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TOUCH PANEL 

 

TECHNICAL FIELD 

[0001] The present invention relates to a touch panel that can determine a 

touch position on the operation surface. 

 

BACKGROUND ART 

[0002] Touch panels that can determine the position at which a stylus or 

finger touches the operation surface, i.e. a touch position, are known.  As 

disclosed in JP 2012-123850 A, for example, such a touch panel includes two 

types of electrodes extending in different directions, where one group of 

electrodes straddle the other group of electrodes.  That is, each of the 

electrodes of the one group has first portions that each straddle an electrode 

of the other group. 

[0003] JP 2012-123850 A discloses a shielding conductive film located in the 

same layer as the first portions of the electrodes of the one group.  This 

conductive film covers the electrodes of the two types in plan view.  This 

conductive film may be electrically connected with a line of a reference 

potential, for example, to allow a certain signal to enter the conductive film, 

thereby reducing noise produced in the touch panel by a liquid crystal 

display panel placed over the touch panel. 

 

DISCLOSURE OF THE INVENTION 

[0004] A touch panel includes lead lines located outside the region of the 

touch electrodes and electrically connected with the touch electrodes.  If the 

panel includes two types of electrodes extending in different directions, as in 

the arrangement of JP 2012-123850 A, such lead lines are each connected 

with the corresponding one of the electrodes, which means that the panel 

includes a large number of such lines.  Typically, a touch panel is connected 

with an external control substrate or the like via connection lines and, for 

this purpose, the lead lines of each group are gathered at one location on the 

substrate of the touch panel.  The location at which the lead lines of each 

group are gathered requires a space to accommodate all of these lead lines, 

resulting in a touch panel with a large picture frame region around the 

region of the electrodes.  This means an increased size of the touch panel. 

[0005] The lead lines of one group may be gathered at two or more separate 
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locations on the substrate of the touch panel.  In this case, each of the 

locations on the substrate at which these lead lines are gathered requires a 

smaller space for accommodating the lead lines, resulting in a touch panel 

with a smaller picture frame region.  As the lead lines are gathered at two 

or more separate locations, some lead lines are separated from each other at 

a larger distance. 

[0006] A signal that has been output by a touch panel may contain some 

noise due to external influence.  To remove such noise, the difference 

between signals in two adjacent lead lines may be determined to remove 

noise contained in the signals in the lead lines.  If this differential approach 

is to be used to remove noise, the distance between one lead line and an 

adjacent one must be constant such that a uniform level of noise is present in 

each lead line.  However, if some lead lines are separated from each other at 

a larger distance, noise in these lead lines cannot be sufficiently removed by 

the differential approach. 

[0007] An object of the present invention is to provide an arrangement that 

uses the differential approach to effectively remove noise contained in a 

signal transmitted via a line even in a touch panel that includes some lines 

that are separated from each other at a larger distance. 

[0008] A touch panel according to an embodiment of the present invention 

includes: a substrate; a plurality of electrodes provided on the substrate; a 

plurality of lines each electrically connected with one of the plurality of 

electrodes; a controller configured to determine the difference between a 

signal provided by at least one line out of the plurality of lines and a signal 

provided by another line adjacent the at least one line out of the plurality of 

lines; and a floating electrode located within a predetermined distance from 

the at least one line and the other line and electrically independent from the 

plurality of lines such that noise produced in the at least one line can be 

propagated to reach the other line. 

[0009] The touch panel according to an embodiment of the present invention 

uses the differential approach to effectively reduce noise contained in a 

signal transmitted via a line even if some lines are separated from each other 

at a larger distance. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] [FIG. 1] FIG. 1 is a schematic view of an entire touch panel-equipped 
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liquid crystal display device including a touch panel according to an 

embodiment of the present invention. 

 [FIG. 2] FIG. 2 is a schematic plan view of the touch panel. 

 [FIG. 3] FIG. 3 is a schematic diagram of the touch panel controller. 

 [FIG. 4] FIG. 4 is an expanded view of the connection between the 

FPC and the Y-direction touch panel portion. 

 [FIG. 5] FIG. 5 schematically illustrates the positional relationship 

between lines and the floating electrode. 

 [FIG. 6] FIG. 6 is an enlarged plan view of the connection between 

the touch panel controller, FPC and Y-direction touch panel portion of a 

touch panel according to Embodiment 2. 

 [FIG. 7] FIG. 7 is a schematic plan view of the touch panel controller, 

FPC and Y-direction touch panel portion of a touch panel according to 

Embodiment 3. 

 [FIG. 8] FIG. 8 is an exploded perspective view of the connection 

between the touch panel controller, FPC and Y-direction touch panel portion 

of the touch panel according to Embodiment 3. 

 [FIG. 9] FIG. 9 is an enlarged plan view of the connection between 

the FPC and Y-direction touch panel portion of a touch panel according to 

Embodiment 4. 

 [FIG. 10] FIG. 10 is a view of another exemplary arrangement for the 

touch panel according to Embodiment 4, similar to FIG. 9. 

 

EMBODIMENTS FOR CARRYING OUT THE INVENTION 

[0011] A touch panel according to an embodiment of the present invention 

includes: a substrate; a plurality of electrodes provided on the substrate; a 

plurality of lines each electrically connected with one of the plurality of 

electrodes; a controller configured to determine the difference between a 

signal provided by at least one line out of the plurality of lines and a signal 

provided by another line adjacent the at least one line out of the plurality of 

lines; and a floating electrode located within a predetermined distance from 

the at least one line and the other line and electrically independent from the 

plurality of lines such that noise produced in the at least one line can be 

propagated to reach the other line (first arrangement). 

[0012] Even when some lines connected with electrodes of the touch panel 

are separated from each other at a larger distance, the above arrangement 
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allows noise in a line to be propagated via a floating electrode located close to 

the line to reach the adjacent line.  Thus, the output signal of a line may be 

subtracted from that of the adjacent line to effectively remove noise 

contained in these signals. 

[0013] As used herein, floating electrode means an electrode that is 

electrically independent from the lines and is in a state without any signal 

input.  Predetermined distance means a distance that allows noise to be 

propagated between a line and the floating electrode. 

[0014] Starting from the above first arrangement, the touch panel may 

further include a connecting portion configured to electrically connect the 

substrate with the controller.  Each of the plurality of lines may include a 

substrate line provided on the substrate and electrically connected with one 

of the plurality of electrodes, a connection line provided on the connecting 

portion, and a controller line provided in the controller.  The substrate line, 

the connection line and the controller line may be electrically connected.  

The floating electrode may be located within the predetermined distance 

from at least one line out of the substrate line, the connection line and the 

controller line, and another line adjacent the at least one line out of the 

plurality of lines (second arrangement). 

[0015] Thus, where a floating electrode is provided, signal noise produced in 

a line may be propagated through the floating electrode to reach the next 

line.  Thus, noise may be removed by the differential approach. 

[0016] Starting from the above first or second arrangement, the floating 

electrode may be loop-shaped (third arrangement).  This will further ensure 

that signal noise is propagated between two adjacent lines via the floating 

electrode. 

[0017] Starting from the above third arrangement, the floating electrode 

may be located in the substrate, the connecting portion and the controller 

(fourth arrangement).  Thus, signal noise may be propagated between two 

adjacent lines in the substrate, connecting portion and controller.  This 

further ensures that the differential approach removes signal noise. 

[0018] Starting from the above second arrangement, the floating electrode 

may be located to at least partly overlap at least one line out of the substrate 

line, the connection line and the controller line and another line adjacent the 

at least one line out of the plurality of lines, as viewed in a thickness 

direction of the substrate (fifth arrangement). 



5                               021-290-P1 
 

 
 

[0019] Thus, the parasitic capacitance formed by capacitive coupling 

between a line and the floating electrode is increased over that for an 

arrangement where the line and floating electrode are located in the same 

plane.  This allows noise from a line to propagate through the floating 

electrode to reach the adjacent line more effectively. 

[0020] Starting from the first arrangement, it is preferable that the floating 

electrode has the same width as the at least one line and the other line. 

[0021] Further, starting from the first arrangement, it is preferable that the 

minimum distance between the floating electrode and the at least one line 

next to the floating electrode is substantially equal to the minimum distance 

between the floating electrode and the other line adjacent the floating 

electrode. 

[0022] In these arrangements, the propagation characteristics for noise from 

a line with noise to the floating electrode are substantially the same as the 

propagation characteristics for noise from the floating electrode to the 

adjacent line. 

[0023] Starting from the above second arrangement, it is preferable that the 

connection lines are divided into at least two line groups near their 

connection with the substrate and the floating electrode extends from the 

branch position of the line groups along the line groups. 

[0024] Thus, a floating electrode extending from the branch position of line 

groups of connection lines along the line groups allows signal noise produced 

in one line group to propagate through the floating electrode to reach the 

other line group.  Thus, even when two adjacent connection lines belong to 

different line groups and thus are separated from each other, signal noise 

produced in one connection line is propagated through the floating electrode 

to reach the other connection line. 

[0025] Preferred embodiments of the touch panel will be described with 

reference to the drawings.  The sizes of the components of the drawings do 

not exactly represent the sizes of actual components or the size ratios of the 

components. 

[0026] <Embodiment 1> 

 FIG. 1 is a schematic view of a touch panel-equipped liquid crystal 

display device 1 (i.e. touch panel-equipped display device) including a touch 

panel 2 according to Embodiment 1.  As shown in FIG. 1, in the touch 

panel-equipped liquid crystal display device 1, a panel body 2a of a touch 
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panel 2 that can determine a touch position is placed over a liquid crystal 

panel 3 that can display an image.  In FIG. 1, numeral 4 indicates a cover 

glass located on the side of the touch panel 2 that is opposite the one adjacent 

the liquid crystal panel 3 (i.e. the operation surface side or the viewer's side).  

Numeral 5 indicates a touch panel controller (i.e. controller) that constitutes 

part of the touch panel 2 and controls the operation of the panel body 2a.  In 

FIG. 1, the backlight and other components stacked on the liquid crystal 

panel 3 are not shown. 

[0027] Although not shown, the liquid crystal panel 3 includes an 

active-matrix substrate having a large number of pixels arranged in a matrix, 

a counter-substrate having a surface facing the active-matrix substrate, and 

a liquid crystal layer located between the active-matrix substrate and 

counter-substrate.  The construction of the liquid crystal panel 3 is the same 

as that of conventional liquid crystal panels and thus will not be described in 

detail. 

[0028] The panel body 2a of the touch panel 2 includes two panel portions 

stacked on top of each other in its thickness direction.  More specifically, as 

shown in FIG. 2, the panel body 2a includes an X-direction touch panel 

portion 11 having a plurality of X-direction electrodes 13 extending in the X 

direction, and a Y-direction touch panel portion 21 having a plurality of 

Y-direction electrodes 23 extending in the Y direction.  In the present 

embodiment, as shown in FIG. 1, these panel portions are stacked on top of 

each other, beginning from the bottom in the order of X-direction touch panel 

portion 11 and then Y-direction touch panel portion 21 in the thickness 

direction thereof. 

[0029] In the touch panel 2 of the present embodiment, the X-direction 

touch panel portion 11 and Y-direction touch panel portion 12 are stacked on 

top of each other in the thickness direction thereof such that the X-direction 

electrodes 13 cross the Y-direction electrodes 23, as shown in FIG. 2.  

Further, in the present embodiment, a predetermined voltage is applied to 

the X-direction electrodes 12.  Thus, when a finger or the like of the 

operator comes in touch with the panel body 2a of the touch panel 2, the 

electrostatic capacitance between an X-direction electrode 13 and Y-direction 

electrode 23 at that contact location changes.  As described further below in 

detail, this change in electrostatic capacitance is supplied to the touch panel 

controller 5 in the form of a signal from the Y-direction electrode 23 to allow 
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the touch panel controller 5 to determine the touch position. 

[0030] In the present embodiment, the panel body 2a of the touch panel 2 is 

constructed from two panels stacked on top of each other in the thickness 

direction thereof; however, the present invention is not limited to such a 

construction, and a layer of X-direction electrodes and a layer of Y-direction 

electrodes may be stacked on each other in the thickness direction thereof 

inside a single panel. 

[0031] As shown in FIG. 2, the X-direction touch panel portion 11 includes a 

touch panel substrate 12 made of resin and generally rectangular X-direction 

electrodes 13 (indicated by broken lines in FIG. 2) on the touch panel 

substrate 12 extending in the X direction.  The touch panel substrate 12 is 

generally rectangular in shape, with its long sides extending in the X 

direction.  A plurality of parallel X-direction electrodes 13 are arranged in 

the Y direction on the touch panel substrate 12.  That is, the X-direction 

electrodes 13 extend in the longitudinal direction of the touch panel 

substrate 12. 

[0032] The X-direction touch panel portion 11 further includes a plurality of 

lead lines 14 (i.e. lines) provided on the touch panel substrate 12 and 

electrically connected with the X-direction electrodes 13.  Each of the lead 

lines 14 has one end connected with one of the ends of an X-direction 

electrode 13 disposed in its longitudinal direction.  The lead lines 14 are 

provided on the touch panel substrate 12 such that they have the other ends 

gathered at one location toward one of the ends of the touch panel substrate 

12 disposed in its longitudinal direction. 

[0033] As shown in FIG. 1, a flexible print substrate (hereinafter referred to 

as FPC) 31 is connected with the other ends of the lead lines 14 provided on 

the touch panel substrate 12, i.e. the one of the ends of the touch panel 

substrate 12 disposed in its longitudinal direction.  Although not shown, the 

FPC 31 includes a flexible substrate made of resin that has a plurality of 

lines corresponding to the lead lines 14.  The FPC 31 is also electrically 

connected with the touch panel controller 5, described below. 

[0034] As shown in FIG. 2, the Y-direction touch panel portion 21 includes a 

touch panel substrate (i.e. substrate) 22 made of resin and generally 

rectangular Y-direction electrodes 23 on the touch panel substrate 22 

extending in the Y direction.  Similar to the touch panel substrate 12 of the 

X-direction touch panel portion 11, the touch panel substrate 22 is generally 
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rectangular in shape with its long sides extending in the X direction.  A 

plurality of parallel Y-direction electrodes 23 are arranged in the X direction 

on the touch panel substrate 22.  That is, the Y-direction electrodes 23 

extend toward one long side of the touch panel substrate 22. 

[0035] The Y-direction touch panel portion 21 further includes a plurality of 

lead lines 24 (i.e. substrate lines, lines) provided on the touch panel 

substrate 22 and electrically connected with the Y-direction electrodes 23.  

Each of the lead lines 24 has one end connected with one of the ends of a 

Y-direction electrode 23 disposed in its longitudinal direction.  The lead 

lines 24 are provided on the touch panel substrate 22 such that they have the 

other ends gathered at two separate locations toward one long side of the 

touch panel substrate 22. 

[0036] As the other ends of the lead lines 24 connected with the Y-direction 

electrodes 23 of the touch panel substrate 22 are gathered at two separate 

locations, the space required to accommodate the lead lines 24 is smaller 

than when all of them are gathered at a single location.  That is, if the 

plurality of lead lines 24 are to be gathered at a single location, the plurality 

of lead lines 24 must be disposed parallel near one long side of the touch 

panel substrate 22, resulting in a touch panel substrate 22 with large short 

sides.  This means a touch panel substrate 22 with a large region where the 

Y-direction electrodes 23 are not present (i.e. picture frame region), 

increasing the size of the substrate itself. 

[0037] On the other hand, if the lead lines 24 are gathered at two separate 

locations, the number of lead lines 24 disposed parallel near one long side of 

the touch panel substrate 22 is smaller than when all of them are gathered 

at one location.  This reduces the length of the short sides of the touch panel 

substrate 22, reducing the size of the entire Y-direction touch panel portion 

21.  However, as the lead lines 24 are gathered at two separate locations, 

some lead lines, 24a and 24b, are separated from each other at a larger 

distance, as is apparent from FIG. 2.  A larger distance between the lead 

lines 24a and 24b causes an increase in the variation of noise contained in a 

signal.  This point will be discussed further below. 

[0038] As shown in FIG. 1, an FPC 32 is connected with the other ends of 

the lead lines 24 provided on the touch panel substrate 22, i.e. one long side 

of the touch panel substrate 22.  The FPC 32 includes a flexible substrate 33 

made of resin and a plurality of connection lines 34 provided on the flexible 
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substrate 33 corresponding to the lead lines 24.  As shown in FIG. 4, as the 

other ends of the lead lines 24 are divided into two groups each gathered at 

one location on the touch panel substrate 22, the FPC 32 has one end forked 

into two branches that are to be electrically connected with the respective 

groups of the other ends of the lead lines.  That is, the FPC 32, which has 

one end forked into two, includes a plurality of connection lines 34 divided 

into two line groups 35 and 36.  Further, the FPC 32 has the other end 

electrically connected with the touch panel controller 5, described below.  

The other end of the FPC 32, which is connected with the touch panel 

controller 5, is not forked into two, and is in the shape of a generally 

rectangular strip. 

[0039] In the arrangement described above, two connection lines 34a and 

34b, which are adjacent each other at the other end of the FPC 32, are 

separated at a large distance at the one end of the FPC, where the FPC is 

forked into two (see FIG. 4).  The construction of the lead lines 24 on the 

touch panel substrate 22 and the FPC 32 will be described in detail further 

below. 

[0040] Although not shown, the FPCs 31 and 32 are electrically connected 

with the touch panel controller 5.  That is, the X-direction touch panel 

portion 11 and Y-direction touch panel portion 21 of the touch panel 2 are 

electrically connected with the touch panel controller 5.  In the present 

embodiment, the lead lines 24 and connection lines 34 constitute lines 6 

connected with the electrodes. 

[0041] The touch panel controller 5 of the present embodiment applies a 

predetermined voltage to the X-direction touch panel portion 11 and detects 

output signals from the Y-direction touch panel portion 21.  That is, the 

touch panel controller 5 detects, as an output signal from the Y-direction 

touch panel portion 21, a change in the electrostatic capacitance between an 

X-direction electrode 13 and Y-direction electrode 23 encountered when a 

finger or the like of the operator touches the panel body 2a of the touch panel 

2.  Based on the output signal from the Y-direction touch panel portion 21, 

the touch panel controller 5 determines the touch position on the panel body 

2a. 

[0042] Further, to remove noise contained in a signal provided by the 

Y-direction touch panel portion 21, the touch panel controller 5 is configured 

to perform differential noise removal.  Differential noise removal involves 
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determining the difference between a signal provided by one electrode and a 

signal provided by another electrode to remove the noise contained in the 

signals.  The touch panel controller 5 determines the difference between 

output signals from two adjacent Y-direction electrodes 23 to remove the 

noise contained in these output signals. 

[0043] More specifically, as shown in FIG. 3, the touch panel controller 5 

includes a subtracter 51 for determining the difference between signals 

provided by two adjacent Y-direction electrodes 23 of the Y-direction touch 

panel portion 21, and a position detector 52 for determining the touch 

position based on the difference calculated by the subtracter 51. 

[0044] The subtracter 51 subtracts a signal provided by one Y-direction 

electrode 23 from a signal provided by an adjacent Y-direction electrode 23 to 

determine the difference between these signals.  This removes noise present 

in the Y-direction electrodes 23 and, at the same time, determines the 

increase in the electrostatic capacitance at the touch position in the form of 

the difference between Y-direction electrodes 23. 

[0045] Based on the difference determined by the subtracter 51, the position 

detector 52 detects that the position where the difference rapidly increases is 

the touch position.  When the position detector 52 determines the touch 

position, it provides the touch position as a positional signal (i.e. detection 

signal). 

[0046] (Arrangement for Connection between Touch Panel Substrate and 

FPC) 

 Differential noise cancelling, discussed above is effective when 

signals transmitted via two lines for which a signal difference is to be 

determined contain the same level of noise.  That is, if not the same level of 

noise is contained in signals transmitted via the two lines, determining the 

difference between the signals may not effectively remove the noise 

contained in the signals. 

[0047] In the present embodiment, as described above, the lead lines 24 

connected with the Y-direction electrodes 23 are gathered at two separate 

locations, some lead lines 24 are separated at a large distance.  That is, as 

shown in FIG. 2, the lead lines 24a and 24b connected with adjacent 

Y-direction electrodes 23 are separated at a large distance if the lead line 24a 

is located at one of the locations and the adjacent lead line 24b is located at 

the other location. 
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[0048] If two adjacent lead lines 24 are separated at a small distance, any 

signal noise occurring in them is propagated between these lead lines such 

that signals transmitted via the two lines contain the same level of noise.  

However, if the distance between the lead lines 24a and 24b is larger, as 

described above, noise cannot be easily propagated between the lead lines 

24a and 24b.  This increases the variance of noise contained in signals in 

the adjacent lead lines 24a and 24b, which means that the differential 

approach discussed above cannot effectively remove the noise. 

[0049] In the present embodiment, as shown in FIG. 4, a loop-shaped 

floating electrode 61 is provided at a position where the FPC 32 is connected 

with the lead lines 24 connected with the Y-direction electrodes 23.  This 

floating electrode 61 is electrically independent from the lead lines 24 and is 

electrically independent from the connection lines 34 of the FPC 32.  

Further, the floating electrode 61 of the present embodiment has no voltage 

applied nor is it grounded. 

[0050] The floating electrode 61 includes an FPC floating electrode portion 

62 provided on the flexible substrate 33 of the FPC 32 and a panel floating 

electrode portion 63 provided on the touch panel substrate 22 of the 

Y-direction touch panel portion 21.  The FPC floating electrode portion 62 is 

located where the flexible substrate 33 is forked into two, and is located 

inwardly of the flexible substrate 33 as measured in the width direction 

thereof so as to extend along the forked substrate.  That is, the FPC floating 

electrode portion 62 is located within a predetermined distance from the 

connection lines 34a and 34b.  The panel floating electrode portion 63 is 

located between the lead lines 24a and 24b and within a predetermined 

distance from the lead lines 24a and 24b and is provided such that it is 

electrically connected with the FPC floating electrode portion 62 when the 

FPC 32 is connected with the Y-direction touch panel portion 21.  In the 

present embodiment, when the FPC 32 is connected with the Y-direction 

touch panel portion 21, the floating electrode 61 is generally pentagonal in 

shape. 

[0051] As used herein, predetermined distance means a distance that allows 

noise to propagate between a line and the floating electrode.  More 

specifically, the predetermined distance is preferably smaller than twice the 

gap (or pitch) between lines (i.e. the connection lines 34a and 34b and lead 

lines 24a and 24b in the present embodiment), and more preferably as large 
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as the gap. 

[0052] This floating electrode 61 allows noise produced in one of the lead 

lines 24a and 24b to be transmitted to the other line through the floating 

electrode 61.  That is, as indicated by arrows with broken lines in FIG. 5, 

noise produced in one of the lines (i.e. lead line 24a) is transmitted to the 

floating electrode 61 by dielectric effects.  As discussed above, the floating 

electrode 61 is electrically independent from the other lines (i.e. lead lines 

24a and 24b) such that noise can be propagated from the floating electrode 

61 by dielectric effects to reach the other line (i.e. lead line 24b), located 

within the predetermined distance from the floating electrode. 

[0053] Thus, the floating electrode 61 ensures that the same level of noise is 

contained in signals transmitted in the separated lead lines 24a and 24b.  

Thus, the above differential approach effectively removes signal noise. 

[0054] Further, the above floating electrode 61 allows noise produced in one 

of the connection lines 34a and 34b of the FPC 32 to be transmitted to the 

other line via the floating electrode 61, as is the case with the noise in the 

lead line 24a or 24b.  Thus, the above differential approach effectively 

removes noise produced in the FPC 32. 

[0055] The floating electrode 61 has a substantially uniform width 

throughout the circumference.  Further, the floating electrode 61 has a 

width substantially equal to the width of the lead lines 24a and 24b.  

Further, in the FPC floating electrode portion 62 of the floating electrode 61, 

the left and right lengths between the branch position of the FPC 32 and the 

positions where the connection lines 34a and 34b become generally parallel 

in FIG. 4 (i.e. the lengths of the diagonal portions in the drawing) are equal 

to each other.  Further, the minimum distances between the floating 

electrode 61 and the lead lines 24a and 24b and connection lines 34a and 34b 

are equal to each other. 

[0056] Thus, the propagation characteristics of signal noise in the left 

portion of the floating electrode 61 with respect to the branch position are 

the same as those in the right portion of the floating electrode.  Thus, the 

floating electrode 61 further ensures that the same level of noise is contained 

in signals in the lead lines 24a and 24b and in signals in the connection lines 

34a and 34b. 

[0057] Some portions of the floating electrode 61 may have a different width 

from the others, or the lengths from the branch position of the FPC 32 to the 
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lead lines 24a and 24b may be different.  Further, the minimum distances 

between the floating electrode 61 and lead lines 24a and 24b and connection 

lines 34a and 34b may be different. 

[0058] (Effects of Embodiment 1) 

 The present embodiment provides a floating electrode 61 between 

separated lead lines 24a and 24b on the touch panel substrate 22 and 

electrically independent from these lead lines 24a and 24b, located within a 

predetermined distance from these lines.  This allows noise produced in one 

of the lead lines to be propagated via the floating electrode 61 to reach the 

other lead line. 

[0059] Further, the present embodiment provides the floating electrode 61 

at the forked end of the FPC 32 and between the separated connection lines 

34a and 34b within a predetermined distance from these lines.  Thus, noise 

produced in one of the connection line is propagated via the floating electrode 

61 to reach the other connection line. 

[0060] Moreover, the floating electrode 61 is loop-shaped so as to be located 

in the Y-direction touch panel portion 21 and FPC 32.  Thus, signal noise 

produced in any one of the lead lines 24a and 24b on the Y-direction touch 

panel portion 21 and the connection lines 34a and 34b of the FPC 32 can be 

propagated via the floating electrode 61 to reach another line. 

[0061] Thus, the differential approach effectively removes noise contained in 

signals. 

[0062] <Embodiment 2> 

 FIG. 6 schematically shows a touch panel 100 according to 

Embodiment 2 of the present invention.  This embodiment is different from 

Embodiment 1 in that a touch panel controller 103 is electrically connected 

with the Y-direction touch panel portion 21 via two FPCs 101 and 102.  In 

the following description, the components that are the same as the 

corresponding ones of Embodiment 1 are labeled with the same reference 

numerals and will not be described, and only the differences from 

Embodiment 1 will be described. 

[0063] As shown in FIG. 6, the touch panel controller 103 includes a 

controller substrate 131 made of resin, a plurality of controller lines 132 (i.e. 

lines) provided on the controller substrate 131, and a controller element 133 

mounted on the controller substrate 131.  The controller element 133 is 

electrically connected with the plurality of controller lines 132.  The 
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controller element 133 functions as a controller for controlling the operation 

of the touch panel 100.  Similar to the lead lines 24 of the Y-direction touch 

panel portion 21, the plurality of controller lines 132 are provided on the 

controller substrate 131 such that each of them has one end and the other 

end, the one ends being gathered at two separate locations.  The plurality of 

controller lines 132 provided on the controller substrate 131 of the touch 

panel controller 103 are electrically connected with the respective lead lines 

24 provided on the Y-direction touch panel portion 21 via two FPCs 101 and 

102. 

[0064] The FPCs 101 and 102 are generally rectangular in shape.  Similar 

to the FPC 32 of Embodiment 1, each of the FPCs 101 and 102 includes a 

flexible substrate 111 or 112 made of resin and a plurality of connection lines 

113 or 114 (i.e. lines) provided on the flexible substrate 111 or 112.  The 

connection lines 113 and 114 are provided on the generally rectangular 

flexible substrates 111 and 112 in the form of straight lines.  The connection 

lines 113 and 114 electrically connect the lead lines 24 of the Y-direction 

touch panel portion 21 with the controller lines 132 of the touch panel 

controller 103. 

[0065] As shown in FIG. 6, the FPCs 101 and 102 are separated from each 

other.  Thus, the connection lines 113a of the FPC 101 are separated from 

the connection lines 114a of the FPC 102.  As such, noise produced in a 

connection line of one group cannot easily be propagated to reach a 

connection line of the other group.  This may cause a difference in the level 

of signal noise between two adjacent lines such that the differential approach 

may not effectively remove noise of the signals. 

[0066] To address this, the present embodiment provides a generally 

rectangular floating electrode 141 located in the Y-direction touch panel 

portion 21, FPCs 101 and 102 and touch panel controller 103.  That is, the 

floating electrode 141 is loop-shaped.  More specifically, the floating 

electrode 141 includes a controller floating electrode portion 142 provided on 

the touch panel controller 103, FPC floating electrode portions 143 provided 

on the FPCs 101 and 102, and a panel floating electrode portion 144 provided 

on the Y-direction touch panel portion 21. 

[0067] The controller floating electrode 142 is located on the controller 

substrate 131 between controller lines 132a and 132b and within a 

predetermined distance from the controller lines 132a and 132b.  The FPC 
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floating electrode portions 143 are provided on the flexible substrates 111 

and 112 so as to be located between connection lines 113a and 114a and 

within a predetermined distance from the connection lines 113a and 114a 

when the touch panel controller 103 is connected with the Y-direction touch 

panel portion 21 via the FPCs 101 and 102.  The panel floating electrode 

portion 144 is provided on the touch panel substrate 22 so as to be located 

between lead lines 24a and 24b and within a predetermined distance from 

the lead lines 24a and 24b.  Predetermined distance is defined similarly to 

that of Embodiment 1. 

[0068] The controller floating electrode portion 142, FPC floating electrode 

portions 143 and panel floating electrode portion 144 are provided such that 

they are electrically connected when the touch panel controller 103 is 

connected with the Y-direction touch panel portion 21 via the FPCs 101 and 

102.  Electrically connecting the controller floating electrode portion 142, 

FPC floating electrode portions 143 and panel floating electrode portion 144 

forms the loop-shaped floating electrode 141. 

[0069] Thus, in the Y-direction touch panel portion 21, FPCs 101 and 102 

and touch panel controller 103, noise produced in one of two adjacent lines is 

propagated through the floating electrode 141 to reach the other line.  This 

further ensures that the same level of noise is present in two adjacent lines 

in the Y-direction touch panel portion 21, FPCs 101 and 102 and touch panel 

controller 103.  Thus, the differential approach removes noise in signals 

more effectively. 

[0070] (Effects of Embodiment 2) 

 In the present embodiment, the Y-direction touch panel portion 21 is 

electrically connected with the touch panel controller 103 via two generally 

rectangular FPCs 101 and 102.  Further, a generally rectangular floating 

electrode 141 is provided so as to be located in the Y-direction touch panel 

portion 21, FPCs 101 and 102 and touch panel controller 103 and located 

between two adjacent lines and within a predetermined distance from these 

lines. 

[0071] Thus, the same level of signal noise is present in two adjacent lines in 

the Y-direction touch panel portion 21, FPCs 101 and 102 and touch panel 

controller 103.  Thus, differential reading effectively removes noise in 

signals. 

[0072] Moreover, as the floating electrode 141 is located in the Y-direction 
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touch panel portion 21, FPCs 101 and 102 and touch panel controller 103, 

the floating electrode 141 ensures that the same level of noise is present in 

two adjacent lines, regardless of in which of the Y-direction touch panel 

portion 21, FPCs 101 and 102 and touch panel controller 103 noise is 

produced.  Thus, the differential approach removes noise produced in a line 

of the touch panel 100. 

[0073] Further, as the Y-direction touch panel portion 21 and touch panel 

controller 103 are connected via two FPCs 101 and 102 in the present 

embodiment, the FPC need not be forked into two as in Embodiment 1.  

Thus, FPCs of a simple shape is used, reducing the manufacturing cost. 

[0074] <Embodiment 3> 

 FIGS. 7 and 8 schematically illustrate a touch panel 200 of 

Embodiment 3 of the present invention.  The present embodiment is 

different from Embodiment 1 in that a floating electrode 204 is disposed 

relative to connection lines 224 and 234 of FPCs 202 and 203 and a controller 

line 213 of a touch panel controller 201 in the thickness direction of flexible 

substrates 221, 222, 231 and 232 and controller substrates 211 and 212.  In 

the following description, the components that are the same as the 

corresponding ones of Embodiment 1 or 2 are labeled with the same 

reference numerals and will not be described, and only the differences from 

Embodiment 1 or 2 will be described. 

[0075] As shown in FIG. 7, in this embodiment, as is the case in 

Embodiment 2, the Y-direction touch panel portion 21 is electrically 

connected with the touch panel controller 201 via two FPCs 202 and 203.  

Further, as is the case in Embodiment 2, a panel floating electrode portion 

144 is provided on the Y-direction touch panel portion 21 so as to be located 

on the touch panel substrate 22 between lead lines 24a and 24b. 

[0076] As shown in FIG. 8, the touch panel controller 201 is formed by 

stacking two control substrates 211 and 212 in the thickness direction 

thereof.  The upper side of the upper control substrate 211 has a controller 

line (i.e. line) 213 provided thereon and has a controller element 214 

mounted thereon (see FIGS. 7 and 8). 

[0077] Further, floating electrode connecting portions 215 are provided on 

the controller substrate 211 near their connections with the FPCs 202 and 

203.  The floating electrode connecting portions 215 are located in the 

region defined by the controller line 213 and near the controller line 213.  
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Further, the floating electrode connecting portions 215 are electrically 

connected with controller floating electrodes 216 provided on the lower 

controller substrate 212 via a through-hole (schematically indicated by fine 

broken lines in FIG. 8).  That is, each of the floating electrode connecting 

portions 215 electrically connects the FPC 202 or 203 with the controller 

substrate 212. 

[0078] As shown in FIG. 8, the upper side of the lower controller substrate 

212 has a controller floating electrode portion 216 provided thereon.  This 

controller floating electrode 216 is located to overlie the controller line 213 

provided on the upper controller substrate 211 when the two controller 

substrates 211 and 212 are stacked on each other in the thickness direction 

thereof (see FIG. 7).  That is, in the present embodiment, the controller 

floating electrode portion 216 is located relative to the controller line 213 in 

the thickness direction of the controller substrates 211 and 212.  As shown 

in FIG. 7, the controller floating electrode portion 216 is generally C-shaped 

as viewed in the thickness direction of the controller substrates 211 and 212 

(see thick broken lines of FIG. 7). 

[0079] As shown in FIG. 8, the controller floating electrode portion 216 

includes through-hole connecting portions 216a each electrically connected 

with one of the floating electrode connecting portions 215 via a through-hole.  

Each through-hole connecting portion 216a is provided to partly overlie an 

electrode connecting portion 215 when the two controller substrates 211 and 

212 are stacked on each other in the thickness direction thereof. 

[0080] The controller substrate 212 has such a thickness that the distance 

between the controller line 213 and the controller floating electrode portion 

216 is within a predetermined distance.  As is the case in Embodiments 1 

and 2, predetermined distance means a distance that allows noise to be 

propagated between a line and an electrode. 

[0081] Similar to the touch panel controller 201, each of the FPCs 202 and 

203 is formed by stacking two flexible substrates in the thickness direction 

thereof.  The FPCs 202 and 203 have the same construction except that 

they are mirror images of each other; thus, only the FPC 202 will be 

discussed in the following description. 

[0082] The FPC 202 is formed by stacking two flexible substrates 221 and 

222 made of resin in the thickness direction thereof.  The lower side of the 

upper flexible substrate 221 has an FPC floating electrode portion 223 
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provided thereon.  This FPC floating electrode portion 223 is generally in 

the shape of a straight line and extends in the longitudinal direction of the 

FPC 202 (i.e. in the direction in which the Y-direction touch panel portion 21 

and the touch panel controller 201 are connected). 

[0083] The FPC floating electrode portion 223 includes through-hole 

connecting portions 223a that are each to be electrically connected via a 

through-hole with a floating electrode connecting portion 225, discussed 

below, provided on the lower flexible substrate 222.  The through-hole 

connecting portions 223a are provided at the locations where the FPC 202 is 

connected with the Y-direction touch panel portion 21 and touch panel 

controller 201. 

[0084] The lower side of the lower flexible substrate 222 has a connection 

line (i.e. line) 224 provided thereon, generally in the shape of a straight line.  

The connection line 224 is located to overlie the FPC floating electrode 

portion 223 when the two flexible substrates 221 and 222 are stacked on 

each other in the thickness direction thereof.  Further, the connection line 

224 is located to contact the controller line 213 of the FPC 202 and a lead line 

24 of the Y-direction touch panel portion 21 when the FPC 202 is connected 

with the Y-direction touch panel portion 21 and touch panel controller 201 

(see FIG. 7). 

[0085] Further, as shown in FIG. 8, the lower side of the flexible substrate 

222 has floating electrode connecting portions 225 provided thereon.  The 

floating electrode connecting portions 225 are provided at both ends of the 

flexible substrate 222 disposed in its longitudinal direction.  Each of the 

floating electrode connecting portions 225 is electrically connected with one 

of the through-hole connecting portions 223a of the flexible substrate 221 

through a through-hole.  One of the floating electrode connecting portions 

225 contacts one of the floating electrode connecting portions 215 of the 

touch panel controller 201 when the FPC 202 is connected with the touch 

panel controller 201.  The other one of the floating electrode connecting 

portions 225 contacts the floating electrode 144 of the Y-direction touch panel 

portion 21 when the FPC 202 is connected with the Y-direction touch panel 

portion 21. 

[0086] The flexible substrate 222 has such a thickness that the distance 

between the connecting line 224 and FPC floating electrode portion 223 is 

within a predetermined distance.  As is the case in the controller substrate 
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212, predetermined distance means a distance that allows noise to be 

propagated between a line and an electrode. 

[0087] As the Y-direction touch panel portion 21 is connected with the touch 

panel controller 201 via the FPC 202, a lead line 24 of the Y-direction touch 

panel portion 21 is electrically connected with the controller line 213 of the 

touch panel controller 201 via the connection line 224 of the FPC 202.  

Further, the floating electrode portion 144 of the Y-direction touch panel 

portion 21 is electrically connected with the controller floating electrode 

portion 216 of the touch panel controller 201 via the floating electrode 

connecting portions 225 and FPC floating electrode portion 223 of the FPC 

202 and the floating electrode connecting portion 215 of the touch panel 

controller 201. 

[0088] In FIGS. 7 and 8, numerals 231 and 232 indicate two flexible 

substrates constituting the FPC 203.  Numeral 233 indicates an FPC 

floating electrode portion, numeral 233a through-hole connecting portions, 

numeral 235 a floating electrode connecting portion, and numeral 234a 

connecting line. 

[0089] The controller floating electrode portion 216, floating electrode 

connecting portions 215, FPC floating electrode portions 223 and 233 and 

panel floating electrode portion 144 constitute the floating electrode 204. 

[0090] In the present embodiment, the touch panel controller 201 and FPCs 

202 and 203 each have a two-layer construction; however, the present 

embodiment is not limited to such an arrangement, and the Y-direction touch 

panel portion 21 may also have a two-layer construction where the floating 

electrode 144 is located relative to the lead line 24 in the thickness direction 

of the touch panel substrate 22. 

[0091] (Effects of Embodiment 3) 

 The present embodiment provides, in the touch panel controller 201 

and FPCs 202 and 203, a controller floating electrode portion 216 and FPC 

floating electrode portions 223 and 233 are located relative to the controller 

line 213 and connection lines 224 in the thickness direction of the controller 

substrates 211 and 212 and flexible substrates 221, 222, 231 and 232.  Thus, 

the parasitic capacitance formed by capacitive coupling between a line and 

the floating electrode is larger than the parasitic capacitance formed if the 

line and floating electrode are located in a plane.  That is, as the floating 

electrode is located relative to a line in the thickness direction of the 



20                               021-290-P1 
 

 
 

substrate in the present embodiment, capacitive coupling occurs in the 

region in the shape of a flat plate formed between the line and floating 

electrode, such that the parasitic capacitance formed between the line and 

floating electrode is larger than the parasitic capacitance formed between a 

line and the floating electrode in a single plane.  Thus, the arrangement of 

the present embodiment allows signal noise to be effectively propagated 

between a line and the floating electrode.  Thus, the same level of signal 

noise is present in two adjacent lines. 

 <Embodiment 4> 

[0092] FIG. 9 schematically illustrates a touch panel 300 according to 

Embodiment 4 of the present invention.  The present embodiment is 

different from Embodiment 1 in that a floating electrode 301 is divided into a 

portion on an FPC 32 and a portion on a Y-direction touch panel portion 21.  

In the flowing description, the components that are the same as the 

corresponding ones of Embodiment 1 are labeled with the same reference 

numerals and will not be described, and only the differences will be 

described. 

[0093] As shown in FIG. 9, a floating electrode 301 is provided at the 

connection between the FPC 32 and Y-direction touch panel portion 21.  As 

is the case in Embodiment 1, the floating electrode 301 is located on the FPC 

32 and Y-direction touch panel portion 21 and located between lead lines 24a 

and 24b of the Y-direction touch panel portion 21 and between connection 

lines 34a and 34b of the FPC 32. 

[0094] More specifically, the floating electrode 301 includes an FPC floating 

electrode portion 302 provided on the FPC 32 and a panel floating electrode 

portion 303 provided on the Y-direction touch panel portion 21.  The FPC 

floating electrode portion 302 is provided on the flexible substrate 33 of the 

FPC 32 so as to extend along the connection lines 34a and 34b within a 

predetermined distance from the connection lines 34a and 34b.  That is, the 

FPC floating electrode portion 302 is located where the FPC 32 is forked into 

two, and is located inwardly of the flexible substrate 33 as measured in the 

width direction thereof so as to extend along the forked flexible substrate 33. 

[0095] The panel floating electrode portion 303 is located on the touch panel 

substrate 22 and located between the lead lines 24a and 24b and within a 

predetermined distance from these lines.  Thus, the panel floating electrode 

303 is generally C-shaped. 
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[0096] In the present embodiment, the FPC floating electrode portion 302 

and panel floating electrode portion 303 are not electrically connected.  That 

is, the FPC floating electrode portion 302 and panel floating electrode 

portion 303 are electrically independent from each other. 

[0097] Instead of the arrangement of FIG. 9, the FPC floating electrode 

portion and panel floating electrode portion may be in the arrangement of 

FIG. 10.  That is, the FPC 32 may have an FPC floating electrode 312 

extending in two directions only in the area where the FPC is forked, while 

the Y-direction touch panel portion 21 may have a generally C-shaped panel 

floating electrode portion 313 extending up to the periphery of the touch 

panel substrate 22.  A floating electrode 311 having an FPC floating 

electrode portion 312 and a panel floating electrode portion 313 in such an 

arrangement achieves the same effects of the arrangement of FIG. 9 

described above. 

[0098] (Effects of Embodiment 4) 

 In the present embodiment, the floating electrode 301 is divided into 

a portion on the FPC 32 and a portion on the Y-direction touch panel portion 

21.  Thus, separate floating electrode portions for the FPC 32 and 

Y-direction touch panel portion 21 may be fabricated, and it is not necessary 

to form a loop-shaped floating electrode with its portions being electrically 

connected when the FPC 32 is connected with the Y-direction touch panel 

portion 21.  Thus, a touch panel with a floating electrode may be fabricated 

in a simple manner. 

[0099] Further, in the present embodiment, the portions of the FPC 32 

where it is connected with the Y-direction touch panel portion 21 (i.e. the 

straight portions into which the FPC is forked in FIGS. 9 and 10) may have a 

smaller length.  Thus, the size of the FPC 32 may be reduced, reducing the 

manufacturing cost. 

[0100] (Other Embodiments) 

 Although embodiments of the present invention have been described, 

these embodiments are merely examples that may be used to carry out the 

present invention.  Thus, the present invention is not limited to these 

embodiments, and may be carried out with appropriate modifications to the 

embodiments without departing from the spirit of the invention. 

[0101] In each of the above embodiments, a floating electrode 61, 141, 204, 

301, 311 is provided to be located in the FPC 32 and Y-direction touch panel 
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portion 21 or located in the touch panel controller 103, 210 and FPCs 101, 

102, 202, 203 and Y-direction touch panel portion 21.  Alternatively, a 

floating electrode may be located in at least one of the touch panel controller, 

FPC and Y-direction touch panel portion.  When noise enters areas where 

the floating electrode is provided, noise may be propagated through the 

floating electrode to reach an adjacent line such that the same level of noise 

is present. 

[0102] In each of the above embodiments, a floating electrode is provided at 

each of two locations where lead lines 24 of the Y-direction touch panel 

portion 21 are gathered.  However, the present invention is not limited to 

such an arrangement, and floating electrodes may be provided in any 

arrangement where lines for which the difference of output signals are 

determined at two or more locations.  For example, if the difference between 

output signals of the lead lines of the X-direction touch panel portion is to be 

determined, these lead lines may be gathered at two locations and floating 

electrodes may be provided for this arrangement. 

[0103] In each of the above embodiments, X-direction electrodes 13 and 

Y-direction electrodes 23 of the panel body 2a of the touch panel 2 are 

generally rectangular in shape.  Alternatively, the X-direction electrodes 

and Y-direction electrodes may be in other shapes; for example, they may be 

diamond-shaped. 

[0104] In each of Embodiments 1 to 3, a continuous floating electrode 61, 

141, 204 is provided in the touch panel controller 103, 210, FPC 32, 101, 102, 

202, 203 and Y-direction touch panel portion 21.  Alternatively, the floating 

electrode may be divided or maybe constructed from insular portions. 

 

INDUSTRIAL APPLICABILITY 

[0105] The touch panel of the present invention is useful as a touch panel 

including a plurality of lines connected with a plurality of electrodes 

provided on a substrate. 
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CLAIMS 

 

 1.  A touch panel comprising: 

 a substrate; 

 a plurality of electrodes provided on the substrate; 

 a plurality of lines each electrically connected with one of the 

plurality of electrodes; 

 a controller configured to determine the difference between a signal 

provided by at least one line out of the plurality of lines and a signal provided 

by another line adjacent the at least one line out of the plurality of lines; and 

 a floating electrode located within a predetermined distance from the 

at least one line and the other line and electrically independent from the 

plurality of lines such that noise produced in the at least one line can be 

propagated to reach the other line. 

 

 2.  The touch panel according to claim 1, further comprising: a 

connecting portion configured to electrically connect the substrate with the 

controller, 

 wherein each of the plurality of lines includes a substrate line 

provided on the substrate and electrically connected with one of the plurality 

of electrodes, a connection line provided on the connecting portion, and a 

controller line provided in the controller, 

 the substrate line, the connection line and the controller line are 

electrically connected, and 

 the floating electrode is located within the predetermined distance 

from at least one line out of the substrate line, the connection line and the 

controller line, and another line adjacent the at least one line out of the 

plurality of lines. 

 

 3.  The touch panel according to claim 1 or 2, wherein the floating 

electrode is loop-shaped. 

 

 4.  The touch panel according to claim 3, wherein the floating 

electrode is located in the substrate, the connecting portion and the 

controller. 
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 5.  The touch panel according to claim 2, wherein the floating 

electrode is located to at least partly overlap at least one line out of the 

substrate line, the connection line and the controller line and another line 

adjacent the at least one line out of the plurality of lines, as viewed in a 

thickness direction of the substrate. 

 


