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A liquid crystal display device includes a liquid crystal mod-
ule and a touch panel section arranged in front of the liquid
crystal module. There is a space between the liquid crystal
module and the touch panel section, and a layer of air is
present in the space. The liquid crystal module has a A/4 plate
on the front side. The touch panel section includes a polar-
ization plate and A/4 plate which are arranged on the front side
of a touch panel in this order.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to liquid crystal dis-
play devices, in particular, to a liquid crystal display device
including separate functional members, such as a touch panel,
provided in front of a liquid crystal module.

[0003] 2. Description of the Related Art

[0004] There has been widely used a recent liquid crystal
display device as a display section in variety of products.
Therefore, a separate functional member such as a touch
panel is sometimes provided on the front surface side of a
liquid crystal module (display surface) in a liquid crystal
display device. Alternatively, a transparent protection plate is
sometimes provided on the front surface side of a liquid
crystal module (display surface) as a functional member to
protecta polarization plate in the liquid crystal module and/or
to protect a glass substrate from damage caused by externally
applied impacts.

[0005] A functional member such as a touch panel or a
protection plate is arranged so that a space is left between a
functional member and a liquid crystal module. There is a
layer of air in the space between the liquid crystal module and
the functional member. The layer of air causes externally
entered light to be reflected from an interface between the
layer of air and the back surface of the functional member or
to be reflected from an interface between the layer of air and
the front surface of the liquid crystal module. This leads to a
problem that the display contents in the liquid crystal module
are difficult to view.

[0006] Japanese Examined Utility Model (Registration)
Application Publication No. 06-24812 discloses an arrange-
ment that prevents the reflection problem caused by a liquid
crystal display device in which a transparent protection plate
is provided in front of a liquid crystal module. The following
description deals with an arrangement of a liquid crystal
display device disclosed in the Japanese Examined Utility
Model (Registration) Application Publication No. 06-24812
with reference to FIG. 2.

[0007] In the liquid crystal display device illustrated in
FIG. 2, aprotection panel 110 including a protection plate 111
is provided in front of a liquid crystal module 100. There is a
space left between the liquid crystal module 100 and the
protection panel 110, and a layer of air is secured in the space.
[0008] For the protection panel 100, an anti-reflection film
112 is provided on the front surface side of the protection
plate 111, and a polarization plate 113 and a A/4 plate 114 are
provided on the back surface side of the protection plate 111
in the order of being the closer side to the protection plate 111.
[0009] In the liquid crystal module 100, a liquid crystal
layer is sandwiched between two transparent substrates, and
an alignment film is provided on a surface of each of the
substrates with which surface the liquid crystal layer makes
contact. In FIG. 2, the liquid crystal module 100 is illustrated
in a simplified manner. Namely, the transparent substrates,
the alignment films, and the liquid crystal layer are not illus-
trated in FIG. 2. A A/4 plate 101 is provided on the front
surface side of the liquid crystal module 100, and a polariza-
tion plate 102 s provided on the back surface side of the liquid
crystal module 100.

[0010] The anti-reflection film 112 prevents light that has
externally entered from the front surface side of the liquid
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crystal display device from being reflected from the front
surface of a protection plate 101.

[0011] The polarization plate 113 and the 2/4 plate 114
avoid that the light externally entered from the front surface
side of the liquid crystal display device is reflected from an
interface between the back surface of the protection panel 110
and the layer of air, or from an interface between the front
surface of the liquid crystal module 100 and the layer of air.
This makes it possible to prevent the reflection from being
viewed by a viewer. In the liquid crystal display device illus-
trated in FIG. 2, one of the polarization plates used for display
control (the polarization plate provided on the front surface
side of the liquid crystal layer) is provided on the front surface
side of the layer of air (i.e., on the side of the protection panel
100), and the one of the polarization plates is combined with
a M4 plate. This combination realizes a circularly polarized
light means. With this arrangement, the light externally
entered from the front surface side of the liquid crystal display
device becomes linear polarized light while first passing
though the polarization plate 113. The linearly polarized light
is reflected from the interface between the back surface of the
protection panel 110 and the layer of air or is reflected from
the interface between the front surface of the liquid crystal
module 100 and the layer of air. Then, the reflected light
passes through the 2./4 plate 114 twice before reaching the
polarization plate 113, thereby resulting in its plane of polar-
ization being rotated by 90°. This causes the reflected light to
be blocked by the polarization plate 133.

[0012] Inaddition,the 2/4 plate 101 on the side of the liquid
crystal module 100 is provided to aid the display control (tone
control) function of the polarization plate 113. In the arrange-
ment illustrated in F1G. 2, the polarization plate 113 is the one
of the two polarization plates for display control, which polar-
ization plate is provided on the side of the protection panel
110. In order for the polarization plate 113 to carry out a
display control function, the outgoing display light from the
liquid crystal module 100 should be linearly polarized light
during passing through the polarization plate 113. Without
the A/4 plate 101, however, outgoing display light from the
liquid crystal module 100 is linearly polarized light after it
passes through the polarization plate 102. But the linearly
polarized light is converted into circularly polarized light
while passing through the A/4 plate 114, thereby resulting in
that the circularly polarized light enters into the polarization
plate 113.

[0013] On the contrary, with the A/4 plate 101, the outgoing
display light from the liquid crystal module 100 is converted
into circularly polarized light while passing through the A/4
plate 101 and is then converted into linearly polarized light by
the 2/4 plate 114. As a result, the linearly polarized display
light thus converted is entered into the polarization plate 113
from the liquid crystal module 100. This allows the polariza-
tion plate 113 to have a display control function.

[0014] As a conventional example that prevents externally
entered light from being reflected, Japanese Unexamined
Patent Application Publication No. 2000-321558 discloses a
liquid crystal display device that has a touch panel in front of
aliquid crystal module. The following description deals with
an arrangement of the liquid crystal display device disclosed
in the Japanese Unexamined Patent Application Publication
No. 2000-321558 with reference to FIG. 3.

[0015] In the liquid crystal display device illustrated in
FIG. 3, a touch panel section 130 including a touch panel 131
is provided in front ofa liquid erystal module 120. FIG. 3 does
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notillustrate the details of the touch panel 131 (members such
as substrates and electrodes). Thereis a space left between the
liquid crystal module 120 and the touch panel section 130, so
that a layer of air is present in the space.

[0016] In the touch panel section 130, a polarization plate
132 and a A/4 plate 133 are provided in this order, i.e., in the
order of being closer to the front surface of the touch panel
section 130. An anti-reflection film 135 and aA/4 plate 134 are
provided in this order, i.e., in the order of being closer to the
back surface of the touch panel section 130.

[0017] In the liquid crystal module 120, a liquid crystal
layer is sandwiched between two transparent substrates, and
an alignment film is provided on a surface of each of the
substrates with which surface the liquid crystal layer makes
contact. In FIG. 3, the liquid crystal module 120 is illustrated
in a simplified manner. Namely, the transparent substrates,
the alignment films, and the liquid crystal layer are not illus-
trated in FIG. 3. A polarization plate 121 is provided on the
front surface side of the liquid crystal module 120, and a
polarization plate 122 is provided on the back surface side of
the liquid crystal module 120.

[0018] The polarization plate 132 and the /4 plate 133 in
the touch panel section 130 prevents external light that has
entered from the front surface side of the liquid crystal display
device from being reflected from the inside of the touch panel
131. As compared to a mere protection plate, the light tends to
be reflected from the inside of the touch panel 131 because the
touch panel 131 includes electrodes and the layer of air.
Therefore, the polarization plate 132 and the A/4 plate 133,
which have stronger anti-reflective capability than a mere
anti-reflection film, are provided on the front surface side of
the touch panel section 130.

[0019] Accordingly, the reflected light occurring inside the
touch panel 131 passes through the A/4 plate 133 twice for a
time period from the time when the reflected light first passes
through the polarization plate 132 to the time when the
reflected light is reflected from the inside of the touch panel
131 so as to reach the polarization plate 132. This causes the
reflected light to be blocked off by the polarization plate 132.
[0020] Also, the A/4 plate 134 in the touch panel section
130 is provided so that almost all the display light from the
liquid crystal module 120 can transmit the polarization plate
132. An anti-reflection film 135 in the touch panel section 130
is arranged to prevent external light that has entered from
being reflected from an interface between the back surface of
the touch panel section 130 and the layer of air.

[0021] Unfortunately, however, the liquid crystal display
device in the Japanese Examined Utility Model (Registration)
Application Publication No. 06-24812 has a problem of
decline in visual characteristics. In the arrangement illus-
trated in FIG. 2, the polarization plate 113 for display control
is provided on the side of the protection panel 110. The two
M4 plates 114 and 101 are provided between the polarization
plate 113 and the liquid crystal module 100. In this case, the
visual characteristics of the liquid crystal display device
including the liquid crystal module 100 and the protection
panel 110 are also affected by the visual characteristics of the
M4 plates 114 and 101. As a result, the visual characteristics
(the contrast viewed from an oblique angle in particular) of
liquid crystal display device are declined.

[0022] However, the liquid crystal display device in the
Japanese Unexamined Patent Application Publication No.
2000-321558 includes two polarization plates 121 and 122
for display control in the liquid crystal module 120, thereby
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preventing the decline in the visual characteristics. This is
because the visual characteristics of liquid crystal display
device are not affected by the visual characteristic of the A/4
plate.

[0023] In the arrangement of the liquid crystal display
device disclosed in the Japanese Unexamined Patent Appli-
cation Publication No. 2000-321558, the polarization plate
132 and the /4 plate 133 are provided for anti-reflection of
externally entered light. Without the additional arrangement
of the M4 plate 134, however, the polarization plate 132
absorbs the display light, thereby causing a decline in the
display brightness.

[0024] According to the arrangement of FIG. 3, in the lig-
uid crystal module 120, the display light is linearly polarized
light that has been subjected to a display control when the
display light passes through the polarization plate 121. The
following description deals with a case where the touch panel
section 130 does not have a A/4 plate 134.

[0025] In order for the polarization plate 132 and the A/4
plate 133 to have an anti-reflective function, the angle
between a lag axis of the A/4 plate 133 and an absorption axis
of the polarization plate 132 is set to 45°. When the angle
between a transmission axis of the polarization plate 121 in
the liquid crystal module 120 and the lag axis of the A/4plate
133 is 45°, the display light from the liquid crystal module
120 becomes circularly polarized light while passing through
the M4 plate 133. This causes about half amount of the display
light to be further blocked off while passing through the
polarization plate 132.

[0026] When the transmission axis of the polarization plate
121 and the lag axis of the A/4 plate 133 are parallel (or
orthogonal) to each other, the display light from the liquid
crystal module 120 does not change its polarization state
during passing through the /4 plate 133. In this case, how-
ever, the display light enters into the polarization plate 132 as
the linearly polarized light which inclines at an angle of 45°
with respect to the absorption axis of the polarization plate
132. In this case, about half of the display light is blocked off
by the polarization plate 132, too.

[0027] On the contrary, in the arrangement having the A/4
plate 134, when the outgoing display light from the liquid
crystal module 120 passes through the A/4 plate 134, the
outgoing display light is converted from linearly polarized
light to circularly polarized light. When the display light thus
converted passes through the A/4 plate 133, the display light is
further converted from circularly polarized light to linearly
polarized light. Furthermore, the linearly polarized light is
entered into the polarization plate 132 as the linearly polar-
ized light which travels in parallel to the transmission axis of
the polarization plate 132. This avoids a situation in which the
polarization plate 132 absorbs the display light.

[0028] Incaseofanarrangement in which the A./4 plate 133
and the A/4 plate 134 are provided, however, the problem
caused this time is, without an anti-reflection film 135, itisnot
possible to avoid the reflection from an interface between the
touch panel section 130 and the layer of air.

[0029] Namely, in cases where the A/4 plate 133 and theA/4
plate 134 are provided in the touch panel section 130, exter-
nally entered light, reflected from an interface between the
touch panel section 130 and the layer of air, (i) first passes
through the polarization plate 132, (ii) passes through the A/4
plate 133 and 134, respectively twice, and then (ii1) reaches
again the polarization plate 132. This causes the externally
entered light to have a plane of polarization rotated by 180°
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and then to reach the polarization plate 132, after the exter-
nally entered light passes through the polarization plate 132.
As a result, the externally entered light thus reached (the
reflected light) can not be blocked by the polarization plate
132.

[0030] Therefore, the liquid crystal display device illus-
trated in F1G. 3 requires the anti-reflection film 135 to block
the reflection from the interface between the touch panel
section 130 and the layer of air. This makes the process steps
complicated and increases the cost, which problems are
derived from manufacturing of the anti-reflection film 135.
[0031] Moreover, in order to avoid the reflection from an
interface between the liquid crystal module 120 and the layer
of air, it is in fact necessary to further provide an anti-reflec-
tion film on the front surface side of the liquid crystal module
120. This is not explicitly described in Japanese Unexamined
Patent Application Publication No. 2000-321558 but causes
further problems of making the steps complicated and
increasing the cost.

SUMMARY OF THE INVENTION

[0032] In view of the foregoing problems, preferred
embodiments of the present invention provide a liquid crystal
display device in which all of the externally entered light can
be reflected with a simple structure without deterioration in
the visual characteristics.

[0033] A liquid crystal display device according to a pre-
ferred embodiment of the present invention includes a liquid
crystal module and a functional member provided in front of
the liquid crystal module are arranged so that a space is left
therebetween. One of the unique features of the liquid crystal
display device according to a preferred embodiment of the
present invention resides in that (i) a /4 plate is provided in
front of the liquid crystal module and (ii) a polarization plate
and a h/4 plate are provided in front of the functional member
in this order from the front surface side.

[0034] According to this arrangement, since the polariza-
tion plate and the A/4 plate are provided on the side of the
functional member, it is possible to block not only the exter-
nally entered light reflected from inside of the functional
member but also the externally entered light reflected from an
interface between (i) the functional member or the liquid
crystal module and (ii) the layer of air. Therefore, it is not
necessary that the anti-reflection film be provided on the back
surface side of the functional member and/or on the front
surface side of the liquid crystal module. As a result, the
problems of making the steps complicated and increasing the
cost, which problems are derived from manufacturing of the
anti-reflection film(s), are avoided.

[0035] Also, according to this unique arrangement, since a
combination of the polarization plate and the A/4 plate, each
of which has a stronger anti-reflective capability than an
anti-reflection film, is used, it is also possible with higher
effectiveness to prevent the external light that has entered
from being reflected from the interface between (i) the func-
tional member or the liquid crystal module and (ii) the layer of
air.

[0036] Further, the A/4 plate provided in front of the liquid
crystal module reduces the loss of the display light passing
through the polarization plate provided on the side of the
functional member.

[0037] Other features, elements, steps, characteristics and
advantages of the present invention will become more appar-
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ent from the following detailed description of preferred
embodiments of the present invention with reference to the
attached drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0038] FIG. 1isacross-section view illustrating a principal
structure of a liquid crystal display device in accordance with
a preferred embodiment of the present invention.

[0039] FIG. 2 is a cross-section view illustrating a struc-
tural example of a conventional liquid crystal display device.
[0040] FIG. 3 is a cross-section view illustrating another
structural example of a conventional liquid crystal display
device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0041] The following description deals with a preferred
embodiment of the present invention with reference to FIG. 1.
First of all, a schematic structure of a liquid crystal display
device in accordance with a preferred embodiment of the
present invention is explained with reference to FIG. 1.
[0042] A liquid crystal display device illustrated in FIG. 1
includes a liquid crystal module 10, and a touch panel section
20, serving as a functional member, provided in front of the
liquid crystal module. There is a space left between the liquid
crystal module 10 and the touch panel section 20, in which
space a layer of air is secured.

[0043] The liquid crystal module 10 is arranged so that a
liquid crystal layer is sandwiched between two transparent
substrates. In each of the transparent substrates, an alignment
film is provided on a side that makes contact with the liquid
crystal layer. In FIG. 1, the liquid crystal module 10 is illus-
trated in a simplified manner. Namely, the transparent sub-
strates, the alignment films, and the liquid crystal layer are not
illustrated in the figure. The liquid crystal module 10 is
arranged so that a polarization plate 11 is provided on the
front surface side and a polarization plate 12 is provided on
the back surface side and so that a A/4 plate 13 is further
provided on the front surface side of the polarization plate 11.
[0044] The touch panel section 20 includes a touch panel
21. A polarization plate 22 and a A/4 plate 23 are provided on
the front surface side of the touch panel 21 in this order, i.e.,
in the order of being closer to the front surface of the touch
panel 21. Note that the detail of the touch panel 21 (members
such as substrates and electrodes) is omitted in FIG. 1.
[0045] The following description deals with the relation-
ship between the transmission axis of the polarization plate
(or the absorption axis of the polarization plate) and the lag
axis of the A/4 plate in the liquid crystal display device. The
angle between the absorption axis of the polarization plate 22
and the lag axis of the A/4 plate 23 is preferably set to 45°. This
makes each of the polarization plate 22 and the A/4 plate 23
work as an anti-reflection member against externally entered
light.

[0046] Also, it is preferable to set so that the relationship
between the A/4 plate 23 and the A/4 plate 13, and the rela-
tionship between the polarization plate 22 and the polariza-
tion plate 11 satisfy any one of the following conditions A
through C.

[0047] (A): As to the A/4 plate 23 and the A/4 plate 13, they
preferably have a same retardation and their lag axes are
perpendicular or substantially perpendicular to each other. As
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to the polarization plate 22 and the polarization plate 11, their
transmission axes are parallel or substantially parallel to each
other.

[0048] (B): As to the A/4 plate 23 and the A/4 plate 13, they
preferably have a same retardation and their lag axes are in
parallel to each other. As to the polarization plate 22 and the
polarization plate 11, their transmission axes are perpendicu-
lar or substantially perpendicular to each other.

[0049] (C): In the condition (A) or (B), the lag axis of the
M4 plate 13 and the transmission axis of the polarization plate
22 are rotated by a same degree in a same direction.

[0050] Under the condition A, B, or C, the loss of the
display light at the polarization plate 22 is minimized. How-
ever, the angle of the transmission axis of the polarization
plate 22 is likely to be determined by a countermeasure
against polarized sunglasses. (Normally, the polarized sun-
glasses have an absorption axis in a horizontal direction. So,
if the polarization plate 22 is set to have an absorption axis in
a horizontal direction, then the person who is wearing polar-
ized sunglasses cannot view a display screen.) Further, it is
notalways possible to fulfill the condition A, B, or C because
the transmission axis of the polarization plate 11 is also deter-
mined by the characteristics of the liquid crystal module.

[0051] In this case, a solution is to provide a A2 plate
between the polarization plate 11 and the A/4 plate 13. When
linearly polarized light enters into the A/2 plate, for example,
when the linearly polarized light enters into the A/2 plate so
that the incident angle of the linearly polarized inclines by an
angle of a® with respect to the lag axis of the A/2 plate, the
outgoing polarized light from the A/2 plate has an outgoing
angle which inclines by an angle of -a° with respect to the lag
axis. This means that, once the polarization plate 22, the A/4
plate 23, and the A/4 plate 13 are determined, an ideal angle of
the polarization plate 11 to fulfill the condition A, B, or C is
calculated. It is possible to obtain the same effect as the
condition (A), (B) or (C), by providing the /2 plate so that the
lag axis of the A/2 plate inclines by [3°/2, where 3° indicates an
angle between such an ideal angle and an actual angle of the
polarization plate 11 provided on the side of the liquid crystal
panel. The $°/2 falls within a range between the ideal angle
and the transmission axis of the polarization plate 11. The
same effects can be obtained by providing the A/2 plate
between the polarization plate 22 and the A/4 plate 23 in
accordance with the above rule. Even if a /2 plate is not able
to be provided due to its cost, the light loss in the polarization
plate 22 can be reduced to some extent, depending on how the
retardation of the A/4 plate 13 and the angle of the lag axis of
the A/4 plate 13 are set.

[0052] Next, the following description deals with how the
externally entered light is avoided to be reflected in the liquid
crystal display device of the present preferred embodiment.
The polarization plate 22 and the A4 plate 23 in the touch
panel section 20 prevent external light that has entered the
front surface side of the liquid crystal display device (i) from
being reflected from the inside of the touch panel 21 and (ii)
from being reflected from an interface between (i) the liquid
crystal module 10 or the touch panel 20 and (ii) the layer of air
so as to be viewed by a viewer.

[0053] As compared with a mere protection panel, the light
tends to be reflected from the inside of the touch panel 21
because the touch panel 21 includes in its inside electrodes
and a layer of air. Therefore, the polarization plate 22 and the
M4 plate 23, which have stronger anti-reflective capability
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than the mere anti-reflection film, are provided on the front
surface side of the touch panel section 20.

[0054] Accordingly, the light reflected from the inside of
the touch panel 21 passes through the A/4 plate 23 twice fora
period from the time when the light reflected from the inside
of the touch panel 21 first passes through the polarization
plate 22 to the time when it is reflected from the inside of the
touch panel 21 so as to reach again the polarization plate 22.
This allows the light thus reflected to be blocked off by the
polarization plate 22. In like manner, the externally entered
light reflected from the interface between (i) the touch panel
section 20 or the liquid crystal module 10 and (ii) the layer of
air is also blocked off by the polarization plate 22.

[0055] As explained above, in the liquid crystal display
device in the present preferred embodiment, the polarization
plate 22 and the A/4 plate 23 in the touch panel section 20 can
block not only the externally entered light reflected from the
inside of the touch panel 21 but also the externally entered
light reflected from the interface between (i) the touch panel
section 20 or the liquid crystal module 10 and (ii) the layer of
air. Unlike the conventional device illustrated in FIG. 3, it is
not necessary that the anti-reflection film be provided on the
back surface side of the functional member and/or on the front
surface side of the liquid crystal module. As a result, the
problems of making the steps complicated and increasing the
cost, which problems are derived from manufacturing of the
anti-reflection film(s), are eliminated.

[0056] Next, the display light in the liquid crystal display
device of the present preferred embodiment is explained.
[0057] The liquid crystal module 10 includes both the
polarization plates 11 and 12 for display control but no A/4
plate is provided between the liquid crystal layer and the
polarization plate 11 on the side from which the display light
goes out. Therefore, the visual characteristics of the liquid
crystal display device are not affected by those of the A/4
plate, and so a decline in the visual characteristics is pre-
vented, unlike the conventional art shown in FIG., 2.

[0058] The display light passed through the polarization
plate 11, provided on the side of the liquid crystal module 10
from which side the display light goes out, is the linearly
polarized light that has been subjected to a display control.
This display light passes through the polarization plate 22
before it is viewed by a viewer. Therefore, it is necessary to
reduce the loss of amount of the light while the display light
passes through the polarization plate 22. The A/4 plate 13 in
the liquid crystal module 10 is provided to minimize the
above light loss.

[0059] The display light (linearly polarized light) passed
through the polarization plate 11 is converted into circularly
polarized light by the A/4 plate 13, goes through the layer of
air and the touch panel 21 as it is, and then is converted into
linearly polarized light again by the A/4 plate 23. When the
polarization axis of the display light (linearly polarized light)
passing through the A/4 plate 23 is in parallel to the transmis-
sion axis of the polarization plate 22, the loss of amount of
light caused by polarization plate 22 becomes zero in theory.
When the condition (A) or (B) is fulfilled, the polarization
axis of the display light (linearly polarized light) passing
through the A/4 plate 23 becomes in parallel to the transmis-
sion axis of the polarization plate 22.

[0060] As explained above, in the liquid crystal display
device of the present preferred embodiment, it is possible to
reduce the loss of amount of light caused by the polarization
plate 22, by arranging the A/4 plate 13 in the liquid crystal
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module 10. In addition, the A/4 plate 13 does not disturb the
anti-reflective function of the polarization plate 22 since the
M4 plate 13 is provided not in the touch panel section 20 but
in the liquid crystal module 10. Therefore, unlike the conven-
tional art shown in FIG. 3, it is not necessary that the anti-
reflection film is provided on the back surface side of the
touch panel unit or on the front side of the liquid crystal
module. This makes it possible to avoid the problems of
making the steps complicated and increasing the cost, which
problems are derived from manufacturing of the anti-reflec-
tion film.

[0061] In the conventional art shown in FIG. 3, the anti-
reflection film is used to block the externally entered light
reflected from the interface between (1) the touch panel sec-
tion or the liquid crystal module and (ii) the layer of air
because the externally entered light is not blocked by the
polarization plate and the /4 plate. On the contrary, in the
present preferred embodiment, the combination of the polar-
ization plate and the A/4 plate, each of which has stronger
anti-reflective capability than the anti-reflection film, is used
to block the externally entered light reflected from the inter-
face between (i) the touch panel section or the liquid crystal
module and (ii) the layer of air. As a result, higher anti-
reflection function is obtainable.

[0062] Inthe above explanation, the touch panel section 20
is exemplified as a functional member provided on the front
surface side of the liquid crystal module but a protection panel
including a protection plate may be used instead of the touch
panel section 20 as a functional member in the present inven-
tion. Specifically, a protection panel, including the polariza-
tion plate 22 and the A/4 plate 23 provided on the front surface
of the protection plate, may be provided, as a functional
member, on the front surface side of the liquid crystal module.
[0063] Further, a smoke shield, for example, may be used
instead of the transparent protection plate in the protection
panel. In the protection panel using the smoke shield as the
protection plate, itis possible to arrange a plurality of display
sections, each of which is an individual unit, so that the seams
of the units are not noticeable. As such, it appears that the
protection panel using the smoke shield as the protection plate
is suitably used for an instrument panel of a car, or the like. As
compared to a transparent protection plate, a smoke shield
tends to have internal scatterings of the light, which are not
blocked by an anti-reflection film. In this case, it is possible to
suitably use an arrangement of the present invention in which
a polarization plate and a A/4 plate provided on the front
surface side of the protection panel.

[0064] As stated above, a liquid crystal display device
according to a preferred embodiment of the present invention
includes a liquid crystal module and a functional member
provided in front of the liquid crystal module and arranged so
thata space is left therebetween. A feature of the liquid crystal
display device resides in that (i) aA/4 plate is provided in front
of the liquid crystal module and (ii) a polarization plate and a
M4 plate are provided in front of the functional member in
this order from the front surface side.

[0065] According to this unique arrangement, since the
polarization plate and the \/4 plate are provided on the side of
the functional member, it is possible to block not only the
externally entered light reflected from inside of the functional
member but also the externally entered light reflected from an
interface between (i) the functional member or the liquid
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crystal module and (ii) the layer of air. Therefore, it is not
necessary that the anti-reflection film be provided on the back
surface side of the functional member and/or on the front
surface side of the liquid crystal module. As a result, the
problems of making the steps complicated and increasing the
cost, which problems are derived from manufacturing of the
anti-reflection film(s), are eliminated.

[0066] Also, according to this unique arrangement, since a
combination of the polarization plate and the A/4 plate, each
of which has a stronger anti-reflective capability than an
anti-reflection film, is used, it is also possible with higher
effectiveness to avoid the situation that the externally entered
light is reflected from the interface between (1) the functional
member or the liquid crystal module and (ii) the layer of air.
[0067] Further, the A/4 plate provided in front of the liquid
crystal module reduces the loss of the display light passing
through the polarization plate provided on the side of the
fanctional member.

[0068] Also, in the liquid crystal display device according
to preferred embodiments of the present invention, the func-
tional member is suitably used in the following arrangements,
(1) the polarization plate and the A/4 plate are provided on the
front surface side of the touch panel in this order from the
front surface side or (ii) the polarization plate and the A/4
plate are provided on the front surface side of the smoke
shield in this order from the front surface side.

[0069] Namely, compared with the transparent protection
plate, for example, the touch panel and the smoke shield tend
to have more external light reflections because they are mem-
bers that tend to have internal light scatterings. Therefore, the
above arrangement is effective because the polarization plate
132 and the A/4 plate 133, which have strong anti-reflective
capability, are provided on a front surface side of the func-
tional member to prevent the externally entered light from
being reflected.

[0070] While preferred embodiments of the present inven-
tion have been described above, it is to be understood that
variations and modifications will be apparent to those skilled
in the art without departing the scope and spirit of the present
invention. The scope of the present invention, therefore, is to
be determined solely by the following claims.

1-3. (canceled)

4. A liquid crystal display device comprising:

a liquid crystal module;

a functional member provided on a front surface side of the
liquid crystal module and arranged such that a space is
provided between the functional member and the liquid
crystal module;

a M4 plate provided on a front surface side of the liquid
crystal module; and

a polarization plate and a A/4 plate provided on a front
surface side of the functional member in this order from
the front surface side.

5. The liquid crystal device in claim 4, wherein the func-
tional member is arranged so that a polarization plate and a
M4 plate are provided on a front surface side of a touch panel
in this order from the front surface side.

6. The liquid crystal device in claim 4, wherein the func-
tional member is arranged so that a polarization plate and a
M4 plate are provided on a front surface side of a smoke shield
in this order from the front surface side.
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