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(54) ROTATIONAL POSITION DETECTION DEVICE AND MOTOR DEVICE

(57) A rotational position detection device includes:
an FG magnet rotating together with a rotor and having
N poles and S poles alternately magnetized at even in-
tervals in a circumferential direction around a rotation
axis of the rotor; and a printed circuit board on which an
FG pattern facing the FG magnet is formed such that an

induced voltage is generated by rotation of the FG mag-
net, wherein the FG pattern includes patterns electrically
separated from each other on the printed circuit board,
and the patterns differ from each other by an electrical
angle excluding an integral multiple of 180 degrees in
electrical angle.
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Description

[0001] The present invention relates to a rotational po-
sition detection device and a motor device.
[0002] There is known a rotational position detection
device for detecting a rotational position of a rotor based
on an induced electromotive force in an FG (i.e. frequen-
cy generator) pattern facing an FG (i.e. frequency gen-
erator) magnet rotating together with the rotor (for exam-
ple, see Patent Document 1).
[0003] [Patent Document 1] Japanese Unexamined
Patent Application Publication No. 2016-99584
[0004] It is preferable to further improve the detection
accuracy of such a rotational position detection device.
[0005] It is therefore desirable to provide a rotational
position detection device with improved detection accu-
racy of a rotational position and a motor device having
the same.
[0006] According to an embodiment of the present in-
vention there is provided a rotational position detection
device including: an FG magnet rotating together with a
rotor and having N poles and S poles alternately mag-
netized at even intervals in a circumferential direction
around a rotation axis of the rotor; and a printed circuit
board on which an FG pattern facing the FG magnet is
formed such that an induced voltage is generated by ro-
tation of the FG magnet, wherein the FG pattern includes
patterns electrically separated from each other on the
printed circuit board, and the patterns differ from each
other by an electrical angle excluding an integral multiple
of 180 degrees in electrical angle. Also, the above object
is achieved by a motor device including the above rota-
tional position detection device.
[0007] An embodiment of the present invention may
provide a rotational position detection device with im-
proved detection accuracy of a rotational position and a
motor device having the same.
[0008] Reference will now be made, by way of exam-
ple, to the accompanying drawings, in which:

FIG. 1 is a perspective view of a motor device
equipped with a rotational position detection device
according to the present embodiment;
FIG. 2A is a perspective view illustrating an FG mag-
net and an FG pattern, and FIG. 2B is an explanatory
view of a shape of the FG pattern;
FIGs. 3A and 3B are respectively graphs illustrating
induced voltage signals generated in the patterns
according to rotation of the FG magnet, and FIGs.
3C and 3D are graphs illustrating rectangular waves
generated based on the induced voltage signals gen-
erated in the respective patterns by a comparator or
the like;
FIGs. 4A and 4B are explanatory views of an FG
pattern in the first variation;
FIG. 5A is an explanatory view of an FG pattern in
the second variation, and FIG. 5B is an explanatory
view of the third variation; and

FIG. 6A is an explanatory view of an FG pattern in
the fourth variation, and FIG. 6B is an explanatory
view of the fifth variation.

[0009] FIG. 1 is a perspective view of a motor device
1 equipped with a rotational position detection device ac-
cording to the present embodiment. The motor device 1
includes a rotor shaft 4, a rotor yoke 5, a base plate 6, a
printed circuit board 8, a rotor hub 13, an FG magnet 16,
a back yoke 17, and the like. The rotor shaft 4 is rotatably
supported by the base plate 6 via bearings. The rotor
yoke 5 having a tubular shape is integrally assembled
with the rotor hub 13. A tubular portion provided within
the rotor hub 13 is integrally assembled with the rotor
shaft 4 by press fitting, shrink fitting, adhesion, welding
or the like. Permanent magnets are fixed to an inner cir-
cumferential surface of the rotor yoke 5. The permanent
magnets are arranged so as to alternately arrange N
poles and S poles in the circumferential direction. Each
permanent magnet faces each pole tooth of a stator dis-
posed within the rotor yoke 5. A coil is wound around
each pole tooth of the stator. A change in energization
states of the coils causes a magnetic attractive force or
a magnetic repulsive force to exert between each pole
tooth and each permanent magnet, which rotates the ro-
tor yoke 5. The motor device 1 according to the present
embodiment is, but not limited to, a so-called outer rotor
type motor, and it may be an inner rotor type motor.
[0010] The printed circuit board 8 is arranged on the
base plate 6. The printed circuit board 8 is conductively
connected to each coil, and switches the energization
state of each coil. The back yoke 17 provided at a lower
end portion of the rotor yoke 5 is a substantially disc-
shaped magnetic body and thinner and larger in diameter
than the rotor yoke 5. The FG magnet 16 is fixed on a
lower surface of the back yoke 17. Thus, the back yoke
17 and the FG magnet 16 rotate together with the rotor
yoke 5. The FG magnet 16 faces the printed circuit board
8. On the printed circuit board 8, an FG pattern 19 de-
scribed later is formed on the surface facing the FG mag-
net 16. The rotation of the FG magnet 16 generates an
induced voltage in the FG pattern 19. By detecting this
voltage signal, the rotational position of the FG magnet
16, that is, the rotational position of the rotor yoke 5 is
detected. Therefore, the FG magnet 16 and the printed
circuit board 8 on which the FG pattern 19 is formed cor-
respond to the rotational position detection device. The
FG magnet 16 is fixed to, but not limited to, the back yoke
17 in the present embodiment, and it is fixed to anything
as long as the FG magnet 16 can be connected to the
rotor yoke 5 and as the FG magnet 16 can rotate together
with the rotor yoke 5.
[0011] FIG. 2A is a perspective view illustrating the FG
magnet 16 and the FG pattern 19. The FG magnet 16
has an annular shape so as to alternately magnetize N
poles and S poles at even intervals in the circumferential
direction. Herein, θa indicates an angle of a pair of N pole
and S pole adjacent to each other with respect to a central
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axis C of the rotor shaft 4. The FG pattern 19 is formed
concentrically with the FG magnet 16. The FG pattern
19 includes a first pattern 19A and a second pattern 19B
(hereinafter, simply referred to as patterns) spaced apart
from each other in the circumferential direction and elec-
trically separated from each other on the printed circuit
board 8. The patterns 19A and 19B formed concentrically
about the center axis C on the same circumference are
spaced from each other in the circumferential direction
at a predetermined interval.
[0012] FIG. 2B is an explanatory view of the shape of
the FG pattern 19. Each of the patterns 19A and 19B
includes an arc portions 191, radial portions 193, first
connection portions 195, and the second connection por-
tions 197 electrically connected in series with one anoth-
er. The arc portion 191 has an arc shape with the center
axis C as a center. The radial portion 193, the first con-
nection portion 195, and the second connection portion
197 are located outside the arc portion 191. The radial
portion 193extends radially with respect to the center axis
C as a center. The first connection portion 195 has a
substantially linear shape in the circumferential direction
so as to be continuous with the adjacent two radial por-
tions 193. The second connection portion 197 also has
a substantially linear shape in the circumferential direc-
tion so as to be continuous with the adjacent two radial
portions 193. The first connection portion 195 and the
second connection portion 197 are alternately arranged
in the circumferential direction. The first connection por-
tion 195 is distant from the central axis C. The second
connection portion 197 is formed close to the central axis
C in the vicinity of the arc portion 191. As described
above, the arc portion 191 has an arc shape, whereas
the radial portion 193, the first connection portion 195,
and the second connection portion 197 each has a sub-
stantially linear shape. The radial portions 193, the first
connection portions 195, and the second connection por-
tions 197 are continuous so as to form a rectangular wavy
shape as a whole.
[0013] The pattern 19A clockwisely extends in an arc
shape about the central axis C from a start end portion
191e of the arc portion 191, and turns back in the opposite
direction from a radial portion 193e and extends to a ter-
minal end portion 197e of the second connection portion
197 in a rectangular wavy shape. The pattern 19B clock-
wisely extends an arc shape about the center axis C from
the start end portion 191e of the arc portion 191, and
turns back in the opposite direction from the radial portion
193e and extends to the terminal end portion 197e of the
second connection portion 197 in a rectangular wavy
shape.
[0014] The start end portion 191e is an end portion of
the arc portion 191 and also an end portion of the pattern
19A. The terminal end portion 197e is also an end portion
of the second connection portion 197 and an end portion
of the pattern 19A. The start end portion 191e and the
terminal end portion 197e of the pattern 19A are close
to each other. The same is true for the start end portion

191e and the terminal end portion 197e of the pattern
19B. That is, the start end portion 191e and the terminal
end portion 197e are positioned at an end of the pattern
19A, and the start end portion 191e and the terminal end
portion 197e are positioned at an end of the pattern 19B.
The ends of the patterns 19A and 19B face one other.
[0015] The radial portion 193e of the radial portions
193 is a portion directly continuous to the arc portion 191
and corresponds to the other end of the pattern 19A. The
radiation portions 193e of the patterns 19A and 19B face
to each other. That is, the other ends of the patterns 19A
and 19B face each other.
[0016] Here, the angle θa [deg] of a pair of N poles and
S poles adjacent to each other of the FG magnet 16 is a
mechanical angle corresponding to 360 degrees of an
electrical angle. Further, θb [deg] indicates an angle be-
tween the centers of the adjacent first connection portion
195 and second connection portion 197. θc [deg] indi-
cates an angle between the centers of the two first con-
nection portions 195 adjacent to each other. θd [deg] in-
dicates an angle between the two radial portions 193
adjacent to each other via the first connection portion
195. θe [deg] indicates an angle between the two radial
portions 193 continuous to each other via the second
connection portion 197. As described above, the first con-
nection portion 195e of the pattern 19A and the first con-
nection portion 195e of the pattern 19B are closest ad-
jacent to each other among the patterns 19A and 19B,
and θf [deg] indicates an angle between the centers of
the first connection portions 195e. N1 indicates the total
number of poles of the FG magnet 16. The total number
of poles of the FG magnet 16 is the total number of S
poles and N poles magnetized alternately in the circum-
ferential direction. N2 indicates the total number of FG
patterns. Thus, the following equations are satisfied.

Herein, i and n are integers. Hence, θf corresponding to
an integral multiplication of 180 degrees in the electrical
angle is excluded.
[0017] In the present embodiment, θf=(θa/4)3i is sat-
isfied. Also, N1=60 and θa=12 degrees are satisfied.
When i is 1, 5, 9..., the voltage signals induced in each
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of the patterns 19A and 19B are different from each other
by 90 degrees in electrical angle. When i is 3, 7, 11...,
they are different from each other by 270 degrees in elec-
trical angle.
[0018] FIGs. 3A and 3B are respectively graphs illus-
trating induced voltage signals generated in the patterns
19A and 19B according to the rotation of the FG magnet
16. FIGs. 3C and 3D are graphs illustrating rectangular
waves generated based on the induced voltage signals
generated in the respective patterns 19A and 19B by a
comparator or the like. FIGs. 3A to 3D are graphs in the
case where the voltage signals induced in each of the
patterns 19A and 19B are different from each other by
90 degrees in electrical angle. As illustrated in FIGS. 3C
and 3D, the rotational position of the FG magnet 16 is
detected by detecting the rising timing or the falling timing
of each rectangular waveform. For this reason, as com-
pared with the conventional case where only a single FG
pattern is formed, the present embodiment doubly in-
creases the resolution of the rotational position of the FG
magnet 16 so as to improve the rotational position de-
tection accuracy.
[0019] Also, as described above, the case where θf
corresponds to an integral multiplication of 180 degrees
in electrical angle is excluded. That is, when the voltage
signals induced in each of the patterns 19A and 19B are
different from each other by 180 degrees in electrical
angle, they are excluded. For example, when the elec-
trical angle is different by 180 degrees, the rising timing
of the rectangular waveform in one of the patterns 19A
and 19B is the same as the rising timing or the falling
timing of the rectangular waveform in the other. For this
reason, the resolution of the rotational position is the
same as the case of provision of only a single conven-
tional FG pattern, and the detection accuracy of the ro-
tational position is not improved. On the other hand, the
present embodiment improve the detection accuracy of
the rotational position, since the case where the electrical
angle is different from each other by 180 degrees is ex-
cluded as described above.
[0020] Also, as illustrated in FIGs. 2A and 2B, two pat-
terns 19A and 19B are formed on the printed circuit board
8 so as to be arranged on the same circumference. For
example, it is conceivable to arrange two patterns con-
centrically arranged radially about the central axis C.
However, when each of the two patterns partially has a
rectangular wavy shape as described above, the two pat-
terns arranged in the radial direction might increase the
area occupied by the two patterns, which might enlarge
the printed circuit board 8 to ensure the mounting area
of other electronic components thereon as necessary.
On the other hand, the present embodiment arranges
the two patterns 19A and 19B to be aligned on the same
circumference as described above, which suppresses an
increase in the occupied area of the patterns 19A and
19B on the printed circuit board 8 and which improves
the detection accuracy of the rotational position.
[0021] Next, variations will be described. FIGs. 4A and

4B are explanatory views of an FG pattern 20 in the first
variation. It is to be noted that similar components of the
above embodiment are denoted by similar reference nu-
merals, and redundant description will be omitted. FIGs.
4A and 4B respectively correspond to FIGs. 2A and 2B.
[0022] The FG pattern 20 includes two patterns 20A
and 20B. The pattern 20A is doubly formed, specifically,
includes the parallel patterns 20A1 and 20A2. The par-
allel pattern 20A1 is displaced outside the pattern 19A
according to the above embodiment, and the parallel pat-
tern 20A2 is displaced by substantially the same distance
inside the pattern 19A according to the above embodi-
ment. Specifically, the parallel pattern 20A1 includes an
arc portion 201, radial portions 203, first connection por-
tions 205, and second connection portions 207. The par-
allel pattern 20A2 includes an arc portion 202, radial por-
tions 204, first connection portions 206, and second con-
nection portions 208. The arc portion 202 is located ra-
dially outward from the arc portion 201. The first connec-
tion portions 206 are located radially inward from the first
connection portion 205. Two adjacent radial portions 204
face each other via the first connection portion 206. The
two adjacent radial portions 203 via the first connection
portion 205 are positioned so as to sandwich the two
radial portions 204. The two adjacent radial portions 203
face each other via the second connection portion 207.
The two adjacent radial portions 204 via the second con-
nection portion 208 are positioned so as to sandwich the
two radial portions 203.
[0023] Likewise, the pattern 20B is doubly formed and
specifically includes parallel patterns 20B1 and 20B2.
The parallel pattern 20B1 is displaced outside the pattern
19B according to the above embodiment. The parallel
pattern 20B 2 is displaced by substantially the same dis-
tance to the inside of the pattern 19B according to the
above embodiment. The parallel pattern 20B1 also in-
cludes an arc portion 201, radial portions 203, the first
connection portions 205, and the second connection por-
tions 207. The parallel pattern 20B2 also includes an arc
portion 202, radial portions 204, the first connection por-
tions 206, and the second connection portions 208.
[0024] In the pattern 20A, a terminal end portion 207e
is conductively connected to the start end portion 202e,
and the rotational position of the FG magnet 16 is detect-
ed based on the induced voltage signal. Herein, the pat-
tern 20A includes the parallel patterns 20A1 and 20A2
as described above, which increases the amplitude of
the voltage signal generated in the pattern 20A as com-
pared with the pattern 19A according to the above de-
scribed embodiment. The same is true for the pattern
20B.
[0025] In the first variation, θb indicates an angle be-
tween the centers of the adjacent first connection portion
205 and second connection portion 207. θc indicates an
angle between the centers of the two adjacent first con-
nection portions 205. θd indicates an angle between the
two adjacent radial portions 203 via the first connection
portion 205. θe indicates an angle between the two radial
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portions 203 continuous to each other via the second
connection portion 207. θf indicates an angle between
the centers of the first connection portions 205e closest
adjacent to each other among the first connection por-
tions 205 of the patterns 20A and 20B. In addition, N1
indicates the number of poles of the FG magnet 16. When
N2 indicates the total number of FG patterns, the above
equations (1) to (4) are satisfied. Also, the detection ac-
curacy of the rotational position is improved in the first
variation, like the above-described embodiment.
[0026] In the first variation, both of the two patterns
20A and 20B are doubly formed, but only one of the two
patterns may be doubly formed.
[0027] Next, the second variation will be described.
FIG. 5A is an explanatory view of an FG pattern 21 in the
second variation. The FG pattern 21 in the second vari-
ation includes patterns 21A and 21B formed on the print-
ed circuit board 8 omitted in FIG. 5A, but the printed circuit
board 8 is a multilayer printed circuit board. The pattern
21A includes a superimposed pattern 21A1 formed on
the surface of the outermost layer of the printed circuit
board 8, and a superimposed pattern 21A2 formed on
an inner layer of the printed circuit board 8. Likewise, the
pattern 21 B includes a superimposed pattern 21B1
formed on the surface of the outermost layer of the printed
circuit board 8 and a superimposed pattern 21B2 formed
on the inner layer of the printed circuit board 8. The su-
perimposed patterns 21A1 and 21A2 are substantially
superimpose each other when viewed in the direction
perpendicular to the surface of the printed circuit board
8. The same is true for the superimposed patterns 21B1
and 21B2. The superimposed patterns 21A1 and 21B1
are formed on the surface of the same outermost layer
of the printed circuit board 8. The superimposed patterns
21A2 and 21B2 are formed on the same inner layer of
the printed circuit board 8. Both ends of the superimposed
pattern 21A1 and both ends of the superimposed pattern
21A2 are connected so as to identify the phases of the
induced voltages generated in the superimposed pat-
terns 21A1 and 21A2 to each other. This increases the
amplitude of the voltage signal in the pattern 21A. The
same is true for the superimposed patterns 21B1 and
21B2.
[0028] In the second variation, the patterns 21A and
21B include the superimposed patterns 21A1 and 21A2
and the superimposed patterns 21B1 and 21B2, respec-
tively, but only one of the two patterns includes two or
more superposed patterns. Additionally, at least one of
the two patterns may include three or more superim-
posed patterns. In this case, three or more superimposed
patterns are respectively provided in different layers of
the printed circuit board.
[0029] Next, the third variation will be described. FIG.
5B is an explanatory view of the third variation. In the
third variation, a hall sensor B of a magnetic sensor is
mounted on the printed circuit board 8, and a sensor mag-
net 16a having an annular shape is fixed to the inner
circumference of the FG magnet 16. Accordingly, the

sensor magnet 16a rotates together with the rotor yoke
5 and the FG magnet 16. The sensor magnet 16a is mag-
netized to have two different poles in the circumferential
direction. The sensor magnet 16a and the hall sensor B
face each other. The sensor magnet 16a and the FG
pattern 19 are separated from each other to the extent
that the rotation of the sensor magnet 16a does not gen-
erate the induced voltage in the FG pattern 19. The hall
sensor B outputs a predetermined signal when facing the
S pole of the sensor magnet 16a, but does not output the
above signal when facing the N pole of the sensor magnet
16a. That is, the output signal of the hall sensor B varies
depending on the rotational position of the sensor magnet
16a.
[0030] In the third variation, for example, in addition to
the rotational position detected by the FG pattern 19 and
the FG magnet 16, the position of the rotor yoke 5 at the
timing of outputting the output signal from the hall sensor
B is detected as the original position, which can detect
an absolute position.
[0031] In the first and second variations described
above, the hall sensor B and the sensor magnet 16a may
be used.
[0032] Next, the fourth variation will be described. FIG.
6A is an explanatory view of an FG pattern 22 in the fourth
variation. The FG pattern 22 includes patterns 22 A to
22 D divided into four in the circumferential direction. The
patterns 22A and 22B, the patterns 22B and 22C, and
the patterns 22C and 22D satisfy the above-described
equations (1) to (5). In the variation, the total number of
FG patterns 22 satisfies N2=4. Therefore, θf={θa/8}3i is
satisfied in this variation. In this case, as for the number
of poles of the FG magnet (not illustrated), N1=120 and
θa=6 degrees are satisfied. Therefore, in the fourth var-
iation, the patterns 22A, 22B, and 22C respectively differ
from the patterns 22B, 22C, and 22D by 45 degrees in
electrical angle. Therefore, the patterns 22B to 22D re-
spectively differ from the pattern 22A by 45 degrees, 90
degrees, and 135 degrees in electrical angle. In this way,
the provision of more patterns further improves the res-
olution.
[0033] In the fourth variation, like the first variation, at
least one of the patterns 22A to 22D may be doubly
formed. Like the second variation, at least one of the
patterns 22A to 22D may include superimposed patterns.
Also in the fourth variation, like the third variation, the hall
sensor B and the sensor magnet 16a may be used.
[0034] Next, the fifth variation will be described. FIG.
6B is an explanatory view of an FG pattern 23 in the fifth
variation. The FG pattern 23 is divided into eight patterns
23A to 23H in the circumferential direction. Each of the
patterns 23A and 23B, the patterns 23B and 23C, the
patterns 23C and 23D, the patterns 23D and 23E, the
patterns 23E and 23F, the patterns 23F and 23G, and
the patterns 23G and 23H satisfies the above-mentioned
equations (1). In the present embodiment, as for the total
number of the FG patterns 23, N2=8. Therefore,
θf=(θa/16}3i is satisfied in this variation. In this case, as
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for the number of poles of the FG magnet not illustrated,
N1=240 and θa=3 degrees are satisfied. For this reason,
in the fifth variation, the patterns 23A, 23B, 23C, 23D,
23E, 23F, and 23G respectively differ from the patterns
23B, 23C, 23D, 23E, 23F, 23G, and 23H by 22.5 degrees
in electrical angle. Therefore, the patterns 23B to 23H
respectively differ from the pattern 23A by 22.5 degrees,
45 degrees, 67.5 degrees, 90 degrees, 112.5 degrees,
135 degrees, and 157.5 degrees, in electrical angle. In
this way, providing more patterns improves the resolu-
tion.
[0035] In the fifth variation, at least one of the patterns
23A to 23H may be doubly formed like the first variation,
or at least one of the patterns 23A to 23H may include a
superimposed pattern like the second variation. Also, in
the fifth variation, like the third variation, the hall sensor
B and the sensor magnet 16a may be used.
[0036] In the above embodiment and variations, the
rotational position detection device is incorporated into
the motor device, but the present invention is not limited
to such a configuration. For example, it may be a rota-
tional position detection device configured separately
from the motor device.
[0037] While the exemplary embodiments of the
present invention have been illustrated in detail, the
present invention is not limited to the above-mentioned
embodiments, and other embodiments, variations and
modifications may be made without departing from the
scope of the present invention.

Claims

1. A rotational position detection device comprising:

an FG magnet rotating together with a rotor and
having N poles and S poles alternately magnet-
ized at even intervals in a circumferential direc-
tion around a rotation axis of the rotor; and
a printed circuit board on which an FG pattern
facing the FG magnet is formed such that an
induced voltage is generated by rotation of the
FG magnet,
wherein
the FG pattern includes patterns electrically sep-
arated from each other on the printed circuit
board, and
the patterns differ from each other by an electri-
cal angle excluding an integral multiple of 180
degrees in electrical angle.

2. The rotational position detection device of claim 1,
wherein
the patterns are concentrically formed around the
rotation axis in a same circumferential direction,
the patterns adjacent to each other are spaced away
from each other and face each other.

3. The rotational position detection device of claim 1 or
2, wherein
each of the patterns adjacent to each other includes:

an arc portion formed into an arc shape in the
circumferential direction about the rotation axis;
radial portions extending radially about the ro-
tation axis;
first connection portions connecting adjacent ra-
dial portions with each other and distant from
the rotational axis;
second connection portions connecting adja-
cent radial portion with each other and close to
the rotational axis, and the first and second con-
nection portions being alternately arranged in
the circumferential direction, and

a following equation is satisfied. 

wherein

θa [deg] indicates an angle of a pair of the N
pole and the S pole adjacent to each other of
the FG magnet,
θb [deg] indicates an angle between centers of
the first connection portion and the second con-
nection portion adjacent to each other, and
θc [deg] indicates an angle between the centers
of the two first connection portions adjacent to
each other.

4. The rotational position detection device of any one
of claims 1 to 3, wherein at least one of the patterns
is doubly formed.

5. The rotational position detection device of any one
of claims 1 to 4,
wherein
the printed circuit board is a multilayer board includ-
ing layers, and
at least one of the patterns including patterns pro-
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vided in different layers.

6. The rotational position detection device of any one
of claims 1 to 5, further comprising: a sensor magnet
rotating together with the rotator; and a hall sensor
outputs a signal variable according to a rotational
position of the sensor magnet.

7. A motor device comprising the rotational position de-
tection device of any one of claims 1 to 6.

11 12 



EP 3 358 726 A1

8



EP 3 358 726 A1

9



EP 3 358 726 A1

10



EP 3 358 726 A1

11



EP 3 358 726 A1

12



EP 3 358 726 A1

13



EP 3 358 726 A1

14

5

10

15

20

25

30

35

40

45

50

55



EP 3 358 726 A1

15

5

10

15

20

25

30

35

40

45

50

55



EP 3 358 726 A1

16

REFERENCES CITED IN THE DESCRIPTION

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

Patent documents cited in the description

• JP 2016099584 A [0003]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

