wo 2011/152560 A1 I 0K OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) Work Ttellctual Propety Orsaniation /€22 | IO RO S0
nternational Bureau W - U
(43) International Publication Date \'é’;___,/ (10) International Publication Number
8 December 2011 (08.12.2011) PCT WO 2011/152560 Al
(51) International Patent Classification: (74) Agent: FUJII Akihiro; Dai-2 Nichidai BLDG., 6F, 6-14,
GO6F 3/041 (2006.01) GO6F 3/045 (2006.01) Higashi-Nakajima 1-chome, Higashi-Yodogawa-ku, Osa-
(21) International Application Number: ka-shi, Osaka, 5330033 (JP).
PCT/JP2011/063094 (81) Designated States (unless otherwise indicated, for every
. - kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, I{T, AU, Ai BA, BB, BG, B}{, BR, BW, BY, BZ.
I June 2011 (01.06.2011) CA., CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(26) Publication Language: Enghsh KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
2010-128605 4 June 2010 (04.06.2010) P NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, 5C, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(71) Applicant (for all designated States except US): GUNZE TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
LIMITED [JP/JP]; 1, Zeze, Aono-cho, Ayabe-shi, Ky- . o
oto, 6238511 (JP). (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors; and GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(75) Inventors/Applicants (for US only): ITAYA Hisao ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
[JP/JP]; 2561, Ichimiyake, Yasu-shi, Shiga, 5202362 TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(JP). NISHIHARA Shinya [JP/JP]; ¢/o GUNZE LIMIT- EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
ED, 10-Banchi, Shindo, Amarube-cho, Kameoka-shi, Ky- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
oto, 6210806 (JP). NAKAGAWA Satoru [JP/JP]; c/o SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GUNZE LIMITED, 10-Banchi, Shindo, Amarube-cho, GW, ML, MR, NE, SN, TD, TG).
Kameoka-shi, Kyoto, 6210806 (JP). A
Published:
—  with international search report (Art. 21(3))
[Continued on next page]
(54) Title: TOUCH PANEL
(57) Abstract: The invention provides a touch panel
. capable of effectively preventing a distortion of an
[Fig. 1] electric potential distribution, thereby increasing an
! input region of the touch panel. A touch panel in-
21 21a v/ 23 cluding a resistive layer formed on one of surfaces of
/ / a substrate and a frame-shaped electrode portion 21
k] 9 { provided along four sides of the resistive layer,
. » wherein each side of the frame-shaped electrode por-
tion 21 is constituted in a broken line pattern having
a first split electrode 25a disposed on both ends re-
_11(12)  spectively and a plurality of second split electrodes
25b disposed between the first split electrodes 25a,
- second resistance values R i between the second
21c-| 21d split electrodes 25b are set to be equal to each other,
and a first resistance value R_s between the first split
electrode 25a and the second split electrode 25b
# | 4344  which is adjacent to the first split electrode 25a is
T different from the second resistance value R_i.
= y |
/
21b



WO 20117152560 A1 I 0000 ) 0 T A RO

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




WO 2011/152560 PCT/JP2011/063094

DESCRIPTION
TITLE OF THE INVENTION: TOUCH PANEL
TECHNICAL FIELD
[0001]

The present invention relates to a touch panel.
BACKGROUND ART
[0002]

Conventionally, a structure of a touch panel for detecting an input position
has been investigated variously, and a resistive type, an electrostatic capacitance
type, a surface acoustic wave type, an infrared type, and the like are used. Some
resistive types are referred to as a 4-wire type or a 5-wire type.

[0003]

The 5-wire type touch panel includes transparent and rectangular resistive
layers provided on opposed surfaces of two substrates, and a frame-shaped electrode
formed along four sides of one of the resistive layers. Each of the sides of the
frame-shaped electrode constitutes first and second electrode portions, which are
opposed to each other, and third and fourth electrode portions, which are opposed to
each other. Moreover, a run-around circuit for a connection to an external driving
circuit is provided around the substrate.

[0004]

Description will be given to a method of detecting a touch position in the
touch panel having such a structure. First of all, a + (plus) voltage is applied to both
ends of the first electrode portion and a — (minus) voltage is applied to both ends of
the second electrode portion to form an electric potential gradient between the first
electrode portion and the second electrode portion. Next, switching is carried out to
apply a voltage between the third electrode portion and the fourth electrode portion,
thereby forming an electric potential gradient in the same manner as described
above. When the two electric potential gradients are changed over in a short time
by means of a switch to repetitively perform the operation, an electric potential
gradient is alternately formed on the substrate in horizontal and vertical directions.
When one of the substrates is pressed (touched), the resistive layers come in contact
with each other so that one of the substrates can measure an electric potential
formed on the other substrate. By detecting the electric potential at that time, it 1s
possible to obtain a touch position.

[0005]

In the above touch panel, each electrode portion is generally caused to have

a proper resistance in order to prevent an increase in a current flowing into a panel

1



WO 2011/152560 PCT/JP2011/063094

in application of a voltage. When the voltage is applied to the panel, consequently,
- a distortion of an electric potential distribution is caused by a voltage drop due to a
resistance of the electrode portion. A degree of the distortion of the electric potential
distribution is increased in the vicinity of each electrode portion. Therefore, as
shown in Fig. 14, there is a problem in that a frame-shaped area 101 which is
provided on an inside of the panel of each electrode portion 100 adjacently to the
electrode portion 100 is hard to be used as a touch input portion, resulting in a
decrease in an input region 102 of the touch panel.

[0006]

Moreover, it is proposed that a plurality of T-shaped split electrodes 110 are
disposed to constitute an electrode 111 as shown in Fig. 15 in order to reduce the
degree of the distortion of the electric potential distribution (see Patent Document 1).
In the above touch panel, however, the T-shaped portion of the split electrode is
disposed to be protruded toward the inside of the panel. Therefore, it is hard to use,
as a touch input portion, a region in which the T-shaped portion is to be disposed.
As a result, a frame-shaped area adjacent to the electrode 111 cannot be used as the
touch input portion, and consequently, the input region of the touch panel is
decreased.

PRIOR ART DOCUMENT
PATENT DOCUMENT
[0007]

Patent Document 1: Japanese Unexamined Patent Publication No.
4-137026
SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0008]

An object of the present invention is to provide a touch panel capable of
effectively preventing a distortion of an electric potential distribution, thereby
increasing an input region of the touch panel.

MEANS FOR SOLVING THE PROBLEMS
[0009]

The object of the present invention is achieved by a touch panel including a
resistive layer formed on one of surfaces of a substrate and a frame-shaped electrode
portion provided along four sides of the resistive layer, wherein each side of the
frame-shaped electrode portion is constituted in a broken line pattern having a first
split electrode disposed on both ends respectively and a plurality of second split
electrodes disposed between the first split electrodes, second resistance values

2



WO 2011/152560 PCT/JP2011/063094

between the second split electrodes are set to be equal to each other, and a first
resistance value between the first split electrode and the second split electrode which
1s adjacent to the first split electrode is different from the second resistance value.
[0010] |

Moreover, in the above touch panel, a frame-shaped non-touch area which is
adjacent to the frame-shaped electrode portion and a touch area disposed on an
inside of the non-touch area are preferably provided at an inside of a region
surrounded by the frame-shaped electrode portion, and L, L_bow, R_s, R i and N
should satisfy a relationship of the following Formula 2:

[Formula 2]

RixN/IR ix(N-1)+2xR_sl<(LL-2x L_bow)/L
wherein a distance between two sides which are opposed to each other in the
frame-shaped electrode portion is represented by L (mm), a distance between each of
the two sides and each boundary of a non-touch area which is adjacent to the two
sides respectively and the touch area in the non-touch area is represented by L_bow
(mm), each of the first resistance values in two other sides to be connected to the two
sides is represented by R_s (Q), each of the second resistance values in the two other
sides is represented by R_i (Q), and the number of the second split electrodes in the
two other sides is represented by N.

[0011]

Furthermore, the touch panel preferably further includes a plurality of
electric potential correcting electrode portions connected to the respective sides of the
frame-shaped electrode portion and extended toward an inside of the substrate from
the frame-shaped electrode portion, and the electric potential correcting electrode
portions to be connected to the respective sides of the frame-shaped electrode portion
should be formed in such a manner that a segment connecting respective tip
portions draws a curved line taking a convex shape toward the inside of the
substrate in a central part.

[0012]

In addition, the touch panel preferably further includes a frame-shaped
inner electrode portion disposed on the inside of the region surrounded by the
frame-shaped electrode portion and having each side which is almost parallel with
the side of the frame-shaped electrode portion, and a sheet resistance converted
value of a resistance value between both ends of the side of the inner electrode
portion being set to be smaller than a sheet resistance value of the resistive layer.
[0013]

Moreover, the inner electrode portion is preferably formed in a broken line
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pattern.
[0014]

Furthermore, a pitch of the broken line pattern of the inner electrode portion
is preferably set to be smaller than a pitch of the broken line pattern of the
frame-shaped electrode portion.

[0015]

In addition, the touch panel preferably further includes a current circuit for
an inner electrode portion connecting a corner part of the frame-shaped electrode
portion to a corner part of the inner electrode portion.

[0016]

Moreover, the sheet resistance converted value of the resistance value
between the both ends of the side of the inner electrode portion is preferably 1/5 to
1/50 of the sheet resistance value of the resistive layer.

EFFECTS OF THE INVENTION
[0017]

According to the present invention, it is possible to provide a touch panel
capable of effectively preventing a distortion of an electric potential distribution,
thereby increasing an input region of the touch panel.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

Fig. 1 is a plan view showing a schematic structure of a touch panel
according to an embodiment of the present invention.

Fig. 2 is an enlarged plan view showing a main part of the touch panel
lustrated in Fig. 1.

Fig. 3 is a sectional view showing the schematic structure of the touch panel
illustrated in Fig. 1.

Fig. 4 is an explanatory view for describing a resistance generated between
split electrodes.

Fig. 5 is an explanatory view for describing a method of setting a length of a
first split electrode.

Fig. 6 is a model diagram for calculating an equation for setting the length of
the first split electrode. ‘

Fig. 7 is a schematic diagram representing a frame-shaped electrode portion
possessed by the touch panel illustrated in Fig. 1.

Fig. 8 is a plan view showing a schematic structure according to a variant of
the touch panel illustrated in Fig. 1.

Fig. 9 is a plan view showing a schematic structure according to another
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variant of the touch panel illustrated in Fig. 1.

Fig. 10 is an enlarged plan view showing a main part of the touch panel
llustrated in Fig. 9.

Fig. 11 is a plan view showing a schematic structure according to a variant
of the touch panel illustrated in Fig. 1.

Fig. 12 is an enlarged plan view showing a main part according to the
variant of the touch panel illustrated in Fig. 1.

Fig. 13 is a plan view showing a schematic structure according to the
variant of the touch panel illustrated in Fig. 1.

Fig. 14 is an explanatory view for describing a drawback in a conventional
touch panel.

Fig. 15 is a plan view showing a schematic structure of the conventional
touch panel.

EMBODIMENTS OF THE INVENTION
[0019]

An embodiment of the present invention will be described below with
reference to the accompanying drawings. For easy understanding of a structure,
each of the drawings is not shown in an actual size ratio but is partially enlarged or
reduced. Fig. 1 is a plan view showing a schematic structure of a touch panel 1
according to an embodiment of the present invention, and Fig. 2 is an enlarged plan
view showing a main part of Fig. 1. Fig. 3 is a sectional view showing a schematic
structure of the touch panel illustrated in Fig. 1.

[0020]

As shown in Figs. 1 to 3, the touch panel 1 is of a resistive type, and two
substrates 11 and 12 are opposed to each other at a certain interval and rectangular
and transparent resistive layers 13 and 14 are formed on opposed surfaces of the
respective substrates 11 and 12. A plurality of spacers (not shown) are provided
between the substrates 11 and 12. When the substrate 11 is flexed by being
pressed by a finger or the like, the resistive layers 13 and 14 of both of the substrates
11 and 12 come in contact with each other.

[0021]

It is preferable that at least the substrate 11 has flexibility and be formed by
a material having high transparency. More specifically, examples of the material
can include a flexible film such as polyethylene terephthalate (PET), polyimide (PI),
polyethylene naphthalate (PEN), polyether sulfone (PES), polyether ether ketone
(PEEK), polycarbonate (PC), polypropylene (PP), polyamide (PA), polyacryl (PAC),
acryl, an amorphous polyolefin-based resin, a cyclic polyolefin-based resin, aliphatic
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cyclic polyolefin, or a norbornane-based thermoplastic transparent resin, a
laminated product formed by at least two of them, glass, and the like.
[0022]

For materials of the resistive layers 13 and 14, examples can include
transparent conductive material such as indium tin oxide (ITO), indium oxide,
antimony-doped tin oxide, ﬂuoﬁne'doped tin oxide, aluminum-doped zinc oxide,
potassium-doped zinc oxide, silicon-doped zinc oxide, a zinc oxide-tin oxide-based
material, an indium oxide-tin oxide-based material, a zinc oxide-indium
oxide-magnesium oxide-based material, zinc oxide, or a tin oxide, a metallic material
such as tin, copper, aluminum, nickel or chromium, and a metal oxide material. At
least two of them may be used as a compound. Moreover, it is also possible to use,
as a material, a metallic element which is not resistant to acid or alkali. Examples
of a method of forming the resistive layers 13 and 14 can include a PVD process such
as a sputtering process, a vacuum evaporation process or an 1on plating process, a
CVD process, a coating process, a printing process, and the like. Sheet resistance
values of the resistive layers 13 and 14 are preferably 200 to 5 kQ/ (ohm/square),
and are further preferably 400 to 2 kQ/.  If the sheet resistance value is excessively
small, there is a possibility that the resistive layers may be apt to be influenced by a
resistance of a surrounding electrode, resulting in an increase in a distortion of an
electric potential distribution. On the other hand, when the sheet resistance value
is excessively great, there is a possibility that a necessity for reducing a thickness of
the resistive layer may be generated in respect of mounting, resulting in a damage of
stability of the resistive layer.

[0023]

Moreover, it is also possible to use, as the materials of the resistive layers 13
and 14 , a composite material obtained by dispersing, in a non-conductive polymer
material, an extra fine conductive carbon fiber, for example, a carbon nanotube, a
carbon nanochorn, a carbon nanowire, a carbon nanofiber, or a graphite fibril, or an
extra fine metal fiber, for example, a silver nanowire, or a conductive polymeric
material.

[0024]

Furthermore, the touch panel 1 according to the present invention includes
a frame-shaped electrode portion 21 formed along four sides of the resistive layer 14.
In order to increase usable areas of the resistive layers 13 and 14, the frame-shaped
electrode portion 21 is provided in a position which is as close as possible around the
resistive layers 13 and 14 . Although not shown in Figs. 1 to 3, a run-around circuit
for a connection to an external driving circuit is provided around the substrates 11
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and 12.
[0025]

The frame-shaped electrode portion 21 can be formed by coating a
conductive paste such as a silver paste by a printing process such as screen printing,
ink jet printing, or photolithography.

[0026]

As shown in Figs. 1 and 3, a voltage is applied to each side of the
frame-shaped electrode portion 21 through a feeding terminal 23 attached to four
corners of the resistive layer 14. The respective sides of the frame-shaped electrode
portion 21 constitute an upper side electrode portion 21a and a lower side electrode
portion 21b, which are opposed to each other, and a left side electrode portion 21c
and a right side electrode portion 21d, which are opposed to each other. The upper
side electrode portion 21a, the lower side electrode portion 21b, the left side electrode
portion 21c, and the right side electrode portion 21d are constituted in such a
manner that respective terminal based resistance values (resistance values between
the feeding terminals 23) range from 30Q to 250Q. The respective electrode
portions 21a, 21b, 21c, and 21d are constituted in such a manner that the terminal
based resistance values preferably range from 50Q to 150, and further preferably
range from 70Q to 120Q.

[0027]

Moreover, each side of the frame-shaped electrode portion 21 is formed in a
broken line pattern divided into a plurality of parts through a plurality of gaps 24 as
illustrated in the enlarged view showing a main part in Fig. 2. A plurality of split
electrodes 25 divided by the gaps 24 are arranged linearly along the sides of the
resistive layers 13 and 14 , and the split electrodes 25 provided on both ends are
connected to the feeding terminal 23.

[0028]

The gap 24 is provided on each of the sides of the frame-shaped electrode
portion 21 in order to cause each side of the frame-shaped electrode portion 21 to
have a proper resistance. For example, in the case in which the resistive layers 13
and 14 are set to be ITO and each side of the frame-shaped electrode portion 21 is
formed by a silver paste, the resistance of each side of the frame-shaped electrode
portion 21 is excessively reduced as compared with the resistive layers 13 and 14  if
there is no gap 24. Consequently, a current is apt to flow to each side of the
frame-shaped electrode portion 21 when a voltage is applied to the panel
Furthermore, when the resistance of each side is excessively high, a distortion is
increased so that precision in detection is deteriorated. In order to prevent the
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situation, each side of the frame-shaped electrode portion 21 is caused to have the
proper resistance by the gap 24.
[0029]

Fig. 2 shows a specific example of the split electrode 25. Each side of the
frame-shaped electrode portion 21 is constituted by two types of split electrodes 25a
and 25b having different shapes from each other. One of the split electrodes (the
first split electrode 25a) is disposed on both ends of each side of the frame-shaped
electrode portion 21, and is constituted by two conductive wires 211 which are
provided in parallel with each other at a predetermined interval. One of ends of the
conductive wire 211 is connected to the feeding terminal 23. Each conductive wire
211 is constituted in such a manner that a direction along each side of the
frame-shaped electrode portion 21 is set to be a longitudinal direction. '
[0030]

The other split electrodes (the second split electrodes 25b) are disposed
between the first split electrodes 25a provided on both ends of each side of the
frame-shaped electrode portion 21 respectively, and includes three conductive wires
211 disposed in parallel with each other at a predetermined interval and a coupling
conductive portion 26. Each of the conductive wires 211 is constituted in such a
manner that the direction along each side of the frame-shaped electrode portion 21 is
set to be the longitudinal direction. The coupling conductive portion 26 is extended
in an orthogonal direction to the three conductive wires 211 and is connected to ends
of the three conductive wires 211. Although each of the three conductive wires 211
is extended with the coupling conductive portion 26 set as a starting point, the
central conductive wire 211 of the three conductive wires 211 is extended in a
different direction (on an opposite side) to the two other conductive wires 211.
Furthermore, a part of the central conductive wire 211 is disposed in a region
interposed between the two other conductive wires 211 of the adjacent split electrode
25. The number of the conductive wires 211 constituting the first split electrode
25a and the second split electrode 25b is not restricted to the number described
above, but one or two conductive wires 211 may be used, or at least three conductive
wires 211 may be used.

[0031]

A resistance generated in the gap 24 will be described with reference to Fig.
4. Aregion indicated by A in which the split electrodes 25 are opposed to each other
is operated as a resistor in the gap 24. When sheet resistances of the resistive
layers 13 and 14 are represented by Rst, a width of the gap 24 is represented by G,
and a length of a portion in which the split electrodes 25 are opposed to each other is

8



WO 2011/152560 PCT/JP2011/063094

represented by La, a resistance Rg generated in the gap 24 is expressed in an
equation Rg = Rst x G/La. In accordance with this equation, it is apparent that the
resistance Rg generated in the gap 24 is determined by the sheet resistances of the
resistive layers 13 and 14 and the shape of the gap 24. Since the sheet resistances
of the resistive layers 13 and 14 are predefined, the resistance Rg can be regulated
by the width G of the gap or the length La.

[0032]

In the present embodiment, referring to a value of each resistance generated
between the gaps 24, each resistance value (a first resistance value) between the first
split electrode 25a and the second split electrode 25b which is adjacent to the first
split electrode 25a is set to be different from each resistance value (a second
resistance value) between the second split electrodes 25b. Moreover, the resistance
values (the second resistance values) between the second split electrodes 25b are set
to be uniform, respectively.

[0033]

By setting the first resistance value and the second resistance value, thus, it
is possible to reduce the degree of the distortion of the electric potential distribution
in the vicinity of the frame-shaped electrode portion 21 which is caused by the
voltage drop due to the resistance in the frame-shaped electrode portion 21.
Consequently, it is possible to decrease an area of a frame-shaped non-touch area (an
area indicated by 101 in Fig. 14) which is set adjacently to the ﬁéme'shaped
electrode portion 21 at an inside of a region surrounded by the frame-shaped
electrode portion 21, thereby increasing an area of a touch area (an area indicated by
102 in Fig. 14).

[0034]

Furthermore, it 1s preferable that a length L1 of the first split electrode 25a
be set in as follows. That is, as shown in Fig. 5, it is preferable that the length of the
first split electrode 25a in the upper side electrode portion 21a (or the lower side
electrode portion 21b) be set to be almost equal to a distance between an apex in a
curved line-shaped electric potential distribution line passing through both ends of
the electrode portion constituted by the second split electrodes 25b in the left side
electrode portion 21c (or the right side electrode portion 21d) and the left side
electrode portion 21c (or the right side electrode portion 21d). Similarly, it is
preferable that a length L2 of the first split electrode 25a in the left side electrode
portion 21c (or the right side electrode portion 21d) be set to be almost equal to a
distance between an apex in a curved line-shaped electric potential distribution line
passing through both ends of the electrode portion constituted by the second split
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electrodes 25b in the upper side electrode portion 21a (or the lower side electrode
portion 21b) and the upper side electrode portion 21a (or the lower side electrode
portion 21b).

[0035]

For example, the length L1 (L2) of the first split electrode 25a may be
determined in accordance with the following [Formula 1]. A method of deriving the
[Formula 1] will be described below. First of all, as shown in a left side chart of Fig.
6, there is assumed a model in which a curved electrode (a resistance line) Z is
disposed in the touch panel 1 having a width 2X and a length 2Y. An origin of a
coordinate axis is set to be a middle point of the touch panel 1. Fig. 6 is a schematic
diagram for deriving a shape of the resistance wire on the assumption that “if a
horizontal electric potential distribution line is formed under the curved electrode
(the resistance line) Z”, and a part thereof is shown in a circle of a right side view.
Moreover, an ITO surface is assumed to be a set of rectangular columns which have
a width Ax as thin as possible, and a terminal based resistance value of the curved
electrode Z is represented by Rk, and a resistor is regarded to be disposed
rectilinearly (ARk = (Rk/2 - X))).

[0036]

A current Al(x) flowing through each rectangular column of ITO having the
width Ax will be taken into consideration. It is assumed that the horizontal electric
potential distribution line is formed under the curved electrode (resistance line 7).
Therefore, the assumption is not established if a difference is made between a
current Al(x) flowing through the ITO rectangle in an x position and Al(x + Ax) which
is provided apart by Ax. Accordingly, AI(x) = AI(x + Ax) is obtained and a current
flowing through each rectangle is represented by Al (a constant).

[0037]

A current flowing from coordinates (x + Ax, y + Ay) to coordinates (x, y) over
the curved electrode (resistance line) Z is obtained as I(x) = x - Al because x
represents a sum of currents from 1 to x. Moreover, a resistance value from
coordinates (x + Ax, y + Ay) to coordinates (x + Ax, y) in the ITO rectangle is obtained
as ARst = Rst - (Ay/Ax).

Accordingly, voltage drops AVk and AVs of ARk and ARst are obtained as:

AVk = ARk - Ix) = (Rk/(2 - X)) - x - AL

AVst = ARst - Al = Rst - (Ay/Ax) - AL
Based on AVk = AVst,

(Rk/2 - X)) - x=Rst - (Ay/Ax)

‘ = Ay=@Rk/(2 Rst-X)) x-Ax
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a micro unit is regarded to be continuous from a discrete value, and consequently,
dy = RKk/A2 - Rst - X)) - x - dx is obtained.

Through an integral of both sides, there is obtained
y=(Rk/(4 - Rst- X)) -x*2+C.

Based on y =Y with x = X, there is obtained
C=Y - (Rk/Rst) - X/4.

As a result, there is obtained

y=QRk/4 -Rst-X) -x*2+Y-RkRst)-X/4 ... [Formula 1].
[0038]

In the [Formula 1], it is possible to calculate the length L2 of the first split
electrode 25a in the left side electrode portion 21c (or the right side electrode portion
21d) by setting Rk to be the resistance value between both ends of the electrode
portion constituted by the second split electrodes 25b in the upper side electrode
portion 21a (or the lower side electrode portion 21b), Rst to be the sheet resistance
value of the resistive layer 13 (14) and x=0. Similarly, it is possible to calculate the
length L1 of the first split electrode 25a in the upper side electrode portion 21a (or
the lower side electrode portion 21c) by setting Rk to be the resistance value between
the both ends of the electrode portion constituted by the second split electrodes 25b
in the left side electrode portion 21c (or the right side electrode portion 21d), Rst to be
the sheet resistance value of the resistive layer 13(14) and x = 0.

[0039]

Thus, by setting the length of each of the first splt electrodes 25a, it 1s
possible to further reduce the degree of the distortion of the electric potential
distribution caused by the voltage drop due to the resistance of the frame-shaped
electrode portion 21 in the vicinity of the frame-shaped electrode portion 21, thereby
further increasing the area of the touch area.

[0040]

Moreover, by setting the first resistance value and the second resistance
value as described above, it is possible to obtain the following Formula 2. By using
the Formula 2, it becomes easy to design a touch panel for decreasing an area of a
non-touch area and increasing an area of a touch area.

[Formula 2]

RixN/IRix(N-1)+2xR sl<(L-2xL_bow)/L
The respective parameters (L, L_bow, R_s, R i, and N) in the Formula 2 will be
described with reference to Fig. 7. L [mm] represents a distance between two sides
which are opposed to each other in the frame-shaped electrode portion 21 in the case
of setting a frame-shaped non-touch area provided adjacently to the frame-shaped
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electrode portion 21 and a touch input portion (a touch area) disposed on an inside of
the non-touch area, and L_bow [mm] represents a distance between each of the two
sides and each boundary between the non-touch area and the touch area in the
non-touch area which is adjacent to the two sides respectively. Moreaover, each first
resistance value in two other sides connected to the two sides is represented by R_s
[)], each second resistance value in the two other sides is represented by R_i [Q],
and the number of the second split electrodes 25b in the two other sides is
represented by N.

[0041]

A method of calculating the Formula 2 will be described below with
reference to Fig. 7. Fig. 7 shows the case in which an equal voltage is applied to the
upper side electrode portion 21a of the frame-shaped electrode portion 21. In the
left side electrode portion 21c (or the right side electrode portion 21d), if N second
split electrodes 25b are provided, (N — 1) resistors are provided between the second
split electrodes 25b. A resistance between the second split electrodes 25b is a
uniform distribution resistance. If an electric potential difference between both
ends of the distribution resistance is represented by V_i, an electric potential
difference between electrodes is represented by V_i/(N — 1). In a total width of the
left side electrode portion 21c (or the right side electrode portion 21d), N second split
electrodes 25b are provided. Therefore, an electric potential difference of V_i x NAN
— 1) is obtained.

[0042]

Next, a relational expression for a resistance value and a distance is derived
as follows, wherein a distance between the upper side electrode portion 21a and the
lower side electrode portion 21b which are opposed to each other in the frame-shaped
electrode portion 21 is represented by L [mm] and a distance between the upper side
electrode portion 21a (or the lower side electrode portion 21b) and each boundary of
the non-touch area and the touch area is presented by L_bow [mml.

[RtxN/IN-DVR t+2xR s]=

(L -2 x L _bow)/L

In this relational expression, R_t represents a resistance value between both ends of
the second split electrodes 25b arranged rectilinearly. If each resistance value (the
second resistance value) of the resistors between the second split electrodes is
represented by R_i [Q], R_t = R_i x (N - 1) is obtained. Therefore, referring to the
left side electrode portion 21c (or the right side electrode portion 2c), there is derived
a relational expression (Formula A) of:

RixN/[Rix(N-1+2xR_s]=(L-2xL bow)/L. Referring to the upper side
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electrode portion 21a and the lower side electrode portion 21b, similarly, it is possible
to derive the relational expression of the Formula A.
[0043]

By setting the left side in the Formula AR_ix N/[R_ix (N-1) +2x R_s)) to
be equal to or smaller than the value of the right side (L. — 2 x L_bow)/L), that is, by
properly setting R_s, R i, and N to satisfy the relationship of the Formula 2, it is
possible to decrease the area of the frame-shaped non-touch area (the area indicated
by 101 in Fig. 14) which is set adjacently to the frame-shaped electrode portion 21 at
the inside of the region surrounded by the frame-shaped electrode portion 21,
thereby increasing the area of the touch area (the area indicated by 102 in Fig. 14)
while reducing the degree of the distortion of the electric potential distribution which
is caused by the voltage drop due to the resistance of the frame-shaped electrode
portion 21.

[0044]

A value of R_t to be the resistance value between the both ends of the second
split electrodes 25b arranged rectilinearly can be determined from a value of L,_bow
in accordance with the [Formula 1]. Specific description will be given. In the
[Formula 1], it is possible to calculate Rk by setting Rst to be the sheet resistance
value of the resistive layer 13 (14), and x =0 and y =L, bow. Rk corresponds to the
resistance value R t between the both ends of the second split electrodes 25b
arranged rectilinearly. Therefore, R t can be determined. Subsequently, by
optionally setting N (the number of the second split electrodes 25b), it is possible to
calculate R_i, and to further determine R_s (the first resistance value) satisfying the
[Formula 2].

[0045]

In the touch panel 1 having the structure described above, the method of
detecting a touch position is the same as that of the conventional touch panel. First
of all, a + (plus) voltage is applied to both ends of the upper side electrode portion 21a
and a — (minus) voltage is applied to both ends of the lower side electrode portion 21b
to form an electric potential gradient between the upper side electrode portion 21a
and the lower side electrode portion 21b. Next, switching is carried out to apply a
voltage between the left side electrode portion 21c and the right side electrode
portion 21d, thereby forming an electric potential gradient in the same manner as
described above. When the two electric potential gradients are changed over in a
short time by means of a switch (not shown) to repetitively perform the operation, an
electric potential gradient is alternately formed on the substrate 12 in horizontal and
vertical directions. When a predetermined position of the substrate 11 is pressed,
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the resistive layers 13 and 14 come in contact with each other so that the substrate
11 can measure an electric potential formed on the substrate 12. By detecting the
electric potential at that time, it is possible to obtain a touch position.

[0046]

Although the embodiment of the touch panel 1 according to the present
invention has been described above, the specific structure is not restricted to the
above embodiment. For example, as shown in Fig. 8, it is also possible to have such
a structure as to further include a plurality of electric potential correcting electrode
portions 22 connected to the respective sides of the frame-shaped electrode portion
21 and extended toward the inside of the substrate 12 from the frame-shaped
electrode portion 21. Each of the electric potential correcting electrode portions 22
has a structure in which a base end 22a is connected to each of the sides of the
frame-shaped electrode portion 21 and a tip portion 22b is disposed on the inside of
the substrate 12 from the frame-shaped electrode portion 21, and takes a rectilinear
shape. Lengths of the electric potential correcting electrode portions 22 connected
to the respective sides of the frame-shaped electrode portion 21 are set to be
increased gradually from an end of the side of the frame-shaped electrode portion 21
toward a center of the side. Moreover, the electric potential correcting electrode
portions 22 connected to the respective sides of the frame-shaped electrode portion
21 are formed in such a manner that a segment S connecting the tip portions 22b
draws a curved line taking a convex shape toward the insides of the substrates 11
and 12 on the center of the side of the frame-shaped electrode portion 21.

[0047]

A method of determining a position of the tip portion 22b in each of the
electric potential correcting electrode portions 22 will be described below. In the
case in which the electrode is constituted by only the frame-shaped electrode portion
21 (the case in which the electric potential correcting electrode portion 22 is not
formed) as shown in Fig. 1, for example, the electric potential distribution line takes
a curved shape in almost all region of the resistive layers 13 and 14 in application
of a + (plus) voltage to the upper side electrode portion 21a and a — (minus) voltage to
the lower side electrode portion 21b. It is preferable to constitute the electric
potential correcting electrode portion 22 in such a manner that the tip portions 22b
of the electric potential correcting electrode portions 22 to be provided on the upper
side electrode portion 21a are disposed over a curved line of an electric potential
distribution passing through both ends of the electrode portion formed by the second
split electrodes 25b in the upper side electrode portion 21a.

[0048]
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In the same manner as the upper side electrode portion 21a, the electric
potential correcting electrode portions 22 to be connected to the lower side electrode
portion 21b are preferably constituted in such a manner that the tip portions 22b of
the electric potential correcting electrode portions 22 to be provided on the lower side
electrode portion 21b are disposed over the curved line of the electric potential
distribution passing through both ends of the electrode portion formed by the second
split electrodes 25b in the lower side electrode portion 21b.

[0049]

Referring to the electric potential correcting electrode portion 22 to be
connected to the left side electrode portion 21c and the right side electrode portion
21d, similarly, in the case in which the electrode is constituted only by the outer
electrode portion 21 (the case in which the electric potential correcting electrode
portion 22 is not formed), it is preferable to set the position of the tip portion 22b of
the electric potential correcting electrode portion 22 based on a position of the electric
potential distribution line taking a shape of a curved line passing through the both
ends of the electrode portion formed by the second split electrodes 25b in the left side
electrode portion 21c (or the right side electrode portion 21d) in the application of a +
(plus) voltage to the left side electrode portion 21c and a — (minus) voltage to the
right side electrode portion 21d.

[0050]

Moreover, it is also possible to determine the position of the tip portion 22b
of the electric potential correcting electrode portion 22 by using the [Formula 1], for
example. In other words, in the [Formula 1], it is possible to calculate the position
of the tip portion 22b of each electric potential correcting electrode portion 22 by
setting Rk to be the resistance value between both ends of each side of the
frame-shaped electrode portion 21 and Rst to be the sheet resistance value of the
resistive layer 13 (14).

[0051]

Accordingly, by providing the electric potential correcting electrode portion
22, it is possible to further reduce the degree of the distortion of the electric potential
distribution caused by the voltage drop due to the resistance of the frame-shaped
electrode portion 21.

[0052]

Although the rectilinear shape is employed as the shape of each electric
potential correcting electrode portion 22 in the touch panel shown in Fig. 8, it is also
possible to employ a T shape described in Fig. 15 illustrating the conventional
example, for example.
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[0053]

Moreover, as shown in Fig. 9, it is also possible to have such a structure as to
further include a frame-shaped inner electrode portion 3 disposed on an inside of a
region surrounded by the outer electrode portion 21 to which the electric potential
correcting electrode portions 22 are connected and having each side which is almost
parallel with each side of the frame-shaped electrode portion 21. The mner
electrode portion 3 is formed in such a manner that a sheet resistance converted
value of a resistance value between both ends of each side of the inner electrode
portion 3 is smaller than the sheet resistance values of the resistive layers 13 and 14 .
The sheet resistance converted value of the resistance value between the both ends
of each side of the inner electrode portion 3 indicates a value calculated in accordance
with the following equation, wherein the resistance value between the both ends of
each side of the inner electrode portion 3 is represented by R_in, a length between
the both ends of each side of the inner electrode portion 3 is represented by L_in and
a width of each side of the inner electrode portion 3 is represented by W_in.

R inxW_.in/I, in ,
The width W_in of each side of the inner electrode portion 3 implies a total width in
which three conductive wires taking a shape of a broken line are disposed in parallel
when the three conductive wires are provided in parallel to form each side of the
inner electrode portion 3, for example.
[0054]

The sheet resistance values of the resistive layers 13 and 14 are preferably
200 to 5 kQ/0 as described above and are further preferably 400 to 2 k€Y.  On the
other hand, the sheet resistance converted value of the resistance value between the
both ends of each side of the inner electrode portion 3 is preferably 1/5 to 1/50 of the
sheet resistance values of the resistive layers 13 and 14 and is further preferably
1/10 to 1/30. If the sheet resistance converted value of the resistance value between
the both ends of each side of the inner electrode portion 3 is excessively small, a
current flowing between the both ends of each side of the inner electrode portion 3 is
increased so that a drop in a voltage between both ends may be reduced. If the
sheet resistance converted value of the resistance value between the both ends of
each side of the inner electrode portion 3 is excessively great, the current hardly
flows to each side of the inner electrode portion 3 so that the generation of the
distortion of the electric potential distribution may not be prevented effectively.
[0055]

Moreover, as illustrated in an enlarged view showing a main part of Fig. 10,
each side of the frame-shaped inner electrode portion 3 is formed in a broken line
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pattern divided into a plurality of parts through a plurality of gaps. A pitch of the
broken line pattern of each side of the inner electrode portion 3 is set to be smaller
than that of the broken line pattern of each side of the frame-shaped electrode
portion 21. In other words, a length of a split electrode 31 in each side of the inner
electrode portion 3 is set to be smaller than the lengths of the first split electrode 25a
and the second split electrode 25b which constitute each side of the frame-shaped
electrode portion 21. In Fig. 10, three conductive wires 311 formed in the broken
line pattern are disposed in parallel to form each side of the inner electrode portion 3,
and the respective conductive wires 311 are connected to each other through a
coupling conductive portion 33 extended in a transverse direction of each side of the
inner electrode portion 3. A plurality of coupling conductive portions 33 are
disposed at a predetermined interval. Although the three conductive wires 311
formed in the broken line pattern are disposed in parallel to form each side of the
inner electrode portion 3 in Fig. 10, the number of the conductive wires 311 formed
in the broken line pattern is not restricted to the number described above, but may
be one, two, or at least four.

[0056]

The touch panel 1 having the structure described above includes the
frame-shaped inner electrode portion 3 disposed on the inside of the region
surrounded by the frame-shaped electrode portion 21 and the electric potential
correcting electrode portion 22, and the resistance value between the both ends of
each side of the inner electrode portion 3 is set to be smaller than the sheet
resistance value of the resistive layer 14. For this reason, a current flows to the
inner electrode portion 3. Therefore, even in the case in which a distortion (a small
distortion) of an electric potential distribution occurs between the tip portions 22b of
the electric potential correcting electrode portions 22, it is possible to relieve the
distortion of the electric potential distribution, thereby forming horizontal and
vertical electric potential distributions in a region surrounded by the frame-shaped
inner electrode portion 3.

[0057]

Moreover, since each side of the frame-shaped electrode portion 21 is formed
in the broken line pattern and is constituted to include the gaps 24, the electric
potential distribution fluctuates between the gaps 24 which are adjacent to each
other. However, the pitch of the broken line pattern of each side of the inner
electrode portion 3 is set to be smaller than that of the broken line pattern of each
side of the frame-shaped electrode portion 21. Therefore, it is possible to carry out
correction in such a manner that the fluctuation in electric potential distribution
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between the adjacent gaps 24 in the frame-shaped electrode portion 21 is varied
slowly. As a result, the distortion of the electric potential distribution is relieved so
that the horizontal and vertical electric potential distributions can be formed in the
region surrounded by the frame-shaped inner electrode portion 3. Thus, it is
possible to further enhance detecting performance of the touch panel.

[0058]

In Fig. 9, there 1s employed the structure in which a tip portion of an electric
potential correcting electrode portion 221 to be connected to a center of each side of
the frame-shaped electrode portion 21 is connected to each side of the inner electrode
portion 3. However, for example, it is also possible to employ such a structure that
each side of the inner electrode portion 3 is not connected to the tip portion of the
electric potential correcting electrode portion 221 to be connected to the center of
each side of the frame-shaped electrode portion 21 as shown in Fig. 11. With such a
structure, similarly, it is possible to relieve the distortion (the small distortion) of the
electric potential distribution which occurs between the tip portions 22b of the
electric potential correcting electrode portions 22, thereby forming the horizontal and
vertical electric potential distributions in the region surrounded by the frame-shaped
inner electrode portion 3.

[0059]

Moreover, as shown in Fig. 12, it is also possible to employ such a structure
as to further include a current circuit 4 for an inner electrode portion which connects
a corner part of the frame-shaped electrode portion 21 to a corner part of the
frame-shaped inner electrode portion 3. It is possible to form the current circuit 4
for the mner electrode portion through coating with a conductive paste such as a
silver paste by a printing process, for example, screen printing, ink jet printing,
photolithography, or the like. By including the current circuit 4 for the inner
electrode portion, it is possible to further relieve the distortion of the electric potential
distribution in the corner part of the inner electrode portion 3. Thus, it is possible to
form the horizontal and vertical electric potential distributions, thereby obtaining
the touch panel 1 with high precision. As a specific structure, for example, it is
preferable to set a resistance value of the current circuit 4 for the inner electrode
portion in such a manner that a voltage generated between the corner part of the
frame-shaped electrode portion 21 and the corner part of the inner electrode portion
3 1s equal to a voltage generated between central positions of a side of the
frame-shaped electrode portion 21 and a side of the inner electrode portion 3 which
are parallel with each other.

[0060]
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Although each side of the frame-shaped inner electrode portion 3 is formed
in the broken line pattern divided into a plurality of parts through the gaps in the
above embodiment, the present invention is not particularly limited to such a
structure. For example, as shown in Fig. 13, it is also possible to form each side of
the inner electrode portion 3 to take a shape of a continuous hne pattern in which
the gap is not provided.

[0061]

In the above embodiment, the description has been given to the structure in
which the touch panel 1 of the resistive type is employed and the frame-shaped
electrode portion 21 is provided thereon as the specific structure of the touch panel 1.
However, for example, the frame-shaped electrode portion 21 may be applied to an
electrostatic capacitance type touch panel. In this case, it is preferable to employ a
structure in which the upper substrate 11 in Fig. 3 is not provided but a protective
film for protecting the resistive layer 14 formed on the substrate 12 is disposed.
DESCRIPTION OF REFERENCE SIGNS
[0062]

1 touch panel

11,12 substrate

13, 14 resistive layer

21 frame-shaped electrode portion
22 electric potential correcting electrode portion
22a base end

22b tip portion

23 feeding terminal

24 gap

25 split electrode

25a first split electrode

25b second split electrode

26 coupling conductive portion

3 mner electrode portion
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CLAIMS
1. A touch panel comprising:

a resistive layer formed on one of surfaces of a substrate; and

a frame-shaped electrode portion provided along four sides of the resistive
layer, wherein _

each side of the frame-shaped electrode portion is constituted in a broken
line pattern having a first split electrode disposed on both ends respectively and a
plurality of second split electrodes disposed between the first split electrodes,

second resistance values between the second split electrodes are set to be
equal to each other, and

a first resistance value between the first split electrode and the second split

electrode which is adjacent to the first split electrode 1s different from the second
resistance value.
2. The touch panel according to claim 1, wherein a frame-shaped non-touch
area which is adjacent to the frame-shaped electrode portion and a touch area
disposed on an inside of the non-touch area are provided at an inside of a region
surrounded by the frame-shaped electrode portion, and

L, L_bow, R_s, R_i and N satisfy a relationship of the folowing Formula:
[Formula]

RixNIRix(N-1+2xR_ sl <(L-2xL_bow)L,

in which a distance between two sides which are opposed to each other in
the frame-shaped electrode portion is represented by L (mm),

a distance between each of the two sides and each boundary of a non-touch
area which is adjacent to the two sides respectively and the touch area in the
non-touch area is represented by L_bow (mm), _

each of the first resistance values in two other sides to be connected to the
two sides is represented by R_s (),

each of the second resistance values in the two other sides is represented by
R.i(Q), and

the number of the second split electrodes in the two other sides is

represented by N.
3. The touch panel according to claim 1 or 2, further comprising a plurality of
electric potential correcting electrode portions connected to the respective sides of the
frame-shaped electrode portion and extended toward an inside of the substrate from
the frame-shaped electrode portion,

the electric potential correcting electrode portions to be connected to the
respective sides of the frame-shaped electrode portion being formed in such a
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manner that a segment connecting respective tip portions draws a curved line taking
a convex shape toward the inside of the substrate in a central part.

4, The touch panel according to claim 3, further comprising a frame-shaped
mner electrode portion disposed on the inside of the region surrounded by the
frame-shaped electrode portion and having each side which is almost parallel with
the side of the frame-shaped electrode portion,

a sheet resistance converted value of a resistance value between both ends
of the side of the inner electrode portion being set to be smaller than a sheet
resistance value of the resistive layer.

5. The touch panel according to claim 3 or 4, wherein the inner electrode
portion is formed in a broken line pattern.

6. The touch panel according to claim 4 or 5, wherein a pitch of the broken line
pattern of the inner electrode portion is set to be smaller than a pitch of the broken
Iine pattern of the frame-shaped electrode portion.

7. The touch panel according to any of claims 4 to 6, further comprising a
current circuit for an inner electrode portion connecting a corner part of the
frame-shaped electrode portion to a corner part of the inner electrode portion.

8. The touch panel according to any of claims 4 to 7, wherein the sheet
resistance converted value of the resistance value between the both ends of the side
of the inner electrode portion is 1/5 to 1/50 of the sheet resistance value of the

resistive layer.
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