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EP 1184 713 B1
Description

[0001] The present invention relates to a liquid crystal display device having a transparent protection plate, and more
particularly, to a liquid crystal display device having a protection plate and exhibiting improvement in brightness, visibility
and viewing angle characteristic.

Description of the Related Art

[0002] A pen entry technology, which allows easy manipulations as if one is writing on a paper with a pencil, has
become important owing to a trend toward diversification of information equipment and reduction in size and weight of
portable terminals, and therefore, display devices having a touch panel which realizes both inputting and displaying are
in a popular use. While various types of touch panels such as an optical type, an ultrasound type, a resistive membrane
type, an electrostatic capacitance type, an electromagnetic induction type and the like are presently put to practical use,
a transparent protection plate is usually used at a top surface of a touch panel in any type for the purpose of detecting
an input signal or protecting a viewing screen. That is, a transparent protection plate is disposed to a top surface of a
touch panel, or a transparent protection plate itself forms the touch panel. In addition, a liquid crystal display, which is
thin in thickness and light in weight and consumes little electricity, is in a frequent use for the purpose of displaying.
Especially a ferroelectric liquid crystal display has an orientation defect when subjected to external shock, a transparent
protection plate which is disposed in front of the ferroelectric liquid crystal display serves as protection of a liquid crystal
layer against the external shock.

[0003] In such a liquid crystal display device having a transparent protection plate, since there is reflection from the
transparent protection plate in addition to surface reflection from the liquid crystal display, a displayed view shows
extremely poor in a bright room or in the open air. As a solution of this visibility problem, Japanese Patent Application
Laid-Open No. 5-127822 proposes to use a circular polarizing plate comprising a A/4-plate and a polarizing plate.
Meanwhile, Japanese Patent Application Laid-Open No. 10-48625 proposes a method for improving a display quality,
in which another A/4-plate is disposed between a liquid crystal display device and a touch panel having a circular polarizing
plate. The later publication describes that the A/4-plate which forms the circular polarizing plate and the another A/4-
plate are arranged so that the directions of orientation axes (optical axes) of the two A/4-plates are in the same direction,
or perpendicular to each other, and the perpendicular-direction arrangement is preferable because of better visibility.
[0004] However, such a structure, in which the A/4-plate which forms the circular polarizing plate and the another A/
4-plate are arranged so as to have the direction of their orientation axes perpendicular to each other in order to cancel
a phase retardation, has been found to have a problem that a displayed view looks yellow when viewed from an oblique
direction. In the meantime, when the two A/4-plates are arranged so that the directions of their orientation axes are
parallel to each other and the two A/4-plates function as a A/2-plate, the visibility deteriorates as described in the publication
above.

[0005] EP-A-1020 755 discloses a liquid crystal display device comprising a laminated protection panel of a A/4-plate,
a polarizing plate and a transparent protection plate. There is also a disclosure of retardation values.

[0006] JP-A-2000/000912 discloses the use of a hard-coat film satisfying glare protection and reducing glittering of a
sharp image.

[0007] JP 10 048625 A discloses a touch panel for an LCD with two 4 wavelength plates arranged either side of a
transparent conductive film to reduce light reflection from the film from the outside and promote transmission of light
from LCD to outside.

[0008] JP 2000 137116 A discloses a 1/4 wavelength plate with a ratio of the retardation at a measurement wavelength
of 450 nm to the retardation at a measurement of 550 nm in the range of 0.6 to 0.97.

[0009] An object of the present invention is to provide a liquid crystal display device having a protection plate and
exhibiting improvement in brightness, visibility and viewing angle characteristics.

[0010] As a result of dedicated efforts to solve these problems, the present inventor discovered that it is possible to
improve coloring of a displayed view in an oblique direction while maintaining a display quality in a frontal direction by
means of a combination of a A/4-plate and a phase retarder such that the sum (o + o) of the wavelength dispersion
(on) of the A/4-plate, which forms a circular polarizing plate, and the wavelength dispersion (o) of a phase retarder
which is disposed between a transparent protection film and a liquid crystal display, is in the range of 1.11 to 1.95,
thereby arriving at the present invention.

[0011] That s, the present invention provides a liquid crystal display device according to claim 1.

[0012] The invention will be further explained by way of example with reference to the accompanying drawings, in
which:-

Fig. 1 is a cross sectional view schematically showing an example of a liquid crystal display device of the present
invention;
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Fig. 2 shows a concept of polarizing conversion using a liquid crystal display which emits linear polarized light which
is at 45 degrees in cross section on the equator on the Poincaré sphere when orientation axes of a A/4-plate and a
phase retarder are perpendicular to each other;

Fig. 3 shows a concept of polarizing conversion using a liquid crystal display which emits linear polarized light which
is at 45 degrees in cross section on the equator on the Poincaré sphere when orientation axes of a A/4-plate and a
phase retarder are parallel to each other;

Fig. 4 shows a concept of polarizing conversion using a liquid crystal display which emits linear polarized light which
is at 45 degrees in cross section on the equator on the Poincaré sphere when orientation axes of a A/4-plate and a
phase retarder are shifted 45 degrees or less;

Fig. 5 is a schematic view which shows an example of a preferable angular arrangement for a polarizing plate, a
phase retarder and an upper polarizing plate of a liquid crystal display when an orientation axis (optical axis) of a
M4-plate is in the direction of 0 degree of the present invention.

[0013] The wavelength dispersion o is a parameter which is expressed as a ratio (o = R450/R5g) Of retardation Ry5,
at a measuring wavelength of 450 nm to retardation Rggq at @ measuring wavelength of 590 nm, and is inherent to a
material. Describing what this means, for example, since it can be said that any A/4-plate ideally generates a phase
retardation which corresponds to 1/4 of wavelength for any wavelength, it is preferable as the wavelength dispersion a
becomes closer to 450/590 (= 0.76). Since a A/4-plate and a phase retarder are used in combination in the present
invention, as the sum (o + o) of two wavelength dispersions becomes closer to 1.53 which is double the ideal value
above, it is possible to improve a displayed view in a front direction particularly in the case where the orientation axes
of the A/4-plate and the phase retarder two are not arranged perpendicular to each other. The sum of two wavelength
dispersions being close to 1.53 in this manner contributes to improvement of a displayed view in an oblique direction as
well. While the direction of the orientation axis of the phase retarder can be freely set in the range of 0 = 90 degrees
with respect to the direction of the orientation axis of the A/4-plate which forms a laminated protection panel, for further
improving a displayed view in an oblique direction, it is advantageous to ensure that the direction of the orientation axes
of the A/4-plate and the phase retarder are within the range of 0 + 45 degrees. On the other hand, the combination of
the A/4-plate and the phase retarder allows to improve a displayed view in an oblique direction even where the direction
of the orientation axes of the A/4-plate and the phase retarder are perpendicular to each other. Hence, in the present
invention, it is also possible to arrange the direction of the orientation axis of the phase retarder in the range of 90 = 45
degrees with respect to the direction of the orientation axis of the A/4-plate which forms a laminated protection panel.
[0014] In the following, the present invention will be described in more detail while referring to the drawings.

[0015] Among the drawings, Figs. 1 is a cross sectional views schematically showing an example of a liquid crystal
display device of the present invention. Figs. 2 through 4 show a concept of polarizing conversion using a liquid crystal
display which emits linear polarized light which is at an angle of 45 degrees in cross section on the equator on the
Poincaré sphere, wherein the equator expresses a linear polarization condition in each direction of oscillations while the
center (the north pole or the south pole) expresses a circular polarization condition. Fig. 2 represents the case where
the direction of the orientation axes of a A/4-plate and a phase retarder are perpendicular to each other, Fig. 3 represents
the case where the direction of the orientation axes of the A/4-plate and the phase retarder are parallel to each other,
and Fig. 4 represents the case where the direction of the orientation axes of the A/4-plate and the phase retarder are
shifted 45 degrees or less. Fig. 5 is a drawing which shows an example of a preferable angular arrangement for a
polarizing plate, a phase retarder and an upper polarizing plate of a liquid crystal display where the direction of the
orientation axis (optical axis) of a A/4-plate is in the direction of 0 degrees in the present invention.

[0016] In the liquid crystal display device shown in Fig. 1, a A/4-plate 1 and a polarizing plate 2 are combined with
each other so that the direction of their optical axes is at about 45 degrees relative to each other, whereby a circular
polarizing plate is formed. The circular polarizing plate functions as an anti-reflection filter which efficiently absorbs
internal reflection which is caused by incident light from outside. The circular polarizing plate is disposed separately as
shown in Fig. 1. The A/4-plate 1, the polarizing plate 2 and the transparent protection plate 3 form a laminated protection
panel 10.

[0017] Wihile a liquid crystal display 20 is usually formed of a liquid crystal display cell 5, an upper polarizing plate 6
and a lower polarizing plate 7 wherein these polarizing plates are arranged to the both surfaces of the liquid crystal
display cell 5, the upper polarizing plate 6 may be omitted. It is preferable to omit the upper polarizing plate 6 if the
brightness is regarded important, whereas it is preferable to have the upper polarizing plate 6 if the contrast is regarded
as important.

[0018] The polarizing plate 2 can be used those usually available in the field of liquid crystal displays. It is preferable
to use, for instance, a uni-axially oriented film or the like, which is made by absorbing a dichroic material such as iodine
and a dichroic dye in a polyvinylalcohol resin and orienting. In a normal use, protection films are stacked upon the both
surfaces of a uni-axially oriented film in which a dichroic material is absorbed and oriented. Protection films are also
similarly stacked on each of the upper polarizing plate 6 and the lower polarizing plate 7, which form the liquid crystal
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display 20.

[0019] In the present invention, a phase retarder 8 whose wavelength dispersion is a specified value ag due to a
relationship with the A/4-plate 1 is disposed between the laminated protection panel 10 and the liquid crystal display 20.
The phase retarder 8 only needs to be between the laminated protection panel 10 and the liquid crystal display 20, and
therefore, may be adhered to the back of the laminated protection panel 10 or to the front of the liquid crystal display
20, or alternatively, simply placed between the two. However, it is preferable to adhere to the front of the liquid crystal
display 20, considering an anti-reflection effect.

[0020] Since the transparent protection plate 3 is disposed below the polarizing plate 2, the transparent protection
plate 3 is preferably made of an optically isotropic material, which is suitably glass, a polymeric film not oriented, etc.
Further, the transparent protection plate 3 may be a touch panel. If the touch panel is a touch panel of the resistive
membrane type, the A/4-plate 1, the polarizing plate 2 and the like may directly form a resistive membrane so as to serve
also as an element which forms the touch panel.

[0021] In the present invention, the phase retarder 8 is disposed between the laminated protection panel 10 and the
liquid crystal display 20 so that displaying light from the liquid crystal display 20 is efficiently transmitted through the
laminated protection panel 10 which comprises a transparent protection plate 3 and a circular polarizing plate which is
formed by the A/4-plate 1 and the polarizing plate 2, wherein materials of the A/4-plate 1 and the phase retarder 8 is
selected so that the sum (o, + og) of the wavelength dispersion o, of the A/4-plate 1 which forms the laminated protection
panel 10 and the wavelength dispersion o of the phase retarder 8 ranges from 1.11 to 1.95, and the direction of the
orientation axis of the phase retarder 8 may be within 0 = 45 degrees or 90 = 45 degrees with respect to the direction
of the orientation axis of the /4-plate. As the result, it is possible to convert a polarized condition of the displaying light
from the liquid crystal display 20 in excellent balance of the three primary colors of red, green and blue, and therefore,
ensure efficient transmission through the protection plate.

[0022] Oriented polymeric films are usually used as the /4-plate 1 and the phase retarder 8. Their wavelength dispersion
values o, and og are intrinsic to a material as described above, and hence, the materials of the A/4-plate 1 and the
phase retarder 8 may be selected so as to satisfy the requirement above, that is, (op + og) is in the range of 1.11 to
1.95. Examples of the A/4-plate 1 and the phase retarder 8 include a polynorbornene film (o. = 1.00), a triacetyl cellulose
film (oo = 0.93), a polycarbonate film (o = 1.07), and also a phase retarder under the name of "Pure Ace WRW-142" (o
= 0.83) available from Teijin Limited. In the case of a copolymer film, its wavelength dispersion value o can be controlled
by the copolymerization ratio of components. Accordingly, many kinds of copolymer film are applicable to the present
invention.

[0023] A concept of polarizing conversion using a liquid crystal display which emits linear polarized light which is at
45 degrees, if described using the Poincaré sphere (a spherical surface in which each point on the sphere shows a state
of polarization), is illustrated as shown in Figs. 2 through 4. These drawings show the Poincaré sphere as a projection
upon a cross section, which is on the equator. The solid arrows denote conversion by the phase retarder 8, whereas
the dotted arrows denote conversion by the A/4-plate 1. Where two A/4-plates are arranged perpendicular to each other,
the original condition of polarization is realized through the same trajectory as shown in Fig. 2. In contrast, in a preferred
embodiment of the present invention, as shown in Figs. 3 and 4, polarizing conversion occur into a different direction
by the different combination of the directions of the orientation axes of the phase retarder 8 and the A/4-plate 1. At this
stage, dispersion of the three primary colors of red, green and blue is prevented by such combination of the A/4-plate 1
and the phase retarder 8 so that (o5 + o) is in the range of 1.11 to 1. 95. If the A/4-plate 1 and the phase retarder 8 are
arranged so that their orientation axes are parallel to each other, conversion occurs as shown in Fig. 3. In some cases,
unevenness in the three primary colors of red, green and blue is reduced with the orientation axes of the A/4-plate 1 and
the phase retarder 8 arranged somewhat shifted against each other rather than parallel to each other, if (op + 0g) is
larger than 1.53. The conversion at this stage follows a trace as that shown in Fig. 4. In this case, as shown in Fig. 4, it
sometimes becomes necessary to revolve the angles at which the A/4-plate 1 and the polarizing plate 2 forming the
laminated protection panel 10 are disposed.

[0024] Fig. 5 shows an example of a preferable angular arrangement for the polarizing plate 2, the phase retarder 8
and the upper polarizing plate 6 of the liquid crystal display 20 when the direction of the orientation axis (optical axis) of
the A/4-plate 1 is in the direction of O degree. The polarizing plate 2, which forms the circular polarizing plate together
with the A/4-plate 1, is disposed at an angle of 45 degrees with respect to the direction of the optical axis (A) of the A/4-
plate 1. On the other hand, the upper polarizing plate 6 of the liquid crystal display is arranged to have its optical axis
(absorption axis) (C) at an angle of 135 degrees with respect to the direction of the long side of the liquid crystal display,
so that linear polarized light is emitted at angle of 45 degrees. The directions of the optical axis (B) of the polarizing plate
2 and the optical axis (C) of the upper polarizing plate 6 may be opposite to Fig. 5, that is, the optical axis of the polarizing
plate 2 may be at an angle of 135 degrees and the optical axis of the upper polarizing plate 6 may be at angle of 45
degrees. The phase retarder 8 is disposed so that its optical axis (D) is parallel to the optical axis (A) of the A/4-plate 1,
or is perpendicular to the optical axis, is at an angle within = 45 degrees from the direction parallel to the optical axis,
or is at an angle within = 45 degrees from the direction perpendicular to the optical axis. If the direction of the optical
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axis (D) of the phase retarder 8 is shifted to a certain extent from the direction of the optical axis (A) of the A /4-plate 1,
as described earlier, the angle at which the A /4-plate 1 is disposed is slightly rotated, in this case, the optical axis of the
polarizing plate 2 as well is correspondingly rotated. The optical axis of the upper polarizing plate 6 may change.
[0025] Next, aviewing angle will be described. In the structure as that described as the conventional technique wherein
the direction of the optical axes of two A/4-plates are perpendicular to each other, a polarizing condition fails to be
cancelled out in an oblique direction by retardation changes in angle, and therefore, coloring due to dispersion of the
three primary colors occurs, i.e., displaying light becomes yellowish. In contrast, in the present invention wherein the
sum (o, + o) of the wavelength dispersions of the A/4-plate 1 and the phase retarder 8 is in the range of 1.11 to 1.95,
since the three primary colors of red, green and blue are converted into approximately same conditions of polarization
in excellent balance, the yellowness in an oblique direction as well is improved.

[0026] In the liquid crystal display device of the present invention, a surface of the laminated protection panel 10 may
have an additional function. For example, a transparent hard coat layer for prevention of scratching may be disposed
to the surface. The hard coat layer may be formed with applying a hard coat agent or adhering a hard coat film. Further,
for the purpose of preventing reflection of external light, an anti-glare layer may be formed which irregularly reflects
external light by means of fine irregular patterns at the surface, or an anti-reflection layer may be formed which is a layer
of a number of dielectric thin films. Still further, a transparent hard coat film in which anti-reflection layer is formed may
be adhered, or alternatively, anti-reflection layer may be formed on a hard coat layer.

[0027] In the following, examples will be described which however do not fall under the scope of the present invention
as defined in the claims.

[0028] Now, a description will be given in relation to these examples of a touch-panel type liquid crystal display device
not according to the invention which comprises an isotropic touch panel of the resistive membrane type as a transparent
protection plate and has the layer structure which includes (polarizing plate 2) / (A/4-plate 1) / (touch panel 4) / (phase
retarder 8) / (liquid crystal display 20).

[0029] Retardation values in the examples not according to the invention are values at a wavelength of 550 nm.
[0030] The measurementof luminance was conducted using a photometer MCPD manufactured by Otsuka Electronics
Co.,Ltd.

Example 1 not according to the invention

[0031] Apolynorbornene film (underthe trade name of "Artone" available from JSR Corporation) was uniaxially oriented,
thereby obtaining the A/4-plate 1 whose wavelength dispersion o, was 1.00 and retardation value was 138 nm. The A/
4-plate 1 and the polarizing plate 2(under the trade name of SUMIKALAN SQW852A available from Sumitomo Chemical
Co., Ltd.) were adhered to each other such that the direction of the orientation axis of the A/4-plate 1 was at 0 degree
and the direction of the absorption axis of the polarizing plate 2 was at 45 degrees, and the obtained laminate was
adhered, with the A/4-plate 1 facing down, on a top surface of the isotropic touch panel 4 of the resistive membrane
type, whereby a touch panel with a circular polarizing plate was obtained.

[0032] Meanwhile, triacetyl cellulose film (available from Konica Corporation) was uniaxially oriented, thereby obtaining
the phase retarder 8 whose wavelength dispersion o was 0.93 and retardation value was 110 nm. The phase retarder
8 was adhered to a back surface of the touch panel above with the circular polarizing plate so that the direction of the
orientation axis of the phase retarder 8 was at 0 degree. The touch panel 4 now laminating the circular polarizing plate
adhered to the top surface and the phase retarder 8 adhered to the bottom surface was disposed on the liquid crystal
display 20 in which the direction of the absorption axis of the upper polarizing plate 6 was at 135 degrees, in such a
manner that the phase retarder 8 and the upper polarizing plate 6 were in contact, whereby the touch-panel type liquid
crystal display device was obtained.

[0033] The evaluation result is shown in Table 1.

Example 2 not according to the invention

[0034] The phase retarder 8 (under the trade name of "Pure Ace WR W-142" available from Teijin Limited) whose
wavelength dispersion og was 0.83 and retardation value was 138 nm was adhered to the surface of the liquid crystal
display 20 in which the direction of the absorption axis of the upper polarizing plate 6 was at 135 degrees, in such a
manner that the direction of the orientation axis of the phase retarder 8 was at 0 degree. The touch panel with a circular
polarizing plate similar to the above in Example 1 not according to the invention was disposed on the phase retarder 8
side (the upper side) so that the direction of the orientation axis of the A/4-plate 1 was at 0 degree, whereby the touch-
panel type liquid crystal display device was obtained.

[0035] The evaluation result is shown in Table 1.



10

15

20

25

30

35

40

45

50

55

EP 1184 713 B1
Example 3 not according to the invention

[0036] The A/4-plate 1 obtained in Example 1 not according to the invention and the polarizing plate 2 were adhered
to each other such that the direction of the orientation axis of the A/4-plate 1 was at 0 degree and the direction of the
absorption axis of the polarizing plate 2 was at 135 degrees, and the obtained laminate was adhered, with the A/4-plate
1 facing down, on a top surface of the isotropic touch panel 4 of the resistive membrane type, whereby the touch panel
11 with a circular polarizing plate was obtained. Meanwhile, the phase retarder (under the trade name of "Pure Ace WR
W-142" available from Teijin Limited) 8 was wavelength dispersion oz was 0.83 and retardation value was 138 nm was
adhered to the surface of the liquid crystal display 20 in which the direction of the absorption axis of the upper polarizing
plate 6 was at 135 degrees, in such a manner that the direction of the orientation axis of the phase retarder 8 was at 90
degrees. The bottom surface of the touch panel with the circular polarizing plate (the touch panel side) was disposed
on the top surface of the liquid crystal display 20 with the phase retarder (the phase retarder side), whereby the touch-
panel type liquid crystal display device was obtained.

[0037] The evaluation result is shown in Table 1.

Example 4 not according to the invention

[0038] The A/4-plate 1 obtained in Example 1 not according to the invention and the polarizing plate 2 were adhered
to each other such that the direction of the orientation axis of the A/4-plate 1 was at 0 degree and the direction of the
absorption axis of the polarizing plate 2 was at 135 degrees, and the obtained laminate was adhered, with the A/4-plate
1 facing down, on a top surface of the isotropic touch panel 4 of the resistive membrane type, whereby the touch panel
with a circular polarizing plate was obtained. Meanwhile, a phase retarder made of polycarbonate (under the trade name
of "SEF340138B" available from Sumitomo Chemical Co., Ltd.) whose wavelength dispersion o,z was 1.07 and retardation
value was 138 nm, was adhered to the surface of the liquid crystal display 20 in which the direction of the absorption
axis of the upper polarizing plate 6 was at 135 degrees, in such a manner that the direction of the orientation axis of the
phase retarder was at 90 degrees. The bottom surface of the touch panel with the circular polarizing plate (the touch
panel side) was disposed on the top surface of the liquid crystal display 20 with the phase retarder 8 (the phase retarder
side), whereby the touch-panel type liquid crystal display device was obtained.

[0039] The evaluation result is shown in Table 1.

Example 5 not according to the invention

[0040] The same phase retarder as that used in Example 4 not according to the invention was used as the A/4-plate
1, and the A/4-plate 1 and the polarizing plate 2 were adhered to each other such that the direction of the orientation
axis of the A/4-plate 1 was at 0 degree and the direction of the absorption axis of the polarizing plate 2 was at 45 degrees,
and the obtained laminate was adhered, with the A/4-plate 1 facing down, on a top surface of the isotropic touch panel
4 of the resistive membrane type, whereby the touch panel with a circular polarizing plate was obtained. Meanwhile,
another same phase ratarder as that used in Example 4 not according to the invention was adhered to the surface of
the liquid crystal display 20 in which the direction of the absorption axis of the upper polarizing plate 6 was at 135 degrees,
in such a manner that the direction of the orientation axis of the phase retarder was at 0 degree. The bottom surface of
the touch panel with the circular polarizing plate (the touch panel side) was disposed on the top surface of the liquid
crystal display 20 with the phase retarder 8 (the phase retarder side), whereby the touch-panel type liquid crystal display
device was obtained.

[0041] The evaluation result is shown in Table 1.

Table 1
Luminance levels in the respective examples not according to the invention are conversion values when the front
luminance in Example 1 not according to the invention is assumed to be 100%.
Axial Angle | Direction of Luminance .
+0y of Phase Evaluation Displayed
“AT08 435nm 545nm 612nm | view
retarder
Example 1 Front 98% 98% 92% excellent
not _ . at40°tothe 67% 57% 51% excellent
according 1.93 0 .
right
to the
invention
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(continued)

Luminance levels in the respective examples not according to the invention are conversion values when the front
luminance in Example 1 not according to the invention is assumed to be 100%.
Axial Angle | Direction of Luminance .
+0y of Phase Evaluation Displayed
OaT0B 435nm 545nm 612nm | view
retarder
Example 2 Front 98% 100% 98% excellent
not _ at40°tothe 71% 68% 63% excellent
according 1.83 0° right
to the
invention
Example 3 Front 99% 100% 101% excellent
not
at40°tothe 76% 66% 67% excellent
according 1.83 90° right ° ° ° X
to the
invention
Example 4 Front 100% 100% 100% excellent
not .
t40°toth 56% 65% 68% ] h
according 2.07 90° 2 ht otne ° ° ° yellow!s
to the d
invention
Example 5 Front 59% 100% 98% yellowish
not at40°tothe 66% 57% 49% excellent
according 214 0° right
to the
invention

[0042] In Example 4 not according to the invention, while a displayed view from the front was excellent, a displayed
view from the side was colored yellowish. In Example 5 not according to the invention, although a displayed view from
the side was not yellowish, a displayed view from the front was yellowish, and therefore, this was not suitable as a display
device. Unlike these, in Example 1 not according to the invention, a displayed view from the front was slightly bluish but
only to such an extent that did not cause a concern, and a displayed view from the side was excellent without getting
colored in yellow. In Examples 2 and 3 not according to the invention, both a displayed view from the front and a displayed
view from the side were further improved, providing a wide viewing angle.

[0043] The presentinvention provides a liquid crystal display device which is equipped with an anti-reflection function,
excellent in visibility, and adaptable to the touch panel type and the like, and further, improves in viewing angle charac-
teristic.

Claims
1. Aliquid crystal display device comprising:

a laminated protection panel (10) having a polarizing plate (2) and a transparent protection plate (3), said device
comprising phase retarding plates consisting of a phase retarder (8) and a A/4-plate (1) ; and

a liquid crystal display (20); wherein

the laminated protection panel (10) is spaced from a top surface of the liquid crystal display (20), and the phase
retarder is disposed between the laminated protection panel and the liquid crystal display; characterised in
that the sum (o, + o) Of the ratio (aiy), of the retardation R,5q at a measuring wavelength of 450 nm to the
retardation Rgqy at a measuring wavelength of 590 nm, of the A/4-plate, and the ratio (o), of the retardation
R450 at a measuring wavelength of 450 nm to the retardation Rsq, at a measuring wavelength of 590 nm of the
phase retarder, is in the range of 1.11 to 1.95, and the A/4-plate (1) is disposed to the liquid crystal display side
of the transparent protection plate (3) within the laminated protection panel (10), the transparent protection plate
(3) being located between the A/4-plate (1) and the polarizing plate (2).
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2. Theliquid crystal display device according to claim 1, wherein only a lower polarizing plate exists in the liquid crystal
display (20).

3. The liquid crystal display device according to claim 1 or 2, wherein the transparent protection plate is a touch panel.

4. The liquid crystal display device according to any one of claims 1 to 3, wherein the laminated protection panel (10)
has a hard coat layer at the outer-most surface of the laminated protection panel.

5. The liquid crystal display device according to any one of claims 1 to 4, wherein the laminated protection panel (10)
has an anti-reflection layer at the outer-most surface of the laminated protection panel.

Patentanspriiche
1. FlUssigkristallanzeigevorrichtung, mit:

einer laminierten Schutztafel (10), die eine polarisierende Platte (2) und eine transparente Schutzplatte (3)
aufweist, wobei die Vorrichtung phasenverzdgernde Platten umfasst, die aus einem Phasenverzégerer (8) und
einer A/4-Platte (1) bestehen; und

einer Flussigkristallanzeige (20); wobei

die laminierte Schutztafel (10) von einer oberen Oberflache der Flissigkristallanzeige (20) beabstandet und
der Phasenverzdgerer zwischen der laminierten Schutztafel und der Flissigkristallanzeige angeordnet ist; da-
durch gekennzeichnet, dass die Summe (o, + o) aus dem Verhéltnis (o) der Verzégerung Rys bei einer
Messwellenlédnge von 450 nm zu der Verzégerung Rsq bei einer Messwellenldnge von 590 nm der A/4-Platte
und dem Verhéltnis (ag) der Verzogerung Rysq bei einer Messwellenlange von 450 nm zu der Verzégerung
Rggg bei einer Messwellenléange von 590 nm des Phasenverzdgerers in dem Bereich von 1,11 bis 1,95 liegt
und die A/4-Platte (1) an der Flissigkristallanzeigenseite der transparente Schutzplatte (3) innerhalb der lami-
nierten Schutztafel (10) angeordnet ist, wobei die transparente Schutzplatte (3) zwischen der A/4-Platte und
der polarisierenden Platte (2) gelegen ist.

2. Flussigkristallanzeigevorrichtung gemaf Anspruch 1, bei der nur eine untere polarisierende Platte in der Flussig-
kristallanzeige (20) existiert.

3. Flussigkristallanzeigevorrichtung gemafR Anspruch 1 oder 2, bei der die transparente Schutzplatte ein Touch-Panel
ist.

4. Flussigkristallanzeigevorrichtung gemaf einem der Anspriiche 1 bis 3, bei der die laminierte Schutztafel (10) eine
Hard-Coat-Schicht an der duersten Oberflache der laminierten Schutztafel aufweist.

5. Flussigkristallanzeigevorrichtung gemaf einem der Anspriiche 1 bis 4, bei der die laminierte Schutztafel (10) eine
Anti-Reflexionsschicht an der duRersten Oberflache der laminierten Schutztafel aufweist.

Revendications
1. Dispositif d’affichage a cristaux liquides comprenant:

un panneau de protection stratifié (10) ayant une plaque de polarisation (2) et une plaque de protection trans-
parente (3), ledit dispositif comprenant des plaques a retard de phase composées d’'un retardateur de phase
(8) et d’'une plaque A4 (1) ; et

un afficheur a cristaux liquides (20) ; dans lequel

le panneau de protection stratifié (10) est espacé d’'une surface supérieure de I'afficheur a cristaux liquides
(20), et le retardateur de phase est disposé entre le panneau de protection stratifié et I'afficheur a cristaux
liquides; caractérisé en ce que la somme (o, + 0g) du rapport (aus), entre le retard Ry5q & une longueur d’'onde
de mesure de 450 nm et le retard Rsq @ une longueur d’'onde de mesure de 590 nm, de la plaque A/4, et du
rapport (og), entre le retard R, & une longueur d’'onde de mesure de 450 nm et le retard Rygq & une longueur
d’onde de mesure de 590 nm du retardateur de phase, est de l'ordre de 1,11 a 1,95, et la plaque A/4 (1) est
disposée du cété de I'afficheur a cristaux liquides de la plaque de protection transparente (3) dans le panneau



10

15

20

25

30

35

40

45

50

55

EP 1184 713 B1

de protection stratifié (10), la plaque de protection transparente (3) étant située entre la plaque A/4 (1) et la
plaque de polarisation (2).

Dispositif d’affichage a cristaux liquides selon la revendication 1, dans lequel seule une plaque de polarisation
inférieure existe dans I'afficheur a cristaux liquides (20).

Dispositif d’affichage a cristaux liquides selon larevendication 1 ou 2, dans lequel la plague de protection transparente
est un panneau tactile.

Dispositif d’affichage a cristaux liquides selon I'une quelconque des revendications 1 a 3, dans lequel le panneau
de protection stratifié (10) posséde une couche de revétement dur au niveau de la surface extérieure du panneau
de protection stratifié.

Dispositif d’affichage a cristaux liquides selon I'une quelconque des revendications 1 a 4, dans lequel le panneau
de protection stratifié (10) posséde une couche anti-réflexion au niveau de la surface extérieure du panneau de
protection stratifié.
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