
embodiment, the mixer circuit 800 can be used as the mixer of
an RFIC transmitting system.

[0325] Moreover, the basic configurations of the transistors
in the mixer circuit 800 are similar to the configurations of the
transistors of the fourth embodiment, so that the mixer circuit
800 can operate with low voltage and low power.

[0326] As described above, the mixer circuit of the present
embodiment can perform low-voltage operations with lower
power as in the fourth embodiment.

Oct. 21, 2010

[0327] In the foregoing embodiments, the transistors com-
posing the mixer circuit are MOS transistors. In this case, the
collector currents of bipolar transistors have exponential
characteristics as in the case where the drain currents of the
MOS transistors have square-law characteristics. Hence,
bipolar transistors may be applied to the present invention as
transistors composing the mixer circuit. In this case, the base
electrodes of the bipolar transistors correspond to control
electrodes. When a first conductivity type corresponds to an
NPN type, a second conductivity type corresponds to a PNP
type. When the first conductivity type corresponds to the PNP
type, the second conductivity type corresponds to the NPN

type.

Ninth Embodiment

[0328] The first and fifth embodiments described structural
examples of the mixer circuit which can be reduced in voltage
and power.

[0329] In the foregoing mixer circuits, capacitive coupling
is used on signal input points to the mixer circuits.

[0330] The coupling is made up of capacitors or resistance
elements. Instead of these elements, inductors may be used to
achieve frequency mixing according to the principles
described in the first and fifth embodiments. In other words,
by forming the coupling of impedance elements on the signal
input points to the mixer circuit, the voltage and power of the
mixer circuit can be reduced.

[0331] The present embodiment will describe a structural
example of a more typical mixer circuit.

[0332] In the present embodiment, the coupling of imped-
ance elements is formed on signal input points without chang-
ing the basic configurations of the transistors of the mixer
circuits described in the first and fifth embodiments. As has
been discussed, the impedance elements are capacitors, resis-
tance elements, or inductors.

[0333] Asinthe first embodiment, a DC voltage is biased to
the gates of MOS transistors.

[0334] FIG. 9 is a circuit diagram showing the main con-
figuration of a mixer circuit according to a ninth embodiment
which is an aspect of the present invention. Configurations
indicated by the same reference numerals as the first embodi-
ment are the same configurations as the first embodiment.
[0335] As shown in FIG. 9, in a mixer circuit 900, the first
capacitor 13 of the mixer circuit 100 described in the first
embodiment is replaced with a first impedance element 13A.
The second capacitor 14 of the mixer circuit 100 is similarly
replaced with a second impedance element 14A. The third
capacitor 16 of the mixer circuit 100 is similarly replaced with
athird impedance element 16 A. The fourth capacitor 17 of the
mixer circuit 100 is similarly replaced with a fourth imped-
ance element 17A.

[0336] The fifth capacitor 19 of the mixer circuit 100 is
similarly replaced with a fifth impedance element 19A. The
sixth capacitor 20 of the mixer circuit 100 is similarly
replaced with a sixth impedance element 20A. The seventh
capacitor 22 of the mixer circuit 100 is similarly replaced with
a seventh impedance element 22 A. The eighth capacitor 23 of
the mixer circuit 100 is similarly replaced with an eighth
impedance element 23A.

[0337] The first, third, fifth, and seventh impedance ele-
ments 13A, 16A, 19A, and 22A each have an impedance Z1.
The second, fourth, sixth, and eighth impedance elements
14A, 17A, 20A, and 23 A each have an impedance 72.
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[0338] Other configurations of the mixer circuit 900 are
similar to the configurations of the mixer circuit 100
described in the first embodiment.

[0339] The operations of the mixer circuit 900 configured
thus are similar to the operations of the mixer circuits 100 and
500 described in the first and fifth embodiments. Thus the
mixer circuit 900 outputs output voltages in response to first
to fourth input signals.

[0340] As has been discussed, the mixer circuit 900 adds
analog signals, which are inputted to input terminals, by the
coupling of the impedance elements. The principle of the
addition of the analog signals by the coupling of the imped-
ance elements can be described as in the first and fifth
embodiments.

[0341] Moreover, the basic configurations of the transistors
in the mixer circuit 900 are similar to the configurations of the
transistors of'the first and fifth embodiments, so that the mixer
circuit 900 can operate with low voltage and low power.
[0342] As described above, the mixer circuit of the present
embodiment can perform low-voltage operations with lower
power as in the first and fifth embodiments.

Tenth Embodiment

[0343] The ninth embodiment described a more typical
structural example of the mixer circuits of the first and fifth
embodiments.

[0344] Inthe mixer circuit, capacitive coupling or coupling
is used on signal input points to the mixer circuit.

[0345] The present embodiment will describe a more typi-
cal structural example of the mixer circuits of the second and
sixth embodiments.

[0346] In the present embodiment, the coupling of imped-
ance elements is formed on signal input points without chang-
ing the basic configurations of the transistors of the mixer
circuits described in the second and sixth embodiments. As
has been discussed, the impedance elements are capacitors,
resistance elements, or inductors.

[0347] As in the second embodiment, a DC voltage is
biased to the gates of MOS transistors.

[0348] FIG. 10 is a circuit diagram showing the main con-
figuration of a mixer circuit according to a tenth embodiment
which is an aspect of the present invention. Configurations
indicated by the same reference numerals as the second
embodiment are the same configurations as the second
embodiment.

[0349] As shown in FIG. 10, in a mixer circuit 1000, the
first capacitor 213 of the mixer circuit 200 described in the
second embodiment is replaced with a first impedance ele-
ment 213A. The second capacitor 214 of the mixer circuit 200
is similarly replaced with a second impedance element 214A.
The third capacitor 216 of the mixer circuit 200 is similarly
replaced with a third impedance element 216 A. The fourth
capacitor 217 of the mixer circuit 200 is similarly replaced
with a fourth impedance element 217A.

[0350] The fifth capacitor 219 of the mixer circuit 200 is
similarly replaced with a fifth impedance element 219A. The
sixth capacitor 220 of the mixer circuit 200 is similarly
replaced with a sixth impedance element 220A. The seventh
capacitor 222 of the mixer circuit 200 is similarly replaced
with a seventh impedance element 222A. The eighth capaci-
tor 223 of the mixer circuit 200 is similarly replaced with an
eighth impedance element 223A.

[0351] The first, third, fifth, and seventh impedance ele-
ments 213A, 216 A, 219A, and 222 A each have an impedance
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71. The second, fourth, sixth, and eighth impedance elements
214A, 217A, 220A, and 223 A each have an impedance 72.
[0352] Other configurations of the mixer circuit 1000 are
similar to the configurations of the mixer circuit 200
described in the second embodiment.

[0353] The operations of the mixer circuit 1000 configured
thus are similar to the operations of the mixer circuits 200 and
500 described in the second and sixth embodiments. Thus the
mixer circuit 1000 outputs output voltages in response to first
to fourth input signals.

[0354] As has been discussed, the mixer circuit 1000 adds
analog signals, which are inputted to input terminals, by the
coupling of the impedance elements. The principle of the
addition of the analog signals by the coupling of the imped-
ance elements can be described as in the second and sixth
embodiments.

[0355] Moreover, the basic configurations of the transistors
in the mixer circuit 1000 are similar to the configurations of
the transistors of the second embodiment, so that the mixer
circuit 1000 can operate with low voltage and low power.
[0356] As described above, the mixer circuit of the present
embodiment can perform low-voltage operations with lower
power as in the second and sixth embodiments.

Eleventh Embodiment

[0357] The ninth and tenth embodiments described more
typical structural examples of the mixer circuit.

[0358] In the ninth and tenth embodiments, for example,
resistance loads are used as the first and second resistor cir-
cuits of the mixer circuits. Transistors may be used as the first
and second resistance circuits as in the third embodiment.
[0359] The present embodiment will describe a structural
example of a mixer circuit using transistors as first and second
resistor circuits. In this example, transistors are used as the
first and second resistor circuits of the mixer circuit described
in the first embodiment.

[0360] As in the ninth embodiment, a DC voltage is biased
to the gates of MOS transistors but is canceled in the exami-
nation of output characteristics. Thus a direct current is not
considered in the present embodiment.

[0361] FIG. 11 is a circuit diagram showing the main con-
figuration of the mixer circuit according to an eleventh
embodiment which is an aspect of the present invention.
Configurations indicated by the same reference numerals as
the ninth embodiment are the same configurations as the ninth
embodiment.

[0362] As shown in FIG. 11, a first resistor circuit and a
second resistor circuit of a mixer circuit 1100 are made up of
p-type MOS transistors 308 and 309, each having a control
electrode (gate) connected to a fixed potential Vbias. These
p-type MOS transistors 308 and 309 also act as current
sources.

[0363] Inthe configuration of the mixer circuit 1100, when
it is assumed that the p-type MOS transistors 308 and 309
have infinite output impedances, first and second output ter-
minals 10 and 11 output currents.

[0364] Further, voltages can be outputted by disposing a
current/voltage converting circuit downstream of the mixer
circuit 1100.

[0365] The mixer circuit 1100 configured thus outputs the
output voltages in response to first to fourth input signals as in
the ninth embodiment.
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[0366] Further, as in the ninth embodiment, the mixer cir-
cuit 1100 adds analog signals, which are inputted to input
terminals, by the coupling of impedance elements.

[0367] Thus as in the ninth embodiment, the mixer circuit
of the eleventh embodiment can eliminate the need for an
adding circuit of analog signals unlike the prior art in which
power is consumed because of the DC bias currents of tran-
sistors. Hence the mixer circuit of the eleventh embodiment
can operate with lower power than in the prior art.

[0368] As described above, the mixer circuit of the present
embodiment can perform low-voltage operations with lower
power.

Twelfth Embodiment

[0369] The ninth and tenth embodiments described more
typical structural examples of the mixer circuit.

[0370] The present embodiment will describe a more typi-
cal structural example of the mixer circuit of the eighth
embodiment.

[0371] In the present embodiment, the coupling of imped-
ance elements is formed on signal input points without chang-
ing the basic configurations of the transistors of the mixer
circuit described in the eighth embodiment. As has been
discussed, the impedance elements are capacitors, resistance
elements, or inductors.

[0372] Asintheeighth embodiment, a DC voltageis biased
to the gates of MOS transistors.

[0373] FIG. 12 is a circuit diagram showing the main con-
figuration of a mixer circuit according to a twelfth embodi-
ment which is an aspect of the present invention. Configura-
tions indicated by the same reference numerals as the eighth
embodiment are the same configurations as the eighth
embodiment.

[0374] As shown in FIG. 12, in a mixer circuit 1200, the
first capacitor 13 of the mixer circuit 800 described in the
eighth embodiment is replaced with a first impedance ele-
ment 13A. The second capacitor 14 of the mixer circuit 800 is
similarly replaced with a second impedance element 14A.
The third capacitor 16 of the mixer circuit 800 is similarly
replaced with a third impedance element 16A. The fourth
capacitor 17 of the mixer circuit 800 is similarly replaced with
a fourth impedance element 17A.

[0375] The fifth capacitor 19 of the mixer circuit 800 is
similarly replaced with a fifth impedance element 19A. The
sixth capacitor 20 of the mixer circuit 800 is similarly
replaced with a sixth impedance element 20A. The seventh
capacitor 22 of the mixer circuit 800 is similarly replaced with
a seventh impedance element 22 A. The eighth capacitor 23 of
the mixer circuit 800 is similarly replaced with an eighth
impedance element 23A.

[0376] The ninth capacitor 413 of the mixer circuit 800 is
similarly replaced with a ninth impedance element 413A. The
tenth capacitor 414 of the mixer circuit 800 is similarly
replaced with a tenth impedance element 414A. The eleventh
capacitor 416 of the mixer circuit 800 is similarly replaced
with an eleventh impedance element 416A. The twelfth
capacitor 417 of the mixer circuit 800 is similarly replaced
with a twelfth impedance element 417A.

[0377] The thirteenth capacitor 419 of the mixer circuit 800
is similarly replaced with a thirteenth impedance element
419A. The fourteenth capacitor 420 of the mixer circuit 800 is
similarly replaced with a fourteenth impedance element
420A. The fifteenth capacitor 422 of the mixer circuit 800 is
similarly replaced with a fifteenth impedance element 422A.
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The sixteenth capacitor 423 of the mixer circuit 800 is simi-
larly replaced with a sixteenth impedance element 423 A.
[0378] The first, third, fifth, seventh, ninth, eleventh, thir-
teenth, fifteen, and seventeenth impedance elements 13A,
16A, 19A, 22A, 413A, 416A, 419A, and 422 A each have an
impedance Z1.

[0379] The second, fourth, sixth, eighth, tenth, twelfth,
fourteenth, and sixteenth impedance elements 14A, 17A,
20A,23A,414A,417A,420A, and 423 A each have an imped-
ance Z2.

[0380] Other configurations of the mixer circuit 1200 are
similar to the configurations of the mixer circuit 800 illus-
trated in the eighth embodiment.

[0381] The operations of the mixer circuit 1200 configured
thus are similar to the operations of the mixer circuit 800
described in the eighth embodiment. Thus the mixer circuit
1200 outputs output voltages in response to first to fourth
input signals.

[0382] As has been discussed, the mixer circuit 1200 adds
analog signals, which are inputted to input terminals, by the
coupling of the impedance elements. The principle of the
addition of the analog signals by the coupling of the imped-
ance elements can be described as in the second and sixth
embodiments.

[0383] Moreover, the basic configurations of the transistors
in the mixer circuit 1200 are similar to the configurations of
the transistors of the second embodiment, so that the mixer
circuit 1200 can operate with low voltage and low power.
[0384] As described above, the mixer circuit of the present
embodiment can perform low-voltage operations with lower
power as in the second and sixth embodiments.

Thirteenth Embodiment

[0385] The twelfth embodiment described a more typical
structural example of the mixer circuit of the eighth embodi-
ment.

[0386] The present embodiment will describe a structural
example for stabilizing the common code voltage of the out-
put terminal of the mixer circuit described in the twelfth
embodiment.

[0387] FIG. 13 is a circuit diagram showing the main con-
figuration of a mixer circuit according to the thirteenth
embodiment which is an aspect of the present invention.
Configurations indicated by the same reference numerals as
the twelfth embodiment are the same configurations as the
twelfth embodiment.

[0388] As shown in FIG. 13, unlike the mixer circuit 1200
of the twelfth embodiment, a mixer circuit 1300 further
includes a first bias resistance element 130, a second bias
resistance element 131, a third bias resistance element 132, a
fourth bias resistance element 133, a fifth bias resistance
element 134, a sixth bias resistance element 135, a seventh
bias resistance element 136, an eighth bias resistance element
137, a ninth bias resistance element 138, and a tenth bias
resistance element 139.

[0389] The first bias resistance element 130 has one end
connected to a first output terminal 10.

[0390] The second bias resistance element 131 has one end
connected to a second output terminal 11 and the other end
connected to the other end of the first bias resistance element
130.

[0391] The third bias resistance element 132 is connected
between a contact 140 between the other end of the first bias
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resistance element 130 and the other end of the second bias
resistance element 131 and the control electrode of a first
transistor 12.

[0392] The fourth bias resistance element 133 is connected
between the contact 140 and the control electrode of a second
transistor 15.

[0393] The fifth bias resistance element 134 is connected
between the contact 140 and the control electrode of a third
transistor 18.

[0394] The sixth bias resistance element 135 is connected
between the contact 140 and the control electrode of a fourth
transistor 21.

[0395] The seventh bias resistance element 136 is con-
nected between the contact 140 and the control electrode of a
fifth transistor 412.

[0396] The eighth bias resistance element 137 is connected
between the contact 140 and the control electrode of a sixth
transistor 415.

[0397] The ninth bias resistance element 138 is connected
between the contact 140 and the control electrode of a seventh
transistor 418.

[0398] The tenth bias resistance element 139 is connected
between the contact 140 and the control electrode of an eighth
transistor 421.

[0399] Asdescribed above, the first to eighth transistors 12,
15, 18, 21, 412, 415, 418, and 421 are diode-connected in
terms of direct current. Thus the common mode voltages of
the first and second output terminals 10 and 11 are stabilized
at a potential divided between a power supply potential Vdd
and a ground potential by the diode-connected transistors.
[0400] The first and second bias resistance elements 130
and 131 have, for example, a resistance value R3. The third to
tenth bias resistance elements 132 to 139 have, for example,
a resistance value R2. The first to tenth bias resistance ele-
ments 130 to 139 are set according to the set values of the
common mode voltages of the first and second output termi-
nals 10 and 11.

[0401] In this configuration, the transistors of the mixer
circuit 1300 have to be operated in a saturated region. Since
the transistors are diode-connected in terms of direct current,
the transistors are DC biased so as to operate in a saturated
region.

[0402] Further, it is not necessary to provide a common
mode feedback circuit in which the stability of output voltage
has to be considered.

[0403] The mixer circuit 1300 configured thus outputs out-
put voltages in response to first to fourth input signals as in the
twelfth embodiment.

[0404] Further, as in the twelfth embodiment, the mixer
circuit 1300 adds analog signals, which are inputted to input
terminals, by the coupling of impedance elements.

[0405] Thus as in the twelfth embodiment, the mixer circuit
of the thirteenth embodiment can eliminate the need for an
adding circuit of analog signals unlike the prior art in which
power is consumed because of the DC bias currents of tran-
sistors. Hence the mixer circuit of the thirteenth embodiment
can operate with lower power than in the prior art.

[0406] As described above, the mixer circuit of the present
embodiment can perform low-voltage operations with lower
power.

Fourteenth Embodiment

[0407] A fourteenth embodiment will describe an example
ofaradio communication terminal to which the mixer circuits
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of the foregoing embodiments are applied. In the following
explanation, the mixer circuit 100 of the first embodiment is
applied to a radio communication terminal. The mixer cir-
cuits of the other embodiments are similarly applicable.
[0408] FIG. 14 shows the main configuration of a radio
communication terminal 2000 to which the mixer circuits of
the present invention are applicable.

[0409] As shown in FIG. 14, the radio communication ter-
minal 2000 includes a radio transceiver 2001. The radio com-
munication terminal 2000 is, for example, a cellular phone, a
personal data assistant (PDA), and so on.

[0410] The radio transceiver 2001 receives signals via a
receiving antenna 2004, performs signal processing on the
signals, and outputs the signals to an internal circuit (not
shown). Further, the radio transceiver 2001 processes signals
outputted from the internal circuit and transmits the signals
from a transmitting antenna 2002. The mixer circuit 100
provided in the radio transceiver 2001 is used for mixing the
signals during the processing of the signals.

What is claimed is:

1. A mixer circuit comprising:

a first input terminal fed with a first voltage signal;

a second input terminal fed with a second voltage signal;

a third input terminal fed with a third voltage signal equiva-
lent to an inverted signal of the first voltage signal;

a fourth input terminal fed with a fourth voltage signal
equivalent to an inverted signal of the second voltage
signal;

a fitth input terminal fed with the first voltage signal;

a sixth input terminal fed with the fourth voltage signal;

a seventh input terminal fed with the second voltage signal;

a first resistor circuit comprising one end connected to a
first potential;

a first output terminal connected to an other end of the first
resistor circuit;

a first transistor connected between the other end of the first
resistor circuit and a second potential;

afirstimpedance element connected between the first input
terminal and a control electrode of the first transistor;

a second impedance element connected between the sec-
ond input terminal and the control electrode of the first
transistor;

a second transistor of a same conductivity type as the first
transistor, the second transistor being connected in par-
allel with the first transistor between the other end of the
first resistor circuit and the second potential;

a third impedance element connected between the third
input terminal and a control electrode of the second
transistor;

a fourth impedance element connected between the fourth
input terminal and the control electrode of the second
transistor;

a second resistor circuit comprising one end connected to
the first potential;

a second output terminal connected to an other end of the
second resistor circuit;

a third transistor of the same conductivity type as the first
transistor, the third transistor being connected between
the other end of the second resistor circuit and the second
potential;

a fifth impedance element connected between the fifth
input terminal and a control electrode of the third tran-
sistor;
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a sixth impedance element connected between the sixth
input terminal and the control electrode of the third
transistor;

a fourth transistor of the same conductivity type as the first
transistor, the fourth transistor being connected in par-
allel with the third transistor between the other end of the
second resistor circuit and the second potential;

a seventh impedance element connected between the third
input terminal and a control electrode of the fourth tran-
sistor; and

an eighth impedance element connected between the sev-
enth input terminal and the control electrode of the
fourth transistor.

2. A mixer circuit comprising:

a first input terminal fed with a first voltage signal;

a second input terminal fed with a second voltage signal;

athird input terminal fed with a third voltage signal equiva-
lent to an inverted signal of the first voltage signal;

a fourth input terminal fed with a fourth voltage signal
equivalent to an inverted signal of the second voltage
signal;

a fifth input terminal fed with the first voltage signal;

a sixth input terminal fed with the fourth voltage signal;

aseventh input terminal fed with the second voltage signal;

an eighth input terminal fed with the third voltage signal;

a ninth input terminal fed with the second voltage signal;

a tenth input terminal fed with the first voltage signal;

aeleventh input terminal fed with the fourth voltage signal;

a twelfth input terminal fed with the third voltage signal;

a thirteenth input terminal fed with the fourth voltage sig-
nal;

a fourteenth input terminal fed with the second voltage
signal;

a first transistor comprising one end connected to a first
potential;

a first output terminal connected to an other end of the first
transistor;

afirstimpedance element connected between the first input
terminal and a control electrode of the first transistor;

a second impedance element connected between the sec-
ond input terminal and the control electrode of the first
transistor;

a second transistor of a same conductivity type as the first
transistor, the second transistor being connected in par-
allel with the first transistor between the first output
terminal and the first potential;

a third impedance element connected between the third
input terminal and a control electrode of the second
transistor;

a fourth impedance element connected between the fourth
input terminal and the control electrode of the second
transistor;

a third transistor of the same conductivity type as the first
transistor, the third transistor comprising one end con-
nected to the first potential;

a second output terminal connected to an other end of the
third transistor;

a fifth impedance element connected between the fifth
input terminal and a control electrode of the third tran-
sistor;

a sixth impedance element connected between the sixth
input terminal and the control electrode of the third
transistor;
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a fourth transistor of the same conductivity type as the first
transistor, the fourth transistor being connected in par-
allel with the third transistor between the second output
terminal and the first potential;

a seventh impedance element connected between the third
input terminal and a control electrode of the fourth tran-
sistor;

an eighth impedance element connected between the sev-
enth input terminal and the control electrode of the
fourth transistor;

a fifth transistor of a second conductivity type different
from the first conductivity type, the fifth transistor being
connected between the first output terminal and a second
potential;

a ninth impedance element connected between the eighth
input terminal and a control electrode of the fifth tran-
sistor;

a tenth impedance element between the ninth input termi-
nal and the control electrode of the fifth transistor;

a sixth transistor of a same conductivity type as the fifth
transistor, the sixth transistor being connected in parallel
with the fifth transistor between the first output terminal
and the second potential;

an eleventh impedance element connected between the
tenth input terminal and a control electrode of the sixth
transistor;

a twelfth impedance element connected between the elev-
enth input terminal and the control electrode of the sixth
transistor;

a seventh transistor of the same conductivity type as the
fifth transistor, the seventh transistor being connected
between the second output terminal and the second
potential;

a thirteenth impedance element connected between the
twelfth input terminal and a control electrode of the
seventh transistor;

a fourteenth impedance element connected between the
thirteenth input terminal and the control electrode of the
seventh transistor;

an eighth transistor of the same conductivity type as the
fifth transistor, the eighth transistor being connected in
parallel with the seventh transistor between the second
output terminal and the second potential;

a fifteenth impedance element connected between the tenth
input terminal and a control electrode of the eighth tran-
sistor; and

a sixteenth impedance element connected between the
fourteenth input terminal and the control electrode of the
eighth transistor.

3. The mixer circuit of claim 1, wherein the first to eighth

impedance elements are capacitors.

4. The mixer circuit of claim 1, wherein the first, third, fifth,
and seventh impedance elements are resistance elements,

the second, fourth, sixth, and eighth impedance elements
are capacitors.

5. The mixer circuit of claim 2, wherein the first to sixteenth
impedance elements are capacitors.

6. The mixer circuit of claim 2, wherein the first, third, fifth,
seventh, ninth, eleventh, thirteenth, and fifteenth impedance
elements are resistance elements,

the second, fourth, sixth, eighth, tenth, twelfth, fourteenth,
and sixteenth impedance elements are capacitors.



US 2010/0264979 Al

7. The mixer circuit of claim 2, further comprising:

a first bias resistance element comprising one end con-
nected to the first output terminal;

a second bias resistance element comprising one end con-
nected to the second output terminal and an other end
connected to an other end of the first bias resistance
element;

athird bias resistance element connected between a contact
and the control electrode of the first transistor, the con-
tact being connected between the other end of the first
bias resistance element and the other end of the second
bias resistance element;

a fourth bias resistance element connected between the
contact and the control electrode of the second transis-
tor;

a fifth bias resistance element connected between the con-
tact and the control electrode of the third transistor;

a sixth bias resistance element connected between the con-
tact and the control electrode of the fourth transistor;

a seventh bias resistance element connected between the
contact and the control electrode of the fifth transistor;

an eighth bias resistance element connected between the
contact and the control electrode of the sixth transistor;

aninth bias resistance element connected between the con-
tact and the control electrode of the seventh transistor;
and

atenth bias resistance element connected between the con-
tact and the control electrode of the eighth transistor.

8. The mixer circuit of claim 1, wherein the first resistor
circuit and the second resistor circuit are each made up of a
transistor comprising a control electrode connected to a fixed
potential.

9. The mixer circuit of claim 3, wherein the first resistor
circuit and the second resistor circuit are each made up of a
transistor comprising a control electrode connected to a fixed
potential.

10. A mixer circuit comprising:

a first adder configured to output a first output signal by

adding a first voltage signal and a second voltage signal;

a second adder configured to output a second output signal
by adding an inverted signal of the first voltage signal
and an inverted signal of the second voltage signal;

a third adder configured to output a third output signal by
adding the inverted signal of the first voltage signal and
the second voltage signal;

a fourth adder configured to output a fourth output signal
by adding the first voltage signal and the inverted signal
of'the second voltage signal;

a first square circuit configured to output a fifth output
signal by squaring the first output signal;

a second square circuit configured to output a sixth output
signal by squaring the second output signal;

a third square circuit configured to output a seventh output
signal by squaring the third output signal; and

a fourth square circuit configured to output a eighth output
signal by squaring the fourth output signal.
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11. A mixer circuit comprising:

afirst adder comprising a first input terminal fed with a first
voltage signal and a second input terminal fed with a
second voltage signal, and configured to output a first
output signal by adding the first voltage signal and the
second voltage signal;

a second adder comprising a third input terminal fed with
an inverted signal of the first voltage signal and a fourth
input terminal fed with an inverted signal of the second
voltage signal, and configured to output a second output
signal by adding the inverted signal of the first voltage
signal and the inverted signal of the second voltage
signal;

a third adder comprising a fifth input terminal fed with the
inverted signal of the first voltage signal and a sixth input
terminal fed with the second voltage signal, and config-
ured to output a third output signal by adding the
inverted signal of the first voltage signal and the second
voltage signal;

a fourth adder comprising a seventh input terminal fed with
the first voltage signal and a eighth input terminal fed
with the inverted signal ofthe second voltage signal, and
configured to output a fourth output signal by adding the
first voltage signal and the inverted signal of the second
voltage signal;

a first square circuit comprising a ninth input terminal fed
with the first output signal and a first output terminal to
output a fifth output signal by squaring the first output
signal;

a second square circuit comprising a tenth input terminal
fed with the second output signal and a second output
terminal to output a sixth output signal by squaring the
second output signal;

a third square circuit comprising a eleventh input terminal
fed with the third output signal and a third output termi-
nal to output a seventh output signal by squaring the
third output signal; and

a fourth square circuit comprising a twelfth input terminal
fed with the fourth output signal and a fourth output
terminal to output a eighth output signal by squaring the
fourth output signal.

12. The mixer circuit of claim 11, wherein the first to fourth
adders each have a first impedance element and a second
impedance element.

13. The mixer circuit of claim 11, wherein the first to fourth
square circuits are MOS transistors.

14. The mixer circuit of claim 13, wherein the ninth to
twelfth terminals are gate electrodes of the MOS transistors.

15. The mixer circuit of claim 13, wherein one of a source
terminal or a drain terminal of the MOS transistor is con-
nected to a first voltage potential via a third impedance ele-
ment.

16. The mixer circuit of claim 15, wherein the other of the
source terminal or the drain terminal of the MOS transistor is
connected to a current source.

17. The mixer circuit of claim 13, wherein the MOS tran-
sistors are same conductivity type.
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