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(57) ABSTRACT 

A capacitive input device includes a translucent substrate; 
first translucent electrode lines, extending in a first direction; 
second translucent electrode lines, extending in a second 
direction intersecting with the first direction; interlayer insu­
lating layers; and relay electrodes. The first translucent elec­
trode lines intersect with the second translucent electrode 
lines at intersecting portions. Portions of one of each first 
translucent electrode line and each second translucent elec­
trode line are connected to each other with the intersecting 
portions. Portions of the other are separated from each other 
with the intersecting portions. The translucent interlayer insu­
lating layers overlie the first or second translucent electrode 
line portions connected to each other with the intersecting 
portions. The translucent relay electrodes overlie the inter­
layer insulating layers to electrically connect the first or sec­
ond translucent electrode line portions, separated from each 
other with the intersecting portions, to each other. 
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CAPACITIVE INPUT DEVICE 

[0001] The entire disclosure of Japanese Patent Application 
No. 2007-157115, filed Jun. 14, 2007 is expressly incorpo­
rated by reference herein. 

BACKGROUND 

[0002] 1. Technical Field 
[0003] The present invention relates to a capacitive input 
device capable of detecting a position touched by a human 
finger as a change in capacitance. 
[0004] 2. Related Art 
[0005] Recent electronic apparatuses such as mobile 
phones, car navigation systems, personal computers, ticket­
vending machines, and banking terminals include tablet input 
devices disposed on liquid crystal displays. With reference to 
instruction images displayed on image display regions of the 
liquid crystal displays, information relating to the instruction 
images can be input into the electronic apparatuses by the 
touch of human fingers to the image display regions. 
[0006] Examples of such input devices include resistive 
touch panels and capacitive touch panels. The resistive touch 
panels have a two-layer structure including a glass sheet and 
a film, which is pressed down to make a short circuit. There­
fore, the resistive touch panels have disadvantages that they 
have a narrow operational temperature range and deteriorate 
with time. 
[0007] On the other hand, the capacitive touch panels have 
an advantage that they have a simple structure including a 
substrate and a translucent conductive film disposed thereon. 
For example, JP-A-2007-122326 discloses a capacitive input 
device including electrode lines extending in directions inter­
secting with each other. The capacitive input device detects a 
change in the capacitance between the electrode lines touched 
by a human finger to identify an input position. 
[0008] Another type of capacitive input device detects an 
input position in such a manner that an in-phase, equipotential 
alternating current is applied between both ends of a translu­
cent conductive film and a weak current generated by the 
formation of a capacitor due to the approach or touch of a 
human finger to the translucent conductive film. 
[0009] There is a problem in that a process for manufactur­
ing the following device is complicated: a capacitive input 
device that includes a translucent substrate, a plurality of first 
translucent electrode lines which extend in a first direction 
and which are disposed on the front surface of the translucent 
substrate, and a plurality of second translucent electrode lines 
which extend in a second direction intersecting with the first 
direction and which are disposed on the rear surface of the 
translucent substrate. 
[0010] In input devices, images displayed on liquid crystal 
displays are viewed through entry screens and therefore, 
highly translucent substrates and electrode lines are used. 
When regions containing the translucent electrode lines have 
a reflectivity significantly different from that ofregions con­
taining no translucent electrode lines, the presence of the 
translucent electrode lines is conspicuous, which is not pref­
erable. On the other hand, the first and second translucent 
electrode lines are disposed on the front surface and rear 
surface, respectively, of the translucent substrate, that is, the 
translucent substrate is located between the first and second 
translucent electrode lines. Therefore, a region containing the 
first translucent electrode lines, a region containing the sec-
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ond translucent electrode lines, and a region containing no 
translucent electrode line are different in optical architecture 
from each other. This results in large differences in reflectiv­
ity between these regions to cause a problem that the first and 
second translucent electrode lines are conspicuous. 

SUMMARY 

[0011] An advantage of an aspect of the invention is to 
provide a capacitive input device which can be manufactured 
by a simple process and in which electrode lines on a trans­
lucent substrate and intersecting portions between the elec­
trode lines are inconspicuous. 
[0012] A capacitive input device according to the present 
invention includes a translucent substrate having an input 
region; first translucent electrode lines, arranged in the input 
region, extending in a first direction; second translucent elec­
trode lines, arranged in the input region, extending in a second 
direction intersecting with the first direction; interlayer insu­
lating layers; and relay electrodes. The first and second trans­
lucent electrode lines are disposed on a surface of the trans­
lucent substrate. The first translucent electrode lines intersect 
with the second translucent electrode lines at intersecting 
portions. Portions of one of each first translucent electrode 
line and each second translucent electrode line are connected 
to each other with the intersecting portions. Portions of the 
other are separated from each other with the intersecting 
portions. The translucent interlayer insulating layers overlie 
the first or second translucent electrode line portions con­
nected to each other with the intersecting portions. The trans­
lucent relay electrodes overlie the interlayer insulating layers 
to electrically connect the first or second translucent electrode 
line portions, separated from each other with the intersecting 
portions, to each other. 
[0013] In the capacitive input device, the first and second 
translucent electrode lines are arranged on one surface of the 
translucent substrate. Therefore, the capacitive input device 
can be manufactured by a simpler process as compared to 
capacitive input devices including first translucent electrode 
lines and second translucent electrode lines disposed on the 
front surfaces and rear surfaces, respectively, of translucent 
substrates. The first and second translucent electrode lines are 
arranged on one surface of the translucent substrate and there­
fore intersect with each other at the intersecting portions; 
hence, the intersecting portions are different in configuration 
from the first and second translucent electrode lines. This may 
cause the intersecting portions to be conspicuous when an 
image displayed on a liquid crystal display including the 
capacitive input device is viewed through an input screen 
included in the capacitive input device, even if the first and 
second translucent electrode lines are formed such that there 
is only a small difference in reflectivity between a region 
containing the first and second translucent electrode lines and 
a region containing no first and second translucent electrode 
lines and therefore the first and second translucent electrode 
lines are inconspicuous. However, the intersecting portions 
can be prevented from being visually identified. This is 
because the first or second translucent electrode line portions 
separated from each other with the intersecting portions are 
electrically connected to each other with the translucent relay 
electrodes, which overlie the interlayer insulating layers, and 
the intersecting portions have a small area and a configuration 
in which translucent thin-films are stacked. According to the 
present invention, the intersecting portions are inconspicuous 
when the intersecting portions are viewed through an input 
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screen included in the capacitive input device; hence, a high­
quality image can be displayed on an image generator dis­
posed on the rear side of the capacitive input device. 

[0014] In the capacitive input device, the first and second 
translucent electrode lines are preferably formed from the 
same member. Therefore, the capacitive input device can be 
manufactured by a simpler process as compared to capacitive 
input devices including first and second translucent electrode 
lines formed from different members. 

[0015] In the capacitive input device, it is preferable that the 
first and second translucent electrode lines have first large­
area portions and second large-area portions, respectively, 
each located between the intersecting portions and the relay 
electrodes and the first or second translucent electrode line 
portions connected to each other with the intersecting por­
tions be narrower than the first and second large-area por­
tions. The presence of the first and second large-area portions 
allows an input position to be precisely detected. Since the 
relay electrodes and the first or second translucent electrode 
line portions connected to each other with the intersecting 
portions are narrower than the first and second large-area 
portions, the intersecting portions are inconspicuous. 

[0016] In the capacitive input device, the first and second 
translucent electrode lines are preferably formed from a mul­
tilayer film including translucent thin-films having different 
refractive indexes. This leads to a reduction in the difference 
in reflectivity between the region containing the first and 
second translucent electrode lines and the region containing 
no first and second translucent electrode lines; hence, the first 
and second translucent electrode lines are inconspicuous 
when the capacitive input device is viewed from the input 
screen side. In general, the light traveling from a medium with 
a small refractive index to a medium with a large refractive 
index is reflected by the interface between the media. Since 
the first and second translucent electrode lines are arranged 
on the translucent substrate, the following interfaces are 
present: the interface between each first or second translucent 
electrode line and an air layer located on the input screen side 
and the interface between the translucent substrate and the 
first or second translucent electrode line; hence, there is a 
difference in reflectivity between the region containing the 
first and second translucent electrode lines and the region 
containing no first and second translucent electrode lines. 
This may cause the first and second translucent electrode 
lines to be conspicuous. The difference in reflectivity between 
the region containing the first and second translucent elec­
trode lines and the region containing no first and second 
translucent electrode lines can be eliminated in such a manner 
that the phases of portions of the light reflected by the inter­
faces are set to be opposite to each other. This allows the first 
and second translucent electrode lines to be inconspicuous. 

[0017] In the capacitive input device, one of the translucent 
thin-films may be a translucent conductive metal oxide layer 
and another one thereof may be a translucent silicon com­
pound layer. The translucent conductive metal oxide layer is 
made of, for example, indium tin oxide (hereinafter referred 
to as ITO) or indium zinc oxide (hereinafter referred to as 
IZO). The translucent silicon compound layer is made of, for 
example, silicon dioxide or silicon nitride. 

[0018] In the capacitive input device, the translucent sub­
strate may be made of glass and the multilayer film may 
include a first ITO layer with a thickness of about 10 to 20 nm, 
a silicon dioxide layer with a thickness of about 40 to 60 nm, 

2 
Dec. 18, 2008 

and a second ITO layer with a thickness of about 10 to 20 nm, 
these layers being arranged in that order. 

[0019] In the capacitive input device, the relay electrodes 
may each include a translucent conductive metal oxide film 
such as an ITO film with a thickness of about 10 to 15 nm. 

[0020] The capacitive input device may further include a 
plurality of metal wires which are connected to the first and 
second translucent electrode lines and which extend outside 
the input region. This leads to a reduction in wiring resistance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The invention will be described with reference to the 
accompanying drawings, wherein like numbers reference like 
elements. 

[0022] FIG. lA is schematic view of a display unit includ­
ing a capacitive input device according to a first embodiment 
of the present invention. 

[0023] FIG. lB is a plan view of the display unit. 

[0024] FIG. 2 is a plan view showing the arrangement of 
first and second translucent electrode lines included in the 
capacitive input device. 

[0025] FIG. 3A is a sectional view of the capacitive input 
device taken along the line IIIA-IIIA of FIG. 2. 
[0026] FIG. 3B is a sectional view showing connections 
between the first and second translucent electrode lines and 
metal wires. 

[0027] FIG. 3C is an illustration showing an antireflection 
technique making use of optical interference. 

[0028] FIGS. 4A to 4E are sectional views showing steps of 
a method for manufacturing the capacitive input device. 

[0029] FIG. 5 is a plan view showing the arrangement of 
first and second translucent electrode lines included in a 
capacitive input device according to a second embodiment of 
the present invention. 

[0030] FIG. 6A is a sectional view of the capacitive input 
device taken along the line VIA-VIA of FIG. 5. 
[0031] FIG. 6B is a sectional view showing connections 
between the first and second translucent electrode lines and 
metal wires included in the capacitive input device according 
to the second embodiment. 

[0032] FIGS. 7A to 7E are sectional view showing steps of 
a method for manufacturing the capacitive input device 
according to the second embodiment. 

[0033] FIG. SA is an illustration of a mobile personal com­
puter including the capacitive input device according to the 
first or second embodiment. 

[0034] FIG. SB is an illustration of a mobile phone includ­
ing the capacitive input device according to the first or second 
embodiment. 

[0035] FIG. SC is an illustration of a personal digital assis­
tant including the capacitive input device according to the first 
or second embodiment. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0036] Embodiments of the present invention will now be 
described with reference to the accompanying drawings. In 
the drawings, in order to show layers and members on a 
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recognizable scale, different scales are used depending on the 
size of the layers and members. 

First Embodiment 

[0037] FIG. lA is schematic view of a display unit 100. 
FIG.1B is a plan view of the display unit 100. With reference 
to FIG. 1B, solid lines simply represent electrode lines, of 
which the number is less than that of actual electrode lines. 
[0038] With reference to FIG. lA, the display unit 100 
includes a panel-shaped capacitive input device 10 according 
to a first embodiment of the present invention and a liquid 
crystal display 50 functioning as an image generator. The 
liquid crystal display 50 has a first surface through which light 
is emitted. The capacitive input device 10 is disposed on the 
first surface of the liquid crystal display 50. The liquid crystal 
display 50 includes an active matrix-type liquid crystal dis­
play panel 50a that is transmissive, reflective, or transflective. 
When the liquid crystal display panel 50a is transmissive or 
transflective, a backlight (not shown) is placed on the side 
opposite to the first surface. The liquid crystal display 50 
further includes a retardation film and/or polarization film 
(not shown) disposed on the liquid crystal display panel 50a. 
The liquid crystal display panel 50a includes an array sub­
strate 51, a counter substrate 52 opposed to the array substrate 
51, and a liquid crystal layer disposed between the array 
substrate 51 and the counter substrate 52. The array substrate 
51 has a projecting region which projects outside the counter 
substrate 52 and which is connected to a first flexible substrate 
53. Driving ICs may be COG-mounted on the array substrate 
51. The liquid crystal display 50 can display a video or still 
image. When information is input into the capacitive input 
device 10, the liquid crystal display 50 displays an instruction 
image corresponding to the input information. Therefore, a 
user can input information into the capacitive input device 10 
by touching the displayed instruction image with his or her 
finger. 
[0039] The capacitive input device 10 is a type of touch 
panel and includes a translucent substrate 15 and a second 
flexible substrate 19 connected to an end portion of the trans­
lucent substrate 15. The second flexible substrate 19 is also 
connected to a driving circuit (not shown) for allowing the 
capacitive input device 10 to detect an input position. In the 
capacitive input device 10, the upper surface of the translu­
cent substrate 15 functions as an input screen lOb. The input 
screen 10b has an input region 10a which is located at sub­
stantially the center thereof and which is touched by user's 
finger. 
[0040] With reference to FIG. 1B, a plurality of first trans­
lucent electrode lines 11 and second translucent electrode 
lines 12 are arranged in the input region 10a. The first trans­
lucent electrode lines 11 extend in a first direction indicated 
by Arrow X. The second translucent electrode lines 12 extend 
in a second direction, indicated by Arrow Y, intersecting with 
the first direction. 
[0041] If user's finger, which is conductive, touches por­
tions of the first and second translucent electrode lines 11 and 
12 in such a state that the first and second translucent elec­
trode lines 11 and 12 are supplied with voltages and therefore 
are charged, capacitors are formed between user's finger and 
the first and second translucent electrode lines 11 and 12. This 
results in a reduction in capacitance. Therefore, the capacitive 
input device 10 can detect the portions touched by user's 
finger. 
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[0042] The configuration of the capacitive input device 10 
will now be described in detail. FIG. 2 is a plan view showing 
the arrangement of the first and second translucent electrode 
lines 11 and 12. FIG. 2 shows only portions of the first and 
second translucent electrode lines 11 and 12. FIG. 3A is a 
sectional view of the capacitive input device 10 taken along 
the line IIIA-IIIA of FIG. 2. FIG. 3B is a sectional view 
showing connections between the first and second translucent 
electrode lines 11 and 12 and metal wires 9a. FIG. 3C is an 
illustration showing an antireflection technique making use 
of optical interference. 
[0043] With reference to FIGS. 1B, 2, and 3A, the first and 
second translucent electrode lines 11 and 12 are disposed on 
the upper surface of the translucent substrate 15 and each 
include the same layer. The first translucent electrode lines 11 
intersect with the second translucent electrode lines 12 at 
intersecting portions 18. 
[0044] Portions of one of each first translucent electrode 
line 11 and each second translucent electrode line 12 may be 
connected to each other with the intersecting portions 18 and 
portions of the other may be separated from each other with 
the intersecting portions 18. In this embodiment, portions of 
the first translucent electrode lines 11 are connected to each 
other with the intersecting portions 18 and portions of the 
second translucent electrode lines 12 are separated from each 
other with the intersecting portions 18. 
[0045] Translucent interlayer insulating layers 4a overlie 
the first translucent electrode line 11 portions connected to 
each other with the intersecting portions 18. Translucent relay 
electrodes Sa overlie the interlayer insulating layers 4a to 
electrically connect the second translucent electrode line 12 
portions, separated from each other with the intersecting por­
tions 18, to each other. Therefore, the second translucent 
electrode line 12 portions are electrically connected to each 
other in the second direction. 
[0046] The first and second translucent electrode lines 11 
and 12 have first pad portions lla and second pad portions 
12a (large-area portions), respectively. The first and second 
pad portions lla and 12a are each located between the inter­
secting portions 18, have a relatively large area, and are rhom­
bic. The first translucent electrode lines 11 have connecting 
portions llc which extend through the intersecting portions 
18 and which are narrower than the first pad portions lla. The 
relay electrodes Sa have a strip shape and are narrower than 
the first and second pad portions lla and 12a. 
[0047] With reference to FIGS. lA, 1B, and 3B, the metal 
wires 9a extend outside the input region 10a and are electri­
cally connected to the first and second translucent electrode 
lines 11 and 12. The metal wires 9a have terminals 19a, 
located at ends thereof, connected to the second flexible sub­
strate 19. 
[0048] The capacitive input device 10 has a region contain­
ing the first and second translucent electrode lines 11 and 12 
and a region containing no first and second translucent elec­
trode lines 11 and 12. The region containing the first and 
second translucent electrode lines 11 and 12 has a reflectivity 
different from that of the region containing no first and second 
translucent electrode lines 11 and 12. This may cause a prob­
lem that the first and second translucent electrode lines 11 and 
12 are visually identified due to the difference in reflectivity 
between the region containing the first and second translucent 
electrode lines 11 and 12 and the region containing no first 
and second translucent electrode lines 11 and 12. In order to 
prevent the problem, a material for forming the first and 
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second translucent electrode lines 11 and 12 and the thickness 
of a layer of the material are determined on the basis of the 
antireflection technique, which makes use of optical interfer­
ence as described below with reference to FIG. 3C. 
[0049] The antireflection technique is as follows: in the 
case where a portion of the light incident on a thin-film is 
reflected by a surface of the thin-film and another portion of 
the incident light is reflected by the interface between the 
thin-film and a substrate disposed thereunder, the phase of the 
interface-reflected light portion is set to be opposite to that of 
the surface-reflected light portion, so that the interface-re­
flected light portion counteracts the surface reflected light 
portion and therefore reflected light is reduced. The thin-film 
has a reflectivity of zero when the following equations hold: 

wherein n0 represents the refractive index of air, n1 represents 
the refractive index of the thin-film, n2 represents the refrac­
tive index of the substrate, d1 represents the thickness of the 
thin-film, and A represents the wavelength of the incident 
light. The antireflection of the thin-film depends on the wave­
length of the incident light and the thickness of the thin-film. 
The results of an optical simulation have shown that the first 
and second translucent electrode lines 11 and 12 can be pre­
vented from being visually identified in such a manner that 
the first and second translucent electrode lines 11 and 12 are 
formed so as to have a multilayer structure including translu­
cent thin-films having different refractive indexes, for 
example, a multilayer structure including translucent conduc­
tive metal oxide layer and a translucent silicon compound 
layer such that there is no difference in reflectivity between 
the region containing the first and second translucent elec­
trode lines 11 and 12 and the region containing no first and 
second translucent electrode lines 11 and 12. 
[0050] In this embodiment, the translucent substrate 15 is 
made of glass and has a refractive index of about 1.52. The 
first and second translucent electrode lines 11 and 12 each 
include a first ITO layer la having a thickness of about 10 to 
20 nm and a refractive index of about 1.80, a silicon dioxide 
layer 2a having a thickness of about 40 to 60 nm and a 
refractive index of about 1.46, and a second ITO layer 3 a 
having a thickness of about 10 to 20 nm and a refractive index 
of about 1.80, these layers being arranged in that order. In 
particular, the first ITO layer la, the silicon dioxide layer 2a, 
and the second ITO layer 3a have a thickness of about 10, 40, 
and 10 nm, respectively, or about 15, 50, and 15 nm, respec­
tively. 
[0051] In the capacitive input device 10, the relay elec­
trodes Sa are connected to the second ITO layers 3a of the 
second translucent electrode lines 12. The metal wires 9a are 
connected to the second ITO layers 3a of the first and second 
translucent electrode lines 11 and 12. 
[0052] The relay electrodes Sa each include a thin ITO film 
having a thickness of about 10 to 15 nm. The interlayer 
insulating layers 4a are made of a photosensitive resin such as 
an acrylic resin and have a thickness of about 1 to 2 µm and a 
refractive index of about 1.52. The relay electrodes Sa are 
narrow and have a small area; hence, the relay electrodes Sa 
are inconspicuous. 
[0053] A method for manufacturing the capacitive input 
device 10 will now be described. FIGS. 4A to 4E are sectional 
views showing steps of the method. The first and second 
translucent electrode lines 11 and 12, the intersecting portions 
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18, and the metal wires 9a are collectively shown in FIGS. 4A 
to 4E. Left portions of FIGS. 4A to 4E correspond to FIG. 3A 
and right portions thereof correspond to FIG. 3B. 
[0054] In the manufacture of the capacitive input device 10, 
the following films are first formed on a surface of the trans­
lucent substrate 15 in this order as shown in FIG. 4A: a 
polycrystalline first ITO film 1 with a thickness of about 10 to 
20 nm, a silicon dioxide film 2 with a thickness of about 40 to 
60 nm, a polycrystalline second ITO film 3 with a thickness of 
about 10 to 20 nm, and a metal film 9. 
[0055] After a first etching mask made of a photosensitive 
resin or the like is provided on the metal film 9, the metal film 
9 is patterned by etching, whereby the metal wires 9a are 
formed as shown in FIG. 4B. The first etching mask is then 
removed from the metal wires 9a. 
[0056] After a second etching mask made of a photosensi­
tive resin or the like is applied over the metal wires 9a and the 
second ITO film 3, the first ITO film 1, the silicon dioxide film 
2, the second ITO film 3 are etched, whereby the first and 
second translucent electrode lines 11 and 12 are formed as 
shown in FIG. 4C. The second etching mask is then removed 
from the metal wires 9a. The first pad portions lla are con­
nected to each other with the connecting portions llc, which 
extend through the intersecting portions 18. The second pad 
portions 12a are separated from each other with the intersect­
ing portions 18. 
[0057] An acrylic resin is applied over the first and second 
translucent electrode lines 11 and 12 by a coating process, 
exposed, and then developed, whereby the interlayer insulat­
ing layers 4a are formed so as to cover the connecting portions 
llc as shown in FIG. 4D. 
[0058] An amorphous ITO film is formed over the inter­
layer insulating layers 4a, a third etching mask made of a 
photosensitive resin or the like is provided on the amorphous 
ITO film, and the amorphous ITO film is then etched, 
whereby the relay electrodes Sa are formed on the interlayer 
insulating layers 4a so as to connect the second pad portions 
12a to each other as shown in FIG. 4E. The relay electrodes Sa 
are fired at 200° C. or more for 20 to 30 minutes, whereby 
amorphous ITO in the relay electrodes Sa is transformed into 
polycrystalline ITO. In particular, the firing temperature of 
the relay electrodes Sa is, for example, 220° C. Amorphous 
ITO can be etched with oxalic acid but polycrystalline ITO 
cannot be etched with oxalic acid. Therefore, the second ITO 
layers 3a, which are included in the first and second translu­
cent electrode lines 11 and 12, are prevented from being 
damaged even if oxalic acid is used to form the relay elec­
trodes Sa by etching. ITO in the fired relay electrodes Sa is 
polycrystalline; hence, the relay electrodes Sa have a reduced 
electric resistance. 
[0059] Advantages of this embodiment will now be 
described. Since the first and second translucent electrode 
lines 11 and 12 have the multilayer structure as described 
above, there is no difference in reflectivity between the region 
containing the first and second translucent electrode lines 11 
and 12 and the region containing no first and second translu­
cent electrode lines 11 and 12. The translucent substrate 15 is 
made of glass and the first and second translucent electrode 
lines 11 and 12 include the first ITO layers la, which have a 
thickness of about 10 to 20 nm, the silicon dioxide layers 2a, 
which have a thickness of about 40 to 60 nm, and the second 
ITO layers 3a, which have a thickness of about 10 to 20 nm; 
hence, the phases of portions of the light reflected by the 
interfaces between these layers are opposite to each other and 
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therefore the reflected light disappears. Since there is no 
difference in reflectivity between the region containing the 
first and second translucent electrode lines 11 and 12 and the 
region containing no first and second translucent electrode 
lines 11 and 12, the first and second translucent electrode 
lines 11 and 12 can be prevented from being visually identi­
fied. 
[0060] The first and second translucent electrode lines 11 
and 12 have the first and second pad portions lla and 12a, 
respectively, which have a large area and therefore are con­
spicuous. However, the first and second translucent electrode 
lines 11 and 12 can be prevented from being visually identi­
fied because of the multilayer structure thereof. 
[0061] The first and second translucent electrode lines 11 
and 12 are arranged on one surface of the translucent substrate 
15; hence, the method of this embodiment is simpler than a 
method including a step of forming the first and second trans­
lucent electrode lines 11 and 12 on the front surface and rear 
surface, respectively, of the translucent substrate 15. The first 
and second translucent electrode lines 11 and 12 are formed 
from the same member; hence, the method of this embodi­
ment is simpler than a method including a step of forming the 
first and second translucent electrode lines 11 and 12 from 
different members. 
[0062] The first and second translucent electrode lines 11 
and 12 are formed as described above and intersect with each 
other; hence, the intersecting portions 18 are different in 
configuration from the first and second translucent electrode 
lines 11 and 12. This may cause the intersecting portions 18 to 
be conspicuous. However, the intersecting portions 18 are 
prevented from being visually identified because the connect­
ing portions llc and the relay electrodes Sa, which are used to 
electrically connect the second pad portions 12a to each other, 
have a small width and therefore the intersecting portions 18 
have a small area. The relay electrodes Sa are made of ITO 
and have a thickness of about 10 to 15 nm and the interlayer 
insulating layers 4a are made of the acrylic resin; hence, the 
intersecting portions 18 are inconspicuous. Since the inter­
secting portions 18 are inconspicuous, an image displayed on 
the liquid crystal display 50 has high quality even if the image 
is viewed through the input screen 10b. 

Second Embodiment 

[0063] FIG. 5 is a plan view showing the arrangement of 
first translucent electrode lines 11 and second translucent 
electrode lines 12 included in a capacitive input device 10 
according to a second embodiment of the present invention. 
FIG. 6A is a sectional view of the capacitive input device 10 
taken along the line VIA-VIA of FIG. 5. FIG. 6B is a sectional 
view showing connections between the first and second trans­
lucent electrode lines 11 and 12 and metal wires 9a. A con­
figuration described in this embodiment is similar to that 
described in the first embodiment. Therefore, components 
common to the first and second embodiments have the same 
reference numerals and will not be described in detail. 
[0064] The capacitive input device 10, as well as that of the 
first embodiment, is a type of touch panel. With reference to 
FIGS. 5 and 6A, the capacitive input device 10 includes a 
translucent substrate 15, made of glass, including an input 
screen 10b having an input region 10a. The first and second 
translucent electrode lines 11 and 12 are arranged in the input 
region 10a. The first translucent electrode lines 11 extend in 
a first direction and the second translucent electrode lines 12 
extend in a second direction intersecting with the first direc-
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tion. The first and second translucent electrode lines 11 and 12 
have a multilayer structure including translucent thin-films, 
arranged on a surface of the translucent substrate 15, having 
different refractive indexes. The first and second translucent 
electrode lines 11 and 12 intersect with each other at inter­
secting portions 18. Portions of the first translucent electrode 
lines 11 are connected to each other with the intersecting 
portions 18. Portions of the second translucent electrode lines 
12 are separated from each other with the intersecting por­
tions 18. 
[0065] A translucent interlayer insulating layer 4b extends 
over the first and second translucent electrode lines 11 and 12 
and the input region 10a. The interlayer insulating layer 4b 
has contact holes 4c. Relay electrodes Sa extend through the 
contact holes 4c to electrically connect the second translucent 
electrode line 12 portions, separated from each other with the 
intersecting portions 18, to each other. Therefore, the second 
translucent electrode line 12 portions are electrically con­
nected to each other in the second direction. 
[0066] The first and second translucent electrode lines 11 
and 12, as well as those described in the first embodiment, 
each include a first ITO layer la having a thickness of about 
10 to 20 nm, a silicon dioxide layer 2a having a thickness of 
about 40 to 60 nm, and a second ITO layer 3a having a 
thickness of about 10 to 20 nm, these layers being arranged in 
that order. The relay electrodes Sa are connected to the second 
ITO layers 3a of the second translucent electrode lines 12. 
The relay electrodes Sa are made ofITO and have a thickness 
of about 10 to 15 nm. The interlayer insulating layer 4b is 
made of a photosensitive resin such as an acrylic resin and has 
a thickness of about 1 to 2 µm. 

[0067] The first and second translucent electrode lines 11 
and 12 have rhombic first pad portions lla and second pad 
portions 12a, respectively, located between the intersecting 
portions 18. The first translucent electrode lines 11 include 
connecting portions llc that are narrower than the first and 
second pad portions lla and 12a. The relay electrodes Sa are 
narrower than the first and second pad portions lla and 12a 
and have a strip shape. 

[0068] With reference to FIG. 6B, a plurality of metal wires 
9a extend outside the input region 10a and are electrically 
connected to the first and second translucent electrode lines 
11 and 12. The metal wires 9a have terminals 19a, located at 
ends thereof, connected to a flexible substrate. 

[0069] Since the first and second translucent electrode lines 
11 and 12 include the first ITO layers la, the silicon dioxide 
layers 2a, and the second ITO layers 3a as described above, 
the metal wires 9a are connected to the second ITO layers 3a 
of the first and second translucent electrode lines 11 and 12. 
The relay electrodes Sa are connected to the second ITO 
layers 3a of the second translucent electrode lines 12. 
[0070] A method for manufacturing the capacitive input 
device 10 will now be described. FIGS. 7A to 7E are sectional 
view showing steps of the method. The first and second trans­
lucent electrode lines 11 and 12, the intersecting portions 18, 
and the metal wires 9a are collectively shown in FIGS. 7 A to 
7E. Left portions of FIGS. 7A to 7E correspond to FIG. 6A 
and right portions thereof correspond to FIG. 6B. 
[0071] In the manufacture of the capacitive input device 10, 
the following films are first formed on a surface of the trans­
lucent substrate 15 in this order as shown in FIG. 7A: a 
polycrystalline first ITO film 1 with a thickness of about 10 to 
20 nm, a silicon dioxide film 2 with a thickness of about 40 to 
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60 run, a polycrystalline second ITO film 3 with a thickness of 
about 10 to 20 run, and a metal film 9. 
[0072] After a first etching mask made of a photosensitive 
resin or the like is provided on the metal film 9, the metal film 
9 is patterned by etching, whereby the metal wires 9a are 
formed as shown in FIG. 7B. The first etching mask is then 
removed from the metal wires 9a. 
[0073] After a second etching mask made of a photosensi­
tive resin or the like is applied over the metal wires 9a and the 
second ITO film 3, the first ITO film 1, the silicon dioxide film 
2, the second ITO film 3 are etched, whereby the first and 
second translucent electrode lines 11 and 12 are formed as 
shown in FIG. 7C. The second etching mask is then removed 
from the metal wires 9a. 
[0074] An acrylic resin is applied over the first and second 
translucent electrode lines 11 and 12 by a coating process, 
exposed, and then developed, whereby the interlayer insulat­
ing layer 4b is formed so as to extend over the intersecting 
portions 18 as shown in FIG. 7D. In this step, the contact holes 
4c are formed in the interlayer insulating layer 4b. 
[0075] A polycrystalline ITO film is formed over the inter­
layer insulating layer 4b, a third etching mask made of a 
photosensitive resin or the like is provided on the polycrys­
talline ITO film, and the polycrystalline ITO film is then 
etched, whereby the relay electrodes Sa are formed as shown 
in FIG. 7E. The first and second translucent electrode lines 11 
and 12 are covered with the interlayer insulating layer 4b and 
therefore prevented from being damaged. An amorphous ITO 
film may be used instead of the polycrystalline ITO film. In 
this case, an etching mask made of a photosensitive resin or 
the like is provided on the amorphous ITO film, which is 
etched with oxalic acid so as to have a predetermined pattern 
and then polycrystallized by annealing. 
[0076] Advantages of this embodiment will now be 
described. Since the first and second translucent electrode 
lines 11 and 12, as well as those described in the first embodi­
ment, have the multilayer structure as described above, there 
is no difference in reflectivity between regions containing the 
first and second translucent electrode lines 11 and 12 and 
regions containing no first and second translucent electrode 
lines 11 and 12. Therefore, the first and second translucent 
electrode lines 11 and 12 are inconspicuous. The first and 
second translucent electrode lines 11 and 12 are arranged on 
one surface of the translucent substrate 15 and formed from 
the same member. Therefore, the method of this embodiment 
is simple. The intersecting portions 18 have a small area and 
a thickness of about 10 to 15 run and are made ofITO. This 
allows the intersecting portions 18 to be inconspicuous. 

Other Embodiments 

[0077] In each of the first and second embodiments, the 
metal wires 9a have the terminals 19a located at ends thereof. 
ITO layers may be formed on the metal wires 9a together with 
the relay electrodes Sa instead of the terminals 19a. In the 
second embodiment, the interlayer insulating layer 4b is 
formed in the input region 1 Oa. The interlayer insulating layer 
4b maybe formed over the input screen 1 Ob except the termi­
nals 19a. 
[0078] In each of the first and second embodiments, the 
following films are used to form the multilayer structure: the 
polycrystalline first ITO film 1 with a thickness of about 10 to 
20 run, the silicon dioxide film 2 with a thickness of about 40 
to 60 run, and the polycrystalline second ITO film 3 with a 
thickness of about 10 to 20 run, these films being arranged in 
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that order from the bottom. The following films may be used 
instead of the above films: a silicon dioxide film having a 
thickness of about 30 run and a refractive index of about 1.46 
or a silicon oxynitride film having a thickness of about 100 
run and a refractive index of about 1.60 and a polycrystalline 
ITO film, disposed thereon, having a thickness of about 10 
run. In this case, the region containing the first and second 
translucent electrode lines 11 and 12 includes portions of the 
silicon dioxide or silicon oxynitride film and portions of the 
ITO film and the region containing no first and second trans­
lucent electrode lines 11 and 12 includes a portion of the 
silicon dioxide film, which has a thickness of about 30 run, or 
a portion of the silicon oxynitride film, which has a thickness 
of about 100 run; hence, there is substantially no difference in 
reflectivity between these regions. 
[0079] In the first embodiment, the liquid crystal display 50 
is used. An organic electroluminescent display or a plasma 
display may be used instead of the liquid crystal display 50. 

Third Embodiment 

[0080] Examples of an electronic apparatus including a 
display unit 100 including the capacitive input device 10 
according to the first or second embodiment will now be 
described. FIG. SA shows a mobile personal computer 2000. 
The personal computer 2000 includes the display unit 100 
and a body 2010. The body 2010 includes a power switch 
2001 and a keyboard 2002. FIG. 8B shows a mobile phone 
3000. The mobile phone 3000 includes the display unit 100, 
a plurality of operation buttons 3001, and a plurality of scroll 
buttons 3002. The operation of the scroll buttons 3002 allows 
an image displayed on the display unit 100 to be scrolled. 
FIG. SC shows a personal digital assistant (PDA) 4000. The 
PDA 400 includes the display unit 100, a plurality of opera­
tion buttons 4001, and a power switch 4002. The operation of 
the power switch 4002 allows various pieces of information, 
such as addresses and schedule tables, to be displayed on the 
display unit 100. 
[0081] Examples of the electronic apparatus include digital 
still cameras, liquid crystal televisions, viewfinder-type or 
direct view-type video tape recorders, car navigation systems, 
pagers, electronic notebooks, portable electronic calculators, 
word processors, work stations, video phones, point-of-sale 
(POS) terminals, and apparatuses having touch panels. The 
display unit 100 is used as a display section of each electronic 
apparatus described above. 

What is claimed is: 
1. A capacitive input device comprising: 
a translucent substrate having an input region; 
first translucent electrode lines, arranged in the input 

region, extending in a first direction; 
second translucent electrode lines, arranged in the input 

region, extending in a second direction intersecting with 
the first direction; 

interlayer insulating layers; and 
relay electrodes, 
wherein the first and second translucent electrode lines are 

disposed on a surface of the translucent substrate, the 
first translucent electrode lines intersect with the second 
translucent electrode lines at intersecting portions, por­
tions of one of each first translucent electrode line and 
each second translucent electrode line are connected to 
each other with the intersecting portions, portions of the 
other are separated from each other with the intersecting 
portions, the translucent interlayer insulating layers 
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overlie the first or second translucent electrode line por­
tions connected to each other with the intersecting por­
tions, and the translucent relay electrodes overlie the 
interlayer insulating layers to electrically connect the 
first or second translucent electrode line portions, sepa­
rated from each other with the intersecting portions, to 
each other. 

2. The capacitive input device according to claim 1, 
wherein the first and second translucent electrode lines are 
formed from the same member. 

3. The capacitive input device according to claim 1, 
wherein the first and second translucent electrode lines have 
first large-area portions and second large-area portions, 
respectively, each located between the intersecting portions 
and the relay electrodes and the first or second translucent 
electrode line portions connected to each other with the inter­
secting portions are narrower than the first and second large­
area portions. 

4. The capacitive input device according to claim 1, 
wherein the first and second translucent electrode lines are 
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formed from a multilayer film including translucent thin­
films having different refractive indexes. 

5. The capacitive input device according to claim 4, 
wherein one of the translucent thin-films is a translucent 
conductive metal oxide layer and another one thereof is a 
translucent silicon compound layer. 

6. The capacitive input device according to claim 5, 
wherein the translucent substrate is made of glass and the 
multilayer film includes a first ITO layer with a thickness of 
about 10 to 20 nm, a silicon dioxide layer with a thickness of 
about 40 to 60 nm, and a second ITO layer with a thickness of 
about 10 to 20 nm, these layers being arranged in that order. 

7. The capacitive input device according to claim 1, 
wherein the relay electrodes each include a translucent con­
ductive metal oxide film. 

8. The capacitive input device according to claim 1, further 
comprising a plurality of metal wires which are connected to 
the first and second translucent electrode lines and which 
extend outside the input region. 

* * * * * 




