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(57) ABSTRACT

A liquid crystal display device comprises a liquid crystal
display panel having a first substrate, a second substrate
located opposite the first substrate with a gap between the first
substrate and the second substrate, and a liquid crystal layer
held between the first substrate and the second substrate, a
polarizing plate located opposite the liquid crystal layer, and
a polarizing reflection layer positioned opposite the polariz-
ing plate across the liquid crystal layer and located opposite
the liquid crystal layer to reflect linearly polarized light polar-
ized in one direction parallel to a plane of the liquid crystal
display panel.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Application No.
2007-193769, filed Jul. 25, 2007, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and in particular, to a transmissive liquid crystal
display device.

[0004] 2. Description of the Related Art

[0005] Liquid crystal display devices are generally known
as image display devices. The liquid crystal display device is
used in display sections of notebook personal computers,
monitors, car navigation systems, alpha calculators, medium-
and small-sized television receivers, and the like. The liquid
crystal display device comprises an array substrate, an oppo-
site substrate, and a liquid crystal layer. Among the liquid
crystal display devices, a transmissive type and a semi-trans-
missive type comprising a backlight unit have a high contrast
characteristic. Thus, the liquid crystal display device is used
for a high-display-capacity apparatus with a plurality of
image portions and is specifically used in display sections of
notebook personal computers, monitors, car navigation sys-
tems, television receivers, and the like.

[0006] To offer a high contrast characteristic, almost all the
liquid crystal display devices use a polarizing plate and a
switching element such as TEF'T (Thin Film Transistor) or TFD
(Thin Film Diode), and have a color filter for color display.
However, this configuration may reduce the utilization effi-
ciency and transmittance of light. This may in turn increase
the power consumption of the backlight unit and prevent a
sufficient display luminance from being achieved.

[0007] On the other hand, currently adopted display modes
include a twisted nematic (TN) mode and a vertical alignment
(VA) mode (hereinafter referred to as a VA mode). These
modes allow liquid crystal molecules to be uniformly
arranged when no electric field is applied to a liquid crystal
layer, and allow the arrangement of the liquid crystal mol-
ecules to be uniformly changed when an electric field is
applied to the liquid crystal layer.

[0008] Inrecentyears, the electric field applied to the liquid
crystal layer is controlled to arrange the liquid crystal mol-
ecules in each pixel in a plurality of (at least two) directions.
The liquid crystal display device performs pixel orientation
division, for example, as shown in Jpn. Pat. Appln. KOKAI
Publication No. 2004-355032. This makes it possible to aver-
age the dependence of a visual angle on the direction in which
the liquid crystal molecules are arranged, enabling the
improvement of a visual angle characteristic, which has been
an objective of the TN and VA modes.

[0009] The pixel orientation division results in an area in
the pixel in which the liquid crystal molecules are arranged in
a different direction. Thus, a phase difference in backlight is
reflected even in white display pixels, and part of the back-
light is absorbed by the polarizing plate. In particular, in a
multi-domain VA (Vertical Alignment) mode (hereinafter
referred to as an MVA mode), Schlieren orientation occurs
inevitably, that is, a cross-shaped area is inevitably created in
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which the liquid crystal molecules are not uniformly
arranged. Thus, as described above, the phase difference in
the backlight is reflected even in the white display pixels, and
part of the backlight is absorbed by the polarizing plate. As
described above, the liquid crystal display device with the
pixel orientation division offers a lower light utilization effi-
ciency than the liquid crystal display device without the pixel
orientation division.

BRIEF SUMMARY OF THE INVENTION

[0010] The present invention is made in view of the above-
described points. An object of the present invention is to
provide a liquid crystal display device that offers a high light
utilization efficiency.

[0011] To achieve the object, according to an aspect of the
present invention, there is provided a liquid crystal display
device comprising:

[0012] aliquid crystal display panel having a first substrate,
a second substrate located opposite the first substrate with a
gap between the first substrate and the second substrate, and
a liquid crystal layer held between the first substrate and the
second substrate;

[0013] apolarizing plate located opposite the liquid crystal
layer;
[0014] a polarizing reflection layer positioned opposite the

polarizing plate across the liquid crystal layer and located
opposite the liquid crystal layer to reflect linearly polarized
light polarized in one direction parallel to a plane of the liquid
crystal display panel; and

[0015] an another polarizing plate positioned opposite the
liquid crystal layer across the polarizing reflection layer and
located opposite the polarizing reflection layer, another polar-
izing plate having an absorption axis parallel to a polarizing
direction of the linearly polarized light reflected by the polar-
izing reflection layer.

[0016] According to another aspect of the present inven-
tion, there is provided a liquid crystal display device compris-
ing:

[0017] aliquid crystal display panel having a first substrate,
a second substrate located opposite the first substrate with a
gap between the first substrate and the second substrate, and
a liquid crystal layer held between the first substrate and the
second substrate;

[0018] apolarizing plate located opposite the liquid crystal
layer; and
[0019] a polarizing reflection layer positioned opposite the

polarizing plate across the liquid crystal layer and located
opposite the liquid crystal layer to reflect linearly polarized
light polarized in one direction parallel to a plane of the liquid
crystal display panel.

[0020] According to another aspect of the present inven-
tion, there is provided a liquid crystal display device compris-
ing:

[0021] aliquid crystal display panel having a first substrate,
a second substrate located opposite the first substrate with a
gap between the first substrate and the second substrate, and
a liquid crystal layer held between the first substrate and the
second substrate;

[0022] apolarizing plate located opposite the liquid crystal
layer;
[0023] a polarizing reflection layer positioned opposite the

polarizing plate across the liquid crystal layer and located
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opposite the liquid crystal layer to reflect linearly polarized
light polarized in one direction parallel to a plane of the liquid
crystal display panel;

[0024] an another polarizing plate positioned opposite the
liquid crystal layer across the polarizing reflection layer and
located opposite the polarizing reflection layer, another polar-
izing plate having an absorption axis parallel to a polarizing
direction of the linearly polarized light reflected by the polar-
izing reflection layer;

[0025] a quarter wavelength plate located between the lig-
uid crystal layer and the polarizing plate;

[0026] an another quarter wavelength plate located
between the liquid crystal layer and the polarizing reflection
layer; and

[0027] an another polarizing reflection layer located
between the liquid crystal layer and the quarter wavelength
plate to reflect circularly polarized light passing through the
quarter wavelength plate and entering another polarizing
reflection layer so that a polarity of the reflected circularly
polarized light remains unchanged.

[0028] According to another aspect of the present inven-
tion, there is provided a liquid crystal display device compris-
ing:

[0029] aliquid crystal display panel having a first substrate,
a second substrate located opposite the first substrate with a
gap between the first substrate and the second substrate, and
a liquid crystal layer held between the first substrate and the
second substrate;

[0030] apolarizing plate located opposite the liquid crystal
layer;
[0031] a polarizing reflection layer positioned opposite the

polarizing plate across the liquid crystal layer and located
opposite the liquid crystal layer to reflect linearly polarized
light polarized in one direction parallel to a plane of the liquid
crystal display panel;

[0032] a quarter wavelength plate located between the lig-
uid crystal layer and the polarizing plate;

[0033] an another quarter wavelength plate located
between the liquid crystal layer and the polarizing reflection
layer; and

[0034] an another polarizing reflection layer located
between the liquid crystal layer and the quarter wavelength
plate to reflect circularly polarized light passing through the
quarter wavelength plate and entering another polarizing
reflection layer so that a polarity of the reflected circularly
polarized light remains unchanged.

[0035] Additional objects and advantages of the invention
will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed out
hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0036] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.
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[0037] FIG. 1 is a sectional view showing a liquid crystal
display device according to a first embodiment of the present
invention;

[0038] FIG. 2is aperspective view showing a liquid crystal
display panel shown in FIG. 1 as well as a control portion;
[0039] FIG. 3 is a schematic plan view of the liquid crystal
display panel shown in FIGS. 1 and 2;

[0040] FIG. 4 is a plan view schematically showing a wir-
ing structure in the liquid crystal display panel shown in
FIGS. 1, 2, and 3;

[0041] FIG. 5is a diagram illustrating optical characteris-
tics and an optical path observed when no voltage is applied
to the liquid crystal display panel shown in FIG. 1;

[0042] FIG. 6 is a diagram illustrating the optical charac-
teristics and optical path observed when a voltage is applied
to the liquid crystal display panel shown in FIG. 1;

[0043] FIG. 7 is a schematic plan view of the liquid crystal
display panel comprising a liquid crystal layer as shown in
FIG. 5, showing how liquid crystal modules are oriented;
[0044] FIG. 8 is a schematic plan view of the liquid crystal
display panel comprising a liquid crystal layer as shown in
FIG. 6, showing how liquid crystal modules are oriented;
[0045] FIG.9 is a diagram showing, in tabular form, mea-
sured values of a solid black display transmittance, a solid
white display transmittance, a contrast ratio, a 50% black and
50% white display black transmittance, a 50% black and 50%
white display white transmittance, and a 50% black and 50%
white display contrast ratio in the first embodiment and a
comparative example;

[0046] FIG. 10 is a diagram showing a variation of the
liquid crystal display device according to the first embodi-
ment and illustrating the optical characteristics and optical
path observed when no voltage is applied to the liquid crystal
display panel,

[0047] FIG. 11 is a diagram showing another variation of
the liquid crystal display device according to the first embodi-
ment, similarly to FIG. 10, and illustrating the optical char-
acteristics and optical path observed when a voltage is applied
to the liquid crystal display panel;

[0048] FIG. 12 is a diagram showing another variation of
the liquid crystal display device according to the first embodi-
ment and illustrating the optical characteristics and optical
path observed when no voltage is applied to the liquid crystal
display panel,

[0049] FIG. 13 is a diagram showing another variation of
the liquid crystal display device according to the first embodi-
ment, similarly to FIG. 12, and illustrating the optical char-
acteristics and optical path observed when a voltage is applied
to the liquid crystal display panel;

[0050] FIG. 14 is a sectional view showing a liquid crystal
display device according to a second embodiment;

[0051] FIG. 15 is a diagram illustrating the optical charac-
teristics and optical path observed when a voltage is applied
to a liquid crystal display panel shown in FIG. 14;

[0052] FIG. 16 is a diagram illustrating the optical charac-
teristics and optical path observed when no voltage is applied
to the liquid crystal display panel shown in FIG. 14;

[0053] FIG. 17 is a diagram showing, in tabular form, mea-
sured values of a solid black display transmittance, a solid
white display transmittance, a transmission mode contrast
ratio, a solid black display reflectance, a solid white display
reflectance, and a reflection mode contrast ratio in the second
embodiment and a comparative example;
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[0054] FIG. 18is asectional view showing a variation of the
liquid crystal display device according to the second embodi-
ment;

[0055] FIG. 19 is a sectional view showing a liquid crystal
display device according to a third embodiment;

[0056] FIG. 20 is a diagram illustrating the optical charac-
teristics and optical path observed when no voltage is applied
to a liquid crystal display panel shown in FIG. 19;

[0057] FIG. 21 is a diagram illustrating the optical charac-
teristics and optical path observed when a voltage is applied
to the liquid crystal display panel shown in FIG. 19;

[0058] FIG. 22 is a diagram showing, in tabular form, mea-
sured values ofthe solid black display transmittance, the solid
white display transmittance, the transmission mode contrast
ratio, the solid black display reflectance, the solid white dis-
play reflectance, and the reflection mode contrast ratio in the
third embodiment and a comparative example;

[0059] FIG. 23 isasectional view showing a variation of the
liquid crystal display device according to the third embodi-
ment;

[0060] FIG. 24 is asectional view showing a variation of the
polarizing reflection layer according to the present invention
which has a linearly polarized light reflecting function; and
[0061] FIG. 25 isasectional view showing a variation of the
polarizing reflection layer according to the present invention
which has a circularly polarized light reflecting function.

DETAILED DESCRIPTION OF THE INVENTION

[0062] With reference to the drawings, a detailed descrip-
tion will be given of a liquid crystal display device according
to a first embodiment of the present invention.

[0063] As shown in FIGS. 1 to 4, the liquid crystal display
device comprises a liquid crystal display panel 1, a color filter
2, a backlight unit 3, a polarizing plate 4a, a polarizing plate
4b, a polarizing reflection layer 5, and a control section 9.
[0064] The liquid crystal display panel 1 comprises an
array substrate 10, an opposite substrate 20 arranged opposite
to the array substrate 10 with a predetermined gap between
the array substrate 10 and the opposite substrate 20, and a
liquid crystal layer 30 held between the array substrate and
the opposite substrate. The liquid crystal display panel 1
comprises a rectangular display area R.

[0065] The array substrate 10 as a first substrate has a
rectangular glass substrate 11. The opposite substrate 20 as a
second substrate has a rectangular glass substrate 21. The
glass substrates 11 and 21 are formed of non-alkaline glass
manufactured by Corning Incorporated. The array substrate
10 and the opposite substrate 20 are not limited to the glass
substrates but have only to have transparent insulating sub-
strates. In the display area R, the liquid crystal display panel
1 has a plurality of pixel portions P into which the liquid
crystal display panel 1 is divided in a direction along the plane
ofthe liquid crystal display panel and which are arranged in a
matrix. The pixel portions P are arranged in a first direction d1
along the plane of the liquid crystal display panel 1 and a
second direction d2 orthogonal to the first direction.

[0066] In the array substrate 10, a plurality of signal lines
12 and a plurality of scanning lines 13 are arranged on the
glass substrate 11 in a lattice; the signal lines 12 extend in the
second direction d2, and the scanning lines 13 cross the signal
lines and extend in the first direction d1. Each of the pixel
portions P is overlappingly provided in an area enclosed by
the two adjacent signal lines 12 and the two adjacent scanning
lines 13.
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[0067] For example, a plurality of TFTs (Thin Film Tran-
sistors) 14 are provided close to a portion on the glass sub-
strate in which the signal line 12 crosses the scanning line 13.
TFT 14 has a gate electrode 14a formed by extending a part of
the scanning line 13, a gate insulating film (not shown) pro-
vided on a gate electrode, a channel layer 14¢ located oppo-
site the gate electrode via the gate insulating film, a source
electrode 144 connected to one area of the channel layer, and
a drain electrode 14e connected to the other area of the chan-
nel layer.

[0068] The source electrode 144 is connected to the signal
line 12. The drain electrode 14e is connected to a pixel elec-
trode 16 described below. Although not shown, TFTs 14 are
formed of a common gate insulating film. A TFT 14 is pro-
vided in each of the pixel portion P to constitute the pixel
portion P.

[0069] An interlayer insulating film 15 is formed on the
glass substrate 11, the signal lines 12, the scanning lines 13,
and TFTs 14. In the display area R, a plurality of the pixel
electrodes 16 are provided on the interlayer insulating film 15
in a matrix. The pixel electrodes 16 are formed of a transpar-
ent conductive material such as ITO (Indium Tin Oxide).
Each of the pixel electrodes 16 is electrically connected to the
drain electrode 14e of the corresponding TFT 14 via a contact
hole 15/ formed in the interlayer insulating film 15. The pixel
electrode 16 is provided in each of the pixel portions P to
constitute the pixel portion.

[0070] A plurality of protrusions 17 are formed on the
interlayer insulating film 15 and the pixel electrodes 16 as
orientation control portion. The protrusions 17 protrude from
surfaces of the interlayer insulating film 15 and the pixel
electrodes 16 toward the opposite substrate 20. Each of the
protrusions 17 has a triangular cross section and extends in a
predetermined direction. The protrusions 17 overlap the
respective pixel electrodes 16. The protrusions 17 have a
function of controlling a direction in which liquid crystal
molecules 3m in an opposite liquid crystal layer 30 are
inclined. In the present embodiment, the protrusions 17
extend in a third direction d3 and a fourth direction d4. The
third direction d3 and the fourth direction d4 are inclined at
45° to the first direction d1 and the second direction d2,
respectively.

[0071] Althoughnot shown, a plurality of columnar spacers
are formed on the pixel electrodes 16 as a plurality of spacers.
The columnar spacers are positioned away from the protru-
sions 17. The spacers are not limited to the columnar shape.
Spacers of other shapes, such as spherical ones, may also be
used. An alignment film 18 is deposited on the interlayer
insulating film 15, the pixel electrodes 16, and the protrusions
17. In the present embodiment, the alignment film 18 is a
vertical alignment film. The alignment film 18 is formed
using JALS-204-R14 (manufactured by JSR).

[0072] In the opposite substrate 20, a color filter 2 is dis-
posed on the glass substrate 21. The color filter 2 has a
plurality of red colored layers 2R, a plurality of green colored
layers 2G, and a plurality of blue colored layers 2B. In the
present embodiment, the color filter 2 is disposed on an inner
surface of the substrate.

[0073] Thecolored layers 2R, 2G, and 2B extend in the first
direction d1 and in strips. The colored layers 2R, 2G, and 2B
overlap the plurality of pixel electrodes 16, arranged in the
first direction d1. Peripheral portions of the colored layers 2R,
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2G, and 2B overlap the signal lines 12. The colored layers 2R,
2G, and 2B are alternately arranged adjacent to one another in
the second direction d2.

[0074] The opposite electrode 22, made up of a transparent
conductive material such as ITO, is formed on the color filter
2. A plurality of protrusions 23 are formed on the opposite
electrode 22 as orientation control portion. The protrusions
23 protrude from a surface of the opposite electrode 22 toward
the array substrate 10. Each of the protrusions 23 has an
almost triangular cross section and extends in a predeter-
mined direction. In the present embodiment, the protrusions
23 project in the third direction d3 and the fourth direction d4.
[0075] The protrusions 23 have a function of controlling the
direction in which the liquid crystal molecules 3m in the
liquid crystal layer 30 are inclined. An alignment film 24 is
deposited on the opposite electrode 22 and the projections 23.
In the present embodiment, the alignment film 24 is a vertical
alignment film. The alignment film 24 is formed using JALS-
204-R14 (manufactured by JSR).

[0076] The array substrate 10 and the opposite substrate 20
are arranged opposite to each other with a predetermined gap
between the array substrate 10 and the opposite substrate 20
by the plurality of columnar spacers. The array substrate 10
and the opposite substrate 20 are joined to each other with a
sealing member 31 that is arranged on peripheral portions of
both substrates.

[0077] The liquid crystal layer 30 is held between the array
substrate 10 and the opposite substrate 20. A liquid crystal
injection port 32 is formed in a part of the sealing member 31
and sealed with a sealant 33. The liquid crystal layer 30
exhibits dielectric constant anisotropy formed by a negative
nematic liquid crystal. In the present embodiment, the liquid
crystal layer 30 is formed using MLC2038 (manufactured by
Merck Ltd., Japan).

[0078] The liquid crystal layer 30 has And set to 350 nm at
a wavelength of 550 nm. With no electric field applied to the
liquid crystal layer 30, the liquid crystal layer exhibits a phase
difference amount of 0. With a sufficient electric field applied
to the liquid crystal layer, the liquid crystal layer exhibits a
phase difference amount equal to the half of an incident light
wavelength.

[0079] As described above, the display mode of the liquid
crystal display panel 1 is the pixel orientation dividing VA
mode. With no electric field applied to the liquid crystal layer
30, the liquid crystal molecules 3m are oriented in a direction
perpendicular to the plane of the liquid crystal display panel
1. The orientation is controlled such that with an electric field
applied to the liquid crystal layer 30, the liquid crystal mol-
ecules 3m are inclined in multiple directions parallel to the
plane of the liquid crystal display panel 1. More specifically,
the orientation is controlled such that the liquid crystal mol-
ecules 3m are inclined in the third direction d3 and the fourth
direction d4. However, the liquid crystal molecules 3m are
also inclined in the first direction d1 and the second direction
d2. As described above, the protrusions 17 and 23 are formed
to orient the liquid crystal molecules 3m in each pixel portion
P in multiple directions with an electric field applied to the
liquid crystal layer 30.

[0080] The backlight unit 3 is located outside and opposite
the array substrate 10. The backlight unit 3 comprises a light
guiding member 3a located outside and opposite the array
substrate 10 and a light source 34 and a reflector 3e arranged
opposite a side edge of the light guiding member. The light
guiding member 3a has a light guiding plate 35 and a light
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diffusion layer 3¢ positioned between the light guiding plate
and the array substrate 10, and is provided on the light guiding
plate.

[0081] Thepolarizing plate 4a is located opposite the liquid
crystal layer 30. More specifically, the polarizing plate 4a is
positioned between the array substrate 10 and the backlight
unit 3, and is located outside and opposite the array substrate.
The polarizing plate 4a has an absorption axis parallel to the
first direction d1. In the present embodiment, the polarizing
plate 4a is laminated to an outer surface of the array substrate.
The polarizing plate 4a is formed using SEG1425 (manufac-
tured by NITTO DENKO CORPORATION).

[0082] The polarizing reflection layer 5 is positioned oppo-
site the polarizing plate 4a across the liquid crystal layer 30.
More specifically, the polarizing reflection layer 5 is posi-
tioned opposite the polarizing plate 4a across the liquid crys-
tal display panel 1 and located opposite the opposite substrate
20. The polarizing reflection layer 5 reflects linearly polarized
light polarized in one direction parallel to the plane of the
liquid crystal display panel 1. In the present embodiment, the
polarizing reflection layer 5 is laminated to an outer surface of
the opposite substrate 20, and has a reflection axis parallel to
the second direction d2. Thus, the polarizing reflection layer
5 reflects linearly polarized light polarized in the second
direction d2. The polarizing reflection layer 5 is formed of
DBEF (manufactured by 3M) using a base film with almost
no phase difference. The polarizing reflection layer 5 may be
configured without the base film by sticking the base material
of DBEF directly to the polarizing plate 45.

[0083] The polarizing plate 45 as an another polarizing
plate is positioned opposite the liquid crystal layer 30 across
the polarizing reflection layer 5. The polarizing plate 45 is
positioned opposite the liquid crystal display panel 1 across
the polarizing reflection layer 5 and located opposite the
polarizing reflection layer 5. The polarizing plate 45 has an
absorption axis parallel to a direction in which the linearly
polarized light reflected by the polarizing reflection layer 5 is
polarized. In the present embodiment, the polarizing plate 456
is laminated to an outer surface of the polarizing reflection
layer 5 and has an absorption axis parallel to the first direction
dl. The polarizing plate 45 is formed using SEG1425 (manu-
factured by NITTO DENKO CORPORATION).

[0084] The control portion 9 is electrically connected to the
liquid crystal display panel 1. The control portion 9 applies a
driving voltage between the pixel electrode 16 and the oppo-
site electrode 22 in association with the display condition of
the liquid crystal display panel 1. The application of the
driving voltage applies an electric field to the liquid crystal
layer 30. When the control portion 9 does not apply the
driving voltage to the liquid crystal display panel, the liquid
crystal display panel 1 is in a black display condition. When
the control portion 9 applies the driving voltage to the liquid
crystal display panel, the liquid crystal display panel 1isin a
white display condition.

[0085] Now, description will be given of the orientation
condition of the liquid crystal molecules 3m in the liquid
crystal layer 30.

[0086] In general, the liquid crystal display device is
designed to display black with a phase difference or rotary
polarization in the liquid crystal layer 30 set to zero or a value
close to zero in order to avoid in-plane luminance unevenness
during black display and the dependence of luminance on
temperature. Conversely, the liquid crystal display device is
designed to display white with the phase difference in the
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liquid crystal layer set equal to a quarter or half wavelength or
with the liquid crystal layer set at an angle of rotation of 90°.

[0087] In the present embodiment, it is assumed that the
device is designed to provide black display, white display, and
an intermediate condition between the black display and the
white display by using an electric field to vary the phase
difference in the liquid crystal layer 30 from O to the half
wavelength. The white display is obtained when the liquid
crystal molecules 3m are arranged in an in-plane direction. In
the white display and the intermediate condition, the uniform
inclining direction of the liquid crystal molecules 3m varies
visual characteristics. To completely eliminate this variation,
it is necessary to orient the liquid crystal molecules in at least
four directions (for example, the vertical and lateral direc-
tions of the display screen). However, in this case, the liquid
crystal molecules are forced to be also oriented in intermedi-
ate directions among the four directions.

[0088] If the liquid crystal molecules are oriented in only
the four directions and a boundary where the orientation of
the liquid crystal molecules is discontinuous is present in the
pixel portion P, a discrimination defect may occur to affect the
image display. To avoid this, the boundary may be shielded.
However, in this case, the light utilization efficiency is
reduced.

[0089] Ifthe phase difference in the liquid crystal layer 30
is equal to the half wavelength in an area in which the liquid
crystal molecules 3m are oriented in the third direction d3 and
the fourth direction d4, no phase difference occurs in an area
in which the liquid crystal molecules 3m are oriented in the
first direction d1 and the second direction d2. That is, the
phase difference amount is zero. With the conventional liquid
crystal display device having no polarizing reflection layer 5,
light having passed through the liquid crystal layer 30 in the
area with the phase difference amount of zero is absorbed by
the polarizing plate 45.

[0090] However, with the liquid crystal display device
according to the present embodiment, light having passed
through the liquid crystal layer 30 in the area with the phase
difference amount of zero is absorbed is reflected by the
polarizing reflection layer 5. The light reflected by the polar-
izing reflection layer 5 returns to the backlight unit 3 for
recycling. Thus, the luminance of the display image can be
improved. As is the case with the present embodiment, with
the liquid crystal display device with the pixel orientation
division, an area that provides the black display regardless of
a display pattern is created in the pixel portion P. Conse-
quently, the provision of the polarizing reflection layer 5 is
very effective.

[0091] Now, the orientation control portion will be
described. The orientation control portion has only to be able
to orient the liquid crystal molecules in the pixel portion P in
aplurality of directions. The orientation control portion is not
limited to the protrusions 17 and 23. For example, the orien-
tation control portion may be formed by modifying the shape
ofthe pixel electrodes 16, the alignment films 18 and 24 to be
subjected to orientation control, an orientation processing
method, and the like.

[0092] Now, description will be given of the optical char-
acteristics of the liquid crystal display device observed when
the driving voltage is not applied between the pixel electrode
16 and the opposite electrode 22 (no electric field is applied to
the liquid crystal layer 30), together with the optical path of
light having exited the backlight unit 3.
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[0093] As shown in FIGS. § and 7, the liquid crystal mol-
ecules 3m in the liquid crystal layer 30 are orientated in the
direction perpendicular to the plane of the liquid crystal dis-
play panel 1.

[0094] As shown in FIG. 5, when diffused light exits the
light diffusion layer 3¢ in the backlight unit 3, the polarizing
plate 4a emits the light to the liquid crystal display panel 1 as
polarized light (linearly polarized light) polarized in the sec-
ond direction d2.

[0095] The liquid crystal layer 30 maintains the polariza-
tion condition of the incident light and emits the linearly
polarized light polarized in the second direction d2, to the
polarizing reflection layer 5. Since the linearly polarized light
polarized in the second direction d2 is parallel to the reflection
axis of the polarizing reflection layer 5, the light is reflected
by the polarizing reflection layer. Thus, the polarizing reflec-
tion layer 5 can block the passage of light traveling from the
liquid crystal layer 30 into the polarizing reflection layer 5.

[0096] Now, description will be given of the optical char-
acteristics of the liquid crystal display device observed when
the driving voltage is applied between the pixel electrode 16
and the opposite electrode 22 (an electric field is applied to the
liquid crystal layer 30), together with the optical path of light
having exited the backlight unit 3.

[0097] As shown in FIGS. 6 and 8, the liquid crystal mol-
ecules 3m in the liquid crystal layer 30 are orientated so as to
beinclined in the third direction d3 and the fourth direction d4
with respect to the direction perpendicular to the plane of the
liquid crystal display panel 1, as shown by liquid crystal
molecules A, B, C, and D. The liquid crystal molecules 3m in
the liquid crystal layer 30 are also inclined in the first direc-
tion d1 and the second direction d2 with respect to the direc-
tion perpendicular to the plane of the liquid crystal display
panel 1 as shown by liquid crystal molecules E, F, G, and H.

[0098] As shown in FIG. 6, when diffused light exits the
light diffusion layer 3¢ in the backlight unit 3, the polarizing
plate 4a emits the light to the liquid crystal display panel 1 as
polarized light (linearly polarized light) polarized in the sec-
ond direction d2.

[0099] Inan area in which the liquid crystal molecules 3m
are oriented in the third direction d3 and the fourth direction
d4, the liquid crystal layer 30 inverts the incident linearly
polarized light polarized in the second direction d2 through
90° in the first direction d1. The liquid crystal layer 30 thus
emits the linearly polarized light polarized in the first direc-
tion to the polarizing reflection layer 5. The linearly polarized
light polarized in the first direction d1 is orthogonal to the
reflection axis of the polarizing reflection layer 5 and to the
absorption axis of the polarizing plate 4b. The linearly polar-
ized light polarized in the first direction dl thus passes
through the polarizing reflection layer 5 and the polarizing
plate 4b.

[0100] Inan area in which the liquid crystal molecules 3m
are oriented in the first direction d1 and the second direction
d2, the liquid crystal layer 30 maintains the polarization con-
dition of the incident light and emits the linearly polarized
light polarized in the second direction d2 to the polarizing
reflection layer 5. Since the linearly polarized light polarized
in the second direction d2 is parallel to the reflection axis of
the polarizing reflection layer 5, the light is reflected by the
polarizing reflection layer 5. The light reflected by the polar-
izing reflection layer 5 returns to the backlight unit 3 and is
reflected again in the backlight unit. The reflected light exits
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the backlight unit 3 again. The polarizing reflection layer 5
thus contributes to improving the luminance of the liquid
crystal display device.

[0101] The present inventor has examined and compared
the optical characteristics of the above-described liquid crys-
tal display device with those of a liquid crystal display device
in a comparative example. The liquid crystal display device in
the comparative example corresponds to the liquid crystal
display device according to the present embodiment from
which the polarizing reflection layer 5 is omitted. The optical
characteristics include the solid black display transmittance
(K), solid white display transmittance (W), contrast ratio
(W/K), 50% black and 50% white display black transmittance
(K50), 50% black and 50% white display white transmittance
(W50), and 50% black and 50% white display contrast ratio
(W50/K50). The 50% black and 50% white display is pro-
vided using a window pattern shaped like a rectangle with
sides the length of each of which is 7% of the corresponding
side of a display area.

[0102] As shown in FIG. 9, the transmittance and contrast
ratio of the liquid crystal display device according to the
present embodiment are far more excellent than those of the
liquid crystal display device in the comparative example.
[0103] The liquid crystal display device configured as
described above has the liquid crystal display panel 1, the
backlight unit 3, the polarizing plate 4a, the polarizing plate
4b, and the polarizing reflection layer 5. The polarizing plate
4b acts as a photodetector having a function of selecting
whether or not to transmit incident light according to the
polarization condition.

[0104] In the liquid crystal display device in the compara-
tive example, the pixel portion P for which the black display
is selected uses the polarizing plate 45 to absorb light to
provide the black display. In the liquid crystal display device
according to the present embodiment, polarized light having
exited the pixel portion P for which the white display is
selected passes through the polarizing reflection layer 5.
Polarized light having exited the pixel portion P for which the
black display is selected is reflected by the polarizing reflec-
tion layer 5. Even if the polarized light reflectance of the
polarizing reflection layer 5 is not 100%, the polarized light is
absorbed by the polarizing plate 45. Thus, the liquid crystal
display device according to the present embodiment is pre-
vented from having the contrast characteristic degraded com-
pared to the liquid crystal display device that does not have
the polarizing reflection layer 5.

[0105] The polarized light reflected by the polarizing
reflection layer 5 passes through the polarizing plate 4a and
returns to the backlight unit 3. The light having returned to the
backlight unit 3 is reflected in the backlight unit and emitted
to the liquid crystal display panel 1 again. As described above,
the light reflected by the polarizing reflection layer 5 is
recycled.

[0106] The light having exited the backlight unit 3 is dif-
fused by the light diffusion layer 3¢ or the like. Thus, in
association with the pixel portion P for which the black dis-
play is selected, a recycle function acts uniformly within the
surface regardless of the display pattern of the black display.
The luminance of the display image is improved uniformly
within the surface.

[0107] For light (external light) traveling from an observer
sideinto the liquid crystal display panel 1, the polarizing plate
4b acts as a polarizer having a function of converting the
incident light into linearly polarized light, circularly polar-
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ized light, or the like as intended. The light passing through
the polarizing plate 454 is the linearly polarized light polarized
in the first direction d1 and also passes through the polarizing
reflection layer 5. Conversely, a polarization component (the
linearly polarized light polarized in the second direction d2)
that can be reflected by the polarizing reflection layer 5 is
absorbed by the polarizing plate 456. The external light is not
reflected, and the contrast is thus prevented from being
degraded.

[0108] The liquid crystal display device has the dichroic
polarizing plate 45 on the optical path. Even if the polarizing
reflection layer 5 has a slightly low polarization degree for a
photodetector, the polarizing plate 45 acts as a photodetector.
[0109] As described above, the liquid crystal display device
obtained offers a high light utilization efficiency and a high
display quality.

[0110] Now, description will be given of a variation of the
liquid crystal display device according to the first embodi-
ment.

[0111] As shown in FIGS. 10 and 11, in this variation, the
color filter 2 is positioned opposite the liquid crystal layer 30
across the polarizing reflection layer 5 and located opposite
the polarizing reflection layer 5. The color filter 2 is provided
between the polarizing plate 45 and the polarizing reflection
layer 5. The remaining part of the configuration of the liquid
crystal display device is the same as that in the first embodi-
ment. The same components as those of the first embodiment
are denoted by the same reference numerals and the detailed
description of these components is omitted.

[0112] First, description will be given of the optical char-
acteristics of the liquid crystal display device observed when
the driving voltage is not applied between the pixel electrode
16 and the opposite electrode 22 (no electric field is applied to
the liquid crystal layer 30), together with the optical path of
light having exited the backlight unit 3.

[0113] As shown in FIG. 10, when diffused light exits the
light diffusion layer 3¢ in the backlight unit 3, the polarizing
plate 4a emits the light to the liquid crystal display panel 1 as
polarized light (linearly polarized light) polarized in the sec-
ond direction d2.

[0114] The liquid crystal layer 30 maintains the polariza-
tion condition of the incident light and emits the linearly
polarized light polarized in the second direction d2, to the
polarizing reflection layer 5. Since the linearly polarized light
polarized in the second direction d2 is parallel to the reflection
axis of the polarizing reflection layer 5, the light is reflected
by the polarizing reflection layer. Thus, the polarizing reflec-
tion layer 5 can block the light traveling from the liquid
crystal layer 30 into the polarizing reflection layer 5.

[0115] When external light enters the liquid crystal display
device, the polarizing plate 45 emits the light to the color filter
2 as polarized light (linearly polarized light) polarized in the
first direction d1. The color filter 2, the polarizing reflection
layer 5, and the liquid crystal layer 30 maintain the polariza-
tion condition of the incident light and emit the linearly polar-
ized light polarized in the first direction d1, to the polarizing
plate 4a. Thus, the polarizing plate 4a can block the light
traveling from the liquid crystal layer 30 into the polarizing
plate 4a.

[0116] Now, description will be given of the optical char-
acteristics of the liquid crystal display device observed when
the driving voltage is applied between the pixel electrode 16
and the opposite electrode 22 (an electric field is applied to the
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liquid crystal layer 30), together with the optical path of light
having exited the backlight unit 3.

[0117] As shown in FIG. 11, the liquid crystal molecules
3m in the liquid crystal layer 30 are orientated so as to be
inclined in the third direction d3 and the fourth direction d4
with respect to the direction perpendicular to the plane of the
liquid crystal display panel 1. Although not shown in FIG. 11,
the liquid crystal molecules 3m in the liquid crystal layer 30
are also inclined in the first direction d1 and the second
direction d2 with respect to the direction perpendicular to the
plane of the liquid crystal display panel 1.

[0118] When diffused light exits the light diffusion layer 3¢
in the backlight unit 3, the polarizing plate 4a emits the light
to the liquid crystal display panel 1 as polarized light (linearly
polarized light) polarized in the second direction d2.

[0119] In an area in which the liquid crystal molecules 3m
are oriented in the third direction d3 and the fourth direction
d4, the liquid crystal layer 30 inverts the incident linearly
polarized light polarized in the second direction d2 through
90° in the first direction d1. The liquid crystal layer 30 thus
emits the linearly polarized light polarized in the first direc-
tion to the polarizing reflection layer 5. The linearly polarized
light polarized in the first direction d1 is orthogonal to the
reflection axis of the polarizing reflection layer 5 and to the
absorption axis of the polarizing plate 45. The linearly polar-
ized light polarized in the first direction d1 thus passes
through the polarizing reflection layer 5 and the polarizing
plate 4b.

[0120] When external light enters the liquid crystal display
device, the polarizing plate 45 emits the light to the color filter
2 as polarized light (linearly polarized light) polarized in the
first direction d1. The color filter 2 and the polarizing reflec-
tion layer 5 maintain the polarization condition of the incident
light and emit the linearly polarized light polarized in the first
direction d1, to the liquid crystal display panel 1. In an area in
which the liquid crystal molecules 3m are oriented in the third
direction d3 and the fourth direction d4, the liquid crystal
layer 30 inverts the incident linearly polarized light polarized
in the first direction d1 through 90° in the second direction d2.
The liquid crystal layer 30 thus emits the linearly polarized
light polarized in the second direction to the polarizing plate
4a.

[0121] Since the linearly polarized light polarized in the
second direction d2 is orthogonal to the absorption axis of the
polarizing plate 4a, the light passes through the polarizing
plate 4a and then enters the backlight unit 3. The light is then
reflected in the backlight unit. The reflected light exits the
backlight unit 3, contributing to improving the luminance of
the liquid crystal display device.

[0122] Although not shown, in an area in which the liquid
crystal molecules 3m are oriented in the first direction d1 and
the second direction d2, the liquid crystal layer 30 maintains
the polarization condition of the incident light and emits the
linearly polarized light polarized in the second direction d2 to
the polarizing reflection layer 5. Since the linearly polarized
light polarized in the second direction d2 is parallel to the
reflection axis of the polarizing reflection layer 5, the light is
reflected by the polarizing reflection layer 5. The light
reflected by the polarizing reflection layer 5 returns to the
backlight unit 3 and is reflected again in the backlight unit.
The reflected light exits the backlight unit 3 again. The polar-
izing reflection layer 5 thus contributes to improving the
luminance of the liquid crystal display device.
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[0123] The present inventor has examined the optical char-
acteristics of the liquid crystal display device according to the
variation. The results of the examination indicate that the
liquid crystal display device according to the variation offers
optical characteristics equivalent to or more excellent than
those of the liquid crystal display device according to
Embodiment 1, that is, optical characteristics exhibiting val-
ues equivalent to or greater than those shown in FIG. 9.
[0124] Now, description will be given of the effects of the
provision of the color filter 2 between the polarizing plate 45
and the polarizing reflection layer 5, together with conven-
tional problems.

[0125] First, if the color filter 2 is provided between the
polarizer and the photodetector, the polarized light having
entered the color filter is disrupted to some degree by the color
filter. The contact characteristic is thus degraded. A pigment
is dispersed in the color filter 2. The polarized light disruption
phenomenon (hereinafter referred to as depolarization)
caused by the color filter 2 is equal to about 1/1000 to 1/2000.
If the depolarization is 1/1000, when a liquid crystal display
device without the color filter 2 has a contrast ratio of 1000:1,
a liquid crystal display device with the color filter 2 has a
contrast ratio equal to the reciprocal of 1/1,000+1/1,000, that
is, 500:1.

[0126] To solve the depolarization problem, the color filter
2 oftheliquid crystal display device according to the variation
is located outside the polarizer and the photodetector.

[0127] As described above, the liquid crystal display device
according to the variation configured as described above has
the liquid crystal display panel 1, the color filter 2, the back-
light unit 3, the polarizing plate 4a, the polarizing plate 45,
and the polarizing reflection layer 5. The variation can thus
exert effects similar to those of the above-described first
embodiment.

[0128] The color filter 2 is provided between the polarizing
plate 45 and the polarizing reflection layer 5. The color filter
2 is thus positioned on the optical path outside the polarizing
reflection layer 5, which functions as a photodetector. Thus,
even though the color filter 2 causes the depolarization to
disrupt the incident polarized light, the characteristics of the
black display are not affected. The contrast characteristic can
thus be inhibited from being degraded.

[0129] As described above, the liquid crystal display device
obtained offers a high light utilization efficiency and a high
display quality.

[0130] Now, description will be given of another variation
of the liquid crystal display device according to the first
embodiment.

[0131] As shown in FIGS. 12 and 13, in this variation, the
liquid crystal display device further comprises a polarizing
reflection layer 6 as an another polarizing reflection layer.
[0132] The polarizing reflection layer 6 is positioned oppo-
site the liquid crystal layer 30 across the polarizing plate 4a
and located opposite the polarizing plate 4a. The polarizing
reflection layer 6 reflects linearly polarized light parallel to
the direction of the absorption axis of the polarizing plate 4a.
The polarizing reflection layer 6 is located between the polar-
izing plate 4a and the backlight unit 3.

[0133] In this variation, the polarizing reflection layer 6 is
laminated to an outer surface of the polarizing plate 4a and
has a reflection axis parallel to the first direction d1. Thus, the
polarizing reflection layer 5 reflects linearly polarized light
polarized in the first direction d1. The polarizing reflection
layer 6 is formed of DBEF (manufactured by 3M) using a
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base film with almost no phase difference. The polarizing
reflection layer 6 may be configured without the base film by
sticking the base material of DBEF directly to the polarizing
plate 4a.

[0134] In the variation, the remaining part of the configu-
ration of the liquid crystal display device is the same as that in
the first embodiment. The same components of the variation
as those of the first embodiment are denoted by the same
reference numerals and the detailed description of these com-
ponents is omitted.

[0135] Now, description will be given of the optical char-
acteristics of the liquid crystal display device observed when
the driving voltage is not applied between the pixel electrode
16 and the opposite electrode 22 (no electric field is applied to
the liquid crystal layer 30), together with the optical path of
light having exited the backlight unit 3.

[0136] As shown in FIG. 12, when diffused light exits the
light diffusion layer 3¢ in the backlight unit 3, the polarizing
reflection layer 6 transmits and reflects the light. That is, the
polarizing reflection layer 6 transmits and emits the linearly
polarized light polarized in the second direction d2 to the
polarizing plate 4a. The polarizing reflection layer 6 also
reflects and returns the linearly polarized light polarized in
the first direction d1 to the backlight unit 3. The light returned
to the backlight unit 3 is reflected in the backlight unit and
exits the backlight unit 3 again. The polarizing reflection layer
6 thus contributes to improving the luminance of the liquid
crystal display device.

[0137] The polarizing plate 4a and the liquid crystal layer
30 maintain the polarization condition of the incident light
and emit the linearly polarized light polarized in the second
direction d2, to the polarizing reflection layer 5. Since the
linearly polarized light polarized in the second direction d2 is
parallel to the reflection axis of the polarizing reflection layer
5, the light is reflected by the polarizing reflection layer. Thus,
the polarizing reflection layer 5 can block the light traveling
from the liquid crystal layer 30 into the polarizing reflection
layer 5.

[0138] When external light enters the liquid crystal display
device, the polarizing plate 4b emits the light to the polarizing
reflection layer 5 as polarized light (linearly polarized light)
polarized in the first direction d1. The polarizing reflection
layer 5 and the liquid crystal layer 30 maintain the polariza-
tion condition of the incident light and emit the linearly polar-
ized light polarized in the first direction d1, to the polarizing
plate 4a. Thus, the polarizing plate 4a can block the light
traveling from the liquid crystal layer 30 into the polarizing
plate 4a.

[0139] Now, description will be given of the optical char-
acteristics of the liquid crystal display device observed when
the driving voltage is applied between the pixel electrode 16
and the opposite electrode 22 (an electric field is applied to the
liquid crystal layer 30), together with the optical path of light
having exited the backlight unit 3.

[0140] As shown in FIG. 13, the liquid crystal molecules
3m in the liquid crystal layer 30 are orientated so as to be
inclined in the third direction d3 and the fourth direction d4
with respect to the direction perpendicular to the panel of the
liquid crystal display panel 1. Although not shown in FIG. 13,
the liquid crystal molecules 3m in the liquid crystal layer 30
are also inclined in the first direction d1 and the second
direction d2 with respect to the direction perpendicular to the
plane of the liquid crystal display panel 1.
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[0141] When diffused light exits the light diffusion layer 3¢
in the backlight unit 3, the polarizing reflection layer 6 trans-
mits and emits the linearly polarized light polarized in the
second direction d2 to the polarizing plate 4a. The polarizing
reflection layer 6 also reflects and returns the linearly polar-
ized light polarized in the first direction d1 to the backlight
unit 3. The polarizing plate 4a emits the light to the liquid
crystal display panel 1 as polarized light (linearly polarized
light) polarized in the second direction d2.

[0142] Inan area in which the liquid crystal molecules 3m
are oriented in the third direction d3 and the fourth direction
d4, the liquid crystal layer 30 inverts the incident linearly
polarized light polarized in the second direction d2 through
900 in the first direction d1. The liquid crystal layer 30 thus
emits the linearly polarized light polarized in the first direc-
tion to the polarizing reflection layer 5. The linearly polarized
light polarized in the first direction d1 is orthogonal to the
reflection axis of the polarizing reflection layer 5 and to the
absorption axis of the polarizing plate 45. The linearly polar-
ized light polarized in the first direction dl thus passes
through the polarizing reflection layer 5 and the polarizing
plate 4b.

[0143] When external light enters the liquid crystal display
device, the polarizing plate 45 emits the light to the polarizing
reflection layer 5 as polarized light (linearly polarized light)
polarized in the first direction d1. The polarizing reflection
layer 5 maintains the polarization condition of the incident
light and emits the linearly polarized light polarized in the
first direction d1, to the liquid crystal display panel 1. In an
area in which the liquid crystal molecules 3m are oriented in
the third direction d3 and the fourth direction d4, the liquid
crystal layer 30 inverts the incident linearly polarized light
polarized in the first direction d1 through 90° in the second
direction d2. The liquid crystal layer 30 thus emits the linearly
polarized light polarized in the second direction to the polar-
izing plate 4a.

[0144] Since the linearly polarized light polarized in the
second direction d2 is orthogonal to the absorption axis of the
polarizing plate 4a and the reflection axis of the polarizing
reflection layer 6, the light passes through the polarizing plate
4a and the polarizing reflection layer then enters the backlight
unit 3. The light is then reflected in the backlight unit. The
reflected light exits the backlight unit 3, contributing to
improving the luminance of the liquid crystal display device.

[0145] Although not shown, in an area in which the liquid
crystal molecules 3m are oriented in the first direction d1 and
the second direction d2, the polarizing reflection layer 6 trans-
mits and emits the linearly polarized light polarized in the
second direction d2 to the polarizing plate 4a. The polarizing
reflection layer 6 also reflects and returns the linearly polar-
ized light polarized in the first direction d1 to the backlight
unit 3. In the area in which the liquid crystal molecules 3m are
oriented in the first direction d1 and the second direction d2,
the liquid crystal layer 30 maintains the polarization condi-
tion of the incident light and emits the linearly polarized light
polarized in the second direction d2 to the polarizing reflec-
tion layer 5.

[0146] Since the linearly polarized light polarized in the
second direction d2 is parallel to the reflection axis of the
polarizing reflection layer 5, the light is reflected by the
polarizing reflection layer 5. The light reflected by the polar-
izing reflection layer 5 returns to the backlight unit 3 and is
reflected again in the backlight unit. The reflected light exits
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the backlight unit 3 again. The polarizing reflection layers 5
and 6 thus contribute to improving the luminance of the liquid
crystal display device.

[0147] The present inventor has examined the optical char-
acteristics of the liquid crystal display device according to
this variation. The results of the examination indicate that the
liquid crystal display device according to the variation offers
optical characteristics equivalent to or more excellent than
those of the liquid crystal display device according to
Embodiment 1, that is, optical characteristics exhibiting val-
ues equivalent to or greater than those shown in FIG. 9. More
specifically, the liquid crystal display device according to the
variation exhibits a solid white display transmittance of
14.02% and a solid black display transmittance of 0.031%, as
well as a contact ratio equivalent to that of the liquid crystal
display device according to the first embodiment, which does
not have the polarizing reflection layer 6. Thus, the liquid
crystal display device according to the variation exhibits a
white transmittance about 1.5 times as high as that of the
liquid crystal display device according to the above-described
first embodiment.

[0148] Now, description will be given of the effects of the
provision of the polarizing reflection layer 6.

[0149] The polarizing plate 4a acts inherently as a polarizer
and absorbs at least of the incident light in order to achieve
polarization. However, in this variation, a linearly polarized
light component polarized in the direction of the absorption
axis of the polarizing plate 4a is reflected by the polarizing
reflection layer 6 for recycling; the linearly polarized light
component is contained in the light having exited the back-
light unit 3. Thus, the recycle function of the polarizing
reflection layer 6 is added to the recycle function of the
polarizing reflection layer 5, making it possible to further
improve the light utilization efficiency.

[0150] As described above, the liquid crystal display device
according to this variation configured as described above has
the liquid crystal display panel 1, the backlight unit 3, the
polarizing plate 4a, the polarizing plate 45, the polarizing
reflection layer 5, and the polarizing reflection layer 6. The
variation can thus exert effects similar to those of the above-
described first embodiment.

[0151] The polarizing reflection layer 6 is provided
between the backlight unit 3 and the polarizing plate 4a. The
polarizing reflection layer 6 makes it possible to further
improve the light utilization efficiency.

[0152] Asdescribed above, the liquid crystal display device
obtained offers a high light utilization efficiency and a high
display quality.

[0153] Now, description will be given of a liquid crystal
display device according to a second embodiment of the
present invention.

[0154] As shown in FIG. 14, the liquid crystal display
device comprises the liquid crystal display panel 1, the color
filter 2, the backlight unit 3, the polarizing plate 4a, the
polarizing plate 45, the polarizing reflection layer 5, the con-
trol portion 9, and a polarizing reflection layer 7 as an another
polarizing reflection layer.

[0155] In the present embodiment, each of the alignment
films 18 and 24 is formed of a horizontal alignment film. Each
of the alignment films 18 and 24 is formed using AL.3456
(manufactured by JSR). The alignment film 18 is subjected to
rubbing in the first direction d1. The alignment film 24 is
subjected to rubbing in the second direction d2. The liquid
crystal layer 30 exhibits dielectric constant anisotropy
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formed by a positive nematic liquid crystal. In the present
embodiment, the liquid crystal layer 30 is formed using
7114792 (manufactured by Merck Ltd., Japan) to which 0.1
wt % of S811 (manufactured by Merck Ltd., Japan) is added
as a chiral material.

[0156] The liquid crystal layer 30 has And set to 470 nm at
a wavelength of 550 nm. With no electric field applied to the
liquid crystal layer 30, the liquid crystal layer exhibits an
angle of rotation of about 90°. With a sufficient electric field
applied to the liquid crystal layer, the liquid crystal layer
exhibits an angle of rotation of 0°.

[0157] As described above, the display mode of the liquid
crystal display panel 1 is the TN mode. With no electric field
applied to the liquid crystal layer 30, the liquid crystal mol-
ecules 3m are oriented so as to be twisted through 90°. With an
electric field applied to the liquid crystal layer 30, the liquid
crystal molecules 3m are oriented in the direction perpendicu-
lar to the plane of the liquid crystal display panel 1.

[0158] The polarizing reflection layer 5 is formed similarly
to that in the above-described first embodiment. The polariz-
ing reflection layer 5 has a polarization reflectance of almost
100% for a visible light wavelength.

[0159] The polarizing reflection layer 7 is located between
the liquid crystal display panel 1 and the polarizing plate 4a.
The polarizing reflection layer 7 reflects linearly polarized
light that is parallel to the direction of a transmission axis of
the polarizing plate 4a. The polarizing reflection layer 7 is
formed by sticking DBEF (manufactured by 3M) to the outer
surface of the array substrate 10 via a paste. In the present
embodiment, the polarizing reflection layer 7 has a refection
axis parallel to the second direction d2. The polarizing reflec-
tion layer 7 thus reflects the linearly polarized light polarized
in the second direction d2. Here, the polarizing reflection
layer 7 has a polarization reflectance of 70% for the visible
light wavelength. The polarizing reflection layer 7 may be
formed using a base film with almost no phase difference.
[0160] The control portion 9 applies the driving voltage
between the pixel electrode 16 and the opposite electrode 22
in association with the display condition of the liquid crystal
display panel 1. When the liquid crystal display panel 1 is in
the black display condition, the control portion 9 applies the
driving voltage to the liquid crystal display panel. When the
liquid crystal display panel 1 is in the white display condition,
the control portion 9 does not apply the driving voltage to the
liquid crystal display panel.

[0161] Theremaining part of the configuration of the liquid
crystal display device according to the present embodiment is
the same as that according to the first embodiment except that
the liquid crystal display device is formed without using the
protrusions 17 and 23. The same components of the present
embodiment as those of the first embodiment are denoted by
the same reference numerals and the detailed description of
these components is omitted.

[0162] Now, description will be given of the optical char-
acteristics of the liquid crystal display device observed when
the driving voltage is applied between the pixel electrode 16
and the opposite electrode 22 (an electric field is applied to the
liquid crystal layer 30), together with the optical path of light
having exited the backlight unit 3.

[0163] As shown in FIG. 15, when diffused light exits the
light diffusion layer 3¢ in the backlight unit 3, the polarizing
plate 4a emits the light to the polarizing reflection layer 7 as
polarized light (linearly polarized light) polarized in the sec-
ond direction d2. The polarizing reflection layer 7 transmits
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and emits the linearly polarized light polarized in the second
direction d2 to the liquid crystal display panel 1, which then
reflects the linearly polarized light. Thus, the polarizing
reflection layer 7 can block part of the light traveling from the
polarizing reflection layer 7 into the liquid crystal layer 30.
[0164] When the linearly polarized light polarized in the
second direction d2 enters the liquid crystal layer 30, the
liquid crystal layer 30 maintains the polarization condition of
the incident light and emits the linearly polarized light polar-
ized in the second direction d2, to the polarizing reflection
layer 5. Since the linearly polarized light polarized in the
second direction d2 is parallel to the reflection axis of the
polarizing reflection layer 5, the light is reflected by the
polarizing reflection layer. Thus, the polarizing reflection
layer 5 can block the light traveling from the liquid crystal
layer 30 into the polarizing reflection layer 5.

[0165] When external light enters the liquid crystal display
device, the polarizing plate 45 emits the light to the polarizing
reflection layer 5 as polarized light (linearly polarized light)
polarized in the first direction d1. The polarizing reflection
layer 5, the liquid crystal layer 30, and the polarizing reflec-
tion layer 7 maintain the polarization condition of the incident
light and emit the linearly polarized light polarized in the first
direction d1, to the polarizing plate 4a. Thus, the polarizing
plate 4a can block the light traveling from the liquid crystal
layer 30 into the polarizing plate 4a.

[0166] Now, description will be given of the optical char-
acteristics of the liquid crystal display device observed when
the driving voltage is not applied between the pixel electrode
16 and the opposite electrode 22 (no electric field is applied to
the liquid crystal layer 30), together with the optical path of
light having exited the backlight unit 3.

[0167] As shown in FIG. 16, when diffused light exits the
light diffusion layer 3¢ in the backlight unit 3, the polarizing
plate 4a emits the light to the polarizing reflection layer 7 as
polarized light (linearly polarized light) polarized in the sec-
ond direction d2. The polarizing reflection layer 7 transmits
and emits the linearly polarized light polarized in the second
direction d2 to the liquid crystal display panel 1, which then
reflects the linearly polarized light. The reflected light returns
to the backlight unit 3 via the polarizing plate 4a and exits the
backlight unit 3 again. The polarizing reflection layer 7 thus
contributes to improving the luminance of the liquid crystal
display device.

[0168] The liquid crystal layer 30 inverts the incident lin-
early polarized light polarized in the second direction d2
through 90° in the first direction d1. The liquid crystal layer
30 thus emits the linearly polarized light polarized in the first
direction to the polarizing reflection layer 5. The linearly
polarized light polarized in the first direction d1 is orthogonal
to the reflection axis of the polarizing reflection layer 5 and to
the absorption axis of the polarizing plate 4b. The linearly
polarized light polarized in the first direction d1 thus passes
through the polarizing reflection layer 5 and the polarizing
plate 45.

[0169] When external light enters the liquid crystal display
device, the polarizing plate 4b emits the light to the polarizing
reflection layer 5 as polarized light (linearly polarized light)
polarized in the first direction d1. The polarizing reflection
layer 5 maintains the polarization condition of the incident
light and emits the linearly polarized light polarized in the
first direction d1, to the liquid crystal display panel 1. The
liquid crystal layer 30 inverts the incident linearly polarized
light polarized in the first direction d1 through 90° in the
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second direction d2. The liquid crystal layer 30 thus emits the
linearly polarized light polarized in the second direction to
the polarizing reflection layer 7.

[0170] Since the linearly polarized light polarized in the
second direction d2 is parallel to the reflection axis of the
polarizing reflection layer 7, the light is emitted to the liquid
crystal display panel 1 again to become linearly polarized
light polarized in the first direction d1, which then passes
through the polarizing reflection layer 5 and the polarizing
plate 4b. Part of the linearly polarized light polarized in the
second direction d2 passes though the polarizing reflection
layer 7 and enters the backlight unit 3 via the polarizing plate
4a. The light having entered the backlight unit 3 exits the
backlight unit 3 again. As is apparent from the above descrip-
tion, the polarizing reflection layers 5 and 7 contribute to
improving the luminance of the liquid crystal display device.
[0171] The present inventor has examined and compared
the optical characteristics of the above-described liquid crys-
tal display device with those of a liquid crystal display device
in a comparative example. The liquid crystal display device in
the comparative example corresponds to the liquid crystal
display device according to the present embodiment from
which the polarizing reflection layer 5 is omitted. The optical
characteristics include the solid black display transmittance
(K), solid white display transmittance (W), transmission
mode contrast ratio (W/K), a solid black display reflectance
(RK), solid white display reflectance (RW), and reflection
mode contrast ratio (RW/RK). The solid black display trans-
mittance, the solid white display transmittance, and the trans-
mission mode contrast ratio are values for the transmission
mode. The solid black display reflectance, the solid white
display reflectance, and the reflection mode contrast ratio are
values for the reflection mode.

[0172] Asshownin FIG. 17, the transmittance and contrast
ratio of the liquid crystal display device according to the
present embodiment are far more excellent than those of the
liquid crystal display device in the comparative example.
[0173] Now, description will be given of the effects of the
provision of the polarizing reflection layers 5 and 7.

[0174] The liquid crystal display device according to the
present embodiment has the polarizing reflection layers S and
7 and thus has the optimum configuration for application to a
semi-transmissive liquid crystal display device.

[0175] The polarizing reflection layer 7 reflects the linearly
polarized light polarized in the second direction d2, which has
exited the backlight unit 3 and passed through the polarizing
plate 4a. Unless the reflectance is 100%, part of the light
passes through the polarizing reflection layer 7. The transmit-
ted light passes through the polarizing reflection layer 5 and
the polarizing plate 44 or is reflected by the polarizing reflec-
tion layer 5 depending on the phase difference amount and
angle of rotation of the liquid crystal layer 30. The light
reflected by the polarizing reflection layer 5 is recycled,
improving the light utilization efficiency of the liquid crystal
display device. The light reflected by the polarizing reflection
layer 7 also passes through the polarizing plate 4a for recy-
cling. This also improves the light utilization efficiency of the
liquid crystal display device.

[0176] When external light enters the liquid crystal display
device, light passing through the polarizing reflection layer 5
tracks an optical path opposite to that tracked by light exiting
the backlight unit 3 and passing through the polarizing reflec-
tion layer 5 and the polarizing plate 45. For the white display,
the polarization condition of light traveling from the back-
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light unit 3 into the polarizing reflection layer 7 is such that
linearly polarized light is reflected by the polarizing reflection
layer 7. The light is thus reflected by the polarizing reflection
layer 7. The reflected polarized light is linearly polarized and
has an invariable phase. The light thus exits the backlight unit
3 and tracks an optical path similar to that tracked by light
passing through the polarizing reflection layer 5 and the
polarizing plate 4. This results in the white display.

[0177] A component of external light having passed
through the polarizing reflection layer 7 enters the backlight
unit 3 and is then reflected in the backlight unit 3. This
increases the light intensity of the backlight.

[0178] For the pixel portion P set such that light exits the
backlight unit 3 and is then reflected by the polarizing reflec-
tion layer 5, light having passed through the polarizing reflec-
tion layer 5 and further through the liquid crystal layer 30
remains linearly polarized and thus passes though the polar-
izing reflection layer 7. The light is absorbed by the polarizing
plate 4a.

[0179] As described above, for the pixel portion P set for
the black display, both the light having exited the backlight
unit 3 and the incident external light is blocked and prevented
from being emitted to the display surface. For the pixel por-
tion P set for the white display, the recycle function is active,
and both the light having exited the backlight unit 3 and the
incident external light are emitted to the display screen.
[0180] The liquid crystal display device configured as
described above has the liquid crystal display panel 1, the
backlight unit 3, the polarizing plate 4a, the polarizing plate
4b, the polarizing reflection layer 5, and the polarizing reflec-
tion layer 7. The liquid crystal display device can thus exert
effects similar to those of the above-described first embodi-
ment. The polarizing reflection layer 7 is provided between
the liquid crystal display panel 1 and the polarizing plate 4a.
The liquid crystal display device thus has the optimum con-
figuration for a semi-transmissive liquid crystal display
device.

[0181] The polarizing reflection layer 7 has a polarization
reflectance of 70% for the visible light wavelength. However,
the present invention is not limited to this. The above-de-
scribed effects can be exerted provided that the polarizing
reflection layer 7 has a polarization reflectance of at least 10%
and at most 90% for the visible light wavelength.

[0182] For the pixel portion P set for the white display, the
polarizing reflection layer 7 needs to reflect external light and
to transmit part of the light having exited the backlight unit 3.
To maximize the utility of the recycle function, in which light
passes through or is reflected by the polarizing reflection
layer 7 and returns to the backlight unit 3, it is necessary to
minimize attenuation resulting from light absorption in the
backlight unit. Furthermore, the reflectance of the polarizing
reflection layer 7 cannot be increased more than required.
[0183] In contrast, when the polarizing reflection layer 7
has an excessively low reflectance, the reflectance for exter-
nal light is low, and the brightness of the display image is
insufficient in an environment with a high illuminance. The
present inventor performed subjective evaluations to find that
the reflectance of the polarizing reflection layer 7 needs to be
at least 10%.

[0184] Furthermore, the attenuation in the backlight unit is
at least about 10%, including interfacial reflection. As is also
apparent from the above description, it is desirable to set the
reflectance of the polarizing reflection layer 7 to at least 10%
and to set the quantity of light transmitted per operation to at
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least 10%. Thus, it is optimum to set the polarization reflec-
tance of the polarizing reflection layer 7 to at least 10% and at
most 90%.

[0185] As described above, the liquid crystal display device
obtained offers a high light utilization efficiency and a high
display quality.

[0186] Now, description will be given of a variation of the
liquid crystal display device according to the second embodi-
ment of the present invention.

[0187] As shown in FIG. 18, in this variation, the liquid
crystal display device comprises the above-described polar-
izing reflection layer 6. That is, the liquid crystal display
device has the polarizing reflection layer 5 positioned
between the liquid crystal layer 30 and the polarizing plate 45
as a polarizing reflection layer, the polarizing reflection layer
7 positioned between the liquid crystal layer 30 and the polar-
izing plate 4a as another polarizing reflection layer, and the
polarizing reflection layer 6 positioned between the backlight
unit 3 and the polarizing plate 4a as a third polarizing reflec-
tion layer.

[0188] The remaining part of the configuration of the liquid
crystal display device according to this variation is the same
as that according to the second embodiment. The same com-
ponents of the variation as those of the second embodiment
are denoted by the same reference numerals and the detailed
description of these components is omitted.

[0189] The liquid crystal display device provided by the
above-described variation also offers a high light utilization
efficiency and a high display quality.

[0190] Now, a detailed description will be given of a liquid
crystal display device according to a third embodiment of the
present invention.

[0191] As shown in FIG. 19, the liquid crystal display
device comprises the liquid crystal display panel 1, the color
filter 2, the backlight unit 3, the polarizing plate 4a, the
polarizing plate 45, the polarizing reflection layer 5, the polar-
izing reflection layer 7 as another polarizing reflection layer,
a quarter wavelength plate 84, a quarter wavelength plate 85
as another quarter wavelength plate, and the control portion 9.

[0192] In the array substrate 10, the polarizing reflection
layer 7 is formed on the interlayer insulating film 15. The
pixel electrodes 16 are formed on the polarizing reflection
layer 7. Each of the pixel electrodes 16 is electrically con-
nected to the drain electrode 14e of the corresponding TFT 14
via a contact hole 15/ formed in the interlayer insulating film
15 and the polarizing reflection layer 7. The polarizing reflec-
tion layer 7 will be described below in detail.

[0193] In the present embodiment, each of the alignment
films 18 and 24 is formed of a vertical alignment film. Each of
the alignment films 18 and 24 is formed using JALS-204-R14
(manufactured by JSR). The alignment films 18 and 24 are
subjected to rubbing in the second direction d2. The direc-
tions of the rubbing are anti-parallel. In other words, the
directions of the rubbing are opposite to each other.

[0194] The liquid crystal layer 30 exhibits dielectric con-
stant anisotropy formed by a negative nematic liquid crystal.
In the present embodiment, the liquid crystal layer 30 is
formed using MLC2038 (manufactured by Merck Ltd.,
Japan). The liquid crystal layer 30 has And set to 350 nm at a
wavelength of 550 nm. With no electric field applied to the
liquid crystal layer 30, the liquid crystal layer exhibits a phase
difference amount of 0. With a sufficient electric field applied
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to the liquid crystal layer, the liquid crystal layer exhibits a
phase difference amount equal to the half of the incident light
wavelength.

[0195] As described above, the display mode of the liquid
crystal display panel 1 is the pixel orientation dividing VA
mode. With no electric field applied to the liquid crystal layer
30, the liquid crystal molecules 3m are oriented in the direc-
tion perpendicular to the plane of the liquid crystal display
panel 1. The orientation is controlled such that with an electric
field applied to the liquid crystal layer 30, the liquid crystal
molecules 3m are inclined in the direction parallel to the plane
of the liquid crystal display panel 1. More specifically, the
orientationis controlled such that the liquid crystal molecules
3m are inclined in the second direction d2.

[0196] Thepolarizing plate 4ais located opposite the liquid
crystal layer 30. The polarizing plate 4a is positioned between
the array substrate 10 and the backlight unit 3 and located
opposite the outer surface of the array substrate. The polariz-
ing plate 4a has an absorption axis parallel to a left-handed
direction of 45° to the rubbing direction. In the present
embodiment, the polarizing plate 4a has an absorption axis in
the third direction d3. The polarizing plate 4a is laminated to
an outer surface of the quarter wavelength plate 8a. The
polarizing plate 4a is formed using SEG1425 (manufactured
by NITTO DENKO CORPORATION).

[0197] The polarizing reflection layer 5 is positioned oppo-
site the polarizing plate 4a across the liquid crystal layer 30
and located opposite the liquid crystal layer. More specifi-
cally, the polarizing reflection layer 5 is positioned opposite
the polarizing plate 4a across the liquid crystal display panel
1 and located opposite the opposite substrate 20. The polar-
izing reflection layer 5 reflects linearly polarized light polar-
ized in one direction parallel to the plane of the liquid crystal
display panel 1. In the present embodiment, the polarizing
reflection layer 5 is laminated to an outer surface of the
quarter wavelength plate 85, and has a reflection axis parallel
to the fourth direction d4. Thus, the polarizing reflection layer
5 reflects linearly polarized light polarized in the fourth direc-
tion d4. The polarizing reflection layer 5 is formed using
DBEF (manufactured by 3M) having almost no phase differ-
ence.

[0198] The polarizing plate 45 is positioned opposite the
liquid crystal layer 30 (liquid crystal display panel 1) across
the polarizing reflection layer 5 and located opposite the
polarizing reflection layer 5. The polarizing plate 45 has an
absorption axis parallel to the polarizing direction of the
linearly polarized light reflected by the polarizing reflection
layer 5. The polarizing plate 45 has an absorption axis parallel
to a left-handed direction of 45° to the rubbing direction. In
the present embodiment, the polarizing plate 45 is laminated
to the outer surface of the polarizing reflection layer 5, and has
an absorption axis parallel to the fourth direction d4. The
polarizing plate 45 is formed using SEG1425 (manufactured
by NITTO DENKO CORPORATION).

[0199] The quarter wavelength plate 8a is located between
the liquid crystal layer 30 and the polarizing plate 4a. More
specifically, the quarter wavelength plate 8a is located
between the array substrate 10 and the polarizing plate 4a.
The quarter wavelength plate 8a is formed of a film (manu-
factured by NITTO DENKO CORPORATION) obtained by
stacking a uniaxially stretched film of Arton resin with a
retardation value of 270 nm and a uniaxially stretched film of
Arton resin with a retardation value of 140 nm a plurality of
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times so as to obtain a phase difference equal to a quarter of
the wavelength of the entire visible wavelength range.
[0200] The quarter wavelength plate 8a has a synthetic
optical axis (the total optical axis of the stacked uniaxially
stretched films) in a right-handed direction of 45° to the
transmission axis of the polarizing plate 4a. In the present
embodiment, the quarter wavelength plate 8a is laminated to
the outer surface of the array substrate 10 and has a synthetic
optical axis parallel to the first direction d1. The quarter
wavelength plate 8a functions as a right-handed circularly
polarizing plate together with the polarizing plate 4a.

[0201] The quarter wavelength plate 85 as another quarter
wavelength plate is located between the liquid crystal layer 30
and the polarizing reflection layer 5. More specifically, the
quarter wavelength plate 85 is located between the opposite
substrate 20 and the polarizing reflection layer 5. The quarter
wavelength plate 86 is formed of a film (manufactured by
NITTO DENKO CORPORATION) obtained by stacking a
uniaxially stretched film of Arton resin with a retardation
value 0of 270 nm and a uniaxially stretched film of Arton resin
with a retardation value of 140 nm a plurality of times so as to
obtain a phase difference equal to a quarter of the wavelength
of the entire visible wavelength range.

[0202] The quarter wavelength plate 85 has a synthetic
optical axis (the total optical axis of the stacked uniaxially
stretched films) in a left-handed direction of 45° to the trans-
mission axis of the polarizing plate 45. In the present embodi-
ment, the quarter wavelength plate 85 is laminated to the outer
surface of the opposite substrate 20 and has a synthetic optical
axis parallel to the first direction d1. The quarter wavelength
plate 85 functions as a left-handed circularly polarizing plate
together with the polarizing plate 45.

[0203] The polarizing reflection layer 7 is located between
theliquid crystal layer 30 and the quarter wavelength plate 8a.
More specifically, the polarizing reflection layer 7 is posi-
tioned between the interlayer insulating film 15 and the pixel
electrode 16. The polarizing reflection layer 7 is a circular
polarizing reflection layer 5 and reflects circularly polarized
light passing through the quarter wavelength plate 8a and
then entering the polarizing reflection layer 7 so that the
polarity of the reflected circularly polarized light remains
unchanged. In the present embodiment, the polarizing reflec-
tion layer 7 reflects 70% of right-handed circularly polarized
light with respect to the entire visible light wavelength range.
The polarizing reflection layer 7 has only to be formed to
reflect right-handed or left-handed circularly polarized light
as required.

[0204] The polarizing reflection layer 7 is obtained by
stacking, in a planar orientation, cholesteric liquid crystal
polymers (Merck Ltd., Japan) that provide selective reflection
of right-handed circularly polarized light over a bandwidth of
about 50 nm around a wavelength of 400, 450, 500, 550, 600,
650, or 700 nm. The polarizing reflection layer 7 is controlled
such that each layer has an angle of twist of 3,6000 (10
rotations) so as to control the reflectance to 70%. Since the
polarizing reflection layer 7 is formed on the inner surface of
the substrate, the polarizing reflection layer 7 is oriented by a
photo crosslinking material and polymerized by UV irradia-
tion.

[0205] The control portion 9 is electrically connected to the
liquid crystal display panel 1. The control portion 9 applies
the driving voltage to between the pixel electrode 16 and the
opposite electrode 22 in association with the display condi-
tion of the liquid crystal display panel 1. The application of
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the driving voltage applies an electric field to the liquid crystal
layer 30. When the liquid crystal display panel 1 is in the
black display condition, the control portion 9 does not apply
the driving voltage to the liquid crystal display panel. When
the liquid crystal display panel 1 is in the white display
condition, the control portion 9 applies the driving voltage to
the liquid crystal display panel.

[0206] The remaining part of the configuration of the liquid
crystal display device according to the present embodiment is
the same as that according to the first embodiment except that
the liquid crystal display device is formed without using the
protrusions 17 and 23. The same components of the present
embodiment as those of the first embodiment are denoted by
the same reference numerals and the detailed description of
these components is omitted.

[0207] Now, description will be given of the optical char-
acteristics of the liquid crystal display device observed when
the driving voltage is not applied between the pixel electrode
16 and the opposite electrode 22 (no electric field is applied to
the liquid crystal layer 30), together with the optical path of
light having exited the backlight unit 3.

[0208] As shown in FIG. 20, when diffused light exits the
light diffusion layer 3¢ in the backlight unit 3, the polarizing
plate 4a emits the light to the quarter wavelength plate 8a as
polarized light (linearly polarized light) polarized in the
fourth direction d4. The quarter wavelength plate 8a emits the
linearly polarized light polarized in the fourth direction d4 to
the polarizing reflection layer 7 as right-handed circularly
polarized light. The polarizing reflection layer 7 transmits and
emits the right-handed circularly polarized light to the liquid
crystal display panel 1, which then reflects the light. Thus, the
polarizing reflection layer 7 can block part of the light trav-
eling from the polarizing reflection layer 7 into the liquid
crystal layer 30.

[0209] When the right-handed circularly polarized light
enters the liquid crystal layer 30, the liquid crystal layer 30
maintains the polarization condition of the incident light, and
emits the right-handed circularly polarized light to the quarter
wavelength plate 856. The quarter wavelength plate 85 emits
the right-handed circularly polarized light to the polarizing
reflection layer 5 as linearly polarized light polarized in the
fourth direction d4. The linearly polarized light polarized in
the fourth direction d4 is parallel to the reflection axis of the
polarizing reflection layer S and is thus reflected by the polar-
izing reflection layer 5. Thus, the polarizing reflection layer 5
can block light traveling from the liquid crystal layer 30 into
the polarizing reflection layer 5.

[0210] When external light enters the liquid crystal display
device, the polarizing plate 4b emits the light to the polarizing
reflection layer 5 as polarized light (linearly polarized light)
polarized in the third direction d3. The polarizing reflection
layer 5 maintains the polarization condition of the light, and
emits the linearly polarized light polarized in the third direc-
tion d3 to the quarter wavelength plate 8. The quarter wave-
length plate 85 emits the linearly polarized light polarized in
the third direction d3 to the liquid crystal layer 30 as left-
handed circularly polarized light. The liquid crystal layer 30
and the polarizing reflection layer 7 maintains the polariza-
tion condition of the incident light, and emits the left-handed
circularly polarized light to the quarter wavelength plate 8a.
[0211] The quarter wavelength plate 8a emits the left-
handed circularly polarized light to the polarizing plate 4a as
linearly polarized light polarized in the third direction d3.
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Thus, the polarizing plate 4a can block light traveling from
the liquid crystal layer 30 into the polarizing plate 4a.
[0212] Now, description will be given of the optical char-
acteristics of the liquid crystal display device observed when
the driving voltage is applied between the pixel electrode 16
and the opposite electrode 22 (an electric field is applied to the
liquid crystal layer 30), together with the optical path of light
having exited the backlight unit 3.

[0213] As shown in FIG. 21, when diffused light exits the
light diffusion layer 3¢ in the backlight unit 3, the polarizing
plate 4a emits the light to the quarter wavelength plate 8a as
polarized light (linearly polarized light) polarized in the
fourth direction d4. The quarter wavelength plate 8a emits the
linearly polarized light polarized in the fourth direction d4 to
the polarizing reflection layer 7. The polarizing reflection
layer 7 transmits and emits the right-handed circularly polar-
ized light to the liquid crystal display panel 1, which then
reflects the circularly polarized light. The reflected light
returns to the backlight unit 3 via the polarizing plate 4a and
exits the backlight unit 3 again. The polarizing reflection layer
7 thus contributes to improving the luminance of the liquid
crystal display device.

[0214] The liquid crystal layer 30 emits the incident right-
handed circularly polarized light to the quarter wavelength
plate 85 as left-handed circularly polarized light. The quarter
wavelength plate 85 emits the left-handed circularly polar-
ized light to the polarizing reflection layer 5 as linearly polar-
ized light polarized in the third direction d3. Since the linearly
polarized light polarized in the third direction d3 is orthogo-
nal to the reflection axis of the polarizing reflection layer 5
and the absorption axis of the polarizing plate 45, the light
passes through the polarizing reflection layer 5 and the polar-
izing plate 4.

[0215] When external light enters the liquid crystal display
device, the polarizing plate 45 emits the light to the polarizing
reflection layer 5 as polarized light (linearly polarized light)
polarized in the third direction d3. The polarizing reflection
layer 5 maintains the polarization condition of the incident
light, and emits the linearly polarized light polarized in the
third direction d3 to the quarter wavelength plate 85. The
quarter wavelength plate 85 emits the linearly polarized light
polarized in the third direction d3 to the liquid crystal display
panel 1 as left-handed circularly polarized light. The liquid
crystal layer 30 emits the incident left-handed circularly
polarized light to the polarizing reflection layer 7 as right-
handed circularly polarized light.

[0216] The polarizing reflection layer 7 maintains the
polarization condition of the incident light, and emits the
right-handed circularly polarized light to the quarter wave-
length plate 8a. Since the right circularly polarized light is
reflected by the polarizing reflection layer 7, the light is
emitted to the liquid crystal display panel 1 again. The light
thus becomes left-handed circularly polarized light, which is
then emitted to the quarter wavelength plate 85. The quarter
wavelength plate 85 emits the light to the polarizing reflection
layer 5 as linearly polarized light polarized in the third direc-
tion d3. The linearly polarized light polarized in the third
direction d3 passes through the polarizing reflection layer 5
and the polarizing plate 4b.

[0217] Part of the right-handed circularly polarized light
passes through the polarizing reflection layer 7 to the quarter
wavelength plate 8. The quarter wavelength plate 8a emits the
linearly polarized light polarized in the fourth direction d4 to
the polarizing plate 4a. The linearly polarized light polarized
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in the fourth direction d4 passes though the polarizing plate
4a and enters the backlight unit 3. The light having entered the
backlight unit 3 exits the backlight unit 3 again. As is apparent
from the above description, the polarizing reflection layers 5
and 7 contribute to improving the luminance of the liquid
crystal display device.

[0218] The present inventor has examined and compared
the optical characteristics of the above-described liquid crys-
tal display device with those of a liquid crystal display device
in a comparative example. The liquid crystal display device in
the comparative example corresponds to the liquid crystal
display device according to the present embodiment from
which the polarizing reflection layer 5 is omitted. The optical
characteristics include the solid black display transmittance
(K), solid white display transmittance (W), transmission
mode contrast ratio (W/K), solid black display reflectance
(RK), solid white display reflectance (RW), and reflection
mode contrast ratio (RW/RK). The solid black display trans-
mittance, solid white display transmittance, and transmission
mode contrast ratio are values for the transmission mode. The
solid black display reflectance, solid white display reflec-
tance, and reflection mode contrast ratio are values for the
reflection mode.

[0219] As shown in FIG. 22, the transmittance and contrast
ratio of the liquid crystal display device according to the
present embodiment are far more excellent than those of the
liquid crystal display device in the comparative example.
Additionally, since the polarizing reflection layer 7 is formed
on the inner surface of the liquid crystal display panel 1 as a
circularly polarized light reflection layer, the liquid crystal
display device is free from parallax and offers a high defini-
tion and a high display quality.

[0220] Now, description will be given of the effects of the
provision of the polarizing reflection layers 5 and 7.

[0221] The liquid crystal display device according to the
present embodiment has the polarizing reflection layers 5 and
7 and thus has the optimum configuration for application to a
semi-transmissive liquid crystal display device. In particular,
the polarizing reflection layer 5 is a component optimum for
a liquid crystal display device disclosed in Japanese Patent
No. 3015792. Thus, the polarizing reflection layer 5 can
selectively reflect right-handed circularly polarized light and
left-handed circularly polarized light described in Japanese
Patent No. 3015792. This contributes to improving the light
utilization efficiency.

[0222] In the present embodiment, the liquid crystal dis-
play device has the quarter wavelength plates 8a and 85, and
the polarizing reflection layer 7 is a circularly polarized light
reflection layer. Thus, the polarizing reflection layer 7 is
formed of a polymerized cholesteric liquid crystal or chiral
nematic liquid crystal. Moreover, the polarizing reflection
layer 7 can be easily formed on the glass substrate. Conse-
quently, the polarizing reflection layer 7 can be formed on the
inner surface of the liquid crystal display panel 1 and close to
the liquid crystal layer 30. This makes it possible to easily
prevent a possible double display phenomenon caused by
parallax in the reflection mode.

[0223] If the polarizing reflection layer 7 is a circularly
polarized light reflection layer, circularly polarized light
needs to enter the polarizing reflection layer 7. Thus, the
quarter wavelength plate 8a needs to be provided between the
polarizing reflection layer 7 and the polarizing plate 4a. It is
not easy to locate the quarter wavelength plate adjacent to the
liquid crystal layer 30. High costs are required to implement
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the quarter wavelength plate using a liquid crystal polymer or
the like. Thus, the quarter wavelength plate 8a is provided
between the polarizing reflection layer 7 and the polarizing
plate 4a. The quarter wavelength plate 85 is provided between
the polarizing reflection layer 5 and the liquid crystal layer 30.
[0224] Furthermore, the liquid crystal layer 30 is desirably
adapted to mainly guide circularly polarized light. Thus, the
liquid crystal layer 30 preferably uses a display mode in
which the amount of deviation in the phase of incident light is
controlled by an electric field. Specific examples of the dis-
play mode include the VA mode, a homogeneous (HOMO)
mode, an in-plane switching (IPS) mode, a ferroelectric
(FLC) liquid crystal mode, a hybrid alignment (HAN) mode,
and a twisted nematic electrically controlled byrefringence
(TN-ECB) mode.

[0225] Now, description will be given of the effect of poly-
merizing a cholesteric liquid crystal to form the polarizing
reflection layer 7.

[0226] When the polarizer and the photodetector are pro-
vided on the outer surfaces of the substrates (glass substrates
11 and 21) used to form the liquid crystal display device,
parallax occurs which corresponds to the thickness of the
polarizer and the photodetector including the substrates. Fur-
thermore, when the pixel portions P have a small size, the
color display varies between when the display screen is
viewed from the front and when the display screen is viewed
from an oblique direction.

[0227] To avoid this parallax problem, the polarizing
reflection layer (photodetector) may be formed on the inner
surface of the substrate. In the present embodiment, the polar-
izing reflection layer 7 can be formed on the inner surface of
the substrate without degrading the optical characteristics.
Thus, the display quality can be improved.

[0228] The liquid crystal display device configured as
described above has the liquid crystal display panel 1, the
backlight unit 3, the polarizing plate 4a, the polarizing plate
4b, the polarizing reflection layer 5, and the polarizing reflec-
tion layer 7. Thus, the liquid crystal display device can exert
effects similar to those of the above-described first embodi-
ment. The polarizing reflection layer 7 is provided between
the liquid crystal display panel 1 and the polarizing plate 4a.
This provides the optimum configuration for a semi-transmis-
sive liquid crystal display device. Since the polarizing reflec-
tion layer 7 is formed on the inner surface of the liquid crystal
display panel 1, the liquid crystal display device is free from
parallax and offers a high definition and a high display qual-
ity.

[0229] The polarizing reflection layer 7 has a polarization
reflectance of 70% for the entire visible light wavelength
range. However, the present invention is not limited to this.
The above-described effects can be exerted provided that the
polarizing reflection layer 7 has a polarization reflectance of
at least 10% and at most 90% for the entire visible light
wavelength range.

[0230] As described above, the liquid crystal display device
obtained offers a high light utilization efficiency and a high
display quality.

[0231] Now, description will be given of a variation of the
liquid crystal display device according to the third embodi-
ment of the present invention.

[0232] AsshowninFIG. 23, in this variation, the color filter
2 is located on the glass substrate 11 of the array substrate 10.
The polarizing reflection layer 7 is located on the glass sub-
strate 21 of the opposite substrate 20. The opposite substrate



US 2009/0027600 A1

20 is positioned closer to the backlight unit 3 as a first sub-
strate. The array substrate 10 is positioned closer to the dis-
play surface as a second substrate. The quarter wavelength
plate 8a and the polarizing plate 4a are positioned on the outer
surface side of the array substrate 10. The quarter wavelength
plate 85, the polarizing reflection layer 5, and the polarizing
plate 45 are positioned closer to the outer surface side of the
opposite substrate 20.

[0233] The remaining part of the configuration of the liquid
crystal display device according to this variation is the same
as that according to the third embodiment. The same compo-
nents of the variation as those of the third embodiment are
denoted by the same reference numerals and the detailed
description of these components is omitted.

[0234] The liquid crystal display device provided by the
above-described variation also offers a high light utilization
efficiency and a high display quality, similarly to the liquid
crystal display device according to the third embodiment.
[0235] The present invention is not limited to the as-de-
scribed embodiments. In an implementation stage, the com-
ponents of the embodiments can be varied without departing
from the spirit of the present invention. Furthermore, various
inventions can be formed by appropriately combining a plu-
rality of the components disclosed in the above-described
embodiments. For example, some of the components shown
in the embodiments may be deleted. Moreover, components
of different embodiments may be appropriately combined.
[0236] For example, if the liquid crystal display device is
used only in an environment in which no external light enters
the liquid crystal display device, then the polarizing plate 44
may be omitted from the device. This enables a reduction in
required members and in manufacturing costs.

[0237] For the polarizing reflection layers, it is only neces-
sary at least to provide the polarizing reflection layer 5
between the liquid crystal layer 30 and the polarizing plate 45
and to provide the polarizing reflection layers 6 and 7 as
required. In this case, the polarizing reflection layer 6 may be
provided between the polarizing plate 4a and the backlight
unit 3. The polarizing reflection layer 7 may be provided
between the polarizing plate 4a and the liquid crystal layer 30.
[0238] As shown in FIG. 24, if the polarizing reflection
layers 5, 6, and 7 function as polarized light reflection layers
that reflect linearly polarized light, each of the polarizing
reflection layers 5, 6, and 7 may comprise a plurality of
isotropic medium layers 40 made up of an isotropic medium
and a plurality of anisotropic medium layers 50 having refrac-
tive index anisotropy, with the plurality of isotropic medium
layers 40 and the plurality of anisotropic medium layers 50
stacked. In this case, the isotropic medium layers 40 and the
anisotropic medium layers 50 are alternately stacked.

[0239] The anisotropic medium layers 50 have an ordinary
light refractive index equal to the refractive index of the
isotropic medium layers 40. The anisotropic medium layers
50 have parallel delay phase axes. Thus, linearly polarized
light parallel to the delay phase axes is subjected to interfacial
reflection in the respective layers. The linearly polarized light
can thus be reflected in a desired manner. This reflectance of
the linearly polarized light can be easily accomplished even
during manufacture.

[0240] As shown in FIG. 25, if the polarizing reflection
layers 5, 6, and 7 function as reflection layers that reflect
circularly polarized light, each of the polarizing reflection
layers 5, 6, and 7 may comprise a quarter wavelength plate 60
and a circularly polarized light reflection layer 70 which are
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stacked. It is also effective to combine the circularly polarized
light reflection layer 70, which reflects circularly polarized
light, and the quarter wavelength plate 60, which converts the
circularly polarized light into linearly polarized light, to apply
a technique similar to the above-described circularly polar-
ized light reflection layer (the polarizing reflection layer 7
according to the third embodiment) to the liquid crystal dis-
play device.

[0241] Inthe embodiments, TFTs 14 are used as switching
elements. However, effects similar to those described above
can also be exerted by using thin film diodes (TFDs). Alter-
natively, effects similar to those described above can be
exerted by using a simple matrix scheme based on multiplex
driving. In the liquid crystal display panel 1, one of the array
substrate 10 and the opposite substrate 20 has only to be
located closer to the display surface.

What is claimed is:
1. A liquid crystal display device comprising:
a liquid crystal display panel having a first substrate, a
second substrate located opposite the first substrate with
a gap between the first substrate and the second sub-
strate, and a liquid crystal layer held between the first
substrate and the second substrate;
a polarizing plate located opposite the liquid crystal layer;
a polarizing reflection layer positioned opposite the polar-
izing plate across the liquid crystal layer and located
opposite the liquid crystal layer to reflect linearly polar-
ized light polarized in one direction parallel to a plane of
the liquid crystal display panel; and
an another polarizing plate positioned opposite the liquid
crystal layer across the polarizing reflection layer and
located opposite the polarizing reflection layer, another
polarizing plate having an absorption axis parallel to a
polarizing direction of the linearly polarized light
reflected by the polarizing reflection layer.
2. The liquid crystal display device according to claim 1,
further comprising
an another polarizing reflection layer positioned opposite
the liquid crystal layer across the polarizing plate and
located opposite the polarizing plate, another polarizing
reflection layer reflecting linearly polarized light paral-
lel to a direction of an absorption axis of the polarizing
plate.
3. The liquid crystal display device according to claim 1,
further comprising
an another polarizing reflection layer located between the
liquid crystal layer and the polarizing plate and reflect-
ing the linearly polarized light parallel to the direction of
the transmission axis of the polarizing plate.
4. The liquid crystal display device according to claim 1,
further comprising:
an another polarizing reflection layer located between the
liquid crystal layer and the polarizing plate and reflect-
ing the linearly polarized light parallel to the direction of
the transmission axis of the polarizing plate; and
a third polarizing reflection layer positioned opposite the
liquid crystal layer across the polarizing plate and
located opposite the polarizing plate, the third polarizing
reflection layer reflecting linearly polarized light paral-
lel to the direction of the absorption axis of the polariz-
ing plate.
5. The liquid crystal display device according to claim 3,
wherein another polarizing reflection layer has a reflectance
of at least 10% and at most 90%.
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6. The liquid crystal display device according to claim 1,
wherein the polarizing reflection layer comprises a plurality
of isotropic medium layers comprising an isotropic medium
and a plurality of anisotropic medium layers having refractive
index anisotropy, the plurality of isotropic medium layers and
the plurality of anisotropic medium layers being stacked.

7. The liquid crystal display device according to claim 2,
wherein another polarizing reflection layer comprises a plu-
rality of isotropic medium layers comprising an isotropic
medium and a plurality of anisotropic medium layers having
refractive index anisotropy, the plurality of isotropic medium
layers and the plurality of anisotropic medium layers being
stacked.

8. The liquid crystal display device according to claim 4,
wherein the third polarizing reflection layer comprises a plu-
rality of isotropic medium layers comprising an isotropic
medium and a plurality of anisotropic medium layers having
refractive index anisotropy, the plurality of isotropic medium
layers and the plurality of anisotropic medium layers being
stacked.

9. The liquid crystal display device according to claim 1,
wherein the polarizing reflection layer comprises a quarter
wavelength plate and a circularly polarized light reflection
layer arranged opposite to the quarter wavelength plate.

10. The liquid crystal display device according to claim 2,
wherein another polarizing reflection layer comprises a quar-
ter wavelength plate and a circularly polarized light reflection
layer arranged opposite to the quarter wavelength plate.

11. The liquid crystal display device according to claim 4,
wherein the third polarizing reflection layer comprises a quar-
ter wavelength plate and a circularly polarized light reflection
layer arranged opposite to the quarter wavelength plate.

12. The liquid crystal display device according to claim 1,
wherein the liquid crystal layer is in one of two orientation
conditions including a first condition in which a plurality of
liquid crystal molecules are oriented in a normal direction of
the plane or in a second condition in which the plurality of
liquid crystal molecules are oriented in a plurality of direc-
tions inclined to the normal direction, depending on whether
or not a voltage is applied between the first substrate and the
second substrate.

13. A liquid crystal display device comprising:

a liquid crystal display panel having a first substrate, a

second substrate located opposite the first substrate with
a gap between the first substrate and the second sub-
strate, and a liquid crystal layer held between the first
substrate and the second substrate;

a polarizing plate located opposite the liquid crystal layer;

and

a polarizing reflection layer positioned opposite the polar-

izing plate across the liquid crystal layer and located
opposite the liquid crystal layer to reflect linearly polar-
ized light polarized in one direction parallel to a plane of
the liquid crystal display panel.

14. A liquid crystal display device comprising:

a liquid crystal display panel having a first substrate, a

second substrate located opposite the first substrate with
a gap between the first substrate and the second sub-
strate, and a liquid crystal layer held between the first
substrate and the second substrate;

a polarizing plate located opposite the liquid crystal layer;

a polarizing reflection layer positioned opposite the polar-

izing plate across the liquid crystal layer and located
opposite the liquid crystal layer to reflect linearly polar-
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ized light polarized in one direction parallel to a plane of
the liquid crystal display panel;

an another polarizing plate positioned opposite the liquid
crystal layer across the polarizing reflection layer and
located opposite the polarizing reflection layer, another
polarizing plate having an absorption axis parallel to a
polarizing direction of the linearly polarized light
reflected by the polarizing reflection layer;

a quarter wavelength plate located between the liquid crys-
tal layer and the polarizing plate;

an another quarter wavelength plate located between the
liquid crystal layer and the polarizing reflection layer;
and

an another polarizing reflection layer located between the
liquid crystal layer and the quarter wavelength plate to
reflect circularly polarized light passing through the
quarter wavelength plate and entering another polariz-
ing reflection layer so that a polarity of the reflected
circularly polarized light remains unchanged.

15. The liquid crystal display device according to claim 14,
wherein another polarizing reflection layer has a reflectance
of at least 10% and at most 90%.

16. The liquid crystal display device according to claim 14,
wherein another polarizing reflection layer is formed by poly-
merizing a cholesteric liquid crystal.

17. The liquid crystal display device according to claim 14,
wherein another polarizing reflection layer is formed by poly-
merizing a chiral liquid crystal.

18. The liquid crystal display device according to claim 14,
wherein the polarizing reflection layer and another polarizing
reflection layer each comprise a plurality of isotropic medium
layers comprising an isotropic medium and a plurality of
anisotropic medium layers having refractive index anisot-
ropy, the plurality of isotropic medium layers and the plural-
ity of anisotropic medium layers being stacked.

19. The liquid crystal display device according to claim 14,
wherein the polarizing reflection layer and another polarizing
reflection layer each comprise a quarter wavelength plate and
a circularly polarized light reflection layer arranged opposite
to the quarter wavelength plate.

20. The liquid crystal display device according to claim 14,
wherein the liquid crystal layer is in one of two orientation
conditions including a first condition in which a plurality of
liquid crystal molecules are oriented in a normal direction of
the plane or in a second condition in which the plurality of
liquid crystal molecules are oriented in a plurality of direc-
tions inclined to the normal direction, depending on whether
or not a voltage is applied between the first substrate and the
second substrate.

21. A liquid crystal display device comprising:

a liquid crystal display panel having a first substrate, a

second substrate located opposite the first substrate with
a gap between the first substrate and the second sub-
strate, and a liquid crystal layer held between the first
substrate and the second substrate;

a polarizing plate located opposite the liquid crystal layer;

a polarizing reflection layer positioned opposite the polar-

izing plate across the liquid crystal layer and located
opposite the liquid crystal layer to reflect linearly polar-
ized light polarized in one direction parallel to a plane of
the liquid crystal display panel;
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a quarter wavelength plate located between the liquid crys-
tal layer and the polarizing plate;

an another quarter wavelength plate located between the
liquid crystal layer and the polarizing reflection layer;
and

an another polarizing reflection layer located between the
liquid crystal layer and the quarter wavelength plate to
reflect circularly polarized light passing through the
quarter wavelength plate and entering another polariz-
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ing reflection layer so that a polarity of the reflected
circularly polarized light remains unchanged.

22. The liquid crystal display device according to claim 1,
wherein the liquid crystal display panel is divided into a
plurality of pieces in a direction along the plane of the liquid
crystal display panel and comprises a plurality of pixel por-
tions having respective thin film transistors.
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