
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

42
2 

46
5

A
1

TEPZZ¥4  465A_T
(11) EP 3 422 465 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
02.01.2019 Bulletin 2019/01

(21) Application number: 17756406.9

(22) Date of filing: 20.02.2017

(51) Int Cl.:
H01P 5/22 (2006.01) H01Q 13/08 (2006.01)

H01Q 21/24 (2006.01)

(86) International application number: 
PCT/JP2017/006061

(87) International publication number: 
WO 2017/145968 (31.08.2017 Gazette 2017/35)

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

(30) Priority: 24.02.2016 JP 2016032743

(71) Applicant: NEC Space Technologies, Ltd.
Fuchu-shi
Tokyo 183-8551 (JP)

(72) Inventor: AMANO, Osamu
Fuchu-shi
Tokyo 183-8551 (JP)

(74) Representative: Vossius & Partner 
Patentanwälte Rechtsanwälte mbB
Siebertstrasse 3
81675 München (DE)

(54) HYBRID CIRCUIT, POWER SUPPLY CIRCUIT, ANTENNA DEVICE, AND POWER SUPPLY 
METHOD

(57) Provided is a small-sized power supply circuit.
A hybrid circuit used as a power supply circuit for sup-
plying electric power to an antenna element includes: a
loop-shaped line that includes four partial lines having
mutually equal electrical lengths and characteristic im-
pedances; first and second input lines that branch re-
spectively from first and second branch points adjacent
to each other via a first partial line of the loop-shaped
line; first and second output lines that branch respectively

from third and fourth branch points adjacent to each other
via a second partial line opposite to the first partial line
of the loop-shaped line; and third and fourth output lines
that branch respectively from the first and second branch
points. An input impedance of each of the first and second
input lines is equal to a quarter of the characteristic im-
pedance of the partial line, and an output impedance of
each of the first to fourth output lines is equal to half of
the characteristic impedance of the partial line.
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Description

[Technical Field]

[0001] The present invention relates to a power supply
circuit, and particularly relates to a power supply circuit
used in a microstrip antenna (also abbreviated to "MSA",
hereinafter), for supplying electric power to an antenna
element, and a hybrid circuit used therein.

[Background Art]

[0002] A microstrip array antenna is used as an anten-
na for a communication satellite, an antenna for a scien-
tific satellite, an antenna for a synthetic aperture radar,
or an antenna for data transmission. The microstrip array
antenna includes a plurality of antenna elements ar-
ranged at an appropriate interval, and a power supply
circuit for exciting the antenna elements. Each antenna
element includes a microstrip antenna (MSA) element.
Each MSA element includes a radiating element.
[0003] There are various known MSAs using a hybrid
circuit as a power supply circuit for supplying electric pow-
er to antenna elements (radiating elements).
[0004] For example, PTL 1 discloses a "circularly po-
larized microstrip type antenna device" using a ring type
hybrid circuit as a power supply circuit. PTL 1 discloses
an MSA of a two-point power supply method. In the MSA,
a radiator pattern (radiating element) and a hybrid circuit
are opposite to each other in a state of being integrated
with respective surfaces of first and second dielectric
substrates that sandwich an earth plate therebetween.
Two power supply points of the radiator pattern and two
output terminals of the hybrid circuit are aligned to each
other at the same positions and connected to each other
by two pins passing through the first and second dielectric
substrates and the earth plate. The hybrid circuit even-
tually halves supplied high frequency current, causes the
phases to differ from each other by 90 degrees, and out-
puts the current to two pairs of output terminals thereof.
Thereby, a circularly polarized wave is radiated from the
radiating element. Thus, each MSA radiates only one
polarized wave.
[0005] According to this circularly polarized microstrip
type antenna device disclosed in PTL 1, at least one of
an input line and an output line of the ring type hybrid
circuit is arranged inside the ring-shaped pattern.
[0006] As described above, it is sufficient that an MSA
so far uses only one polarized wave. However, the
number of channels has increased recently, thus increas-
ing demands for a "dual-polarization antenna" that simul-
taneously uses two polarized waves at a time for effec-
tively using frequencies.
[0007] Therefore, various dual-polarization antennas
that include an MSA capable of radiating (transmitting
and receiving) a plurality of polarized waves have been
proposed as well.
[0008] For example, PTL 2 discloses a "microstrip an-

tenna" that does not use a hybrid circuit as a power supply
circuit, but is able to switch a polarized wave to be used
among four types of a vertically polarized wave, a hori-
zontally polarized wave, a left hand circularly polarized
wave, and a right hand circularly polarized wave. The
microstrip antenna disclosed in PTL 2 includes a radia-
tion system (radiating element) including a first power
supply point and a second power supply point that gen-
erate polarized waves orthogonal to each other, and a
polarization-switching power-supply system switching
polarization of a synthesized radio wave by controlling a
phase difference between high-frequency output signals
at the two power supply points. The radiation system and
the polarization-switching power-supply system are
formed on a printed substrate including a plurality of lay-
ers. The polarization-switching power-supply system in-
cludes a polarization switching means that performs con-
trol by which a phase difference occurring, at the two
power supply points, between two divided high-frequen-
cy output signals having an equal amplitude and an equal
phase is caused to be 0 degree, 90 degrees, 180 de-
grees, or 270 degrees. According to the microstrip an-
tenna with such a configuration, when the phase differ-
ence is 0 degree or 180 degrees, a vertically polarized
wave or a horizontally polarized wave is generated from
the radiation system, and when the phase difference is
90 degrees or 270 degrees, a left hand circularly polar-
ized wave or a right hand circularly polarized wave is
generated. Specifically, the polarization switching means
includes an equal power distributor that divides an input
high-frequency signal into two signals having an equal
amplitude and an equal phase, a first variable phase shift-
er located between a first distribution output terminal of
the equal power distributor and the first power supply
point, a second variable phase shifter located between
a second distribution output terminal of the equal power
distributor and the second power supply point, and a
phase shifter control circuit that controls switching of
phase shift amounts in the first and second variable
phase shifters.
[0009] Further, PTL 3 discloses a "circularly polarized
wave switching type antenna" improving cross polariza-
tion discrimination (XPD). The circularly polarized wave
switching type antenna disclosed in PTL 3 includes: a
radiating element including two power supply points and
radiating two linearly polarized waves orthogonal to each
other; first and second phase shifters that are connected
to the respective power supply points of the radiating
element and of which phase shift amounts are 180 de-
grees; a 90-degree hybrid circuit that divides an input
signal into two signals at a phase difference of 90 de-
grees, that is connected to the first and second phase
shifters, and that includes another terminated end; and
a control means that performs control in such a way as
to switch phase shift amounts of the first and second
phase shifters to 0 degree or 180 degrees and cause a
right hand or left hand circularly polarized wave to be
radiated from the radiating element.
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[0010] Furthermore, PTL 4 discloses a small-sized in-
tegrated "multi-frequency plane antenna" for transmitting
and receiving polarized waves of a plurality of frequency
bands including a circularly polarized wave. The multi-
frequency plane antenna disclosed in PTL 4 includes an
antenna element including a dielectric substrate, and in-
cludes a wiring substrate on which the antenna element
is mounted. The antenna element includes a first square
radiation electrode and a second loop-shaped radiation
electrode that are formed on a front surface of the die-
lectric substrate, an earth electrode formed on a back
surface of the dielectric substrate, and four through holes
formed at positions of two power supply points of each
of the first radiation electrode and the second radiation
electrode. The wiring substrate is provided with two con-
centric 90-degree hybrids of one-wavelength loop-
shaped conductor patterns of which thicknesses vary
every 1/4 wavelength. In each of the 90-degree hybrids,
two ports are formed. Two leading ends of each of the
ports are connected to two power supply points of each
of the radiation electrodes via the through holes.
[0011] Although not directly related to a "power supply
circuit" according to the present invention, PTL 5 disclos-
es a "high-frequency power distribution-synthesis de-
vice" suitable for implementation as a monolithic micro-
wave integrated circuit. According to PTL 5, in order to
configure the power distribution-synthesis device, a se-
ries distribution of halving an impedance of a line and a
parallel distribution of doubling an impedance of the line
are alternately and repeatedly connected, and thus, the
power distribution-synthesis device is configured without
using λ/4 lines at all. For example, PTL 5 discloses, as
one example embodiment, the power distribution-syn-
thesis device that includes a parallel flat-plate balanced
line of a characteristic impedance Z0, first and second
microstrip lines of a characteristic impedance Z0/2, and
a parallel-flat-plate-balanced-line series distribution unit
and a parallel-flat-plate-balanced-line-to-microstop-line
conversion unit that are arranged between the parallel
flat-plate balanced line and the first and second micros-
trip lines.

[Citation List]

[Patent Literature]

[0012]

[PTL 1] Japanese Patent No. 2709383
[PTL 2] Japanese Unexamined Patent Application
Publication No. H9-284031
[PTL 3] Japanese Unexamined Patent Application
Publication No. 2000-223942
[PTL 4] Japanese Unexamined Patent Application
Publication No. 2003-152431
[PTL 5] Japanese Unexamined Patent Application
Publication No. H9-246817

[Summary of Invention]

[Technical Problem]

[0013] Even when scanning a microstrip array antenna
in which a plurality of such MSA elements are arranged,
a still wider scanning range has been demanded. This
has increased necessity of narrowing an interval between
the antenna elements (MSA elements). As a result, it has
become necessary to miniaturize a power supply circuit
for supplying electric power to the MSA elements.
[0014] However, the following problems exist in the
above-described PTLs 1 to 4, respectively.
[0015] The circularly polarized microstrip type antenna
device disclosed in PTL 1 is capable of radiating (trans-
mitting and receiving) only one polarized wave.
[0016] According to the microstrip antenna (MSA) dis-
closed in PTL 2, the power supply circuit supplies electric
power at two points (one point for each of two orthogonal
directions). For this reason, there is a problem that a con-
figuration becomes complicated and cross polarization
discrimination is not improved.
[0017] Further, according to the circularly polarized
wave switching type antenna disclosed in PTL 3, the pow-
er supply circuit also supplies electric power at two points
(one point for each of two orthogonal directions). Accord-
ing to PTL 3, in order to improve cross polarization dis-
crimination, the power supply circuit is constituted of the
first phase shifter, the second phase shifter, and the 90-
degree hybrid circuit. As a result, there is a problem that
a configuration of the power supply circuit becomes com-
plicated.
[0018] According to the multi-frequency plane antenna
disclosed in PTL 4, the power supply circuit supplies elec-
tric power at four points (two points for each of two or-
thogonal directions). For this reason, a sufficient space
cannot be secured, and thus, there is a problem that it is
difficult to derive sufficient characteristics. Further, since
the power supply circuit is constituted of two 90-degree
hybrids, there is also a problem that a configuration be-
comes complicated. Furthermore, the strip line is forcibly
bent to form each 90-degree hybrid. For this reason, there
is also a problem that a voltage standing wave ratio
(VSWR) is low, and a narrow space between the lines
results in unimprovement of mutual coupling degree.
[0019] Note that PTL 5 merely discloses the high-fre-
quency power distribution-synthesis device suitable for
implementation as a monolithic microwave integrated cir-
cuit.
[0020] An object of the present invention is to provide
a hybrid circuit, a power supply circuit, an antenna device,
and a power supply method that solve the above-de-
scribed problems.

[Solution to Problem]

[0021] A hybrid circuit according to the present inven-
tion includes: a loop-shaped line that includes four partial
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lines having mutually equal electrical lengths and char-
acteristic impedances; first and second input lines that
branch respectively from first and second branch points
adjacent to each other via a first partial line of the loop-
shaped line; first and second output lines that branch
respectively from third and fourth branch points adjacent
to each other via a second partial line opposite to the first
partial line of the loop-shaped line; and third and fourth
output lines that branch respectively from the first and
second branch points, wherein an input impedance of
each of the first and second input lines is equal to a quar-
ter of a characteristic impedance of the partial line, and
an output impedance of each of the first to fourth output
lines is equal to half of the characteristic impedance of
the partial line.
[0022] A power supply circuit according to the present
invention is a power supply circuit using the above-de-
scribed hybrid circuit, for supplying electric power to an
antenna element, wherein the loop-shaped line and the
first and second input lines are formed on a surface of a
dielectric substrate, the first to fourth output lines include
first to fourth through holes respectively formed in anoth-
er dielectric substrate different from the dielectric sub-
strate, electric power is supplied, at four points, to the
antenna element from leading ends of the first to fourth
through holes, and a characteristic impedance of the hy-
brid circuit is equal to half of an impedance of the antenna
element.
[0023] An antenna device according to the present in-
vention is an antenna device using the above-described
power supply circuit, wherein the power supply circuit
includes first and second input ports respectively con-
nected to the first and second input lines, and the antenna
element includes: a lower patch that includes first to
fourth power supply points respectively connected to
leading ends of the first to fourth through holes; and an
upper patch that is electromagnetically connected to the
lower patch.
[0024] A power supply method according to the
present invention is a method for supplying electric power
to the above-described antenna device, the power supply
method including: supplying a first input signal to the first
input port, and thereby supplying first and second output
signals to the third and second power supply points, re-
spectively, via the power supply circuit; and supplying a
second input signal to the second input port, and thereby
supplying third and third output signals to the fourth and
first power supply points, respectively, via the power sup-
ply circuit.

[Advantageous Effects of the Invention]

[0025] According to the present invention, a power
supply circuit of a small size can be provided.

[Brief Description of Drawings]

[0026]

[Fig. 1] Fig. 1 is a circuit diagram illustrating a 90-
degree hybrid circuit used as a related power supply
circuit, (A) illustrates the case where an input signal
is input from a first input port P1, and (B) illustrates
the case where an input signal is input from a second
input port P2.
[Fig. 2] Fig. 2 is a circuit diagram illustrating a hybrid
circuit used as a power supply circuit according to
one example embodiment of the present invention,
(A) illustrates the case where a first input signal is
input from a first input port P1, and (B) illustrates the
case where a second input signal is input from a
second input port P2.
[Fig. 3] Fig. 3 is a transparent perspective view illus-
trating a microstrip antenna (MSA) of the four-point
power supply method, using as a power supply cir-
cuit the hybrid circuit illustrated in Fig. 2.
[Fig. 4] Fig. 4 is a sectional view of Fig. 3 taken along
the Z-X plane.
[Fig. 5] Fig. 5 is a sectional view of Fig. 3 taken along
the Z-Y plane.

[Description of Embodiments]

[Related Art]

[0027] In order to facilitate understanding of the
present invention, a related power supply circuit used in
PTL 1 and the like is described.
[0028] Fig. 1 is a circuit diagram illustrating a 90-de-
gree hybrid circuit 10 used as the related power supply
circuit. The illustrated 90-degree hybrid circuit 10 is also
referred to as a branch line coupler.
[0029] The 90-degree hybrid circuit 10 includes a com-
bination of first and second partial lines 11 and 12 of a
characteristic impedance Z0 and third and fourth partial
lines 13 and 14 of a characteristic impedance Z0/√2. An
electrical length L of each of the partial lines 11 to 14 is
equal to λ/4. Input-output impedances of four ports P1
to P4 of the 90-degree hybrid circuit 10 are Z0. The four
ports P1 to P4 are also referred to as first to fourth ports,
respectively.
[0030] Here, the first port P1 is also referred to as a
first input port, the second port P2 is also referred to as
a second input port, the third port P3 is also referred to
as a first output port, and the fourth port P4 is also referred
to as a second output port.
[0031] Specifically, the first to fourth partial lines 11 to
14 constitute a loop-shaped line. The first partial line 11
and the second partial line 12 are opposite to each other,
and are also referred to as short-circuit arms. The third
partial line 13 and the fourth partial line 14 are opposite
to each other, and are also referred to as series arms.
[0032] One end of the first partial line 11 is connected,
at a first branch point 21, to one end of the third partial
line 13. The other end of the first partial line 11 is con-
nected, at a second branch point 22, to one end of the
fourth partial line 14. Accordingly, the first partial line 11
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is arranged between the first branch point 21 and the
second branch point 22. One end of the second partial
line 12 is connected, at a third branch point 23, to the
other end of the third partial line 13. The other end of the
second partial line 12 is connected, at a fourth branch
point 24, to the other end of the fourth partial line 14.
Accordingly, the second partial line 12 is arranged be-
tween the third branch point 23 and the third branch point
24.
[0033] The 90-degree hybrid circuit 10 includes first to
fourth branch lines 31 to 34 branching outward from the
loop-shaped line (11 to 14), at the first to fourth branch
points 21 to 24, respectively.
[0034] The first port (first input port) P1 is connected
to the first branch point 21 via the first branch line 31.
The second port (second input port) P2 is connected to
the second branch point 22 via the second branch line
32. The first branch line 31 is also referred to as a first
input line, and the second branch line 32 is also referred
to as a second input line. The third port (first output port)
P3 is connected to the third branch point 23 via the third
branch line 33. The fourth port (second output port) P4
is connected to the fourth branch point 34 via the fourth
branch line 34. The third branch line 33 is also referred
to as a first output line, and the fourth branch line 34 is
also referred to as a second output line.
[0035] In Fig. 1, (A) illustrates the case where an input
signal is input from the first input port P1, and (B) illus-
trates the case where an input signal is input from the
second input port P2.
[0036] First, an operation when an input signal is input
from the first input port P1 is described with reference to
Fig. 1(A).
[0037] An input signal supplied from the first input port
P1 branches to the first output port P3 and the second
output port P4, and is output as a first output signal and
a second output signal, respectively. Output electric pow-
er of each of the first and second output signals is half
of the input electric power of the input signal. Phases of
the first and second output signals are delayed by 90
degrees at the first output port P3 and delayed by 180
degrees at the second output port P4, from that of the
input signal. No signal is output to the second input port
P2, and isolation from a peripheral circuit is maintained.
In other words, the second input port P2 is disconnected
from the peripheral circuit.
[0038] Next, an operation when an input signal is input
from the second input port P2 is described with reference
to Fig. 1(B).
[0039] An input signal supplied from the second input
port P2 branches to the first output port P3 and the second
output port P4, and is output as a first output signal and
a second output signal, respectively. Output electric pow-
er of each of the first and second output signals is half
of the input electric power of the input signal. To the first
output port P3, the first output signal is output with a
phase delayed by 180 degrees from that of the input sig-
nal. To the second output port P4, the second output

signal is output with a phase delayed by 90 degrees from
that of the input signal. No signal is output to the first
input port P1, and isolation from the peripheral circuit is
maintained. In other words, the first input port P1 is dis-
connected from the peripheral circuit.
[0040] In this manner, the 90-degree hybrid circuit 10
causes the input signal to branch to the two output ports
P3 and P4. Phases of the two output signals are shifted
from each other by 90 degrees.
[0041] Accordingly, by connecting the two output ports
P3 and P4 of the 90-degree hybrid circuit 10 (e.g., via
through holes) to two power supply points of an un-illus-
trated antenna element (radiating element), a circularly
polarized wave is able to be radiated from the antenna
element (radiating element).
[0042] Thus, it can be understood that a microstrip an-
tenna (MSA) using such a 90-degree hybrid circuit 10 as
a power supply circuit is an MSA of a two-point power
supply method. However, such an MSA is capable of
radiating (transmitting and receiving) only one polarized
wave (in the present example, a circularly polarized
wave).

[Example Embodiment]

[0043] Next, an example embodiment for implement-
ing the invention is described in detail with reference to
the drawings.
[0044] Fig. 2 is a circuit diagram illustrating a hybrid
circuit 10A used as a power supply circuit according to
one example embodiment of the present invention.
[0045] The illustrated hybrid circuit 10A is configured
and operates similarly to the related 90-degree hybrid
circuit 10 illustrated in Fig. 1, except that a configuration
of a loop-shaped line is different and two output lines and
two output ports are additionally provided as described
later. For this reason, hereinafter, the same reference
symbols are given to elements having the functions sim-
ilar to those of the elements illustrated in Fig. 1, and the
differences are described in detail.
[0046] The illustrated hybrid circuit 10A includes, as a
loop-shaped circuit, a first partial line 11, a second partial
line 12, a third partial line 13A, and a fourth partial line
14A.
[0047] The third partial line 13A differs from the third
partial line 13, and has a characteristic impedance Z0.
The fourth partial line 14A also differs from the fourth
partial line 14, and has a characteristic impedance Z0.
[0048] Accordingly, each of the first to fourth partial
lines 11, 12, 13A, and 14A constituting a loop-shaped
line has the same electrical length L=λ/4, and has the
same characteristic impedance Z0.
[0049] Input impedances of first and second ports (first
and second input ports) P1 and P2 are equal to Z0/4. The
first port (first input port) P1 is connected to a first branch
point 21 via a first branch line (first input line) 31A. The
second port (second input port) P2 is connected to a sec-
ond branch point 22 via a second branch line (second
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input line) 32A.
[0050] Output impedances of third and fourth ports
(first and second output ports) P3 and P4 are equal to
Z0/2. The third port (first output port) P3 is connected to
a third branch point 23 via a third branch line (first output
line) 33A. The fourth port (second output port) P4 is con-
nected to a fourth branch point 24 via a fourth branch line
(second output line) 34A.
[0051] The illustrated hybrid circuit 10A further in-
cludes fifth and sixth ports P5 and P6. The fifth port P5
is also referred to as a third output port, and the sixth port
P6 is also referred to as a fourth output port. Output im-
pedance of each of the fifth and sixth ports (third and
fourth output ports) P5 and P6 is equal to Z0/2. The fifth
port (third output port) P5 is connected to the first branch
point 21 via a fifth branch line 35. The sixth port (fourth
output port) P6 is connected to the second branch point
22 via a sixth branch line 36. The fifth branch line 35 is
also referred to as a third output line, and the sixth branch
line 36 is also referred to as a fourth output line.
[0052] In Fig. 2, (A) illustrates the case where a first
input signal is input from the first input port P1, and (B)
illustrates the case where a second input signal is input
from the second input port P2.
[0053] First, an operation when a first input signal is
input from the first input port P1 is described with refer-
ence to Fig. 2(A).
[0054] The first input signal supplied from the first input
port P1 is supplied to the first branch point 21 via the first
branch line (first input line) 31A. A part of the first input
signal at the first branch point 21 is output as a first output
signal from the third output port P5 via the fifth branch
line (third output line) 35. The remaining part of the first
input signal at the first branch point 21 passes without
change because of being a clockwise signal and a coun-
terclockwise signal the phases of which become opposite
to each other at the second branch point 22 and at the
third branch point 23, and is output as a second output
signal from the second output port P4 by passing through
the fourth branch line (second output line) 34A at the
fourth branch point 24. Phases of the first output signal
and the second output signal are shifted from each other
by 180 degrees. No signal is output to the second input
port P2, the fourth output port P6, and the first output port
P3, and isolation from a peripheral circuit is maintained.
In other words, the second input port P2, the fourth output
port P6, and the first output port P3 are disconnected
from the peripheral circuit.
[0055] Next, an operation when a second input signal
is input from the second input port P2 is described with
reference to Fig. 2(B).
[0056] The second input signal supplied from the sec-
ond input port P2 is supplied to the second branch point
22 via the second branch line (second input line) 32A. A
part of the second input signal at the second branch point
22 is output as a third output signal from the fourth output
port P6 via the sixth branch line (fourth output line) 36.
The remaining part of the second input signal at the sec-

ond branch point 22 passes without change because of
being a clockwise signal and a counterclockwise signal
the phases of which become opposite to each other at
the first branch point 21 and at the fourth branch point
24, and is output as a fourth output signal from the first
output port P3 via the third branch line (first output line)
33A at the third branch point 23. Phases of the third output
signal and the fourth output signal are shifted from each
other by 180 degrees. No signal is output to the first input
port P1, the third output port P5, and the second output
port P4, and isolation from the peripheral circuit is main-
tained. In other words, the first input port P1, the third
output port P5, and the second output port P4 are dis-
connected from the peripheral circuit.
[0057] In this manner, the hybrid circuit 10A causes
the input signals to branch to the four output ports P3 to
P6. Accordingly, by connecting the four output ports P3
to P6 of the hybrid circuit 10A (e.g., via through holes) to
four power supply points of an un-illustrated antenna el-
ement (radiating element), two linearly polarized waves
orthogonal to each other is able to be radiated from the
antenna element (radiating element) at the same time.
[0058] Thus, it can be understood that a microstrip an-
tenna (MSA) using such a hybrid circuit 10A as a power
supply circuit is an MSA of a four-point power supply
method. Such an MSA is capable of radiating (transmit-
ting and receiving) two polarized waves (in the present
example, linearly polarized waves).
[0059] Next, the description is made on a main differ-
ence between the related power supply circuit 10 illus-
trated in Fig. 1 and the power supply circuit 10A according
to the present example embodiment illustrated in Fig. 2.
[0060] According to the related power supply circuit 10
illustrated in Fig. 1, output signals are output only from
the output ports (P3, P4) connected to the branch points
(23, 24) distant from the branch points (21, 22) to which
input signals are supplied.
[0061] By comparison, according to the power supply
circuit 10A of the present example embodiment illustrat-
ed in Fig. 2, output signals are output both from the output
ports (P5, P6) connected to the branch points (21, 22) to
which input signals are supplied and from the output ports
(P3, P4) connected to the branch points (23, 24) distant
from the branch ports (21, 22).

Example 1

[0062] Next, a microstrip antenna (MSA) 100 of a four-
point power supply method using as a power supply cir-
cuit the hybrid circuit 10A illustrated in Fig. 2 is described
with reference to Figs. 3 to 5.
[0063] Fig. 3 is a transparent perspective view illustrat-
ing the MSA 100 of the four-point power supply method.
Fig. 4 is a sectional view of Fig. 3 taken along the Z-X
plane. Fig. 5 is a sectional view of Fig. 3 taken along the
Z-Y plane.
[0064] Here, as illustrated in Figs. 3 to 5, an orthogonal
coordinate system (X,Y,Z) is used. In the state illustrated
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in Figs. 3 to 5, in the orthogonal coordinate system (X,Y,
Z), the X-axis direction is the front-back direction (depth
direction), the Y-axis direction is the left-right direction,
and the Z-axis direction is the vertical direction (height
direction). In the present example, a center of an upper
ground conductor 71 described later is set as the origin
O of the orthogonal coordinate system (X,Y,Z).
[0065] The illustrated MSA 100 of the four-point power
supply method is substantially in the shape of a rectan-
gular parallelepiped. The MSA 100 of the four-point pow-
er supply method includes first to fourth dielectric sub-
strates 51, 52, 53, and 54. As illustrated in Fig. 3, the first
to fourth dielectric substrates 51 to 54 are stacked from
the upper side to the lower side in this order.
[0066] On an upper surface of the first dielectric sub-
strate 51, a rectangular upper patch 61 is formed. On a
lower surface of the first dielectric substrate 51, a sub-
stantially rectangular lower patch 62 is formed. In other
words, the first dielectric substrate 51 is sandwiched be-
tween the upper patch 61 and the lower patch 62. The
upper patch 61 and the lower patch 62 are electromag-
netically coupled. Accordingly, a combination of the up-
per patch 61 and the lower patch 62 constitutes an MSA
element (antenna element) 60.
[0067] The lower patch 62 is sandwiched between the
lower surface of the first dielectric substrate 51 and an
upper surface of the second dielectric substrate 52.
[0068] The MSA 100 of the four-point power supply
method includes the rectangular upper ground conductor
71 and a rectangular lower ground conductor 72. The
upper ground conductor 71 is sandwiched between a
lower surface of the second dielectric substrate 52 and
an upper surface of the third dielectric substrate 53. The
lower ground conductor 72 is formed on a lower surface
of the fourth dielectric substrate 54.
[0069] The power supply circuit (hybrid circuit) 10A ac-
cording to the example embodiment of the present in-
vention is formed in such a way as to be substantially
sandwiched between a lower surface of the third dielec-
tric substrate 53 and an upper surface of the fourth die-
lectric substrate 54.
[0070] In the illustrated example, the first port (first in-
put port) P1 is formed at a front end between the third
dielectric substrate 53 and the fourth dielectric substrate
54. The second port (second input port) P2 is formed at
a right end between the third dielectric substrate 53 and
the fourth dielectric substrate 54. The first branch line
(first input line) 31A extends in the front-back direction X
from the first port (first input port) P1. The second branch
line (second input line) 32A extends in the left-right di-
rection Y from the second port (second input port) P2.
[0071] The loop-shaped lines (11, 12, 13A, 14A) in the
power supply circuit (hybrid circuit) 10A is formed, on the
upper surface of the fourth dielectric substrate 54, in the
shape of a loop around the vertical line Z passing through
the origin O. The illustrated loop-shaped line (11, 12, 13A,
14A) has a rhombic shape.
[0072] The first branch point 21 is formed on the front

side, in the front-back direction X, of the vertical line Z
passing through the origin O. The second branch point
22 is formed on the right side, in the left-right direction
Y, of the vertical line Z passing through the origin O. The
third branch point 23 is formed on the left side, in the left-
right direction Y, of the vertical line Z passing through the
origin O. The fourth branch point 24 is formed on the back
side, in the front-back direction X, of the vertical line Z
passing through the origin O.
[0073] As illustrated in Fig. 5, the third branch line (first
output line) 33A is constituted of a first through hole that
is formed in such a way as to extend from the third branch
point 23 upward in the vertical direction Z and penetrate
through the third dielectric substrate 53 and the second
dielectric substrate 52. An upper end of the first through
hole 33A forms the third port (first output port) P3. The
third port (first output port) P3 is connected to a first power
supply point 621 of the lower patch 62.
[0074] As illustrated in Fig. 4, the fourth branch line
(second output line) 34A is constituted of a second
through hole that is formed in such a way as to extend
from the fourth branch point 24 upward in the vertical
direction Z and penetrate through the third dielectric sub-
strate 53 and the second dielectric substrate 52. An upper
end of the second through hole 34A forms the fourth port
(second output port) P4. The fourth port (second output
port) P4 is connected to a second power supply point
622 of the lower patch 62.
[0075] As illustrated in Fig. 4, the fifth branch line (third
output line) 35 is constituted of a third through hole that
is formed in such a way as to extend from the first branch
point 21 upward in the vertical direction Z and penetrate
through the third dielectric substrate 53 and the second
dielectric substrate 52. An upper end of the third through
hole 35 forms the fifth port (third output port) P5. The fifth
port (third output port) P5 is connected to a third power
supply point 623 of the lower patch 62.
[0076] As illustrated in Fig. 5, the sixth branch line
(fourth output line) 36 is constituted of a fourth through
hole that is formed in such a way as to extend from the
second branch point 22 upward in the vertical direction
Z and penetrate through the third dielectric substrate 53
and the second dielectric substrate 52. An upper end of
the fourth through hole 36 forms the sixth port (fourth
output port) P6. The sixth port (fourth output port) P6 is
connected to a fourth power supply point 624 of the lower
patch 62.
[0077] As described above, in the present example,
the first to fourth output lines 33A, 34A, 35, and 36 are
constituted respectively of the first to fourth through holes
that are formed in such a way as to penetrate through
the third dielectric substrate 53 and the second dielectric
substrate 52.
[0078] The upper ground conductor 71 includes first to
fourth openings 711, 712, 713, and 714 that are substan-
tially concentric with the first to fourth through holes 33A,
34A, 35, and 36 and have diameters larger than diame-
ters of the first to fourth through holes 33A, 34A, 35, and
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36, respectively.
[0079] The lower patch 62 includes first to fourth slits
626, 627, 628, and 629 provided around the first to fourth
power supply points 621 to 624, respectively. In the illus-
trated example, the first to fourth slits 626 to 629 each
have a shape of a semi-loop formed at a more inside
toward the vertical line Z passing through the origin O
than the first to fourth power supply points 621 to 624.
[0080] A characteristic impedance of the power supply
circuit (hybrid circuit) 10A is half of an impedance of the
MSA element 60.
[0081] Next, the description is made on an operation
(power supply method) of the MSA 100 of the four-point
power supply method illustrated in Figs. 3 to 5.
[0082] First, the description is made on the operation
when a first input signal is supplied from the first input
port P1.
[0083] In this case, the first input signal supplied to the
first input port P1 reaches the first branch point 21 by
passing through the first input line 31A. A part of the first
input signal at the first branch point 21 is supplied as a
first output signal to the third power supply point 623 of
the lower patch 62 from the third output port P5 by passing
through the third through hole 35.
[0084] Meanwhile, the remaining part of the first input
signal that has reached the first branch point 21 passes
through the third branch point 23 and the second branch
point 22 of the power supply circuit 10A without change
for the above-described reason, and is supplied as a sec-
ond output signal to the second power supply point 622
of the lower patch 62 from the second output port P4 by
passing through the second through hole 34A at the
fourth branch point 24.
[0085] Phases of the first output signal and the second
output signal are shifted from each other by 180 degrees.
[0086] In this state, as described above, the second
input port P2, the fourth output port P6, and the first output
port P3 are isolation ports.
[0087] Next, the description is made on the operation
when a second input signal is supplied from the second
input port P2.
[0088] In this case, the second input signal supplied to
the second input port P2 reaches the second branch point
22 by passing through the second input line 32A. A part
of the second input signal at the second branch point 22
is supplied as a third output signal to the fourth power
supply point 624 of the lower patch 62 from the fourth
output port P6 by passing through the fourth through hole
36.
[0089] Meanwhile, the remaining part of the second
input signal that has reached the second branch point 22
passes through the first branch point 21 and the fourth
branch point 24 of the power supply circuit 10A without
change for the above-described reason, and is supplied
as a fourth output signal to the first power supply point
621 of the lower patch 62 from the first output port P3 by
passing through the first through hole 33A at the third
branch point 23.

[0090] Phases of the third output signal and the fourth
output signal are shifted from each other by 180 degrees.
[0091] In this state, as described above, the first input
port P1, the third output port P5, and the second output
port P4 are isolation ports.
[0092] Thus, according to the present example, inde-
pendent electric fields orthogonal to each other can be
generated between the third power supply point 623 and
the second power supply point 622 of the lower patch 62
and between the fourth power supply point 624 and the
first power supply point 621 of the lower patch 62.
[0093] Description will be made on advantageous ef-
fects of the microstrip antenna (MSA) 100 of the four-
point power supply method using the power supply circuit
10A illustrated in Figs. 3 to 5.
[0094] Since the hybrid circuit 10A is adopted as the
power supply circuit of the MSA 100, isolation is im-
proved, and even when electric power is supplied to four
points (two points for each of two orthogonal directions),
a sufficient space can be secured. For this reason, it is
possible to derive sufficient characteristics as the MSA
100.
[0095] Further, since the upper patch 61 and the lower
patch 62 are electromagnetically connected, it is possible
to contribute to widening a band.
[0096] Furthermore, since the power supply circuit 10A
is arranged in such a way as to be directly connected to
the back surface of the MSA element (antenna element)
60, it is possible to provide the small-sized MSA 100 of
the four-point power supply method.
[0097] Although the invention of the present applica-
tion is described above with reference to the example
embodiment (example), the invention of the present pat-
ent application is not limited to the above-described ex-
ample embodiment (example). Various modifications
that can be understood by those skilled in the art can be
made on a configuration and details of the invention of
the present patent application, within the scope of the
invention of the present patent application.
[0098] For example, the loop-shaped line is in the
shape of a rhombus in the above-described example em-
bodiment (example), but is not limited to this, and may
be in the form of a circle (circular ring), and may be in
any shape as long as the four partial lines have mutually
equal electrical lengths and characteristic impedances.

[Industrial Applicability]

[0099] The power supply circuit (hybrid circuit) accord-
ing to the present invention can be used as a power sup-
ply circuit for a microstrip array antenna such as an an-
tenna for a communication satellite, an antenna for a sci-
entific satellite, an antenna for a synthetic aperture radar,
or an antenna for data transmission.
[0100] The present application claims priority based
on Japanese Patent Application No. 2016-032743 filed
on February 24, 2016, the disclosure of which is incor-
porated herein in its entirety.
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[Reference signs List]

[0101]

10A Hybrid circuit (power supply circuit)
11 First partial line
12 Second partial line
13A Third partial line
14A Fourth partial line
21 First branch point
22 Second branch point
23 Third branch point
24 Fourth branch point
31A First branch line (first input line)
32A Second branch line (second input line)
33A Third branch line (first output line; first through

hole)
34A Fourth branch line (second output line; second

through hole)
35 Fifth branch line (third output line; third through

hole)
36 Sixth branch line (fourth output line; fourth

through hole)
51 First dielectric substrate
52 Second dielectric substrate
53 Third dielectric substrate
54 Fourth dielectric substrate
60 MSA element (antenna element)
61 Upper patch
62 Lower patch
621 First power supply point
622 Second power supply point
623 Third power supply point
624 Fourth power supply point
626 First slit
627 Second slit
628 Third slit
629 Fourth slit
71 Upper ground conductor
711 First opening
712 Second opening
713 Third opening
714 Fourth opening
72 Lower ground conductor
100 Microstrip antenna (MSA) of four-point power

supply method
P1 First port (first input port)
P2 Second port (second input port)
P3 Third port (first output port)
P4 Fourth port (second output port)
P5 Fifth port (third output port)
P6 Sixth port (fourth output port)
O Origin

Claims

1. A hybrid circuit comprising:

a loop-shaped line that includes four partial lines
having mutually equal electrical lengths and
characteristic impedances;
first and second input lines that branch respec-
tively from first and second branch points adja-
cent to each other via a first partial line of the
loop-shaped line;
first and second output lines that branch respec-
tively from third and fourth branch points adja-
cent to each other via a second partial line op-
posite to the first partial line of the loop-shaped
line; and
third and fourth output lines that branch respec-
tively from the first and second branch points,
wherein
an input impedance of each of the first and sec-
ond input lines is equal to a quarter of the char-
acteristic impedance of the partial line, and
an output impedance of each of the first to fourth
output lines is equal to half of the characteristic
impedance of the partial line.

2. A power supply circuit using the hybrid circuit ac-
cording to claim 1, for supplying electric power to an
antenna element, wherein
the loop-shaped line and the first and second input
lines are formed on a surface of a dielectric substrate,
the first to fourth output lines include first to fourth
through holes respectively formed in another dielec-
tric substrate different from the dielectric substrate,
electric power is supplied, at four points, to the an-
tenna element from leading ends of the first to fourth
through holes, and
a characteristic impedance of the hybrid circuit is
equal to half of an impedance of the antenna ele-
ment.

3. The power supply circuit according to claim 2, where-
in the first input line and the second input line extend
in directions orthogonal to each other.

4. An antenna device using the power supply circuit
according to claim 2 or 3, wherein
the power supply circuit includes first and second
input ports respectively connected to the first and
second input lines, and
the antenna element includes
a lower patch that includes first to fourth power sup-
ply points respectively connected to leading ends of
the first to fourth through holes, and
an upper patch that is electromagnetically connected
to the lower patch.

5. The antenna device according to claim 4, wherein
the lower patch and the upper patch are opposite to
each other via still another dielectric substrate.

6. A method for supplying electric power to the antenna
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device according to claim 4 or 5, the method com-
prising:

supplying a first input signal to the first input port,
and thereby supplying first and second output
signals to the third and second power supply
points, respectively, via the power supply circuit;
and
supplying a second input signal to the second
input port, and thereby supplying third and third
output signals to the fourth and first power sup-
ply points, respectively, via the power supply cir-
cuit.
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