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DESCRIPTION
LIQUID CRYSTAL DISPLAY DEVICE OF TOUCH INPUT

" TYPE AND ITS FABRICATING METHOD

'Technical Field

The present invention relates to a liquid crystal
display device of a touch input type, as well as its
fabricating method, which is high in contrast and high in
visibility by virtue of its capability of suppressing
reflected light of fiuorescent lamps or the like indoors,
and reflected light due to external 1light outdoors. The
present invention also relates to a liquid crystal display
device of a touch input type, as wéll as its fabricating
method, which is high in contrast and high in visibility by
virtue of its capability of suppressing reflected light of
fluorescent lamps or the like indoors, and reflected light
due to . external light outdoors and moreover which is
superior in surface durability and prevented from moisture
absorption into 'its ubper polai‘iZer.

Background Art | |

Conventionally, there has been provided a touch-
input type liquid crystal display device in which a liquid
crystal display 2 is provided under a transparent touch’
panel 1, the transparent touch pane.l 1 having a movable-side

sheet 20 and a stationary-side sheet 21 disposed with a
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space layer 7 interposed therebetween, and in which an upper
polarizer 8 and a lower polarizer 9 are disposed on the
upper and lower surfaces of the liquid crystal display 2
(see Fig. 17).

There has also been provided a liquid crystal
display device ..in which the upper polarizer 8 . is not
provided on the upper surface of the liquid crystal ‘display’
2 but provided on the upper surface of the movable-side
sheet 20 of the transparent touch panel 1 so as to increase-
its contrast (see Fig. 18).

However, with such a touch-input type 1liquid -
crystal display device having the above constitution,  in
such places as a room with a fluorescent lamp 504 as shox;vn
in Fig. 19 or an outdoor place as shown in Fig. 20, when

input work is done by a pen 503 or 501 into a portable

‘personal computer 502 or portable terminal unit 500 having a

touch-input type liquid crystal display device, the display
screen would be quite hard to view because of the reflection
of iight at two_places, one being an interface bgtween a
space la;}er of the transpafent touch panel 1 of the liquid
crystai display device and a stationary electrode portion
set on the upper surface of the stationary-side sheet and
another being the uppermost surface of the transparent touch -
panel 1. The reason of this is that at the passage of light

from one medium of lower refractive index to another of
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higher refractive index, the larger the difference between
those refractive indices -is,'.the more the reflection of
light occurs at the inferface. | |

| In the case of the cdnstitution in which the upper
polarizer 8 is disposed on the upper surface of the movable-

side sheet 20 of the transparént touch panel 1, indeed a

method of preventing .reflected light by forming the upper

surface of the upper polarizer 8 into a satin finish state

"is also available, but reflected light cannot be suppressed

enough.
Accordingly, an object of the present invention is

to provide a' liquid crystal display device of a touch input

- type, as well as its fabricating method, which is low in

reflection, high in contrast, and high in visibility even in
such places as indoors with fluorescent lamps or the like
and outdoors, by solving the above-described issues.
Disclosure Of Invention

In order to achieve the above object, the present
invention has the following constitutions.

Accofding to a first aspect of the present
invention, there is prdvided a touch-input type liquid
crystal display device having a liquid crystal display below
a touch panel, iﬁ which an upper polarizer is disposed on an
upper surface of a transparent touch panel iﬁ which an upper

optical phase difference film and a lower optical phase
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differenee film are disposed with a space layer iﬁterposed
therebetween, the upper optical phase difference film

serving to give a phase deiay of a .1/4 wavelength to.
incident 1light of a center wavelength within a wvisible
region and having a movable electrode.portion on a lower

surface thereof, and the lower optical phase difference .film

‘serving -to give a .phase delay of a 1/4 wavelength to the.

incident light of the center wavelength within the visible
region and_having'a stationary electrode portion on an' upper
surface thereof; and
a lower polarizer is disposed on a lower surface
of the liquid crystal display,
wherein an angle formed by an optical axis of the upper

optical phase difference film and a polarization axis of the

upper polarizer is about 45°, an angle formed by an opticals

axis of the lower optical phase difference film and linearly
polarized' light that is to be outputted from ‘a device"
surface out of linear polarization emitted from the liquid
crystal display is about 45°, an angle formed by the optical'
axis of the upper optical phase difference film and the
optical axis of the lower optical phase difference film is
about 90°, and wherein an angle formed by the polarization
axis of the upper polarizer and linearly polarized light-
that is to be outputted from the device surface out of

linearly polarized light emitted from the 1liquid crystal
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display is 90°.

According to a second aspect of the present

invention, there 1is provided a touch—input type 1liquid

crystal display device according to the first aspect,
wherein the stationary electrode portién.is formed directly
on .the lower optical phase difference film.

According .to a third aspect of thé. present
invention, there is provided a touch-input type liquid
crystal display device according to ‘the first aspect,
wherein = a glass substrate having optical isotropy is
disposed between the stationary electrode portion and the
lower optical phase difference film, and the- stationary
electrode portion is formed directly on the glass substrate
having optical isotropy. -

According to a fourth aspect of the present.
invention} there is provided a touch-input type liquid
crystal display device according to the first aspect,
wherein an optically isotropic film ié disposed between the
stationary electrode portion' and fhe lowef bptical phase
difference film, and the stationary electrode .portion is
formed directly on the optically isotropic film.

Accqrding to_ a fifth aspect of the present
invention, there is provided a touch-input type liquid-
crystal display device according to the second aspect,

wherein both the upper optical phase difference film and the
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lower optical phase difference film have a thermal
deformation temperature of not less than 150°C.

Aceording to a sixth aspect of the present
invention, there is provided a touch—inpu; type liquid
crystal display device according tq. the second aspect,
wherein both the upper optical phase difference film and the
lower optical phase difference film - have a. thermal
deformation temperature of not less than 170°C.

According to a seventh aspect of the present
invention, -there is provided a touch-input type - liquid-
crystal ' display device according to the third aspect,
wherein the upper ;optical phase difference film has a
thermal deformation temperature of not less than 150°C. .-

According to an eighth aspect of the present
invention, there is provided a touch-input type liquid
crystal display device according to the third aspect,
wherein _the upper optical phase difference film has a
thermal deformation temperature of not less than 170°C.

Acgording to a ninth aspect of the present
invention, there is provided. a touch-input type 1liquid
crystal display device according to the fourth aspect,
wherein both the upper dptical phase difference film and the
optically isotropic film have a thermal deformation"
temperature of not less than 150°C.

According to a 10th aspect of the present
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invention, there is provided a touch-input type liquid
crystal display device according to the fourth aspect,
wherein both the upper optical phase difference film and the
optically isotropic film have a thermal deformation
temperature of not less than 170°C.

According to an 1lth aspect of the present.
invention, there .is provided a touch-input type 1liquid.
crystal display device according to any one of thg first to

10th aspects, wherein a transparent resin plate having

- optical isotropy is disposed between ‘the transparent touch

‘panel and the liquid crystal display.

According to ‘a 12th aspect of the present

‘invention, there is provided a touch-input type" liquid

-crystal display device according to the fourth, ninth, or

10th aspect, wherein a transparent resin plate having
optical isotropy is disposed between the optically isotropic
film and the lower optical phase difference film.

According to a 13th aspect of the present

'invention, there is 'provided a touch-input type 1liquid

crystal display device according to any one of the first to

12th aspects, wherein a thickness of the upper optical phase

difference film is not less than 50 pum and not more than 150

l‘un.
According to a 14th aspect of the present

invention, there is provided a touch-input type liquid
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crystal display device according to any one of the first to
13th aspects, wherein either one of a member on which the
stationary electrode portion has been directly fofmed and
the liquid crystal display; and all of the stationary
electrode portion~-directly-formed member. and the liquid
crystal display and a member disposed between the stationary .
electrode portion—directly—formed member and the liquid
érystal display are adhesively bonded overa;l by a
traﬁsparent adhesive layer or a transparent re-peel sheet.

According to a 15th aspect of the present

. invention, there is provided a touch-input type. liquid

crystal display device according to any one of the first to
14th aspects, wherein a transparent film :low in moisture
permeability and superior in dimensional stability is
laminated on an upper surface of the upper polarizer.

According to a 16th aspect of the present
invention, thefe is provided a touchfinput type 1liquid
crystal display device according to the 15th aspect, further
comprising a low-reflection processed layer on an upper
surface of the traﬁsparent film laminated on the upper
surface of the upper polarizer.

According to a 17th aspect of the present
invention, there is provided a touch-input type 1liquid-
crystal display device according to the 15th aspect, further

comprising an antifouling processed layer on an upper
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surface of the transparent film laminated on the upper
surface of the upper polarizer. _

Accordiﬁg_ to én' 18th aspect of " the preéent
invention, there is provided a touch-input type -liquid.
crystal .display device according to the 15th aspect, further
comprising a hard coat processed layer on an upper surface
of the transparent film laminated on the. upper surface of ..
the upper polarizer.

According to a. 19th aspect of the present

invention, there is provided a method for fabricating a.

‘touch~input type 1liquid crystal display device “having a

liquid- crystal display below a touch panel, wherein ‘in‘ the

- liquid crystal display device, an wupper polarizer is

disposed on an upper surface of a transparent touch panel in
which an upper optical .phase difference film and a lower
optical phase difference film are disposed with a space
layer interposed therebetween, the upper optical phase
difference film serving to give a phase delay of a 1/4
wavelength to incident light of a center wavelength within a
visible region and having a movable electrode portion on a
lower surface thereof, and the lower optical phase
difference film serving to give a phase delay of a 1/4
wavelength to the incident light of the center wavelength-
within the visible regionlénd having a stationary electrode

portion on an upper surface thereof; and a lower polarizer
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is disposed on a lower surface of the 1liquid crystal

display; wherein an angle formed by an optical axis of the

upper optical phase difference film and a polarization axis
of the upper polarizer is about 45°, an angle formed by an
optical axis of the lower optical phase difference film and .

linearly polarized light that is to be outputted from a

- device surface out of linear polarization emitted from the

liquid crystal display is about 45°, an angle formed by the
optical ‘axis of the upper optical phase difference film and
the optical axis of the lower optical phase difference film

is about 90°, and wherein an angle formed ‘by the a-

"polarization axis of .the upper polarizer -and linearly

polarized light that 'is to be outputted ffom. the device
surface out of linearly polarized light emitted from the
liquid crystal display is 90°,

the method comprising:

obtaining a movable-side sheet by, after
performing a heat treatment for removal of residual
solvents in film material of the upper optical phase
difference film, | forming a transparént electrically
conductive film for the movable electrode portion directly
on the film material, and after performing a heat treatment
for reducing dimensional errors involved in formation of-
leads, forming leads of the movable electrode portion, and

further performing a heat treatment for curing of binder of
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ink with which the lgads have been formed, as well as for
removal of solvents of the ink,
obtaining a stationary-side sheet by, after

performing a heat treatment for removal of residual

solvents in film material of the lower optical phase -

difference film, = forming a transparent - electrically
conductive film :for . the station&ry.:electrodé portion
directly on the film material, and after performing a heat
treatment - for .reducing dimensional- errors - involved in
formation - of leads, forming leads of the stationary
electrddenportion, and fﬁrther performing ‘a heat treatment
for curing of binder of ink with which the leads have been
formed, as welllas for removal of solvents of the ink,

laminating together the movable-side sheet and
the stationary-side sheet;

then laminating the upper polarizer on an upper
surface of the upper optical phase difference film of the

movable-side sheet and thereafter performing a pressure

degassing process; and

laﬁinating together. the stationary—side sﬁeet
with the liquid crystal display.

.According to a 20th aspect of the present
invention, there 1is provided a method for fabricating a“
touch-input type 1liquid crystal display device having a

liquid crystal display below a touch panel, wherein in the
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liquid crystal display device, an upper polarizer is
disposed on an upper surface of a transparent touch panel in
which an upper optical phase difference filﬁ,and a.lower'
optical phase difference film are disposed with a space

layer interposed therebetween, the wupper optical phase

- difference film serving to give a phaée. delay of a 1/4

‘wavelength to incident light of a center wavelength within a

visible region and having a movable electrode portion on a

lower surface thereof, and the lowe: optical phase

: difference film serving to give a- phase: delay of a- 1/4

‘wavelength- to the incident light of the center wavelength.

within- the visible region ‘and having a stationary electrode’
portion on an upper surface thereof; and a lower polarizer
is disposed on a lower surface of the liquid crystal display,
wherein an angle formed by an optical axis of the upper
optical phase difference film and a polarization axis of the
upper polarizer is about 45°, an angle formed by an optical
axis of the lower optical phase difference film and linearly
polarized light that is to be outputted from- a device

surface out of linear polarization emitted from the liquid

crystal display is about 45°, an angle formed by the optical

axis of the upper optical phase difference film and the
optical axis of the lower optical phase difference film is"
about 90°, and wherein an angle formed by the polarization

axis of the upper polarizer and linearly polarized light
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that is to be outputfed from the device surface out of
linearly polarized 1light emitted from the 1liquid crystal
display is 90°, | | |

the method comprising:

obtaining a movable-side sheet by, after

performing a heat . treatment for removal of  residual

..solvents in film material of the ‘upper optical phase

difference film, forming a transparent electrically
conductive film for the movable electrode portion directly

on the film material, and after performing.a heat treatment

. for ~reducing dimensional errors involved in formation of

leads, forming leads of the movable electrode portion, and
further performing a heat treatment for curing of binder of
ink with which the leads have been formed, as well as for
removal of solvents of the ink,

obtaining a stationary-side sheet by forming a
trahsparent electrically cqnductive film for the stationary
electrode portion directly on a glass substrate having
optical isotropy, forming leads of the stationary electrode
portion, and performing a heat treatment for curing of
binder of ink with which the leéds have been formed, as
well as for removal of solvents of the ink;

laminating together the movable-side sheet and-
the stationary-side sheet;

then, laminating the upper polarizer on an upper
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surface of the upper optical phase difference film of the

movable-side sheet and thereafter performing a pressure

degassing process; and

laminating together the stationary-side = sheet

- with the liquid crystal display with the lower optical phase

difference film interposed therebetween.

According to a 21st. aspect of the present
invention, there is provided a method for fabr;cating a
touch—input type liquid crystal display device having a
liquid crystal display below a touch panel, wherein in the
liquid crystal display device, an upper polarizer is
disposed on an upper surface of a transparent. touch panel in-
which an upper optical phase difference film and a lowér.
optical phase difference film are disposed with a space
layer interposed therebetween, the upper optical phase
difference film serving to give a phase delay of a 1/4
wavelength to incident light of a center wavelength within a
visible region and having a movable electrode portion on a
lower surface thereof, and the lower opticél' phase
difference film serving to givé a phase delay of a. 1/4
wavelength to the incident light of the center wavelength
within the visible region and having a stationary electrode
portion on an upper surface thereof; and a lower polarizer-
is disposed on a lower surface of the liquid crystal display,

wherein an angle formed by an optical axis of the upper
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optical phase difference film and a polarization axis of the
upper polarizer is about 45°, an angle formed by an optical
axis of the lower optical phase difference film and linearly
polarized light that 1is to be outputted from a ‘device
surface out of linear polarization emitted from the liquid

crystal display is about 45°, an angle formed by the optical

~axis of the -upper optical phase difference film and the .

optical axis of the lower optical phase difference film is
about 90°, and wherein an angle formed by the a pblarization

axis of the upper polarizer and linearly polarized light: -

-.that. 'is to be' outputted from the device -surface out of

linearly polarized light emitted from the liquid crystal
display is 90°, -

the method comprising:

obtaining a movable-side sheet by, after
performing a heat treatment for removal of residual
solvents_-iﬂ film material of the upper optical phase
difference film, forming a _transparent electrically
conductive film for the movable electrode portion directly
on the film méterial, and after.performing a heat.treatment

for reducing dimensional errors involved in formation of

leads, forming leads of the movable electrode portion, and

further performing a heat treatment for curing of binder of"
ink with which the leéds have been forméd, as well as for

removal of solvents of the ink,
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obtaining a stationary-side sheet by, after
performing a heat treatment for removal of residual
solventé in film material of an optically isdtropic film{
forming a transparent electrically conductive film for the
stationary electrode portion directly.on the film material,
and after performing a heat treatment . for reducing
dimensional errors involved in formation of leads, forming .
leads of the stationary. electrode portion, and further
performing a heat treatment for curing of binder of ink

with which the ‘leads have been formed, as well as for

. removai of solvents of the ink,

 laminating together the movable-side sheet and

the stationary-side sheet;
laminating the upper polarizer on an upper
surface of the upper optical phase difference film of thé
movable-side sheet and thereafter performing a pressure

degassing process; and

laminating together the stationary-side sheet

with the liquid crystal display with the lower optical phase

difference film interposed therebetween.

According to a 22nd aspect of the present
invention, there is provided a met.hod for fabricating a
touch-input type liquid crystal display device according to -
any one of the 19th to 21st aspects, wherein the heat

treatment for removal of the residual solvents in the film
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materials is performed at a temperature of not less than

150°C.

According to a 23rd aspect of the present
invention, there is provided ~a method for fabricating a
touch—ihput type liquid crystal display. device according to

any one of the 19th to 22nd aspects, wherein the heat

- treatment . for reducing dimensional errors  involved.in. the

formation of the leads is performed at a temperatqre of not
less than 100°C and less than 130°C.

. According to a 24th aspect of the. present
invention, there is provided a method for. fabricating_ a
touch-input type liquid crystal display device according to
any one of the 19th to 23rd aspects, wherein the heat
treatment for curing of the binder of the ink with which
the leads have been formed, as well as for removal of the
solvents of the ink is performed at a temperature of not
less than 100°C and less than 150°C.

According to a 25th aspect 6f the present
invention, there is provided a method for fabricating a
touch-input type liquid crystal display device according to
any one of the 19th to 24th aspects, wherein the pressure
degassing process is performed at 40 - 80°C and 4 - 9 kg/cm®
for 10 - 120 minutes. |

According to a 26th aspect of the present

invention, there is provided a method for fabricating a
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touch-input type liquid crystal display device according to
any one of the 19th to 25th aspects, wherein electrode-
routed portions are preparatorily provided in either one of

the movable electrode portion and the stationary electrode

~.portion, and after laminating together . the movable-side

sheet and the stationary-side sheet, and pressed against

and . adhered to. a. connector wvia an anisotfqpic conductive
adhesive at a temperature of not less than 120°q and less
than 170°C.

The touch-input type liquid crystal display device

according to. the present invention, .having the - .above-

~ described - constitutions . and functions, - produces the

following advantages.

That is, by the arrangement that the anglélformed
by the polarization axis of the upper polarizer and the
optical axis of the upper optical phase difference film is
set fo about 45°, 1light enters the spéce layer of the
transparent touch panel in the form of circularly polarized
light or generally circularly.polarized light, énd reflécted
circﬁlarly polarized light or generally circularly polarized-
light passes through the upper optical phase difference film
again, resulting in linearly polarized light vertical to the
transmission axis of the upper polarizer, so that reflected:
light 1is suppressed. The term, polarization axis (or

absorption axis) of the upper polarizer 8, refers to an axis
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parallel to the drawing direction of the film material.
Light passing through the upper polarizer 8 is polarized,
going out from the upper polarizer 8 as linearly polarized
light only in a direction perpendicular to the absorption
axis. It is .noted that an axis .perpendicular to . the
absorption axis is referred to as a .transmission axis. 1In
order to . allow - the  linearly . polarized light to be
transmitted through this upper polarizer 8, the transmission
axis and the direction of the linearly polarized light must
be coincident-with each other. Linearly polarized light out
of coincidence is inhibited from being transmitted by the
upper polarizer 8.

Also, by setting the lower optical phase
difference film between the transparent touch panel and the
liquid crystal display in such a manner that the optical
axis of the lower optical phase difference film forms an
angle of about 90° to the optical axis of the upper optical
phase difference film and moreover forms an angle of about
45° to 1linearly pdlarized iight that should be outputted
from the aevice surface out of fhe linearly polarized light
emitted from the liquid crystal display, coloring of the
display screen, as viewed from the observer side, can be
suppressed, by which a display screen which is high in-
contrast and free from coloring can be obtained. It is

noted that linearly polarized light that should be outputted
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from the device surface, out of the linearly polarized light
emitted from the liquid crystal display with a voltage equal
to or lower than the threshold voltage, has such a
relationship as to form an angle of 90° to the polarization
axis of the upper.polarizer. |

Further, in the touch-input type 1liquid crystal

. display device, by applying a lower reflection process to

the uppermost surface of the device, reflection of light at

the uppermost surface is suppreséed.

As a result of these improvements, - the liquid

- crystal display .equipped with the transparent touch panel

“according. to the present invention can -offer a ‘display

screen which less.reflects in a room with fluorescent lamps
or the like or in outdoor places, high in contrast, and very
good at wvisibility. |

The present invention, by virtue of its
constitutions and functions as described above, can provide
a touch-input type liquid crystal display device which is
high in contrast and high in wvisibility by wvirtue of its
capability of -suppressing refleéted light of fluorescent
iamps or the 1like indoors, and reflected light due to
external light outdoors by means of the upper polarizer and
the individual layers behind the upper polarizer.

Further, in the case where a transparent film is

laminated on the upper surface of the upper polarizer, the
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following advantages are offered by virtue of ~ the
transparent film. That is, by the lamination of the
transparent film onto fhe upper- surface of..the U§per
polarizer, the surface durability becomes better so that the
surface of the upper polarizer can be. prevented from being

damaged even. with pen input or finger .input or the 1like.

Also, .by the lamination of the transparent film onto. the

upper surface of the upper polarizer, moisture absorption

from the surface of the upper polarizer can be prevented, so

“that contraction and expansion as well as distortion of the

upper - polarizer due to the moisture absorption. can be

suppressed. Therefore, variations of the retardation value
of the upper optical phase difference filﬁ laminated on the
upper polarizer can be suppressed, irregular colors do not
occur, and moreover the antireflection function is never
impaired.

Brief Description Of Drawings

These and other aspects and features of the

.present invention will become clear from the following

description. taken in conjunction with the preferred
embodiments thereof with reference to the accompanying
drawings, in which:

Fig. 1 is a sectional view showing a touch-input-
type 1liquid crystal display device (transmission type TN

(Twisted Nematic)) according to a first embodiment of the
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present invention;

Fig. 2 is an exploded perspective_ view of the

liquid crystal dispiay device of Fig. 1;

Fig. 3 is a schematic sectional view of the liquid

crystal display device of Fig. 1;

Fig. 4 is an explanatory view for explaining a.

state in which reflection of external light is suppressed in:

the liquid crystal display device of Fig. 1;

Fig. 5'1s an explanatory view of the backlight
guide plate;.

Fig. 6 is a sectional view showing a touch-input
type liquid crystal display device (transmission “type STN
(Super Twisted Nematic)) according to a second embodiment;

Fig. 7 is a sectional view showing a touch-input
type liquid crystal display device (refléction type STIN)
according to a third embodiment;

Fig. 8 is an explanatory view of the transmission
axis dir'ectlion and the optical axis direction in the touch-
input type liquid crystal display device (TN) according to
ti'le foregoing embodiment of the present dinvention;

Fig. 9 is a sectional view showing a touch-input
type liquid crystal display device (transmission type TN)
according to a modification of the first embodiment;

'F_‘ig._ 10 is a sectional view showing a touch-input

type liquid crystal display device (reflection type STN)
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according to a modification of the third embodiment;

Fig. 11 is a sectional view showing a touch-input
type-liquid.crystal display device (transmission typé TN)
according to a fourth embbdiment of the present invention;

Fig. 12 is a sectional view showing a touch-input

type liquid crystal display device (transmission type .STN)

.according to a fifth embodiment of the .present invention;.

Fig. 13 is a sectional view showing a touch-input
type liquid- crystal display device (reflection type <STN)
according to a sixth embodiment of the present invention; -

Fig. 14 is an explanatory view of the transmission

© axis direction and the optical axis direction in the. touch-

input type liquid crystal display device (TIN) according to
the foregoing embodiments of the present invention;
Fig. 15 is a sectional view showing a touch-input

type liquid crystal display device (transmission type TN)

according to a modification of the fourth embodiment;

| Fig. 16 is a sectional view showing a touch-input
type 1liquid crystal display device (reflectioﬁ type STN)
according to a modification of the sixth embodiment;
Fig. 17 is a sectional view showing an example of
a conventionally general 1liquid crystal display device
equipped with a transparent touch panel;
| Fig. 18 1is a sectional view showing another

example of the conventionally general liquid crystal display
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device equipped with a transparent touch panel;

Fig. 19 is an explanatory view for explaining a
state in which a portable personal cbmputer having the
conventional liquid crystal display device of Fig. 17 is
used in a room with a- fluorescent lamp or the like; and .

-Fig. .20 is an explanatory view for explaining a
state in which a. portable terminal .unit ha&ing the

conventional liquid crystal display device of Fig. 18 is

- used outdoors.

-Best Mode for .Carrying Out the Invention

Before  the. description of the present. invention
proceéds, it is to be noted that like parts are designated
by 1like reference numerals ‘throughout the acéompanying
drawings.

Hereinbelow,  a touch-input type 1liquid crystal
display deviée, as well as its fabricating method,
according to various embodiments of the present invention
are described in detail with reference to the accompanying
drawings.

Fig. 1 is a sectional view showing é touch-input
type liquid crystal display device (transmission type TN) of
a resistor film type according to a first embodiment of the
present invention. Fig. 2 is an exploded perspective view"
of the liquid crystal display device of Fig. 1, Fig. 3 is a

schematic. sectional view of the liquid crystal display
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device of Fig. 1, Fig. 4 1is an explanatory view for

explaining a state in which reflection of external light is

suppressed in the liquid crystal display device of Fig. 1,

and Fig. 5 is an explanatory view of the backlight guide
plate.

Also, Fig. 6 is a sectional view showing a touch-
input type liquid crystal display device (transmission type
STN) accbrding to a second embodiment of the present
invention.

Fig. 7 is a sectional view showing a touch-input
type liquid - crystal ‘display device (reflection type STN)
according to;a third embodiment of the present invention.

Fig. 8 ‘is anlexplanatory view of the transmission
axis direction and the optical.axis direction in the touch-
input type liquid crystal display device (IN) according to
the foregoing embodiment of the present invention.

Fig. 9 is a sectional view showing a touch-input

type liquid crystal display device (transmission type TN)

according to a modification of the first embodiment.

Fig. 10.is a sectional view showing a touch—iﬁput
type liquid crystal display device (reflection type STN)
according to a modification of the third embodiment.

In the figures, feference numeral 1 denotes the-
transparent touch panel, 2 denotes a liquid crystal display,

3 denotes a movable electrode portion, 4 denotes an upper
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optical phase difference film, 5 denotes a stationary
electrode poftion, 6 denotes a lower optical phase
difference film, 7 denotés a space layer; 8 denotes an
upper polarizer, 9 denotes a lower polarizer, 10 denotes

spacers, 11 denotes a glass substrate, 12 denotes an -

.optically iSotropic film, 13 denotes a backlight .guide

plate, 14 denotes. an optical-compensation phase :difference .
plate, 15 denotes a reflecting plate, and 16 denotes a

transparent resin plate.

An ‘edge-light plane emission ‘device ‘which is: a

- general "structure of the backlight guide plate 13 is shown
~in Fig. 5. In Fig. 5, are shown a line light source 13a, a

"light guide plate 13c, an 1light reflecting plate 13d, a

light scattering layer 13e, and a diffusion sheet 13b.
Light guided from the line light source 13a into the light
guide plate 13c is outputted from the front sufface (upper
surface in Fig. 5) of the 1light guidé prlate 13c'by the
light scattering layer 13e and the light reflecting plate
13d formed on the lower surface of the light guide plate
13c. further, the light outputted by the light guide plate
13c is plane emitted uniformly overall by the diffusion
sheet 13b set on the upper surface of the light guide plate
13c.

The movable electrode portion 3 comprises a

transparent electrically conductive film 3a, leads 3b and
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the like having flexibility. The material of the movable
electrode portion 3 is exemplified by metallic oxides such
as tin oxide, indium oxide, antimony oxide, zinc oxide,

cadmium oxide, or indium tin oxide (ITO), composite films

- composed primarily of these metallic oxides, gold, silver,

copper, tin, nickel, ~.aluminum, palladium, or the like.

The wupper optical .phase. difference film 4 is a
transparent film which has a function of changing linearly

polarized 1light into «circularly polarized 1light or

-generally circularly -polarized light by giving a time+base

phase shift to . two components of. . polarized light

"perpendicular to each other resulting-from decomposing - the

linearly polarized-light} and a function of delaying the
phase of one compohent of the polarized light by a 1/4
wavelength with respect to incident 1light of a center
wavelength of the visibie region. That is, by using this
upper  optical phase difference. film 4, one of the two -
components of polarized light perpendicular to each other
resulting from decomposing the linearly polarized light is
given a.phase.delay of a 1/4 wavelength of the about 550 nm
center wavelength of the visible region, i.e. an about 138
nm phase delay. In this case, if the two components of
polarized light perpendicular to each other are equal in-
amplitude to each other, circularly polarized light results,

and otherwise elliptically polarized light results. It is
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noted here that the description of "about 550 nm center
wavelength of the visible .region" is only that the center
waveléngfh of the visible rég_ion is. assuined tol be about 550
nm as an example. The reason of the'setting to about 550
nm is on the following basis. That is, considering the
center wavelength of the visible region in terms of the
relation to-the human luminosity curve, the human visible
region ranges from about 400 nm to 700 nm, a peak of
luminosity factor (visual sensitivity) exists at ‘about 550
nm. Therefore, suppressing light reflection at ‘wavelengths
of this about 550 nm-éan make reflection insensible td the -
human eyes. -

The wupper optical phase . difference film 4 -
fulfills also a function as a pen or finger input of the
touch panel, and so needs to have flexibility for easier.
input operation. |

Also, because the upper optical phase difference
film 4 is high-temperature-treated during the formation of
the movable electrode portion 3 and the circuit formation,
the' film material used is required to have a thermal
resistance of 150°C or more. 1In the case. of film materials
having lower thermal deformation temperatures (i.e., less
than 150°C as. will be described later), the retardation-
value, which is a value of phase delay between the two

components of polarized 1light, would be changed by high
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temperature treaﬁment, in which case the visibility of the
display screen would be inferiqr with the constitution of
the touch—input typé liquid crystal display device according
to. this embodiment of the present invention. However, it

has been found that the higher the. thermal deformation

 temperature (i.e., 150°C or more as will  be described

later) of the film material is, the smaller the.change of
the retardation value in high temperature treatment becomes
practically negligibly. Such a material is. exemplified by

uniaxial . oriented:' polymeric films  having a‘'. thermal

. deformation temperature of 150°C or more, e.g.,. polyarylate,

polyethersulfone, norbornene base resins, polysulfone, and
the 1like. Particularly, uniaxial oriented polyarylate,
polyethersulfone, or polysulfone films having a thermal
deformation temperature of 170°C or more ‘are preferable as
the film material.

The reason because a film material having a 150°C
or more thermal deformation temperature is used as the film
material for the uppér optical phase difference film-4/ as
well as the reason Because the filﬁ material preferably hés
a 170°C or more thermal deformation temperature, as shown
above, are described below in detail.

First, the reason because a film material having-
a 150°C or more thermal deformation temperature is used as

the film material for the upper bptical phase difference
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film 4 is described below.

Generally, when heat equal to or higher than the
fhermal deformation ﬁemperature of the film material of the
upper optical phase difference film 4. is applied to the
film material of the upper optical phase difference film 4,
the -film material of. the upper optical phase difference
film . 4 shows .such . deterioration -as deformation. or
distortion due to the heat. In such a case, it becomes

hard for the wupper optical phase difference film 4 to

‘retain the 1/4 wavelength phase. difference (retardation),

thus no longer possible fo suppress the reflection or -
obtain a cdrrect image. Therefore, by the temperatures of
later-described heat treatments to be lperformed -on the
upper optical phase difference film 4 in this embodiment,
usable film materials are limited.

In addition, with a low thermal deformation
temperature (e.g., less than 150°C) of the film material of
the upper optical phase difference film 4, performing the
heat treatment at temperétures less than the low thermal
deformation temberature would also iﬁhibit occurrence of
deformation or deterioration.of the film material of the
upper optical phase difference film 4 due to the heat. 1In
such a case, however, the heat treatment would be useless
as a matter of coufse, that is,.various effects of the heat

treatment as will be described later could no longer be
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obtained.

Heat ftreatment in fabricating the upper optical
phase difference film 4 is now described in a process
sequence, that is, from heat treatment (1) to heat
treatment (3). below:

Heat Treatment (1):

-Normally, the upper .optical phase difference film.

4 for the liquid crystal display device is fabr;cated in

multiplicities in succession. Therefore, the film material

 is prepared in the form of a roll in which one .sheet of

film material corresponding to one sheet or any -arbitrary -
sheets of upper optical phase difference film 4 ‘is coupled
one”afterlénother continuously.

Before a transparent electrically conductive film
to form part of the movable electrode portion 3 is formed
on such a rolled film material, the film mate;ial needs to
be subjected to heat treatment for a specified time period
at as high temperétures as possible in order to eliminate
residual solvents contained in the film material. This is
because.the presence of any residual solvents in the film
material would make it impossible to stably form the
transparent conductive film. Therefore, in order to form a
transparent conductive film having superior stability and-
high ~strength on the film material after eliminating

residual solvents contained in the film material, it is
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necessary to perform the heat treatment for removiﬁg the
residual solvents for a specified time period under a high
temperature of 150°C or more before depositiné . a
transparent conductive film on the film material. As for
the reason of this, the residual solvents could not be
removed enough under temperatures of less than 150°C so
that- a - transparent : . conductive film having  superior

stability and high strength could absolutely not be formed

-on the film material. Accordingly, for the purpose of

removing' the residual solvents in the: film material, the

film material, -that is, the upper optical phase .difference.

film 4 is required. to have a thermal  deformation

temperature of 150°C or more.
Heat Treatment (2):

After the transparent conductive film is formed
on the film material as described above, in order that a
desired circuit to be connected to the already deposited
transparent conductive film is formed on the rolled film
material, first, the rolled film material is cut into a
sheet form, thus providihg film material sheets for use as
the upper optical phase difference film 4. Then, this film
material sheet is subjected to heat treatment process, as
required, for reducing dimensional errors in circuit-
formation as much as possible. This heat treatment process

is desirably performed at a temperature not less than 100°C
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and less than 130°C for about 1 hour. Therefore, the film
material is required to have a thermal deformation
teﬁpefature " of not leés thaﬁ 130°C, preferably and
sufficiently not less than 150°C.

Heat. Treatment (3):

During the circuit formation_on the film material
sheet, ‘high temperature drying process is performed for the
curing of the binder of the ink with which the desired
circuit to be connected to the transparent conductive film

has been formed, as well as for the removal of the solvents.

-This high temperature drying process. is performed -at. a

temperatufe not less than 100°C and less than 150°C for 30
-~ 60 minutes. Therefore, the film material is required to
have a thermal deformation temperature of not less than
150°cC.

Since the various heat treatment processes, heat
treatment (1) to (3), are performed as shown above, the film
material of the upper optical phase difference film 4 is a
uniaxial oriented polymeric film having a thermal
&eformation temperature of 150°C or more, exemplified bf
polYarylate, polyethersulfone, polysulfone, nhorbornene base
resins, or the like. Particularly preferable as the film
material are uniaxial - orientedl lpolyarylate,'
polyethersulfone, polysulfone, or the like having a thermal

deformation temperature of 170°C or more. Indeed a film
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materiél having a thermal deformation temperature of 150°C
Oor more can be subjected to. the various heat treatment
processes énough.és described above, but heatztreating.the.
film material to 170°C or more before the.formétion of the
transparent conductive film makes - the = transparent

conductive film sufficiently crystallized  (which means a

high . strength), which allows an even. more .stable

tranéparent electrode to be obtained. For executing the

heat treatment to 170°C or more, the film material is also

- required to have a thermal deformation temperature not less

‘than the heat-treatment temperature, 170°C.:

Also, the film thickness pf the upper -optical

‘'phase difference film 4 is preferably not less than 50 pm

and not more than 150 um. If the thickness of the upper
optical phase difference film 4 is over 150 um, the total
thickness in combination with the upper polarizer 8 would
be so large that input by finger or pen would feel heavy
with neat input of characters disabled. Besides, if the
thickness of the upper optical phase difference film-4 is
less than 50 um} the film itself would be poor in toughness
and yield film wrinkles or corrugations durihg the circuit
formation, so that lamination with the upper polarizer 8
would be difficult. Therefore, the thickness of the upper"

optical phase difference film 4 is preferably not less than

50 pym and not more than 150 upm, more preferably not less
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than 75 um and not more than 125 pum. As for the reason
that the thickness of the upper optical phase difference
film 4 is more preferably.not less than 75 pm and not more
than 125 pm, if the thickness is not less than 50 um and
less. than 75 um; the film would be tough and free from

occurrence of wrinkles, but it would be . impossible to

.completely -eliminate.-corrﬁgations having. gently—sloping

crests and troughs. With a thickness of 75 um or more, the

upper ‘optical phase difference film 4 is enabled to

- completely eliminate the corrugations.- - Furthermore, indeed

films having a thickness of not less than 125 pum and less

than 150 pum indeed allow pen or finger input to feel light'-
with neat input of characters enabléd,.but films thinner
than.125 um allow particularly neat character input to be
realized.

Also, a member 19 depicted in Figs. 1, 6, 7, 9, 10
is a double-sided tape 19 for bonding the upper optical
phase difference film 4 that supports electrode 3, and a
base material that diredtly forms the stationary electrode
portion 5 thefeon around the spacé layer 7 sandwiched -
between the movable electrode 3 and the stationary electrode
5. An adhesive material may substitute for the double-sided
tape 19. The adhesive material or the adhesive compound-
used for the double-sided tape 19 may be acrylic-, epoxy-,

urethane-based material or compound, or their copolymers or
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the like, while the double-sided tape is appropriately, for
example, Nitto Denko Kabﬁshiki Kaisha's 532 or the like.

| The s'tl_ationary electrode portion 5 comp'rises a
transparent conductive film 5a, a lead 5b, and the like,
like the movable electrode portion 3. The material for
forming the stationary electrode portion 5 is exemplified by
oxides such as tin oxide, indium oxide, antimony oxide,
zinc oxide, cadmium oxide, or indium tin oxide (ITO),
composite films composed primarily of these metallic oxides,
gold, silver, copper, ‘tin, nickel, aluminum, palladium, or
the like.

As the ‘base mater.ial for directly forming - the
stafionary electrode porfion 5 thereon, the lower optical
phase difference film 6 (see Fig. 1) is used in the first
embodiment. |

In contrast to this, in the second embodiment,
the transparent glass substrate 11 having optical isotropy

(see Fig. 6) is used as the base material for directly

~forming the statiénary electrode portion 5 thereon.

Also, in thé third embodiment, the transparent.
optically isotropic film 12 (see Fig. 7) is used as the
base material for directly forming the stationary electrode
portion 5 thereon.

The base material in both the second embodiment

and the third embodiment is high-temperature-treated during
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the formation of the stationéry electrode portion 5 and the
circuit formation, as in the upper optical phase difference
film 4.

Characteristics required as the material of _the
lower éptical phase difference film 6 differ.between.a case
where the transparent conductive film that forms part of the .
stationary electrode portion 5 is provided on the .lower
optical phase difference film 6 as in the first embodiment,

and another case where the transparent conductive film that

forms -part of the stationary electrode portion ‘5. is not -

provided on the .lower optical phase difference film'6 as in
the second and third embodiments. " Therefore, - the
characteristics are described below separately for the cases.

First, in the case where the transparent
conductive film that forms part of the stationary electrode
portion 5 is provided on the lower optical phase difference
film 6 as in the first embodiment, i.e., where the
stationary electrode portion 5 including the transparent
conductive film is directly formed on the lower optical
phase difference film'G, the foliowing characterisfics are
required.

The material of the lower optical phase difference
film 6 1is exemplified by uniaxial oriented transparent-
polymeric films having a thermal deformation temperature of

150°C or more, for example, polyarylate, polyethersulfone,
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polysulfone, norbornene base resins, or the like. The
reason of this 1is that with the thermal deformation
temperature less thén 150°c, tﬁere would occur a éhange iﬁ
retardation at wvisible portions of the 1liquid crystal
display of the touch panel due to the heat. treatment during
the fabrication of the touch panel, so that the . low
reflection . effect. could no longer be . obtained enough.
Another reason is that light necessary for making up pixels
could not be outputted because of retardation changes, or

light unnecessary for making up the pixels would be

‘outputted, so that a correct image could not be formed. . .The

aforementioned ‘heat treatment to be executed on the lower
optical phase difference film 6 on which the stationary
electrode portion 5 is directly formed refers to the heat
treatment (1) to (3) as mentioned for the upper optical
phase difference film 4. Also, the material of the lower
optical phase difference film 6 preferably has a thermal
deformation temperature of 170°C or more in terms of
sufficiently crystallizing the transpareﬁt conductive film,
as in the case of theluppef optical phase difference film 4.
Next, in the case where the transparent conductive
film is not provided on the lower optical phase difference
film 6 as in the second and third embodiments, that is, -
where the stationary electrode portion 5 including the

transparent conductive film is formed on the glass substrate
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11 having optical isotropy as in the second embodiment, or
where the stationary electrode pprtion 5 1including the
transparént conductiﬁe film- is formed on the optically
isotropic film 12 as in the third embodiment, the following
characteristics are required.

The material of the lower optical phase difference
film 6 on which nthe_ftransparent conductive film is not
provided is exemplified by uniaxial oriented transparent
polymeric films having a thermal deformation temperature of
130°C or more, = for example, polycarbonate, ‘polyarylate,
polyethersulfone,. norbornene: base resins,ﬁ polysulfone, .or
the like. In this case, the heat treatment (1) to  (3) as
discussed in association with the fabrication of the upper
optical phase difference film 4 are not involved, the lower
opfical phase difference film 6 does not need to have a
thermal deformation temperature of 150°C or more. However,
it is still necessary for the lower optical phase difference
film 6 to have a thermal deformation temperature of 130°C or
more. This is because a thermal deformation temperature of
less than 130°C might cause the retardation value to change
with time.

Meanwhile, as the optically isotropic film 12 that
forms the stationary electrode portion 5, un—-drawn -
polymeric films having a thermal deformation temperature of

150°C or more, for example, polyarylate, polyethersulfone,
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polysulfone, norbornene base resins, or the 1like are

preferable. As for the reason of this, whereas the

optically isotropic film 12 indeed has no phase difference

value and no problem in this reépect, -the optically
isotropic film 12 is sﬁbjected to the respective. heat
treatment (1) to (3) as described in the fabrication of the
upper optical phase difference film 4 and therefore needs .to
have such a thermal deformation temperature of 150fC Or more
as the -optically isotropic film 12 can ' endure those
processes.

- As described above, in the  first and third:
embodiments, with  the use of the -lower ' optical phase
difference film 6 and‘ the optically isotropic film 12, thé
total thickness of the transparent touch panel 1 becomes
thinner, making it possible to provide a thinner, more
lightweight touch-input type liquid crystal display device,
as compared with the cése where the glass substrate 11
having optical isotropy is used in the'second embodiment.
For example, in the case of the second emﬁodiment where the
stationary electrode portion 5 is formed on the gléss
stibstrate 11 having optical isotropy, in the case of the
first embodiment where the lower optical phase difference
film 6 is used or the third embodiment where the optically "
isotropic film 12 is used, the glass substrate 11 having

optical isotropy can be made 0.7 mm thick, while the lower
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optical phase difference film 6 or the optically isotropic

film 12 can be made 0.075 mm thick, and the base material

. for the stationary electrode of the first embodiment or the

third embodiment is about one tenth as thick as that of the
second embodiment. Meanwhile, with the use.of the glass
substrate 11 ﬁaving optical isotropy as in the second
embodiment, .pressing stability and durability of the finger
or pen becomes more stable, as compared with the first
embodiment or the third embodiment.

Also, as a modification of the first embodiment,

if pressing stability and durability equivalent to those of. -

‘the glass substrate 11 having'optical'isotropy“are preferred

to the .thinness in 'thé first embodiment, the transparent
resin plate 16 having optical isotropy may appropriately be
disposed between the transparent touch panel 1 and the
liquid crystal display 2 (see Fig; 9).

Also, as a modification of the third embodiment,
if pressing stability and durability equivalent to those of
the gléss substfate 11 having optical isotropy are preferred
to the thinness iﬁ the third embodiment as well, fhe
transparent resin plate 16 having optical isotropy may
appropriately be disposed between the optically isotropic
film 12 and the lower optical phase difference film 6 (see -
Fig. 10).

As the material of the transparent resin plate 16
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having optical isotropy in the aforementioned respective
modifications, resins superior in transparency such as
polycarbonate resins, acrylic resins or poljstyrene resins
are used. The thickness of the transparent resin plate 16
having optical isotropy is, fo; example, 0.3 - 5.0 .mm.
With a thi-ckness. less than 0.3 mm, the transparent resin
plate 16  would deteriorate .in .pressing stability .and
durability and therefore would be prone to yield recesses or
other deformations‘ due to repeated inputs. ‘Also, ‘with - a
thickness over 5.0 .mm, the transparent resin plate 16 ‘would
be-':heavier.Ehan.-glass, impracticable as portable equipment.

Furtherméréi a multiplicity of spacers- 10 are
formed between the movable electrode portion 3 and the
stationary -electrode portion 5 which are opposed to each
other. Thus, input is effected by preséing from on the
upper optical phase difference film 4 wit.h a finger or pen
and thereby causing the movable electrode portion 3 to come
into cbntact with the stationary electrode portion 5 in
re_gions where the spacers 10 are absenf;.

In addition, the spacers iO in the figures are
exaggeratedly depicted for. an easier understanding,_ whereas
the spacers 10 are actually difficult to discern by the eyes.
As an actual examf)le, the height of each spacer 10 is 1 - 15-
um, the outer diameter of the cylinder, which is each spacer

10, is 30 - 100 pm, and the spacers 10 are arrayed at
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intervals of a fixed value between 0.1 mm - 10 mm.

Whereas the upper polarizer 8 is disposed on the
upper surface of the ﬁpper optical phase differeﬁce film 4,
the polarization axis of the upper polarizer 8 is set with
an inclination of about 45° with respect to the optical axis
of the. upper optical phase difference film 4. .The angle of
about 45° . is intended.to convert linearly polarized light
intg circularly polarized 1light or generally circularly

polarized 1light, where an allowance of up to 43° is

permitted. - With such an arrangement, the two components of

polarized light -perpendicular to each other become -equal.-in

amplitude  to each other, so that the linearly polarized
light having passed through the ﬁpper optical phase
difference film 4 is formed into circularly polarized light
or generally circularly polarized light.

Here is described the reason that the polarization
axis of the upper polarizer 8 is permitted to be 45° with an
allowance of #3° with respedt to the optical axis of the
upper optical.phase difference film 4.

ﬁnless- the polarization axis of the upper
polarizer 8 is set so as to accurately form an angle of 45°
with respect to the optical axis of the upper optical phase
difference film 4, linearly polarized light that has been-
incident on the upper optical phase difference film 4 is not

changed into. circularly polarized 1light but formed into
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elliptically polarized light.

Thereafte_:_r, the circularly polarized light that
has been returned by ref-lection passés_ .again through the
upper. optical phase difference film 4, being outputted as
linearly polarized light from the upper surface of the upper
optical  phase difference film 4, while the elliptically
polarized light. that has been returned .by. reflection is
outputted as elliptically polarized light close to linearly
polarized light from the upper surface of the upper optical-
phase -difference film 4. Complete linearly polarized ‘1light
then perpendicularly crosses the transmission axis (like a
slit) of the upper polarizer 8, not being outputted from the
upper surfac':e of the upper polarizer 8, so that reflected .
light can be ' suppressed. Incomplete linearly polarized
light, on the other hand, can block the component
perpéndicular to the transmission axis of the upper
polarizer 8 from being outputted, but allows the éomponent
coincident with the transmission axis of the upper polarizer

8 to be outputted from the upper surface of the upper

~polarizer 8. That is, excess reflection remains.

Even 1if the polarization axis of the upper
polarizer 8 is not accurately at the angle of 45° with
respect to the optical axis of the upper optical phase’

difference film 4, but only if the différence is within +3°,

then the result is almost the same as with the circularly
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polarized light (i.e., generally circularly polarized light)

and the reflected light outputted from the upper surface of
the upper polarizer 8 (top surface of the liquid cryétal
display device) can be neglected finally. .

Next, the material of the upper polarizer 8 is

generally a flexible, 200 pm thick polarizer which is

obtained by impregnating polyvinyl alcohol with a.dichroic .

pigment such as iodine or dye, and drawing it, and then
covering the front and rear surfaces with a cellulose:base

protector film such as triacetylcellulose. Such an upper

polarizer 8 is exemplified by "HEG1425DU made by Nitto Denko - ..

Kabushiki Kaisha". - -

Also, a low-reflection processed layer may be
formed on the upper surface of the upper polarizer 8 by
applying a low reflection process thereto. The low
reflection.process may be done by applying a low-reflection
material using a low-refractive-index resin such as
fluororesin - or silicon resin, or forming a metallic
multilayer film or laminéting a 1ow—reflection fiim. It is'
noted here that out of the tétal reflection of a touch-input
type liquid crystal display device, reflection by the touch
panel surface accounts for about 4%, and that the proéess
for suppressing this reflection to less than 1% is called’
the low reflection process.

In order to protect the upper polarizer 8 and the
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upper optical phase difference film 4 from wearing due to
press by finger or pen, a hard coat processed layer
cbmprising acrylic resin, silicon resin, UV curing resin, or
the like may alsc be deposited on the upper polarizer 8.

.By arranging the transparent touch panel 1 and the
upper polarizer 8 in such a constitution as _shown above,
reflected light due to.the light incident from external can
be suppressed in the following manner.

Incident 1light from the observer side ' passes
through the upper polarizer 8, becoming linearly polarized
light. When this :linearly polarized 1light passes ' through
the upper optical phase difference film 4 that gives a 1/4
wavelength - phase delay to the ceﬁter—waﬁelength incident
light Whosé optical axis is inclined by about 45° to the
polarization axis of the upper polarizer é,. the linearly
polarized 1light is divided into two polarized components
perpendicular to each other and equal in amplitude to each
other, one polarized component being given a 1/4 wavelength
phase delay. As a result[ the linearly polarized light is
changed into circularly polarized iight or generally
circularly polarized light. Then, the circularly polarized
light or generally circularly polarized light reflected by

an interface between the space layer 7 and the stationary-

+ electrode portion 5, which is the largest refractive index

portion of the interface, passes again through the upper
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optical phase difference film 4. The light having passed
through the upper optical phase differgnce film 4 is changed
from circularly polarized 1light or generally circulérly
polarized light into linearly polarized light, where the
linearly polarized 1light changes 90° to the linearly-
polarized 1light that has first passed through .the wupper
polarizer 8, resulting in linearly polarized ‘ light . nearly.
vertical to the transmission axis of the upper po;arizer 8,
so that light no  longer passes through. Thus,  reflected
light is- suppressed.-.

The term, "generally. circularly -polarized light",

herein referred to is” in a state very close to circularly

“polarized light. When the optical axis of the upper optical

phase difference film 4 is angled 45° to the polarization
axis of the upper polarizer 8, pifcularly-polarized light
results, and otherwise, elliptically polarized light results.
Since the upper polarizer 8 and the upper optical phase

difference film 4 are disposed with an allowance of +3° with

"respect to the angle in the present ~embodiments of the

present - invention, the terms, "generally circularly
polarized light", in the citation, "elliptically polarized
light or generally circularly polarized light" is
elliptically polarized light within the allowance range of"
+3°.

In addition, the optical axis of the upper optical
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phase difference film 4 is an axis parallel to the drawing
direction of the film material_ of the upper optiqal phase
difference film 4, which is used as the rew materiai..

Also, the polarization axis (or absorption axis)
of the upper polarizer 8 is an axis parallel to.the drawing

direction of the film material. Light passing through the

'upper polarizer 8 is polarized so as to be outputted from

the upper polarizer 8 as linearly polarized light only in
the direction perpendicular to the absorption axis.

It is noted that an."axis perpendicular to the
absorption axis is referred to as a transmission axis.- In
ofder for linearly polarized light to iJe transmitted by this
upper polarizer 8, the transmission axis and the direction
of the light must be coincident with each other. Linearly
polarized light out of coincidence in directions cannot be
transmitted by .the upper polarizer 8.

- Linearly polarized light emitted from the liquid
crystal display 2 is originally Ilight from the backlight,
which is changed into _linearly polarized light | by a
polarizer (lower polarizer in this case) as stated above,
then by passing throu.gh the 1liquid crystal display 2,
outputted so as to be coincident with the transmission axis
of the upper polarizer 8 with a voltage below a threshold’
voltage or outputted so as not to be coincident with the

transmission axis of the upper polarizer 8 with a wvoltage
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equal to or above the threshold voltage, for example, in the
case of the normally white display mode. In addition, in
£he case of the norma;l_ly black display mode, conversely, __thé
light is outputted so as to be coincident with the
transmission axis of the upper polarizer 8 with a voltage
over the threshold voltage, and outputted so as . not to be
coincident with the transmission axis of theauppef-polarizer“
8 with a voltage equal to or below the threshold voltage. |

Like the polarization axis of the upper polarizer

8, the polarization axis (or absorption axis) of the lower

- polarizer 9 is an axis parallel to the drawing direction of

the £film mater_ial. Light - p'assing through ‘the lower
polarizer 9 is polarized so as to be outputted from the
lower polarizer 9 as linearly polarized light only in the
direction perpendicular to the absorption axis.

Also, 1in order to suppress coloring of the
display screen of the liquid crystal display device as
viewed from the observer side, a lower optical phase
difference film 6 that gives a 1/4 wavelength: phése deléy'
to the center-wavelength incident light is disposed be-tween
the upper optical phase difference film 4 and the liquid
crystal display 2 of the transparent touch panel 1. More
preferably, when the lower optical phase difference film 6-
is laminated on the entire upper surface of the 1liquid

crystal display 2 by the medium of a transparent adhesive or



10

15

20

25

50

the like, not only the coloring of the display screen can be
suppressed but also reflected light can be suppressed more

effectively.

In this case, the lower optical phase difference

. film 6 is so positioned that the optical axis of. the upper

optical phase difference film 4 and the optical axis of the

. .lower optical phase difference film 6. forms an angle  of

about 90°. The angle of about 90° is intended to change the

circularly polarized light or generally circularly polérized :

light, - which results after passing through the lower optical

“phase difference film 6, into linearly polarized light 'with

the wupper .optical phase difference film ‘4, where an
allowance of £3° is permitted.

Further, the lower optical phase difference film 6
is so positioned that the optical axis of the lower optical
phase difference film 6 is angled about 45° with respect to
linearly polarized light that should be outputted from the
device surface out of the linearly polarized light emitted
from the liquid crystal display 2. The angle of abbut 45°-
is intended to change the linearly polarized light into
circularly polarized light or generally circularly polarized
light, where an allowance of #3° is permitted. In addition,
in the case of the lower optical phase difference film 6 in-
which the stationary electrode portion 5 is provided on its

upper surface, coloring of the display screen can be
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suppressed and, because the lower optical phase difference
film 6 also forms part of the transparent touch panel 1,
there is no need of providing the optical phase difference
film. Besides, the linearly polarized light that should be

outputted from the device surface out of the . linearly

. polarized light emitted from the liquid crystal display .2

‘with a voltage equal to or below the threshold voltage. has

such a relationship with the polarization axis of the upper
polarizer 8 as to form an angle of 90°.

As the-liquid crystal - display system to be used

- for the liquid crystal display 2, available . are .

transmission- and reflection-type TN liquid crystal display
systems, transmission- and reflectioﬂ—type STN  display
systems, and the like. In any case of these liquid crystal
display systems, the lower optical phase difference film 6
may appropriately be positioned so that the optical axis of
the lower optical phase difference film 6 forms an angle of
about 45° with respect to 1linearly polarized liqht_ that
should be outputted from the device surface out of the
linearly polérizéd light emitted from the liquid crystal

display 2.

In the cases of the transmission- and reflection-’

type STN liquid crystal display systems, as the constitution-

of the 1liquid crystal display 2, an optical-compensation

phase difference plate 14 for preventing the coloring of the
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display screen and enhancing the contrast 1is generally

provided on top of the liquid crystal cell 2a in addition to

‘a liquid crystal cell 2a, as shown in Fig. 10.

In the case of general TN liquid crystal display,
light outputted from the backlight guide plate 13, passing

through the polarizer 9, results in linearly polarized light

.as .shown. in Fig. 8. This..linearly polarized light, when

passing -through the liquid crystal display 2 with a voltage

‘equal to or below the threshold voltage, results in linearly
- polarized light twisted 90°. Further, linearly polarized
.'1light that. has passed _through the lower optical phase

- difference  film 6 becomes 'ciréularly' polarized. light and

then returned.again-to linearly polarized light by the upper
optical phase difference film 4. At this time point,
because the angle between the optical axes of the two
optiéal phase difference films is about 90°, the resulting
linearly. polafized light is directed so as to be
perpendicular to the polarization axis of the upper _
polariéer 8 in the case of the normally white display mode.
That is, tﬂe linearly polarizéd light is coincidént with the
transmission axis. Therefore, this linearly polarized light
is allowed to pass through the polaiizer 8 so that lighf can
reach the observer.

Also, in the touch-input type 1liquid crystal

display device having a constitution as described above, the
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member on which the stationary electrode portion 5 is
directly formed, as well as the liquid crystal display 2, or
these members as well as all the members between these.
members indeed may be bonded by double-sided adhesive tapes

at places outside the display screen area, but more

- preferably, bonded overall by a transparent adhesive layer

Oor a transparent - re-peel sheet. In addition, . all .the
members may be bonded to one another only by either one of

transparent adhesive layer and transparent re-peel sheet,

and it -is also possible that some members-. are bonded by a

'~ transparent adhesive layer while other members :are bonded by

a transparent re-peel sheet.

The " transparent adhesive layer is a coating of. a
general transparent adhesive. This adhesive is exemplified
by acrylic resins such as acrylic ester copolymers, urethane
resins, silicon resins, -or rubber base resins. The
transparent re-peel sheet is a gel sheet formed from a
transparent polymeric adhesive. The polymeric adhesive is
exemplified by urethane, acrylic, natural polymeric
materials, or the like. B& the transparent adhesive layer
or the transparent re-peel sheet, the air space between the
member on which the stationary electrode portion 5 is
directly formed, and the liquid crystal display 2 can be-
eliminated. Still more, because the refractive index of

these transparent adhesive layer and the transparent re-peel
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sheet is larger than air, close to the refractive indices of
such members as the lower optical phase diffe:ence film 6,
the glass substrate 11 having optical isotropy,  the

optically isotropic film 12, the transparent resin plate 16

. having optical isotropy, the glass plate forming the liquid

- crystal display 2, and the like, the reflection of light at

the interfaces between the transparent adhesive. layer or the
transparent re-peel sheet and these members is suppressed,

so that the transmittance finally becomes higher than that

-0of a constitution -having ‘an air space 'in the case  where

. double-sided tape is used. Besides,. because the: refractive

index of the transparent adhesive layer or the transparent -
re-peel sheet is close to the refractive indices of the
above-mentioned members, refraction. of 1light at the
interface between the transparent adhesive layer or the
transparent re-peel sheet and the members is suppressed, so
that no shadows are formed in the screen display.

Also, the members bonded to each other by the
transparent re-peel sheet are characterized by being highly
reéistant to a vertically—acting' pull-away force and a
horizontally-displacing force, and easily being separated
away from each other when pulled away from both sides in
such a manner that the nembers‘are peeled off from their-
ends. Accordingly, there is no afraid of peels in normal

use state of the members after the mounting, so that the
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members can easily be peeled off for maintenance or other
occasions. In addition, it is needless to say that the
adhesive power of the tranSpaient re-peel sheet does not

lower even by repeated removals. Also, in the case where an

.urethane base polymeric adhesive 1is used, because the

transparent re-peel sheet is a material having both. water

. absorbing and gas.sucking properties, the transparent. re-

peel sheet, when fitted, absorbs the air bubb;es mixed

‘between the members at room temperature, so that a product

free from-air bubbles can finally be obtained without any

special. treatment. In addition, the terms, - any special

“treatment, refer to such treatment as expelling air bubbles

by moving '‘a roll while a pressure is applied from an .end
portion of the surface of the transparent tbuch panel 1.
Such a special treatment cannot be applied in the case of a
transparent touch panel 1 using the glass substrate 11
having optical isotropy, in which case the aforementioned
air bubble absérbing effect at room temperature is quite
useful. ' '

Next, the method for fabricating the touch-input
tYpe liquid crystal display device is.described in detail
below. |
(Upper Optical Phase Difference Film 4 of Touch Panel 1)

The upper optical phase difference film 4 can be

given a specified phase difference by uniaxial-orienting an
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un-drawn film material. In this embodiment, a rolled fiim
material having a phase difference of 1/4 wavelength in
visible light of about 550 nm, which is an example of the
wavelength of the largest luminosity factor, by controlling
a refractive index in an x—direction,.which is the optical"
axis direction of the film material, a. refractive index in
a y—direction. -perpend_icular to the =x-direction, and a .

refractive index in a thickness direction of the film

‘material, which is '‘a z-direction perpendicular to the x-

-direction and the y-direction, and the resultant film

material is - used for the upper optical phase: difference
film 4. In " addition, when . the lower optical phase-
difference film 6 is given phase difference; the case is
the same as in the upper optical phase difference film 4.
(Movable Electrode Portion 3 of Touch Panel 1)

A transparent conductive film forming part of the
movable electrode portion 3 is formed on the rolled film
material for use of the upper optical phase difference film
4. Process of this film formation may be sputtering,
evaporation, or CVD. process. Before the .formation of the
transparent conductive film, high temperature treatment
needs to be carried out as much as possible in order to
remove the residual solvents in the film material. This is-
because the residual solvents, if present, would make it

impossible to form a stable transparent conductive film.
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Whereas the transparent conductive film is deposited after
the removal of residual solvents, it is necessary to form
the film under a temperature of 150°C or more for stabler
formation and higher strength of the transparent conductive

film. Accordingly,  a film material - having a thermal

 deformation temperature of less than 150°C would yield. such

.deteriorations..as deformation and distortion with 150°C or..

more heat, so that the 1/4 wavelength phase,diff_erence could
not be retained. Also, heat treatment of less-than 150°C
would result in insufficient removal - of the residual
solvents, - so that  a stable, high-strength transparent

conductive film could not 'be obtained.  Therefore, since

-150°C or more heat treatiment is done for the removal of

residual solvents in the film material, the film material
for forming the transparent conductive film must be a film
material having a thermal deformation temperature of 150°C
or more. |

The film material with a transparent conductive
film for use of the upper optical phase diffe_rence film 4

made in this way is generally roll-shaped. Therefore, the

film material 1is cut into specified size for circuit

formation so as to be formed into sheet-like film material.
It is noted that one film material sheet, in some cases,
corresponds to one transparent touch panel 1, but without

being limited to this, corresponds to any arbitrary number
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of transparent touch panels 1 in other cases.
The cut film material sheet is subjected to
heating process, as required, with a view to feducing any

dimensional errors in circuit formation. The heating

. process is desirably done at a temperature of not less than

100°C and less than 130°C for about 1 hour. Thereaftér,.the
circuit formation of leads and the like which are parts of

the rest of the movable electrode portion 3 is ca;ried out.

The process for the circuit formation may be done by screen .

printing,  offset printing, roll coater, dispenser, or  the

- like. As the ink used for the circuit formation, ink in

which metal microparticles having electrical conductivity
have been dispersed in a binder made of thermosetting resin
is wused, and a solvent is added thereto for better
printability so that the viscosity is adjusted. - As the
metal :microparticles used for the conductive ink, silver,
nickel, copper, gold, or the like is used. High temperature
drying process is performed for the curing of the binder and
the removal of solvents. The drying process is done at.a
temperature.of not less than 100fC and less than 150°C for
30 - 60 minutes. Drying conditions are adjusted according
to the ink used. Needless to say, a film material whose
phase difference of 1/4 wavelength is not changed by the’
heat treatment during the circuit formation is previously

selected.
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When the circuit formation is done in a multiple
pattern (i.e., a pattern of providing several touch paneis)
with respect- to one film maferial eheet, theﬁ large
quantities of circuit—formed ~films can be fabricated,
efficiently.

In. the cutting of the rolled film and . in the

circuit formation, there  is a need of considering. the .-

direction of the optical axis of the upper optical phase
difference film 4. As the reason of this, whereas the

liquid  crystal ‘display system is available in a variety

"~ including TN and STN systems, the angle formed by linearly

polarized light, which is twisted and outputted from ‘the

liquid crystal display, and display-screen side lines vary

depending on the liquid crystal display system. As a matter
of course, the optical_ axis of fhe upper optical phase
difference film 4 positioned so as to form a specified angle
to this linearly polarized light vary in the angle formed
with the side line of the upper optical phase difference
film 4 depending on the display of liquid crystals. However,
the lineerly polarized light twisted and outputted from the
liquid crystal display 2 and the side line of the display
screen does not necessarily become 45°, in which case
notwithstanding the optical axis of the upper optical phase-
difference film 4 is also not parallel to the side line of

the upper optical phase difference film 4, the optical-axis
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direction and the drawing direction of the rolled upper

optical phase difference film 4 are parallel to each other.

'Accordingly, in order that the optical axis of the upper

optical phase difference film ‘4 in the state. of being

located as a member of the touch panel 1 is given a

- specified angle to the side line of the upper optical phase

- o difference film 4, the following processes are taken. One

process is to give an angle to the cutting fo_r circuit
formation. For example, if the optical axis of the upper
optical - phase difference film 4 of the transparent touch
panei 1. should be angled 30° with respect to. the side .line
of the upper optical phase difference film 4, the film
material is cut into a rectangular shape of a specified size,
also during the cutting for circuit formation, in such a
manner that the side line of the film materlial sheet aftef
cutting will be aﬁgled 30° to the side line of the rolled
film material sheet, and thereafter the circuit pattern is
printed. Another method is to give an angle to the pattern
layout. For example, in the case where circuits are foﬁned
by printing, giving an angle of 30° on the whole to the
pattern layout of the circuit formation plate makes it
possible to cut the rolled film material vertically to its
drawing direction (of course, in the latter case, because-
the film material -sheet and the 'pattern layout are angled to

each other, the cutting needed to be done with an angle



- 10

15

20

25

61

given after the circuit formation in obtaining one film
material sheet which is in the state of being set to the
transparent touch panel 1 as described'later).

Further, during the circuit formation, it is also

.necessary to:keeﬁ the transparent conductive film and the

leads or the 1like . from unnecessary contact. (i.e.,

‘unnecessary overlaps). Normally, Dbefore . the :circuit

formation, the transparent conductive film is preparatorily
patterned into a specified configuration. The patterning -
process may be print resist process, or photolithography
process, or directly pattern printing of- the transparent
conductive film. .

(Stationary Electrode Portion 5 of Touch Paﬁel 1)

As to the formation of the stationary electrode
portion 5, circuit formation is carried out by the generally
same processes as in the movable electrode portion 3. In
the case where the optically isotropic film 12 or the glass
substrate 11 having optical isotropy is located between the
lower optical phase differénce filﬁl'6 .and. the_ stationafy-
electrode portion 5, the optically isotrbpic film 12 dr the
glass substrate 11 having optical isotropy, which is the
target on which the stationary electrode portion 5 is to be
directly formed, has no optical axis, so that these members '’
do not need to be angled for the cutting and circuit

formation processes. In the case where the stationary
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electrode portion 5 is directly formed on the lower optical
phase difference film 6, the case is utterly the same as in
thé case where.the movable electrode portion 3 is provided
on the upper optical phase difference film 4. As the ihk

material, ink similar to the ink for.the movable electrode

-portion 3 can be used. High temperature drying process is

performed for the. curing of the binder and the removal of
solvents. The drying process is done at a temperature of

not less than 100°C and less than 150°C for 30 - 60 minutes

- (in the case where the stationary electrode -portion -5 is

provided directly on the lower optical phase difference film
6, needless to say, an upper optical phase difference film
whose phase difference 6f.1/4 wavelength is not changed by
the heat treatment during the circuit formation = is -
previously selected).

(Insulation Assurance of Touch Panel 1)

After the circuit formation, and before the
movabie~side sheet (upper optical phase difference filﬁ 4},
on which the movable electrode portion 3 has been directly
fofmed, and the stationary—side sheet (optically isotropié
film 12, glass substrate 11 having optical isotropy, or
lower optical phase differenée film 6), 'on which the
stationary electrode portion 5 has been directly formed, are-
combined together to make up the tfansparent touch panel 1,

an insulating layer is formed on at least either one of the
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movable electrode portion side and the stationary electrode'
portion side, in order to avoid insulation failures due to
contact of a lead and an electrode between the'upper and
lower members, and to prevent metal oxidation of circuits.
Process for forming the insulating layer may be' done by

print resist process, screen printing, offset printing, roll

. coater, dispenser, or the like, as in the circuit formation.

Material used therefor is an insulative thermosetting resin

or the like.

Also, "in" order to ensure the insulation between

. the transparent conductive film of the ‘movable electrode

:portion 3 and' the -transparent conductive film of - the

stationary electrode portion 5 in the touch panel 1, and to
enable smoother ON/OFF switching of conduction at operations
of pressing or releasing the top surface of the touch panel
1 by pen or finger or the like, a multiplicity of spacers 10
are formed between the transparent conductive film of the
movable electrode portion 3 and the transparent conductive
film of the stationary electrode_portion 5. The surface.on
which the spacers 10 are formed is given by an electrode
surface of the transparent conductive film on at least
either one of the stationary electrode portion side and the
movable electrode portion side. Process for forming the-
spacers 10 may be screen printing, offset printing,

dispenser process, or the like, by which the spacers 10 of
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-any arbitrary configuration are formed directly. Also

usable are photolithography process, print resist process,
or the like, by which an overall-formed coating is patterned
into the configuration of spacers. The spacers, although

not limited in configuration particularly, are desirably of

the same configuration and arrayed at fixed intervals so as

"to eliminate .any . input-disabled portions and to. ‘enable

uniform inputs. When the spacers are formed in a dot-like
shape, the spacers are desirably made small in diameter and

low in height. <'As. an example, an arrangement - pattern in

‘which spacers having a diameter of 30 - 100 pm .and a height

of 1 - 15 im with a spacer pitch of 0.1 - 10 mm fall upon
intersecting points of a plurality of 1lines crqssing one
another longitudinally and 1laterally can be obtained by
rotating the pattern to 0 - 90° with respect to one side
line of the touch panel 1.

(Cutting of One Electrode Sheet)

The movable-side sheet (upper optical ‘phase
difference film 4), on which the'moVabie electrode portion
3'has been directly formed, and the stationary-side sheet
(optically isotropic film 12, glass substrate 11 having
optical isotropy, or lower optical phase difference film 6),
on which the stationary electrode portion 5 has been-
directly formed, with_circuits'formed on these sheets, are

further cut into specified size, in the case of the
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multiple pattern. In the case where the stationary-side
sheet is a film, the sheet is cut by Thompson dies, dies,
cufting plotter, or the like. In the case of the glass
substrate 11 having optical isotropy, the sheet is cut by
scriber, breaking machine, or the like. . Particularly when
the.gléss substrate 11 having optical.isotropy is cut,.. the
cutting edge is desirably put. in from a surface opposite .to
the conductive film because the conductive film surface is
too hard to let the edge in. By so doing, the glass cross
section is cut finely, by Which'strength‘degradation can be

prevented.

(Lamination . of Upper and Lower Movable-Side Sheet and
Stationary-Side Sheet})-

The movable-side sheet (upper optical - phase
difference film 6), on which the movable electrode portion
3 has been directly formed, and the stationary-side sheet
(optically isotropic film i2, glass substrate 11 having

optical isotropy, or lower optical phase difference film 6),

“on which the stationary electrode 'portion' 5 has been

directly formed, are bonded together by adhesive.material
or double-sided tape 19, by which a space layer 7 is formed
between the electrodes. In the case where circuits are
formed in a multiple pattern, preparatorily forming the-
adhesive material or double-sided tape 19 before cutting

the upper and lower movable and stationary-side sheets
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allows the process time to be reduced, efficiently. The
adhesive material or double-sided tape 19 is formed on the_
periphery of the movable electrode portion 3 or stationary
electrode portion 5 and applied so that the two electrode
portions 3, 5 are opposed to each other, and then press-
fitted with external pressure applied. The adhesive
material in place of the double-sided tape 19 is formed by
screen printing or .the like, ahd the double~sided tape to

be used is previously punched out into a frame shape.

.These -are formed outside 'the perspective region of the
-transparent touch panel 1. - When the adhesive material or.

double-sided tape extends to within the“perspective'region,'

images at end portions of the touch panel become difficult
to view due to seeping. Available adhesives are "acrylic,
epoxy-base, urethane-base adhesives, their copolymers, or

the 1like, and recémmendable double-sided tape is, for

~example, Nitto Denko Kabushiki Kaisha's 532 or the like.

(Connector)

An externéllyftakeout portion (connector).40 for
detecting a contact position (i.e. input position) between
the upper and lbwer electrode portions 3, 5 of the
transparent touch panel 1 is provided. The method therefor
may be a method that electrodes are routed from the two:
electrode portions 3, 5, respectively, a method that

electrodes are routed from either one of the two electrode
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portions 3, 5, or the like. Electrode-routed portions are
preparatorily provided in the transparent touch panel 1,
and pressed against and adherea to the connector 40 via_an
anisotropic conductive adhesive at a temperature of not
less than 120°C and less than 170°C.

This 1is the ©process for fabricating the
transparent touch panel 1. Next, a process. for. fabricating
the touch-input type 1liquid crystal display device by
combining together the touch panel 1 and the liquid crystal
display 2 is described. .

(Bonding of Upper Polarizer 8)

- The upper polarizer 8 .is bonded to the top surface
of the upper optical phase difference film 4 of the touch
panel 1 fabricated as described above. 1In the case whefe a
transparent film is further provided on the upper polarizer
8,.the upper polarizer 8 and the transparent film may be
bonded separately from each other, to the upper optical
phasé difference film 4 on the _touch panel 1, or a
previously provided lamination of_the upper polarizer 8 and
the.transpareht film may be cut.into-a specified size and
bonded onto the touch panel 1. These films are bonded
overall via a transparent adhesive material. The upper
polarizer 8 and the transparent film, although not-
partiéularly limited in size, are normally bonded so as to

be equal in size to the touch panel outline or about 0.1 - 1
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mm inner than the sides of the touch panel outline. This is
because sizing outer than_ the touch panel qutline would
cause the upper polarizer 8 and the transpareet film to be
more likely to peel with external force applied. However,
the size is not limited to this.

. After the upper polarizer 8 is bonded, pressure
degassiﬁg.process is performed at 40 - 80°C and 4 - 9 kg/cm®
for 10 - 12 minutes. Because the upper polarizer 8, when
bonded on the touch panel 1, would cause air bubbles to be
mixed between the upper optical phase difference film 4 and

the upper polarizer 8 or the transparent film, the above

pressure degassing process is intended to remove those air

bubbles. By performing this process, air bubbles are
diffused while the adhesion property between the films can
also be improved.

(Bonding of Lower Optical Phase Difference Film 6 on Which
Stationary Electrode Portion 5 is not Directly Formed)

In the case where the optically isotropic film 12
or the glass substrate 11 having optical isotropy is used
as the stationary-side sheet on Whicﬂ the stationary
electrode portion 5 is directly formed, the lower optical
phase difference film 6 1is disposed between these
stationary-side sheet and liquid crystal display 2. The”’
lower optical phase difference film 6 is, desirably,

overall bonded onto the members (glass surface of the
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liquid crystal display portion, or polarizer or other
optical phase difference films located on the 1liquid
crystal display po¥tion) 6n the'liqﬁid crystal displaylZ
side wvia an adhesive material. The lower 6ptical phase
difference film 6 may be Ipreparatorily bonded to the
polarizer or other optical phase difference film provided on
the liquid crystal display portion, and then bonded to the
liquid crystal display portion, or may be bonded separately
from each other to the liquid crystal display portion.

After the bonding, desirably, a pressure degassing
process is performed. The pressure degassing process is
done at 40 - 8Q°C and 4 - 9 kg/cm® for 10 - 120 minutes. " By
performing this process, air bubbles are diffused while the
adhesion property between the films can also be improved.
(Bonding of Stationary-Side Sheet to Liquid Crystal Display
Side) |

The stationary-side sheet on which the stationary
electrode portion 5 is directly formed is bonded to a
member on the liquid crystal display side by a double-sided
tape or the like, together with a memberfs) disposed-on the
stationary-side sheet on which the stationary electrode
portion 5 is directly formed. The stationary-side sheet
may be bonded directly onto the member on. the 1liquid-
crystal display side (in some cases, the lower optical

phase difference film 6 is the uppermost layer as stated



10 -

15

20

25

70

before), or may be bonded to a casing which is provided
between the stationary—side sheet and the members on the
liqﬁid cryétal diSpléy side. Otherwise, the stationary—
side éheet may be bonded overall via a transparent adhesive
layer or a trapsparent re-peel sheet.

Next, touch-input type 1liquid crystal display
devices. and methods .for fabricating.the touch-input type -
liquid crystal display devices according to fourth to sixth
embodiments of the present invention are described.

The fourth embodiment has been achieved for the
following purposes. -

+ That is, in the 1liquid crystal 'display' devices
according to the first to third embodiments, there have
been some cases where the following disadvantages ‘are
involved.

First, when the surface of the upper polarizer 8
is poor in durability, it can occur that the surface of the
upper polarizer 8 is damaged by pen input or the like so as
to lack in practicability.

When moisture is abso;bed from the surface of the
upper polariier 8, the upper polarizer 8 becomes more prone
to cqntraction and expansion or distortion, so that the
upper optical phase difference film 4 bonded to the upper-
polarizer 8 is resultantly changed partly in retardation

value, in which case irregular colors becomes noticeable as
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viewed from the observer side and besides the
antireflection function might be impaired.

Accordingly} the objects of thé fourth to sixth
embodiments of the present invention are to provide a
transparent touch panel 1 which is superior in surface
durability and prevented from moisture absorption into the
upper polarizer 8, as weil as a touch-input type liquid
crystal display device using this touch panel, by solving
the above disadvantages.

Now the fourth to sixth embodiments of the present
invention are described in .detail with reference to. the
accompanying drawings. -

Fig. 11 is a sectional view showing a touch-input
type liﬁuid crystal display device (transmissioh type TN)
according to the fourth embodiment.

Fig. 12 is a sectional view showing a touch-input
type liquid crystal display device (transmission type STN)
according to the fifth embodiment.

Fig. 13 is a éectional view showing a touch-input

type liquid crystal display device (reflection type STN)

. according to the sixth embodiment.

Fig. 14 is an explanatory view of the transmission
axis direction and the optical axis direction in the touch--
input type liquid crystal display device (TN) according to

the foregoing embodiments of the present invention.
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Fig. 15 is a sectional view showing a téuch—input
type liquid crystal display device (transmission type TN)
according to a modification of the foufth embodiment.

Fig. 16 is a sectional view showing a touch-input
type liquid crystal display device (reflection type STN)
according to a.modificatibn of the sixth embodiment.

In the figures, reference numeral 22 denotes a
transparent film, 23 denotes a low reflection process, 24
denotes an antifouling process, and 25 denotes a hard coat
process.

As - the base material for directly forming  the
stationary electrode portion 5 thereon, the lower optical
phase difference film 6 (the fourth émbodiment, see Fig.
11), or the glass substrate 11 having optical isotropy (the
fifth embodiment, see Fig. 12), or the optically isotropic
film 12 (the sixth embodiment, see Fig. 13) is used. These
base materials are also processed at high temperatures
dﬁring the formation Qf the stationary electrode portion 5
and the circuit formation, as in the case of the upper
obtical phase difference film 4. |

Also, if pressing stability and durability
equivalent to thoée of the glass substrate 11 having optical
isotropy are preferred to the .thinness in the fourth-
embodiment, a transparent resin plate 16 having optical

isotropy may appropriately be disposed between the
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transparent touch panel 1 and the liquid crystal display 2
(see Fig. 15). If pressing stability and durability

equivalent to those of the glass substrate 11 having optical

~isotropy are preferred to the thinness in the sixth

embodiment, the transparent resin plate 16 havipg optical
isotropy may appropriately be disposed between the optically
isotropic film 12 and. the lower optical phase diffe;ence.
film 6 (see Fig. 16). As the material of the transparent
resin plate 16 having optical isotropy, resins superior 'in
transparency such as polycarbonate resins, acrylic resins,

or polystyrene resins are used. - The .thickhess of the
transparent resin plate 16 is 0.3 - 5.0 mm. '-With. a’
thickness less than 0.3 mm, the transparent resin plate 16

would_deteriorate in pressing stability and durability and
therefore more prone to yield recesses or other deformations

due to repeated inputs. Also, with a thickness over.5.0 mm,

the transparent resin plate 16 would be heavier than glass,

impracticable as portable equipment.

The transparent film 22 is superior in
trénsparency less in moisture permeability and excellent in
dimensional stability in terms of its functions. As the
material for the transparent film 22, polyethylene
terephthalate, polybutylene terephthalate, polystyrene, -
polyether ketone, polyoléfine( or the like is used. The

thickness of the transparent film 22 is not more than 100
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um, and is preferably 80 um.

Also, a low-reflectiqn processed layer 23 may be
proVided. by perfqrming'.a low reflection process :onl the
upper surface of the transparent film 22 laminated on the
upper surface of the uppef polarizér 8. The low reflection
process for. forming the low-reflection processed layer 23
may be done by applying a low ;eflection.material using a
low refractive index resin such as fluororesin or silicon

resin; or forming a metallic multilayer film by evaporation

or the ‘like; or laminating &  low reflection film; or -

processing the surface into a satin finish state by .
sandblasting, embossing, mat coating, etching, or the like.
It ‘is alsd possible to perform combinations among these low
reflection processes.

Also, an antifouling processed layer 24 may be
provided by performing an antifoulinglprocess on the upper
surface of the transparent film 22 laminated on the upper
surface of the upper polarizer 8.

Also, a hard coat processed layer 25 nay be-
provided by performing a hard coat process in order to
protect the transparent film 22 laminated on the upper
surface of the upper polarizer 8 from wearing due to presses
by finger or pen or the like. For example, the hard coat-
processéd layer 25 using acrylic resin, silicon resin, uv

curing resin, or the like is formed.
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Further, the low-reflection processéd layer 23,
the antifouling processed layer 24, and the hard coat
processed layer 25 may aléo be formed in combinations of
several means as shown above.

By arranging the touch panel 1 and the upper.
polarizer 8 in the above constitution, reflected light due
to the light incident from external can be suppressed. in the
following manner.

Incident 1light that has been transmitted through -
the transparent film 22 from: the observer side passes
through the upper polarizer 8, becoming linearly polarized
light. The rest of functions and effects are the same as in
the foregoing embodiments.

| The touch-input type 1liquid crystal display

devices according to the above embodiméhts of the present
invention have the above constitutions and functions, and
thus produce the following effects.

That is, by setting the polarization axis of the
upper polarizer 8 and the opticai axis of the upper optical
phase difference film 4 so that the two axes.form én angle
of 45°,.incident light enters into the space layer 7 of the
transparent touch panel 1 as circularly polarized light or
generally circularly polarized light, and reflected-
circularly polarized 1light or generally circularly polarized

light passes again through the wupper optical phase
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difference film 4, resulting in linearly polarized light
vertical to the transmission axis of the upper polarizer 8,
so that reflected light can be suppressed.

Also, by setting the 1lower optical ©phase
difference film 6 between the touch panel 1 and.the liquid

crystal display 2 in such a manner that the optical axis of

" the lower optical phase difference film 6 forms an angle of

about 90° to the optical axis of the upper optical phase

difference film 4 and moreover forms an angle of about 45°

to linearly polarized light that should be outputted from
the device surface out of the. linearly polarized 1light
emitted from the liquid crystal display,- colo'ring of .the
display screen, .as viewed ffom the observer side, can be
suppressed, by which a display screen which is high in
contrast and free from coloring can be obtained.

Further, in the touch-input type liquid crystal
display device, by applying a lower reflection process to
the uppermost surface of the device, reflection of light at
the uppermost -surfa_ce is 'st._lppressed.

As a result of' these improvement.s, the liquid
crystal displays equipped with the transparent touch panels
accc-n:ding to the embodiments of the present invention can
offer a display screen which less reflects in a room with-
fluorescént lamps or the like or in outdoor places, high in

contrast and very good at visibility.
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The above embodiments of the present invention, by

virtue of their constitutions and functions as described

above, can provide a touch-input type liquid cfystal display.

device which is high in contrasf and high in wvisibility by
virtue of its capability of suppressing reflected light of
fluorescent lamps or the like indoors and reflected light
due to external -light outdoors by means of the upper
polarizer 8 and the individual layers behind the upper

polarizer 8. Further, the following advantages are offered

by virtue of the transparent film 22 laminated on the upper

surface of the upper polarizer 8.

That is, by the damination of the transparent film
22 onto the upper surface of the upper polarizerlé, the
surface durability becomes Setter so that the surface of the
upper polarizer 8 can be prevented from being damaged even
with pen input or finger input or the like.

Also, by the lamination of the transparent film 22
onto the upper surface of the upper polarizer 8, moisture
absorption from the surface of the upper polarizer 8 can be
prevented, so that contfécfion and expansion as well as
distortion of the upper polarizer 8 due to the moisture

absorption can be suppressed. Therefore, variations of the

retardation value of the upper optical phase difference film-

4 laminated on the upper polarizer 8 can be suppressed,

irregular colors do not occur, and moreover the
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antireflection function is never impaired.

Although the present invention has been fully
described in cﬁnnection' with the ﬁreferred embodimeﬁts
thereof with reference to the accompanying drawings, it is
to be noted that various changes and modifications are
apparent to those skilled in the art. Such changes and
. modifications are to be understood as included within the.
scope of the present invention as defined by the appended

claims unless they depart therefrom.
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1. A touch-input type 1liquid crystal display device

having a liquid crystal display (2) below a touch-panel (1),

in which an upper polarizer (8) is disposed on an upper
surface of a transparent touch paﬁel (1) in which an. upper
optical phase difference film (4) and a lower optical phase
difference film (6) are disposed with a . space layer - (7)
interposed therebetween, the upper optical phase difference
film (4) serving to give a phase delay of a 1/4 wavelength
to incident 1light of a center wavelength .within a visible
region and having a movable electrode portion (3) on a lower .
surface thereof, and the lewer optical phase difference film
(6) serving to give a phase delay of a 1/4 wavelength to the
incident light of the center wavelength within the wvisible
region and having a stationary elecfrode portion (5) on an
upper surface thereof; and

a lower polarizer (9) is disposed on a lower
surface of the liquid crystal display (2),

" wherein an angle formed by an optical exis of fhe'upper
optical phase difference film (4) and a polarization axie of
the upper polarizer (8) is about 45°, an angle formed by an
optical axis of the lower optical phase difference film (6)
and linearly polarized light that is to be outputted from a°
device surface out of linear polarization emitted from the

liquid crystal display (2) is about 45°, an angle formed by
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the optical axis bf the upper optical phase difference film
(4) and the optical axis of the lower optical phase
difference film (6) lis about 90°, and wherein an angle
formed by the polarization axis of the upper polarizer (8)
and linearly. polarized light that is to be outputted from
the device. surface out of linearly polarized light emitted
from the liquid-crystal display (2) is 90°,.

2. A touch-input type liquid crystal display device
according to Claim 1, wherein the stationary electrode
portion (5) is formed directly on the lower optical phase
difference film (6).

3. .~ A touch-input type liquid crystal display device
according to Claim 1, wherein a glass subsfrate'(ll) having
optical isotropy is disposed between the statiénary
electrode portion (5) and the lower optical phase difference
film (6), and the stationary electrode portion (5) is formed
directly on the glass substrate (11) having optical isotropy.
4, A touch-input type liquid crystal display device
according to Claim 1, wherein an 6pti¢ally isotropic film
(12) is disposed.between the stationafy electrode portion
(5) and the lower optical phase difference film (6), and the
stationary electrode portion (5) is formed directly on the
optically isotropic film (12).

5. A touch-input type liquid crystal display device

according to Claim 2, wherein both the upper optical phase
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difference film (4) and the lower optical phase difference
film (6) have a thermal deformation temperature_of not less_
than 150°C. |

6. A touch-input type liquid crystal display device
according to.Claim 2,. wherein both the upper optical phase
difference film (4) and the lower optical phase difference
film (6) have a thermal deformation temperature .of not less
than 170°C.

7. A touch-input type liquid crystal display device
according to Claim 3, wherein the upper  optical phase.
difference film (4) has a thermal deformation temperature of
not less than 150°C.

8. A tduch—input type liquid ci:ystal display device
according to -Claim 3, wherein the upper optical phase
difference film (4) has a thermal deformation temperatu:;e of
not less than 170°C.

9. . A touch-input type liquid crystal display device
according to Claim 4, wherein both the upper optical phase
differénce film (4) and the optically isotropic film (12)
have a thefmal deformation temperature of not 1less than
150°C.

10. A touch-input type liquid crystal display device
according to' Claim 4, wherein both the upper optical phase’
difference film (4) and the optically isotropic film (12)

have a thermal deformation temperature of not less than
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11. A tquéh—input type liquid crystal display device
according to any one of Claims 1 to 10, wherein a
transparent resin plate (16) having optical isotropy is
disposed between the transparent touch panel (1) and the.
liquid crystal display (2).

12, . A touch-input fype liquid crystal display .device
according to Claim 4, 9 or 10, wherein a transparent resin

plate (16) having optical isotropy is disposed between the

- optically isotropic film (12) and the iower optical . phase . -

difference film (6).

13. A touch-input type liquid crystal display device
according to any one of Claims 1 to 12, wherein a thickness
of the upper optical phase difference film (4) is not less
than 50 um and not more -than 150 pm.

14, A touch-input type liquid crystal display device
according to any one of Claims 1 to 13, whérein either one
of a member on whiéh the stationary electrode portion (5)
has been directly formed and the liquid crystal display (2);
and all of the stationary electrﬁde portion—directly—formed
member and the liquid crystal display and a member disposed
between the stationary electrode portion—directly—formed
member and the liquid crystal display are adhesively bonded’
overall by a transparent adhesive layer or a traqsparent re-

peel sheet.
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15. A touch-input type liquid crystal display device
according to any one of Claims 1 to 14_,' wherein a
fransparent film (22) low in 'I_noist.urle perm'eabi.lity and
superior in dimensional stability is laminated on an upper
surface of the upper polarizer (8).

le. | A touch-input type liquid crystal display device
according to Claim.15, further comprising a.low-reflection
processed layer (23) on an uppe_r'surface of the transparent
film (22) laminated on the ‘upper surface of the upper
polarizer (8).

17. A touch-input  type ‘liquid crystal display device:
according to Claim 15, further comprising an antifouling
processed layer (24) on an upper surface of the transparent
film laminated on thé upper surface of the upper polarizer
(8).

18. A touch-input type liquid crystal display device
according to Claim 15, further comprising a hard coat
processed layer (25) on an upper surface of the transparent
film laminated on the upper surface of the upper polarizer
(8) . | |
19. A method for fabricating a touch-input type liquid

~crystal display device having a liquid crystal display (2)

below a touch panel (1), wherein in the liquid crystal-
display device, an upper polarizer (8) is disposed on an

upper surface of a transparent touch panel (1) in which an
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upper optical phase difference film (4) and a lower optical
phase differenqe film (6) are disposed with a space layer
(7) interposea_ therebetween; ﬁhe upper optical ﬁhase
diffgrence film (4) serving to give a phase delay of a 1/4
wavelength to incident light of a center wavelength within a

visible region and having a movable electrode portion (3) on -

.a lower surface :thereof, and the lower optical~.phése

difference film (6) serving to give a phase delay of a 1/4
wavelength to- the incident light of the center wavelength -
within the visible region and having a stationary electrode
portion (5)  on an -upper surface thereof; and a lower .
polarizer (9) is disposed on a lower surface of the liquid
crystal display (2); wherein an angle formed by an optical
axis of the upper optical phase difference film (4) and a
polarization axis of the upper polarizer (8) is about 45°,
an angle formed by an optical axis of the lower optical
phase difference film (6) and linearly polarized light that
is to be outputted from a device surface out of linear
polarization emitted from the liquid crystal displayl(2) ié
about 45°, an angle formed by the optical axis of the upper
optical phase difference film (4) and the optical axis of
the lower optical phase difference film (6) is about 90°,
and wherein an angle formed by the a polarization axis of"
the upper polarizer (8) and linearly polarized light that is -

to be outputted from the device surface out of linearly
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polarized light emitted from the liquid crystal display (2)
is 90°,

the method compfising:

obtaining a movable-side sheet by, = after
performing. a. heat treatment for removal of residual
solvents in film material of the upper optical phase
difference- film (4), forming a transparent electrically
conductive film for the movable electrode portion (3)

directly on the film material, and after performing a heat

- treatment for ‘reducing dimensional errors involved in

formation of leads, forming leads of the movable electrode

portion (3), and further performing a heat treatment for

-curing of binder of ink with which the leads have been

formed, as well as for removal of solvents of the ink,
obtaining a stationary-side sheet by, after

performing a heat treatment for removal of fesidual

solvents in film material of the 1lower optical phase

difference film (6), forming a transparent eléctrically

'conductive film for the stationary eiectrode portion (5)

directly on the film matérial, and after performing a heat
tréatment for reducing dimensional errors involved in
formation of 1leads, forming leads of the stationary
electrode portion (5), and further performing a heat"
treatment for curing of binder of ink with which the leads

have been formed, as well as for removal of solvents of the
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ink,

laminating together the movable-side sheet and
the stationary-side sheet;

then laminatin§ the upper polarizer (8) on an
upper surface of the upper optical phase difference film (4)
of the movable-side sheet and thereafter performing a
pressure degassing process; and

laminating together the stationary-side sheet
with the liquid crystal display.
20. - - A method for fabricating a touch-input type liquid -
. crystal disﬁlay-device having a liquid crystal display (2)
below a touch panel (1), wherein in the iiquid crystal
display device, an upper polarizer (8) is disposed on an
upper surface of a transparent touch panel (1) in which an
upper optical phase difference film (4) and.a lower optical
phaéé difference film (6) are disposed with a space layer
{7) interposed therebetween, the upper optical phase

- difference film (4) serving to give a phase delay of a 1/4

wavelength to incideht'light of a center wavelength within a
visible region and haviné a movable electrode portion (3) on
a lower surface thereof, and the lower optical phase
difference film (6) serving to give a phase delay of a 1/4
wavelehgth to the incident 1light of the center wavelength-
within the visible region and having a stationary electrode

portion (5) on an upper surface thereof; and a lower
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polarizer (9) is disposed on a lower surface of the liquid
crystal display (2), whe;ein an ang;e formed by an.optical
axis of the upper optical phase differencé film (4) ana.a
polarization axis of the upper polarizer (8) is about 45°,

an angle formed by an optical axis .of the lower. optical

- phase difference“film.(G) and linearly polarized light that

is to be outputted from a device surface out of linear
polarizatioh emitted from the liquid crystal display (2) is
about 45°, an angle formed by the optical axis of the upper
optical phase difference film (4) and the optical .axis of.
the lower optical-phase difference film (6) -is about 90°,
and wherein an angle formed by the polarization axis of the
upper polarizer (8) and iinearly'polarized light that is to
be outputted from ‘the device surface out of 1linearly
polarized light emitted from the liquid crystal display (2)
is 90°,

the method comprising:

obtaining a movable-side sheet by, after
performing a heat treatment. for removal of residual
solvents ih film maferial of the upber optical phase
difference film (4), forming a transparent electrically
conductive film for the movable electrode portion (3)

directly on the film material, and after performing a heat"

"treatment for reducing dimensional errors involved in

formation of leads, forming leads of the movable electrode
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portion (3), and further performing a heat treatment for
curing of binder of ink with which the leads have been
formed, as well as for removal of solvents of fhe ink,

obtaining a stationary-side sheet by forming a
transparent electrically conductive film for the stationary
electrode portion (5) directly on a. glass substrate .(11)
having optical isotropy, forming leads of the stationary
electrode portion (5), and performing a heat treatment for
curing of binder of ink with which the leads have been
formed, as well as for removal of solvents of the ink;:

laminating together the movable~side sheet and
the stationary-side sheet;

then, laminating the upper polarizer (8) on an
upper surface of the upper optical phase difference film (4)
of the movable-side sheet and thereafter performing a
pressure degassing process; and

laminating together the stationary-side sheet
with the liquid crystal display with the lower optical phase
difference film (6) interposed therebetween.
21. A method for fabricating a touch-input type liquid
crystal display device having a liquid crystal display (2)
below a touch panel (1), wherein in the 1liquid crystal
display device, an upper polarizer (8) is disposed on an’
upper surface of a transparent touch panel (1) in which an

upper optical phase difference film (4) and a lower optical
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phase difference.film (6) are disposéd with a space layer
(7) interposed therebetween, the upper optical phase
difference.film (4’ serving t§ give a phase delay of a 1/4
wavelength to incident light of a center wavelength within a
visible region and having a movable electrode portion (3} on
a lower .surface thereof, and the lower optical . phase
difference film (6)..serving to give a phase delay of a 1/4

wavelength to the incident light of the center wavelength

‘within the visible region and having a stationary electrode

- portion (5) on an upper surface  thereof; and a lower

polarizer: (9) is disposed on a lower surface of the liquid.

crystal display (2), wherein an angle formed by an optical

-axis of the upper optical phase difference film (4) and a

polarization axis of the upper polarizer (8) is about 45°,

an angle formed by an optical axis of the lower optical
phase difference film (6) and linearly polarized light that
is to be outputted from a device surface out of linear
polarization emitted from the liquid crystal display (2) is
about 45°, an aﬁgle formed by the optical axis of the ﬁpper
optical phase difference film (4) and the optical axis of
the lower optical phase difference film (6) is about 90°,

and wherein an angle formed by the a polarization axis of
the upper polarizer (8) and linearly polarized light that is-
to be outputted from the device surface out of linearly

polarized light emitted from the liquid crystal display (2)
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is 90°,

the method comprising:

obtaining a .movable;side sheet by, after
performing a heat treatment for. removal of residual
solvents in film material of the :upper optical phase
difference film (4), forming a transparent electrically
conductive film for .the movable electrode poftion (3)
directly on the film material, and after performing a heat
treatment  for reducing dimensional- errors involved in

formation of leads, forming leads of the movable electrode

portion (3), and further performing a heat treatment for

curing of binder of ink with which the leads have been
formed, as well as for removal of solvents of tﬁe ink,

obtaining a stationary-side sheet by, after
performing a heat treatment for removal of residual
solvents in film material of an optically isotropic film
(12), forming a transparent electrically conductive film
for the stationafy electrode portion (5) directly on the
film material, and after performing é heat treatment for
reducing dimensional errors involved in fofmation of leads,
forming leads of the stationary eléctrode portion (5), and
further performing a heat treatment for curing of binder of
ink with which the leads have been formed, as well as for"
removal of solvents of the ink,

laminating together the movable-side sheet and
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the stationary-side sheet;
laminating the upper polarizer (8) on an upper
surface of the upper optical phase difference film (4)'of

the movable-side sheet and thereafter performing a pressure

. degassing process; and

laminating together the stationary-side sheet
with the liquid  crystal display with the lower optical phase
difference film (6) interposed therebetween.

22, A method ‘for fabricating a touch-input type

- liquid crystal display device according-to any one of Claims

12 to 21, wherein the heat treatment for removal of the
residual solvents in the film materials is performed at a:
température of not less than 150°C.

23. A method for fabricating a touch-input type
liquid crystal display device according to any one of Claims
19 to 22, wherein the heat treatment for reducing
dimensional errors involved in the formation of the leads

is performed at a temperature of not less than 100°C and

‘less than 130°C.

24. A method for fabricating é- touch—input' type
liquid crystal display device according to any one of Claims
19 to 23, wherein the heat treatment for curing of the
binder of the ink with which the leads have been formed, as-’
well as for removal of the solvents of the ink is performed

at a temperature of not less than 100°C and less than 150°C.
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25. A method for fabricating a fouch—input type
liquid crystal display device according to any one of Claims
19 to 24, wherein the pfessure degaésing pfocess is
performed at 40 -~ 80°C and 4 - 9 kg/cm® for 10 - 120 minutes.
26. A method for fabricating a touch-input. type
liquid crystal display device according to any one of Claims
19. to 25, .-whérein electrode-routed portions . afe-
preparatorily provided in either one of the movable
electrode portion (3) and the stationary electrode portion

(5), and after laminating together the movable-side sheet

~and the stationary-side sheet, and - pressed against  and

- adhered to'a connector (40) via an anisotropic conductive

adhesive at a temperature of not less than 120°C and less

than 170°C.



