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(54) HIGH FREQUENCY MIXER

(57) A first phase shift circuit (2) converts impedance
to achieve impedance matching between a third terminal
(1c) of a 90-degree hybrid circuit (1) and a first terminal
(4a) of a first nonlinear element (4), and shifts a phase
of a radio wave by 180 degrees, and a second phase
shift circuit (3) converts impedance to achieve imped-

ance matching between a fourth terminal (1d) of the
90-degree hybrid circuit (1) and a first terminal (5a) of a
second nonlinear element (5), and shifts a phase of a
radio wave by 90 degrees. As a result of this configura-
tion, a conversion loss of radio waves can be reduced.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a high frequen-
cy mixer provided with a 90-degree hybrid circuit.

BACKGROUND ART

[0002] Patent Literature 1 listed below discloses a high
frequency mixer including a 90-degree hybrid circuit and
first and second diodes.
[0003] Hereinafter, a case where this high frequency
mixer operates as a reception mixer will be described.
[0004] The 90-degree hybrid circuit has first to fourth
terminals. An LO wave which is a local oscillation wave
is input through the first terminal, and an RF signal which
is a high frequency signal is input through the second
terminal.
[0005] Thus, the 90-degree hybrid circuit outputs an
LO wave with a phase of 0 degrees and an RF signal
with a phase of -90 degrees from the third terminal, and
an LO wave with a phase of -90 degrees and an RF signal
with a phase of 0 degrees from the fourth terminal.
[0006] The anode of the first diode is connected to the
third terminal of the 90-degree hybrid circuit via a trans-
mission line having a length of a quarter wavelength at
the frequency of the LO wave. The frequency of the LO
wave and the frequency of the RF signal are approxi-
mately equal.
[0007] Therefore, the transmission line shifts the
phase of the LO wave output from the third terminal of
the 90-degree hybrid circuit by -90 degrees, and shifts
the phase of the RF signal output from the third terminal
of the 90-degree hybrid circuit by about -90 degrees.
[0008] As a result, the anode of the first diode is sup-
plied with the LO wave with a phase of -90 degrees and
the RF signal with a phase of approximately 180 degrees.
[0009] The cathode of the first diode is short-circuited
at the frequency of the LO wave by an open circuited
stub, and the first diode performs a switching operation
in accordance with the amplitude of the LO wave, thereby
generating a mixed wave of the LO wave and the RF
signal.
[0010] The mixed wave of the LO wave and the RF
signal is a difference frequency signal between the fre-
quency of the LO wave and the frequency of the RF sig-
nal, and the difference frequency signal is hereinafter
referred to as a first IF signal. The phase of the first IF
signal output from the cathode of the first diode is ap-
proximately -90 degrees.
[0011] The cathode of the second diode is connected
to the fourth terminal of the 90-degree hybrid circuit.
[0012] As a result, the cathode of the second diode is
supplied with the LO wave with a phase of -90 degrees
and the RF signal with a phase of 0 degrees.
[0013] The anode of the second diode is short-circuited
at the frequency of the LO wave by an open circuited

stub, and the second diode performs a switching opera-
tion in accordance with the amplitude of the LO wave,
thereby generating a mixed wave of the LO wave and
the RF signal.
[0014] The mixed wave of the LO wave and the RF
signal is a difference frequency signal between the fre-
quency of the LO wave and the frequency of the RF sig-
nal, and the difference frequency signal is hereinafter
referred to as a second IF signal.
[0015] Since the direction of the first diode and the di-
rection of the second diode are opposite to each other,
the phase of the second IF signal output from the anode
of the second diode is -90 degrees.
[0016] The frequency of the first IF signal output from
the cathode of the first diode and the frequency of the
second IF signal output from the anode of the second
diode are approximately equal to each other, and there-
fore, they are synthesized approximately in phase and
output.
[0017] The RF signal output from the cathode of the
first diode and the RF signal output from the anode of
the second diode are approximately cancelled because
they are in reverse phase.

CITATION LIST

PATENT LITERATURES

[0018] Patent Literature 1: JP H03-27604 A (JP
1991-27604 A)

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0019] In the conventional high frequency mixer includ-
ing a 90-degree hybrid circuit and first and second diodes,
the input impedance of the first and second diodes is
higher than the output impedance of the third and fourth
terminals of the 90-degree hybrid circuit. Thus, the im-
pedance mismatch between the 90-degree hybrid circuit
and the first and second diodes increases. As a result,
the conventional high frequency mixer entails a problem
that, when the high frequency mixer operates as a re-
ception mixer, a conversion loss from RF signal to IF
signal increases, and when the high frequency mixer op-
erates as a transmission mixer, a conversion loss from
IF signal to RF signal increases.
[0020] The present invention has been made to solve
the foregoing problems, and an object of the present in-
vention is to obtain a high frequency mixer capable of
reducing a conversion loss of radio waves.

SOLUTION TO PROBLEM

[0021] The high frequency mixer according to the
present invention includes: a 90-degree hybrid circuit in-
cluding first to fourth terminals, the second terminal being
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an isolation terminal, the third terminal being a 0-degree
output terminal, and the fourth terminal being a -90-de-
gree output terminal when the first terminal is an input
terminal for a radio wave; a first phase shift circuit con-
verting impedance to achieve impedance matching be-
tween the third terminal of the 90-degree hybrid circuit
and a first terminal of a first nonlinear element, and shift-
ing a phase of a radio wave by 180 degrees; and a second
phase shift circuit converting impedance to achieve im-
pedance matching between the fourth terminal of the 90-
degree hybrid circuit and a second terminal of a second
nonlinear element, and shifting a phase of a radio wave
by 90 degrees.

ADVANTAGEOUS EFFECTS OF INVENTION

[0022] According to the present invention, the first
phase shift circuit converts impedance so as to achieve
impedance matching between the third terminal of the
90-degree hybrid circuit and the first terminal of the first
nonlinear element, and shifts the phase of the radio wave
by 180 degrees, and the second phase shift circuit con-
verts impedance so as to achieve impedance matching
between the fourth terminal of the 90-degree hybrid cir-
cuit and the second terminal of the second nonlinear el-
ement, and shifts the phase of the radio wave by 90 de-
grees, whereby an effect of reducing a conversion loss
of radio waves is obtained.

BRIEF DESCRIPTION OF DRAWINGS

[0023]

FIG. 1 is a block diagram showing a high frequency
mixer according to a first embodiment of the present
invention.
FIG. 2 is a configuration diagram showing imped-
ance conversion by a first phase shift circuit 2.
FIG. 3 is a block diagram showing the first phase
shift circuit 2 and a second phase shift circuit 3.
FIG. 4A is an explanatory view for describing imped-
ance conversion by a first transmission line 11 and
a second transmission line 12 in the first phase shift
circuit 2, and FIG. 4B is an explanatory view for de-
scribing impedance conversion by a third transmis-
sion line 13 in the second phase shift circuit 3.
FIG. 5A is a configuration diagram showing an ex-
ample in which each of a first radio wave shorting
circuit 7 and a second radio wave shorting circuit 8
is configured by a capacitor 21, and FIG. 5B is a
configuration diagram showing an example in which
each of the first radio wave shorting circuit 7 and the
second radio wave shorting circuit 8 is configured by
an open circuited stub 22.
FIG. 6 is a block diagram showing a high frequency
mixer according to a second embodiment of the
present invention.
FIG. 7 is a block diagram showing a high frequency

mixer according to a third embodiment of the present
invention.

DESCRIPTION OF EMBODIMENTS

[0024] Hereinafter, in order to describe the present in-
vention in more detail, some embodiments for carrying
out the present invention will be described with reference
the accompanying drawings.

First Embodiment

[0025] In a first embodiment, an example in which a
high frequency mixer operates as a reception mixer will
be described.
[0026] FIG. 1 is a block diagram showing a high fre-
quency mixer according to the first embodiment of the
present invention.
[0027] In FIG. 1, a 90-degree hybrid circuit 1 has a first
terminal 1a, a second terminal 1b, a third terminal 1c,
and a fourth terminal 1d, and when the first terminal 1a
functions as an input terminal for radio waves, the second
terminal 1b functions as an isolation terminal, the third
terminal 1c functions as a 0-degree output terminal, and
the fourth terminal 1d functions as a -90-degree output
terminal.
[0028] In the example in FIG. 1, an RF signal (radio
wave) which is a high frequency signal is input through
the first terminal 1a of the 90-degree hybrid circuit 1, and
an LO wave (radio wave) which is a local oscillation wave
is input through the second terminal 1b of the 90-degree
hybrid circuit 1.
[0029] The RF signal input through the first terminal 1a
of the 90-degree hybrid circuit 1 is equally distributed to
the third terminal 1c and the fourth terminal 1d without
being output to the second terminal 1b. The first RF signal
(first radio wave) distributed to the third terminal 1c and
the second RF signal (second radio wave) distributed to
the fourth terminal 1d have a phase difference of 90 de-
grees.
[0030] The LO wave input through the second terminal
1b of the 90-degree hybrid circuit 1 is equally distributed
to the third terminal 1c and the fourth terminal 1d without
being output to the first terminal 1a. The first LO wave
(third radio wave) distributed to the third terminal 1c and
the second LO wave (fourth radio wave) distributed to
the fourth terminal 1d also have a phase difference of 90
degrees.
[0031] In the example in FIG. 1, the phase of the first
RF signal output from the third terminal 1c is 0 degrees,
the phase of the first LO wave output from the third ter-
minal 1c is -90 degrees, the phase of the second RF
signal output from the fourth terminal 1d is -90 degrees,
and the phase of the second LO wave output from the
fourth terminal 1d is 0 degrees.
[0032] The first phase shift circuit 2 shifts the phase of
the first RF signal output from the third terminal 1c of the
90-degree hybrid circuit 1 from 0 degrees to 180 degrees
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by shifting the phase of the first RF signal by 180 degrees,
and outputs the phase-shifted first RF signal to a first
nonlinear element 4.
[0033] Further, the first phase shift circuit 2 shifts the
phase of the first LO wave output from the third terminal
1c of the 90-degree hybrid circuit 1 from -90 degrees to
90 degrees by shifting the phase of the first LO wave by
180 degrees, and outputs the phase-shifted first LO wave
to the first nonlinear element 4.
[0034] The first phase shift circuit 2 has a function of
achieving impedance matching between output imped-
ance Zs1 at the third terminal 1c of the 90-degree hybrid
circuit 1 and input impedance Zd1 at the input terminal
4a of the first nonlinear element 4.
[0035] The second phase shift circuit 3 shifts the phase
of the second RF signal output from the fourth terminal
1d of the 90-degree hybrid circuit 1 from -90 degrees to
180 degrees by shifting the phase of the second RF signal
by -90 degrees, and outputs the phase-shifted second
RF signal to a second nonlinear element 5. The second
RF signal after the phase shift by the second phase shift
circuit 3 is in phase with the first RF signal after the phase
shift by the first phase shift circuit 2.
[0036] Further, the second phase shift circuit 3 shifts
the phase of the second LO wave output from the fourth
terminal 1d of the 90-degree hybrid circuit 1 from 0 de-
grees to - 90 degrees by shifting the phase of the second
LO wave by -90 degrees, and outputs the phase-shifted
second LO wave to the second nonlinear element 5. The
second LO wave after the phase shift by the second
phase shift circuit 3 is opposite in phase to the first LO
wave after the phase shift by the first phase shift circuit 2.
[0037] The second phase shift circuit 3 has a function
of achieving impedance matching between an output im-
pedance Zs2 at the fourth terminal of the 90-degree hybrid
circuit 1 and an input impedance Zd2 at the input terminal
5a of the second nonlinear element 5.
[0038] The first nonlinear element 4 is implemented
by, for example, a diode, in which the input terminal 4a
which is a first terminal of the first nonlinear element 4
corresponds to an anode which is an anode terminal of
the diode, and the output terminal 4b which is a second
terminal of the first nonlinear element 4 corresponds to
a cathode which is a cathode terminal of the diode.
[0039] The first nonlinear element 4 mixes the first RF
signal output from the first phase shift circuit 2 with the
first LO wave output from the first phase shift circuit 2 to
generate a first IF signal (first mixed wave), and outputs
the first IF signal to a synthesis circuit 6.
[0040] The second nonlinear element 5 is implement-
ed by, for example, a diode, in which the input terminal
5a which is a second terminal of the second nonlinear
element 5 corresponds to a cathode which is a cathode
terminal of the diode, and the output terminal 5b which
is a first terminal of the second nonlinear element 5 cor-
responds to an anode which is an anode terminal of the
diode.
[0041] The second nonlinear element 5 mixes the sec-

ond RF signal output from the second phase shift circuit
3 with the second LO wave output from the second phase
shift circuit 3 to generate a second IF signal (second
mixed wave) which is in phase with the first IF signal, and
outputs the second IF signal to the synthesis circuit 6.
[0042] As the diode for implementing each of the first
nonlinear element 4 and the second nonlinear element
5, a PN junction diode can be used, and further, a
Schottky barrier diode or the like can also be used.
[0043] The synthesis circuit 6 includes a first radio
wave shorting circuit 7 and a second radio wave shorting
circuit 8.
[0044] The synthesis circuit 6 synthesizes the first IF
signal output from the first nonlinear element 4 and the
second IF signal output from the second nonlinear ele-
ment 5 in phase, and outputs an IF signal which is the
result of the in-phase synthesis to the outside from an
input/output terminal 6a.
[0045] The first radio wave shorting circuit 7 short-cir-
cuits the output terminal 4b of the first nonlinear element
4 at the frequency of the RF signal input through the first
terminal 1a of the 90-degree hybrid circuit 1 or at the
frequency of the LO wave input through the second ter-
minal 1b of the 90-degree hybrid circuit 1.
[0046] The second radio wave shorting circuit 8 short-
circuits the output terminal 5b of the second nonlinear
element 5 at the frequency of the RF signal input through
the first terminal 1a of the 90-degree hybrid circuit 1 or
at the frequency of the LO wave input through the second
terminal 1b of the 90-degree hybrid circuit 1.
[0047] Next, an operation in this embodiment will be
described.
[0048] When an RF signal is input through the first ter-
minal 1a, the 90-degree hybrid circuit 1 equally distrib-
utes the input RF signal into the first RF signal and the
second RF signal, and then, outputs the first RF signal
from the third terminal 1c and outputs the second RF
signal from the fourth terminal 1d.
[0049] When equally distributing the RF signal input
through the first terminal 1a into the first RF signal and
the second RF signal, the 90-degree hybrid circuit 1 shifts
the phase of the first RF signal by θ degrees, and shifts
the phase of the second RF signal by (θ-90) degrees, if
the phase of the RF signal input through the first terminal
1a is 0 degrees, for example.
[0050] When the LO wave is input through the second
terminal 1b, the 90-degree hybrid circuit 1 equally dis-
tributes the input LO wave into the first LO wave and the
second LO wave, and then, outputs the first LO wave
from the third terminal 1c and outputs the second LO
wave from the fourth terminal 1d.
[0051] When equally distributing the LO wave input
through the second terminal 1b into the first LO wave and
the second LO wave, the 90-degree hybrid circuit 1 shifts
the phase of the first LO wave by (θ-90) degrees and
shifts the phase of the second LO wave by θ degrees, if
the phase of the LO wave input through the second ter-
minal 1b is 0 degrees, for example.
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[0052] As the above θ degree in the 90-degree hybrid
circuit 1, any value may be assumed. In the first embod-
iment, an example of θ = 0 will be described in order to
simplify the description.
[0053] Therefore, in FIG. 1, the phase of the first RF
signal and the phase of the first LO wave at the third
terminal 1c of the 90-degree hybrid circuit 1 are ex-
pressed as follows.
(first RF, first LO) = (0°, -90°)
[0054] Further, the phase of the second RF signal and
the phase of the second LO wave at the fourth terminal
1d of the 90-degree hybrid circuit 1 are expressed as
follows.
(second RF, second LO) = (-90°, 0°)
[0055] The first phase shift circuit 2 shifts the phase of
the first RF signal output from the third terminal 1c of the
90-degree hybrid circuit 1 from 0 degrees to 180 degrees
by shifting the phase of the first RF signal by 180 degrees,
and outputs the phase-shifted first RF signal to the first
nonlinear element 4.
[0056] Further, the first phase shift circuit 2 shifts the
phase of the first LO wave output from the third terminal
1c of the 90-degree hybrid circuit 1 from -90 degrees to
90 degrees by shifting the phase of the first LO wave by
180 degrees, and outputs the phase-shifted first LO wave
to the first nonlinear element 4.
[0057] Thus, the phase of the first RF signal and the
phase of the first LO wave output from the first phase
shift circuit 2 are expressed as follows.
(first RF, first LO) = (180°, 90°)
[0058] The first phase shift circuit 2 has a function of
shifting the phase of the first RF signal and the phase of
the first LO wave, and also has a function of achieving
impedance matching between the output impedance Zs1
at the third terminal 1c of the 90-degree hybrid circuit 1
and the input impedance Zd1 at the input terminal 4a of
the first nonlinear element 4 at the frequency of the first
RF signal or at the frequency of the first LO wave as
shown in FIG. 2.
[0059] FIG. 2 is an explanatory view showing imped-
ance conversion by the first phase shift circuit 2.
[0060] Since the first phase shift circuit 2 matches the
output impedance Zs1 at the third terminal 1c with the
input impedance Zd1 at the input terminal 4a of the first
nonlinear element 4, impedance mismatch between the
90-degree hybrid circuit 1 and the first nonlinear element
4 is eliminated.
[0061] Thus, in power of the first RF signal and power
of the first LO wave output from the third terminal 1c of
the 90-degree hybrid circuit 1, power reflected on the
input terminal 4a of the first nonlinear element 4 is re-
duced.
[0062] Note that, adjusting the frequency at which the
best matching is achieved to a frequency between the
frequency of the first RF signal and the frequency of the
first LO wave is a design matter.
[0063] The second phase shift circuit 3 shifts the phase
of the second RF signal output from the fourth terminal

1d of the 90-degree hybrid circuit 1 from -90 degrees to
180 degrees by shifting the phase of the second RF signal
by -90 degrees, and outputs the phase-shifted second
RF signal to the second nonlinear element 5.
[0064] The second RF signal after the phase shift by
the second phase shift circuit 3 is in phase with the first
RF signal after the phase shift by the first phase shift
circuit 2.
[0065] In addition, the second phase shift circuit 3 shifts
the phase of the second LO wave output from the fourth
terminal 1d of the 90-degree hybrid circuit 1 from 0 de-
grees to -90 degrees by shifting the phase of the second
LO wave by -90 degrees, and outputs the phase-shifted
second LO wave to the second nonlinear element 5.
[0066] The second LO wave after the phase shift by
the second phase shift circuit 3 is opposite in phase to
the first LO wave after the phase shift by the first phase
shift circuit 2.
[0067] Thus, the phase of the second RF signal and
the phase of the second LO wave which are output from
the second phase shift circuit 3 are expressed as follows.
(second RF, second LO) = (180°, -90°)
[0068] The second phase shift circuit 3 has a function
of shifting the phase of the second RF signal and the
phase of the second LO wave, and also has a function
of performing impedance matching between the output
impedance Zs2 at the fourth terminal 1d of the 90-degree
hybrid circuit 1 and the input impedance Zd2 at the input
terminal 5a of the second nonlinear element 5 at the fre-
quency of the second RF signal or at the frequency of
the second LO wave.
[0069] Since the second phase shift circuit 3 matches
the output impedance Zs2 at the fourth terminal 1d with
the input impedance Zd2 at the input terminal 5a of the
second nonlinear element 5, impedance mismatch be-
tween the 90-degree hybrid circuit 1 and the second non-
linear element 5 is eliminated.
[0070] Thus, in power of the second RF signal and
power of the second LO wave output from the fourth ter-
minal 1d of the 90-degree hybrid circuit 1, power reflected
on the input terminal 5a of the second nonlinear element
5 is reduced.
[0071] Note that, adjusting the frequency at which the
best matching is achieved to a frequency between the
frequency of the second RF signal and the frequency of
the second LO wave is a design matter.
[0072] Here, the first phase shift circuit 2 and the sec-
ond phase shift circuit 3 can be constituted by, for exam-
ple, circuits including transmission lines having a length
of a quarter wavelength at the frequency of the RF signal
or at the frequency of the LO wave.
[0073] FIG. 3 is a block diagram showing the first phase
shift circuit 2 and the second phase shift circuit 3.
[0074] In FIG. 3, a first transmission line 11 has a length
of a quarter wavelength at the frequency of the RF signal
input through the first terminal 1a or at the frequency of
the LO wave input through the second terminal 1b, the
first transmission line 11 being connected to the input
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terminal 4a of the first nonlinear element 4 at one end.
The characteristic impedance of the first transmission
line 11 is Z1.
[0075] A second transmission line 12 has a length of
a quarter wavelength at the frequency of the RF signal
input through the first terminal 1a or at the frequency of
the LO wave input through the second terminal 1b, the
second transmission line 12 being connected to the other
end of the first transmission line 11 at one end and being
connected to the third terminal 1c of the 90-degree hybrid
circuit 1 at the other end. The characteristic impedance
of the second transmission line 12 is Z2.
[0076] A third transmission line 13 has a length of a
quarter wavelength at the frequency of the RF signal input
through the first terminal 1a or at the frequency of the LO
wave input through the second terminal 1b, the third
transmission line 13 being connected to the input terminal
5a of the second nonlinear element 5 at one end and
being connected to the fourth terminal 1d of the 90-de-
gree hybrid circuit 1 at the other end. The characteristic
impedance of the third transmission line 13 is Z3.
[0077] The first phase shift circuit 2 is a series circuit
of the first transmission line 11 and the second transmis-
sion line 12, and if, for example, each of the first trans-
mission line 11 and the second transmission line 12 has
a length of a quarter wavelength at the frequency of the
RF signal input through the first terminal 1a, the first
phase shift circuit 2 can shift the phase of the first RF
signal output from the third terminal 1c of the 90-degree
hybrid circuit 1 by 180 degrees.
[0078] Since the frequency of the LO wave input
through the second terminal 1b is approximately equal
to the frequency of the RF signal input through the first
terminal 1a, the first phase shift circuit 2 can shift the
phase of the first LO wave output from the third terminal
1c of the 90-degree hybrid circuit 1 by approximately 180
degrees.
[0079] FIG. 3 shows an example in which the phase
of the first LO wave is shifted from -90 degrees to 90
degrees, assuming that an amount of the phase shift of
the first LO wave is 180 degrees.
[0080] The first phase shift circuit 2 is a series circuit
of the first transmission line 11 and the second transmis-
sion line 12, and if the characteristic impedance Z1 of the
first transmission line 11 is set to the characteristic im-
pedance expressed by the following equation (1), imped-
ance conversion is performed on the real axis having no
reactance component. 

[0081] Further, if the characteristic impedance Z2 of
the second transmission line 12 is set to the characteristic
impedance expressed by the following equation (2), im-
pedance conversion is performed on the real axis having
no reactance component. 

[0082] In equations (1) and (2), Zi is an input imped-
ance in the first transmission line 11 and may be any
value.
[0083] FIG. 4A is an explanatory view showing imped-
ance conversion by the first transmission line 11 and the
second transmission line 12 in the first phase shift circuit
2. By setting Z1 and Z2 to have different values, a locus
as shown in FIG. 4A can be obtained.
[0084] The input impedance Zd1 at the input terminal
4a of the first nonlinear element 4 is converted to the
output impedance Zs1 at the third terminal 1c by the first
transmission line 11 and the second transmission line
12, as shown in FIG. 4A.
[0085] Thus, the output impedance Zs1 at the third ter-
minal 1c and the input impedance Zd1 at the input terminal
4a of the first nonlinear element 4 are matched.
[0086] If the input impedance Zi of the first transmission
line 11 is higher than the output impedance Zs1 at the
third terminal 1c, the characteristic impedance Z1 of the
first transmission line 11 and the characteristic imped-
ance Z2 of the second transmission line 12 are higher
than the output impedance Zs1 at the third terminal 1c.
[0087] As a result, the line width of the first transmission
line 11 and the line width of the second transmission line
12 can be reduced, which facilitates routing of the first
transmission line 11 and routing of the second transmis-
sion line 12, whereby the layout of the first transmission
line 11 and the layout of the second transmission line 12
are facilitated.
[0088] If, for example, the third transmission line 13 in
the second phase shift circuit 3 has a length of a quarter
wavelength at the frequency of the RF signal input
through the first terminal 1a, the phase of the second RF
signal output from the fourth terminal 1d of the 90-degree
hybrid circuit 1 can be shifted by -90 degrees.
[0089] Since the frequency of the LO wave input
through the second terminal 1b is approximately equal
to the frequency of the RF signal input through the first
terminal 1a, the second phase shift circuit 3 can shift the
phase of the second LO wave output from the fourth ter-
minal 1d of the 90-degree hybrid circuit 1 by approxi-
mately -90 degrees.
[0090] FIG. 3 shows an example in which the phase
of the second LO wave is shifted from 0 degrees to -90
degrees, assuming that an amount of the phase shift of
the second LO wave is -90 degrees.
[0091] If the characteristic impedance Z3 of the third
transmission line 13 in the second phase shift circuit 3 is
set to the characteristic impedance expressed by the fol-
lowing equation (3), impedance conversion is performed
on the real axis having no reactance component. 
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[0092] FIG. 4B is an explanatory view showing imped-
ance conversion by the third transmission line 13 in the
second phase shift circuit 3.
[0093] The input impedance Zd2 at the input terminal
5a of the second nonlinear element 5 is converted into
the output impedance Zs2 at the fourth terminal 1d by the
third transmission line 13, as shown in FIG. 4B.
[0094] Thus, the output impedance Zs2 at the fourth
terminal 1d and the input impedance Zd2 at the input ter-
minal 5a of the second nonlinear element 5 are matched.
[0095] The output terminal 4b of the first nonlinear el-
ement 4 is short-circuited by the first radio wave shorting
circuit 7 at the frequency of the LO wave input through
the second terminal 1b of the 90-degree hybrid circuit 1.
[0096] The first nonlinear element 4 performs a switch-
ing operation in accordance with the amplitude of the first
LO wave, thereby mixing the first RF signal output from
the first phase shift circuit 2 and the first LO wave output
from the first phase shift circuit 2 to generate the first IF
signal, and outputs the generated first IF signal to the
synthesis circuit 6.
[0097] For example, the switching operation and the
operation for mixing the RF signal and the LO wave which
are performed by the nonlinear element implemented by
the diode are known techniques, and thus the detailed
description thereof will be omitted.
[0098] The first IF signal is a mixed wave of a difference
frequency between the first RF signal output from the
first phase shift circuit 2 and the first LO wave output from
the first phase shift circuit 2, and if the phase of the first
RF signal is 180 degrees and the phase of the first LO
wave is 90 degrees, the phase of the first IF signal is 90
degrees.
[0099] The output terminal 5b of the second nonlinear
element 5 is short-circuited by the second radio wave
shorting circuit 8 at the frequency of the LO wave input
through the second terminal 1b of the 90-degree hybrid
circuit 1.
[0100] The second nonlinear element 5 performs a
switching operation in accordance with the amplitude of
the second LO wave, thereby mixing the second RF sig-
nal output from the second phase shift circuit 3 and the
second LO wave output from the second phase shift cir-
cuit 3 to generate the second IF signal, and outputs the
generated second IF signal to the synthesis circuit 6.
[0101] The second IF signal is a mixed wave of a dif-
ference frequency between the second RF signal output
from the second phase shift circuit 3 and the second LO
wave output from the second phase shift circuit 3. The
second nonlinear element 5 is opposite in direction to the
first nonlinear element 4. Therefore, if the phase of the
second RF signal is 180 degrees and the phase of the
second LO wave is -90 degrees, the phase of the second
IF signal is 90 degrees.

[0102] The synthesis circuit 6 synthesizes the first IF
signal output from the first nonlinear element 4 and the
second IF signal output from the second nonlinear ele-
ment 5 in phase, and outputs an IF signal which is the
result of the in-phase synthesis to the outside from the
input/output terminal 6a.
[0103] Here, since the frequency of the RF signal input
through the first terminal 1a is approximately equal to the
frequency of the LO wave input through the second ter-
minal 1b, the output terminal 4b of the first nonlinear el-
ement 4 is also short-circuited by the first radio wave
shorting circuit 7 at the frequency of the RF signal, as it
is at the frequency of the LO wave.
[0104] Similarly, the output terminal 5b of the second
nonlinear element 5 is also short-circuited by the second
radio wave shorting circuit 8 at the frequency of the RF
signal, as it is at the frequency of the LO wave.
[0105] Therefore, the first RF signal and the first LO
wave passing through the first nonlinear element 4 are
not output from the input/output terminal 6a.
[0106] Also, the second RF signal and the second LO
wave passing through the second nonlinear element 5
are not output from the input/output terminal 6a.
[0107] Note that the first LO wave passing through the
first nonlinear element 4 and the second LO wave pass-
ing through the second nonlinear element 5 are opposite
in phase to each other. Therefore, the first LO wave pass-
ing through the first nonlinear element 4 and the second
LO wave passing through the second nonlinear element
5 are synthesized in opposite phase, and thus, the LO
wave is not output from the input/output terminal 6a, even
though the output terminal 4b of the first nonlinear ele-
ment 4 and the output terminal 5b of the second nonlinear
element 5 are not short-circuited by the first radio wave
shorting circuit 7 and the second radio wave shorting
circuit 8. However, since the LO wave has large input
power and may leak due to phase imbalance and other
factors in actuality, it is better to provide the first radio
wave shorting circuit 7 and the second radio wave short-
ing circuit 8.
[0108] The IF signal output from the input/output ter-
minal 6a is a difference frequency signal between the RF
signal and the LO wave, and the frequency of the IF signal
is low, so that the IF signal is not short-circuited by the
first radio wave shorting circuit 7 and the second radio
wave shorting circuit 8.
[0109] When the amount of the phase shift of the LO
wave by the second phase shift circuit 3 is approximately
90 degrees and the deviation from 90 degrees is defined
as Δθ, and the amount of the phase shift of the LO wave
by the first phase shift circuit 2 is approximately 180 de-
grees and the deviation from 180 degrees is defined as
2Δθ, the phase difference between the second IF signal
generated by the second nonlinear element 5 and the
first IF signal generated by the first nonlinear element 4
is Δθ. Therefore, Δθ is a factor of synthetic loss in in-
phase synthesis of the first IF signal and the second IF
signal. Note that, since the frequency of the RF signal
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and the frequency of the LO wave are approximately
equal to each other, Δθ is small and the influence on the
loss is small. Further, since Δθ is small, it is possible to
adjust the line length up to the synthesis point of the first
IF signal and the second IF signal to cancel Δθ, and such
adjustment is a design matter.
[0110] Here, FIGS. 5A and 5B are configuration dia-
grams showing an example of each of the first radio wave
shorting circuit 7 and the second radio wave shorting
circuit 8.
[0111] FIG. 5A is a configuration diagram showing an
example in which the first radio wave shorting circuit 7
and the second radio wave shorting circuit 8 are each
formed using a capacitor 21, and FIG. 5B is a diagram
showing an example in which the first radio wave shorting
circuit 7 and the second radio wave shorting circuit 8 are
each formed using an open circuited stub 22.
[0112] In FIGS. 5A and 5B, the capacitor 21 is a ca-
pacitor which is short-circuited in the vicinity of the fre-
quency of the RF signal input through the first terminal
1a of the 90-degree hybrid circuit 1 or in the vicinity of
the frequency of the LO wave input through the second
terminal 1b of the 90-degree hybrid circuit 1.
[0113] The open circuited stub 22 has a length of a
quarter wavelength at the frequency of the RF signal input
through the first terminal 1a of the 90-degree hybrid circuit
1 or at the frequency of the LO wave input through the
second terminal 1b of the 90-degree hybrid circuit 1.
[0114] As apparent from the above, according to the
first embodiment, a first phase shift circuit converts im-
pedance to achieve impedance matching between the
third terminal of the 90-degree hybrid circuit and a first
terminal of a first nonlinear element, and shifts a phase
of a radio wave by 180 degrees, and a second phase
shift circuit converts impedance to achieve impedance
matching between the fourth terminal of the 90-degree
hybrid circuit and a second terminal of a second nonlinear
element, and shifts a phase of a radio wave by 90 de-
grees. As a result, an effect of reducing the conversion
loss of radio waves is obtained.
[0115] That is, in power of the first RF signal and power
of the first LO wave output from the third terminal 1c of
the 90-degree hybrid circuit 1, power reflected on the
input terminal 4a of the first nonlinear element 4 is re-
duced, whereby conversion loss of radio waves can be
reduced.
[0116] Further, in power of the second RF signal and
power of the second LO wave output from the fourth ter-
minal 1d of the 90-degree hybrid circuit 1, power reflected
on the input terminal 5a of the second nonlinear element
5 is reduced, whereby conversion loss of radio waves
can be reduced.
[0117] The first embodiment shows an example in
which the RF signal is input through the first terminal 1a
of the 90-degree hybrid circuit 1, and the LO wave is input
through the second terminal 1b of the 90-degree hybrid
circuit 1. However, no limitation is intended by this ex-
ample.

[0118] For example, the LO wave may be input through
the first terminal 1a of the 90-degree hybrid circuit 1, and
the RF signal may be input through the second terminal
1b of the 90-degree hybrid circuit 1.
[0119] The first embodiment shows an example in
which the high frequency mixer is provided with the 90-
degree hybrid circuit 1, whereas a Lange coupler may
be used as the 90-degree hybrid circuit 1.
[0120] The first embodiment shows an example in
which the synthesis circuit 6 synthesizes the first IF signal
and the second IF signal and outputs the resultant signal
to the outside. However, the respective IF signals may
be independently output to the outside.
[0121] The first embodiment shows an example in
which the input terminal 4a of the first nonlinear element
4 is an anode, the output terminal 4b of the first nonlinear
element 4 is a cathode, the input terminal 5a of the second
nonlinear element 5 is a cathode, and the output terminal
5b of the second nonlinear element 5 is an anode.
[0122] It is sufficient that the directions of the first non-
linear element 4 and the second nonlinear element 5 are
opposite to each other. Therefore, another example in
which the input terminal 4a of the first nonlinear element
4 is a cathode, the output terminal 4b of the first nonlinear
element 4 is an anode, the input terminal 5a of the second
nonlinear element 5 is an anode, and the output terminal
5b of the second nonlinear element 5 is a cathode may
be adopted.
[0123] Further, although it is assumed that the first non-
linear element 4 and the second nonlinear element 5 are
each implemented by diodes in the first embodiment, it
is only sufficient that they can perform a switching oper-
ation, and may be implemented by transistors.

Second Embodiment

[0124] In a second embodiment, an example in which
the high frequency mixer operates as a transmission mix-
er will be described.
[0125] FIG. 6 is a block diagram showing a high fre-
quency mixer according to the second embodiment of
the present invention.
[0126] The configuration of the high frequency mixer
shown in FIG. 6 is basically the same as the configuration
of the high frequency mixer shown in FIG. 1, except that
the terminal of the first nonlinear element 4 on the first
phase shift circuit 2 side serves as an input/output termi-
nal, and the terminal of the first nonlinear element 4 on
the synthesis circuit 6 side serves as an input terminal.
[0127] In addition, the terminal of the second nonlinear
element 5 on the second phase shift circuit 3 side serves
as an input/output terminal, and the terminal of the sec-
ond nonlinear element 5 on the synthesis circuit 6 side
serves as an input terminal.
[0128] The input/output terminal 4c of the first nonlin-
ear element 4 corresponds to the anode that is an anode
terminal of the diode, and the input terminal 4d of the first
nonlinear element 4 corresponds to the cathode that is
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a cathode terminal of the diode.
[0129] The input/output terminal 5c of the second non-
linear element 5 corresponds to the cathode which is the
cathode of the diode, and the input terminal 5d of the
second nonlinear element 5 corresponds to the anode
which is the anode of the diode.
[0130] Next, an operation in this embodiment will be
described.
[0131] When an LO wave is input through the second
terminal 1b, the 90-degree hybrid circuit 1 equally dis-
tributes the input LO wave into a first LO wave and a
second LO wave, and then, outputs the first LO wave
from the third terminal 1c and outputs the second LO
wave from the fourth terminal 1d.
[0132] When equally distributing the LO wave input
through the second terminal 1b into the first LO wave and
the second LO wave, the 90-degree hybrid circuit 1 shifts
the phase of the first LO wave by (θ-90) degrees and
shifts the phase of the second LO wave by θ degrees, if
the phase of the LO wave input through the second ter-
minal 1b is 0 degrees, for example.
[0133] As the above θ degree in the 90-degree hybrid
circuit 1, any value may be assumed. In the second em-
bodiment, an example of θ = 0 will be described in order
to simplify the description.
[0134] Therefore, the phase of the first LO wave at the
third terminal 1c of the 90-degree hybrid circuit 1 is -90
degrees, and the phase of the second LO wave at the
fourth terminal 1d of the 90-degree hybrid circuit 1 is 0
degrees.
[0135] The first phase shift circuit 2 shifts the phase of
the first LO wave output from the third terminal 1c of the
90-degree hybrid circuit 1 from -90 degrees to 90 degrees
by shifting the phase of the first LO wave by 180 degrees.
[0136] The first phase shift circuit 2 has a function of
shifting the phase of the first LO wave, and also has a
function of achieving impedance matching between the
output impedance Zs1 at the third terminal 1c of the 90-
degree hybrid circuit 1 and the input impedance Zdi at
the input/output terminal 4c of the first nonlinear element
4 at the frequency of the first RF signal or at the frequency
of the first LO wave as shown in FIG. 2.
[0137] When the first phase shift circuit 2 matches the
output impedance Zs1 at the third terminal 1c with the
input impedance Zdi at the input/output terminal 4c of the
first nonlinear element 4, impedance mismatch between
the 90-degree hybrid circuit 1 and the first nonlinear el-
ement 4 is eliminated.
[0138] Note that, adjusting the frequency at which the
best matching is achieved to a frequency between the
frequency of the first RF signal and the frequency of the
first LO wave is a design matter.
[0139] The second phase shift circuit 3 shifts the phase
of the second LO wave output from the fourth terminal
1d of the 90-degree hybrid circuit 1 from 0 degrees to -90
degrees by shifting the phase of the second LO wave by
-90 degrees.
[0140] The second phase shift circuit 3 has a function

of shifting the phase of the second LO wave, and also
has a function of achieving impedance matching between
the output impedance Zs2 at the fourth terminal 1d of the
90-degree hybrid circuit 1 and the input impedance Zd2
at the input/output terminal 5c of the second nonlinear
element 5 at the frequency of the second RF signal or at
the frequency of the second LO wave.
[0141] When the second phase shift circuit 3 matches
the output impedance Zs2 at the fourth terminal 1d with
the input impedance Zd2 at the input/output terminal 5c
of the second nonlinear element 5, impedance mismatch
between the 90-degree hybrid circuit 1 and the second
nonlinear element 5 is eliminated.
[0142] Note that, adjusting the frequency at which the
best matching is achieved to a frequency between the
frequency of the second RF signal and the frequency of
the second LO wave is a design matter.
[0143] When the IF signal is input through the in-
put/output terminal 6a, the synthesis circuit 6 operates
as a distribution circuit that equally distributes the input
IF signal into a first IF signal and a second IF signal.
[0144] The synthesis circuit 6 outputs the first IF signal
to the first nonlinear element 4 and outputs the second
IF signal to the second nonlinear element 5.
[0145] In the example of FIG. 6, the phase of the input
IF signal is 0 degrees, and the phase of the first IF signal
and the phase of the second IF signal are each 0 degrees.
[0146] The input terminal 4d of the first nonlinear ele-
ment 4 is short-circuited by the first radio wave shorting
circuit 7 at the frequency of the LO wave input through
the second terminal 1b of the 90-degree hybrid circuit 1.
[0147] The first nonlinear element 4 performs a switch-
ing operation in accordance with the amplitude of the first
LO wave, thereby mixing the first LO wave output from
the first phase shift circuit 2 and the first IF signal output
from the synthesis circuit 6 to generate the first RF signal,
and outputs the generated first RF signal to the first phase
shift circuit 2 from the input/output terminal 4c.
[0148] The first RF signal is a mixed wave of a sum
frequency of the first LO wave output from the first phase
shift circuit 2 and the first IF signal output from the syn-
thesis circuit 6, and the phase of the first RF signal is 90
degrees.
[0149] The input terminal 5d of the second nonlinear
element 5 is short-circuited by the second radio wave
shorting circuit 8 at the frequency of the LO wave input
through the second terminal 1b of the 90-degree hybrid
circuit 1.
[0150] The second nonlinear element 5 performs a
switching operation in accordance with the amplitude of
the second LO wave, thereby mixing the second LO wave
output from the second phase shift circuit 3 and the sec-
ond IF signal output from the synthesis circuit 6 to gen-
erate the second RF signal, and outputs the generated
second RF signal to the second phase shift circuit 3 from
the input/output terminal 5c.
[0151] In the second embodiment, the input/output ter-
minal 5c of the second nonlinear element 5 is a cathode,
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and the input terminal 5d of the second nonlinear element
5 is an anode. Therefore, the phase of the second RF
signal is 90 degrees.
[0152] The first phase shift circuit 2 shifts the phase of
the first RF signal output from the input/output terminal
4c of the first nonlinear element 4 from 90 degrees to -90
degrees by shifting the phase of the first RF signal by
180 degrees, and outputs the phase-shifted first RF sig-
nal to the third terminal 1c of the 90-degree hybrid circuit
1.
[0153] The first phase shift circuit 2 has a function of
achieving impedance matching between the input imped-
ance Zs1 at the third terminal 1c of the 90-degree hybrid
circuit 1 and the output impedance Zd1 at the input/output
terminal 4c of the first nonlinear element 4.
[0154] When the first phase shift circuit 2 matches the
input impedance Zs1 at the third terminal 1c with the out-
put impedance Zd1 at the input/output terminal 4c of the
first nonlinear element 4, impedance mismatch between
the 90-degree hybrid circuit 1 and the first nonlinear el-
ement 4 is eliminated.
[0155] The second phase shift circuit 3 shifts the phase
of the second RF signal output from the input/output ter-
minal 5c of the second nonlinear element 5 from 90 de-
grees to 0 degrees by shifting the phase of the second
RF signal by -90 degrees, and outputs the phase-shifted
second RF signal to the fourth terminal 1d of the 90-
degree hybrid circuit 1.
[0156] The second phase shift circuit 3 has a function
of achieving impedance matching between the input im-
pedance s2 at the fourth terminal 1d of the 90-degree
hybrid circuit 1 and the output impedance Zd2 at the in-
put/output terminal 5c of the second nonlinear element 5.
[0157] When the second phase shift circuit 3 matches
the input impedance Zs2 at the fourth terminal 1d with
the output impedance Zd2 at the input/output terminal 5c
of the second nonlinear element 5, impedance mismatch
between the 90-degree hybrid circuit 1 and the second
nonlinear element 5 is eliminated.
[0158] When the first RF signal output from the first
phase shift circuit 2 is input through the third terminal 1c,
and the second RF signal output from the second phase
shift circuit 3 is input through the fourth terminal 1d, the
90-degree hybrid circuit 1 synthesizes the first RF signal
and the second RF signal, and outputs the RF signal
obtained by the in-phase synthesis from the first terminal
1a.
[0159] In the example in FIG. 6, the phase of the RF
signal output from the first terminal 1a is -90 degrees.
[0160] As apparent from the above, according to the
second embodiment, the effect of reducing the conver-
sion loss of radio waves can be obtained, as in the first
embodiment.
[0161] That is, in power of the first RF signal output
from the input/output terminal 4c of the first nonlinear
element 4, power reflected on the third terminal 1c of the
90-degree hybrid circuit 1 is reduced, whereby conver-
sion loss of radio waves can be reduced.

[0162] Further, in power of the second RF signal output
from the input/output terminal 5c of the second nonlinear
element 5, power reflected on the fourth terminal 1d of
the 90-degree hybrid circuit 1 is reduced, whereby con-
version loss of radio waves can be reduced.

Third Embodiment

[0163] In a third embodiment, a high frequency mixer
provided with parallel resonant circuits 31 and 34 will be
described.
[0164] FIG. 7 is a block diagram showing a high fre-
quency mixer according to the third embodiment of the
present invention. In FIG. 7, the elements identified by
the same reference numerals as the elements in FIG. 1
are the same or corresponding elements, and thus, the
description thereof will be omitted.
[0165] The parallel resonant circuit 31 is provided with
a first capacitor 32 and a first short circuited stub 33, and
resonates in parallel at the frequency of the RF signal
input through the first terminal 1a of the 90-degree hybrid
circuit 1 or at the frequency of the LO wave input through
the second terminal 1b of the 90-degree hybrid circuit 1.
[0166] The first capacitor 32 is connected in parallel to
the first nonlinear element 4.
[0167] One end of the first short circuited stub 33 is
connected between the first phase shift circuit 2 and the
first nonlinear element 4.
[0168] The parallel resonant circuit 34 is provided with
a second capacitor 35 and a second short circuited stub
36, and resonates in parallel at the frequency of the RF
signal input through the first terminal 1a of the 90-degree
hybrid circuit 1 or at the frequency of the LO wave input
through the second terminal 1b of the 90-degree hybrid
circuit 1.
[0169] The second capacitor 35 is connected in parallel
to the second nonlinear element 5.
[0170] One end of the second short circuited stub 36
is connected between the second phase shift circuit 3
and the second nonlinear element 5.
[0171] FIG. 7 shows an example in which the parallel
resonant circuits 31 and 34 are used in the high frequency
mixer shown in FIG. 1. However, the parallel resonant
circuits 31 and 34 may be used in the high frequency
mixer shown in FIG. 6.
[0172] The parallel resonant circuit 31 includes the first
capacitor 32, and the parallel resonant circuit 34 includes
the second capacitor 35. The first capacitor 32 may be
a parasitic capacitance of the first nonlinear element 4
or may be an external element. The second capacitor 35
may be a parasitic capacitance of the second nonlinear
element 5 or may be an external element.
[0173] Each of the first short circuited stub 33 and the
second short circuited stub 36 has a length shorter than
a quarter wavelength at the resonant frequency of the
parallel resonant circuits 31 and 34, and can be regarded
as an inductive element or an inductor.
[0174] Next, an operation in this embodiment will be
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described.
[0175] The parallel resonant circuits 31 and 34 reso-
nate in parallel at the frequency of the RF signal or at the
frequency of the LO wave, and the parallel resonant cir-
cuit 31 has the first short circuited stub 33 having a length
shorter than a quarter wavelength at the resonant fre-
quency. The parallel resonant circuit 34 has the second
short circuited stub 36 having a length shorter than a
quarter wavelength at the resonant frequency.
[0176] Therefore, even if the first IF signal leaks from
the input terminal 4a of the first nonlinear element 4 to
the first phase shift circuit 2 side, the first IF signal is
reflected on the input terminal 4a of the first nonlinear
element 4, because the point where the first short
circuited stub 33 is connected is regarded as a short cir-
cuit point.
[0177] As a result, the power of the first IF signal output
from the output terminal 4b of the first nonlinear element
4 to the synthesis circuit 6 is increased.
[0178] Further, even if the second IF signal leaks from
the input terminal 5a of the second nonlinear element 5
to the second phase shift circuit 3 side, the second IF
signal is reflected on the input terminal 5a of the second
nonlinear element 5, because the point where the second
short circuited stub 36 is connected is regarded as a short
circuit point.
[0179] As a result, the power of the second IF signal
output from the output terminal 5b of the second nonlinear
element 5 to the synthesis circuit 6 is increased.
[0180] In addition, since the parallel resonant circuits
31 and 34 resonate in parallel at the frequency of the RF
signal or at the frequency of the LO wave, the parallel
resonant circuits 31 and 34 are open at the frequency of
the RF signal or at the frequency of the LO wave, so that
influence of increase in loss of the RF signal and the LO
wave is small. Therefore, the conversion loss from the
RF signal to the IF signal is reduced.
[0181] In addition, the parallel resonant circuit 31 in-
cludes the first capacitor 32, and the parallel resonant
circuit 34 includes the second capacitor 35. Therefore,
even when each of the first nonlinear element 4 and the
second nonlinear element 5 has a parasitic capacitance,
the first short circuited stub 33 and the second short
circuited stub 36 can cancel capacitance components
due to the parasitic capacitance of the first nonlinear el-
ement 4 and the parasitic capacitance of the second non-
linear element 5.
[0182] Accordingly, it becomes possible to convert the
input impedance Zd1 of the first nonlinear element 4 and
the input impedance Zd2 of the second nonlinear element
5 on the real axis, whereby matching by the first phase
shift circuit 2 and the second phase shift circuit 3 is facil-
itated.
[0183] As apparent from the above, according to the
third embodiment, it is possible to increase the output
power of the IF signal while suppressing an increase in
loss of the RF signal.
[0184] It is to be noted that two or more of the above

embodiments can be freely combined, or any compo-
nents in the respective embodiments can be modified or
omitted, within the scope of the present invention.

INDUSTRIAL APPLICABILITY

[0185] The present invention is suitable for high fre-
quency mixers provided with 90-degree hybrid circuits.

REFERENCE SIGNS LIST

[0186] 1: 90-degree hybrid circuit, 1a: First terminal,
1b: Second terminal, 1c: Third terminal, 1d: Fourth ter-
minal, 2: First phase shift circuit, 3: Second phase shift
circuit, 4: First nonlinear element, 4a: Input terminal, 4b:
Output terminal, 4c: Input/output terminal, 4d: Input ter-
minal, 5: Second nonlinear element, 5a: Input terminal,
5b: Output terminal, 5c: Input/output terminal, 5d: Input
terminal, 6: Synthesis circuit, 6a: Input/output terminal,
7: First radio wave shorting circuit, 8: Second radio wave
shorting circuit, 11: First transmission line, 12: Second
transmission line, 13: Third transmission line, 21: Capac-
itor, 22: Open circuited stub, 31: Parallel resonant circuit,
32: First capacitor, 33: First short circuited stub, 34: Par-
allel resonant circuit, 35: Second capacitor, 36: Second
short circuited stub.

Claims

1. A high frequency mixer comprising:

a 90-degree hybrid circuit including first to fourth
terminals, the second terminal being an isolation
terminal, the third terminal being a 0-degree out-
put terminal, and the fourth terminal being a -90-
degree output terminal when the first terminal is
an input terminal for a radio wave;
a first phase shift circuit converting impedance
to achieve impedance matching between the
third terminal of the 90-degree hybrid circuit and
a first terminal of a first nonlinear element, and
shifting a phase of a radio wave by 180 degrees;
and
a second phase shift circuit converting imped-
ance to achieve impedance matching between
the fourth terminal of the 90-degree hybrid circuit
and a second terminal of a second nonlinear el-
ement, and shifting a phase of a radio wave by
90 degrees.

2. The high frequency mixer according to claim 1,
wherein the first phase shift circuit shifts a phase of
a radio wave by 180 degrees at a frequency of a
radio wave input to or output from the first terminal
of the 90-degree hybrid circuit or at a frequency of a
radio wave input to or output from the second termi-
nal of the 90-degree hybrid circuit, and
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the second phase shift circuit shifts a phase of a radio
wave by 90 degrees at a frequency of a radio wave
input to or output from the first terminal of the 90-
degree hybrid circuit or at a frequency of a radio wave
input to or output from the second terminal of the 90-
degree hybrid circuit.

3. The high frequency mixer according to claim 2,
wherein the first phase shift circuit includes a first
transmission line and a second transmission line
connected in series with the first transmission line
and different from the first transmission line in char-
acteristic impedance, and
each of the first and second transmission lines has
a length of a quarter wavelength at a frequency of a
radio wave input to or output from the first terminal
of the 90-degree hybrid circuit or a frequency of a
radio wave input to or output from the second termi-
nal of the 90-degree hybrid circuit.

4. The high frequency mixer according to claim 1,
wherein a first radio wave is input to the first terminal
of the 90-degree hybrid circuit,
a second radio wave is input to the second terminal
of the 90-degree hybrid circuit, and
the high frequency mixer further includes a synthesis
circuit synthesizing a mixed wave obtained by mixing
the first radio wave and the second radio wave and
output from a second terminal of the first nonlinear
element, and a mixed wave obtained by mixing the
first radio wave and the second radio wave and out-
put from a first terminal of the second nonlinear el-
ement.

5. The high frequency mixer according to claim 1, fur-
ther comprising a distribution circuit equally distrib-
uting an input radio wave to a second terminal of the
first nonlinear element and a first terminal of the sec-
ond nonlinear element.

6. The high frequency mixer according to claim 1, fur-
ther comprising:

a first radio wave shorting circuit short-circuiting
a second terminal of the first nonlinear element
at high-frequency; and
a second radio wave shorting circuit short-
circuiting a first terminal of the second nonlinear
element at high-frequency.

7. The high frequency mixer according to claim 3,
wherein the first phase shift circuit inluces a series
connection between the first transmission line which
has one end connected to the first terminal of the
first nonlinear element and which has a characteristic
impedance Z1, and the second transmission line
which has one end connected to the third terminal
of the 90-degree hybrid circuit and which has a char-

acteristic impedance Z2, and
the characteristic impedance Z1, the characteristic
impedance Z2, an input impedance Zd1 at the first
terminal of the first nonlinear element, and an output
impedance Zs1 at the third terminal of the 90-degree
hybrid circuit satisfy a following relationship: 

8. The high frequency mixer according to claim 7,
wherein the characteristic impedance Z2 of the sec-
ond transmission line is higher than the output im-
pedance Zs1 at the third terminal of the 90-degree
hybrid circuit.

9. The high frequency mixer according to claim 1, fur-
ther comprising:

a first capacitor connected in parallel with the
first nonlinear element; and
a first short circuited stub which has one end
connected between the first phase shift circuit
and the first nonlinear element,
wherein the first capacitor and the first short
circuited stub resonate in parallel at a frequency
of a radio wave input through the first terminal
of the 90-degree hybrid circuit or a frequency of
a radio wave input through the second terminal
of the 90-degree hybrid circuit.

10. The high frequency mixer according to claim 1, fur-
ther comprising:

a second capacitor connected in parallel with
the second nonlinear element; and
a second short circuited stub which has one end
connected between the second phase shift cir-
cuit and the second nonlinear element,
wherein the second capacitor and the second
short circuited stub resonate in parallel at a fre-
quency of a radio wave input through the first
terminal of the 90-degree hybrid circuit or a fre-
quency of a radio wave input through the second
terminal of the 90-degree hybrid circuit.
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