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(57) ABSTRACT

A display apparatus includes: a liquid crystal panel (31); a
touch panel (31) placed on the liquid crystal panel (31); a base
material layer (37, 40) stacked on the touch panel (34); and an
adhesive layer (36, 39) interposed between the touch panel
(34) and the base material layer (37, 40). Fiber having prop-
erties to solve polarization is contained in at least one of the
base material layer (37, 40) and the adhesive layer (36, 39).
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DISPLAY APPARATUS, AUTOMOTIVE
DISPLAY APPARATUS, AND METHOD FOR
MANUFACTURING THE DISPLAY
APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a display apparatus
including a liquid crystal panel, to an automotive display
apparatus, and to a method for manufacturing the display
apparatus.

BACKGROUND ART

[0002] A liquid crystal panel has a configuration, in which
liquid crystal is filled into a gap between two glass plates, and
a polarization plate is arranged on an outside of one of the
glass plates, and accordingly, a displayed image displayed on
the liquid crystal panel is linearly polarized in terms of prin-
ciple. In a case where the displayed image, which is linearly
polarized, is observed through sunglasses having a polariza-
tion function, and a polarization direction of the sunglasses
and a polarization direction of the displayed image forms a
relationship of the crossed Nicols, then a quantity of light
transmitting through the sunglasses is lowered to a large
extent, and visibility of the displayed image is significantly
lowered.

[0003] As atechnology for solving such polarization of the
displayed image, a polarization solving plate, which uses
porous particles made of polyamide, is proposed (refer to
Patent Literature 1).

CITATION LIST

Patent Literature

[0004] Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 2010-132768

SUMMARY OF INVENTION

[0005] However, a size of the porous particles described in
Patent Literature 1 is a few micrometers in diameter at mini-
mum, and a haze (opacity) of the polarization solving plate is
increased by the fact that the porous particles become a dif-
fusion source of incident visible light, whereby the polariza-
tion solving plate becomes unsuitable for a display apparatus
for which high transparency is required.

[0006] The present invention has been made in consider-
ation of the above-described problem. It is an object of the
present invention to provide a display apparatus capable of
enhancing the visibility of the displayed image by enhancing
polarization solving properties for the displayed image, to
provide an automotive display apparatus, and to provide a
method for manufacturing the display apparatus.

[0007] A display apparatus according to an aspect of the
present invention includes: a liquid crystal panel; a touch
panel placed on the liquid crystal panel; a base material layer
stacked on the touch panel; and an adhesive layer interposed
between the touch panel and the base material layer. Fiber
having properties to solve polarization is contained in at least
one of the base material layer and the adhesive layer.

Jan. 8, 2015

BRIEF DESCRIPTION OF DRAWINGS

[0008] [FIG. 1] FIG. 1A to FIG. 1I are cross-sectional
views showing stack structures of display apparatuses
according to Example 1 to Example 9.

[0009] [FIG. 2] FIG. 2A to FIG. 2F are cross-sectional
views showing stack structures of display apparatuses
according to Example 10 to Example 15.

[0010] [FIG.3]FIG.3 is a cross-sectional view showing an
outline of a stack structure of a liquid crystal panel 31.

[0011] [FIG. 4] FIG. 4 is a schematic view in a case of
applying a display apparatus according to an embodiment of
the present invention as an automotive display apparatus.

[0012] [FIG. 5] FIG. 5A to FIG. 5C are cross-sectional
views showing stack structures of display apparatuses
according to Comparative example 1 to Comparative
example 3.

DESCRIPTION OF EMBODIMENTS

[0013] A description is made below of an embodiment of
the present invention with reference to the drawings. In a
description of the drawings, the same reference numerals are
assigned to the same portions.

[0014] For example, as shown in FIG. 1A, a display appa-
ratus according to the embodiment at least includes: a liquid
crystal panel (LCD) 31; a touch panel (electrostatic capaci-
tance T/P) 34 placed above the liquid crystal panel 31; a base
material layer (surface base material) 37 stacked on the touch
panel 34; and an adhesive layer (polarization solving adhe-
sive) 36 interposed between the touch panel 34 and the base
material layer 37. Then, at least one of the base material layer
37 and the adhesive layer 36 contains fiber having properties
to solve polarization.

[0015] Forexample, the liquid crystal panel 31 is a general
transmission-type liquid crystal panel that performs display
by partially cutting off and transmitting light emitted from a
light source such as a backlight and a front light. An outline of
a stack structure of the liquid crystal panel will be described
later with reference to FIG. 3.

[0016] The touch panel 34 is a position detection device,
which senses information about a screen position touched by
an operator, the screen position belonging to a display screen
of the liquid crystal panel 31, and outputs the sensed infor-
mation as an information signal to an outside, and is placed on
an output side of a displayed image displayed by the liquid
crystal panel 31. As a placement example of the touch panel
34, the example is included that between the touch panel 34
and the liquid crystal panel 31, a gas layer AL, which has a
uniform thickness and is filled with inert gas such as air and
rare gas, is interposed. In this case, at least one of between the
touch panel 34 and the gas layer AL and between the liquid
crystal panel 31 and the gas layer AL, an anti-reflection film
(AR film) 32 or 33 may be interposed, or alternatively, an
anti-glare film (AG film) 44 may be interposed as shown in
FIG. 2A. In such a way, a reflection on an interface with the
gas layer AL and a glare to the liquid crystal panel 31 can be
suppressed.

[0017] Asanother example of placing the touch panel 34, as
shown in each of FIG. 1D to FIG. 1F, the example is included
that a bonding agent 41 is interposed between the touch panel
34 and the liquid crystal panel 31. In this case, the touch panel
34 is directly stacked on the liquid crystal panel 31 while
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interposing the bonding agent 41 therebetween, and the gas
layer AL is not interposed between the touch panel 34 and the
liquid crystal panel 31.

[0018] As shown in FIG. 1A and FIG. 2A, as the touch
panel, for example, such an electrostatic capacitance-type
touch panel 34 or a resistance film-type touch panel (resis-
tance film T/P) 45 can be used. However, the touch panel is
not limited to the touch panels according to these operation
principles, and touch panels according to other operation
principles may be used.

[0019] In usual, the liquid crystal panel 31 has a linear
polarization plate located more on the output side than the
liquid crystal layer, and accordingly, the displayed image
outputted from the liquid crystal panel 31 is linearly polar-
ized. Specifically, as shown in FIG. 3, the liquid crystal layer
14 is sandwiched by a front surface electrode 15 and a back
surface electrode 13, and a linear polarization plate (horizon-
tal polarization plate) 12 and a linear polarization plate (ver-
tical polarization plate) 16 are arranged on front and back
surfaces thereof, respectively. A light source 11 is arranged on
the back surface of the linear polarization plate 12. Hence, the
displayed image of the liquid crystal panel 31 is formed of
light, which has transmitted through the linear polarization
plate 16 arranged more on the output side than the liquid
crystal layer 14, that is, linearly polarized light.

[0020] Returning to FI1G. 14, in a case of using the touch
panel 34, sometimes, a face and clothes reflect on the display
screen owing to internal reflection and back surface reflection
thereof, and the touch panel 34 is felt glaring in a case where
intense light such as sunlight is incident thereonto. In order to
reduce such reflection on the screen and glaring thereof, in
some case, a linear polarization layer 35 is provided on an
output side of the touch panel 34. In this case, the displayed
image outputted from the touch panel 34 will be linearly
polarized. As described above, the displayed image made of
the light transmitting through the liquid crystal panel 31 and
the touch panel 34 is linearly polarized.

[0021] The linear polarization layer 35 has a function to
transmit only light, which vibrates in a certain specific direc-
tion, among pieces of light, which vibrate in every direction.
The light outputted from the liquid crystal panel 31 is linearly
polarized. Therefore, the linear polarization layer 35 arranged
on the touch panel 34 is arranged in an orientation of trans-
mitting the polarization from the liquid crystal panel 31 side,
whereby a part of a light component incident from the light
side can be cut off without lowering brightness of the dis-
played image displayed on the liquid crystal panel 31. As
described above, the linear polarization layer 35 is one to be
used according to needs in order to further improve the vis-
ibility, and in usual, is composed of a linear polarization film.
A thickness of this linear polarization film is 25 to 200 pm.
[0022] As an example, the adhesive layer 36 is made of a
polarization solving adhesive containing fiber (hereinafter,
referred to as “polarization solving fiber”) having properties
to solve the polarization. A parent material of the polarization
solving adhesive is a transparent adhesive agent including
acrylic-based, epoxy-based, phenol-based, emulsion-based
and silicon-based adhesives. In such a way, an adhesive com-
position excellent in transparency and durability can be
obtained.

[0023] The polarization solving fiber is an aggregate of
cellulose nano-fiber. The cellulose nano-fiber contains a
hydroxyl group, and a part of the hydroxyl group is chemi-
cally modified. A width of the polarization solving fiber is 10
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nm or more to 50 nm or less, and an aspect ratio of the
polarization solving fiber is 1 or more to 200 or less.

[0024] Such chemical modification of the cellulose fiber is
not particularly limited as long as the cellulose fiber is dis-
persed into the parent material (transparent adhesive or trans-
parent resin) to an extent to which transparency required as a
transparent optical film is obtained. As a group for chemical
modification, for example, a hydrophobic functional group is
preferable. And the cellulose fibers are preferable, in which
an alkyl group, and particularly, an acetyl group, a phenyl
group, an epoxy group, a maleate functional group and a
carboxyl group are substituted for the hydroxyl group on a
surface of the cellulose fiber.

[0025] Note that the chemical modification can be con-
firmed by FT-IR analysis. For example, in a case where the
cellulose nano-fiber is chemically modified by the acetyl
group, then the acetyl group has a chemical structure of
CH,CO, and absorption (stretching vibrations) of a C—=0
double bond is at 1650 cm™", and accordingly, in a case where
a peak develops at this frequency as a result of the FT-IR
analysis, then it can be confirmed that the cellulose nano-fiber
is modified by the acetyl group. In this case, the cellulose fiber
before such acetyl formation includes many hydroxyl groups
(—OH groups), but does not include the acetyl group, and
accordingly, a difference therebetween is obvious.

[0026] Moreover, it is also preferable to mix the cellulose
nano-fiber with an organic acid as a dispersant. In particular,
it is a preferable form, in which the cellulose nano-fiber is
mixed with a dispersant including sulfonic acid, a phosphoric
acid and carboxylic acid, whereby the dispersant is unevenly
distributed on an interface between the surface of the cellu-
lose fiber and the parent material (transparent adhesive or
transparent resin).

[0027] As the cellulose nano-fiber, various ones known in
public can be used. For example, vegetable cellulose and
bacteria cellulose are mentioned, and in particular, vegetable
cellulose obtained from wood flour is suitable. Moreover,
these may be used in combination in order to increase strength
and an elastic modulus.

[0028] The polarization solving adhesive can be produced
by molding one, in which the polarization solving fiber is
uniformly dispersed into the transparent adhesive as a base
material, into a plate shape or a film shape. A method of the
production is not particularly limited. However, examples of
methods of the production include the methods, which are
application, dip coating, spraying, transfer coating, and the
like of the adhesive onto nonwoven fabric made of the polar-
ization solving fiber.

[0029] A blend ratio of the polarization solving fiber just
needs to be 1 to 95 weight % with respect to a total amount of
the adhesive layer 36 Preferably, the blend ratio is 30 to 90
weight %.

[0030] A production method of the adhesive layer 36
includes a physical surface smoothing treatment step.

[0031] AsshowninFIG. 1B, as another example, the adhe-
sive layer 39 is made of an acrylic adhesive that does not
contain the polarization solving fiber.

[0032] As anexample, the base material layer 40 is made of
a polarization solving base material containing the polariza-
tion solving fiber. The parent material that composes the
polarization solving base material is transparent resin such as
polycarbonate resin, methacrylic resin, PET resin, polysty-
rene resin, polyolefin resin including a cyclic structure, and
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glass. In such a way, a base material composition excellent in
transparency and durability can be obtained.

[0033] Polarization solving fiber, which is included in the
base material 40, and a production method thereof are the
same as those of the polarization solving fiber, which is
included in the adhesive layer 36, and the production method
thereof, and a description thereof is omitted.

[0034] The polarization solving base material can be pro-
duced by molding one, in which the polarization solving fiber
is dispersed into the transparent resin, into a plate shape or a
film shape. A method of the production is not particularly
limited: however, for example, there can be used a method, in
which the polarization solving fiber is added to molten or
fused transparent resin, and thereafter, the polarization solv-
ing base material is molded by using an extrusion molding
method, a solution casting method, a calendar method, and
the like. Desirably, a blend ratio of the polarization solving
fiber in the polarization solving base material is 1 weight % or
more to 95 weight % or less, and more preferably, 30 weight
%or more to 90 weight % or less.

[0035] A production method of the polarization solving
base material includes a physical surface smoothing treat-
ment step.

[0036] As shown in FIG. 1A, as another example, the base
material layer 37 is made of a front surface base material that
does not contain the polarization solving fiber.

[0037] As combination examples of the adhesive layers 36
and 39 and the base material layers 37 and 40, there are
mentioned: a combination of the polarization solving adhe-
sive (36) and the front surface base material (37), which is
shown in FIG. 1A; a combination of the acrylic adhesive (39)
and the polarization solving base material (40), which is
shown in FIG. 1B; and a combination of the polarization
solving adhesive (36) and the polarization solving base mate-
rial (40), which is shown in FIG. 1B. That is to say, in the
embodiment, the polarization solving fiber just needs to be
contained in at least one of the adhesive layers 36 and 39 and
the base material layers 37 and 40. In such a way, the polar-
ization solving fiber solves the linear polarization of the dis-
played images outputted from the liquid crystal panels 31 and
the touch panels 34, and can thereby enhance the visibility of
the displayed images.

[0038] Moreover, the adhesive layers 36 and 39 and the
base material layers 37 and 40 are located more on the output
side of the displayed images than the polarization plate 16
which the liquid crystal panel 31 includes. In such a way, the
polarization can be suppressed from being generated again on
the displayed images which have transmitted through the
adhesive layers 36 and 39 and the base material layers 37 and
40.

[0039] Inacase where at least one of the adhesive layers 36
and 39 and the base material layers 37 and 40 contains the
polarization solving fiber, a concentration of the polarization
solving fiber may be setat 5 capacity % or more to 40 capacity
% or less. If such a fiber concentration stays within this range,
then the polarization solving properties and the transparency
can be made compatible with each other.

[0040] A thickness of a member that contains the polariza-
tion solving fiber may be set at 10 um or more to 50 pm or less.
Ifthe thickness of the member stays within this range, then the
haze can be suppressed to be low, and a loss of transmittance
can be reduced. Further, if the thickness of the member stays
within above range, unevenness of the thickness can be
reduced, and such a displayed image can be sharpened. Here,
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in a case where only either of the adhesive layers 36 and 39
and the base material layers 37 and 40 contain the polarization
solving fiber, then the member that contains the polarization
solving fiber is either one of the adhesive layer 36 and the base
material layer 40. Moreover, in a case where both of the
adhesive layer 36 and the base material layer 40 contain the
polarization solving fiber, then the member that contains the
polarization solving fiber is the adhesive layer 36 and the base
material layer 40.

[0041] As shown in FIG. 1A and FIG. 2A, the display
apparatus according to the embodiment further includes an
anti-reflection film (AR film) 38 or an anti-glare film (AG
film) 46, which is stacked on the base material layer 37 or 40.
The AR film 38 has a multi-layer structure in which a thick-
ness and a refractive index are controlled, and then cancels
pieces of reflected light on an outermost front layer of the
multi-layer structure and interfaces of the respective layers
thereof one another, and thereby reduces the reflection on the
front surface. Moreover, as the AR film 38, a moss-eye film is
also applicable as well as such a multi-layer structure type.
[0042] Moreover, as shown in FIG. 1G and FIG. 2D, two
phase difference films 42 and 43 may be inserted so as to
sandwich the front and back surfaces of the touch panel 34 or
45. In this case, the phase difference film 42 is directly pasted
onto the back surface of the touch panel 34, and the phase
difference film 43 is directly pasted onto the front surface of
the touch panel 34, and the linear polarization layer 35 is
stacked on the phase difference film 43. The phase difference
films 42 and 43 are mainly manufactured in such a manner
that dicotic liquid crystal is fixed to a TAC film in a specific
orientation, followed by coating. As the phase difference
films 42 and 43, for example, %4 phase difference films pro-
vided with a function to shift a phase of transmitting light by
Y4 may be used. The V4 phase difference films are pasted onto
the linear polarization layer 35, whereby circular polarization
films are formed. Hence, in this case, displayed images
formed by the pieces of light, which have transmitted through
the linear polarization layer 35 and the phase difference film
43, are circularly polarized.

[0043] In an event of manufacturing the display apparatus
according to the embodiment, first, layers on the gas layer AL
or the bonding agent 41, the layers excluding the liquid crys-
tal panel 31, the AR film 32 and the AG film 44, are stacked on
one another. As a stacking method, for example, there are
mentioned: a pasting method, a layer forming method and the
like, which include mutual film pasting by a roller, insert
molding, vacuum molding, injection press molding, spray
coating, evaporation, sputtering, dipping, and gravure coat-
ing. In such a manner as described above, the respective
optical films described above are pasted onto the touch panel
34, whereby stacked bodies LB1 and LB2 shown in FIG. 1A
and FIG. 1D are fabricated. Thereafter, onto the liquid crystal
panel 31, the stacked bodies L.B1 and L.B2 are placed or
bonded while interposing the gas layer AL therebetween by
using the bonding agent 41, and are thereby brought into
intimate contact therewith. In such a way, the display appa-
ratus according to the embodiment can be manufactured. In
accordance with this manufacturing method, the number of
parts count is reduced since the structure is simple, and more-
over, a film forming process is also simplified in the event of
the manufacture, and accordingly, the display device can be
manufactured at low cost.

[0044] AsshowninFIG. 4, the display apparatus according
to the embodiment of the present invention is applicable as an
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automotive display apparatus such as a display apparatus 22
which a navigation or audio/visual system mounted on a
vehicle includes, and as an in-meter display apparatus 21
mounted on a dashboard in front of a driver’s seat of the
vehicle.

[0045] Itishighly frequent that a driver of the vehicle wears
sunglasses. In a case where drive information is presented by
the displayed image, which is linearly polarized, to the driver
who wears sunglasses having a polarization function, if the
polarization of the sunglasses and the polarization of the
displayed image forms the relationship of the crossed Nicols,
then a quantity of the transmission light is lowered to a large
extent, and the visibility is significantly lowered. As opposed
to this, if the drive information is presented by the displayed
image, in which the linear polarization is solved, by using the
display apparatus according to the embodiment, then the
lowering of the quantity of transmission light and of the
visibility can be suppressed even if the driver wears the sun-
glasses having the polarization function.

(Evaluation Method of Visibility)

[0046] A light environment laboratory, in which a light
source with illuminance of more than 5000 1x is placed, is
used as a test place, and an evaluator who wears the sun-
glasses having the polarization function sits down on a driv-
er’s seat of an actual vehicle. On a display screen attached
onto a center console in the actual vehicle, a menu screen of
a car navigation system is displayed. The display screen was
attached at a position, which is downward by 30° from an
eyes’ position of the evaluator, at a plane angle of 35° with
respect to a vehicle traveling direction, and at a sight distance
of approximately 700 mm. Brightness and contrast of the
display screen are set at defaults. In the light environment
laboratory, a light source is placed in a direction, which is
upward by 20° from the evaluator and left rearward by 60° in
the vehicle. Note that it is assumed that the polarization direc-
tion of the displayed image outputted from the display appa-
ratus and the polarization direction of the sunglasses are in a
state of the crossed Nicols.

[0047] Under the above-described conditions, visibilities
of display apparatuses according to Examples 1 to 15 and
Comparative examples 1 to 3 were evaluated by four evalua-
tors based on the following evaluation criteria.

[0048] 5: Signs up to details (small letters on a map) can be
determined.
[0049] 4: Among signs, large letters (menu) can be clearly
recognized.
[0050] 3: Among signs, large letters (menu) can be barely
recognized.
[0051] 2: Among signs, large diagrams (road and the like on

a map) can be barely recognized.
[0052] 1: Signs can never be determined.

(Polarization Solving Fiber (Pretreatment))

[0053] As a raw material, one is used, which is obtained by
performing dispersion treatment for a 1-wt % aqueous solu-
tion of CEOLUS RC-591 made by Asahi Kasei Chemicals
Corporation, which is a colloidal grade of crystallite cellu-
lose, by using a high-pressure homogenizer for 10 minutes.
To 500 ml of this solution, there were added: 25 mL of acetic
anhydride; 400 mL of acetic acid; 500 mL of toluene; and 2.5
mL of perchloric acid, and a reaction was caused for a result-
ant mixture at room temperature for 1 hour, whereby a front
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surface of the cellulose was converted into acetyl. Water-
containing fiber thus obtained was adjusted into a suspension
in which a fiber content was 0.1 weight %, water thereof was
removed by filtration, and the fiber was formed into a sheet
shape. Moreover, the sheet-shaped fiber was hot-pressed at
55¢ for 72 hours with a pressure of 15 kPa, and water was
removed therefrom, whereby dry fiber sheet with a thickness
of 50 um was formed.

(Preparation of Polarization Solving Adhesive)

[0054] The dry fiber sheet obtained by the above-described
method was soaked into a UV curing adhesive FINETAC
CT6010 (made by DIC Corporation) under a reduced pres-
sure, and was left standing still for 12 hours. Thereafter, by
using a belt conveyer type UV irradiation apparatus (Fusin
F300 and LC6B Bench Top Conveyor made by Fusion Sys-
tems Co., Ltd.), the fiber sheet impregnated with the resin was
irradiated with ultraviolet rays, and was cured. A total irra-
diation energy amount at this time was 5 J/cm®. In such a way,
the polarization solving adhesive was prepared.

(Preparation of Polarization Solving Base Material)

[0055] The dry fiber sheet obtained by the above-described
method was soaked into photoinitiator-containing acrylic
resin (TCDDMA) under a reduced pressure, and was left
standing still for 12 hours. Thereafter, by using a belt con-
veyer type UV irradiation apparatus (Fusin F300 and LC6B
Bench Top Conveyor made by Fusion Systems Co., Ltd.), the
fiber sheet impregnated with the resin was irradiated with
ultraviolet rays, and was cured. A total irradiation energy
amount at this time was 20 J/cm?. Thereafter, the fiber sheet
was annealed (subjected to heat treatment) at 160° C. for two
hours in a vacuum, and the polarization solving base material
was prepared.

EXAMPLE 1

[0056] FIG. 1A shows a cross-sectional configuration of
the display apparatus according to Example 1. The liquid
crystal panel 31 has a configuration shown in FIG. 3, and
above the output side of the liquid crystal panel 31, the touch
panel 34 of the electrostatic capacitance type is arranged
while interposing the gas layer AL therebetween. Onto the
interface between the liquid crystal panel 31 and the gas layer
AL, and onto the interface between the touch panel 34 and the
gas layer AL, the AR films 32 and 33 are pasted, respectively.
In such a way, the reflection of light on the interface between
the liquid crystal panel 31 and the gas layer AL and on the
interface between the touch panel 34 and the gas layer AL is
suppressed.

[0057] On the touch panel 34, the linear polarization layer
35 is stacked. Above the linear polarization layer 35, the base
material layer 37 is stacked while interposing the adhesive
layer 36 therebetween. In Example 1, the adhesive layer 36 is
composed of the polarization solving adhesive containing the
polarization solving fiber, and the base material layer 37 is
made of the front surface base material that does not contain
the polarization solving fiber. The AR film 381s stacked onthe
base material layer 37.

[0058] In Example 1, the linear polarization film for use in
the linear polarization layer 35 is one imparted with absorp-
tion dichroism in such a manner that, after abase material film
made of PVA (polyvinyl alcohol) is dyed with iodine or
organic dye, the base material film is uniaxially stretched to
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approximately two to three times to thereby array molecules
of the dye regularly. This linear polarization film exerts a
function to reduce the light transmittance without changing a
color tone thereof. In Example 1, as the linear polarization
layer 35, AG150 made by Nitto Denko Corporation is used.
Moreover, in Example 1, as the AR films 32, 33 and 38,
three-layer AR films of MFAR-Roll made by MeCan Imaging
Inc. are used.

EXAMPLE 2

[0059] FIG. 1B shows across-sectional configuration of the
display apparatus according to Example 2. In Example 2, the
adhesive layer 39 is composed of the acrylic adhesive that
does not contain the polarization solving fiber, and the base
material layer 40 is made of the polarization solving base
material that contains the polarization solving fiber. Other
points are the same as those of FIG. 1A, and a description
thereof is omitted.

EXAMPLE 3

[0060] FIG.1C shows across-sectional configuration of the
display apparatus according to Example 3. In Example 3, the
adhesive layer 36 is composed of the polarization solving
adhesive containing the polarization solving fiber, and the
base material layer 40 is composed of the polarization solving
base material containing the polarization solving fiber. That is
to say, both of the base material layer 40 and the adhesive
layer 36 contain the polarization solving fiber. Other points
are the same as those of FIG. 1A, and a description thereofis
omitted.

EXAMPLE 4

[0061] FIG. 1D shows a cross-sectional configuration of
the display apparatus according to Example 4. In Example 4,
on the output side of the liquid crystal panel 31, the touch
panel 34 of the electrostatic capacitance type is directly
stacked while interposing the bonding agent 41 therebe-
tween, and the gas layer AL is not interposed therebetween.
Hence, the AR films 32 and 33 for preventing the reflection
are not interposed, either. In Example 4, as the bonding agent
41, a UV-curing acrylic bonding material (KCPF3001 made
by Foresight) is used. Moreover, above the touch panel 34, the
base material layer 37 that does not contain the polarization
solving fiber is stacked while interposing therebetween the
adhesive layer 36 that contains the polarization solving fiber.
The linear polarization layer 35 is not interposed between the
touch panel 34 and the adhesive layer 36. Other points are the
same as those of FIG. 1A, and a description thereofis omitted.

EXAMPLE §

[0062] FIG. 1E shows a cross-sectional configuration of the
display apparatus according to Example 5. In Example 5, the
adhesive layer 39 is composed of the acrylic adhesive that
does not contain the polarization solving fiber, and the base
material layer 40 is composed of the polarization solving base
material that contains the polarization solving fiber. Other
points are the same as those of FIG. 1D, and a description
thereof is omitted.

EXAMPLE 6

[0063] FIG.1F shows a cross-sectional configuration of the
display apparatus according to Example 6. In Example 6, the
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adhesive layer 36 is composed of the polarization solving
adhesive containing the polarization solving fiber, and the
base material layer 40 is composed of the polarization solving
base material containing the polarization solving fiber. That is
to say, both of the base material layer 40 and the adhesive
layer 36 contain the polarization solving fiber. Other points
are the same as those of FIG. 1D, and a description thereof'is
omitted.

EXAMPLE 7

[0064] FIG. 1G shows a cross-sectional configuration of
the display apparatus according to Example 7. The display
apparatus according to Example 7 further includes the two
phase difference films 42 and 43 inserted so as to sandwich
the front and back surfaces of the touch panel 34 of the
electrostatic capacitance type. Other points are the same as
those of FIG. 1A, and a description thereof is omitted.

EXAMPLE 8

[0065] FIG. 1H shows a cross-sectional configuration of
the display apparatus according to Example 8. In Example 8§,
the adhesive layer 39 is composed of the acrylic adhesive that
does not contain the polarization solving fiber, and the base
material layer 40 is made of the polarization solving base
material that contains the polarization solving fiber. Other
points are the same as those of FIG. 1G, and a description
thereof is omitted.

EXAMPLE 9

[0066] FIG. 11 shows a cross-sectional configuration of the
display apparatus according to Example 9. In Example 9, the
adhesive layer 36 is composed of the polarization solving
adhesive containing the polarization solving fiber, and the
base material layer 40 is made of the polarization solving base
material containing the polarization solving fiber. That is to
say, both of the base material layer 40 and the adhesive layer
36 contain the polarization solving fiber. Other points are the
same as those of FIG. 1G, and a description thereof is omitted.

EXAMPLE 10

[0067] FIG. 2A shows a cross-sectional configuration of
the display apparatus according to Example 10. On the output
side of the liquid crystal panel 31, the touch panel 45 of the
resistance film type is placed while interposing the gas layer
AL therebetween. Onto the interface between the liquid crys-
tal panel 31 and the gas layer AL, the AG film 44 is pasted.
[0068] On the touch panel 45, the linear polarization layer
35 is stacked. Above the linear polarization layer 35, the base
material layer 37 is stacked while interposing the adhesive
layer 36 therebetween. In Example 10, the adhesive layer 36
is composed of the polarization solving adhesive that contains
the polarization solving fiber, and the base material layer 37 is
made of'the front surface base material that does not contain
the polarization solving fiber. The AG film 46 is stacked on the
base material layer 37.

EXAMPLE 11

[0069] FIG. 2B shows across-sectional configuration of the
display apparatus according to Example 11. In Example 11,
the adhesive layer 39 is composed of the acrylic adhesive that
does not contain the polarization solving fiber, and the base
material layer 40 is made of the polarization solving base
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material that contains the polarization solving fiber. Other
points are the same as those of FIG. 2A, and a description
thereof is omitted.

EXAMPLE 12

[0070] FIG.2C shows across-sectional configuration of the
display apparatus according to Example 12. In Example 12.
the adhesive layer 36 is composed of the polarization solving
adhesive containing the polarization solving fiber, and the
base material layer 40 is made of the polarization solving base
material containing the polarization solving fiber. That is to
say, both of the base material layer 40 and the adhesive layer
36 contain the polarization solving fiber. Other points are the
same as those of FIG. 2A, and a description thereofis omitted.

EXAMPLE 13

[0071] FIG. 2D shows a cross-sectional configuration of
the display apparatus according to Example 13. In compari-
son with FIG. 1A, the display apparatus according to
Example 13 is different therefrom in further including the two
phase difference films 42 and 43 inserted so as to sandwich
the front and back surfaces of the touch panel 45; however, is
common thereto in other points. Moreover, in comparison
with FIG. 1G, the display apparatus according to Example 13
is different therefrom in using the touch panel 45 of the
resistance film type in place of the touch panel 34 of the
electrostatic capacitance type; however, is common thereto in
other points.

EXAMPLE 14

[0072] FIG.2E shows a cross-sectional configuration of the
display apparatus according to Example 14. In Example 14,
the adhesive layer 39 is composed of the acrylic adhesive that
does not contain the polarization solving fiber, and the base
material layer 40 is made of the polarization solving base
material that contains the polarization solving fiber. Other
points are the same as those of FIG. 2D, and a description
thereof is omitted.

EXAMPLE 15

[0073] FIG.2F shows a cross-sectional configuration of the
display apparatus according to Example 15. In Example 15,
the adhesive layer 36 is composed of the polarization solving
adhesive containing the polarization solving fiber, and the
base material layer 40 is composed of the polarization solving
base material containing the polarization solving fiber. That is
to say, both of the base material layer 40 and the adhesive
layer 36 contain the polarization solving fiber. Other points
are the same as those of FIG. 2D, and a description thereof is
omitted.

COMPARATIVE EXAMPLE 1

[0074] FIG. 5A shows a cross-sectional configuration of
the display apparatus according to Comparative example 1. In

Jan. 8, 2015

Comparative example 1, the adhesive layer 39 is composed of
the acrylic adhesive that does not contain the polarization
solving fiber, and the base material layer 37 is made of the
front surface base material that does not contain the polariza-
tion solving fiber. That is to say, the polarization solving fiber
is not contained in either of the base material layer 40 and the
adhesive layer 36. Moreover, in comparison with the display
apparatus of FIG. 1A, the display apparatus according to
Comparative example 1 is different in using moss-eye films
51,52 and 53 in place of the AR films 32,33 and 38 having the
multi-layer structure. Other points are the same as those of
FIG. 1A, and a description thereof is omitted.

COMPARATIVE EXAMPLE 2

[0075] FIG. 5B shows across-sectional configuration of the
display apparatus according to Comparative example 2. Also
in Comparative example 2, the polarization solving fiber is
not contained in either of the base material layer 40 and the
adhesive layer 36 in a similar way to Comparative example 1.
Moreover, in comparison with the display apparatus of FIG.
1D, the display apparatus according to Comparative example
1 is different therefrom in using the moss-eye film 53 in place
of the AR film 38 having the multi-layer structure. Other
points are the same as those of FIG. 1D, and a description
thereof is omitted.

COMPARATIVE EXAMPLE 3

[0076] FIG.5C shows across-sectional configuration of the
display apparatus according to Comparative example 3. Also
in Comparative example 3, the polarization solving fiber is
not contained in either of the base material layer 40 and the
adhesive layer 36 in a similar way to Comparative example 1.
Other configurations are the same as those of FIG. 2A, and a
description thereof is omitted.

(Evaluation Test Results of Examples and Comparative
Examples)

[0077] Table 1 shows the configurations and evaluation test
results of the display apparatuses according to Examples 1 to
15 and Comparative examples 1 to 3, which are described
above. A polarization solution degree in Table 1 represents a
solution degree of the linear polarization of the displayed
image outputted from the display apparatus. As shown in
Table 1, it is understood that evaluations of the contrast,
polarization solution degree and visibility of the displayed
image are increased in the display apparatuses according to
Examples 1 to 15, in each of which at least one of the adhesive
layer and the base material layer contains the polarization
solving fiber, in comparison with the display apparatuses
according to Comparative examples 1 to 3, in each of which
either of the adhesive layer and the base material layer does
not contain the polarization solving fiber.
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[0078] As described above, in accordance with the embodi-
ment of the present invention, the following functions and
effects are obtained.

[0079] In accordance with the embodiment, at least one of
the base material layers 36 and 39 and the adhesive layers 37
and 40 contains the polarization solving fiber, whereby the
polarization solving fiber solves the linear polarization of the
displayed image, and can thereby enhance the visibility of the
displayed image.

[0080] The polarization solving fiber is contained in at least
one of the base material layers 36 and 39 and the adhesive
layers 37 and 40, and accordingly, it becomes unnecessary to
stack a new layer for solving the polarization, and manufac-
turing cost can be suppressed to be low. At the same time, it
becomes possible to thin the whole of the layers, and the light
transmittance can be enhanced by reducing the haze. Hence,
image quality of the displayed image is improved.

[0081] The polarization solving fiber is contained in at least
one of the base material layers 36 and 39 and the adhesive
layers 37 and 40, and accordingly, irregularities of the fiber do
not appear on the outermost front surface of the display appa-
ratus. Therefore, a white blur can be suppressed by reducing
the haze. Hence, the image quality of the displayed image is
improved.

[0082] The polarization solving fiber is an aggregate of the
cellulose nano-fiber, the cellulose nano-fiber contains a
hydroxyl group, a part of the hydroxyl group is chemically
modified, a width of the fiber is 10 nm or more to 50 nm or
less, and an aspect ratio of the fiber is 1 or more to 200 or less.
By satisfying these conditions, such a solution rate of the
linear polarization and the visibility of the displayed image
are further enhanced.

[0083] The base material layers 36 and 39 and the adhesive
layers 37 and 40 are located more on the output side of the
displayed image than the linear polarization plate which the
liquid crystal panel 31 includes. In such a way, the linear
polarization can be suppressed from being generated again on
the light which has transmitted through the base material
layers 36 and 39 and the adhesive layers 37 and 40.

[0084] The blend ratio of the polarization solving fiber is 1
weight % or more to 95 weight % or less with respect to the
base material having the polarization solving properties,
whereby a range of loading, which is optimum for striking a
balance between the polarization solving properties and the
transparency, can be set.

[0085] The thickness of the member that contains the polar-
ization solving fiber is 10 um or more to 50 um or less,
whereby the transmittance can be enhanced by preventing the
lowering of the haze. Moreover, at the same time, the uneven-
ness of thickness is reduced, and the displayed image can be
sharpened.

[0086] The linear polarization layer 35 and the phase dif-
ference film 43 are interposed between the touch panels 34
and 45 and the adhesive layers 37 and 40, whereby the dis-
played image is circularly polarized, and accordingly, the
polarization solution degree and the contrast of the displayed
image are enhanced, and at the same time, the linear polar-
ization layer 35 can effectively cut off the component of the
light incident from the outside.

[0087] In the case where the gas layer AL is interposed
between the liquid crystal panel 31 and the touch panels 34
and 45, the light reflected on the interfaces with the gas layer
AL is increased, and accordingly, it is necessary to enhance
the degree of the linear polarization in the linear polarization
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layer 35. Hence, in this case, the polarization solving fiber is
contained in at least one of the base material layers 36 and 39
and the adhesive layers 37 and 40, whereby the linear polar-
ization by the linear polarization layer 35 can be solved effec-
tively.

[0088] In the case where the touch panel 45 is the touch
panel of the resistance film type, the light reflected in the air
layer contained in the inside of the touch panel 45 is
increased, and accordingly, it is necessary to enhance the
degree of the linear polarization in the linear polarization
layer 35. Hence, also in this case, the polarization solving
fiber is contained in at least one of the base material layers 36
and 39 and the adhesive layers 37 and 40, whereby the linear
polarization by the linear polarization layer 35 can be solved
effectively.

[0089] Inthe case where the display apparatus according to
the embodiment is applied to the automotive display appara-
tus, the drive information is presented by the displayed image
in which the linear polarization is solved, and even if the
driver wears the sunglasses having the polarization function,
the lowering of the transmission light quantity and visibility
can be suppressed.

[0090] In the event of manufacturing the display apparatus
according to the embodiment, first, the base material layers
37 and 40 are pasted onto the touch panels 34 and 45 while
interposing the adhesive layers 36 and 39 therebetween,
whereby each of the stacked bodies LB1 and L.B2 is formed.
Thereafter, each of the stacked bodies LB1 and 1.B2 is placed
onto the display screen of the liquid crystal panel 31. In
accordance with this manufacturing method, the number of
parts count is reduced since the structure is simple, and more-
over, the film forming process is also simplified in the event of
the manufacture, and accordingly, the display device can be
manufactured at low cost.

[0091] The description has been made as above of the
embodiment and Examples 1 to 15; however, it should not be
understood that the description and the drawings, which form
a part of this disclosure, limit this invention. From this dis-
closure, varieties of alternative embodiments, examples and
operation technologies will be obvious for those skilled in the
art.

[0092] This application claims the priority of Japanese
Patent Application No. 2012-029267 filed on Feb. 14, 2012,
and the entire contents of this application is incorporated
herein by reference.

[0093] In accordance with the display apparatus, the auto-
motive display apparatus and the method for manufacturing
the display apparatus according to the present invention, the
polarization solving properties of the displayed image are
enhanced, whereby the visibility of the displayed image can
be enhanced.

REFERENCE SIGNS LIST

[0094] 16 LINEAR POLARIZATION PLATE
[0095] 31 LIQUID CRYSTAL PANEL

[0096] 34,45 TOUCH PANEL

[0097] 36,39 ADHESIVE LAYER

[0098] 37,40 BASE MATERIAL LAYER
[0099] 35 LINEAR POLARIZATION LAYER
[0100] AL GAS LAYER

[0101] LB1, LB2 STACKED BODY
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1.-10. (canceled)

11. A display apparatus comprising:

aliquid crystal panel,

a base material layer stacked on the liquid crystal panel,

and

an adhesive layer interposed between the liquid crystal

panel and the base material layer,

wherein at least one of the base material layer and the

adhesive layer contains fiber having properties to solve
polarization,

the fiber having the properties to solve the polarizationis an

aggregate of cellulose nano-fiber,

the cellulose nano-fiber contains a hydroxyl group,

a part of the hydroxyl group is chemically modified,

a width of the fiber is 10 nm or more to 50 nm or less, and

an aspect ratio of the fiber is 1 or more to 200 or less.

12. The display apparatus according to claim 11 further
comprising a touch panel interposed between the liquid crys-
tal panel and the base material layer.

13. The display apparatus according to claim 11, wherein
the adhesive layer and the base material layer are located
more on an output side of a displayed image than a linear
polarization plate which the liquid crystal panel includes.

14. The display apparatus according to claim 11, wherein a
blend ratio of the fiber having the properties to solve the

10
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polarization is 1 weight % or more to 95 weight % or less with
respect to a base material having polarization solving prop-
erties.

15. The display apparatus according to claim 11, wherein a
thickness of a member containing the fiber having the prop-
erties to solve the polarization is 10 pm or more to 50 um or
less.

16. The display apparatus according to claim 12, further
comprising: a linear polarization layer and a phase difference
film, which are interposed between the touch panel and the
adhesive layer.

17. The display apparatus according to claim 12, wherein a
gas layer is interposed between the liquid crystal panel and
the touch panel.

18. The display apparatus according to claim 12, wherein
the touch panel is a touch panel of a resistance film type.

19. An automotive display apparatus, wherein the display
apparatus according to claim 11 is used.

20. A method for manufacturing the display apparatus
according to claim 12, the method comprising:

forming one stacked body by pasting the base material

layer onto the touch panel while interposing the adhesive
layer therebetween; and

placing the stacked body on a display screen of the liquid

crystal panel.
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