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(57) ABSTRACT

In an electromagnetic induction type coordinate input device,
on a substrate, plural first loop coils including loop portions
are disposed in a first direction, and plural second loop are
disposed in a second direction. The first and second loop coils
include extraction line portions, each composed of a first line
and a second line that are in parallel and are continuously
connected to corresponding ones of the first and second loop
coils. One of the first line or the second line of the first loop
coil is connected to at least one of: (i) the first line or the
second line of another one of the first loop coils, and (ii) a line
of the loop portion of a second loop coil, within a position
detection area, to form a common extraction line with (i)
and/or (ii), to thereby reduce the overall number of extraction
lines disposed on the substrate.
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SENSOR OF ELECTROMAGNETIC
INDUCTION TYPE COORDINATE INPUT
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] The present application claims priority under 35
U.S.C. 119(a) of Japanese Application No. 2012-052683,
filed Mar. 9, 2012, the entire content of which is incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a sensor of an elec-
tromagnetic induction type coordinate input device, and more
particularly to a pattern formation of loop coils formed on a
substrate in the sensor of an electromagnetic induction type
input device.

[0004] 2. Description of the Related Art

[0005] An electromagnetic induction type coordinate input
device is composed of a sensor in which a large number of
loop coils are disposed in an X-axis direction and in a Y-axis
direction in coordinate axes, and a position indicator having a
resonance circuit consisting of a coil and a capacitor. Thus,
the electromagnetic induction type coordinate input device
detects coordinate values of the X-axis direction and the
Y-axis direction of a position indicated by the position indi-
cator on the basis of electromagnetic induction between the
position indicator and the sensor.

[0006] FIG. 9 is a top plan view showing an example of a
structure of a conductor pattern in a conventional sensor of a
coordinate input device. In a sensor 100A of this example, a
loop coil group 1 in the X-axis direction (for example, in a
transverse direction of a substrate 3) is formed on one surface
of the substrate 3, and a loop coil group 2 in the Y-axis
direction (for example, in a longitudinal direction of the sub-
strate 3) is formed on the other surface on a side opposite to
the one surface of the substrate 3.

[0007] Inthe example shown in FIG. 9, the loop coil group
1 in the X-axis direction is composed of 12 X-axis direction
loop coils 1X to 1X,,. The X-axis direction loop coils 1X;,
1X,, ..., 1X,, are composed of loop portions 1X,L, 1X,1, .
.., 1X,,L. which surround elongated rectangular areas in the
Y-axis direction, respectively, and extraction line portions
1X,E, 1X,E, . .., 1X,,E which are continuously connected to
the loop portions 1X,L, 1X,L, . . ., 1X,,L, respectively.
[0008] Also, the 12 X-axis direction loop coils 1X, to 1X ,
are disposed in such a way that the loop portions thereof 1X, L.
to 1X,,L are arranged in the X-axis direction, and are formed
in such a way that the extraction line portions thereof 1X,E to
1X,,E extend individually in the Y-axis direction from the
loop portions 1X,I. to 1X, L, respectively. Also, each of the
extraction line portions 1X,E to 1X, ,E is bent at a right angle
in the X-axis direction so as to be connected to a connector
portion 4.

[0009] In addition, in the example shown in FIG. 9, the
Y-axis direction loop coil group 2 is composed of eight Y-axis
direction loop coils 2Y, to 2Y,. The Y-axis direction loop
coils2Y,,2Y,, ..., 2Y are composed of loop portions 2Y, L,
2Y,L, ..., 2Y L which surround elongated rectangular areas
in the X-axis direction, respectively, and extraction line por-
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tions 2Y | E, 2Y,E, . . ., 2YE which are continuously con-
nected to the loop portions 2Y L, 2Y,L, . .., 2Y,L, respec-
tively.

[0010] Also, the eight X-axis direction loop coils 2Y, to
2Y g are disposed in such a way that the loop portions thereof
2Y,L to 2YL are arranged in the Y-axis direction, and are
formed in such a way that the extraction line portions thereof
2Y ,E to 2YE extend in the Y-axis direction from the loop
portions 2Y, L to 2Y,L, respectively. Also, each of the extrac-
tion line portions 2Y ,E to 2YE is suitably bent at a right
angle in the Y-axis direction and is bent in the Y-axis direction
again so as to be connected to the connector portion 4.
[0011] It is noted that each of the extraction line portions
1X,E to 1X,E and the extraction line portions 2Y,Eto 2Y ,E
is composed of two lines: a going line through which a signal
is supplied or a signal is taken out; and a returning line which,
for example, is connected to a reference electric potential, for
example, a grounding electric potential.

[0012] Inthesensor 100A in this example shown in FIG. 9,
an area which is occupied by both of the loop portions 1X,L.
to 1X,,L. of the 12 X-axis direction loop coils 1X, to 1X,,
and the loop portions 2Y L to 2Y L. of the eight Y-axis direc-
tion loop coils 2Y, to 2Y 4 becomes a position detection area
5 of a position indicated by the position indicator.

[0013] AsshowninFIG.9,the sensor 100A requires a large
area which is occupied by both of the extraction line portions
X,EtoX,,Eandtheextraction line portions Y ,E to Y E inthe
outside of the position detection area 5, which results in that
a ratio of the dimension of the position detection area 5to a
total dimension of the substrate 3 becomes small. For this
reason, for example, when the substrate 3 is accommodated in
a chassis of an electronic apparatus in order to be used as a
coordinate input device, there is caused a problem that a
dimension of a coordinate input area becomes smaller than a
dimension of the entire chassis.

[0014] In light of this problem, the patent applicant has
previously provided an invention as described in Patent
Document 1 of Japanese Patent No. 2842717 (official
gazette), wherein on one sheet of substrate, an extraction line
portion was formed within a position detection area and was
also formed in a planar surface different from that of a loop
portion, whereby a dimension of an area required for the
extraction line portion is made small in the outside of the
position detection area of a sensor.

[0015] FIG. 10 is a top plan view showing an example of a
conductor pattern in a sensor 100B proposed in Patent Docu-
ment 1 mentioned above. In the sensor 100B of this example
shown in FIG. 10, a loop coil group 11 in the X-axis direction
is formed on one surface of a substrate 13 having both of a
front surface and a back surface, and a loop coil group 12 in
the Y-axis direction is formed on a surface opposite to the one
surface of the substrate 13.

[0016] The loop coil group 12 in the Y-axis direction is
structured in the same manner as that in the loop coil group 2
in the Y-axis direction in the sensor 100A of the example
shown in FIG. 9. However, in the loop coil group 11 in the
X-axis direction, a structure of the extraction line portion
thereof is different from the loop coil group 1 in the X-axis
direction in the sensor 100A of the example shown in FIG. 9.
[0017] That is to say, as shown in FIG. 10, loop portions
11X, L to 11X, of 12 X-axis direction loop coils 11X, to
11X, of the loop coil group 11 in the X-axis direction are
formed on one surface of the substrate 13. On the other hand,
extraction line portions 11X, E to 11X,,E of the 12 X-axis
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direction loop coils 11X, to 11X, are formed within an area
corresponding to a position detection area 15 on the other
surface side of the substrate 13. In this case, the extension line
portions 11X, E to 11X, ,E of the 12 X-axis direction loop
coils 11X, to 11X , on the other surface side of the substrate
13 are connected to the loop portions 11X L to 11X ,,L on
one surface side of the substrate 13 via through holes (not
shown), respectively.

[0018] As aresult, since the extraction line portions 11X E
to 11X, ,E of the 12 X-axis direction loop coils 11X, to 11X,
of'the loop coil group 11 in the X-axis direction can be formed
within the position direction area 15, a length of the substrate
13 in the Y-axis direction can be made shorter than that of the
sensor 100A. For this reason, a circumferential portion of the
position direction area 15 of the substrate 13 can be reduced
in size.

SUMMARY OF THE INVENTION

[0019] However, in the sensor 100B of the example shown
in FIG. 10, although the size of the substrate 13 can be
reduced, the extraction line portions of the loop coils of the
loop coil group 11 in the X-axis direction, and the loop coil
group 12 in the Y-axis direction require the pairs of going lines
and returning lines, respectively, and thus the number of
conductor lines of the extension line portions need to be made
twice as large as the number of loop coils. For this reason,
when the sensor 100B and the external circuit portion are
connected to each other through the connector portion 14,
there is caused a problem that the number of connection pins
in the connector portion 14 also becomes twice as large as the
number of loop coils, which results in that the size of the
connector portion becomes large.

[0020] When thin pattern wirings are used as the extension
line portions, it is possible to miniaturize the size of the
connector portion. However, when such thin pattern wirings
are used as the extension line portions, there is caused another
problem that the cost is increased.

[0021] On the other hand, as a method of reducing the
number of lines in the extraction line portions connected to
the connector portion, thereby reducing the number of con-
nection pins of the connector portion, there is known a
method of commonly connecting the returning lines of the
extraction line portions to one point in the outside of the
position detection area. In this case, however, when there is
adopted the method of commonly connecting the returning
lines of the extraction line portions to the common connection
point as one point, the common connection point described
above needs to be formed to have a solid pattern having a
predetermined area so as not to detect any unnecessary mag-
netic fluxes.

[0022] That is to say, when this method is applied to the
sensor 100B described above, although an illustration is omit-
ted here, the solid pattern having the predetermined area is
provided outside the position detection area 15 of the sub-
strate 13, and the returning lines of the extraction line portions
which are derived to the outside of the position detection area
15 are commonly connected to the solid pattern.

[0023] However, when such a solid pattern is provided, the
size of the substrate 13 needs to be increased by the area
(dimension) of the solid pattern. In addition, there is the
possibility that during the transmission and reception of the
electromagnetically induced signal to and from the position
indicator, the magnetic flux is attenuated due to an eddy
current loss in this solid pattern, especially, the position detec-

Sep. 12,2013

tion in a portion within the position detection area 15 close to
the solid pattern becomes unstable.

[0024] The present invention has been made in order to
solve the problems described above, and according to one
aspect of the present invention, a sensor of'an electromagnetic
induction type coordinate input device is provided in which
an area occupied by an extraction line portion is made mini-
mum as much as possible, thereby making it possible to
exclude a wasteful area occupied in a substrate, and the num-
ber of connection pins to the outside can be made smaller than
a multiple number of the number of loop coils.

[0025] In order to attain the advantage described above,
according to the present invention, there is provided a sensor
of'an electromagnetic induction type coordinate input device
including:

[0026] a first loop coil group in which plural first loop coils
each including a first extraction line portion composed of a
first line and a second line formed in parallel with each other,
and a first loop portion continuously connected to the first and
second lines of the first extraction line portion and having
such a shape as to surround an area having a predetermined
dimension are disposed in a first direction; and

[0027] asecondloop coil group in which plural second loop
coils each including a second extraction line portion com-
posed of a third line and a fourth line formed in parallel with
each other, and a second loop portion continuously connected
to the third and fourth lines of the second extraction line
portion and having such a shape as to surround an area having
apredetermined dimension are disposed in a second direction
perpendicular to the first direction,

[0028] an area occupied by the first loop portion of the first
loop coil group and the second loop portion of the second loop
coil group, to thereby define a position detection area,
[0029] wherein one of the first or second line of the first
loop coil is connected to at least one of either the first or
second line of another one of the first loop coils, or the line of
the second loop portion of the second loop coil, within the
position detection area, to be made into a common line, and
the other of the first or second line of the first loop coil having
the common line is disposed in parallel with and close to the
common line.

[0030] In the sensor of an electromagnetic induction type
coordinate input device according to the present invention,
one of the first or second line of the first extraction line portion
of the first loop coil is connected to at least one of either the
first or second line of another one of the first loop coils, or the
line of'the second loop portion of the second loop coil, within
the position detection area, to be made into a common line.
[0031] Therefore, the number of extraction lines becomes
smaller, than twofold of the number of loop coils, by the
number of common line(s). Also, since the connection of the
line(s) to form common line(s) is carried out within the posi-
tion detection area, the wasteful area such as the solid pattern
needs not to be formed outside the position detection area of
the substrate. For this reason, the size of the substrate can be
made minimum.

[0032] Inaddition, since the other one of the first or second
line of the loop coil having the common line is disposed in
parallel with and close to the first or second line made into the
common line, even though the lines are connected within the
position detection area to be common, the dimension of the
portion with which the magnetic flux due to the electromag-
netic coupling to the position indicator interlinks can be made
very small. For this reason, even when there is the possibility
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that the magnetic flux due to the electromagnetic coupling
between the position indicator and the sensor interlinks with
this portion to thereby cause an error in the position detection,
the error can be suppressed to a very small value.

[0033] In addition, since it is unnecessary to dispose the
solid pattern for making the lines in common in the vicinity of
the position detection area of the substrate, the magnetic flux
is prevented from being attenuated in the electromagnetic
coupling between the position indicator and the sensor in the
vicinity of the solid pattern described above.

[0034] As set forth hereinabove, the wasteful area occupied
in the substrate can be excluded by making the area occupied
by the extraction line portions minimum. Also, the number of
connection pins to the outside can be made smaller than
twofold of the number of loop coils.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIGS. 1A and 1B are respectively a top plan view
and a side elevational view of a line pattern of X-axis direc-
tion loop coils and Y-axis direction loop coils in a sensor of an
electromagnetic induction type coordinate input device,
according to an embodiment of the present invention;
[0036] FIG.2 is a block view showing a position detecting
circuit of the electromagnetic induction type coordinate input
device to which the present invention is applied;

[0037] FIG. 3 is a diagram showing a configuration of a
main portion of a sensor of the electromagnetic induction
type coordinate input device, according to a first embodiment
of the present invention;

[0038] FIG. 4 is a diagram showing a configuration of the
sensor of the electromagnetic induction type coordinate input
device, according to the first embodiment of the present
invention;

[0039] FIG. 5is a circuit diagram showing a configuration
of a part of the sensor, shown in FIG. 4;

[0040] FIG. 6 is a diagram showing a configuration of a
main portion of a sensor of the electromagnetic induction
type coordinate input device, according to a second embodi-
ment of the present invention;

[0041] FIG. 7 is a diagram showing a configuration of the
sensor of the electromagnetic induction type coordinate input
device, according to the second embodiment of the present
invention;

[0042] FIG. 8 is a circuit diagram showing a configuration
of a part of the sensor, shown in FIG. 7;

[0043] FIG. 9 is a top plan view showing an example of a
configuration of a conventional sensor of an electromagnetic
induction type coordinate input device; and

[0044] FIG.10is atop plan view showing another example
of'a configuration of a conventional sensor of an electromag-
netic induction type coordinate input device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0045] A description of sensors of an electromagnetic
induction type coordinate input device, according to embodi-
ments of the present invention, will be described in detail
hereinafter with reference to the accompanying drawings.

[Description of Electronic Induction Type Coordinate Input
Device]

[0046] Firstly, prior to giving a description of sensors
according to first and second embodiments of the present
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invention, an example of a configuration of an electromag-
netic induction type coordinate input device using any of the
sensors according to the first and second embodiments of the
present invention will now be described with reference to
FIG. 2. It is noted that a pen type position indicator 300 used
together with an electromagnetic type coordinate input
device 200 of this example, as shown in FIG. 2, includes
therein a resonance circuit composed of a coil 301 and a
capacitor 302 connected in parallel with the coil 301.

[0047] In the sensor 20 of the coordinate input device 200
of'this example, as shown in FIG. 2, a loop coil group 21 in an
X-axis direction, and a loop coil group 22 in a Y-axis direction
are disposed on a front surface and a back surface of a sub-
strate 23, respectively, so as to spatially overlap each other. It
is noted that in the example which will be described below, a
transverse (horizontal) direction of the substrate 23 of the
sensor 20 is defined as the X-axis direction, and a longitudinal
(vertical) direction of the substrate 23 of the sensor 20 is
defined as the Y-axis direction.

[0048] In this case, as shown in FIG. 2, the loop coil group
21 in the X-axis direction is composed of n (n: an integer
number of 2 or more) rectangular loop coils 21X, to 21X,
which are disposed in the X-axis direction. In addition, the
loop coil group 22 in the Y-axis direction is composed of m
(m: an integer number of 2 or more) rectangular loop coils
22Y, to 22Y,, which are disposed in the Y-axis direction. In
the sensor 20, a position detection area 25 is composed of a
loop portion of the loop coil group 21 in the X-axis direction,
and a loop portion of the loop coil group 22 in the Y-axis
direction.

[0049] The sensor 20 is connected to a position detecting
circuit 26 through a connector portion (not shown). The posi-
tion detecting circuit 26 includes a selection circuit 261, an
oscillator 262, a current driver 263, a transmission/reception
switching circuit 264, a reception amplifier 265, a detector
circuit 266, a low-pass filter 267, a sample-and-hold circuit
268, an Analog to Digital (A/D) conversion circuit 269, and a
processing control portion 260.

[0050] Both of the X-axis direction loop coil group 21 and
the Y-axis direction loop coil group 22 are connected to the
selection circuit 261. The selection circuit 261 successively
selects one loop coil from the X-axis direction loop coil group
21 and the Y-axis direction loop coil group 22 in accordance
with a control instruction issued from the processing control
portion 260.

[0051] The oscillator 262 generates an alternating current
(A.C.) signal having a frequency of {0. After the A.C. signal is
supplied to the current driver 263 to be converted into an A.C.
current, the resulting A.C. current is sent to the transmission/
reception switching circuit 264. The transmission/reception
switching circuit 264 switches a connection destination (a
transmission side terminal T or a reception side terminal R) to
which the loop coil selected by the selection circuit 261 is
connected every predetermined time in accordance with the
control made by the processing control portion 260. The
current driver 263 and the reception amplifier 265 are con-
nected to the transmission side terminal T and the reception
side terminal R, respectively.

[0052] Therefore, in a period of the transmission, the A.C.
signal is supplied from the current driver 263 to the loop coil
selected by the selection circuit 261 through the transmission
side terminal T of the transmission/reception switching cir-
cuit 264. On the other hand, in a period of the reception, an
induced voltage generated in the loop coil selected by the
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selection circuit 261 is supplied to the reception amplifier 265
through both of the selection circuit 261 and the reception
side terminal R of the transmission/reception switching cir-
cuit 264, and is then amplified by the reception amplifier 265,
thereby being sent to the detector circuit 266.

[0053] The amplified signal which has been detected by the
detector circuit 266 is supplied to the A/D conversion circuit
269 through both of the low-pass filter 267 and the sample-
and-hold circuit 268. In the A/D conversion circuit 269, the
analog signal is converted into a digital signal which is in turn
supplied to the processing control portion 260.

[0054] The processing control portion 260 carries out the
control for the position detection. That is to say, the process-
ing control portion 260 controls the selection of the two loop
coils in the selection circuit 261, the signal switching in the
transmission/reception switching circuit 264, the timing in
the sample-and-hold circuit 268, and the like.

[0055] The processing control portion 260 carries out the
switching operation in such a way that the transmission/
reception switching circuit 264 is connected to the transmis-
sion side terminal T, and thus conduction-controls the loop
coil selected from the X-axis direction loop coil group 21 or
the Y-axis direction loop coil group 22 by the selection circuit
261, thereby sending the electromagnetic wave to the position
indicator 300. The resonance circuit of the position indicator
300 receives the electromagnetic wave sent thereto, thereby
accumulating energy therein.

[0056] Next, the processing control portion 260 carries out
the switching operation in such a way that the transmission/
reception switching circuit 264 is connected to the reception
side terminal R. Then, the induced voltages are generated in
the loop coils of the X-axis direction loop coil group 21 and
the Y-axis direction loop coil group 22 due to the electromag-
netic wave transmitted from the position indicator 300. The
processing control portion 260 calculates coordinate values
of the indicated position in the X-axis direction and in the
Y-axis direction in the position detection area 25 of the sensor
20 based on the levels of the voltage values of the induced
voltages generated in the loop coils. Also, the processing
control portion 260 supplies information on the coordinate
values thus calculated, for example, to an external personal
computer or the like.

[Sensor According to First Embodiment of the Present
Invention]

[0057] FIGS. 1A and 1B are respectively a top plan view
and a side elevational view explaining how any loop coil 21X,
(iis any one of 1, 2, . . ., n) of the loop coil group 21 in the
X-axis direction, and any loop coil 22X (j is any one of 1, 2,
..., m) of the loop coil group 22 in the Y-axis direction are
formed on the substrate 23 in a sensor 20A according to a first
embodiment of the present invention which is applied to the
sensor 20 of the electromagnetic induction type coordinate
input device shown in FIG. 2.

[0058] FIG. 1A is a top plan view when the substrate 23 is
viewed from one side of the substrate 23, which is a surface
23a, and F1G. 1B is a side elevational view when the substrate
23 is viewed perpendicular to a thickness direction thereof. In
FIG. 1B, an illustration of a conductor pattern composing the
loop coil 21X, and the loop coil 22Y is omitted for the sake of
simplicity.

[0059] As shown in FIGS. 1A and 1B, the substrate 23 in
this case is composed of a thin sheet-like flexible substrate. In
addition, straight line portions X,LL.a and X,Lb parallel with
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the Y-axis direction of a loop portion 21X,[. having such a
shape as to surround a rectangular area in an X-axis direction
loop coil 21X, are formed on the one side surface 23a of the
substrate 23. Also, straight line portions X,[.c and X I.d,
which are parallel with the X-axis direction through which
the straight line portions X,L.a and X,Lb described above are
connected to each other, of the loop portion 21X,[. are formed
on the other side of the substrate 23, which is a surface 235.
The straight line portions X,La and X,L.b on the one side
surface 23a of the substrate 23, and the straight line portions
X,Lc and X ,I.d on the other side surface 235 of the substrate
23 are connected to each other via through holes 31q,, 315,,
31c¢,and 314,.

[0060] Also, oneofthe straight line portions X, L.aand X, Lb
of'the loop portion 21X,I which are provided on the one side
surface 23a of the substrate 23, for example the straight line
portion X,L.b in the case shown in FIG. 1A, is cut in an
intermediate portion thereof to be connected to a parallel pair
of a first line and a second line of an extraction line portion
21X.E.

[0061] One of the first and second lines composing the
extraction line portion 21X,E is connected to the selection
circuit 261 of the position detecting circuit 26 described
above through a connector portion 24, thereby becoming a
line through which a signal is supplied or a signal is taken out.
Hereinafter, one line of the first and second lines composing
the extraction line portion 21X ,E will be referred to as a going
line X,Es. On the other hand, the other of the first and second
lines composing the extraction line portion 21X,E is a line
which is connected to a reference electric potential, for
example, a grounding electric potential. Hereinafter, the other
of the first and second lines composing the extraction line
portion 21X.E will be referred to as a returning line X,Eg.
Note that, likewise, a Y-axis direction loop coil 22Y; which
will be described later also includes an extraction line portion
22YE including a third line and a fourth line parallel with
each other. Also, one of the third and fourth lines through
which a signal is supplied or a signal is taken out will be
referred to as a going line Y Es. On the other hand, the other
of the third and fourth lines which is connected to a reference
electric potential, for example, the grounding electric poten-
tial will be referred to as a returning line Y Eg.

[0062] One of end portions of a cut portion of the straight
line portion X,Lb of the loop portion 21X,I. of the X-axis
direction loop coil 21X, is connected to the going line X,Es of
the extraction line portion 21X,E which is formed on the side
of'the other surface 2356 of the substrate 23 through a through
hole 31e,. The other of the end portions of the cut portion of
the straight line portion X,Lb is connected to the returning
line X,Eg of the extraction line portion 21X,E which is
formed on the side of the other surface 235 of the substrate 23
through a through hole 31f,. The going line X,Es and the
returning line X,Eg, in this case, are disposed as the straight
lines in the X-axis direction in parallel with and close to each
other.

[0063] As shown in FIG. 1, the extraction line portion
21X,E of the X-axis direction loop coil 21X,, in this case,
exists within the position detection area 25. At least the going
line X,Es and the returning line X,Eg of the extraction line
portion 21X,E within the position detection area 25 are dis-
posed as the straight lines in the X-axis direction, and are
parallel with and close to each other. A distance between the
going line X,Es and the returning line X, Eg, for example, is
set to 0.1 mm.
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[0064] The reason why the going line X,Es and the return-
ing line X,Eg of the extraction line portion 21X,E are dis-
posed as a pair of straight lines parallel with and close to each
other in such a manner is as follows. Because the extraction
line portion 21X,E exists within the position area 25, an
excess current is generated when the magnetic flux passes
through an elongated surface defined by the pair of straight
lines to thereby cause an error signal during the position
detection using the position detecting circuit 26. The error
signal can be suppressed by disposing the pair of straight lines
in parallel with and close to each other.

[0065] Also, inthis case, both ofthe going line X,Es and the
returning line X ,Eg of the extraction line portion 21X .E are
connected to the connector portion 24 which is provided
outside the position detection area 25.

[0066] Inaddition, with regard to the Y-axis direction loop
coil 22Y, straight line portions Y, L.a and Y,Lb parallel with
the X-axis direction of the loop portion 22Y I, having such a
shape as to surround a rectangular area of the Y-axis direction
loop coil 22, are formed on the other side surface 235 of the
substrate 23. On the other hand, straight line portions Y Lc
and Y LLd parallel with the Y-axis direction through which the
straight line portions Y,L.a and Y,Lb are connected to each
other of the loop portion 22Y L. are formed on the one side
surface 23a of the substrate 23. The straight line portions Y La
and Y Lb on the other side surface 235 of the substrate 23, and
the straight line portions Y ,I.c and Y, I.d on the one side
surface 23a of the substrate 23 are connected to each other via
through holes 32a,, 325, and 32c;.

[0067] One of the straight line portions Y,L.a and Y Lb of
the loop portion 22Y,L of the Y-axis direction loop coil 22Y;
which is provided on the other side surface 235 of the sub-
strate 23, for example the straight line portion Y,Lb in this
case extends in the X-axis direction beyond the position
detection area 25, thereby becoming the returning line Y Eg
of the extraction line portion 22Y E. In addition, the straight
line portion Y Lc of the loop portion 22Y L located in a
position closest to the connector side in the X-axis direction in
the position detection area 25 is connected to the going line
Y,Es of the extraction line portion 22Y,E which is formed in
the X-axis direction on the other side surface 235 of the
substrate 23 through the through hole 32d,. The going line
Y, Esisdisposed in parallel with and close to the returning line
Y Eg.

[0068] The going line Y,Es of the extraction line portion
22Y Bis connected to the selection circuit 261 of the position
detecting circuit 26 described above, thereby becoming a line
through which a signal is supplied or a signal is taken out. The
returning line Y,Eg is a line which is connected to the refer-
ence electric potential, for example, the grounding electric
potential. Both of the going line Y Es and the returning line
Y,Bg of the extraction line portion 22Y B of the Y-axis direc-
tionloop coil 22Y , are also connected to the connector portion
24.

[0069] Note that, it goes without saying that each of the
loop portion 21X,[. of the X-axis direction loop coil 21X, and
the loop portion 22Y L, of the Y-axis direction loop coil 21Y,
is disposed so as to surround an area of predetermined dimen-
sion that is sufficient to interlink with the position indicator
300 via the magnetic flux due to the electromagnetic induc-
tion.
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[Main Portion of Sensor 20A According to First
Embodiment]

[0070] Inthesensor20A according to the first embodiment,
the returning line X,Eg of the extraction line portion 21X E of
the X-axis direction loop coil 21X, which is formed on the
substrate 23 is made common with a returning line X, Eg (i=k)
of an extraction line portion 21X, E of any X-axis direction
loop coil 21X, in the manner described above, thereby reduc-
ing the total number of extraction lines through which the
X-axis direction loop coil group 21 is connected to the con-
nector portion 24 which is provided outside the position
detection area 25. That is, a single returning line XiEg can be
provided in common for two or more of the X-axis direction
loop coils.

[0071] FIG. 3 is a circuit diagram explaining the process of
making common (consolidating) the returning lines of arbi-
trary two X-axis direction loop coils of the X-axis direction
loop coil group 21 which is formed on the substrate 23 in the
sensor 20A according to the first embodiment. Specifically,
FIG. 3 shows the case where the returning line is made com-
mon between the extraction line 21X E of the X-axis direction
loop coil 21X,, and the extraction line 21X,E of the X-axis
direction loop coil 21X,. In FIG. 3, similarly to the case of
FIG. 1, a straight line indicated by a solid line shows the line
formed on the one side surface 23a of the substrate 23, and a
straight line indicated by a dotted line shows the line formed
on the other side surface 235 of the substrate 23.

[0072] The straight line portions X,[.a and X,[.b of the loop
portion 21X,L of the X-axis direction loop coil 21X, formed
on the one side surface 234 of the substrate 23 are connected
to the straight line portions X,I.c and X,[.d formed on the
other side surface 235 of the substrate 23 through the through
holes 31a,, 315,, 31c¢,, and 314, in the manner as described
above. Likewise, straight line portions X,l.a and X,I.b of a
loop portion 21X,[. of an X-axis direction loop coil 21X,
formed on the one side surface 23a of the substrate 23 are
connected to straight line portions X, I.c and X,I.d formed on
the other surface 235 of the substrate 23 via through holes
31a,, 315, 31¢;, and 314,

[0073] One end portion of a cut portion of the straight line
portion X,Lb ofthe loop portion 21X, of the X-axis direction
loop coil 21X, which is formed on the one side surface 23a of
the substrate 23, and one end portion of a cut portion of the
straight line portion X,Lb of the loop portion 21X, of the
X-axis direction loop coil 21X, which is formed on the one
side surface 23a of the substrate 23 are connected to the going
lines X,Es and X, FEs of the extraction lines 21X,E and 21X,E
through the through holes 31e, and 31e,, respectively.
[0074] Inaddition, the other end portions of the cut portions
of the straight line portions X,[.b and X,I.b are connected to
the returning lines X,Eg and X,Eg of the extraction lines
21X,E and 21X,E via through holes 31f; and 31f,, respec-
tively. In this case, the returning line X,Eg of the extraction
line portion 21X,E of the X-axis direction loop coil 21X,
exclusive of a portion between the through holes 31/, and 317,
is commonly used by a returning line X,;Eg of the X-axis
direction loop coil 21X,. That is to say, the returning line
X,Eg and the returning line X, FEg are disposed as a common
returning line CMg.

[0075] The going line X,Es of the extraction line portion
21X,E of the X-axis direction loop coil 21X, is disposed in
parallel with and close to the common returning line CMg. A
going line X, Es of the extraction line portion 21X,E of the



US 2013/0234730 Al

X-axis direction loop coil 21X, is also disposed in parallel
with and close to the common returning line CMg.

[0076] In the related art, the two extraction lines are
required in terms of the extraction line portion 21X,E of the
X-axis direction loop coil 21X, and the two extraction lines
are required in terms of the extraction line portion 21X, E of
the X-axis direction loop coil 21X, that is, total four extrac-
tion lines are required for the two loop coils. On the other
hand, in the sensor 20A according to the first embodiment of
the present invention, the returning line of the loop coil in the
X-axis direction is made common with the returning lines of
other loop coils in the X-axis direction, whereby the number
of extraction lines can be reduced to three which is one
smaller than the four extraction lines required in the related
art.

[0077] Inthesensor 20A according to the first embodiment
of'the present invention, the going line X,Es of the extraction
line portion 21X,E of the X-axis direction loop coil 21X, and
the going line X, Hs of the extraction line portion 21X, E of the
X-axis direction loop coil 21X, are formed on both sides of
the common returning CMg at the center. For this reason, the
through holes 31e, and 31e, are formed in the positions that
sandwich the common returning CMg therebetween.

[0078] The going line X,Es and the going line X,Es are
disposed on both sides with the common returning CMg at the
center, whereby a distance between the going line X,Es and
the common returning line CMg, and a distance between the
going line X, FEs and the common returning line CMg can be
equalized and each of the two distances, for example, can be
set to 0.1 mm. As a result, an area defined between the going
line and the returning line can be held minimum and thus,
generation of an error signal can be minimized.

[0079] In the manner as described above, each two return-
ing lines of the extraction lines 21X, to 21X, can be made
common for each two of n loop coils 21X, to 21X, of the
X-axis direction loop coil group 21, whereby the number of
returning lines of the entire extraction lines derived from the
X-axis direction loop coil group 21 can be made one half of
that required in the related art.

[0080] Furthermore, three or more X-axis direction loop
coils can have their returning lines in common with each
other, whereby the number of returning lines of the entire
extraction lines derived from the X-axis direction loop coil
group 21 can be made even smaller.

[0081] Forexample, as shown in FIG. 4, the n X-axis direc-
tion loop coils 21X to 21X, of the X-axis direction loop coil
group 21 are divided into plural groups G1, G2, . . . each
having two or more X-axis direction loop coils, and the
returning lines can be made common in each group, whereby
the number of returning lines of the entire extraction lines
derived from the X-axis direction loop coil group 21 can be
made equal to the number of groups. That is to say, as shown
in FIG. 4, the X-axis direction loop coil group 21 can be
configured so as to include one common returning line CMg1,
CMg2,...inevery group G1,G2,.. ., respectively. Note that,
it goes without saying that the number of X-axis direction
loop coils composing the groups G1, G2, .. . need not be equal
to one another, but may be different amongst the groups.

[0082] FIG. 5 shows an example of a line pattern of plural
X-axis direction loop coils in one group when the line pattern
is formed on the substrate 23. Specifically, FIG. 5 shows an
example where the group G1 is composed of six X-axis
direction loop coils 21X, to 21X,. A line pattern of plural
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X-axis direction loop coils in any of other groups has the same
configuration as that shown in FIG. 5.

[0083] That is to say, FIG. 5 shows the line pattern and the
through holes when viewed from the one side surface 23a of
the substrate 23 only with respect to the group G1. In FIG. 5,
the line pattern on the one side surface 23a of the substrate 23
is indicated by a solid line, and the line pattern on the other
side surface 235 of the substrate 23 is indicated by a dotted
line.

[0084] Four straight line portions of each of the loop coils
21X, to 21X, ie., X,La, X,Lb, X,Lc, and X,L.d to X.La,
XsLb, X(Le, and X 1.d, as described with reference to FIG. 3
above, are connected via through holes 31a,, 315, 31¢,, and
31d, to 31a, 315, 31c,, and 314,

[0085] One end portions of cut portions of the straight line
portions X, Lb to X Lb, which are formed on the one side
surface 23a of the substrate 23, are connected to going lines
X, Es to X Es via through holes 31e, to 31e,, respectively.
[0086] The other ends of the cut portions of the straight line
portions X,Lb to X,Lb are connected to the returning line
patterns on the other side surface 236 of the substrate 23
through the through holes 31f, to 31f;, respectively. In this
case, since the through holes 31/, to 31f; are all connected to
the common returning line CMg1 as one line portion on the
other side surface 235 of the substrate 23, the other ends of the
cut portions of the straight line portions X, Lb to X b are all
connected to the common returning line CMgl1. That is to say,
the returning lines of the extraction line portions 21X, E to
21XE of'the six X-axis direction loop coils 21X, to 21X are
collectively disposed as one common returning line CMg1.
[0087] As a result, although in the related art, six pairs of
going lines and returning lines, that is, total 12 lines are
required in terms of lines of the extraction line portions of the
six X-axis direction loop coils 21X, to 21X, in the case
shown in FIG. 5, the six going lines and the one common
returning line, that is, only seven lines in total are required and
thus, the number of lines can be greatly reduced.

[0088] The going lines X, Es to X Es of the extraction line
portions 21X, E to 21XE of the X-axis direction loop coils
21X, to 21X are all disposed in parallel with and close to the
common returning line CMgl. In this case as well, a distance
between each adjacent two lines in the going lines X,FEs to
X4Es is set to 0.1 mm.

[0089] In this case, the six going lines X Es to X Fs, as
shown in FIG. 5, are disposed on both sides of the common
returning line CMg] as the center. The six going lines X Es to
X¢Es are alternately disposed on both sides of the common
returning line CMg] in the order of the loop portions located
in the faraway positions when viewed from the connector
portion 24 side. As a result, of the six going lines X Es to
XEs, the three going lines X,Es, X;FEs, and XEs are dis-
posed on the upper side of the common returning line CMgl
in the figure, and the remaining three going lines X,Es, X ,Es,
and X Es are disposed on the lower side of the common
returning line CMg1 in the figure. In this case, in order that the
six going lines X, Es to X Es are prevented from overlapping
one another, the going lines closer to the connector portion 24
(i.e., XsEs, XEs, and so forth) are located in the inner posi-
tion closer to the common returning line CMgl.

[0090] Plural going lines are disposed on both sides of the
common returning line CMgl1 in this a manner, whereby the
maximum value of the distance between the going line and
the common returning line can be made a half as compared
with the case where, for example, plural going lines are all
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disposed only on one side of the common returning line
CMg]. Therefore, the area defined by the distance between
the going line and the common returning line can be reduced
as much as possible and thus generation of an error signal can
be suppressed. In addition, the going lines are alternately
disposed on both sides of the common returning line, depend-
ing on the distances of the loop portions of the X-axis direc-
tion loop coils from the connector portion side, whereby
variation due to the error signals in the extraction line portions
can be made uniform.

[0091] As has been described, according to the first
embodiment, the returning line of a X-axis direction loop coil
is made common with the returning line(s) of other X-axis
direction loop coil(s), whereby the number of lines of the
extraction lines can be reduced as compared with the case of
the related art. In addition, since the solid pattern as used in
the related art is not provided at all, it is possible to avoid
attenuation of the magnetic flux in the electromagnetic cou-
pling between the position indicator and the sensor 20A in the
vicinity of the solid pattern.

[0092] In addition, when the sensor 20A of an electromag-
netic induction type coordinate input device and the position
detecting circuit 29 are connected to each other in the con-
nector portion 24, the number of connector pins is reduced,
which results in that the connector portion 24 can be minia-
turized and cost can be reduced.

[0093] It is noted that, of course, a configuration may also
be adopted such that the returning lines X, Eg to X, Eg of the
extraction line portions 21X E to 21X, E of the X-axis direc-
tion loop coils 21X, to 21X, are all made common to be
disposed in the form of one common returning line CMg.
However, when the number of X-axis direction loop coils is
large, the distance between the common returning line CMg
and the outermost going line becomes large, which results in
that it is necessary to take the influence of the error signal into
consideration. Thus, as shown in FIGS. 4 and 5, it is better to
divide the n X-axis direction loop coils 21X, to 21X, of the
X-axis direction loop coil group 21 into plural groups.
[0094] It is noted that although in the first embodiment
described above, only the X-axis direction loop coil group has
been described, the first embodiment can completely, simi-
larly apply to the Y-axis direction loop coil group. In this case,
the minimum value of the number of returning lines of the
extraction lines is two in total: one with respect to the X-axis
direction loop coil group 21; and one with respect to the
X-axis direction loop coil group 22.

[0095] It is noted that although in the first embodiment
described above, both of the extraction line portions of the
X-axis direction loop coil group and the Y-axis direction loop
coil group are commonly connected to one connector portion,
the line formation direction of the X-axis direction loop coil
group and the Y-axis direction loop coil group may be difter-
ent from each other so as to be set to the directions perpen-
dicular to each other.

[0096] In addition, although in the first embodiment
described above, the X-axis direction loop coil group 21 and
the Y-axis direction loop coil group 22 are formed by using
both of the surfaces: the first surface of one sheet of substrate
23; and the second surface on the side opposite to the first
surface, there may also be adopted a structure in which the
X-axis direction loop coil group 21 and the Y-axis direction
loop coil group 21 are formed on different substrates, respec-
tively, and the two sheets of substrates are stuck to each other,
thereby forming a two-layer substrate.
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[Sensor According to Second Embodiment of the Present
Invention]

[0097] Ina sensor 20B according to a second embodiment
of the present invention also, the X-axis direction loop coil
21X, and the Y-axis direction loop coil 22Y are individually
formed on the substrate 23 in the manner as shown in FIG. 1.
[0098] However, in the sensor 20B according to the second
embodiment of the present invention, as shown in FIG. 6, the
returning line X,Eg of the extraction line portion 21X,E of the
X-axis direction loop coil 21X, is connected to one straight
line portion Y,;Lb of the loop portion 22Y,L of the Y-axis
direction loop coil 22Y, and the straight line portion'Y,Lb is
used in common with and as the returning line X,Eg. Thus, the
total number of extraction lines is reduced through which the
X-axis direction loop coil group 21 is connected to the con-
nector portion 24, which is provided outside the position
detecting area 25. It is noted that in FIG. 6 as well, similarly
to the case of FIG. 1, the straight line indicated by the solid
line shows the line formed on the one side surface 234 of the
substrate 23, and the straight line indicated by the dotted line
shows the line formed on the other side surface 235 of the
substrate 23.

[0099] That is to say, as shown in FIG. 6, the straight line
portions Y;.a and Y,Lb in the X-axis direction on the other
side surface 2356 of the substrate 23, and the straight line
portions Y, L.c and Y [.d in the Y-axis direction on the one side
surface 23a of the substrate 23 are connected through the
through holes 32a,, 325, and 32c;, thereby forming the loop
portion 22Y [ of the Y-axis direction loop coil 22Y ;.

[0100] As also described above, the straight line portion
Y,Lc on the one side surface 23a of the substrate 23 is con-
nected to the going line Y, Bs which is formed in parallel with
the X-axis direction and outside the position detection area 25
on the other side surface 235 of the substrate 23 through the
through hole 324,. In addition, the straight line portion Y,Lb
in the X -axis direction which is formed on the side of the other
side surface 235 of the substrate 23 is formed outside the
position detection area 25 so as to further extend in the X-axis
direction, thereby becoming the returning line Y, Bg.

[0101] Ontheotherhand, similarly to the case of FIG. 3, the
straight line portions X,L.a and X,;L.b on the one side surface
23a ofthe substrate 23, and the straight line portions X,I.c and
X,Ld on the other side surface 235 of the substrate 23 are
connected through the through holes 31a4,, 315,, and 31¢,, and
31d,, thereby forming the loop portion 21X,1. of the X-axis
direction loop coil 21X,.

[0102] Also, one end portion of the cut portion of the
straight line portion X,ILb which is formed on the one side
surface 23a of the substrate 23 is connected to the going line
X,Es ofthe extraction line 21X,E which is formed on the other
side surface 235 of the substrate 23 through the through hole
31e,. The going line X,Es is disposed in parallel with and
close to the straight line portion Y,Lb of the loop portion
22Y L of the Y-axis direction loop coil 22Y,. The distance
between the going line X,Es and the straight line portion Y, Lb
of the loop portion 22V, for example, is set to 0.1 mm.
[0103] Also, in the second embodiment, the other end por-
tion of the cut portion of the straight line portion X,Lb is
connected to an intermediate portion of the straight line por-
tion Y,Lb of the loop portion 22Y,L. of the Y-axis direction
loop coil 227 through the through hole 31f;. The straight line
portionY,;Lb of the loop portion 22Y L, as described above, is
the line in which the returning line Y Eg of the extraction line
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portion 22Y E of the Y-axis direction loop coil 22Y, is dis-
posed as an extension portion of the straight line portion’Y b
of the loop portion 22Y,L.

[0104] Asdescribed above, the straight line portion Y, Lb of
the loop portion 22Y L of the Y-axis direction loop coil 22Y;
is disposed in parallel with and close to the going line X,Es of
the extraction line portion 21X,E of the X-axis direction loop
coil 21X,.

[0105] Therefore, in the straight line portion Y,Lb of the
loop portion 22Y,LL of the Y-axis direction loop coil 22Y, a
portion from a connection point with the straight line portion
X,Lb of the X-axis direction loop coil 21X, through the
through hole 31f; to the connector portion 24 is commonly
used as the returning line X,Eg of the extraction line portion
21X,E of the X-axis direction loop coil 21X,.

[0106] In the second embodiment, the sensor 20B is con-
figured in such a way that the extraction line portion 21X,E of
the X-axis direction loop coil 21X, and the extraction line
portion 22YE of the Y-axis direction loop coil 22Y , through
which the position detection area 25 is connected to the con-
nector portion 24 (not shown in FIG. 6) provided outside the
position detection area 25, have a common returning line
CMYg.

[0107] As described above, in the second embodiment, in
the extraction line portion 21X,E from the X-axis direction
loop coil 21X, the number of extraction lines can be reduced
because it is unnecessary to separately provide the returning
lines.

[0108] In the second embodiment, when the number of
X-axis direction loop coils of the X-axis direction loop coil
group 21 is equal to or smaller than the number of Y-axis
direction loop coils of the Y-axis direction loop coil group 22,
different X-axis direction loop coils can have their returning
lines in common with different Y-axis direction loop coils,
respectively. In this case, a distance between each pair of the
extraction lines of the X-axis direction loop coils existing
within the position detection area 25, i.e., the distance
between the going line and the common returning line (i.e.,
the straight line portion of the loop portion of the Y-axis
direction loop coil) can be set to the minimum distance, for
example, 0.1 mm. Thus, generation of an error signal can be
minimized.

[0109] Sincethereturning lines as the extraction lines of the
X-axis direction loop coils of the X-axis direction loop coil
group 21 can be made unnecessary, the number of returning
lines of the extraction lines from the X-axis direction loop coil
group 21 and the Y-axis direction loop coil group 22 as a
whole can be reduced to only the number of Y-axis direction
loop coils. Therefore, the number of returning lines of the
extraction lines from the X-axis direction loop coil group 21
and the Y-axis direction loop coil group 22 as a whole can be
further reduced as compared with the case in the first embodi-
ment.

[0110] Note that, when the number of X-axis direction loop
coil of the X-axis direction loop coil group 21 is larger than
the number of Y-axis direction loop coils of the Y-axis direc-
tion loop coil group 22, plural X-axis direction loop coils may
commonly share a part of the straight line portion of the loop
portion of a Y-axis direction loop coil as the returning line.
That is to say, the first embodiment and the second embodi-
ment may be combined in this case.

[0111] FIG. 7 shows the case where the second embodi-
ment is applied to the case of FIG. 5 of the first embodiment.
In the case shown in FIG. 7, the returning lines of the X-axis
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direction loop coils 21X, to 21X, of the group G1 are made
common with a part of a loop portion 22Y, L, of a Y-direction
loop coil 22Y, to form a common returning line CMYgl,
which leads to the outside of the position detection area 25.
The returning lines of the X-axis direction loop coils 21X, to
21X, , of the group G2 are made common with a part of a loop
portion 22Y L. of a Y-direction loop coil 22Y, to form a
common returning line CMY g2, which leads to the outside of
the position detection area 25.

[0112] FIG. 8 shows a line pattern of the substrate 23 in the
group G1 in the case of the second embodiment shown in FIG.
7. It is noted that in FIGS. 7 and 8, the same portions as those
in FIGS. 4 and 5 are designated by the same reference sym-
bols, respectively.

[0113] Asshown in FIG. 8, the returning lines of the X-axis
direction loop coils 21X, to 21X of group G1, 21X, t0 21X,
of'group G2, . .. are made common in the manner as described
in the above first embodiment. Also, in the second embodi-
ment, in the group G1, a part of the straight line portion Y, Lb
of the loop portion 22Y, L. of the Y-axis direction loop coil
22Y,, is commonly used with the common returning line of
the X-axis direction loop coils 21X to 21X of the group G1,
and is disposed in the form of the common returning line
CMYgl outside of the position detection area 25. Similarly,
in the group G2, a part of the straight line portion Y, Lb of the
loop portion 22Y L of the Y-axis direction loop coil 22V, is
commonly used with the common returning line of the X-axis
direction loop 21X, to 21X, , of the group G2, and is disposed
in the form of the common returning line CMYg2 outside of
the position detection area 25.

[0114] The going line Y, Es of the extraction line portion
Y, E of the Y-axis direction loop coil 22Y,, in this case, is
formed in the form of a line which is parallel with and closest
to the common returning line CMYgl. Likewise, the going
line Y Es of the extraction line portion Y E of the Y-axis
direction loop coil 22Y ,, in this case, is formed in the form of
a line which s parallel with and closest to the common return-
ing line CMYg2.

[0115] Inthe second embodiment, the returning lines of all
of'the X-axis direction loop coils of the X-axis direction loop
coil group 21 are connected to the lines of the loop portions of
the Y-axis direction loop coils of the Y-axis direction loop coil
group 21, which are the returning lines for the Y-axis direction
loop coils or to which the returning lines for the Y-axis direc-
tion loop coils are connected (including the case where the
lines are extended to be made the returning lines as with the
case described above), whereby the lines of the loop portions
of'the Y-axis direction loop coils can be commonly used as the
returning lines for the X-axis direction loop coils, also. For
this reason, the number of returning lines of the extraction
lines from the X-axis direction loop coil group 21 and the
Y-axis direction loop coil group 22 as a whole can be the
number of Y-axis direction loop coils 22Y, to 22Y,,, and thus
can be made a half of that required in the related art.

[0116] Furthermore, when the first embodiment is addi-
tionally applied to the Y-axis direction loop coils 22Y, to
22Y,,, the number of returning lines of the extraction lines
from the Y-axis direction loop coil group 22 can be further
reduced to be as little as one as a minimum value. Therefore,
the number of returning lines of the extraction line from the
X-axis direction loop coil 21 and the Y-axis direction loop coil
group 22 as a whole can be reduced to one as a minimum
value, and thus it is possible to largely reduce the number of
lines.
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[0117] Therefore, although according to the second
embodiment, the same effect as that of the first embodiment
of the present invention is obtained, since the number of
extraction lines can be even more greatly reduced than in the
first embodiment, the second embodiment of the present
invention may have a more significant effect.

[0118] Note that, in the second embodiment as well, it is
unnecessary to divide the X-axis direction loop coils 21X to
21X, of the X-axis direction loop coil group 21 into groups,
with different groups sharing lines with different Y-axis loop
coils, respectively, as shown in FIG. 8. Thus, the returning
lines of all of the X-axis direction loop coils 21X, to 21X, of
the X-axis direction loop group 21 may be connected to the
loop portion of an arbitrary one Y-axis direction loop coil
22Y;of the Y-axis direction loop coil group 22 to thereby form
a single common line.

[0119] Inaddition, it is possible to adopt a configuration in
which a relationship between the X-axis direction loop coil
group and the Y-axis direction loop coil group in the second
embodiment described above is reversed. In addition,
although in the second embodiment described above, both of
the extraction line portions from the X-axis direction loop coil
group and the Y-axis direction loop coil group are formed in
the direction parallel with the X-axis direction and thus are
commonly connected to one connector portion, both of the
extraction line portions from the X-axis direction loop coil
group and the Y-axis direction loop coil group may be formed
instead in the direction parallel with the Y-axis direction to be
commonly connected to one connector portion.

[0120] Inone aspect, only the going lines may be derived in
the X-axis direction from the X-axis direction loop coils of
the X-axis direction loop coil group, and the going lines and
the returning lines or the common returning lines may be
derived in the Y-axis direction from the Y-axis direction loop
coils of the Y-axis direction loop coil group.

[0121] In addition, although in the second embodiment
described above, the X-axis direction loop coil group 21 and
the Y-axis direction loop coil group 22 are formed by using
both surfaces: the first surface of one sheet of substrate 23;
and the second surface on the side opposite to the first surface,
another structure is also possible in which the X-axis direc-
tion loop coil group 21 and the Y-axis direction loop coil
group 22 are formed on different substrates, respectively, and
the two sheets of substrates are stuck to each other, thereby
forming a two-layer substrate. In this case, each returning line
of'the X-axis direction loop coil and each corresponding line
of the loop portion of the Y-axis direction loop coil are con-
nected through a through hole.

[Modifications and Changes|

[0122] Although in the first and second embodiments of the
present invention described above, each of the X-axis direc-
tion loop coils and the Y-axis direction loop coils as examples
of the first and second loop coils has a rectangular shape
surrounded by the loop portion, the shape of each of the loop
portions of the loop coils of the first and second loop coils to
which the present invention can be applied is by no means
limited thereto. For example, each of the loop portions of the
loop coils of the first and second loop coils to which the
present invention can be applied may also have various kinds
of'shapes such as a round shape, an elliptical shape, a fan-like
shape, and a triangular shape.

[0123] Inaddition, although in the first and second embodi-
ments of the present invention described above, each of the
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loop portions of the X-axis direction loop coils and the Y-axis
direction loop coils has one turn, each of the loop portions of
the first and second loop coils to which the present invention
can be applied may have multiple windings of two or more
turns.

[0124] In addition, the sensor of an electromagnetic induc-
tion type coordinate input device according to the present
invention can be used as a sensor which is superimposed and
used on a viewing area of a display device as with a high-
performance mobile phone unit called a smartphone. In addi-
tion, it goes without saying that the sensor of an electromag-
netic induction type coordinate input device according to the
present invention not only can be used as a sensor of a slate PC
or a notebook-size personal computer including a display
device which incorporates a coordinate input device, but also
can be applied to a sensor of a coordinate input device which
does not incorporate a screen.

1. A sensor of an electromagnetic induction type coordi-
nate input device, comprising:

a first loop coil group, in which plural first loop coils are
disposed in a first direction, each of the first loop coils
including a first extraction line portion composed of a
first line and a second line formed in parallel with each
other, and a first loop portion continuously connected to
the first and second lines of the first extraction line
portion and having a shape that surrounds a predeter-
mined area; and

a second loop coil group, in which plural second loop coils
are disposed in a second direction perpendicular to the
first direction, each of the second loop coils including a
second extraction line portion composed of a third line
and a fourth line formed in parallel with each other, and
a second loop portion continuously connected to the
third and fourth lines of the second extraction line por-
tion and having a shape that surrounds a predetermined
area, wherein an area occupied by the first loop portions
of the first loop coil group and the second loop portions
of the second loop coil group define a position detection
area, and

wherein one of the first line or the second line of one of the
first loop coils is connected to at least one of: (i) the first
line or the second line of another one of the first loop
coils, and (ii) a line of the second loop portion of one of
the second loop coils, within the position detection area,
to form a common extraction line with (i) and/or (ii), and
the other of the first line or the second line of said one of
the first loop coils having the common extraction line is
disposed in parallel with and close to the common
extraction line.

2. The sensor of an electromagnetic induction type coordi-
nate input device according to claim 1, wherein the first line of
the first extraction line portion is a line through which a signal
is supplied or a signal is taken out, and the second line of the
first extraction line portion is a line which is connected to a
reference electric potential; and

the second line of the first extraction line portion of said
one of the first loop coils is connected to at least one of:
(1) the second line of the first extraction line portion of
another one of the first loop coils, and (ii) a line of the
second loop portion of one of the second loop coils, to
form a common extraction line with (i) and/or (ii), and
the first line of said one of the first loop coils having the
common extraction line is disposed in parallel with and
close to the common extraction line.



US 2013/0234730 Al

3. The sensor of an electromagnetic induction type coordi-
nate input device according to claim 1, wherein at least a
portion of the first loop portions of the first loop coils which
extend to intersect with the first direction is formed on a first
surface of a substrate, the first extraction line portions are
formed on a second surface on a side opposite to the first
surface of the substrate, and the first extraction line portions
and the first loop portions are connected to each other via
through holes provided in the substrate; and

at least a portion of the second loop portions of the second

loop coils which extend to intersect with the second
direction is formed on the second surface of the sub-
strate, and a connection between said one of the first line
orthe second line of one of the first loop coils and at least
one of: (1) the first line or the second line of another one
of the first loop coils and (ii) a line of the second loop
portion of one of the second loop coils is formed on the
second surface of the substrate.

4. The sensor of an electromagnetic induction type coordi-
nate input device according to claim 1, wherein two or more
second lines of the first extraction line portions of the two or
more first loop coils of the first loop coil group are commonly
connected to the second line of the first extraction line portion
of'another one of the first loop coils of the first loop coil group,
within the position detection area, to form a common extrac-
tion line, and two or more first lines of the two or more first
loop coils sharing the common extraction line are disposed in
parallel with the common extraction line.

5. The sensor of an electromagnetic induction type coordi-
nate input device according to claim 4, wherein the two or
more first lines of the first extraction line portions of the two
or more first loop coils sharing the common extraction line,
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which are disposed in parallel with the common extraction
line, are alternately arranged on both sides of the common
extraction line with the common extraction line located at a
center.

6. The sensor of an electromagnetic induction type coordi-
nate input device according to claim 4, wherein the plural first
loop coils of the first loop coil group are divided into plural
groups, and the second lines of the first extraction line por-
tions of the first loop coils in each of the plural groups are
made into a common extraction line.

7. The sensor of an electromagnetic induction type coordi-
nate input device according to claim 4, wherein the two or
more second lines of the first extraction line portions of the
two or more first loop coils are connected to the second loop
portion(s) of the second loop coil(s), within the position
detection area, to commonly use line(s) of the second loop
portion(s) as common extraction line(s), and the two or more
first lines of the first extraction line portions of the two or
more first loop coils are disposed in parallel with the common
extraction line(s).

8. The sensor of an electromagnetic induction type coordi-
nate input device according to claim 1, wherein the plural first
loop coils of the first loop coil group overlap one another, and
the plural second loop coils of the second loop coil group
overlap one another.

9. The sensor of an electromagnetic induction type coordi-
nate input device according to claim 1, wherein the first
extraction line portions and the second extraction line por-
tions are both disposed in parallel with the first direction and
are both connected to one connector portion.
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