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(57) ABSTRACT

There is provided a composite polarizing plate used for a
liquid crystal display device comprising a liquid crystal cell,
a front substrate, and a collimated light source device accord-
ing to present invention includes a polarizer; and a light
diffusion pressure-sensitive adhesion layer placed on a side of
the polarizer, wherein when the composite polarizing plate is
used for the liquid crystal display device, the light diffusion
pressure-sensitive adhesion layer is arranged in contact with
the front substrate.
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COMPOSITE POLARIZING PLATE AND
LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a composite polar-
izing plate capable of obtaining excellent visibility under a
bright environment, reducing parallax, and thinning a liquid
crystal display device, and to a liquid crystal display device
using the composite polarizing plate.

[0003] 2. Description of the Related Art

[0004] In a cellular phone, a plastic substrate (generally,
acrylic plate) is generally placed above a liquid crystal dis-
play portion in order to impart durability and design charac-
teristics. For an in-car display such as a car navigation system,
atablet PC frequently used for industry, a public display, and
a multi-function cellular phone, a touch panel is placed on a
surface of a display portion (for example, JP 2001-201741 A).
[0005] A front substrate, for example, a plastic substrate or
a touch panel is normally fixed to a polarizing plate by a
double-faced tape bonded to edge portion of the polarizing
plate. A thickness of the double-faced tape is normally
approximately 120 pm, and hence there is a problem that a
total thickness of the liquid crystal display device increases.
When the front substrate is used for the touch panel, in order
to minimize a shock, a sponge of approximately 1,000 um is
used together with the double-faced tape, and hence the thick-
ness further increases. Since only the edge portion is adhered
by the double-faced tape, an air layer is formed between the
polarizing plate and the front substrate. When the refractive
index of air is approximately 1.0, a refractive index of a
material, for example, polymer or glass, of the front substrate
is approximately 1.4 to 1.7. Therefore, a refractive index
difference between the air layer and the front substrate is
large, and hence there is a problem that visibility under a
bright environment is reduced by interface reflection of out-
side light.

[0006] Furthermore, it should be noted that a color filter
layer of a liquid crystal cell normally acts as a screen. When
the touch panel is used as the front substrate, input contact
points correspond to a surface of the front substrate, but are
provided at a distance from a surface of the liquid crystal cell
serving as the screen. Therefore, there is a problem that par-
allax occurs.

[0007] Meanwhile, a touch panel using a plastic film as an
insulating substrate has a problem that a Newton ring is
generated. As a method of preventing the generation of the
Newton ring, there has been known a technology of forming
asatin finished surface on at least one of facing surfaces of an
upper insulating substrate and a lower insulating substrate
and further using a diffusion pressure-sensitive adhesive layer
in combination with the satin finished surface (for example,
JP 2004-127243). However, evern when the touch panel
described in JP 2004-127243 is used, parallax cannot be
reduced.

SUMMARY OF THE INVENTION

[0008] It is an object of the present invention to provide a
composite polarizing plate capable of obtaining excellent
visibility under a bright environment, reducing parallax, and
thinning a liquid crystal display device, and a liquid crystal
display device using the composite polarizing plate.
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[0009] The present inventors have conducted intensive
studies for solving the above problems, and have found that
the above objects can be attained with the composite polar-
izing plate described below. to thereby complete the present
invention.

[0010] A composite polarizing plate according to an
embodiment of the present invention is used for a liquid
crystal display device comprising a liquid crystal cell, a front
substrate, and a collimated light source device. The compos-
ite polarizing plate includes: a polarizer; and a light diffusion
pressure-sensitive adhesion layer placed on a side of the
polarizer, wherein when the composite polarizing plate is
used for the liquid crystal display device, the light diffusion
pressure-sensitive adhesion layer is arranged in contact with
the front substrate.

[0011] Inoneembodiment of the invention, the light diffu-
sion pressure-sensitive adhesion layer includes a pressure-
sensitive adhesive and particles.

[0012] In another embodiment of the invention, the light
diffusion pressure-sensitive adhesion layer has a haze equal
to or larger than 90%.

[0013] According to another aspect of the present inven-
tion, a liquid crystal display device is provided. The liquid
crystal display device includes a liquid crystal cell; the com-
posite polarizing plate, which is provided on a viewer side of
the liquid crystal cell; a polarizing plate opposed to the viewer
side of the liquid crystal cell; a front substrate which is placed
on a viewer side of the composite polarizing plate and in
intimate contact with the light diffusion pressure-sensitive
layer of the composite polarizing plate; and a collimated light
source device placed outside the polarizing plate opposed to
the viewer side of the liquid crystal cell.

[0014] In one embodiment of the invention, the front sub-
strate comprises a transparent protective plate or a touch
panel.

[0015] According to the composite polarizing plate of the
present invention, the front substrate may be bonded through
the light diffusion pressure-sensitive adhesion layer, and
hence no air layer is formed between the polarizer and the
front substrate. Therefore, interface reflection of outside light
is reduced, and hence visibility under a bright environment
may be improved. In particular, when the composite polariz-
ing plate according to the present invention is used for the
liquid crystal display device including the collimated light
source device, a front contrast ratio improvement effect
obtained by using the collimated light source device may
become more significant. In addition, since the light diffusion
pressure-sensitive adhesion layer is much thinner than a
double-faced tape for bonding the polarizing plate to the front
substrate, the liquid crystal display device may be thinned.
Further, the light diffusion pressure-sensitive adhesion layer
used for the liquid crystal display device including the colli-
mated light source device has a high haze and acts as a screen.
Therefore, when the touch panel is used as the front substrate,
an input contact point becomes closer to the screen, and hence
parallax may be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1is a schematic cross sectional view of a com-
posite polarizing plate according to a preferred embodiment
of the present invention.

[0017] FIG. 2is a schematic cross sectional view of a liquid
crystal display device according to a preferred embodiment of
the present invention.
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[0018] FIG. 3A is a schematic view of one embodiment of
acollimated light source device used in the present invention.
[0019] FIG. 3B is a schematic view of another embodiment
of the collimated light source device used in the present
invention.

[0020] FIG. 4 is a schematic diagram explaining a method
of calculating a half angle in the present invention.

[0021] FIG. 5 is a schematic diagram explaining a method
of calculating a light diffusion half angle in the present inven-
tion.

[0022] FIG. 6 is a contrast contour map of viewing angle
dependences of black display, white display, and contrast of
liquid crystal display devices according to Example 2 of the
present invention and Comparative Examples 2 and 5.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A. Overview of Composite Polarizing Plate

[0023] FIG.1is a schematic cross sectional view of a com-
posite polarizing plate according to a preferred embodiment
of the present invention. A composite polarizing plate 100
includes a polarizer 10 and a light diffusion pressure-sensitive
adhesion layer 20 placed on one side of the polarizer 10. In the
illustrated example, protective films 30 and 31 are placed on
both sides of the polarizer. The polarizer 10 is bonded to the
protective films 30 and 31 through any suitable adhesive
layers or pressure-sensitive adhesive layers. At least one of
the protective layers 30 and 31 may be eliminated depending
on purpose or usage.

<A-1. Polarizer>

[0024] As the polarizer 10 used in the present invention,
any suitable polarizer may be employed depending on pur-
pose. Examples of the polarizer include: a film prepared by
adsorbing a dichromatic substance, for example, iodine or a
dichromatic dye on a hydrophilic polymer film, for example,
a polyvinyl alcohol-based film, a partially formalized poly-
vinyl alcohol-based film, or a partially saponified ethylene/
vinyl acetate copolymer-based film, and subjecting the result-
ant to uniaxial stretching; and a polyene-based orientation
film, for example, a dehydrated product of polyvinyl alcohol
or adehydrochlorinated product of polyvinyl chloride. Of the
films, a polarizer prepared by adsorbing a dichromatic sub-
stance, for example, iodine on a polyvinyl alcohol-based film,
and subjecting the resultant to uniaxial stretching is particu-
larly preferred because of high polarized dichromaticity. A
thickness of the polarizer is not particularly limited, and is
generally approximately 1 pm to 80 pm.

[0025] The polarizer prepared by adsorbing iodine on a
polyvinyl alcohol-based film, and subjecting the resultant to
uniaxial stretching may be manufactured by, for example,
immersing polyvinyl alcohol in an aqueous solution of iodine
for coloring and subjecting the resultant to stretching to three
to seven times the original length. If necessary, the aqueous
solution may contain boric acid, zine sulfate, or zinc chloride,
or the polyvinyl alcohol may be immersed in an aqueous
solution of, for example, potassium iodide. Further, if neces-
sary, the polyviny! alcohol-based film may be immersed and
washed in water before coloring.

[0026] When the polyvinyl alcohol-based film is washed
with water, contamination or antiblocking agent on a surface
of the polyvinyl alcohol-based film may be removed. In addi-
tion to this, when the polyvinyl alcohol-based film is swelled,
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there is an effect of preventing nonuniformity, for example,
uneven coloring. The stretching may be performed after col-
oring with iodine, performed during coloring, or followed by
coloring with iodine. The stretching may be performed in an
aqueous solution of boric acid or potassium iodide or in a
water bath.

<A-2. Light Diffusion Pressure-Sensitive Adhesion Layer>

[0027] The light diffusion pressure-sensitive adhesion
layer 20 has a function of transmitting and dispersing light
which has been emitted from a light source of a liquid crystal
display device and passed through a liquid crystal cell. When
the composite polarizing plate according to the present inven-
tion is used for a liquid crystal display device, the light dif-
fusion pressure-sensitive adhesion layer is placed on a viewer
side and is bonded in intimate contact with the protective film
30. The light diffusion pressure-sensitive adhesion layer pref-
erably contains a pressure-sensitive adhesive and particles.
The pressure-sensitive adhesive is suitable to obtain a light
diffusion pressure-sensitive adhesion layer which may satisfy
both a wide-viewing angle characteristic and low glare (daz-
zling) because of high viscosity and excellent particle dis-
persibility.

[0028] A thickness of the light diffusion pressure-sensitive
adhesion layer may be suitably adjusted depending on usage
or diffusion performance. For example, when a shock absorp-
tion function is to be provided, the thickness is desirably
adjusted to 100 pm to 1,000 um. When thinning is required,
the thickness may be adjusted in a range in which pressure-
sensitive adhesive property may be provided. When a particle
size and an amount of particles are adjusted, the thickness
may be reduced to approximately 10 um. The thickness of the
light diffusion pressure-sensitive adhesion layer is preferably
in a range of 10 pm to 100 um, more preferably in a range of
15 pm to 90 pm, and further more preferably in a range of 20
wm to 80 um. When the thickness of the light diffusion pres-
sure-sensitive adhesion layer is set in the ranges described
above, the thinning of the liquid crystal display device and the
light diffusion performance of the light diffusion pressure-
sensitive adhesion layer may be made compatible. When both
the wide-viewing angle characteristic and low glare (daz-
zling) are required, the thickness of the light diffusion pres-
sure-sensitive adhesion layer is appropriately equal to or
larger than seven times a volume average particle diameter of
particles contained in the light diffusion pressure-sensitive
adhesion layer as described below.

[0029] The light diffusion performance of the light diffu-
sion pressure-sensitive adhesion layer may be controlled by
adjusting, for example, a particle constituent material, the
volume average particle diameter, and the amount of par-
ticles. It is not necessarily appropriate to suggest a light
diffusion half angle of the light diffusion pressure-sensitive
adhesion layer (that is, half angle of light passing through and
diffusing within the light diffusion pressure-sensitive adhe-
sion layer) because of a relation with a half angle of a back-
light, but the light diffusion half angle is preferably equal to or
larger than 5°, and more preferably in a range of 10° to 90°.

[0030] A haze of the light diffusion pressure-sensitive
adhesion layer is preferably equal to or larger than 90%, and
more preferably equal to or larger than 95%. When the haze is
set in the ranges described above, desired light diffusion
performance is obtained and the light diffusion pressure-
sensitive adhesion layer sufficiently acts as the screen, and
hence parallax may be reduced. In particular, the liquid crys-
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tal display device using the collimated light source device is
suitably applied because an increase in front contrast ratio
and a reduction in parallax may be made compatible.

[0031] A total light beam transmittance of the light diffu-
sion pressure-sensitive adhesion layer is preferably equal to
or larger than 75%, more preferably equal to or larger than
80%, and further more preferably equal to or larger than 85%.
[0032] As the pressure-sensitive adhesive described above,
any suitable pressure-sensitive adhesive may be used.
Examples of the pressure-sensitive adhesive include a rubber-
based pressure-sensitive adhesive, an acrylic-based pressure-
sensitive adhesive, a silicone-based pressure-sensitive adhe-
sive, an epoxy-based pressure-sensitive adhesive, and a
cellulose-based pressure-sensitive adhesive. The acrylic-
based pressure-sensitive adhesive is appropriate. When the
acrylic-based pressure-sensitive adhesive is used, a light dif-
fusion pressure-sensitive adhesion layer which is excellent in
heat resistance and transparency is obtained. The pressure-
sensitive adhesives may be used alone or in combination.
[0033] As the acrylic-based pressure-sensitive adhesive
described above, Any suitable one may be used. The acrylic-
based pressure-sensitive adhesive preferably has the follow-
ing characteristics. A glass transition temperature of the
acrylic-based pressure-sensitive adhesive is preferably in a
range of -60° C. to -10° C., and more preferably in a range of
-55° C.to -15° C. A weight average molecular weight of the
acrylic-based pressure-sensitive adhesive is preferably in a
range 0f200,000 to 2,000,000, and more preferably in arange
of 250,000 to 1,800,000. When the acrylic-based pressure-
sensitive adhesive having such a characteristics is used, suit-
able pressure-sensitive adhesive property may be obtained.
[0034] A refractive index of the acrylic-based pressure-
sensitive adhesive is preferably in a range of 1.40t0 1.65, and
more preferably in a range of 1.45 to 1.60. When the acrylic-
based pressure-sensitive adhesive having the refractive index
described above is used, parallax may be further reduced.
[0035] The acrylic-based pressure-sensitive adhesive is
normally obtained by polymerizing a main monomer impart-
ing pressure-sensitive adhesive property, a comonomer
imparting cohesive property, and a functional group-contain-
ing monomer imparting pressure-sensitive adhesive property
and functioning as a cross-linking point. The acrylic-based
pressure-sensitive adhesive having such a characteristics may
be synthesized by any suitable method and may be synthe-
sized with reference to, for example, Katsuhiko Nakamae,
“Chemistry and Applications of Adhesion and Pressure-Sen-
sitive Adhesive”, published by Dainippon Tosho Co., Ltd.
[0036] The amount of pressure-sensitive adhesive con-
tained in the light diffusion pressure-sensitive adhesion layer
is preferably in a range of 50% by weight to 99.7% by weight,
and more preferably in a range of 52% by weight to 97% by
weight. When the amount of pressure-sensitive adhesive is set
in the ranges described above, a light diffusion pressure-
sensitive adhesion layer which is excellent in wide-viewing
angle characteristic and low in glare may be obtained.
[0037] As the particles described above, any suitable par-
ticles may be used. Examples of the particles include inor-
ganic fine particles and polymer fine particles. The particles
are preferably the polymer fine particles. As materials of the
polymer fine particles, there are exemplified a silicone resin,
a polymethyl methacrylate resin, a polystyrene resin, a poly-
urethane resin, and a melamine resin. The particles are pref-
erably made of'the silicone resin or the polymethyl methacry-
late resin. The resins have excellent dispersion property on
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the pressure-sensitive adhesive and a suitable refractive index
difference with the pressure-sensitive adhesive, and hence a
light diffusion pressure-sensitive adhesion layer having light
excellent diffusion performance is obtained. A shape of the
particles is not particularly limited and examples of the shape
include a spherical shape, a flat shape, and an indefinite shape.
The particles may be used alone or in combination.

[0038] A volume average particle diameter of the particles
is preferably in a range of 1 pm to 10 pm, and more preferably
in a range of 1.5 ym to 5 pm. When the volume average
particle diameter is set in the ranges, excellent light diffusion
performance may be obtained. The volume average particle
diameter may be measured by, for example, an ultracentrifu-
gal automatic particle size distribution measurement device.
[0039] A refractive index of the particles is preferably in a
range of 1.40 to 1.70, and more preferably in a range of 1.42
to 1.65. When two or more kinds of particles are used in
combination, a volume average refractive index is desirably
in the ranges. When the particles having the refractive index
in the ranges are used, parallax may be further reduced.
[0040] An absolute value of a refractive index difference
between the particles and the pressure-sensitive adhesive is
preferably in a range of 0.0 to 0.1, more preferably in a range
0f 0.0 to 0.06, and further more preferably in a range of 0.01
to 0.06. When the absolute value of the refractive index dif-
ference between the particles and the pressure-sensitive adhe-
sive exceeds 0.1, visibility under a bright environment is
likely to reduce by interface reflection of outside light. The
absolute value of the refractive index difference may be 0.0,
that is, the particles and the pressure-sensitive adhesive may
be equal in refractive index to each other.

[0041] The amount of particles contained in the light dif-
fusion pressure-sensitive adhesion layer is preferably in a
range of 0.3% by weight to 50% by weight, and more pref-
erably ina range 0f3% by weight to 48% by weight. When the
amount of particles is set in the ranges described above, a light
diffusion pressure-sensitive adhesion layer having excellent
light diffusion performance may be obtained.

[0042] The light diffusion pressure-sensitive adhesion
layer may contain any suitable additive except for the pres-
sure-sensitive adhesive and the particles. Examples of the
additive include an antistatic agent and an antioxidant.
[0043] Asamethod of forming the light diffusion pressure-
sensitive adhesion layer, any suitable method may be used.
For example, there is a method of applying a coating liquid
obtained by the adding particles, little by little, to a solution
prepared by adding a solvent to a pressure-sensitive adhesive
with agitating onto a support, and performing drying to obtain
the light diffusion pressure-sensitive adhesion layer. When
the light diffusion pressure-sensitive adhesion layer is formed
by the method, any suitable solvent, applying method, and
drying method may be used.

<A-3. Protective Film>

[0044] The protective films 30, 31 are formed of any appro-
priate film which can be used as a protective film for a polar-
izing plate. Specific examples of a material used as a main
component of the film include transparent resins such as a
cellulose-based resin such as triacetylcellulose (TAC), a poly-
ester-based resin, a polyvinyl alcohol-based resin, a polycar-
bonate-based resin, a polyamide-based resin, a polyimide-
based resin, a polyether sulfone-based resin, a polysulfone-
based resin, a polystyrene-based resin, a polynorbornene-
based resin, a polyolefin-based resin, a (meth)acrylic resin,
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and an acetate-based resin. Another example thereof includes
a thermosetting resin or a UV-curing resin such as a (meth)
acrylic-based resin, an urethane-based resin, a (meth)acrylic
urethane-based resin, an epoxy-based resin, or a silicone-
based resin. Still another example thereof includes, for
example, a glassy polymer such as a siloxane-based polymer.
Further, a polymer film described in JP 2001-343529 A (WO
01/37007) may also be used. To be specific, the film can be
formed of a resin composition containing a thermoplastic
resin having a substituted or unsubstituted imide group on a
side chain and a thermoplastic resin having a substituted or
unsubstituted phenyl group and a nitrile group on a side chain.
A specific example thereof includes a resin composition con-
taining an alternate copolymer of isobutene and N-methyl-
maleimide and an acrylonitrile-styrene copolymer. The poly-
mer film may be an extruded product of the resin
composition, for example.

[0045] Preferably, the above protective film (inner protec-
tive film) 31 exhibits optical isotropy. Specifically, the thick-
ness direction retardation Rth (550) of the inner protective
film is preferably =20 nm to +20 nm, more preferably —10 nm
to +10 nm, much more preferably -6 nm to +6 nm, and
particularly preferably -3 nm to +3 nm. The in-plane retar-
dation Re (550) of the inner protective film is preferably 0 nm
or more and 10 nm or less, more preferably O nm or more and
6 nm or less, and much more preferably O nm or more and 3
nm or less. The details of films forming such a protective film
having optical isotropy are described in JP 2008-180961 A,
which is incorporated herein by reference.

B. Liquid Crystal Display Device

[0046] A liquid crystal display device according to the
present invention includes a liquid crystal cell, the composite
polarizing plate placed on a viewer side of the liquid crystal
cell, a polarizing plate placed opposite side to the viewer side
of the liquid crystal cell, a front substrate which is placed on
aviewer side of the composite polarizing plate and in intimate
contact with the light diffusion pressure-sensitive layer of the
composite polarizing plate, and a collimated light source
device placed outside the polarizing plate opposite side to the
viewer side. FIG. 2 is a schematic cross sectional view of the
liquid crystal display device according to a preferred embodi-
ment of the present invention. A liquid crystal display device
200 includes a front substrate 120, the composite polarizing
plate 100, a liquid crystal cell 110, a polarizing plate 130, and
a collimated light source device 140, which are arranged in
the stated order from the viewer side. The liquid crystal cell
110 includes a pair of substrates 112 and 113 and a liquid
crystal layer 111 serving as a display medium interposed
between the substrates. In the liquid crystal display device
200, the composite polarizing plate 100 is placed on a viewer
side of the liquid crystal cell 110. The composite polarizing
plate 100 is placed so that the light diffusion pressure-sensi-
tive adhesion layer 20 is in contact with the front substrate
120. Therefore, in the liquid crystal display device 200, the
light diffusion pressure-sensitive adhesion layer 20 is placed
over the entire region between the composite polarizing plate
100 and the front substrate 120, and hence no air layer is
formed between the composite polarizing plate 100 and the
front substrate 120. Although notillustrated, theliquid crystal
display device 200 may further include another constituent
element, for example, an another polarizer, a protective film,
or an optical compensation layer. An adhesive layer or pres-
sure-sensitive adhesive layer (not shown) may be provided
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between the liquid crystal cell 110 and the composite polar-
izing plate 100 and/or the polarizing plate 130.

[0047] The collimated light source device 140 is placed on
the side of the liquid crystal cell 110 on which the composite
polarizing plate 100 is not located. The collimated light
source device 140 is placed in this way, to thereby obtain a
liquid crystal display device which has an excellent viewing
angle characteristic and is capable of suppressing gray level
inversion. Further, the collimated light source device is used
for the liquid crystal display device together with the com-
posite polarizing plate according to the present invention,
which prevents an air layer from being formed, to thereby
make significant a front contrast ratio improvement effect
obtained by using the collimated light source device.

[0048] The liquid crystal display device according to the
present invention is not particularly limited as long as the
liquid crystal display device includes the composite polariz-
ing plate according to the present invention and the colli-
mated light source device, and preferably, further includes the
liquid crystal cell and the front substrate. To be specific, any
of a transmission type, a reflection type, and a semi-transmis-
sion type may be used. A transmission type liquid crystal
display device for performing display using a backlight is
preferably used.

<B-1. Front Substrate>

[0049] As the front substrate 120, any suitable substrate
placed on a viewer side surface of the liquid crystal display
device may be used. The front substrate is preferably a trans-
parent protective plate for protecting the liquid crystal cell, or
a touch panel. Any suitable plate may be used as the trans-
parent protective plate. To be specific, a glass plate or a plastic
plate is used. The plastic plate, for example, an acrylic plate is
preferably used. The touch panel is not particularly limited,
and any type, for example, a resistive type, a capacitance type,
or an optical type may be used. The touch panel in the present
invention is placed above the polarizing plate, and hence the
resistive type is preferably used.

[0050] The resistive touch panel includes a movable elec-
trode portion, a fixed electrode portion, and a spacer placed
between the movable electrode portion and the fixed elec-
trode portion. The movable electrode portion and the fixed
electrode portion each are a laminate which includes a trans-
parent conductive film and a transparent support, for
example, a glass substrate or a transparent resin film. In the
resistive touch panel, the transparent conductive film of the
movable electrode portion and the transparent conductive
film of the fixed electrode portion are opposed to each other
through the spacer. In the resistive touch panel, the movable
electrode portion is provided on the viewer side. When the
movable electrode portion is pressed by a finger or apen atthe
time of input, the movable electrode portion comes into con-
tact with the fixed electrode portion and thus a current flows
therebetween, and hence a contact position is detected.

<B-2. Liquid Crystal Cell>

[0051] Examples of the driving mode using a liquid crystal
cell include a vertical alignment (VA) mode, a twisted nem-
atic (TN) mode, an in-plane switching (IPS) mode, a vertical
alignment type electric field control birefringence (ECB)
mode, and an optical compensation birefringence (OCB)
mode.

<B-3. Collimated Light Source Device>

[0052] The collimated light source device 140 is a colli-
mated light source device for emitting collimated light to the



US 2010/0238379 A1

liquid crystal cell 110. The collimated light source device
may have any suitable structure capable of emitting the col-
limated light. For example, the collimated light source device
includes a light source and a condensing element for colli-
mating light emitted from the light source (each of which is
not shown). In this case, any suitable condensing element
capable of collimating light emitted from the light source may
be employed as the condensing element. When the light
source itself may emit the collimated light, the condensing
element may be omitted. The followings are exemplified as a
specific structure of the collimated light source device: (1) a
structure in which a condensing element in which a light
shielding layer or a reflection layer is provided in a portion
except alens focus, on a flat surface side of a lenticular lens or
cannonball type lens is located on a liquid crystal cell side of
a light source (for example, cold cathode fluorescent lamp)
(for example, JP 2008-262012 A); (2) a structure which
includes a side light type LED light source, a light guide plate
of the side light type LED light source, and a angle variation
prism which has a convex surface formed on a light guide
plate side and is placed on a liquid crystal cell side of the light
guide plate (in this structure, anisotropic diffusion element
may be further used if necessary; for example, JP 3442247 B),
(3) astructure in which a louver layer in which a light absorb-
ing resin and a transparent resin are alternately formed in a
stripe shape is placed between a backlight and a backlight-
side polarizing plate (for example, JP 2007-279424 A); (4) a
structure using a cannonball type LED as a light source (for
example, JP H06-130255 A); (5) a structure using a Fresnel
lens and, if necessary, a diffusion plate (for example, JP
HO01-126627 A); and (6) a structure which includes a Fresnel
type reflection mirror and an LED light source placed at the
center thereof (for example, JP 2004-186092 A). The docu-
ments describing the detailed structures are incorporated by
reference in this specification. Hereinafter, the structure of (5)
is described as an example.

[0053] FIG. 3A is a schematic view illustrating the colli-
mated light source device having the structure of (5). A col-
limated light source device 7 includes a light source 1, a
projection lens 2, a lenticular lens 3, a reflection plate 4, and
aFresnel lens 5. A light-beam emitted from the light source 1
passes through the projection lens 2 and the lenticular lens 3
and is reflected on a mirror surface of the reflection plate 4.
The reflected light beam passes through the Fresnel lens 5 and
exits as collimated light.

[0054] In the collimated light source device having the
structure of (5), a diffusion element for providing desired
diffusion is preferably placed on a light source side or a liquid
crystal cell side of the Fresnel lens of a projection type back-
light unit. FIG. 3B illustrates a structure in which a diffusion
element 6 is provided on the liquid crystal cell side of the
Fresnel lens 5. A light beam emitted from the light source 1
passes through the projection lens 2 and the lenticular lens 3
and is reflected on the mirror surface of the reflection plate 4.
The reflected light beam passes through the Fresnel lens 5 and
exits as collimated light. The exited collimated light passes
through the diffusion element 6 and is diffused forirradiation.

[0055] With respect to the diffusion property of the diffu-
sion element, a haze is preferably in a range 0f2% to 92%, and
more preferably in a range of 30% to 80%. With respect to the
diffusion property of the diffusion element, a light diffusion
half angle is preferably in a range of 1° to 30°, and more
preferably in a range of 5° to 20°. The diffusion element may
include a straight-transmitted component. With respect to the
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light diffusion half angle in this case, a half angle of diffusion
light except for the straight-transmitted component is prefer-
ably in a range of 1° to 30°.

[0056] As the diffusion element having the performance
described above, any suitable diffusion element may be used.
To be specific, a surface unevenness diffusion film or an
internal diffusion film which is obtained by applying a binder
containing fine particles onto a transparent substrate film, a
phase separation extrusion sheet which is mixed with an
incompatible resin and formed by extrusion, and an embossed
sheet of which a surface is formed with an unevenness pattern
by an embossing roller may be used for the diffusion element.
In addition, a lens-diffusion element integral structure pro-
vided with a fine unevenness shape on one surface or both
surfaces of Fresnel lens by a method such as applying a binder
containing fine particles may be used.

[0057] With respect to the diffusion performance of the
collimated light source device described above, a half angle is
preferably in a range of 1° to 40°, more preferably in a range
0f2° 10 30°, and further more preferably in a range 0of 2.5° to
20°. In a case where the half angle is smaller than 1°, even
when the diffusion performance of the light diffusion pres-
sure-sensitive adhesion layer is improved, glare (dazzling)
may not be reduced. When the half angle exceeds 40°, oblique
light which is not completely compensated is generated in
black display and diffused to the front side by the light diffu-
sion pressure-sensitive adhesion layer, and hence it is likely to
increase brightness in a black display to reduce the front
contrast ratio. In the present invention, as illustrated in FIG. 4,
the half angle means a full width at half maximum brightness
of angles in a brightness profile, when an angle is varied in
omnidirections. When the half angle is smaller than 1° but a
diffusion range is widened, the same effect as in the case
where the half angle is equal to or larger than 1° may be
obtained. For example, when an average diffusion angle 6,
expressed by the following expression is equal to or larger
than 1°, glare (dazzling) may be reduced by a combination
with the light diffusion pressure-sensitive adhesion layer
which causes multiple diffusion.
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L(¢. 0): Brightness of back light

[0058] The liquid crystal display apparatus of the present
invention may be used for any appropriate applications. Spe-
cific example of the application includes: office automation
(OA) devices such as a personal computer monitor, a laptop
personal computer, and a copying machine; portable devices
such as a cellular phone, a watch, a digital camera, a personal
digital assistance (PDA), and a portable game machine; home
appliances such as a video camera, a television, and a micro-
wave; in-car devices such as a back monitor, a car navigation
system monitor, and a car audio; display devices such as a
commercial information monitor; security devices such as a
surveillance monitor; and nursing care/medical devices such
as a nursing monitor and a medical monitor.

[0059] According to the liquid crystal display device of the
present invention, visibility under a bright environment is
excellent, parallax may be reduced, and the liquid crystal
display device may be thinned. Therefore, the present inven-
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tion is particularly useful for, for example, a cellular phone
and a product using a touch panel.

[0060] The present invention is further described with ref-
erence to examples and comparative examples. The present
invention is not limited to the examples. Respective analysis
methods used in the examples are as follows.

(1) Method of Measuring Half Angle

[0061] With respect to the halfangle of the collimated light
source device, as illustrated in FIG. 4, a full width at half
maximum of emission angles corresponding to a half of a
maximum value of brightness (normally, brightness at emis-
sion angle of 0°) in an emission profile is set as the half angle.
(2) Method of measuring Haze and Total Light Beam Trans-
mittance

[0062] A haze meter (produced by Murakami Color
Research Laboratory Co., Ltd, product name “HN-150") is
used for measurement using a method based on the JIS 7136
standard.

(3) Method of Measuring Light Diffusion Half Angle

[0063] A laser light beam is emitted from the front of the
light diffusion pressure-sensitive layer. A diffusion bright-
ness corresponding to a diffusion angle of diffused light is
measured every 1° by a goniophotometer. As illustrated in
FIG. 5, diffusion angles corresponding to a half of a maxi-
mum value of diffusion brightness of light beams except
straight-transmitted laser light beam are measured on both
sides of a diffusion profile. A value obtained by adding the
angles measured on both sides (“(angle A)+(angle A')” in
FIG. 5) is set as the light diffusion half angle.

(4) Method of Measuring Front White Brightness and Front
Brightness in a Black Display

[0064] A fluorescent lamp (200 Ix: measurement value
obtained by illuminometer IM-5) is provided for irradiation
so that emission light is incident at an angle of 30° with
respect a vertical direction of the liquid crystal display device.
A luminance meter (produced by Topcon Corporation, prod-
uct name “SR-UL1”, 500 mm in measurement distance, 1° in
measurement angle) is provided as a measurement device to
measure front brightness in a white display and a black dis-
play.

(5) Method of Measuring Parallax

[0065] Under a bright room environment, a deviation
between a point depressed by a touch pen and a display
portion is visually observed from a position of 20° with
respect to a direction vertical to a screen of the liquid crystal
display device at a distance 0of 300 mm. A point which is not
deviated from the display portion is indicated by a white
circle mark (o) and a point which is deviated from the display
portion is indicated by a cross mark (x).

(6) Method of Measuring Viewing Angle Characteristics
[0066] A conoscope (produced by AUTRONIC-
MELCHERS GmbH, product name “Conoscope”) is used for
measurement under a dark environment.
Production of Collimated Light Source Device
Reference Example 1

[0067] The collimated light source device having the struc-
ture illustrated in FIG. 3A is produced as follows. A projec-
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tion lens, a lenticular lens (spot-shaped slit), an aluminum
specular reflector, and an acrylic Fresnel lens (20 inches in
diagonal size, focal length =40 cm) are placed at the front of
a metal halide lamp light source of 100 W to produce a
collimated light source device 1. The half angle of the colli-
mated light source device 1 is 2.5°.

Reference Example 2

[0068] Thecollimated light source device having the struc-
ture illustrated in FIG. 3B is produced as follows. The same
structure as in the case of Reference Example 1 except that a
uneven surface light diffusion sheet (60% in haze and 10° in
light diffusion halfangle)is placed on a liquid crystal cell side
of a Fresnel lens of a backlight unit is employed to produce a
collimated light source device 2. The half angle of the colli-
mated light source device 2 is 9.0°.

Reference Example 3

[0069] The same structure as in the case of Reference
Example 2 except for using a uneven surface light diffusion
sheet having a haze of 70% and a light diffusion half angle of
15°1s employed to produce a collimated light source device 3.
The half angle of the collimated light source device 3 is 15°.

Production of Composite Polarizing Plate
Reference Example 4

[0070] Inorder to obtain acoating liquid for forming a light
diffusion pressure-sensitive adhesion layer, 100 parts by
weight of a coating liquid (solid content: 12% by weight) of
an acrylic pressure-sensitive adhesive are added with 3.8
parts by weight of silicone fine particles (produced by
Momentive Performance Materials Japan Inc., product name
“Tospearl 140”, 4.2 um in particle diameter) and agitation is
performed for one hour. The coating liquid for forming the
light diffusion pressure-sensitive adhesion layer is applied on
a PET film (separator) which is subjected to light peeling
treatment, and drying is performed at 120° C. to obtain a
coating layer having a thickness of 25 um. The application
and drying processes are repeated three times to produce a
light diffusion pressure-sensitive adhesion layer (75 um in
thickness) in which three coating layers are laminated. The
light diffusion pressure-sensitive adhesion layer has a haze of
97%, a total light beam transmittance of 89%, and alight
diffusion half angle of 31°.

[0071] Then, the separator provided with the light diffusion
pressure-sensitive adhesion layer and a polarizing plate (pro-
duced by Nitto Denko Corporation, product name “NWEF-
LNSEG™) each are cut into A4 size, and bonded to each other
so that the light diffusion pressure-sensitive adhesion layer is
in intimate contact with the polarizing plate, to thereby pro-
duce a composite polarizing plate 1.

Reference Example 5

[0072] A composite polarizing plate 2 is produced by the
same method of Reference Example 4 except that the additive
amount of silicone fine particles (produced by Momentive
Performance Materials Japan Inc., product name “Tospear]
140”,4.2 pm in particle diameter) is set to 1.9 parts by weight.
With respect to the light diffusion pressure-sensitive adhesion
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layer of the composite polarizing plate 2, a haze is 60% but a
light diffusion half angle is unmeasurable.

Production of Liquid Crystal Display Device
Example 1

[0073] A twisted nematic (TN) liquid crystal cell is bonded
to a polarizer-side surface of the composite polarizing plate
produced in Reference Example 4 and then the separator is
peeled. After that, an acrylic plate (transparent acrylic plate
used in cellular phone (product name “W43H”) produced by
Hitachi, Ltd., 485 um in thickness) serving as the front sub-
strate is bonded in intimate contact with the exposed light
diffusion pressure-sensitive adhesion layer. Then, a polariz-
ing plate (produced by Nitto Denko Corporation, product
name “NWF-LNSEG”) is bonded to a surface of the liquid
crystal cell to which the composite polarizing plate is not
bonded. The collimated light source device 1 is placed outside
the polarizing plate to produce a liquid crystal display device
having a structure exhibited in Table 1. Characteristics of the
obtained liquid crystal display device are exhibited in Table 2.

TABLE 1
Example 1 Comparative Example 1
Acrylic plate Acrylic plate
— Double-faced  Air layer  Double-faced
tape tape
— Light transmitting film
Light diffusion Light diffusion pressure-sensitive

pressure-sensitive
adhesion layer
Polarizing plate

adhesion layer

Polarizing plate
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Example 2

[0074] The same structure as in the case of Example 1
except that the collimated light source device 2 is used instead
of the collimated light source device 1is employed to produce
aliquid crystal display device. Characteristics of the obtained
liquid crystal display device are exhibited in Table 2.

Example 3

[0075] The same structure as in the case of Example 1
except that the collimated light source device 3 is used instead
of the collimated light source device 1is employed to produce
aliquid crystal display device. Characteristics of the obtained
liquid crystal display device are exhibited in Table 2.

Comparative Example 1

[0076] The same structure as in the case of Example 1
except that a light transmitting film (produced by Fujifilm
Corporation, product name “FUJITAC”, 40 um in thickness)
is bonded to the exposed light diffusion pressure-sensitive
adhesion layer, and a double-faced tape (produced by Nitto
Denko Corporation, product name “No. 51027, 120 um in
thickness) is placed on edge portions of the light transmitting
film to bond an acrylic plate to the light transmitting film is
employed to produce a liquid crystal display device having a
structure exhibited in Table 1. Characteristics of the obtained
liquid crystal display device are exhibited in Table 2.

Liquid crystal cell Liquid crystal cell Comparative Example 2

Polarizing plate Polarizing plate

Collimated light source Collimated light source device 1 . .

device 1 [0077] The same structure as in the case of Comparative
Example 1 except that the collimated light source device 2 is
used instead of the collimated light source device 1 is

TABLE 2
Bright Environment (200 Ix)
Half width of Front
collimated brightness
light Front white  inblack  Front
source Front brightness display  contrast
device (°)  substrate (cd/m?) (cd/m?) ratio  Parallax

Example 1 25 Acrylic 289.8 0.8867 326.9 5}

Comparative plate 75.0 0.9233 297.8

Example 1

Example 2 9.0 Acrylic 244.9 0.8472 289.0 5}

Comparative plate 230.6 0.8733 264.1 X

Example 2

Example 3 15 Acrylic 231.6 0.8194 282.7 5}

Comparative plate 217.1 0.8578 253.1 X

Example 3

Example 4 25 Touch panel 217.2 0.7346 295.7 o

Comparative 204.6 0.7572 270.1 X

Example 4

Comparative — Acrylic 276.5 1.1872 232.9 X

Example 5 plate

Comparative — Acrylic 75.8 1.0607 150 o

Example 6 plate

Comparative — Acrylic 275 1.09 300 X

Example 7 plate
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employed to produce a liquid crystal display device. Charac-
teristics of the obtained liquid crystal display device are
exhibited in Table 2.

Comparative Example 3

[0078] The same structure as in the case of Comparative
Example 1 except that the collimated light source device 3 is
used instead of the collimated light source device 1 is
employed to produce a liquid crystal display device. Charac-
teristics of the obtained liquid crystal display device are
exhibited in Table 2.

Example 4

[0079] The same structure as in the case of Example 1
except that a touch panel (resistive touch panel used in
NOTE-PC (product name “Shield PRO” produced by NEC
corporation), 945 wm in thickness) instead of the acrylic plate
is used as the front substrate is employed to produce a liquid
crystal display device having a structure exhibited in Table 3.
Characteristics of the obtained liquid crystal display device
are exhibited in Table 2.

TABLE 3
Example 4 Comparative Example 4
Glass plare Touch Glass plate Touch
Conductive thin ~ panel Conductive thin film panel
film
Spacer Spacer
Conductive thin Conductive thin film
film
Glass plare Glass plate
— Double-faced ~ Air layer  Double-faced
tape tape
— Light transmitting film
Light diffusion Light diffusion pressure-sensitive
pressure-sensitive adhesion adhesion layer
layer
Polarizing plate Polarizing plate
Liquid crystal cell Liquid crystal cell

Polarizing plate
Collimated light source
device 1

Polarizing plate
Collimated light source device 1

Comparative Example 4

[0080] The same structure as in the case of Comparative
Example 1 except that a touch panel used in Example 4
instead of the acrylic plate is used as the front substrate is
employed to produce a liquid crystal display device having a
structure exhibited in Table 3. Characteristics of the obtained
liquid crystal display device are exhibited in Table 2.

Comparative Example 5

[0081] A polarizing plate (produced by Nitto Denko Cor-
poration, product name “NWF-LNSEG”) is bonded to a
viewer side of the TN liquid crystal cell. A double-faced tape
(produced by Nitto Denko Corporation, product name “No.
51027, 120 um in thickness) is placed on edge portions of the
polarizing plate to laminate the same acrylic plate as in
Example 1 and the polarizing plate by bonding. A polarizing
plate (produced by Nitto Denko Corporation, product name
“NWF-LNSEG”) is bonded to a backlight side of the liquid
crystal cell. After that, a diffusion light source device (back-
light unit used in cellular phone (product name “W43H")
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produced by Hitachi, Ltd.) is placed on the backlight side of
the liquid crystal cell to produce a liquid crystal display
device having a structure exhibited in Table 4. For structural
comparison, Table 4 further exhibits the structure of the liquid
crystal display device according to Example 1. Characteris-
tics of the obtained liquid crystal display are exhibited in
Table 2.

TABLE 4
Example 1 Comparative Example 5
Acrylic plate Acrylic plate
Light diffusion Double-faced ~ Air  Double-faced
pressure-sensitive adhesion tape layer tape
layer
Polarizing plate Polarizing plate
Liquid crystal cell Liquid crystal cell
Polarizing plate Polarizing plate

Collimated light source device 1 Diffusion light source device

Comparative Example 6

[0082] The same structure as in the case of Example 1
except that the diffusion light source device used in Compara-
tive Example 5 is used instead of the collimated light source
device 1 is employed to produce a liquid crystal display
device having a structure exhibited in Table 5. For structural
comparison, Table 5 further exhibits the structure of the liquid
crystal display device according to Example 1. Characteris-
tics of the obtained liquid crystal display device are exhibited
in Table 2.

TABLE 5
Example 1 Comparative Example 6
Acrylic plate Acrylic plate
Light diffusion Light diffusion

pressure-sensitive adhesion pressure-sensitive adhesion

layer layer
Polarizing plate Polarizing plate
Liquid crystal cell Liquid crystal cell

Polarizing plate
Collimated light source device 1

Polarizing plate
Diffusion light source device

Comparative Example 7

[0083] The same structure as in the case of Example 1
except that the composite polarizing plate 2 obtained in Ref-
erence Example 5 is used instead of the composite polarizing
plate 1 and the diffusion light source device used in Compara-
tive Example 5 is used instead of the collimated light source
device 1 is employed to produce a liquid crystal display
device. Characteristics of the obtained liquid crystal display
device are exhibited in Table 2.

Evaluation

[0084] As is apparent from Table 2, when Examples 1 to 3
are compared with Comparative Example 5 exhibiting the
conventional structure, a viewer side thickness may be
reduced. When Examples 1 to 4 are compared with Compara-
tive Example 5, in a bright environment, white brightness
may be improved, brightness in black display may be sup-
pressed, and a front contrast ratio is significantly improved. In
Examples 1 to 3, the light diffusion pressure-sensitive adhe-
sion layer acts as a screen, and hence a screen position (inter-
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mediate portion of light diffusion pressure-sensitive adhesion
layer) is equal to or smaller than a half of a screen position
(intermediate portion of color filter of liquid crystal cell) in
Comparative Example 5, to thereby reduce parallax. Even in
Example 4 in which the touch panel is used as the front
substrate, the light diffusion pressure-sensitive adhesion
layer acts as a screen, and hence the screen position becomes
closer than in Comparative Example 5 without depending on
the viewer side thickness, to thereby reduce parallax.

[0085] When Examples 1 to 4 are compared with Compara-
tive Examples 1 to 4, the viewer side thickness may be
reduced. In addition, when Examples 1 to 4 are compared
with Comparative Examples 1 to 4, in the bright environment,
the white brightness is improved, the brightness in black
display is suppressed, and the front contrast ratio (CR) is
improved by approximately 10%. Further, when Examples 1
to 4 are compared with Comparative Examples 1 to 4, the
parallax is reduced.

[0086] When Example 1 in which the collimated light
source device is used is compared with Comparative Example
6 in which the diffusion light source device is used, in the
bright environment, the white brightness is improved, the
brightness in black display is suppressed, and the front con-
trast ratio (CR) is improved by approximately 25%. In
Example 1, the front contrast ratio (CR) is improved and the
parallax is reduced, and hence the compatibility is obtained.
In contrast to this, in Comparative Example 7 in which the
diffusion light source device is used, the front contrast ratio is
improved, but the light diffusion pressure-sensitive adhesion
layer does not sufficiently act as the screen because of a low
haze, and the parallax is large.

[0087] FIG. 6 illustrates viewing angle characteristics in
Example 2 and Comparative Examples 2 and 5. In a bright-
ness contour map of black display. a white region indicates
low brightness and a black region indicates high brightness.
In a brightness contour map of white display, a white region
indicates high brightness and a black region indicates low
brightness. Ina contrast contour map, a white region indicates
ahigh contrast and a black region indicates a low contrast. As
is apparent from FIG. 6, when Example 2 and Comparative
Example 2 in each of which light emitted from the collimated
light source device is excellently diffused by the light diffu-
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sion pressure-sensitive adhesion layer are compared with
Comparative Example 5 exhibiting the conventional struc-
ture, with respect to any of the white display, the black dis-
play, and the front contrast ratio under the bright environ-
ment, the visibility under the bright environment is improved.

What is claimed is:

1. A composite polarizing plate used for a liquid crystal
display device comprising a liquid crystal cell, a front sub-
strate, and a collimated light source device,

the composite polarizing plate comprising:

a polarizer; and

a light diffusion pressure-sensitive adhesion layer placed
on a side of the polarizer,

wherein when the composite polarizing plate is used for the
liquid crystal display device, the light diffusion pres-
sure-sensitive adhesion layer is arranged in contact with
the front substrate.

2. A composite polarizing plate according to claim 1,
wherein the light diffusion pressure-sensitive adhesion layer
includes a pressure-sensitive adhesive and particles.

3. A composite polarizing plate according to claim 1,
wherein the light diffusion pressure-sensitive adhesion layer
has a haze equal to or larger than 90%.

4. A composite polarizing plate according to claim 2,
wherein the light diffusion pressure-sensitive adhesion layer
has a haze equal to or larger than 90%.

5. A liquid crystal display device, comprising:

a liquid crystal cell;

the composite polarizing plate according to claim 1, which
is placed on a viewer side of the liquid crystal cell,

a polarizing plate which is placed opposite side to the
viewer side of the liquid crystal cell;

a front substrate which is placed on a viewer side of the
composite polarizing plate and in intimate contact with
the light diffusion pressure-sensitive layer of the com-
posite polarizing plate; and

a collimated light source device placed outside the polar-
izing plate opposite to the viewer side.

6. A liquid crystal display device according to claim 5,

wherein the front substrate comprises a transparent protective
plate or a touch panel.
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