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In a mixer circuit, addition of analog signals by capacitive 
coupling is used and square-law characteristics of the drain 
current of a MOS transistor operating in a saturated region are 
used. With this con?guration, 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. BackgroundArt 
[0004] In radio 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 
signi?cant 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 LSIs 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 
con?guration, 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. 
[001 0] Thus it is dif?cult 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 ?rst input terminal fed With a ?rst 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 ?rst voltage signal; 
[0015] a fourth input terminal fed With a fourth voltage 
signal equivalent to an inverted signal of the second voltage 
signal; 
[001 6] a ?fth input terminal fed With the ?rst voltage signal; 
[0017] a sixth input terminal fed With the fourth voltage 
signal; 
[0018] a seventh input terminal fed With the second voltage 
signal; 
[0019] a ?rst resistor circuit comprising one end connected 
to a ?rst potential; 
[0020] a ?rst output terminal connected to an other end of 
the ?rst resistor circuit; 
[0021] a ?rst transistor connected betWeen the other end of 
the ?rst resistor circuit and a second potential; 
[0022] a ?rst impedance element connected betWeen the 
?rst input terminal and a control electrode of the ?rst transis 
tor; 
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[0023] a second impedance element connected betWeen the 
second input terminal and the control electrode of the ?rst 
transistor; 
[0024] a second transistor of a same conductivity type as 
the ?rst transistor, the second transistor being connected in 
parallel With the ?rst transistor betWeen the other end of the 
?rst 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 ?rst potential; 
[0028] a second output terminal connected to an other end 
of the second resistor circuit; 
[0029] a third transistor of the same conductivity type as the 
?rst transistor, the third transistor being connected betWeen 
the other end of the second resistor circuit and the second 
potential; 
[0030] a ?fth impedance element connected betWeen the 
?fth 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 ?rst 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 ?rst input terminal fed With a ?rst 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 ?rst 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 ?fth input terminal fed With the ?rst voltage signal; 
[0041] a sixth input terminal fed With the fourth voltage 
signal; 
[0042] a seventh 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 ?rst voltage sig 
nal; 
[0046] a eleventh 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; 



US 2010/0264979 A1 

[0049] a fourteenth input terminal fed With the second volt 
age signal; 
[0050] a ?rst transistor comprising one end connected to a 
?rst potential; 
[0051] a ?rst output terminal connected to an other end of 
the ?rst transistor; 
[0052] a ?rst impedance element connected betWeen the 
?rst input terminal and a control electrode of the ?rst transis 
tor; 
[0053] a second impedance element connected betWeen the 
second input terminal and the control electrode of the ?rst 
transistor; 
[0054] a second transistor of a same conductivity type as 
the ?rst transistor, the second transistor being connected in 
parallel With the ?rst transistor betWeen the ?rst output ter 
minal and the ?rst 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] a third transistor of the same conductivity type as the 
?rst transistor, the third transistor comprising one end con 
nected to the ?rst potential; 
[0058] a second output terminal connected to an other end 
of the third transistor; 
[0059] a ?fth impedance element connected betWeen the 
?fth 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 ?rst transistor, the fourth transistor being connected in 
parallel With the third transistor betWeen the second output 
terminal and the ?rst 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 ?fth transistor of a second conductivity type dif 
ferent from the ?rst conductivity type, the ?fth transistor 
being connected betWeen the ?rst output terminal and a sec 
ond potential; 
[0065] a ninth impedance element connected betWeen the 
eighth input terminal and a control electrode of the ?fth 
transistor; 
[0066] a tenth impedance element betWeen the ninth input 
terminal and the control electrode of the ?fth transistor; 
[0067] a sixth transistor of a same conductivity type as the 
?fth transistor, the sixth transistor being connected in parallel 
With the ?fth transistor betWeen the ?rst 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] a tWelfth impedance element connected betWeen the 
eleventh input terminal and the control electrode of the sixth 
transistor; 
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[0070] a seventh transistor of the same conductivity type as 
the ?fth 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] a fourteenth 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 ?fth transistor, the eighth transistor being connected in 
parallel With the seventh transistor betWeen the second output 
terminal and the second potential; 
[0074] a ?fteenth 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] a ?rst adder con?gured to output a ?rst output signal 
by adding a ?rst voltage signal and a second voltage signal; 
[0078] a second adder con?gured to output a second output 
signal by adding an inverted signal of the ?rst voltage signal 
and an inverted signal of the second voltage signal; 
[0079] a third adder con?gured to output a third output 
signal by adding the inverted signal of the ?rst voltage signal 
and the second voltage signal; 
[0080] a fourth adder con?gured to output a fourth output 
signal by adding the ?rst voltage signal and the inverted signal 
of the second voltage signal; 
[0081] a ?rst square circuit con?gured to output a ?fth 
output signal by squaring the ?rst output signal; 
[0082] a second square circuit con?gured to output a sixth 
output signal by squaring the second output signal; 
[0083] a third square circuit con?gured to output a seventh 
output signal by squaring the third output signal; and a fourth 
square circuit con?gured 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 ?rst adder comprising a ?rst input terminal fed 
With a ?rst voltage signal and a second input terminal fed With 
a second voltage signal, and con?gured to output a ?rst output 
signal by adding the ?rst voltage signal and the second volt 
age signal; 
[0086] a second adder comprising a third input terminal fed 
With an inverted signal of the ?rst voltage signal and a fourth 
input terminal fed With an inverted signal of the second volt 
age signal, and con?gured to output a second output signal by 
adding the inverted signal of the ?rst voltage signal and the 
inverted signal of the second voltage signal; 
[0087] a third adder comprising a ?fth input terminal fed 
With the inverted signal of the ?rst voltage signal and a sixth 
input terminal fed With the second voltage signal, and con 
?gured to output a third output signal by adding the inverted 
signal of the ?rst voltage signal and the second voltage signal; 
[0088] a fourth adder comprising a seventh input terminal 
fed With the ?rst voltage signal and a eighth input terminal fed 
With the inverted signal of the second voltage signal, and 
con?gured to output a fourth output signal by adding the ?rst 
voltage signal and the inverted signal of the second voltage 
signal; 
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[0089] a ?rst square circuit comprising a ninth input termi 
nal fed With the ?rst output signal and a ?rst output terminal 
to output a ?fth output signal by squaring the ?rst 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 
?guration of the mixer circuit according to a ?rst embodiment 
Which is an aspect of the present invention; 
[0094] FIG. 2 is a circuit diagram shoWing the main con 
?guration of the mixer circuit according to a second embodi 
ment Which is an aspect of the present invention. Con?gura 
tions indicated by the same reference numerals as the ?rst 
embodiment are the same con?gurations as the ?rst embodi 

ment; 
[0095] FIG. 3 is a circuit diagram shoWing the main con 
?guration 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 
?guration 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 
?guration of the mixer circuit according to a ?fth embodiment 
Which is an aspect of the present invention; 
[0098] FIG. 6 is a circuit diagram shoWing the main con 
?guration 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 
?guration 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 
?guration 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 
?guration 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 
?guration 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 
?guration 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 
?guration 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 
?guration 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 ?gure shoWing a main con?guration 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 compo sing the mixer circuit of the prior art 
are operated in a saturated region. In this case, drain currents 
“I dsn” of the NMOS transistors are expressed by formulas (l) 
and (2). For simpli?cation, a channel length modulation 
effect is ignored. 
[0108] In formula (1), “Vgs” represents a gate-to-source 
voltage and “V?m” represents the threshold voltage of the 
NMOS transistor. In formula (2), “un” represents the mobility 
of electrons, “Cox” represents the thickness of the gate oxide 
?lm of the transistor, and “WM” and “Ln” represent the gate 
Width and gate length of the NMOS transistor. 

1 (1) 
1d... = Emu/gs — vmnf 

W” (2) 

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

[0110] In this case, a difference “IF-In” betWeen tWo output 
currents from the circuit of a mixer core is expressed by 
formula (3). 
[0111] In formula (3), “v1” and “v2” 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 v1+v2 
(—vl—v2) and v1 —v2(—vl +v2). The input voltages of the mixer 
core are generated by adding input voltages vl (—vl) and v2(— 
v2) of the mixer circuit through an adding circuit of analog 
signals. 

[0112] As expressed in formula (3), by determining a dif 
ference betWeen the tWo output currents, it is possible to 
multiply “v1” and “v2” Which are the input signals of the 
mixer circuit. 

[0113] Further, When a difference “IF-In” betWeen the tWo 
output currents is converted to a voltage output by a resistance 
“R”, a difference “Voutp—Voum” betWeen the tWo output volt 
ages is expressed by formula (4). 

[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 con?guration is suitable for loW-voltage 
operations. 
[0115] In the present invention, analog signals are added by 
a con?guration 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 
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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 con?guration, the voltage and 
poWer of the mixer circuit can be reduced. 

[0118] Further, in the present embodiment, a ?rst 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 
?guration of the mixer circuit according to a ?rst embodiment 
Which is an aspect of the present invention. 
[0122] As shoWn in FIG. 1, a mixer circuit 100 includes a 
?rst input terminal 1, a second input terminal 2, a third input 
terminal 3, a fourth input terminal 4, a ?fth input terminal 5, 
a sixth input terminal 6, and a seventh input terminal 7. 
[0123] The ?rst input terminal 1 is fed With a ?rst voltage 
signal vl Which is an analog signal. 
[0124] The second input terminal 2 is fed With a second 
voltage signal v2 Which is an analog signal. 
[0125] The third input terminal 3 is fed With a third voltage 
signal (—vl) Which is equivalent to the inverted signal of the 
?rst voltage signal v1. 
[0126] The fourth input terminal 4 is fed With a fourth 
voltage signal (—v2) Which is equivalent to the inverted signal 
of the second voltage signal v2. 
[0127] The ?fth input terminal 5 is fed With the ?rst voltage 
signal v1. 
[0128] The sixth input terminal 6 is fed With the fourth 
voltage signal (—v2). 
[0129] The seventh input terminal 7 is fed With the second 
voltage signal v2. 
[0130] The mixer circuit 100 further includes a ?rst resistor 
circuit 8, a second resistor circuit 9, a ?rst output terminal 10, 
and a second output terminal 11. 
[0131] The ?rst resistor circuit 8 has one end connected to 
a poWer supply potential Vdd Which is the ?rst potential. The 
?rst resistor circuit 8 has a resistance value R. The ?rst 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 ?rst potential. 
The second resistor circuit 9 has the same resistance value R 
as the ?rst 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 ?rst output terminal 10 is connected to the other 
end of the ?rst resistor circuit 8. The ?rst resistor circuit 8 is 
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fed With an output current Ip, so that an output voltage Voutp 
is outputted from the ?rst 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 ?rst tran 
sistor 12, a ?rst capacitor 13, a second capacitor 14, a second 
transistor 15, a third capacitor 16, and a fourth capacitor 17. 
[0136] The ?rst transistor 12, Which is an n-type MOS 
transistor, is connected betWeen the other end of the ?rst 
resistor circuit 8 and the ground potential Which is the second 
potential. 
[0137] The ?rst capacitor 13 is connected betWeen the ?rst 
input terminal 1 and the gate of the ?rst transistor 12. The gate 
is the control electrode of the ?rst transistor 12. The ?rst 
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 ?rst transistor 12. 
The second capacitor 14 has a capacitance value C2. 
[0139] The second transistor 15 is connected in parallel 
With the ?rst transistor 12 betWeen the other end of the ?rst 
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 ?rst 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 ?rst 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 ?fth 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 ?rst transistor 12. 
[0144] The ?fth capacitor 19 is connected betWeen the ?fth 
input terminal 5 and the gate of the third transistor 18. The 
?fth capacitor 19 has the same capacitance value C1 as the 
?rst 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 ?rst 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 ?rst 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 ?rst to fourth 
transistors 12, 15, 18, and 21 and the ground potential. The 
current source 24 outputs a current IBIAS. 
[0150] The following Will describe the operations of the 
mixer circuit 100 con?gured thus. 
[0151] The mixer circuit 100 differentially operates the ?rst 
and second MOS transistors 12 and 15 based on a voltage Vpp 
obtained by capacitively coupling the ?rst input signal v1 and 
the second input signal v2 and a voltage Vnn obtained by 
capacitively coupling the third input signal (—vl) and the 
fourth input signal (—v2). That is, it seems that a adder is made 
up of the ?rst capacitor 13 and the second capacitor 14 and has 
tWo input and one output, or the adder outputs the voltage Vpp 
by adding the ?rst input signal (v1) and the second input 
signal (v2). 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 (—vl) and the fourth input 
signal (—v2). 
[0152] The output current Ip ?uctuates according to the 
operations of the ?rst and second MOS transistors 12 and 15. 
That is, it seems that a current (source/drain current) is out 
putted from the ?rst 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 ?rst resistor circuit 8 is 
outputted from the ?rst output terminal 10. 
[0154] Similarly, the mixer circuit 100 differentially oper 
ates the third and fourth MOS transistors 18 and 21 based on 
a voltage Vpn obtained by capacitively coupling the ?rst input 
signal v1 and the fourth input signal (—v2) and a voltage Vnp 
obtained by capacitively coupling the third input signal (—vl) 
and the second input signal v2. 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 (—vl) and the 
second input signal (v2). In the same Way, it seems that a adder 
is made up of the ?fth capacitor 19 and the sixth capacitor 20 
and has tWo input and one output, or the adder outputs the 
voltage Vpn by adding the ?rst input signal (v1) and the fourth 
input signal (—v2). 
[0155] The output current In ?uctuates 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 ?rst 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 
“v ”, “Vnn”, “v n”, and “Vnp” on the nodes are expressed by 
foiumulas (5) to (8) as beloW. 

[0160] As is understood 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 “IF-In” betWeen the output 
currents of the mixer circuit is expressed by formulas (9) to 
(11). “[3,,” represents the same value as in formula (2). 

1p — In = 4,3na1a2V1V2 (9) 

_ c1 (10) 
a1 _ m 

_ C2 (11) 
“2 _ C1 + c2 

[0162] As expressed in formulas (9) to (11), the circuit 
con?guration of the mixer circuit 100 makes it possible to 
multiply the input signals v1 and v2 by determining a differ 
ence in output current. 

[0163] Further, the voltages are outputted through the resis 
tor circuits, so that a difference “Voutp-VOW,” betWeen the 
output voltages is expressed by formula (12). 

Vouzp_ Voutn:_4R [5nd la2vlv2 (12) 

[0164] As expressed in formula (12), the circuit con?gura 
tion of the mixer circuit 100 makes it possible to multiply the 
input signals v1 and v2 also by determining a difference 
betWeen the output voltages. 
[0165] As described above, the mixer circuit of the ?rst 
embodiment can eliminate the need for an adding circuit of 
analog signals unlike the prior art in Which poWer is con 
sumedbecause of the DC bias currents of transistors. Thus the 
mixer circuit of the ?rst 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. 

Second Embodiment 

[0167] The ?rst embodiment described an example of the 
con?guration of the mixer circuit. 
[0168] The mixer circuit of the ?rst embodiment can 
achieve the same effect even When the polarity of the circuit is 
inverted. 
























