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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Japanese
application JP 2017-216588, filed on Nov. 9, 2017. This
Japanese application is incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to a liquid crystal
display device.

BACKGROUND

[0003] A liquid crystal display device using a display
panel including a liquid crystal cell is used as a display of a
television, a monitor or the like. However, the liquid crystal
display device has a contrast ratio lower than an organic
electro luminescence (EL) display device.

[0004] A technique, in which two display panels overlap
each other and an image is displayed on each display panel,
is conventionally proposed as a technique of improving a
contrast ratio of a liquid crystal display device (for example,
see Unexamined Japanese Patent Publication No. 2011-
076107). A color image is displayed on a front-side (ob-
server-side) display panel in two display panels disposed
back and forth, and a black-and-white image is displayed on
a rear-side (backlight-side) display panel, thereby improving
the contrast ratio.

SUMMARY

[0005] Although the contrast ratio can be improved using
the plurality of display panels as described above, transmit-
tance is decreased to degrade luminance of the display
image when the plurality of display panels are superim-
posed.

[0006] The present disclosure has been made to solve such
problems, and the present disclosure provides a liquid crys-
tal display device capable of preventing the decrease in
luminance of a display image even if a plurality of display
panels are used.

[0007] To solve the above problem, a liquid crystal display
device according to a present disclosure includes: a first
liquid crystal cell, a second liquid crystal cell disposed on a
back side of the first liquid crystal cell; a first polarizing
plate disposed on a front side of the first liquid crystal cell;
a second polarizing plate disposed between the first liquid
crystal cell and the second liquid crystal cell; a third polar-
izing plate disposed between the second polarizing plate and
the second liquid crystal cell; and a fourth polarizing plate
disposed on a back side of the second liquid crystal cell. P1,
P2, P3, P4 represent degrees of polarization of the first
polarizing plate, the second polarizing plate, the third polar-
izing plate, and the fourth polarizing plate, respectively, one
of a relational expression of P1>P2, P3, P4, a relational
expressions of P4>P1, P2, P3, and a relational expression of
P1, P4>P2, P3 is satisfied.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a view illustrating a schematic configu-
ration of a liquid display device according to a first exem-
plary embodiment;
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[0009] FIG. 2 is a sectional view illustrating a configura-
tion of the liquid crystal display device of the first exemplary
embodiment;

[0010] FIG. 3is a view illustrating components of the light
leaking onto the observer’s side when a black image is
displayed on two liquid crystal cells in a liquid crystal
display device in which two liquid crystal cells and four
polarizing plates are used;

[0011] FIG. 4 is a sectional view illustrating a configura-
tion of the liquid crystal display device of the second
exemplary embodiment;

[0012] FIG. 5A is a sectional view of first reflection type
polarizing plate;

[0013] FIG. 5B is a sectional view of second reflection
type polarizing plate;

[0014] FIG. 5C is a sectional view of third reflection type
polarizing plate;

[0015] FIG. 6 is a sectional view illustrating a configura-
tion of the liquid crystal display device of the third exem-
plary embodiment;

[0016] FIG. 7 is a sectional view illustrating one example
of an in-cell reflection type polarizing plate;

[0017] FIG. 8 is a sectional view illustrating a configura-
tion of the liquid crystal display device according to a first
modification of the third exemplary embodiment; and
[0018] FIG. 9 is a sectional view illustrating a configura-
tion of the liquid crystal display device according to a
second modification of the third exemplary embodiment.

DETAILED DESCRIPTION

[0019] The following describes an exemplary embodiment
of the present disclosure. The embodiment described below
is merely one specific example of the present disclosure. The
numerical values, shapes, materials, elements, and arrange-
ment and connection of the elements, etc. indicated in the
following embodiment are given merely by way of illustra-
tion and are not intended to limit the present disclosure.
Therefore, among elements in the following embodiment,
those not recited in any one of the independent claims
defining the broadest inventive concept of the present dis-
closure are described as optional elements.

[0020] Note that the figures are schematic illustrations and
are not necessarily precise depictions. Accordingly, the
figures are not necessarily to scale. Moreover, in the figures,
elements that are essentially the same share like reference
signs. Accordingly, duplicate description is omitted or sim-
plified.

First Exemplary Embodiment

[0021] Liquid crystal display device 1 according to a first
exemplary embodiment will be described below with refer-
ence to FIG. 1. FIG. 1 is a view illustrating a schematic
configuration of liquid crystal display device 1 of the first
exemplary embodiment.

[0022] Liquid crystal display device 1 is an example of an
image display device configured by superimposing a plu-
rality of display panels each of which includes liquid crystal
cells, and displays an image (video) of a still image or a
moving image.

[0023] As illustrated in FIG. 1, liquid crystal display
device 1 of the first exemplary embodiment includes first
display panel 100 disposed at a position (front side) closer
to an observer, second display panel 200 disposed at a
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position (rear side) farther away from the observer than first
display panel 100, and backlight 300 disposed on a rear side
of second display panel 200.

[0024] First display panel 100 is a main panel that displays
an image visually recognized by a user. In the first exem-
plary embodiment, first display panel 100 displays a color
image. First source driver 102 and first gate driver 103 are
provided in first display panel 100 in order to display the
color image corresponding to an input video signal on first
image display region 101 (active region).

[0025] Second display panel 200 is a sub-panel disposed
on a back side of first display panel 100. In the first
exemplary embodiment, second display panel 200 displays
a monochrome image (black-and-white image) of an image
corresponding to the color image displayed on first display
panel 100 in synchronization with the color image. Second
source driver 202 and second gate driver 203 are provided
on second display panel 200 in order to display a mono-
chrome image corresponding to an input video signal on
second image display region 201.

[0026] First image display region 101 and second image
display region 201 include a plurality of pixels arranged in
a matrix. A number of pixels in first image display region
101 may be equal to or different from a number of pixels in
second image display region 201, but the number of pixels
in first image display region 101 of first display panel 100
that is a main panel is preferably larger than the number of
pixels in second image display region 201 of second display
panel 200 that is a sub-panel.

[0027] For example, driving systems of first display panel
100 and second display panel 200 are a lateral electric field
system such as an in-plane switching (IPS) system or a
fringe field switching (FFS) system. However, the driving
system 1is not limited to the lateral electric field system, but
may be a vertical alignment (VA) system or a twisted
nematic (TN) system.

[0028] Backlight 300 emits light toward first display panel
100 and second display panel 200. The light emitted from
backlight 300 is transmitted through second display panel
200, and then transmitted through first display panel 100.
[0029] In the first exemplary embodiment, backlight 300
is a surface light source unit that emits planar and uniform
diffused light (scattered light). For example, backlight 300 is
a light emitting diode (LED) backlight in which an LED is
used as a light source. However, backlight 300 is not limited
to the LED backlight. In the first exemplary embodiment,
backlight 300 is a direct type backlight, and a plurality of
LEDs are two-dimensionally arranged.

[0030] Backlight 300 is not limited to the direct type, but
may be an edge type. Backlight 300 may include an optical
member such as a diffusion plate (diffusion sheet) for
diffusing the light from the light source and a prism sheet for
controlling light distribution.

[0031] Liquid crystal display device 1 also includes first
timing controller 410 that controls first source driver 102
and first gate driver 103 of first display panel 100, second
timing controller 420 that controls second source driver 202
and second gate driver 203 of second display panel 200, and
image processor 430 that outputs image data to first timing
controller 410 and second timing controller 420.

[0032] Image processor 430 receives input video signal
Data transmitted from an external system (not illustrated),
performs image processing on input video signal Data,
outputs first image data DATT1 to first timing controller 410,
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and outputs second image data DAT2 to second timing
controller 420. Image processor 430 also outputs a control
signal (not illustrated in FIG. 1) such as a synchronizing
signal to first timing controller 410 and second timing
controller 420. First image data DATT is image data used to
display a color image, and second image data DAT2 is image
data used to display a monochrome image.

[0033] Inliquid crystal display device 1 of the first exem-
plary embodiment, an image is displayed while two display
panels of first display panel 100 and second display panel
200 are superimposed on each other, so that black can be
tightened. Consequently, an image having a high contrast
ratio can be displayed.

[0034] For example, liquid crystal display device 1 is a
high dynamic range (HDR) compatible television. In liquid
crystal display device 1, a color image having high contrast
ratio and high image quality can be displayed using a
backlight capable of performing local dimming control as
backlight 300.

[0035] First display panel 100 and second display panel
200 are held together with backlight 300 by a holding
member (a frame or a chassis) made of metal or resin while
bonded together. First display panel 100 and second display
panel 200 may be held by the holding member in a separated
manner without being bonded together.

[0036] Specific structures of first display panel 100 and
second display panel 200 will be described below with
reference to FIG. 2. FIG. 2 is a sectional view illustrating a
configuration of liquid crystal display device 1 of the first
exemplary embodiment.

[0037] As illustrated in FIG. 2, liquid crystal display
device 1 includes first display panel 100 and second display
panel 200 as a liquid crystal module. In the first exemplary
embodiment, first display panel 100 and second display
panel 200 are bonded together by bonding member 250 such
as an adhesive sheet.

[0038] First display panel 100 and second display panel
200 are a liquid crystal display panel including a liquid
crystal cell. Specifically, first display panel 100 includes first
liquid crystal cell 10 and a pair of first polarizing plate 31
and second polarizing plate 32. Second display panel 200
includes second liquid crystal cell 20 and a pair of third
polarizing plate 33 and fourth polarizing plate 34.

[0039] Second display panel 200 is disposed on the back
side of first display panel 100, so that second liquid crystal
cell 20 of second display panel 200 is disposed on the back
side of first liquid crystal cell 10 of first display panel 100.

[0040] First liquid crystal cell 10 includes first thin film
transistor (TFT) substrate 11, first counter substrate 12
opposed to first TFT substrate 11, and first liquid crystal
layer 13 disposed between first TFT substrate 11 and first
counter substrate 12. In the first exemplary embodiment,
first liquid crystal cell 10 is disposed such that first counter
substrate 12 is located in front of first TFT substrate 11.

[0041] First TFT substrate 11 is a substrate in which a TFT
layer (not illustrated) is formed on a transparent substrate
such as a glass substrate. A TFT provided according to each
of the pixels arranged in a matrix and a wiring used to supply
voltage to the TFT are formed in the TFT layer. A pixel
electrode used to apply the voltage to first liquid crystal layer
13 is formed on a planarization layer of the TFT layer. In the
first exemplary embodiment, first liquid crystal cell 10 is
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driven by the lateral electric field system, so that a common
electrode opposed to the pixel electrode is also formed on
first TFT substrate 11.

[0042] First counter substrate 12 is a color filter (CF)
substrate in which a color filter layer is formed as a pixel
formation layer on a transparent substrate such as a glass
substrate. The pixel formation layer of first counter substrate
12 includes a black matrix in which a plurality of openings
are formed in a matrix and a plurality of color filters formed
in the openings of the black matrix. The plurality of color
filters are a color filter for red, a color filter for green, or a
color filter for blue, which are formed according to the
pixels.

[0043] First liquid crystal layer 13 is sealed between first
TFT substrate 11 and first counter substrate 12. For example,
first liquid crystal layer 13 is sealed by forming a sealing
member into the frame shape along outer peripheral ends of
first TFT substrate 11 and first counter substrate 12. The
liquid crystal material of first liquid crystal layer 13 can
appropriately be selected according to the driving system.

[0044] Second liquid crystal cell 20 includes second TET
substrate 21, second counter substrate 22 opposed to second
TFT substrate 21, and second liquid crystal layer 23 dis-
posed between second TFT substrate 21 and second counter
substrate 22. In the first exemplary embodiment, second
liquid crystal cell 20 is disposed such that second counter
substrate 22 is located in front of second TFT substrate 21.
In the first exemplary embodiment, second liquid crystal cell
20 may be disposed such that second TFT substrate 21 is
located in front of second counter substrate 22.

[0045] Second TFT substrate 21 has the same configura-
tion as first TFT substrate 11, and is a substrate in which a
TFT layer (not illustrated) is formed on a transparent sub-
strate such as a glass substrate. The pixel electrode and the
common electrode opposed to the pixel electrode are also
formed on second TFT substrate 21 in order to apply the
voltage to second liquid crystal layer 23.

[0046] Second counter substrate 22 is a substrate in which
a pixel formation layer is formed on a transparent substrate
such as a glass substrate. The pixel formation layer of second
counter substrate 22 includes the black matrix in which the
plurality of openings in a matrix are formed. In the first
exemplary embodiment, second display panel 200 displays
a monochrome image, so that the color filter is not formed
in the pixel formation layer of second counter substrate 22.

[0047] Second liquid crystal layer 23 is sealed between
second TFT substrate 21 and second counter substrate 22.
For example, second liquid crystal layer 23 is sealed by
forming the sealing member into the frame shape along
outer peripheral ends of second TFT substrate 21 and second
counter substrate 22. A liquid crystal material of second
liquid crystal layer 23 can appropriately be selected accord-
ing to the driving system.

[0048] As described above, four polarizing plates of first
polarizing plate 31, second polarizing plate 32, third polar-
izing plate 33, and fourth polarizing plate 34 are used in
liquid crystal display device 1. First polarizing plate 31,
second polarizing plate 32, third polarizing plate 33, and
fourth polarizing plate 34 are disposed in this order from the
observer side toward backlight 300.

[0049] In the first exemplary embodiment, first polarizing
plate 31 and second polarizing plate 32 are disposed such
that first liquid crystal cell 10 is sandwiched therebetween.
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Third polarizing plate 33 and fourth polarizing plate 34 are
disposed such that second liquid crystal cell 20 is sand-
wiched therebetween.

[0050] Specifically, first polarizing plate 31 is disposed on
the front side (viewer side) of first liquid crystal cell 10, and
second polarizing plate 32 is disposed on the back side (the
side of backlight 300) of first liquid crystal cell 10. Third
polarizing plate 33 is disposed on the front side of second
liquid crystal cell 20, and fourth polarizing plate 34 is
disposed on the back side of second liquid crystal cell 20.
[0051] Both second polarizing plate 32 and third polariz-
ing plate 33 are disposed between first liquid crystal cell 10
and second liquid crystal cell 20, and second polarizing plate
32 is located closer to the viewer side than third polarizing
plate 33. That is, second polarizing plate 32 is disposed
between first liquid crystal cell 10 and third polarizing plate
33, and third polarizing plate 33 is disposed between second
polarizing plate 32 and second liquid crystal cell 20.
[0052] Fourth polarizing plate 34 is disposed on the back
side of second liquid crystal cell 20. That is, fourth polar-
izing plate 34 is disposed between second liquid crystal cell
20 and backlight 300.

[0053] In the first exemplary embodiment, first polarizing
plate 31 and second polarizing plate 32 are bonded to first
liquid crystal cell 10. Specifically, first polarizing plate 31 is
bonded to an outer surface of first counter substrate 12 of
first liquid crystal cell 10, and second polarizing plate 32 is
bonded to an outer surface of first TFT substrate 11 of first
liquid crystal cell 10.

[0054] Third polarizing plate 33 and fourth polarizing
plate 34 are bonded to second liquid crystal cell 20. Spe-
cifically, third polarizing plate 33 is bonded to an outer
surface of second counter substrate 22 of second liquid
crystal cell 20, and fourth polarizing plate 34 is bonded to an
outer surface of second TFT substrate 21 of second liquid
crystal cell 20.

[0055] First polarizing plate 31 and second polarizing
plate 32 are disposed such that polarization axes of first
polarizing plate 31 and second polarizing plate 32 are
orthogonal to each other. First polarizing plate 31 and
second polarizing plate 32 are disposed such that a crossed
Nicol positional relationship holds. Similarly, third polariz-
ing plate 33 and fourth polarizing plate 34 are disposed such
that polarization axes of third polarizing plate 33 and fourth
polarizing plate 34 are orthogonal to each other. Third
polarizing plate 33 and fourth polarizing plate 34 are dis-
posed such that the crossed Nicol positional relationship
holds.

[0056] 1In the first exemplary embodiment, second polar-
izing plate 32 and third polarizing plate 33 are disposed such
that polarization axes of second polarizing plate 32 and third
polarizing plate 33 are substantially parallel to each other.
Thus, first polarizing plate 31 and fourth polarizing plate 34
are disposed such that polarization axes of first polarizing
plate 31 and fourth polarizing plate 34 are substantially
parallel to each other. Specifically, absorption axes of second
polarizing plate 32 and third polarizing plate 33 are sub-
stantially parallel to each other, and absorption axes of first
polarizing plate 31 and fourth polarizing plate 34 are sub-
stantially parallel to each other.

[0057] Each of the four polarizing plates of first polarizing
plate 31, second polarizing plate 32, third polarizing plate
33, and fourth polarizing plate 34 is a sheet-shaped polar-
izing film made of, for example, a resin material, and
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includes a base material and polarizers laminated on the base
material. For example, the base material is a support film
made of a transparent resin film such as a triacetylcellulose
(TAC) film. The polarizer is a resin layer in which a dichroic
substance such as iodine is adsorbed and aligned.
[0058] In the first exemplary embodiment, first polarizing
plate 31, second polarizing plate 32, third polarizing plate
33, and fourth polarizing plate 34 are configured to satisfy
a predetermined relationship with respect to a degree of
polarization. Specifically, assuming that P1, P2, P3, P4 are
the degrees of polarization of first polarizing plate 31,
second polarizing plate 32, third polarizing plate 33, and
fourth polarizing plate 34, respectively, one of a relational
expression of P1>P2, P3, P4, a relational expression of
P4>P1, P2, P3, and a relational expressions of P1, P4>P2, P3
is satisfied.
[0059] That is, in the four polarizing plates of first polar-
izing plate 31, second polarizing plate 32, third polarizing
plate 33, and fourth polarizing plate 34, the degree of
polarization of at least one of first polarizing plate 31 and
fourth polarizing plate 34 is larger than the degrees of
polarization of the other three polarizing plates. In other
words, the degrees of polarization of second polarizing plate
32 and third polarizing plate 33 are smaller than the degree
of polarization of at least one of first polarizing plate 31 and
fourth polarizing plate 34.
[0060] As an example, in the case that degree of polar-
ization P1 of first polarizing plate 31 is the largest among the
four polarizing plates, it is preferable that P1=99.99% and
99.65%=<P2, P3, P4<99.99% hold. In this case, P2, P3, P4
may be equal to or different from one another when P2, P3,
P4 are smaller than P1.
[0061] The degree of polarization is an index indicating
polarization performance (performance to linearly polarize
light), and is calculated by the following equation (1).
P(degree of polarization)=v{(Zp-Tc)/(Tp+Ic)}»x100
(%)=(Tt-Ta)/(Tt+ Ta)x 100% (1)
[0062] Where Tp is what is called parallel transmittance,
and expresses transmittance with respect to natural light
while a pair of target polarizing plates is prepared and
disposed in a parallel Nicol state. For example, parallel
transmittance Tp of first polarizing plate 31 is a value that is
obtained by measuring the transmittance with respect to the
natural light while the pair of polarizing plates made of the
same material as first polarizing plate 31 is disposed in the
parallel Nicol state. Tc is what is called cross transmittance,
and expresses transmittance with respect to the natural light
while the pair of target polarizing plates is prepared and
disposed in an orthogonal (crossed) Nicol state.
[0063] Tt is a single transmittance in a direction of a
transmission axis, and refers to transmittance when linearly
polarized light parallel to the transmission axis is incident on
the target polarizing plate. Ta is a single transmittance in a
direction of an absorption axis, and refers to transmittance
when the linearly polarized light parallel to the absorption
axis is incident on the target polarizing plate.
[0064] On the other hand, when degree of polarization P4
of fourth polarizing plate 34 is the largest among the four
polarizing plates, it is preferable that P4299.99% and
99.65%=P1, P2, P3<99.99% hold. In this case, P1, P2, P3
may be equal to or different from one another when P1, P2,
P3 are smaller than P4.
[0065] Alternatively, in the case that the degrees of polar-
ization of first polarizing plate 31 and fourth polarizing plate
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34 among the four polarizing plates are larger than the
degrees of polarization of second polarizing plate 32 and
third polarizing plate 33, it is preferable that P1, P4299.99%
and 99.58%=P2, P3<99.99% hold. In this case, P1, P4 may
be equal to or different from each other, and P2, P3 may be
equal to or different from each other.

[0066] The four polarizing plates used in the first exem-
plary embodiment are a polarizing film having a character-
istic that the single transmittance increases with degreasing
degree of polarization. Thus, assuming that Tm1, Tm2, Tm3,
Tmd4 are the single transmittances of first polarizing plate 31,
second polarizing plate 32, third polarizing plate 33, and
fourth polarizing plate 34, respectively, the single transmit-
tances of the four polarizing plates satisfy a relational
expression of Tm1<Tm?2, Tm3, Tm4 when the degrees of
polarization of the four polarizing plates satisfy the rela-
tional expression of P1>P2, P3, P4. Single transmittance Tm
of the polarizing plate refers to the transmittance when the
natural light is incident on the target polarizing plate, and is
expressed by the following equation (2).

Tm=(Tt+1a)i2 2)

[0067] Similarly, the relational expression of Tm4<Tml,
Tm2, Tm3 is satisfied when the relational expression of
P4>P1, P2, P3 is satisfied, and the relational expression of
Tml, Tm4<ITm2, Tm3 is satisfied when the relational
expression of P1, P4 >P2, P3 is satisfied.

[0068] Inthe first exemplary embodiment, each of the four
polarizing plates of first polarizing plate 31, second polar-
izing plate 32, third polarizing plate 33, and fourth polariz-
ing plate 34 is an absorption type polarizing plate in which
one of two orthogonal components of the transmitted light is
absorbed by the absorption axis while the other is transmit-
ted by the transmission axis. Thus, the single transmittance
of each of the four polarizing plates is less than 50%.
[0069] Assuming that d1, d2, d3, d4 are thicknesses of the
polarizers of the first polarizing plate 31, second polarizing
plate 32, third polarizing plate 33, and fourth polarizing
plate 34, respectively, the relational expression of d1, d4>d2,
d3 is satisfied.

[0070] In the first exemplary embodiment, first liquid
crystal cell 10 to which first polarizing plate 31 is bonded is
located closer to the observer’s side than second liquid
crystal cell 20 to which fourth polarizing plate 34 is bonded.
For this reason, in consideration of quality of an image
viewed by the observer, it is preferable that degree of
polarization P1 of first polarizing plate 31 is larger than
degree of polarization P4 of fourth polarizing plate 34
(P1>P4). Thus, P1=99.99%, P2=P3=P4=99.96% in liquid
crystal display device 1 of the first exemplary embodiment.
[0071] Next, actions of liquid crystal display device 1 of
the first exemplary embodiment will be described below
including circumstances leading to the present disclosure.
[0072] As described above, two display panels are super-
imposed on each other in the front-rear direction, a color
image is displayed on the front-side display panel, and a
black-and-white image is displayed on the rear-side display
panel, which allows the improvement of the contrast ratio.
For example, in the case that the contrast ratio of one display
panel is greater than or equal to 1000:1, the high contrast
ratio of 1 million:1 or more can be achieved by superim-
posing the two display panels.

[0073] However, in the liquid crystal display device, the
image is displayed by transmitting the light of the backlight
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through the display panel. For this reason, when the two
display panels are superimposed, the light of the backlight is
transmitted through the two display panels, so that the
transmittance of the liquid crystal display device is
decreased. As a result, the luminance of the display image is
decreased as compared with the liquid crystal display device
constructed with one display panel.

[0074] The inventors of the present disclosure have
focused on the light transmitted through the pair of polar-
izing plates (that is, four polarizing plates) with which the
liquid crystal cell of each of the two display panels is
sandwiched, and studied a liquid crystal display device that
can prevent the decrease in transmittance while maintaining
the high contrast ratio. Details of the study content will be
described below with reference to FIG. 3.

[0075] FIG. 3 isa view illustrating components of the light
leaking onto the observer’s side when a black image is
displayed on two liquid crystal cells in a liquid crystal
display device in which two liquid crystal cells (first liquid
crystal cell 10 and second liquid crystal cell 20) and four
polarizing plates (first polarizing plate 31 to fourth polariz-
ing plate 34) are used similarly to the liquid crystal display
device in FIG. 2. A part (a) of FIG. 3 illustrates the light
leaking out from the transmission axis side of first polarizing
plate 31 disposed closest to the observer’s side, and a part (b)
of FIG. 3 illustrates the light leaking out from the absorption
axis side of first polarizing plate 31. In FIG. 3, the backlight
is omitted.

[0076] In FIG. 3, the four polarizing plates of first polar-
izing plate 31, second polarizing plate 32, third polarizing
plate 33, and fourth polarizing plate 34 are an absorption
type polarizing plate, and each of the polarizing plates
includes the absorption axis and the transmission axis
orthogonal to the absorption axis. Tal, Ta2, Ta3, Tad express
the single transmittances (hereinafter, simply referred to as
the transmittance in the absorption axis direction) in the
absorption axis directions of first polarizing plate 31, second
polarizing plate 32, third polarizing plate 33, and fourth
polarizing plate 34, respectively. That is, as Tal, Ta2, Ta3,
Tad4 are decreased. the amount of light leaking out from each
polarizing plate is decreased, and the contrast ratio of the
liquid crystal display device is increased. In F1G. 3, Tt1, Tt2,
Tt3, Ttd express the single transmittances (hereinafter, sim-
ply referred to as the transmittance in the transmission axis
direction) in the transmission axis directions of first polar-
izing plate 31, second polarizing plate 32, third polarizing
plate 33, and fourth polarizing plate 34. At this point, it is
assumed that each of the single transmittances Tt to Tt4 in
the transmission axis directions of the polarizing plates is
100%.

[0077] The transmittance of white displaying state is
decided only by the light transmitted through the transmis-
sion axis of the polarizing plate. In the natural light, a light
amount of a polarized light component parallel to the
transmission axis of the polarizing plate can be regarded to
be equal to a light amount of a polarized light component
perpendicular to the transmission axis of the polarizing
plate. Consequently, the light amount during white display
becomes 1 when, in the natural light incident on the display
panel, each of the light amount of the polarized light
component parallel to the transmission axis of the polarizing
plate and the light amount of the polarized light component
parallel to the absorption axis of the polarizing plate is set to
1. The contrast of 1 (light amount during white displaying
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state)/(light leaking out from display panel during black
displaying state) can be obtained by specitying the light
leaking out from the display panel during the black display
under this condition.

[0078] Part of the light is scattered when transmitted
through the display panel, so that part of the light leaking out
from the display panel during the black displaying state
depends on scattering leakage. In FIG. 3, the scattering
leakage is indicated by a tilt line. The scattering leakage is
generated irrespective of an absorption rate and transmit-
tance of the absorption axis of the polarizing plate. In FIG.
3, all the degrees of polarization of the four polarizing plates
are equal to one another.

[0079] In consideration of the light leaking out from first
polarizing plate 31, the light leaking out from the transmis-
sion axis side of first polarizing plate 31 exists as illustrated
in the part (a) of FIG. 3. Four kinds of leakage light of first
leakage light L1, second leakage light [.2, third leakage light
L3, and fourth leakage light [.4 are considered as the light
leaking out from the transmission axis side of first polarizing
plate 31.

[0080] In first leakage light L1, the light of the polarized
light component parallel to the transmission axis of fourth
polarizing plate 34 is transmitted through the transmission
axis of fourth polarizing plate 34, transmitted through the
absorption axis of third polarizing plate 33, transmitted
through the absorption axis of second polarizing plate 32,
and leaks through the transmission axis of first polarizing
plate 31. Because transmittance Tt1 in the transmission axis
direction is assumed to be 100% and the light amount of the
polarized light component parallel to the transmission axis
of fourth polarizing plate 34 is assumed to be 1 as described
above, magnitude of first leakage light L1 depends on the
transmittance (Ta3) in the absorption axis direction of third
polarizing plate 33 and the transmittance (Ta2) in the absorp-
tion axis direction of second polarizing plate 32, more
specifically the magnitude of first leakage light L1 becomes
a product of the transmittance (Ta3) and the transmittance
(Ta2).

[0081] In second leakage light L2, the light of the polar-
ized light component parallel to the absorption axis of fourth
polarizing plate 34 is transmitted through the absorption axis
of fourth polarizing plate 34, transmitted through the trans-
mission axis of third polarizing plate 33, transmitted through
the transmission axis of second polarizing plate 32, scatters
and leaks at first display panel 100, and leaks through the
transmission axis of first polarizing plate 31. Because trans-
mittance Tt in the transmission axis direction is assumed to
be 100% and the light amount of the polarized light com-
ponent parallel to the absorption axis of fourth polarizing
plate 34 is assumed to be 1 as described above, the magni-
tude of second leakage light L.2 depends on the transmit-
tance (Tad) in the absorption axis direction of fourth polar-
izing plate 34 and the scattering leakage at first display panel
100.

[0082] In third leakage light 1.3, the light of the polarized
light component parallel to the transmission axis of fourth
polarizing plate 34 is transmitted through the transmission
axis of fourth polarizing plate 34, scatters and leaks at
second display panel 200 to be transmitted through third
polarizing plate 33, is transmitted through the transmission
axis of the second polarizing plate 32 to scatter and leak at
first display panel 100, and leaks through the transmission
axis of the first polarizing plate 31. Thus, the magnitude of
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third leakage light 13 depends on the scattering leakage at
second display panel 200 and the scattering leakage at first
display panel 100. Third leakage light 1.3 leaks out without
being transmitted through any of the absorption axes of the
four polarizing plates.

[0083] In fourth leakage light 1.4, the light of the polarized
light component parallel to the absorption axis of fourth
polarizing plate 34 is transmitted through the absorption axis
of fourth polarizing plate 34 to scatter and leak at second
display panel 200, transmitted through the absorption axis of
third polarizing plate 33, transmitted through the absorption
axis of second polarizing plate 32, and leaks through the
transmission axis of first polarizing plate 31. Thus, the
magnitude of fourth leakage light [.4 depends on the trans-
mittance (Ta4) in the absorption axis direction of fourth
polarizing plate 34, the scattering leakage at second display
panel 200, the transmittance (Ta3) in the absorption axis
direction of third polarizing plate 33, and the transmittance
(Ta2) in the absorption axis direction of second polarizing
plate 32.

[0084] Fourth leakage light L4 is transmitted through the
absorption axes of the three polarizing plates which are
fourth polarizing plate 34, third polarizing plate 33, and
second polarizing plate 32, so that fourth leakage light [.4
has larger light attenuation due to the absorption as com-
pared with first leakage light 11, second leakage light 1.2,
and third leakage light L.3. Thus, fourth leakage light L4 has
a very small light leakage amount as compared with first
leakage light L1, second leakage light 1.2, and third leakage
light L3, and fourth leakage light [.4 has an extremely small
influence on the contrast ratio. Thus, fourth leakage light .4
can be ignored in studying the contrast ratio.

[0085] As described above, in the light leaking out from
the transmission axis side of first polarizing plate 31, the
leakage light having the influence on the contrast ratio is first
leakage light 1.1 (Ta3xTad), second leakage light L2 (Tadx
scattering leakage), and third leakage light L3 (scattering
leakagexscattering leakage).

[0086] As illustrated in the part (b) of FIG. 3, the leakage
light going out from the absorption axis side of first polar-
izing plate 31 exists as the leakage light going out from first
polarizing plate 31. Four kinds of leakage light of fifth
leakage light L5, sixth leakage light L6, seventh leakage
light L7 and eighth leakage light L8 are considered as the
leakage light going out from the absorption axis side of first
polarizing plate 31.

[0087] In fifth leakage light L5, the light of the polarized
light component parallel to the absorption axis of fourth
polarizing plate 34 is transmitted through the absorption axis
of fourth polarizing plate 34, transmitted through the trans-
mission axis of third polarizing plate 33, transmitted through
the transmission axis of second polarizing plate 32, and
leaks through the absorption axis of first polarizing plate 31.
Thus, the magnitude of fifth leakage light L5 depends on the
transmittance (Tad) in the absorption axis direction of fourth
polarizing plate 34 and the transmittance (Ta4) in the absorp-
tion axis direction of first polarizing plate 31.

[0088] In sixth leakage light 16, the light of the polarized
light component parallel to the transmission axis of fourth
polarizing plate 34 is transmitted through the transmission
axis of fourth polarizing plate 34 to scatter and leak at
second display panel 200, transmitted through the transmis-
sion axis of third polarizing plate 33, transmitted through the
transmission axis of second polarizing plate 32, and leaks
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through the absorption axis of first polarizing plate 31. Thus,
the magnitude of sixth leakage light L6 depends on the
scattering leakage at second display panel 200 and the
transmittance (Tal) in the absorption axis direction of first
polarizing plate 31.

[0089] In seventh leakage light L7, the light of the polar-
ized light component parallel to the transmission axis of
fourth polarizing plate 34 is transmitted through the trans-
mission axis of fourth polarizing plate 34, transmitted
through the absorption axis of third polarizing plate 33,
transmitted through the absorption axis of second polarizing
plate 32 to scatter and leak at first display panel 100, and
leaks through the absorption axis of first polarizing plate 31.
Therefore, the magnitude of the seventh leakage light .7
depends on the transmittance (Ta3) in the absorption axis
direction of third polarizing plate 33, the transmittance (Ta2)
in the absorption axis direction of second polarizing plate
32, the scattering leakage of first display panel 100, and the
transmittance (Tal) in the absorption axis direction of first
polarizing plate 31.

[0090] Ineighth leakage light L8, the light of the polarized
light component parallel to the absorption axis of fourth
polarizing plate 34 is transmitted through the absorption axis
of fourth polarizing plate 34 to scatter and leak at second
display panel 200, transmitted through the absorption axis of
third polarizing plate 33, transmitted through the absorption
axis of second polarizing plate 32 to scatter and leak at first
display panel 100, and leaks through the absorption axis of
first polarizing plate 31. Thus, the magnitude of the eighth
leakage light L8 depends on the transmittance (Ta4) in the
absorption axis direction of fourth polarizing plate 34, the
scattering leakage at second display panel 200, the trans-
mittance (Ta3) in the absorption axis direction of third
polarizing plate 33, the transmittance (Ta2) in the absorption
axis direction of second polarizing plate 32, and the trans-
mittance (Tal) in the absorption axis direction of first
polarizing plate 31.

[0091] Seventh leakage light L7 is transmitted through the
absorption axes of the three polarizing plates of third polar-
izing plate 33, second polarizing plate 32, and first polariz-
ing plate 31. Fighth leakage light 1.8 is transmitted through
the absorption axes of the four polarizing plates of fourth
polarizing plate 34, third polarizing plate 33, second polar-
izing plate 32, and first polarizing plate 31. For this reason,
seventh leakage light L7 and eighth leakage light .8 have
larger light attenuation due to the absorption as compared
with fifth leakage light L5 and sixth leakage light [.6. Thus,
seventh leakage light L7 and eighth leakage light L8 have a
very small light leakage amount as compared with fifth
leakage light L5 and sixth leakage light L6, and seventh
leakage light L7 and eighth leakage light 1.8 have an
extremely small influence on the contrast ratio. Thus, sev-
enth leakage light L7 and eighth leakage light L8 can be
ignored in studying the contrast ratio.

[0092] As described above, in the light leaking out from
the absorption axis side of first polarizing plate 31, the
leakage light having the influence on the contrast ratio is
fifth leakage light L5 (Tad4xTa3) and sixth leakage light L6
(scattering leakagexTal).

[0093] Thus, the leakage light having the influence on the
contrast ratio in the light leaking out from first polarizing
plate 31 is first leakage light L1, second leakage light 1.2,
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third leakage light L3, fifth leakage light .5, and sixth
leakage light L.6,and is expressed by the following equation
©F

leakage light during black display=first leakage light
L1 (Ta3xTa2)+second leakage light L2 (Tadx
scattering leakage)+third leakage light 1.3 (scat-
tering leakagexscattering leakage)+fifth leakage
light L5 (Ia4xTu3)+sixth leakage light L6 (scat-
tering leakagex7al) (3)

[0094] At this point, the contrast ratio of the pair of
polarizing plates is expressed by Tp/Tc, and is typically
several tens of thousands one or more (for example, 10000
to 50000:1). Nonetheless, the reason why the contrast ratio
of one display panel having the structure in which the liquid
crystal cell is sandwiched between the pair of polarizing
plates is only about several thousands:1 is that the light
scattering and leaking from the transmission axis of one of
the pair of polarizing plates toward the transmission axis of
the other polarizing plate exists. That is, the light leaking
without passing through the absorption axis of the polarizing
plate exists. Thus. the contrast ratio of one display panel is
decided by the dominant light leaking through the transmis-
sion axis of each of the pair of polarizing plates due to the
scattering leakage. In this case, for example, although the
contrast ratio of the pair of polarizing plates is several tens
of thousands:1, the light of about 1/1500 leaks due to the
scattering leakage from the transmission axis of one of the
polarizing plates toward the transmission axis of the other
polarizing plate, so that the contrast ratio of one display
panel having the structure in which the liquid crystal cell is
sandwiched between the pair of polarizing plates is only
about 1000:1.

[0095] In this way, the contrast ratio of one display panel
is decided by the light leaking without being transmitted
through any absorption axis of the pair of polarizing plates
in the light due to the scattering leakage.

[0096] This holds true for the case that the two liquid
crystal display panels of first display panel 100 and second
display panel 200 are used as illustrated in FIG. 3. In the five
beams of leaked lights (first leakage light L1, second leakage
light L2, third leakage light L3, fifth leakage light L5, sixth
leakage light 1.6) that affect the contrast ratio, the light
leaking without being transmitted through any absorption
axes of first polarizing plate 31, second polarizing plate 32,
third polarizing plate 33, and fourth polarizing plate 34 is
third leakage light L.3. That is, the contrast ratio of the liquid
crystal display device using the two liquid crystal display
panels of first display panel 100 and second display panel
200 is decided by dominant third leakage light [.3. For
example, in the case that the light of about 1/1500 leaks due
to the scattering leakage of one display panel, the light of
(1/1500)x(1/1500)=1/2.25 million leaks as third leakage
light L3 depending on the scattering leakage of two display
panels.

[0097] Additionally, the scattering leakage in the display
panel is generated regardless of the absorption axis of the
polarizing plate, but does not depend on the transmittance in
the absorption axis direction of the polarizing plate. That is,
third leakage light L3 depending only on the scattering
leakage is the light leaking regardless of the four polarizing
plates, but third leakage light .3 cannot be controlled by first
polarizing plate 31, second polarizing plate 32, third polar-
izing plate 33, and fourth polarizing plate 34.
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[0098] On the other hand, the magnitudes of the remaining
four leaked lights (first leakage light L1, second leakage
light 1.2, fifth leakage light L5, and sixth leakage light [6)
depend on the transmittance in the absorption axis direction
of the polarizing plate.

[0099] At this point, the contrast ratio of the pair of
conventional polarizing plates is several tens of thousands:1
or more as described above. For example, the contrast ratio
of the pair of polarizing plates is 10,000:1 corresponds to a
combination of the pair of polarizing plates having degree of
polarization P of 99.99%. The light of about 1/1500 light
leaks due to the scattering leakage of one display panel.
[0100] For this reason, for example, assuming that Tt is
100% in the display panel sandwiched between the pair of
polarizing plates having degree of polarization of P=99.
99%, Ta=1/19999~1/20000 is obtained from the above equa-
tion (1). When the light of about 1/1500 leaks due to the
scattering leakage of one display panel, the light of
(1/1500)x(1/2000)=1/30 million leaks as second leakage
light [.2 and sixth leakage light 1.6 that depend on the
transmittance in the absorption axis direction of the polar-
izing plate and the scattering leakage of the display panel.
The light of (1/20000)x(1/20000)=1/400 million leaks as
first leakage light L1 and fifth leakage light L5 that depend
on the transmittance in the absorption axis direction of the
two polarizing plates.

[0101] Thus, the magnitudes of first leakage light L1,
second leakage light L2, fifth leakage light L5, and sixth
leakage light 16 are smaller than the magnitude of third
leakage light [3.

[0102] That is, in the liquid crystal display device using
the two liquid crystal display panels of first display panel
100 and second display panel 200, it is considered that the
conventional polarizing plate having the high degree of
polarization has over performance.

[0103] Based on such findings, the inventors of the present
disclosure have considered that the degree of polarization of
any of first polarizing plate 31, second polarizing plate 32,
third polarizing plate 33, and fourth polarizing plate 34 may
be decreased, and got an idea that the transmittance of the
liquid crystal display device can be increased to increase the
luminance of the display image without decreasing the
contrast ratio of the liquid crystal display device too much
by adjusting the transmittances in the absorption axis direc-
tion of first polarizing plate 31, second polarizing plate 32,
third polarizing plate 33, and fourth polarizing plate 34.
[0104] Specifically, the inventors of the present disclosure
have studied the combination of the transmittances of the
polarizing plates such that the magnitudes of first leakage
light L1, second leakage light L2, fifth leakage light L5, and
sixth leakage light L6 do not exceed the magnitude of third
leakage light 1.3 even if the degree of polarization of any one
of the four polarizing plates of first polarizing plate 31,
second polarizing plate 32, third polarizing plate 33, and
fourth polarizing plate 34 is decreased. The specific study
result will be described below.

[0105] As illustrated in FIG. 3, the transmittances (Tal,
Tad) in the absorption axis direction of the first polarizing
plate 31 and fourth polarizing plate 34 have a large influence
on first leakage light L1, second leakage light L2, fifth
leakage light 15, and sixth leakage light L6. Thus, in order
to decrease first leakage light L1, second leakage light 1.2,
fifth leakage light L5, and sixth leakage light L6, the
transmittance (Tal, Tad) in the absorption axis direction is
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preferably decreased for at least one of first polarizing plate
31 and fourth polarizing plate 34.

[0106] For example, fifth leakage light L5 and sixth leak-
age light 1.6 can be decreased by decreasing the transmit-
tance (Tal) in the absorption axis direction of the first
polarizing plate 31. The degree of polarization of first
polarizing plate 31 may be increased in order to decrease the
transmittance in the absorption axis direction of first polar-
izing plate 31. When fifth leakage light L5 and sixth leakage
light L6 are decreased, the high contrast ratio can be
maintained even if first leakage light L1 and second leakage
light .2 are somewhat increased. That is, although the single
transmittance of first polarizing plate 31 cannot be increased
by keeping the transmittance (Tal) in the absorption axis
direction low, the single transmittances of the other three
polarizing plates except for first polarizing plate 31 can be
increased.

[0107] At this time, first leakage light L1 depends on the
transmittances (Ta2, Ta3) in the absorption axis direction of
the two polarizing plates of second polarizing plate 32 and
third polarizing plate 33 among the other three polarizing
plates. On the other hand, second leakage light .2 depends
only on the transmittance (Ta4) in the absorption axis
direction of only fourth polarizing plate 34 among the other
three polarizing plates. Thus, first leakage light L1 that can
increase the single transmittances of the two polarizing
plates of second polarizing plate 32 and third polarizing
plate 33 is preferably sacrificed when one of first leakage
light L1 and second leakage light 1.2 is sacrificed to increase
the magnitude of the leaked light.

[0108] In this case, the single transmittances of second
polarizing plate 32 and third polarizing plate 33 can be
increased by decreasing the transmittances (Ta2, Ta3) in the
absorption axis direction of second polarizing plate 32 and
third polarizing plate 33. The degrees of polarization of
second polarizing plate 32 and third polarizing plate 33 may
be decreased in order to decrease the transmittances in the
absorption axis direction of second polarizing plate 32 and
third polarizing plate 33. Specifically, the degree of polar-
ization of each of second polarizing plate 32 and third
polarizing plate 33 may be smaller than the degree of
polarization of first polarizing plate 31. In this way, the
transmittance of liquid crystal display device 1 can be
increased by increasing the single transmittances of second
polarizing plate 32 and third polarizing plate 33. Although
the degrees of polarization of second polarizing plate 32 and
third polarizing plate 33 are decreased by increasing the
single transmittances of second polarizing plate 32 and third
polarizing plate 33, third leakage light .3 is dominant in the
contrast ratio of the liquid crystal display device, and the
transmittance in the absorption axis direction of first polar-
izing plate 31 is decreased, so that the contrast ratio as the
image display device is not decreased so much.

[0109] In this case, not only the degrees of polarization of
second polarizing plate 32 and third polarizing plate 33 are
set smaller than the degree of polarization of first polarizing
plate 31, but also the degree of polarization of fourth
polarizing plate 34 may be set smaller than the degree of
polarization of first polarizing plate 31. Consequently, the
single transmittance of fourth polarizing plate 34 can also be
increased, so that the transmittance of the liquid crystal
display device can further be increased. Although the degree
of polarization of fourth polarizing plate 34 is decreased by
increasing the single transmittance of fourth polarizing plate
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34, third leakage light [.3 is dominant in the contrast ratio of
the liquid crystal display device, and the transmittance in the
absorption axis direction of first polarizing plate 31 is
decreased, so that the contrast ratio as the liquid crystal
display device is not decreased so much.

[0110] Instead of increasing the transmittance (Tal) in the
absorption axis direction of first polarizing plate 31, the
degree of polarization of fourth polarizing plate 34 may be
increased to decrease the transmittance (Ta4) in the absorp-
tion axis direction of fourth polarizing plate 34. Conse-
quently, second leakage light 1.2 and fifth leakage light L5
can be decreased, so that the high contrast ratio can be
maintained even if first leakage light L1 and sixth leakage
light L6 are somewhat increased. That is, although the single
transmittance of fourth polarizing plate 34 cannot be
increased by keeping the transmittance in the absorption axis
direction low, the single transmittances of the other three
polarizing plates except for fourth polarizing plate 34 can be
increased.

[0111] At this point, in a similar way, only first leakage
light L1 that can increase the single transmittances of the
two polarizing plates of second polarizing plate 32 and third
polarizing plate 33 may be sacrificed in first leakage light .1
and sixth leakage light 1.6, and the degrees of polarization of
second polarizing plate 32 and third polarizing plate 33 may
be decreased to increase the single transmittances of second
polarizing plate 32 and third polarizing plate 33. In this way,
the transmittance of the liquid crystal display device can be
increased by increasing the single transmittances of second
polarizing plate 32 and third polarizing plate 33.

[0112] In this case, not only the degrees of polarization of
second polarizing plate 32 and third polarizing plate 33 are
set smaller than the degree of polarization of first polarizing
plate 31, but also the degree of polarization of first polar-
izing plate 31 may be set smaller than the degree of
polarization of fourth polarizing plate 34. Consequently, the
single transmittance of first polarizing plate 31 can also be
increased, so that the transmittance of the liquid crystal
display device can further be increased.

[0113] As a result of earnest study by the inventors, it has
been found that, by defining the magnitude relationship of
the degrees of polarization of first polarizing plate 31,
second polarizing plate 32, third polarizing plate 33, and
fourth polarizing plate 34, the transmittance can be increased
while the high contrast ratio is maintained as the image
display device.

[0114] Specifically, assuming that P1, P2, P3, P4 are the
degrees of polarization of first polarizing plate 31, second
polarizing plate 32, third polarizing plate 33, and fourth
polarizing plate 34, respectively, one of a relational expres-
sion of P1>P2, P3, P4, a relational expression of P4>P1, P2,
P3, and a relational expressions of P1, P4>2, P3 may be
satisfied.

[0115] That is, the degree of polarization of at least one of
first polarizing plate 31 and fourth polarizing plate 34 may
be set larger than the degrees of polarization of second
polarizing plate 32 or third polarizing plate 33. Conse-
quently, the degrees of polarization of second polarizing
plate 32 and third polarizing plate 33 can be set smaller than
the degree of polarization of first polarizing plate 31 or
fourth polarizing plate 34, so that the single transmittances
of second polarizing plate 32 and third polarizing plate 33
can be increased.
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[0116] For example, assuming that Tm1, Tm2, Tm3, Tm4
are the single transmittances of first polarizing plate 31,
second polarizing plate 32, third polarizing plate 33, and
fourth polarizing plate 34, respectively, a relational expres-
sion of Tm1<Tm2, Tm3, Tm4 is satisfied for P1>P2, P3, P4,
a relational expression of Tm4<Tm1, Tm2, Tm3 is satisfied
for P4>P1, P2, P3, and a relational expression of Tml,
Tm4<Tm2, Tm3 is satisfied for P1, P4>P2, P3.

[0117] As a result, although liquid crystal display device 1
includes the two display panels of first display panel 100 and
second display panel 200, the transmission of liquid crystal
display device 1 can be improved while the high contrast
ratio of liquid crystal display device 1 is maintained. Thus,
the decrease in luminance of the display image can be
prevented.

[0118] Additionally, the temperature rise due to heat gen-
eration of the light absorption of second polarizing plate 32
and third polarizing plate 33 can be relieved by increasing
the single transmittances of second polarizing plate 32 and
third polarizing plate 33. Thus, reliability of liquid crystal
display device 1 can be improved.

[0119] In particular, in the case that the relational expres-
sion of P1>P2, P3, P4 is satisfied, the degree of polarization
of each of second polarizing plate 32, third polarizing plate
33, and fourth polarizing plate 34 can be smaller than the
degree of polarization of first polarizing plate 31, so that the
transmittances of the three polarizing plates of second
polarizing plate 32, third polarizing plate 33, and fourth
polarizing plate 34 can be increased. The temperature rise
due to the heat generation of the light absorption of second
polarizing plate 32, third polarizing plate 33, and fourth
polarizing plate 34 can be relieved by increasing the single
transmittances of second polarizing plate 32, third polarizing
plate 33, and fourth polarizing plate 34. Thus, reliability of
liquid crystal display device 1 can be improved.

[0120] In particular, in the case that fourth polarizing plate
34 is constructed with an absorption type polarizing plate,
fourth polarizing plate 34 absorbs the light from the back-
light to tend to become high temperature. Accordingly, the
expression of P1>P4 is satisfied to relatively increase the
transmittance of P4, so that fourth polarizing plate 34 can be
prevented from absorbing the light, and the temperature rise
can be prevented.

[0121] Similarly, in the case that the relational expression
of P4>P1, P2, P3 is satisfied, the degrees of polarization of
first polarizing plate 31, second polarizing plate 32, and third
polarizing plate 33 can be set smaller than the degree of
polarization of fourth polarizing plate 34. As a result, the
single transmittances of the three polarizing plates of first
polarizing plate 31, second polarizing plate 32, and third
polarizing plate 33 can be increased.

[0122] Consequently, the transmittance of liquid crystal
display device 1 can further be improved, so that the
degradation of the luminance of the display image can
further be prevented.

[0123] From the viewpoint of the image quality, the degree
of polarization (P1) of first polarizing plate 31 on the
observer’s side is preferably larger than the degree of
polarization (P4) of fourth polarizing plate 34.

[0124] Inliquid crystal display device 1 of the first exem-
plary embodiment, P1299.99% and 99.65%=<P2, P3, P4<99.
99%, P4299.99% and 99.65%=<P1, P2, P3<99.99%, or P1,
P4299.99% and 99.58%=P2, P3<99.99% hold.
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[0125] The degrees of polarization of first polarizing plate
31, second polarizing plate 32, third polarizing plate 33, and
fourth polarizing plate 34 are set within the range of P1299.
99% and 99.65%=P2, P3, P4<99.99%, the high contrast
ratio can be obtained as the liquid crystal display device
even if the degrees of polarization of second polarizing plate
32, third polarizing plate 33, and fourth polarizing plate 34
are smaller than the degree of polarization of first polarizing
plate 31.

[0126] When all of degrees of polarization P1 to P4 are
99.99% like the conventional polarizing plate, the transmit-
tance (Tal, Ta2, Ta3, Ta4) in the absorption axis direction=1/
20000 is obtained from the equation (1). When 1/1500 as the
scattering leakage is substituted into the equation (3) in a
similar way, the leakage light is 1/1.08 million and the
contrast ratio is 1.94 million 1.

[0127] On the other hand, for P1=99.99% and
P2=P3=P4=99.65%, transmittance (Ta1)=1/20000 and
transmittance  (Ta2)=transmittance  (Ta3)=transmittance
(Ta4)=1/571 are obtained from the equation (1). When
1/1500 as the scattering leakage is substituted into the
equation (3), the leakage light is about 1/210000, and the
contrast ratio of 200000:1 can be maintained. Thus, in the
case that the above range of the degree of polarization is
adopted, while the contrast ratio of 200000:1 that is required
for an HDR standard (ITU-R (International Telecommuni-
cation Union Radio-communications Sector) BT. 2100) is
maintained, the transmittance of liquid crystal display
device 1 can be improved to prevent the decrease in lumi-
nance of the display image.

[0128] Similarly, the degrees of polarization of first polar-
izing plate 31, second polarizing plate 32, third polarizing
plate 33, and fourth polarizing plate 34 are set within the
range of P4299.99% and 99.65%z=P1, P2, P3<99.99%, the
high contrast ratio can be obtained as the liquid crystal
display device even if the degrees of polarization of first
polarizing plate 31, second polarizing plate 32, and third
polarizing plate 33 are smaller than the degree of polariza-
tion of fourth polarizing plate 34.

[0129] For example, for P4=99.99% and P1=P2=P3=99.
65%, transmittance (Ta4)=1/20000 and transmittance (Tal)
=transmittance  (Ta2)=transmittance (Ta3)=1/571 are
obtained from the equation (1). When 1/1500 as the scat-
tering leakage is substituted into the equation (3), the
leakage light is about 1/210000, and the contrast ratio of
200000:1 can be maintained. Thus, in the case that the above
range of degree of polarization is adopted, while the contrast
ratio of 200000:1 that is required for the HDR standard is
maintained, the transmittance of liquid crystal display
device 1 can be improved to prevent decrease in luminance
of the display image.

[0130] Similarly, in the case that the degrees of polariza-
tion of first polarizing plate 31, second polarizing plate 32,
third polarizing plate 33 and fourth polarizing plate 34 are
set within the range of P1, P4=99.99% and P2, P3=99.58%,
transmittance (Tal)=transmittance (Ta4)=1/20000 and trans-
mittance (Ta2)=transmittance (Ta3)=1/476 are obtained
from the equation (1). When 1/1500 as the scattering leakage
is substituted into the equation (3), the leakage light
becomes about 1/200000, and the contrast ratio of 200000:1
can be maintained. Therefore, in the case that P1, P4299.
99% and 99.58%=<P2, P3<99.99%, while the contrast ratio
of 200000:1 that is required for the HDR standard is
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maintained, the transmittance of liquid crystal display
device 1 can be improved to prevent the decrease in lumi-
nance of the display image.

[0131] Inliquid crystal display device 1 of the first exem-
plary embodiment, P1299.99% and 99.92%<P2, P3, P4<99.
99%, P4=99.99% and 99.92%=P1, P2, P3<99.99%, or P1,
P4299.99% and 99.87%=P2, P3<99.99% may hold.

[0132] The degrees of polarization of first polarizing plate
31, second polarizing plate 32, third polarizing plate 33, and
fourth polarizing plate 34 are set within the range of P1299.
99% and 99.92%=<P2, P3, P4<99.99%, the extremely high
contrast ratio can be obtained as the liquid crystal display
device even if the degrees of polarization of second polar-
izing plate 32, third polarizing plate 33, and fourth polariz-
ing plate 34 are smaller than the degree of polarization of
first polarizing plate 31.

[0133] For example, for P1=99.99% and P2=P3=P4=99.
92%, transmittance (Tal)=1/20000 and transmittance (Ta2)
=transmittance (Ta3)=transmittance (Ta4)=1/2500 are
obtained from the equation (1). When 1/1500 as the scat-
tering leakage is substituted into the equation (3), the
leakage light is about 1/1.08 million, and the contrast ratio
of 1 million:1 can be maintained. It has been confirmed by
experiments of the inventors that the contrast comparable to
that of an organic EL display device can be exhibited in the
case that the contrast ratio of the display panel can be
maintained at 1 million:1. Thus, in the case that the above
range of degree of polarization is adopted, while the contrast
ratio of 1 million:1 comparable to that of the organic EL
display device is maintained, the transmittance of liquid
crystal display device 1 can be improved to prevent decrease
in luminance of the display image.

[0134] Similarly, the degrees of polarization of first polar-
izing plate 31, second polarizing plate 32, third polarizing
plate 33, and fourth polarizing plate 34 are set within the
range of P4299.99% and 99.92%<P1, P2, P3<99.99%, the
extremely high contrast ratio can be obtained as the liquid
crystal display device even if the degrees of polarization of
first polarizing plate 31, second polarizing plate 32, and third
polarizing plate 33 are smaller than the degree of polariza-
tion of fourth polarizing plate 34.

[0135] For example, for P4=99.99% and P1=P2=P3=99,
92%, transmittance (Ta4)=1/20 thousand and transmittance
(Tal)=transmittance (Ta2)=transmittance (Ta3)=1/2500 are
obtained from the equation (1). When 1/1500 as the scat-
tering leakage is substituted into the equation (3), the
leakage light is about 1/1.08 million, and the contrast ratio
of 1 million:1 can be maintained. Thus, in the case that the
above range of degree of polarization is adopted, while the
contrast ratio of 1 million: 1 comparable to that of the organic
EL display device is maintained, the transmittance of liquid
crystal display device 1 can be improved to prevent decrease
in luminance of the display image.

[0136] Similarly, in the case that the degrees of polariza-
tion of first polarizing plate 31, second polarizing plate 32,
third polarizing plate 33 and fourth polarizing plate 34 are
P1, P4=99.99% and P2, P3=99.87%, transmittance (Tal)
=transmittance (Ta4)=1/20 thousand and transmittance
(Ta2)=transmittance (Ta3)=1/1538 are obtained from the
equation (1). When 1/1500 as the scattering leakage is
substituted into the equation (3), the leakage light becomes
about 1/1.07 million, and the contrast ratio of 1 million:1 can
be maintained. Therefore, in the case that P1, P4299.99%,
and 99.87%=P2, P3<99.99% are adopted as the range of the
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degree of polarization, while the contrast ratio of 1 million:1
comparable to that of the organic EL display device is
maintained, the transmittance of liquid crystal display
device 1 can be improved to prevent decrease in luminance
of the display image.

[0137] Inliquid crystal display device 1 of the first exem-
plary embodiment, assuming that d1, d2, d3, d4 are thick-
nesses of the polarizing plates of the first polarizing plate 31,
second polarizing plate 32, third polarizing plate 33, and
fourth polarizing plate 34, respectively, the relational
expression of d1, d4 >d2, d3 may be satisfied.

[0138] Consequently, the degrees of polarization of sec-
ond polarizing plate 32 and third polarizing plate 33 are set
smaller than the degrees of polarization of first polarizing
plate 31 and fourth polarizing plate 34, so that the transmit-
tances of second polarizing plate 32 and third polarizing
plate 33 can easily be increased higher than the transmit-
tances of first polarizing plate 31 and fourth polarizing plate
34.

[0139] The distance between first liquid crystal cell 13 and
second liquid crystal cell 23 can be shortened by satisfying
the relational expression of dl, d4>d2, d3, so that the
parallax of the display image can be reduced.

[0140] Inliquid crystal display device 1 of the first exem-
plary embodiment, first polarizing plate 31 and fourth polar-
izing plate 34 are an absorption type polarizing plate. In
particular, for P1>P4, the transmittance of fourth polarizing
plate 34 is higher than the transmittance of first polarizing
plate 31 while the high contrast ratio is maintained using the
absorption type polarizing plate, so that fourth polarizing
plate 34 relatively easily transmits the light to prevent the
heat generation due to the light absorption of fourth polar-
izing plate 34.

Second Exemplary Embodiment

[0141] Liquid crystal display device 2 according to a
second exemplary embodiment will be described below with
reference to FIG. 4. FIG. 4 is a sectional view illustrating a
configuration of liquid crystal display device 2 of the second
exemplary embodiment.

[0142] In liquid crystal display device 2 of the second
exemplary embodiment, the reflection type polarizing plate
is used as at least one of second polarizing plate 32, third
polarizing plate 33, and fourth polarizing plate 34 of liquid
crystal display device 1 of the first embodiment. The reflec-
tion type polarizing plate reflects one of two orthogonal
components of transmitted light while transmitting the other
orthogonal component, thereby performing the polarization.
First polarizing plate 31 and the polarizing plate that is not
the reflection type polarizing plate among second polarizing
plate 32, third polarizing plate 33, and fourth polarizing
plate 34 are the absorption type polarizing plate, similarly to
the first exemplary embodiment.

[0143] The reflection type polarizing plate has a low
degree of polarization, the relational expression of P1>P2,
P3, P4, or the relational expression of P1, P4>P2, P3 can
easily be satisfied with respect to the degrees of polarization
of second polarizing plate 32, third polarizing plate 33, and
fourth polarizing plate 34 by using at least one of second
polarizing plate 32, third polarizing plate 33, and fourth
polarizing plate 34 as the reflection type polarizing plate.
[0144] Consequently, similarly to the first exemplary
embodiment, while the high contrast ratio is maintained, the
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transmittance can be improved to prevent the decrease in
luminance of the display image.

[0145] The light can be not absorbed but reflected and
polarized using the reflection type polarizing plate, so that
the reflected light can be reused. Consequently, the trans-
mittance of liquid crystal display device 2 can further be
improved.

[0146] In liquid crystal display device 2 of FIG. 4. third
polarizing plate 33A and fourth polarizing plate 34A are the
reflection type polarizing plate. That is, second display panel
200A has a structure in which second liquid crystal cell 20
is sandwiched between the pair of third polarizing plate 33A
and fourth polarizing plate 34A.

[0147] When third polarizing plate 33A and fourth polar-
izing plate 34A are not the reflection type polarizing plate
but the absorption type polarizing plates similarly to the first
exemplary embodiment, second liquid crystal cell 20 to
which third polarizing plate 33A and fourth polarizing plate
34A are bonded is located on the side of backlight 300, so
that third polarizing plate 33A and fourth polarizing plate
34A become high temperature as compared with first polar-
izing plate 31 and second polarizing plate 32 due to the light
absorption.

[0148] For this reason, the reflection type polarizing plate
is used as third polarizing plate 33A and fourth polarizing
plate 34A as in the second exemplary embodiment, which
allows third polarizing plate 33 A and fourth polarizing plate
34Ato be prevented from generating the heat due to the light
absorption. Consequently, the reliability of liquid crystal
display device 2 can further be improved.

[0149] The thickness of at least one of second polarizing
plate 32 and third polarizing plate 33A is preferably smaller
than the thickness of first polarizing plate 31.

[0150] Consequently, the single transmittances of second
polarizing plate 32 and third polarizing plate 33A can be
increased, so that the transmittance of liquid crystal display
device 2 can further be increased. A distance between first
liquid crystal cell 13 and second liquid crystal cell 23 can be
shortened, so that parallax of the display image can be
reduced.

[0151] FIGS. 5A to 5C illustrate one example of the
reflection type polarizing plate used in the second exemplary
embodiment. FIGS. 5A to 5C illustrate an example of the
reflection type polarizing plate provided on second counter
substrate 22 of second liquid crystal cell 20, FIG. 5A is a
sectional view of first reflection type polarizing plate 510,
FIG. 5B is a sectional view of second reflection type
polarizing plate 520, and FIG. 5C is a sectional view of third
reflection type polarizing plate 530.

[0152] As illustrated in FIG. 5A, first reflection type
polarizing plate 510 is constructed with multilayer thin film
laminated body 511 (for example, 26 pm) in which a
plurality of thin films such as dielectric films having differ-
ent refractive indices are laminated. As illustrated in FIG.
5A, first reflection type polarizing plate 510 can be bonded
to second counter substrate 22 of second liquid crystal cell
20 by adhesive layer 512 (for example, 12 um). For
example, an APCF included polarizing plate (manufactured
by Nitto Denko Corporation) or DBEF (manufactured by
3M Company) can be cited as first reflection type polarizing
plate 510. Adhesive layer 512 may be provided integrally
with first reflection type polarizing plate 510, or separated
from first reflection type polarizing plate 510.
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[0153] As illustrated in FIG. 5B, second reflection type
polarizing plate 520 includes base material 521 (for
example, 80 um) such as TAC, wire grid layer 522 (for
example, 1 um or less) disposed on base material 521, and
protective film 523 (for example, 110 um) disposed on wire
grid layer 522. A plurality of wire grids made of a metal wire
such as aluminum are arranged in wire grid layer 522. As
illustrated in F1G. 5B, second reflection type polarizing plate
520 can be bonded to second counter substrate 22 of second
liquid crystal cell 20 by adhesive layer 524 (for example, 25
um). Adhesive layer 524 may be provided integrally with
second reflection type polarizing plate 520, or separated
from second reflection type polarizing plate 520. Protective
film 523 may be peeled off after second reflection type
polarizing plate 520 adheres.

[0154] As illustrated in FIG. 5C, third reflection type
polarizing plate 530 includes a plurality of wire grids 531.
The wire grid 531 is a metal wire such as aluminum. As
illustrated in FIG. 5C, third reflection type polarizing plate
530 that is wire grid 531 is directly provided on the outer
surface of second counter substrate 22 of second liquid
crystal cell 20. For example, the plurality of wire grids 531
have a pitch of 150 nm, a width of 75 nm, and a thickness
of 100 nm. However, the present disclosure is not limited to
this configuration.

Third Exemplary Embodiment

[0155] Liquid crystal display device 3 according to a third
exemplary embodiment will be described below with refer-
ence to FIG. 6. FIG. 6 is a sectional view illustrating a
configuration of liquid crystal display device 3 of the third
exemplary embodiment.

[0156] In liquid crystal display device 3 of the third
exemplary embodiment, an in-cell reflection type polarizing
plate is used as at least one of second polarizing plate 32,
third polarizing plate 33, and fourth polarizing plate 34 of
liquid crystal display device 1 of the first embodiment. The
in-cell reflection type polarizing plate is a reflection type
polarizing plate incorporated as a part of the liquid crystal
cell.

[0157] The in-cell reflection type polarizing plate also has
the low degree of polarization, the relational expression of
P1>P2, P3, P4, or the relational expression of P1, P4>P2, P3
can easily be satisfied with respect to the degrees of polar-
ization of second polarizing plate 32, third polarizing plate
33, and fourth polarizing plate 34 by using at least one of
second polarizing plate 32, third polarizing plate 33, and
fourth polarizing plate 34 as the reflection type polarizing
plate.

[0158] Consequently, liquid crystal display device 3 that
can improve the transmittance while maintaining the high
contrast ratio can be constructed similarly to the first exem-
plary embodiment. Thus, the decrease in luminance of the
display image can be prevented.

[0159] Similarly to the second exemplary embodiment,
the transmittance of liquid crystal display device 3 can
further be improved using the in-cell reflection type polar-
izing plate.

[0160] Additionally, the use of the in-cell reflection type
polarizing plate can decrease the thickness as compared with
the display panel in which the absorption type polarizing
plate is bonded to the liquid crystal cell. Consequently, the
distance between first liquid crystal cell 13 and second liquid
crystal cell 23 can be shortened, so that generation of a warp
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can be prevented in the display panel while the parallax of
the display image is reduced. Thus, the image quality can be
improved.

[0161] In liquid crystal display device 3 of FIG. 6, the
in-cell type reflection type polarizing plate is used as third
polarizing plate 33B and fourth polarizing plate 34B, of
second polarizing plate 32, third polarizing plate 33 and
fourth polarizing plate 34. That is, second display panel
200B has a structure in which third polarizing plate 33B and
fourth polarizing plate 34B are incorporated in a part of
second liquid crystal cell 20B.

[0162] Consequently, second display panel 200B can be
thinned, so that the generation of the warp can be prevented
in second display panel 200B while the parallax of the
display image is reduced in second display panel 200B.
[0163] Furthermore, the in-cell reflection type polarizing
plate is used as third polarizing plate 33B on the side of first
display panel 100, which allows the surface (the outer
surface of second counter substrate 22) on the side of first
display panel 100 in second display panel 200B to be
flattened. Consequently, first display panel 100 and second
display panel 2008 can easily be bonded together with high
accuracy. Thus, a yield of liquid crystal display device 3 can
be improved.

[0164] Additionally, similarly to the second exemplary
embodiment, the reflection type polarizing plate is used as
third polarizing plate 33B and fourth polarizing plate 34B,
which allows third polarizing plate 33B and fourth polariz-
ing plate 34B to be prevented from generating the heat due
to the light absorption. Consequently, reliability of liquid
crystal display device 3 can further be improved.

[0165] In the third exemplary embodiment, the thickness
of at least one of second polarizing plate 32 and third
polarizing plate 33B is preferably smaller than the thickness
of first polarizing plate 31. In particular, in the case that the
in-cell reflection type polarizing plate is used as third
polarizing plate 33B, the in-cell reflection type polarizing
plate can be made thinner than the absorption type polariz-
ing plate, so that third polarizing plate 33B can easily made
thinner than the first polarizing plate 31.

[0166] Consequently, the single transmittances of second
polarizing plate 32 and third polarizing plate 33B can be
increased, so that the transmittance of liquid crystal display
device 3 can further be increased.

[0167] FIG. 7 illustrates one example of the in-cell reflec-
tion type polarizing plate used in the third exemplary
embodiment. FIG. 7 is a sectional view illustrating in-cell
reflection type polarizing plate 540 provided on second
counter substrate 22 of second liquid crystal cell 20B.
[0168] The in-cell reflection type polarizing plate 540 of
FIG. 7 includes a plurality of wire grids 541 and insulating
layer 542 covering the plurality of wire grids 541. The wire
grid 541 is a metal wire such as aluminum, and is directly
provided on the inner surface of second counter substrate 22
of second liquid crystal cell 20B as illustrated in FIG. 7. For
example, the plurality of wire grids 541 have a pitch of 150
nm, a width of 75 nm, and a thickness of 100 nm. However,
the present disclosure is not limited to this configuration.
[0169] In liquid crystal display device 3 of FIG. 6, the
in-cell reflection type polarizing plate is used as third
polarizing plate 33B and fourth polarizing plate 34B, and the
absorption type reflection type plate is used as first polar-
izing plate 31 and second polarizing plate 32. However, the
present disclosure is not limited to this configuration.
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[0170] For example, as in liquid crystal display device 3'
of FIG. 8, the in-cell reflection type polarizing plate may be
used as second polarizing plate 32B and third polarizing
plate 33B, and the absorption type polarizing plate may be
used as first polarizing plate 31 and fourth polarizing plate
34. That is, in liquid crystal display device 3', the first
display panel 100B' has a structure in which third polarizing
plate 32B is incorporated in a part of first liquid crystal cell
10B', and second display panel 200B' has a structure in
which third polarizing plate 32B is incorporated in a part of
second liquid crystal cell 20B'.

[0171] Consequently, the parallax of the display image can
further be reduced as compared with liquid crystal display
device 3 in FIG. 6.

[0172] In liquid crystal display device 3' of FIG. 8, the
thickness of at least one of second polarizing plate 32B and
third polarizing plate 33B is preferably smaller than the
thickness of first polarizing plate 31.

[0173] Consequently, the single transmittances of second
polarizing plate 32B and third polarizing plate 33B can be
increased, so that the transmittance of liquid crystal display
device 3 can further be increased.

[0174] As in liquid crystal display device 3" of FIG. 9, the
in-cell reflection type polarizing plate may be used as second
polarizing plate 32B, third polarizing plate 33B and fourth
polarizing plate 34B, and the absorption type polarizing
plate may be used as first polarizing plate 31. That is, liquid
crystal display device 3" in FIG. 8 has a structure in which
first display panel 100B' in FIG. 8 and second display panel
200B in FIG. 6 are bonded together.

[0175] With this configuration, the effects of both liquid
crystal display device 3 in FIG. 6 and liquid crystal display
device 3' in FIG. 8 can be obtained. Thus, liquid crystal
display device 3" having the extremely excellent image
quality can be constructed.

Modifications

[0176] The liquid crystal display device of the present
disclosure is described above based on the exemplary
embodiments, but the present disclosure is not limited to the
exemplary embodiments.

[0177] In each of the above exemplary embodiments, the
polarizing in which the single transmittance is increased
with decreasing degree of polarization is used as first
polarizing plate 31, second polarizing plate 32, third polar-
izing plate 33 and fourth polarizing plate 34. However, the
present disclosure is not limited to this configuration For
example, the polarizing plate in which the single transmit-
tance is not increased to much even if the degree of
polarization degree is low may be used as first polarizing
plate 31, second polarizing plate 32, third polarizing plate
33, and fourth polarizing plate 34. That is, even if the
relational expression of P1>P2, P3, P4 is satisfied, the
relational expression of Tm1<Tm2, Tm3, Tm4 may not
necessarily be satisfied. Similarly, the relational expression
of Tm4<Tml, Tm2, Tm3 may not necessarily be satisfied
even if the relational expression of P4>P1, P2, P3 is satis-
fied, and the relational expression of Tm1, Tm4<Tm2, Tm3
may not necessarily be satisfied even if the relational expres-
sion of P1, P4>P2, P3 is satisfied.

[0178] In each of the above embodiments, an optical
member such as a retardation film may be bonded to first
polarizing plate 31, second polarizing plate 32, third polar-
izing plate 33, and fourth polarizing plate 34.
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[0179] Those skilled in the art will readily appreciate that
many modifications are possible in the above exemplary
embodiment and variations without materially departing
from the novel teachings and advantages of the present
disclosure. Accordingly, all such modifications are intended
to be included within the scope of the present disclosure.

What is claimed is:

1. A liquid crystal display device comprising:

a first liquid crystal cell,

a second liquid crystal cell disposed on a back side of the

first liquid crystal cell;

a first polarizing plate disposed on a front side of the first

liquid crystal cell;

a second polarizing plate disposed between the first liquid

crystal cell and the second liquid crystal cell;

a third polarizing plate disposed between the second

polarizing plate and the second liquid crystal cell; and

a fourth polarizing plate disposed on a back side of the

second liquid crystal cell,

wherein P1, P2, P3, P4 represent degrees of polarization

of the first polarizing plate, the second polarizing plate,
the third polarizing plate, and the fourth polarizing
plate, respectively, one of a relational expression of
P1>P2, P3, P4, a relational expressions of P4>P1, P2,
P3, and a relational expression of P1, P4>P2, P3 is
satisfied.

2. The liquid crystal display device according to claim 1,
wherein P1299.99% and 99.65%=P2, P3, P4<99.99%,
P4299.99% and 99.65%=P1, P2, P3<99.99%, or P1, P4=99.
99% and 99.58%=P1, P2, P3<99.99% hold.

3. The liquid crystal display device according to claim 2,
wherein P1299.99% and 99.92%=P2, P3, P4<09.99%,
P4299.99% and 99.92%=<P1, P2, P3<99.99%, or P1, P4299.
99% and 99.87%=P1, P2, P3<99.99% hold.

4. The liquid crystal display device according to claim 1,
wherein Tm1, Tm2, Tm3, Tm4 represent single transmit-
tances of the first polarizing plate, the second polarizing
plate, the third polarizing plate, and the fourth polarizing
plate, respectively, a relational expression of Tm1<Tm?2,
Tm3, Tm4, a relational expression of Tm4<Tm1, Tm2, Tm3,
or a relational expression of Tml, Tm4<Tm2, Tm3 is
satisfied.

5. The liquid crystal display device according to claim 1,
wherein
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each of the first polarizing plate, the second polarizing
plate, the third polarizing plate, and the fourth polar-
izing plate includes a base material and polarizers
laminated on the base material, and

dl, d2, d3, d4 represent thicknesses of the polarizers of

the first polarizing plate, the second polarizing plate,
the third polarizing plate, and the fourth polarizing
plate, respectively, a relational expression of d1, d4>d2,
d3 is satisfied.

6. The liquid crystal display device according to claim 1,
wherein each of the first polarizing plate and the fourth
polarizing plate is an absorption type polarizing plate.

7. The liquid crystal display device according to claim 1,
wherein at least one of the second polarizing plate, the third
polarizing plate, and the fourth polarizing plate is a reflec-
tion type polarizing plate.

8. The liquid crystal display device according to claim 7,
wherein each of the third polarizing plate and the fourth
polarizing plate is the reflection type polarizing plate.

9. The liquid crystal display device according to claim 7,
wherein a thickness of at least one of the second polarizing
plate and the third polarizing plate is smaller than a thickness
of the first polarizing plate.

10. The liquid crystal display device according to claim 1,
wherein at least one of the second polarizing plate, the third
polarizing plate, and the fourth polarizing plate is an in-cell
reflection type polarizing plate.

11. The liquid crystal display device according to claim
10, wherein the third polarizing plate is the in-cell reflection
type polarizing plate.

12. The liquid crystal display device according to claim
11, wherein the thickness of the third polarizing plate is
smaller than a thickness of the first polarizing plate.

13. The liquid crystal display device according to claim
10, wherein the second polarizing plate is the in-cell reflec-
tion type polarizing plate.

14. The liquid crystal display device according to claim
13, wherein the thickness of the second polarizing plate is
smaller than the thickness of the first polarizing plate.

15. The liquid crystal display device according to claim
10, wherein each of the second polarizing plate, the third
polarizing plate, and the fourth polarizing plate is the in-cell
reflection type polarizing plate.
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