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(57) ABSTRACT

Provided is a liquid crystal display device with a backlight
including a light guide plate. The light guide plate includes, a
reflective polarizing plate for transmitting a P-polarized com-
ponent and reflecting an S-polarized component, a reflector
for reflecting the S-polarized component reflected by the
reflective polarizing plate, and a polarization converting
member for converting the S-polarized component to a P-po-
larized component. The reflective polarizing plate and the
reflector are tilted at an angle such that reflecting surfaces
thereof are not perpendicular to four sides of the liquid crystal
display panel and are disposed such that the S-polarized com-
ponent contained in a main component of light emitted from
the light sources is reflected by the reflector. This keeps small
the size of the liquid crystal display device and still improves
reuse efficiency of the light emitted from the light sources.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP 2009-061226 filed on Mar. 13, 2009, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device. More particularly, the present invention relates to
a technology, which is effective when applied to a liquid
crystal display device with a backlight unit of a light guide
plate system (also referred to as an edge light type or a side
light type).

[0004] 2. Description of the Related Art

[0005] Conventionally, a liquid crystal display device with
a backlight unit of a light guide plate system is used as, for
example, adisplay portion of portable information equipment
such as a cellular telephone terminal.

[0006] There is a tendency for portable information equip-
ment to handle, for example, more massive image informa-
tion and video information which includes more frames as
communication speed becomes higher and the capacity of an
embedded memory is increased. In association with this,
medium-sized and small-sized liquid crystal display devices
used as a display portion of the portable information equip-
ment have higher image quality and a larger screen, and
further, tend to have more pixels. Withregard to the number of
the pixels, there is a transition to increase from a conventional
quarter video graphics array (QVGA) 0f 240x320x3 pixels to
a video graphics array (VGA) of 480x620x3 pixels.

[0007] Further, medium-sized and small-sized liquid crys-
tal display devices used as the display portion of the portable
information equipment is required to have, for example,
longer battery life and higher brightness for improving out-
door visibility. Because the increase in the number of the
pixels in the liquid crystal display devices ordinarily results in
a decreased aperture ratio, especially with regard to a VGA
liquid crystal display device, itis difficult to make the battery
life longer and improve the brightness. Therefore, in recent
years, to improve transmission efficiency of the liquid crystal
display device is again considered.

[0008] The display principle of a liquid crystal display
device is summarized as follows. A liquid crystal display
device mainly includes a liquid crystal display panel and a
backlight disposed at the back thereof. Here, theliquid crystal
display panel includes a pair of substrates, a liquid crystal
layer sandwiched between the pair of substrates, and a pair of
polarizing plates disposed so as to sandwich the liquid crystal
layer therebetween. Further, here, ordinarily, the pair of
polarizing plates are disposed so as to sandwich the pair of
substrates and the liquid crystal layer therebetween. A display
region of the liquid crystal display panel includes a large
number of pixels as described above, and each of the pixels
includes a pixel electrode, acommon electrode, and the liquid
crystal layer.

[0009] Each of the pixels of the liquid crystal display panel
produces black by blocking light from the backlight, and
produces white by transmitting light from the backlight. The
pair of polarizing plates are often disposed such that the
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absorption axes thereof are orthogonal to each other. In this
case, if the polarization state of light which has passed
through the polarizing plate on the backlight side is not
changed by the liquid crystal layer, the light is completely
absorbed by the other polarizing plate to produce black. Fur-
ther, in this case, if the polarization state of light which has
passed through the polarizing plate on the backlight side is
changed by the liquid crystal layer, the light passes through
the other polarizing plate to produce white.

[0010] Light from a backlight used in a liquid crystal dis-
play device is partially polarized light which is close to natu-
ral light, and hence ordinarily, almost 60% of the light is
absorbed by the polarizing plate. This is one of the main
reasons that the transmission efficiency is reduced in the
liquid crystal display device.

[0011] In the conventional liquid crystal display device, in
order to decrease absorption by a polarizing plate of light
from a backlight, a reflective polarizing plate, for example, is
used. The reflective polarizing plate is, for example, lami-
nated on a surface of the polarizing plate which is in proxim-
ity to the backlight, and reflects a component of the light from
the backlight which is absorbed by the polarizing plate to the
backlight side. The light reflected by the reflective polarizing
plate is reflected again by the light guide plate, a prism sheet,
and the like of the backlight, and enters the reflective polar-
izing plate again. In the course of this process, if the light
which enters the reflective polarizing plate again has a trans-
mission component, the transmission component passes
through the reflective polarizing plate and may be used for the
display. If all the light reflected by the reflective polarizing
plate enters the reflective polarizing plate again, and the ratio
of the transmission component to the entire re-incident light
is 100%, the light use efficiency must be approximately
doubled. However, in a liquid crystal display device having
the above-mentioned structure, the light use efficiency by
using the reflective polarizing plate is increased only upto 1.3
times as the light use efficiency without using the reflective
polarizing plate.

[0012] Inorder to still improve the light use efficiency, in a
recent backlight including a light guide plate, a reflective
polarizing plate is disposed in proximity to a light source as
disclosed in, for example, Japanese Patent Application Laid-
open No. 2003-007114.

SUMMARY OF THE INVENTION

[0013] Inorder that light reflected by a reflective polarizing
plate is converted to a transmission component, depolariza-
tion caused by reflection and refraction at an interface of the
light guide plate should not be used, but conversion should be
carried outby using a polarizing converter. Further, here, light
reflected by the reflective polarizing plate should be guided
along an optical path which is set in advance and should be
reflected toward the reflective polarizing plate with a high
degree of efficiency. Basically, the light guide plate has the
functions expanding the light emitted from a light source
disposed at an end portion thereof so as to be planate, making
uniform the intensity distribution of the light, and guiding the
light to the liquid crystal layer side. Therefore, it is difficult to
add to an ordinary light guide plate the function of reflecting
the light reflected by the reflective polarizing plate to the
liquid crystal layer side. If such a function is forced to be
added, the efficiency is lowered with regard to each one of the
functions.
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[0014] Intheliquidcrystaldisplay device disclosed in Japa-
nese Patent Application Laid-open No. 2003-007114, a
reflector and a %4 wavelength plate are disposed in a layer in
which the light source is disposed, and, further, the reflective
polarizing plate is disposed between the light guide plate and
the light source. Further, here, by disposing the reflector and
the reflective polarizing plate so as not to be in contact with
each other, i.e., with space therebetween, the ratio of light
which enters the reflector and the Y4 wavelength plate with
respect to light reflected by the reflective polarizing plate is
made larger.

[0015] By the way, alight source used ina backlight includ-
ing a light guide plate of amedium-sized or small-sized liquid
crystal display device is ordinarily a light emitting diode
(LED) characterized by being able to be driven at a low
voltage and being small-sized. The light emitting diode is
generally in the shape of a cube and a light emitting surface
thereof is one surface of the cube. The light emission distri-
bution is not isotropic. The light is particularly intense in the
direction of a normal to the light emitting surface and the
intensity is drastically decreased in a direction away from the
normal.

[0016] The liquid crystal display device disclosed in Japa-
nese Patent Application Laid-open No. 2003-007114 also
uses a light emitting diode as the light source, but there is no
specific description with regard to the arrangement in plan
view of the reflector and the reflective polarizing plate. If the
reflector and the reflective polarizing plate are disposed so as
to be in parallel with four sides of the light guide plate, the
most intense component of light emitted from the light emit-
ting diode is, after being reflected by the reflective polarizing
plate, not directed to the reflector and the Y4 wavelength plate
but directed to the light emitting diode. Because the light
emitting diode itself does not have the function of reflecting
light and the function of converting the polarization state,
light incident on the light emitting diode may not be reused.
Therefore, a liquid crystal display device (backlight) having
the structure as described in Japanese Patent Application
Laid-open No. 2003-007114 has a problem that the most
intense component of light emitted from the light source
(light emitting diode) may not be reused.

[0017] It should be noted that, the reuse efficiency of light
emitted from the light source in the above-mentioned struc-
ture may be improved even to some extent by, for example,
making longer the distance between the reflector and the
reflective polarizing plate, because this decreases the ratio of
the component of emitted light which is reflected toward the
light source. However, in this case, the size ofthe backlight is
increased correspondingly to the increase of the distance
between the reflector and the reflective polarizing plate, and
as a result, another problem arises that the size of the liquid
crystal display device is increased.

[0018] As described above, a liquid crystal display device
with a backlight having a conventional light guide plate has a
problem that it is very difficult to improve the reuse efficiency
of light emitted from a light source, without increasing the
small size of the liquid crystal display device.

[0019] An object of the present invention is to provide a
technology which makes it possible to improve the reuse
efficiency of light emitted from a light source, without
increasing the small size of a liquid crystal display device
with a backlight including a light guide plate.
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[0020] The above-mentioned and other objects and novel
features of the present invention are apparent from the
description ofthe present specification and the attached draw-
ings.

[0021] Representative aspects of the present invention dis-
closed in the present application is schematically described as
follows.

[0022] (1) A liquid crystal display device, including: a lig-
uid crystal display panel; a light guide plate disposed on a rear
surface side of the liquid crystal display panel; and a plurality
of light sources disposed at an end portion of the light guide
plate, in which the plurality of light sources are disposed such
thata direction of travel of light which is a main component in
view of intensity distribution of light emitted from the plu-
rality of light sources is substantially in parallel with respect
to at least one of four sides of the liquid crystal display panel,
the light guide plate includes: a reflective polarizing plate for
transmitting a P-polarized component and reflecting an S-po-
larized component of the light emitted from the plurality of
light sources, the reflective polarizing plate being between the
end portion which the light emitted from the plurality of light
sources enters and a light extraction portion at which light
propagating in the light guide plate is extracted to a side of the
liquid crystal display panel; a reflector for reflecting the S-po-
larized component of light reflected by the reflective polariz-
ing plate; and a polarization converting member for convert-
ing the S-polarized component of light to a P-polarized
component; the reflective polarizing plate and the reflector
are tilted at an angle such that reflecting surfaces thereof are
not perpendicular with respect to the direction of travel of the
main component of light and are disposed such that the P-po-
larized component obtained by converting the S-polarized
component of the main component of light with the polariza-
tion converting member is directed substantially in parallel
with the direction of travel of the main component of light,
and the polarization converting member is disposed at a loca-
tion which is on a pathway of light reflected by the reflective
polarizing plate but is not on a pathway of the main compo-
nent of light which is before passing through the reflective
polarizing plate.

[0023] (2) The liquid crystal display device according to
Item (1), in which the polarization converting member
includes a /4 wavelength plate, and the Y4 wavelength plate is
disposed at a location such that the light after a reflection of
the reflective polarizing plate passes through the Y4 wave-
length plate twice in a pathway that the light is reflected by the
reflector and is directed to the light extraction portion.
[0024] (3) The liquid crystal display device according to
Item (1), in which the polarization converting member
includes a /4 wavelength plate, and the ¥4 wavelength plate
and the reflector are laminated in the stated order from a side
closer to the light guide plate, and the %4 wavelength plate is
disposed such that a slow axis thereof forms an angle of 45
degrees with respect to a thickness direction of the light guide
plate.

[0025] (4) The liquid crystal display device according to
Ttem (1), in which the reflective polarizing plate is disposed
only at alocation where the main component of light contain-
ing the P-polarized component and the S-polarized compo-
nent passes through, and is not disposed at a location where
which light reflected by the reflector passes through.

[0026] (5) The liquid crystal display device according to
Item (1), in which the polarization converting member
includes a V2 wavelength plate, the reflective polarizing plate
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is disposed only at a location where the main component of
light containing the P-polarized component and the S-polar-
ized component passes through, and the %> wavelength plate
is disposed at a location such that the light after being
reflected by the reflective polarizing plate passes through the
15 wavelength plate once in a pathway that the light is
reflected by the reflector and is directed to the light extraction
portion and such that a slow axis thereof forms an angle of 45
degrees with respect to a thickness direction of the light guide
plate.

[0027] (6) The liquid crystal display device according to
Ttem (7), in which the reflective polarizing plate includes a
laminate formed by alternately laminating an anisotropic
medium having refractive index anisotropy and an isotropic
medium not having the refractive index anisotropy, and the
anisotropic medium is formed such that any one of an extraor-
dinary refractive index and an ordinary refractive index in a
layer plane of the laminate is equal to a refractive index of the
isotropic medium.

[0028] (7) A liquid crystal display device, including: a lig-
uid crystal display panel; a light guide plate disposed ona rear
surface side of the liquid crystal display panel; and a plurality
of light sources disposed at an end portion of the light guide
plate, in which the plurality of light sources are disposed such
thata direction of travel of light which is a main component in
view of intensity distribution of light emitted from the plu-
rality of light sources is substantially in parallel with respect
to at least one of four sides of the liquid crystal display panel,
the light guide plate includes: a reflective polarizing plate for
separating the light emitted from the plurality oflight sources
into circularly polarized light of clockwise and circularly
polarized light of counterclockwise and transmitting one cir-
cularly polarized light and reflects another circularly polar-
ized light, the reflective polarizing plate being disposed
between the end portion which the light emitted from the
plurality of light sources enters and a light extraction portion
at which light propagating in the light guide plate is extracted
to a side of the liquid crystal display panel; a reflector for
reflecting the another circularly polarized light reflected by
the reflective polarizing plate; and a polarization converting
member for converting the one circularly polarized light
which passes through the reflective polarizing plate and the
another circularly polarized light reflected by the reflector to
a P-polarized component, and the reflective polarizing plate
and the reflector are tilted at an angle such that reflecting
surfaces thereof are not perpendicular with respect to the
direction of travel of the main component of light and are
disposed such that the P-polarized component obtained by
converting the another circularly polarized light reflected by
the reflective polarizing plate of the main component of light
with the polarization converting member is directed substan-
tially in parallel with the direction of travel of the main
component of light.

[0029] (8) The liquid crystal display device according to
Ttem (7), in which the reflective polarizing plate includes a
laminate of cholesteric liquid crystal layers which exhibits
characteristic reflection in wavelength range of the light emit-
ted from the plurality of light sources, the polarization con-
verting member includes a % wavelength plate, and the %
wavelength plate is disposed such that a slow axis thereof
forms an angle of 45 degrees with respect to a thickness
direction of the light guide plate.

[0030] (9) The liquid crystal display device according to
Ttem (7), in which the reflective polarizing plate includes a
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polymer liquid crystal layer having a twisted alignment, and
the twisted alignment is formed such that a twist angle thereof
is 90 degrees and a direction of alignment in a surface thereof
in proximity to the plurality of light sources is either one of
perpendicular to or in parallel with a thickness direction of the
light guide plate.

[0031] (10) The liquid crystal display device according to
Item (1) or Item (7), in which at least one of the reflective
polarizing plate and the reflector is formed such that profile
thereof in plan view of the plane which is opposed to the
liquid crystal display panel is a curve which is concave with
respect to incident light.

[0032] (11) The liquid crystal display device according to
Ttem (1) or Item (7), in which the reflector includes a metal
thin film having a high reflectivity.

[0033] (12) The liquid crystal display device according to
Item (1) or Item (7), in which the light guide plate includes a
combining portion light guide plate and a surface-emitting
portion light guide plate, the combining portion light guide
plate and the surface-emitting portion light guide plate have
junction surfaces, respectively, which are opposed to each
other and made to be in the same shapes, the plurality of light
sources are disposed in proximity to an end portion of the
combining portion light guide plate which is different from
the junction surfaces, the reflective polarizing plate is formed
on the junction surfaces of one of the combining portion light
guide plate and the surface-emitting portion light guide plate,
and the reflector is formed at the end portion of the combining
portion light guide plate which is different from the junction
surfaces.

[0034] (13) The liquid crystal display device according to
Item (1) or Item (7), in which the liquid crystal display panel
includes: a pair of substrates; a liquid crystal layer sand-
wiched between the pair of substrates; and a pair of polarizing
plates disposed so as to sandwich the liquid crystal layer
therebetween, and a polarizing plate of the pair of polarizing
plates, which is disposed between the liquid crystal layer and
the light guide plate, is made such that a direction of a trans-
mission axis thereof is substantially in parallel with respect to
the direction of travel of the main component of light in the
light guide plate.

[0035] (14) The liquid crystal display device according to
Item (13), in which the pair of polarizing plates are disposed
so as to sandwich the pair of substrates and the liquid crystal
layer.

[0036] (15) The liquid crystal display device according to
Ttem (13), in which the liquid crystal display panel includes a
pixel electrode and a common electrode on a surface of one
substrate of the pair of substrates in proximity to the liquid
crystal layer, the pixel electrode and the common electrode
are formed in the same layer and have a comb-shaped struc-
ture, and the pixel electrode and the common electrode are
formed such that a longitudinal direction of teeth portions of
the comb-shaped structure of the pixel electrode and the
common electrode is substantially in parallel with respect to
the direction of travel of the main component of light.
[0037] (16) The liquid crystal display device according to
Ttem (13), in which the liquid crystal display panel includes a
pixel electrode and a common electrode on a surface of one
substrate of the pair of substrates in proximity to the liquid
crystal layer, the pixel electrode and the common electrode
are laminated via an insulating layer and a closer electrode
among the pixel electrode and the common electrode to the
liquid crystal layer has a comb-shaped structure in plan view,
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and the comb-shaped structure is formed such that a longitu-
dinal direction of teeth portions thereof is substantially in
parallel with respect to the direction of travel of the main
component of light.

[0038] According to the present invention, the use effi-
ciency of light emitted from the light sources may be
improved while the size of the liquid crystal display device is
kept small. Therefore, by applying the present invention, for
example, a liquid crystal display device the power consump-
tion of which is the same as that of a conventional liquid
crystal display device but the brightness of the display of
which is higher, or a liquid crystal display device the bright-
ness of the display of which is the same as that of a conven-
tional liquid crystal display device but the power consump-
tion of which is smaller may be obtained.

[0039] Therefore, by mounting a liquid crystal display
device according to the present invention on a cellular tele-
phone or the like, effects such as improvement ofthe visibility
in a bright environment such as a bright outdoor environment
and longer battery life may be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] In the accompanying drawings:

[0041] FIG. 1 is a schematic perspective view illustrating
an exemplary schematic structure of a backlight in a liquid
crystal display device according to Embodiment 1 of the
present invention;

[0042] FIG. 2 is a schematic side view illustrating a sche-
matic structure of a main portion of the liquid crystal display
device according to Embodiment 1;

[0043] FIG. 3 is a schematic plan view illustrating a planar
structure of a second substrate of a liquid crystal display
panel;

[0044] FIG. 4 is a schematic sectional view taken along the
line A-A' of FIG. 3 illustrating a structure in section of the
liquid crystal display panel;

[0045] FIG. 5 is a schematic sectional view taken along the
line B-B' of FIG. 3 illustrating a structure in section of the
liquid crystal display panel;

[0046] FIG. 6 is a schematic plan view illustrating a planar
structure of a main portion of the backlight, which illustrates
the changes in a polarization state of light in the liquid crystal
display device according to Embodiment 1;

[0047] FIG. 7is a schematic perspective view illustrating a
schematic structure of a main portion of a backlight of Com-
parative Example 1;

[0048] FIG. 8 is a schematic plan view illustrating change
in apolarization state of light in the backlight of Comparative
Example 1;

[0049] FIG. 9 is a schematic plan view illustrating change
in a polarization state of light in a backlight of Comparative
Example 2;

[0050] FIG. 10 is a schematic plan view illustrating a sche-
matic structure of a main portion of a backlight, which illus-
trates the changes in the polarization state of light in a liquid
crystal display device according to Embodiment 2 of the
present invention;

[0051] FIG. 11 is a schematic plan view for describing an
improved example of the backlight according to Embodiment
L

[0052] FIG. 12 is a schematic plan view illustrating a first
example of a schematic structure of a main portion of a
backlight, which illustrates the changes in a polarization state
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of light in a liquid crystal display device according to
Embodiment 3 of the present invention;

[0053] FIG. 13 is a schematic plan view illustrating a sec-
ond example of the schematic structure of the main portion of
the backlight, which illustrates the changes in the polarization
state of light in the liquid crystal display device according to
Embodiment 3;

[0054] FIG. 14 is a schematic plan view illustrating a third
example of the schematic structure of the main portion of the
backlight, which illustrates the changes in the polarization
state of light in the liquid crystal display device according to
Embodiment 3;

[0055] FIG. 15 is aschematic plan view illustrating a fourth
example of the schematic structure of the main portion of the
backlight, which illustrates the changes in the polarization
state of light in the liquid crystal display device according to
Embodiment 3;

[0056] FIG. 16 is a schematic plan view illustrating a sche-
matic structure of a main portion of a backlight, which illus-
trates the changes in a polarization state of light in a liquid
crystal display device according to Embodiment 4 of the
present invention;

[0057] FIG. 17 is a schematic plan view illustrating a sche-
matic structure of a main portion of a backlight, which illus-
trates the changes in a polarization state of light in a liquid
crystal display device according to Embodiment 5 of the
present invention;

[0058] FIG. 18 is a schematic sectional view illustrating a
schematic structure of a main portion of a liquid crystal dis-
play panel in a liquid crystal display device according to
Embodiment 6 of the present invention;

[0059] FIG. 19 is a schematic sectional view illustrating a
schematic structure of a main portion of a liquid crystal dis-
play panel in a liquid crystal display device according to
Embodiment 7 of the present invention;

[0060] FIG. 20 is a schematic plan view illustrating a first
example of a schematic structure of a main portion in a liquid
crystal display device according to Embodiment 8 of the
present invention;

[0061] FIG. 21 is a schematic plan view illustrating a sec-
ond example of the schematic structure of the main portion in
the liquid crystal display device according to Embodiment 8;
[0062] FIG. 22 is a schematic plan view illustrating a third
example of the schematic structure of the main portion in the
liquid crystal display device according to Embodiment 8;
[0063] FIG. 23 is aschematic plan view illustrating a fourth
example of the schematic structure of the main portion in the
liquid crystal display device according to Embodiment §;
[0064] FIG. 24 is a schematic plan view illustrating a fifth
example of the schematic structure of the main portion in the
liquid crystal display device according to Embodiment 8; and

[0065] FIG. 25 is a schematic plan view illustrating a sixth

example of the schematic structure of the main portion in the
liquid crystal display device according to Embodiment 8.

DETAILED DESCRIPTION OF THE INVENTION

[0066] Embodiments of the present invention are described
in detail in the following with reference to the attached draw-
ings.

[0067] Itshould be noted that, throughout the drawings for
describing the embodiments, the components which have



US 2010/0231826 Al

identical or similar functions are denoted by the same refer-
ence symbols, and the repetitive description thereof is omit-
ted.

Embodiment 1

[0068] FIGS. 1 to 5 are schematic views for illustrating a
schematic structure of a main portion of a liquid crystal dis-
play device according to Embodiment 1 of the present inven-
tion.

[0069] FIG. 1 is a schematic perspective view illustrating
an exemplary schematic structure of a backlight in the liquid
crystal display device according to Embodiment 1 of the
present invention. FI1G. 2 is a schematic side view illustrating
an exemplary schematic structure of the main portion of the
liquid crystal display device according to Embodiment 1.
FIG. 3 is a schematic plan view illustrating an exemplary
planar structure of a second substrate of a liquid crystal dis-
play panel. FIG. 4 is a schematic sectional view illustrating an
exemplary structure in section of the liquid crystal display
panel taken along the line IV-IV of FIG. 3. FIG. 5 is a sche-
matic sectional view illustrating an exemplary structure in
section of the liquid crystal display panel taken along the line
V-V of FIG. 3.

[0070] The liquid crystal display device according to
Embodiment 1 has, for example, as illustrated in FIG. 1, a
light guide plate .G which includes a combining portion light
guide plate LG1 and a surface-emitting portion light guide
plate LG2. Light sources LS are disposed at an end portion of
the combining portion light guide plate LG1. The light
sources LS include, for example, white light emitting diodes,
and light emitted from the light sources LS travels such that a
main component in the intensity distribution is in a long side
direction of the light guide plate LG (in a y direction).
[0071] Further, a reflective polarizing plate RP is provided
along a junction between the combining portion light guide
plate LG1 and the surface-emitting portion light guide plate
LG2. The reflective polarizing plate RP is disposed such that
a portion which receives light from the light sources LS
becomes diagonal to a perpendicular direction (x direction),
rather than being perpendicular to a long side of the light
guide plate LG. Further, there is a ¥4 wavelength plate QW
and a reflector RF at the end portion of the combining portion
light guide plate LG1. The Y4 wavelength plate QW and the
reflector RF are also disposed so as to be diagonal to the
direction (thex direction) perpendicular to the long side of the
light guide plate.

[0072] A large number of light extraction structures MP are
formed at a bottom of the surface-emitting portion light guide
plate LG2, some of which are illustrated in FIG. 1. The light
extraction structures MP cause the light which propagates in
the surface-emitting portion light guide plate LG2 to be emit-
ted to the outside of the light guide plate LG. Here, the light
extraction structures MP are, for example, as illustrated in
FIG. 1, hollow and prism-like protrusions. The light extrac-
tion structures MP have their slant surfaces on the light
sources LS side. Light reflected by the slant surfaces are
emitted to the outside of the light guide plate LG. When
attention is focused on light emitted from the light emitting
surfaces of the light sources LS in the direction of the normal
thereto (the main component of light in the intensity distri-
bution), for example, the light guide plate LG has a first
optical path OP1 and a second optical path OP2 formed
therein. The first optical path OP1 passes through the reflec-
tive polarizing plate RP while the second optical path OP2 is
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reflected by the reflective polarizing plate RP, passes through
the 4 wavelength plate QW, is reflected by the reflector RF,
and again passes through the ¥4 wavelength plate QW. The
backlight used in the liquid crystal display device according
to the present invention is characterized by having the first
optical path OP1 and the second optical path OP2 described
above.

[0073] Further, Embodiment 1 assumes, a case in which the
present invention is applied to a small-sized liquid crystal
display device used as a display portion of a cellular tele-
phone or the like, and hence two light sources LS are disposed
at one end of the light guide plate LG (the combining portion
light guide plate LG1). The light emission distribution of light
emitted from the light sources LS (light emitting diodes) is
anisotropic and has arelative maximum in the direction of the
normal to the light emitting surfaces. Because the light emis-
sion distribution spreads, the distribution of light from the
light sources LS becomes almost uniform in a portion in
which the liquid crystal display panel overlies the surface-
emitting portion light guide plate LG2. Further, the intensity
of light which propagates in the light guide plate LG
decreases as the distance from the light sources LS becomes
larger. Therefore, the light extraction structures MP are dis-
posed sparsely near the light sources LS where the intensity of
light is high and are disposed densely away from the light
sources LS where the intensity of light is low, to thereby
uniformalize the intensity oflight emitted to the outside of the
light guide plate LG.

[0074] The structure of the light guide plate L.G and change
in the polarization state of light from the light sources LS in
the liquid crystal display device according to Embodiment 1
are described in detail later.

[0075] In the liquid crystal display device according to
Embodiment 1 with the backlight including the light guide
plate as described above, for example, as illustrated in FIG. 2,
a liquid crystal display panel LCP is disposed above the
surface-emitting portion light guide plate LG2, and a first
prism sheet PS1 and a second prism sheet PS2 are laminated
in the stated order from the side nearer to the liquid crystal
display panel LCP, between the surface-emitting portion light
guide plate G2 and the liquid crystal display panel LCP. The
first prism sheet PS1 and the second prism sheet PS2 have the
function of directing, to the direction (z direction) of the
normal to the plane of the liquid crystal display panel LCP,
light emitted from a surface of the light guide plate (surface-
emitting portion light guide plate LG2) which is opposed to
the liquid crystal display panel LCP. Each of the first prism
sheet PS1 and the second prism sheet PS2 has protrusion
structures on its surface opposed to the liquid crystal display
panel LCP. The protrusion structures are in a shape of a
triangular pyramid in section and the arrangement of which in
plan view is in stripes. Here, the stripes formed by the pro-
trusion structures in the first prism sheet PS1 are in parallel
with the long side direction (the y direction) of the light guide
plate while the stripes formed by the protrusion structures in
the second prism sheet PS2 are in parallel with a short side
direction (in the x direction) of the light guide plate.

[0076] It should be noted that, in the liquid crystal display
device according to Embodiment 1, the number of prism
sheets disposed between the light guide plate (the surface-
emitting portion light guide plate L.G2) and the liquid crystal
display panel LCP may be reduced to one. When only one
prism sheet is used, although the angle distribution of light
from the light sources toward the liquid crystal display panel
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LCP is narrower, the thickness of the liquid crystal display
device as a whole may be decreased. Furthet, the protrusion
structures provided on the prism sheets may also be disposed
on their surfaces opposed to the light guide plate. Still further,
in addition to the prism sheets, a light diffuser and the like
may also be laminated between the light guide plate (the
surface-emitting portion light guide plate .G2) and the liquid
crystal display panel LCP. By disposing the light diffuser, an
effect of widening the angle distribution of light from the light
sources toward the liquid crystal display panel LCP may be
obtained.

[0077] The liquid crystal display panel LCP has a liquid
crystal layer (not shown) between a first substrate SU1 and a
second substrate SU2. The first substrate SU1, the liquid
crystal layer, and the second substrate SU2 are sandwiched
between a first polarizing plate PL1 and a second polarizing
plate PL2.

[0078] The liquid crystal display panel LCP in the liquid
crystal display device according to Embodiment 1 has, for
example, a structure as illustrated in FIGS. 3 to 5. A black
matrix BM, a color filter CF, a planarizing film LL, and a first
alignment film AL1 are laminated in the stated order on a
surface of the first substrate SU1 which faces to a liquid
crystal layer LCL.

[0079] The first substrate SU1 is formed of, for example, a
glass substrate made of borosilicate glass having a thickness
ofabout 0.4 mm. The black matrix BM is a light shielding film
which is formed by, for example, patterning a black resin film
or a light shielding metal film. The color filter CF has, for
example, three kinds of resists: a resist containing a pigment
which exhibits red color; a resist containing a pigment which
exhibits green color; and a resist containing a pigment which
exhibits blue color. One pixel includes one of the above-
mentioned three kinds of resists. Here, the color filter CF is
disposed such that, for example, three consecutive pixels
along the directionin which a scanning signal line GL extends
(in the x direction) include a pixel having the resist containing
the pigment which exhibits red color, a pixel having the resist
containing the pigment which exhibits green color, and a
pixel having the resist containing the pigment which exhibits
blue color. The planarizing film LL is, for example, made of
an acrylic resin, which is excellent in transparency, and has
the functions of planarizing an uneven underlayer and pre-
venting penetration of a solution therethrough. The first align-
ment film AL1 is, for example, an organic polymeric film of
apolyimide, which has been subjected to alignment treatment
by being rubbed, and includes a horizontal alignment film for
giving a pretilt angle of about 1.5 degrees to adjacent liquid
crystal molecules in the liquid crystal layer LCL.

[0080] Meanwhile, the second substrate SU2 includes, for
example, a scanning signal line GL, a first insulating film
GIL, a video signal line SL,, a TFT (Thin Film Transistor)
element, a second insulating film SCIL, a common electrode
CE, a third insulating film PCIL, a pixel electrode PE, and a
second alignment film AL.2, which are laminated in the stated
order on a surface of the second substrate SU2 which faces to
the liquid crystal layer LCL.

[0081] The second substrate SU2 is formed of, similarly to
the first substrate SU1, a glass substrate made of borosilicate
glass. The second alignment film AL2 is a horizontal align-
ment film similar to the first alignment film AL1.

[0082] The scanning signal line GL, the video signal line
SL, and a source electrode SE of the TET element are, for
example, wiring formed by etching a metal film such as
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aluminum. A gate electrode of the TFT element is formed so
as to be integral with the scanning signal line GL. A drain
electrode of the TFT element is formed so as to be integral
with the video signal line SL. The pixel electrode PE and the
common electrode CE are electrodes formed by etching a
transparent conductive film such as Indium Tin Oxide (ITO),
and both have a thickness of about 80 nm. Here, the common
electrode CE is, for example, a strip-shaped electrode shared
by a plurality of pixels arranged along the direction in which
the scanning signal lime GL extends. The pixel electrode PE
is connected to the source electrode SE via a contact hole CH.
Further, here, the shape of the pixel electrode PE in plan view
is comb-shaped as illustrated in FIG. 3, and in a triangular
shape in plan view at each of the tips of the teeth of the comb
has the function of preventing abnormal alignment from
occurring when push pressure is applied from the outside.
[0083] The first insulating film GIL, the second insulating
film SCIL, and the third insulating film PCIL are insulating
films such as a silicon oxide film, a silicon nitride film, or a
silicon oxynitride film. Here, the third insulating film PCIL
interposed between the common electrode CE and the pixel
electrode PE has a thickness of, for example, about 250 nm.
[0084] Theliquid crystal layer LCL employs, a liquid crys-
tal material which exhibits a nematic phase in a wide tem-
perature range including room temperature, which has posi-
tive permittivity anisotropy, and which is of high resistance.
Such a liquid crystal material is, due to its wide liquid crystal
temperature range, applicable to mobile use in which the
temperature in the environment of use changes widely. Fur-
ther, because a liquid crystal material which has positive
permittivity anisotropy is less viscous than a liquid crystal
material which has negative permittivity anisotropy, the
former may carry out display with speed response higher than
that of the latter. Because the resistance is high, voltage drop
during a retention period in which the TFT element is turned
off is satisfactorily small, and hence the transmittance is
maintained and flicker is prevented during the retention
period.

[0085] The liquid crystal display panel LCP with pixels
having the structure as illustrated in FIGS. 3 to 5 employs a
so-called in-plane switching (IPS) system. When a potential
difference is caused between the pixel electrode PE and the
common electrode CE, arch-shaped electric line of force,
which is called a fringe electric field, is formed between the
pixel electrode PE and the common electrode CE. Here, the
electric line of force passes through the liquid crystal layer
LCL, and a lateral electric field having a component in par-
allel with a plane of the substrate is applied to the liquid
crystal layer LCL. With this configuration, the direction of
alignment of the liquid crystal is changed when voltage is
applied thereto, so as to rotate mainly within the plane of the
layer.

[0086] Inthe cases ofavertically aligned (VA) liquid crys-
tal display panel, an electrically controlled birefringence
(ECB) liquid crystal display panel or an optically compen-
sated birefringence (OCB) liquid crystal display panel, in
which an electric field is applied in a thickness direction (the
z direction) of the liquid crystal layer LCL, the alignment
change in the liquid crystal layer LCL when an electric field
is applied thereto occurs mainly in terms of tilt angle of liquid
crystal molecules. On the other hand, in an IPS liquid crystal
display panel, change in the tilt angle is small. Therefore, in
an IPS liquid crystal display panel, change in the effective
value of retardation when an electric field is applied thereto is
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small, and hence display which is excellent in halftone repro-
ductivity may be obtained in a wide range of viewing angle.

[0087] Further, in the case of the liquid crystal display panel
LCP having the structure as illustrated in FIGS. 3 to 5, there
are a large number of portions in which the pixel electrode PE
overlies the common electrode CE. Because those portions
are coupled in parallel to the liquid crystal layer LCL, those
portions function as a transparent retention capacitor which
retains at a fixed level the voltage applied to the liquid crystal
layer LCL during a retention period. The capacitance of the
transparent retention capacitor is in proportion to the area of
the portions in which the pixel electrode PE overlies the
common electrode CE, in proportion to the permittivity of the
third insulating film PCIL, and in inverse proportion to the
thickness of the third insulating film PCIL. When the capaci-
tance of the transparent retention capacitor is satisfactory,
phenomena whichresult in lower visibility such as flicker and
a brightness gradient are not caused.

[0088] The gap (space) between the first substrate SUT and
the second substrate SU2 is kept uniform by, for example,
columnar spacers (not shown) disposed on the first substrate
SU1 side. The columnar spacers are, for example, a trapezoid
rotator (circular truncated cone) and the diameter of the base
is about 10 um. A liquid crystal material is vacuum-encapsu-
lated in the gap between the first substrate SU1 and the second
substrate SU2, and the above-mentioned liquid crystal layer
LCL is formed. The liquid crystal layer LCL is aligned
homogenously, and the direction of alignment is set to form
an angle of 5 degrees with the scanning signal line GL, the
reason for which is described later. Here, the direction of the
electric field and the direction of alignment form an angle of
85 degrees when voltage is applied, which is large enough,
and hence the direction of alignment of the liquid crystal
satisfactorily rotates when voltage is applied thereto, to
thereby attain high transmittance.

[0089] Further, each of the first polarizing plate P11 and the
second polarizing plate PL2 contains an iodine-based color-
ing agent which has been processed for alignment, and their
dichroism converts natural light to polarized light. With
regard to the first polarizing plate PL1 and the second polar-
izing plate PL2, the direction in which the maximum absorp-
tance of incident light is referred to as absorption axis, and the
direction in which the minimum absorptance of incident light
is referred to as transmission axis, and, polarized components
which are in parallel with the absorption axis and in parallel
with the transmission axis are referred to as absorption com-
ponent and transmission component, respectively. The first
polarizing plate PL1 and the second polarizing plate PL2 are
disposed such that, when viewed from the direction of the
normal to the plane thereof, their absorption axes of the first
polarizing plate PL1 and the second polarizing plate PL2 are
orthogonal to each other and the absorption axis ofthe second
polarizing plate PL2 is in parallel with the alignment direc-
tion of the liquid crystal when no electric field is applied
thereto. By disposing the first polarizing plate PL1 and the
second polarizing plate PL2 in this way, black is produced
when no voltage is applied thereto.

[0090] It should be noted that the liquid crystal display
panel LCP in the liquid crystal display device according to
Embodiment 1 is not limited to the one having the structure as
illustrated in FIGS. 3 to 5, and any of various liquid crystal
display panels used in conventional transmissive and trans-
flective liquid crystal display devices may be used.
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[0091] FIG. 6 is a schematic plan view illustrating an
example of a planar structure of a main portion of the back-
light, which illustrates the changes in the polarization state of
light in the liquid crystal display device according to Embodi-
ment 1.

[0092] Lightis akind of electromagnetic wave. When inter-
action between light and a polarizing plate in a liquid crystal
display device is considered, attention is focused on an elec-
tric vector of light. The electric vector exists in a plane per-
pendicular to the direction of travel of light (to the direction
perpendicular to an equiphase plane). When light emitted
from a backlight of a liquid crystal display device and the use
efficiency thereof are considered, light should be regarded as
a mixture of light with different electric vector vibration
directions. In this case, two extreme states of light are
assumed: completely polarized light in which the electric
vector vibration direction is completely the same; and natural
light in which all vibration directions of light are uniformly
mixed. However, generally, light is in a state between the
completely polarized light and the natural light, and the light
is this state referred to as partially polarized light, that is, a
state in which different vibration directions of light are non-
uniformly mixed. For example, light which passes through a
polarizing plate used in a liquid crystal display device is not
completely polarized light but partially polarized light which
is close to completely polarized light mainly formed of a
transmission component. Such partially polarized light is
often referred to simply as polarized light, and hence light
which passes through a polarizing plate is herein also referred
to as polarized light.

[0093] The light guide plate in the liquid crystal display
device according to Embodiment 1 includes the combining
portion light guide plate L.G1 and the surface-emitting por-
tion light guide plate G2, and the reflective polarizing plate
RP is disposed along the junction between the light guide
plates LG1 and LG2.

[0094] The reflective polarizing plate RP has a structure
where two kinds of polymeric films whose thicknesses equal
to one-half of the wavelength of visible light passing there-
through are alternately laminated. It should be noted that one
of the two kinds of polymeric films is a polymeric film which
has in-plane refractive-index anisotropy and the other is a
polymeric film which does not have refractive index anisot-
ropy. Further, an extraordinary light refractive-index ne or an
ordinary light refractive-index no of the polymeric film which
has refractive-index anisotropy is equal to the refractive-in-
dex of the polymeric film which does not have refractive-
index anisotropy. Here, suppose that the ordinary light refrac-
tive-index no is equal to the refractive index of the polymeric
film which does not have refractive index anisotropy. Polar-
ized light the vibration direction of which is in parallel with
the ordinary light refractive-index no always has a fixed
refractive index in the reflective polarizing plate RP, and
hence the polarized component passes through the reflective
polarizing plate RP. Polarized light the vibration direction of
which is in parallel with the extraordinary light refractive-
index ne has a refractive index which varies in the same cycle
as the cycle of the wavelength in the reflective polarizing plate
RP, and hence the polarized component is reflected by the
reflective polarizing plate RP. In this way, one of the two
polarized components the vibration directions of which are
orthogonal to each other passes through the reflective polar-
izing plate RP and the other is reflected by the reflective
polarizing plate RP.
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[0095] As the reflective polarizing plate RP, for example, a
wire grid polarizing plate may also be used. A wire grid
polarizing plate is a metal thin film patterned in stripes, and a
polarized component having the vibration direction which is
the same direction of the stripes is reflected by the wire grid
polarization plate and a polarized component having the
vibration direction which is perpendicular to the direction of
the stripes passes through the wire grid polarization plate.
Here, the pitch of the stripes is smaller than the wavelengths
ofthe visible region. In a case of using the wire grid polarizing
plate as the reflective polarizing plate RP, the plate may be
such that the disposed stripes are in parallel with the plane of
the light guide plate, to thereby cause a P-polarized compo-
nent to pass through the wire grid polarizing plate and an
S-polarized component to be reflected by the wire grid polar-
izing plate. The wire grid polarizing plate may be, for
example, directly formed on a cross section (junction surface)
of the surface-emitting portion light guide plate LG2, or may
be formed on a transparent resin film and then adhered to the
cross section of the surface-emitting portion light guide plate
LG2.

[0096] The most intense component of light emitted from
the light sources LS, in other words, the main component
emitted in the direction of the normal to the light emitting
surfaces (in the y direction) propagates, for example, as illus-
trated in FIG. 6, in the combining portion light guide plate
LG1 to enter the reflective polarizing plate RP. Here, light
emitted from the light sources LS is so-called natural light,
and hence light which propagates in the combining portion
light guide plate LG1 contains both a P-polarized component
and an S-polarized component. When such light containing
both a P-polarized component and an S-polarized component
enters the reflective polarizing plate RP, the P-polarized com-
ponent passes therethrough the reflective polarizing plate RP
while the S-polarized component is reflected thereon. The
P-polarized component which has passed through the reflec-
tive polarizing plate RP propagates along the first optical path
OP1 in the surface-emitting portion light guide plate LG2 to
be reflected by the slant surfaces of the light extraction struc-
tures MP, and is emitted to the liquid crystal display panel
LCP side.

[0097] It should be noted that a P-polarized component is a
polarized component having the vibration direction in a plane
formed by a normal line (z axis) to an air interface of the light
guide plate and light ray which enters the air interface when
light which propagates in the light guide plate is extracted to
the outside of the light guide plate. An S-polarized component
is a polarized component which is perpendicular to the P-po-
larized component. An S-polarized component includes a
vibration component which is in parallel with the plane of the
light guide plate, and a P-polarized component includes a
vibration component which is perpendicular to the plane of
the light guide plate.

[0098] Here, a portion of the reflective polarizing plate RP,
where the light from the light sources LS enters, tilts, as
illustrated in FIG. 6, at an angle o with respect to the direction
(x direction) perpendicular to the long side direction of the
light guide plate (the surface-emitting portion light guide
plate LG2). Therefore, the S-polarized component reflected
by the reflective polarizing plate RP is not directed to the light
source LS which emits the light but directed to the ¥4 wave-
length plate QW which is disposed between the two light
sources LS. On the course of passing through the %4 wave-
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length plate QW, the S-polarized component is circularly
polarized (clockwise circularly polarized light CPL1) and
enters the reflector RF.

[0099] After being reflected by the reflector RF, the clock-
wise circularly polarized light CPL1 again passes through the
Vs wavelength plate QW. In the course of passing through the
Va4 wavelength plate QW, the clockwise circularly polarized
light CPL1 is converted to a P-polarized component. Light
which is converted to a P-polarized component by the %
wavelength plate QW and the reflector RF passes through the
reflective polarizing plate RP, propagates along the second
optical path OP2 in the surface-emitting portion light guide
plate LG2, and is reflected by the slant surfaces of the light
extraction structures MP to be emitted to the liquid crystal
display panel LCP side.

[0100] The % wavelength plate QW employs a cycloolefin
organic polymer. The cycloolefin organic polymer has only a
small ratio of double bonds, and hence does not absorb light
in the near-ultraviolet region. Therefore, a %4 wavelength
plate QW using a cycloolefin organic polymer has an advan-
tage in high transparency in the visible light region and excel-
lent weather resistance, and hence the % wavelength plate is
less susceptible to deterioration even when it is disposed in
proximity to a high-intensity light source LS (light emitting
diode) and irradiated with light therefrom. Further, the reflec-
tor RF employs a polymeric film as a base having an alumi-
num film formed on a surface thereof.

[0101] Asillustrated in FIG. 6, the ¥4 wavelength plate QW
and the reflector RF are disposed so as to be substantially in
parallel with the tilt portion of the reflective polarizing plate
RP such that the direction of travel of the converted P-polar-
ized component (second optical path OP2) is substantially in
parallel with the direction of travel of a P-polarized compo-
nent in the direction of the normal of light emitted by the light
sources LS (first optical path OP1), that is, the long side
direction of the light guide plate LG (y direction).

[0102] Further, here, the angle o of the reflective polarizing
plate RP and a distance U from an end portion of the com-
bining portion light guide plate [.G1 to the farthest portion of
the reflective polarizing plate RP are preferably set such that
the interval between the first optical path OP1 and the second
optical path OP2 of light emitted from one of the light sources
LS and the interval between the first optical path OP1 and the
second optical path OP2 of light emitted from the other of the
light sources LS are the same intervals W.

[0103] As described above, in the liquid crystal display
device according to Embodiment 1, the reflective polarizing
plate RP is disposed as being titled, and hence, of the main
component of light emitted from the light emitting surface of
the light source LS to the direction of the normal to the light
emitting surfaces, a component which is reflected by the
reflective polarizing plate RP does not return to the light
source LS and is directed toward the V4 wavelength plate QW
and the reflector RF which are disposed in proximity to the
light sources LS. Therefore, in the liquid crystal display
device according to Embodiment 1, an S-polarized compo-
nent of the most intense component of light (main component
of light) emitted from the light sources LS may be converted
to a P-polarized component. Further, in the liquid crystal
display device according to Embodiment 1, the ¥4 wavelength
plate QW and the reflector RF also tilt with respect to the short
side direction (x direction) of the light guide plate LG and are
in parallel with the reflective polarizing plate RP. Therefore,
light reflected on the ¥4 wavelength plate QW and the reflec-
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tor RF is directed so as to be again in parallel with a long side
of the light guide plate LG. The direction of travel of the
P-polarized component which passes through the reflective
polarizing plate RP (first optical path OP1) and the direction
of travel of the converted P-polarized component (second
optical path OP2) are in parallel with each other, and hence
the P-polarized component which propagates in the surface-
emitting portion light guide plate LG2 is almost uniformly
distributed.

[0104] Further, when light which propagates in the surface-
emitting portion light guide plate LG2 is reflected by the light
extraction structures MP and is emitted to the outside of the
light guide plate LG, a P-polarized component is more likely
to be emitted than an S-polarized component. Because the
reflectivity of a P-polarized component at an interface
between the light guide plate LG and air is low, a P-polarized
component is likely to be emitted to the outside of the light
guide plate LG. On the other hand, because the reflectivity of
an S-polarized component at an interface between the light
guide plate LG and air is high, most of an S-polarized com-
ponent returns into the light guide plate LG, and hence an
S-polarized component is not likely to be emitted to the
outside of the light guide plate LG. For the above reason, in
order to enhance the use efficiency of light emitted from the
light sources LS, light emitted from the light sources LS is
converted to a P-polarized component the vibration direction
of which is in parallel with a width direction of the light guide
plate LG.

[0105] In the backlight according to Embodiment 1, in the
above-mentioned way, an S-polarized component of light
emitted from the light sources LS is converted to a P-polar-
ized component, to thereby improve the use efficiency of
light.

[0106] When attention is focused on change in the polar-
ization state in the light guide plate (surface-emitting portion
light guide plate LG2), as illustrated in FIG. 1, light which
propagates in the light guide plate is repeatedly reflected at an
interface of the light guide plate before entering the light
extraction structures MP, and is reflected by the light extrac-
tion structures MP to be directed to the outside of the light
guide plate LG. Light which is emitted to the outside of the
light guide plate LG is refracted by the second prism sheet
PS2 and the first prism sheet PS1 illustrated in FIG. 2 to be
directed to the direction of the normal to the liquid crystal
display panel LCP (to the z direction). Here, as long as the
direction of travel of light in the light guide plate is in parallel
with alongside of the light guide plate LG and the optical axis
thereofis in the direction of the long side, only a P-polarized
component is generated by any one of the reflections and
refractions, and an S-polarized component is not generated,
regardless of whether the light guide plate LG is isotropic or
anisotropic. Therefore, the direction of vibration of light
which passes through the prism sheets PS2 and PS1 to be
directed to the direction of the normal to the liquid crystal
display panel LCP is in parallel with the long side direction of
the liquid crystal display panel LCP.

[0107] Accordingly, when the transmission axis of the sec-
ond polarizing plate PL2 of the liquid crystal display panel
LCP which is combined with the above-mentioned backlight
is set to be in parallel with the long side direction of the liquid
crystal display panel LCP or set to form an angle close to be
in parallel with the long side direction of the liquid crystal
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display panel LCP, light from the backlight passes through the
second polarizing plate PL2 with an extremely high degree of
efficiency.

[0108] Thevideo signalline ST and the scanning signal line
GL are usually disposed so as to be in parallel with a long side
or a short side of the liquid crystal display panel LCP, and
hence the individual pixel is in a rectangular shape. When
write time per pixel is required to be longer, the number of the
scanning signallines GL is decreased, and hence the direction
in which the scanning signal line GL extends is in parallel
with the long side direction of the liquid crystal display panel
LCP. The number of the video signal lines SL is three times
larger than that of the scanning signal lines GL in order to
accommodate three colors of subpixels, namely red (R),
green (G), and blue (B). As a result, a long side of each pixel
is set to be in parallel with a short side of the liquid crystal
display panel LCP. When the liquid crystal display panel LCP
employs an IPS system as described in Embodiment 1, when
a longitudinal direction of the teeth portions of the pixel
electrode PE (comb electrode) may be set to be in parallel
with a long side or a short side of the liquid crystal display
panel LCP, an ineffective region in which a fringe field is not
distributed in a pixel may be reduced.

[0109] Further, when the direction of alignment of the lig-
uid crystal layer LCL tilts 5 degrees with respect to the direc-
tion of the comb electrode as described above, the angle
formed by the transmission axis of the second polarizing plate
PL2 and a long side or a short side of the liquid erystal display
panel LCP is also set to 5 degrees. Here, the direction of
vibration of light from the backlight is, as described above, in
parallel with the long side direction of the liquid crystal
display panel LCP, and hence the direction of vibration of
light from the backlight is not completely in parallel there-
with, but deviated 5 degrees with respect to the transmission
axis of the second polarizing plate PL2. However, if the
deviation is such a small degree, light from the backlight may
pass through the second polarizing plate PL.2 with a suffi-
ciently high degree of efficiency. The reason is as follows.
Suppose that light from the backlight is completely polarized
and linearly polarized and the second polarizing plate PL2 is
acomplete polarizing plate, the efficiency at which light from
the backlight passes through the second polarizing plate PL.2
is in proportion to cos’® where 0 is an angle formed by the
direction of vibration of light from the backlight and the
transmission axis of the second polarizing plate PL2.
Decrease in transmission efficiency when 08=5° is about 1%,
as compared with an ideal case in which 6=0°. Therefore,
even if the polarization state of light which enters the second
polarizing plate PL2 from the backlight is not linearly polar-
ized light which is completely in parallel with the transmis-
sion axis thereof but deviated about 5 degrees with respect to
the transmission axis thereof, a satisfactory effect of improv-
ing the transmittance may be obtained. It should be noted that
a complete polarizing plate is an ideal polarizing plate the
transmittances of which with regard to an absorption compo-
nent anda transmission component are 0% and 100%, respec-
tively.

[0110] Further, both of the combining portion light guide
plate LG1 and the surface-emitting portion light guide plate
LG2 are made of a transparent resin such as an acrylic resin,
and usually formed by injection molding. Here, the direction
of flow of the transparent resin in injection molding is adapted
to be mainly in the long side direction of the light guide plate,
with the result that the direction of travel of light from the
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light sources LS is in parallel with the direction of flow of the
transparent resin. More specifically, a large number of inlets
for receiving the transparent resin are provided in portions
corresponding to short sides of the light guide plate. The
transparent resin radially spreads with the inlets being the
centers of the spread. However, when adjacent inlets are
sufficiently close to each other, the transparent resin masses
from adjacent inlets collide with each other and the flow is
directed in the long side direction of the light guide plate.
When injection molding is used, for example, by solidifica-
tion with polymer chains forming the transparent resin being
directed in the direction of flow, double refraction may be
generated in the light guide plate. However, insofar as the
direction of flow is the long side direction of the light guide
plate, light from the light sources LS propagates so as to be in
parallel with a slow axis of the light guide plate, and hence the
polarization state of light from the light sources LS does not
change by the double refraction of the light guide plate.
Therefore, the polarization state of a P-polarized component,
which has passed through the reflective polarizing plate RP, is
satisfactory maintained during propagating in the surface-
emitting portion light guide plate LG2 until being extracted to
the outside of the light guide plate LG.

[0111] The proximity surfaces (surfaces which are opposed
to each other) of the combining portion light guide plate LG1
and the surface-emitting portion light guide plate LG2 are
made to be in the same shapes and are integrally formed with
the reflective polarizing plate RP sandwiched therebetween.
The combining portion light guide plate .G1 has flat surfaces
and slant surfaces on the light sources LS (for example, white
light emitting diodes) side, and the light sources LS are dis-
posed so as to be in proximity to the flat surfaces. The Y4
wavelength plate QW and the reflector RF are laminated on
the slant surfaces in the stated order from a side in proximity
to the combining portion light guide plate LG1. As illustrated
in FIG. 2, the light sources LS are fixed on a flexible substrate
FP, and the surface-emitting portion light guide plate LG2, the
combining portion light guide plate LG1, and the flexible
substrate FP are integrated into one unit by a frame (not
shown).

[0112] Further, as illustrated in FIG. 2, in the liquid crystal
display device according to Embodiment 1, the thickness of
the light guide plate (surface-emitting portion light guide
plate LG2)1s reduced at the portion in which the liquid crystal
display panel LCP overlies the surface-emitting portion light
guide plate LG2, is increased at a portion which is in prox-
imity to the light sources LS, and is continuously changed at
a portion therebetween, which is for the purpose of reducing
the thickness of the liquid crystal display device. The thick-
ness is continuously changed in the surface-emitting portion
light guide plate LG2. The thickness is fixed at the junction
between the combining portion light guide plate LG1 and the
surface-emitting portion light guide plate LG2, and is equal to
the thickness of the portion of the combining portion light
guide plate LG1 which is in proximity to the light sources LS.
The junction between the combining portion light guide plate
LG1 and the surface-emitting portion light guide plate LG2 is
increased in thickness so that the combining portion light
guide plate LG1 and the surface-emitting portion light guide
plate LG2 may be stably held. Further, with regard to light
which is reflected by the reflective polarizing plate RP, the
ratio of light directly enters the ¥4 wavelength plate QW and
the reflector RF, without being reflected by an upper surface
or a lower surface of the light guide plate, increases. Accord-
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ingly, with the light guide plate LG formed in the shape as
described above, the efficiency of polarization conversion
may be increased.

[0113] As described above, in the liquid crystal display
device according to Embodiment 1, an S-polarized compo-
nent of light emitted from the light sources LS is converted to
a P-polarized component and the transmission axis of the
second polarizing plate PL.2 is set 50 as to be in substantially
parallel with the direction of vibration thereof, to thereby
allow light from the backlight to pass through the second
polarizing plate PL2 with high degree of efficiency. As a
result, the liquid crystal display device according to Embodi-
ment 1 is capable of performing, for example, display in
higher brightness with the same power consumption.

Comparative Example 1

[0114] FIGS. 7 and 8 are schematic views illustrating an
exemplary schematic structure of a main portion of a back-
light of Comparative Example 1.

[0115] FIG. 7 is a schematic perspective view illustrating
the exemplary schematic structure of the main portion of the
backlight of Comparative Example 1. FIG. 8 is a schematic
plan view illustrating change in the polarization state of light
in the backlight of Comparative Example 1.

[0116] In the backlight of Comparative Example 1, for
example, as illustrated in FIGS. 7 and 8, the reflective polar-
izing plate RP, the ¥4 wavelength plate QW, and the reflector
RF are disposed so as to be in parallel with the short side
direction of the light guide plate LG (in the x direction). Here,
the backlight of Comparative Example 1 is different from the
backlight according to Embodiment 1 only in the tilt of the
reflective polarizing plate RP, the 4 wavelength plate QW,
and the reflector RF. The materials of the light sources LS and
of the light guide plate LG, the shape and the number of the
light extraction structures MP, and the like are the same. The
brightness of a liquid crystal display device using the back-
light of Comparative Example 1 is lower than that of the
liquid crystal display device according to Embodiment 1.
[0117] Inthebacklight of Comparative Example 1, as illus-
trated in FIG. 7, light emitted from the light sources LS also
propagates in the combining portion light guide plate LG1 to
enter the reflective polarizing plate RP. Here, an S-polarized
component of light emitted to the direction of the normal to
the light emitting surfaces of the light sources LS is reflected
by the reflective polarizing plate RP and returns to the light
sources LS. The light sources LS (light emitting diodes)
themselves do not have the function of reflecting light and the
function of converting the polarization state of the light, and
hence light which returns to the light sources LS (the S-po-
larized component) may not be reused. Therefore, the back-
light of Comparative Example 1 may not reuse the most
intense component of light emitted from the light sources LS.
More specifically, the backlight of Comparative Example 1
may not produce light along the second optical path OP2 in
the backlight according to Embodiment 1, and hence the
brightness of the liquid crystal display device is lowered
accordingly.

[0118] Further, light emitted from the light sources LS con-
tain, for example, a component which tilts leftward with
respect to the normal to the light emitting surfaces. An S-po-
larized component of such light emitted so as to tilt with
respect to the normal to the light emitting surfaces is directed
to the ¥4 wavelength plate QW and the reflector RF after being
reflected by the reflective polarizing plate RP, and hence the
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S-polarized component may be caused to propagate along the
optical path OP2L after being converted to a P-polarized
component.

[0119] However, the light emission distribution of light
emitted from white light emitting diodes, which is used as the
light sources LS, is not isotropic, and the light is particularly
intense in the direction of the normal to the light emitting
surfaces and the intensity is drastically decreased as the direc-
tion tilts from the normal. More specifically, light along an
optical path OP1L and the optical path OP2L illustrated in
FIG. 8 is P-polarized components, but the intensity is lower
than that of a P-polarized component of a main component,
thatis, that of light along the first optical path OP1. Therefore,
the backlight of Comparative Example 1 may not satisfacto-
rily improve the use efficiency of light.

[0120] The structure of the backlight of Comparative
Example 1 corresponds to, for example, the structure of the
backlight having the conventional reflective polarizing plate
disclosed in Japanese Patent Application Laid-open No.
2003-007114. Therefore, from the above-mentioned com-
parison, it may also be said that the use efficiency of light of
the liquid crystal display device having the backlight accord-
ing to Embodiment 1 is higher than that of a liquid crystal
display device having a conventional backlight.

Comparative Example 2

[0121] FIG. 9is a schematic plan view illustrating change
in the polarization state of light in a backlight of Comparative
Fxample 2.

[0122] The backlight of Comparative Example 1 is capable
of converting an S-polarized component of light which tilts
with respect to the normal to the light emitting surfaces of the
light sources LS to a P-polarized component as described
above. In the backlight of Comparative Example 2, for
example, as illustrated in FIG. 9, the distance U from the end
portion of the combining portion light guide plate LG1 (light
emitting surfaces of the light sources LS) to the reflective
polarizing plate RP is longer than that of the backlight of the
Comparative Example 1.

[0123] The backlight of Comparative Example 2 is similar
to that of Comparative Example | in that the reflective polar-
izing plate RP and the reflector RF are in parallel with each
other. However, in Comparative Example 2, the distance U
from the end portion of the combining portion light guide
plate LG1 to the reflective polarizing plate RP is increased,
and hence the ratio of light to be directed to the light sources
LS after being reflected by the reflective polarizing plate RP
(S-polarized component) is smaller than that in the case of
Comparative Example 1. Therefore, in the backlight of Com-
parative Example 2, compared with the case of Comparative
Example 1, a component of emitted light which is closer to
the direction of the normal is also directed to the Y4 wave-
length plate QW and the reflector RF after being reflected by
the reflective polarizing plate RP, and thus the amount of an
S-polarized component which may be converted to a P-po-
larized component is increased.

[0124] However, even in the backlight of Comparative
Example 2, the most intense component of emitted light is
still directed to the light sources LS and may not be reused,
and thus the use efficiency of light emitted from the light
sources as a whole may not be satisfactorily improved. There-
fore, although aliquid crystal display device having the back-
light of Comparative Example 2 is improved in brightness to
some extent compared with that of the liquid crystal display
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device having the backlight of Comparative Example 1, the
brightness is still lower than that of the liquid crystal display
device according to Embodiment 1.

[0125] Further, in the backlight of Comparative Example 2,
the distance U from the end portion of the combining portion
light guide plate LG1 to the reflective polarizing plate RP is
increased, and accordingly when the liquid crystal display
panel LCP overlies the light guide plate LG, the area which is
not covered by the liquid crystal display panel LCP is
increased. Therefore, the width of the liquid crystal display
device having the backlight of Comparative Example 2 is
larger than that of the liquid crystal display device according
to Embodiment 1.

[0126] As described above, the liquid crystal display device
according to Embodiment 1 is capable of improving the use
efficiency of light emitted from the light sources LS, without
increasing the small size of the liquid crystal display device.
Therefore, the liquid crystal display device according to
Embodiment 1 is capable of performing, for example, display
in higher brightness while the power consumption of the
liquid crystal display device is the same as that of a conven-
tional liquid crystal display device. In other words, for
example, the liquid crystal display device according to
Embodiment 1 is capable of reducing the power consumption
while the brightness of the liquid crystal display device is the
same as that of a conventional liquid crystal display device.
Therefore, when the liquid crystal display device according to
Embodiment 1 is mounted on, for example, portable infor-
mation equipment such as a cellular telephone, an advantage
such as improvement of the visibility in a bright environment
such as a bright outdoor environment and longer battery life
may be obtained.

Embodiment 2

[0127] FIG. 10 is a schematic plan view illustrating an
exemplary schematic structure of a main portion of a back-
light, which illustrates the changes in the polarization state of
light in a liquid crystal display device according to Embodi-
ment 2 of the present invention.

[0128] Because the structure of the liquid crystal display
device according to Embodiment 2 is basically the same as
that of the liquid crystal display device according to Embodi-
ment 1, description of the whole structure of the liquid crystal
display device is omitted. The liquid crystal display device
according to Embodiment 2 is different from the liquid crystal
display device according to Embodiment 1 only in arrange-
ment of the reflective polarizing plate RP which is interposed
between the combining portion light guide plate LG1 and the
surface-emitting portion light guide plate L.G2 of the back-
light as illustrated in, for example, FIG. 10.

[0129] In the liquid crystal display device according to
Embodiment 2, when the reflective polarizing plate RP is
disposed between the combining portion light guide plate
LG1 and the surface-emitting portion light guide plate 1.G2,
the reflective polarizing plate RP is disposed only at portions
through which a main component of light from the light
sources LS passes, and is not disposed at a portion through
which a P-polarized component obtained by conversion by
the %4 wavelength plate QW and the reflector RF passes.
[0130] Here, the portion at which the reflective polarizing
plate RP is not disposed between the combining portion light
guide plate LG1 and the surface-emitting portion light guide
plate LG2 is, for example, filled with the same material as that
of the combining portion light guide plate LG1 and the sur-
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face-emitting portion light guide plate LG2 or with a trans-
parent resin the refractive index of which is substantially
equal to that of the combining portion light guide plate LG1
and the surface-emitting portion light guide plate LG2.

[0131] Even in the backlight according to Embodiment 2,
the most intense component of light emitted from the light
sources LS, that is, the main component emitted in the direc-
tion (y direction) of the normal to the light emitting surfaces
propagates, for example, as illustrated in FIG. 10, in the
combining portion light guide plate LG1 to enter the reflec-
tive polarizing plate RP. Here, light emitted from the light
sources LS is so-called natural light, and hence light which
propagates in the combining portion light guide plate LG1
contains both a P-polarized component and an S-polarized
component. When such light containing both a P-polarized
component and an S-polarized component enters the reflec-
tive polarizing plate RP, the P-polarized component passes
through the reflective polarizing plate RP while the S-polar-
ized component is reflected. The P-polarized component
which passes through the reflective polarizing plate RP
propagates along the first optical path OP1 in the surface-
emitting portion light guide plate LG2, and is emitted to the
liquid crystal display panel LCP side after being reflected by
the slant surfaces of the light extraction structures MP.

[0132] On the other hand, the S-polarized component
reflected by the reflective polarizing plate RP is, similarly to
the case of Embodiment 1, converted to a P-polarized com-
ponent by the %4 wavelength plate QW and the reflector RF,
and is directed to the surface-emitting portion light guide
plate LG2. The P-polarized component obtained by the con-
version by the %4 wavelength plate QW and the reflector RF
propagates along the second optical path OP2 in the surface-
emitting portion light guide plate LG2, and is reflected by the
slant surfaces of the light extraction structures MP before
being emitted to the liquid crystal display panel LCP side.

[0133] Meanwhile, the reflective polarizing plate RP is not
a complete polarizing plate, and hence not all of a vibration
component which is in parallel with the transmission axis
passes through the reflective polarizing plate RP. Therefore,
as in the case of Embodiment 1, if the converted P-polarized
component is adapted to propagate in the surface-emitting
portion light guide plate LG2 after passing through the reflec-
tive polarizing plate RP, the intensity of the P-polarized com-
ponent which propagates along the second optical path OP2 is
decreased after passing through the reflective polarizing plate
RP.

[0134] On the other hand, in the backlight according to
Embodiment 2, the converted P-polarized component reaches
the surface-emitting portion light guide plate L.G2 without
passing through the reflective polarizing plate RP and propa-
gates along the second optical path OP2. Therefore, the back-
light according to Embodiment 2 may further improve the use
efficiency of light compared with the backlight according to
Embodiment 1.

Embodiment 3

[0135] FIG. 11 is a schematic plan view for illustrating an
improved example of the backlight according to Embodiment
1

[0136] In the backlight of the liquid crystal display device
according to Embodiment 1, an S-polarized component of
light emitted from the light sources LS to the direction of the
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normal to the light emitting surfaces is converted to a P-po-
larized component, to thereby improve the use efficiency of
light.

[0137] When the light sources LS are white light emitting
diodes, light emitted from the light sources LS radially
spreads. Therefore, when light emitted from the light sources
LS enters the reflective polarizing plate RP, for example, as
illustrated in FIG. 11, the angle of incidence on the reflective
polarizing plate RP varies as the direction tilts away from the
normal. Therefore, when the reflective polarizing plate RP is
flat, light reflected by the reflective polarizing plate RP (an
S-polarized component) is directed in a wider range.

[0138] Here, part of light emitted so as to tilt leftward with
respect to the normal to the light emitting surfaces is, as
illustrated in FIG. 11, reflected by the reflective polarizing
plate RP, and then enters the light sources LS, and hence it
may not be converted to a P-polarized component. Further,
here, part of light emitted so as to tilt rightward with respect
to the normal to the light emitting surfaces is, as illustrated in
FIG. 11, directed to a place in which the ¥ wavelength plate
QW and the reflector RF do not exist after being reflected by
the reflective polarizing plate RP, and hence the part of light
may not be converted to a P-polarized component. Although
the intensity of those components of emitted light is not as
high as that of the component of light emitted in the direction
of the normal to the light emitting surfaces, the S-polarized
components of those components of emitted light may not be
converted to P-polarized components, which results in low-
ered use efficiency of light.

[0139] Further, light reflected by the reflective polarizing
plate RP diffuses more because of its longer optical path
compared with that of light which passes therethrough.
Therefore, when the direction of travel of light is deviated
from the direction of the normal, an S-polarized component is
generated when the light is reflected by the prism-like pro-
trusions (light extraction structures MP) on the lower surface
of the light guide plate and when, after that, the light is
reflected by the prism sheets PS2 and PS1. As described
above, an S-polarized component is less likely to pass through
the light guide plate to the outside thereof. Further, the direc-
tion of vibration of an S-polarized component is close to the
angle of the absorption axis of the second polarizing plate
PL2, and hence, even if the S-polarized component has
passed through the light guide plate to the outside thereof, the
S-polarized component is absorbed by the second polarizing
plate PL2.

[0140] As described above, the use efficiency oflight of the
backlight according to Embodiment 1 or Embodiment 2 is
higher than that of a conventional backlight, but there still is
room for improving the use efficiency.

[0141] FIGS. 12 to 15 are schematic views for illustrating
exemplary structures of a main portion of a backlight and
describing change in the polarization state of light in a liquid
crystal display device according to Embodiment 3 of the
present invention.

[0142] FIG. 12 is a schematic plan view illustrating a first
example of a schematic structure of a main portion of the
backlight, which illustrates the changes in the polarization
state of light in the liquid crystal display device according to
Embodiment 3 of the present invention. FIG. 13 is a sche-
matic plan view illustrating a second example of the sche-
matic structure of the main portion of the backlight, which
illustrates the changes in the polarization state of light in the
liquid crystal display device according to Embodiment 3.
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FIG. 14 is a schematic plan view illustrating a third example
of the schematic structure of the main portion of the back-
light, which illustrates the changes in the polarization state of
light in the liquid crystal display device according to Embodi-
ment 3. FIG. 15 is a schematic plan view illustrating a fourth
example of the schematic structure of the main portion of the
backlight, which illustrates the changes in the polarization
state of light in the liquid crystal display device according to
Embodiment 3.

[0143] In the liquid crystal display device according to
Embodiment 3, in order to improve the use efficiency of an
S-polarized component of light which travels so as to tilt with
respect to the normal to the light emitting surfaces of the light
sources LS, for example, as illustrated in FIG. 12, portions of
the reflective polarizing plate RP through which a main com-
ponent of light from the light sources LS passes are made to
be curved surfaces so as to be concave to the light sources LS
side (to incident light). With this configuration, light reflected
by the reflective polarizing plate RP is directed to the %
wavelength plate QW and the reflector RF without spreading.
When the angle distribution of light reflected by the reflective
polarizing plate RP (of an S-polarized component) is made
smaller as described above, reentry of the light into the light
sources LS and reflection of the light in directions in which
the %4 wavelength plate QW and the reflector RF do not exist
may be prevented.

[0144] Further, in the case of the backlight having the struc-
ture illustrated in FIG. 12, because the angle distribution of
light reflected by the reflective polarizing plate RP is made
smaller, the angle distribution of a P-polarized component
obtained by conversion by the ¥4 wavelength plate QW and
the reflector RF is made smaller accordingly, and the differ-
ence between the directions of the optical paths OP2L and
OP2R and the direction of the second optical path OP2 is
reduced. Therefore, the backlight having the structure illus-
trated in FIG. 12 is capable of minimizing the amount of an
S-polarized component generated due to the deviation from
the direction of the normal as described above, to thereby
reduce a loss of the use efficiency due to absorption by the
second polarizing plate PL2 and the like.

[0145] It should be noted that the structure illustrated in
FIG. 12 is based on the structure of Embodiment 1, and a
P-polarized component obtained by conversion by the Y4
wavelength plate QW and the reflector RF passes through the
reflective polarizing plate RP and then propagates in the sur-
face-emitting portion light guide plate LG2. Here, the inten-
sity of the converted P-polarized component is decreased
when the P-polarized component passes through the reflec-
tive polarizing plate RP, and accordingly, in the case of the
backlight having the structure illustrated in FIG. 12, the use
efficiency of light is lowered.

[0146] In order to avoid the loss of the use efficiency of
light, there may be employed a structure based on the struc-
ture of Embodiment 2, for example, as illustrated in F1G. 13,
in which the reflective polarizing plate RP is not disposed at
a portion through which a P-polarized component obtained
by conversion by the /4 wavelength plate QW and the reflec-
tor RF passes.

[0147] Further, with the structures illustrated in FIGS. 12
and 13, the ¥ wavelength plate QW and the reflector RF are
flat, and hence the angle distribution of light reflected by the
reflector RF is wider. Therefore, in the cases of the structures
illustrated in FIGS. 12 and 13, the use efficiency of light is
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higher than that of the structures of Embodiment 1 and
Embodiment 2, but there still is room for improving the use
efficiency.

[0148] Inorder to suppress spread of the angle distribution
of light reflected by the reflector RF, for example, as illus-
trated in FIG. 14, the arrangement of the V4 wavelength plate
QW and the reflector RF in plan view is also made to be
curved surfaces so as to be concave to the combining portion
light guide plate LG1 side (to incident light). With this con-
figuration, the difference between the directions of the optical
paths OP2L and OP2R and the direction of the second optical
path OP2 may further be reduced.

[0149] Further, the structure illustrated in FIG. 14 is based
on the structure of Embodiment 1, in which a P-polarized
component obtained by conversion by the % wavelength
plate QW and the reflector RF passes through the reflective
polarizing plate RP and then propagates in the surface-emit-
ting portion light guide plate LG2. Here, the intensity of the
converted P-polarized component is decreased when the
P-polarized component passes through the reflective polariz-
ing plate RP, and accordingly, in the case of the backlight
having the structure illustrated in FIG. 14, the use efficiency
of light is lowered.

[0150] In order to avoid the loss of the use efficiency of
light, there may be employed a structure based on the struc-
ture of Embodiment 2, for example, as illustrated in FIG. 15,
in which the reflective polarizing plate RP is not disposed at
a portion through which a P-polarized component obtained
by conversion by the %4 wavelength plate QW and the reflec-
tor RF passes.

[0151] It should be noted that, in the backlight of Embodi-
ment 3, the curvatures of the curved surfaces of the reflective
polarizing plate RP and of the curved surfaces of the %
wavelength plate QW and the reflector RF may be modified as
appropriate, and it goes without saying that the curvatures
may be optimized according to the distance between the light
sources LS, the distance from the end portion of the combin-
ing portion light guide plate LG1 to the farthest portion of the
reflective polarizing plate RP, and the like.

[0152] As described above, in the liquid crystal display
device according to Embodiment 3, a component of emitted
light reflected by the reflective polarizing plate RP which may
not be reused, for example, light which returns to the light
sources LS, is decreased and a component which propagates
s0 as to be in parallel with a long side of the light guide plate
is increased, to thereby further improve the light use effi-
ciency, with the result that display in higher brightness is
attained.

Embodiment 4

[0153] FIG. 16 is a schematic plan view illustrating an
exemplary schematic structure of a main portion of a back-
light, which illustrates the changes in the polarization state of
light in a liquid crystal display device according to Embodi-
ment 4 of the present invention.

[0154] Because the structure of the liquid crystal display
device according to Embodiment 4 is basically the same as
that of the liquid crystal display device according to Embodi-
ment 1, description of the whole structure of the liquid crystal
display device is omitted. The liquid crystal display device
according to Embodiment 4 is different from theliquid crystal
display device according to Embodiment 1 in that the reflec-
tive polarizing plate RP and a ¥ wavelength plate HW are
interposed between the combining portion light guide plate
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L.G1 and the surface-emitting portion light guide plate LG2 of
the backlight and only the reflector RF is disposed at the end
portion of the combining portion light guide plate LG1 as
illustrated in, for example, FIG. 16.

[0155] Here, similarly to the case of the backlight accord-
ing to Embodiment 2, the reflective polarizing plate RP is
disposed only at portions through which a main component of
light from the light sources LS passes. Further, the 12 wave-
length plate HW is disposed at a portion through which light
reflected by the reflective polarizing plate RP and the reflector
RF passes. Further, here, the %2 wavelength plate HW is
disposed such that a slow axis thereof tilts 45 degrees with
respect to the thickness direction (z direction) of the light
guide plate LG.

[0156] Even in the backlight according to Embodiment 4,
the most intense component of light emitted from the light
sources LS, that is, the main component emitted in the direc-
tion (y direction) of the normal to the light emitting surfaces
propagates, for example, as illustrated in FIG. 16, in the
combining portion light guide plate LG1 to enter the reflec-
tive polarizing plate RP. Here, light emitted from the light
sources LS is so-called natural light, and hence light which
propagates in the combining portion light guide plate LG1
contains both a P-polarized component and an S-polarized
component. When such light containing both a P-polarized
component and an S-polarized component enters the reflec-
tive polarizing plate RP, the P-polarized component passes
through the reflective polarizing plate RP while the S-polar-
ized component is reflected. The P-polarized component
which passes through the reflective polarizing plate RP
propagates along the first optical path OP1 in the surface-
emitting portion light guide plate LG2, and is emitted to the
liquid crystal display panel LCP side after being reflected by
the slant surfaces of the light extraction structures MP.
[0157] On the other hand, light reflected by the reflective
polarizing plate RP (S-polarized component) is reflected by
the reflector RF, and then, enters the %2 wavelength plate HW
as remaining in the S-polarized state. Here, the direction of
vibration of light which enters the %2 wavelength plate HW
(an S-polarized component) forms an angle of 45 degrees
with the slow axis of the V2 wavelength plate HW, and hence
the direction of vibration thereof is rotated 90 degrees in the
course of passing through the %2 wavelength plate HW and the
light is converted to a P-polarized component to be emitted.
The P-polarized component obtained by conversion by the 2
wavelength plate HW propagates along the second optical
path OP2 in the surface-emitting portion light guide plate
L.G2, and is reflected by the slant surfaces of the light extrac-
tion structures MP before being emitted to the liquid crystal
display panel LCP side.

[0158] As described above, in the backlight having the
structure illustrated in FIG. 16, similarly to the backlights
using the ¥4 wavelength plate QW according to Embodiment
1 to Embodiment 3, an S-polarized component of light emit-
ted from the light sources LS may be converted to an P-po-
larized component and the P-polarized component may
propagate in the surface-emitting portion light guide plate
LG2. Therefore, the liquid crystal display device according to
Embodiment 4 with the backlight having the structure illus-
trated in FIG. 16 is capable of improving the use efficiency of
light emitted from a light source.

[0159] Further, in the backlights according to Embodiment
1 to Embodiment 3, the % wavelength plate QW and the
reflector RF are laminated, and, in the course of converting
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light reflected by the reflective polarizing plate RP from an
S-polarized state to a P-polarized state, the light passes
through the /4 wavelength plate QW twice. On the other hand,
in the backlight according to Embodiment 4, in the course of
converting light reflected by the light reflective polarizing
plate RP from an S-polarized state to a P-polarized state, the
light passes through the % wavelength plate HW only once.
Accordingly, in the backlight according to Embodiment 4, in
the course of converting light from an S-polarized state to a
P-polarized state, the number of times the light passes
through the wavelength plate is reduced, which leads to an
advantage that, for example, the Y2 wavelength plate HW
suffers less deterioration even when the use time becomes
longer.

Embodiment 5

[0160] FIG. 17 is a schematic plan view illustrating an
exemplary schematic structure of a main portion of a back-
light, which illustrates the changes in the polarization state of
light in a liquid crystal display device according to Embodi-
ment 5 of the present invention.

[0161] Because the structure of the liquid crystal display
device according to Embodiment 5 is basically the same as
that of the liquid crystal display device according to Embodi-
ment 1, description of the whole structure of the liquid crystal
display device is omitted. The liquid crystal display device
according to Embodiment 5 is different from theliquid crystal
display device according to Embodiment 1 in that the Y4
wavelength plate QW is disposed between the surface-emit-
ting portion light guide plate LG2 and the reflective polariz-
ing plate RP of the backlight and only the reflector RF is
disposed at the end portion of the combining portion light
guide plate LG1, as illustrated in, for example, F1G. 17.
[0162] Here, the reflective polarizing plate RP and the %
wavelength plate QW are each disposed both at portions
through which a main component of light from the light
sources LS passes and a portion through which light reflected
by the reflector R passes. Further, here, the ¥4 wavelength
plate QW is disposed such that a slow axis thereof tilts 45
degrees with respect to the thickness direction (z direction) of
the light guide plate LG.

[0163] Further, in the backlight according to Embodiment
5, a polymer cholesteric liquid crystal layer is used as the
reflective polarizing plate RP. A polymer cholesteric liquid
crystal layer has a twisted structure. When the pitch of the
twisted structure is equal to the wavelength of light in the
visible range which passes through the layer so as to be in
parallel with the twist axis, the polymer cholesteric liquid
crystal layer separates incident light into clockwise circularly
polarized light and counterclockwise circularly polarized
light and reflects a circularly polarized component whose
rotation direction is the same as its own direction of twist. In
the backlight of Embodiment 5, a polymer cholesteric liquid
crystal layer having a rightward twisted structure is used as
the reflective polarizing plate RP and is disposed at the same
location as in Embodiment 1.

[0164] Thecycloolefinorganic polymer is used for forming
the %4 wavelength plate QW as in Embodiment 1, which is
disposed between the reflective polarizing plate RP and the
surface-emitting portion light guide plate LG2.

[0165] Even in the backlight according to Embodiment 5,
the most intense component of light emitted from the light
sources LS, that is, the main component emitted in the direc-
tion (y direction) of the normal to the light emitting surfaces
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propagates, for example, as illustrated in FIG. 17, in the
combining portion light guide plate LG1 to enter the reflec-
tive polarizing plate RP. Here, light emitted from the light
sources LS is so-called natural light, and hence light which
propagates in the combining portion light guide plate LG1
contains both a P-polarized component and an S-polarized
component. When such light containing both a P-polarized
component and an S-polarized component enters the reflec-
tive polarizing plate RP (polymer cholesteric liquid crystal
layer), the incident light is separated into clockwise circularly
polarized light CPL1 and counterclockwise circularly polar-
ized light CPL2. Here, the counterclockwise circularly polar-
ized light CPL2 passes through the reflective polarizing plate
RP and enters the %4 wavelength plate QW. Because a slow
axis of the ¥4 wavelength plate QW forms an angle of 45
degrees with the thickness direction of the light guide plate,
the incident counterclockwise circularly polarized light
CPL2 is converted to linearly polarized light the direction of
vibration of which is in the thickness direction of the light
guide plate, that is, a P-polarized component, to be emitted to
the surface-emitting portion light guide plate LG2 side. Here,
the P-polarized component emitted to the surface-emitting
portion light guide plate LG2 propagates along the first opti-
cal path OP1 in the surface-emitting portion light guide plate
L2, and is reflected by the slant surfaces of the light extrac-
tion structures MP, before being emitted to the liquid crystal
display panel LCP side.

[0166] On the other hand, the clockwise circularly polar-
ized light CPL1 is reflected by the reflective polarizing plate
RP to be directed to the reflector RF. When the clockwise
circularly polarized light CPL1, which is directed to the
reflector RF, is reflected by the reflector RF, the light is
reversed in direction of rotation thereof to become counter-
clockwise circularly polarized light CPL2, which is directed
to the reflective polarizing plate RP. Here, the counterclock-
wise circularly polarized light CPL2 passes through the
reflective polarizing plate RP as remaining in the polarization
state. In the course of passing through the ¥4 wavelength plate
QW), the counterclockwise circularly polarized light CPL2 is
converted to a P-polarized light to be emitted to the surface-
emitting portion light guide plate LG2. Here, the P-polarized
component emitted to the surface-emitting portion light guide
plate LG2 propagates along the second optical path OP2 in
the surface-emitting portion light guide plate [.G2, and is
reflected by the slant surfaces of the light extraction structures
MP before being and is emitted to the liquid crystal display
panel LCP side.

[0167] Inthis way, even when a polymer cholesteric liquid
crystal layer is used as the reflective polarizing plate RP, an
S-polarized component of light from the light sources LS may
be converted to a P-polarized component.

[0168] Further, in the backlight according to Embodiment
5, as the reflective polarizing plate RP, a polymer cholesteric
liquid crystal layer having a rightward twisted structure is
used, but the present invention is not limited thereto. Even
when a polymer cholesteric liquid crystal layer having a
leftward twisted structure is used, an S-polarized component
of light from the light sources LS may be similarly converted
to a P-polarized component. However, in this case, it is nec-
essary to shift the direction of the slow axis of the ¥4 wave-
length plate QW by 90 degrees from that in the case of the
rightward twisted structure.

[0169] Meanwhile, the wavelength range in which the
polymer cholesteric liquid crystal layer exhibits the above-
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mentioned characteristics is in proportion to its double refrac-
tion value, which is about 100 nm even when the double
refraction value is at the maximum. Therefore, a plurality of
polymer cholesteric liquid crystal layers having different
pitches of the twisted structures may be laminated, to thereby
cause the polymer cholesteric liquid crystal layer to act as
described above with regard to light of all the wavelengths of
visible light. Alternatively, a polymer cholesteric liquid crys-
tal layer in which the pitch of the twisted structure is continu-
ously changed may also be used instead of laminating a
plurality of polymer cholesteric liquid crystal layers having
different pitches of the twisted structures, and a similar effect
may still be obtained.

[0170] The polymer cholesteric liquid crystal layer may be
prepared as follows. A solution in which a chiral material is
mixed with low molecular photopolymerizable liquid crystal
is applied on a base which has been subjected to horizontal
alignment treatment, and light is irradiated thereon to carry
out polymerization. Therefore, by repeating the process a
plurality of times. a plurality of polymer cholesteric liquid
crystal layers having different pitches of the twisted struc-
tures may be laminated. Here, if a flexible plastic thin film is
used as the base, lamination on the junction of the combining
portion light guide plate is possible. Alternatively, when a
polymer cholesteric liquid crystal layer is laminated may also
be formed by directly applying the low molecular photopo-
lymerizable liquid crystal onto the junction of the combining
portion light guide plate LG1, without using the base, and
carrying out photopolymerization thereof.

[0171] Further, the ¥4 wavelength plate QW is laminated on
the junction of the surface-emitting portion light guide plate
LG2 and the reflective polarizing plate RP is laminated on the
Junction ofthe combining portion light guide plate LG1. With
this configuration, when the surface-emitting portion light
guide plate LG2 and the combining portion light guide plate
LG1 are combined with each other, the %4 wavelength plate
QW and the reflective polarizing plate RP may be disposed so
as to be in proximity to each other and the reflective polarizing
plate RP may be disposed so as to be in proximity to the light
sources LS.

Embodiment 6

[0172] FIG. 18 is a schematic sectional view illustrating an
exemplary schematic structure of a main portion of a liquid
crystal display panel in a liquid crystal display device accord-
ing to Embodiment 6 of the present invention.

[0173] In Embodiment 1, as an exemplary liquid crystal
display panel LCP used in the liquid crystal display device
according to the present invention, the IPS liquid crystal
display panel having the structure illustrated in FIGS.3to 5 1s
described. However, the liquid crystal display device accord-
ing to the present invention is characterized by the structure of
the light guide plate LG of the backlight, and the structure of
the liquid crystal display panel LCP may be any of conven-
tional transmissive or transflective liquid crystal display pan-
els as described above. Therefore, in Embodiment 6, as
another exemplary structure of the liquid crystal display panel
LCP which may be used in the liquid crystal display device
according to the present invention, a VA liquid crystal display
panel is described.

[0174] The VA liquid crystal display panel LCP has, for
example, as illustrated in FIG. 18, a first ¥4 wavelength plate
QW1 disposed between the first polarizing plate PL1 and the
first substrate SU1 and a second % wavelength plate QW2
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disposed between the second polarizing plate PL2 and the
second substrate SU2. Here, the first V4 wavelength plate
QW1 and the second %4 wavelength plate QW2 are disposed
such that, when viewed from the direction (z axis) of the
normal to the substrate, the slow axes thereof are orthogonal
to each other and form an angle of 45 degrees with the trans-
mission axes of the first polarizing plate PL1 and the second
polarizing plate PL2.

[0175] It should be noted that the liquid crystal display
device according to Embodiment 6 has one of the backlights
according to Embodiment 1 to Embodiment 5. Therefore, as
described in Embodiment 1, light from the backlight which
enters the second polarizing plate PL2 is linearly polarized
light the direction of vibration of which is in the long side
direction of the liquid crystal display panel LCP. Therefore,
even in the case of a VA liquid crystal display panel LCP, the
second polarizing plate PL2 is disposed such that the trans-
mission axis thereof is in the long side direction of the liquid
crystal display panel LCP. With this configuration, the liquid
crystal display device according to Embodiment 6 having the
VA liquid crystal display panel LCP allows light from the
backlight to be used with a high degree of efficiency.

[0176] Further, in the VA liquid crystal display panel LCP,
the common electrode CE is disposed on a surface of the first
substrate SUI, the surface being in proximity to the liquid
crystal layer. Further, the pixel electrode PE is formed in a
rectangular shape which is equivalent to the shape of a pixel,
and is disposed on a surface of the second substrate SU2, the
surface being in proximity to the liquid crystal layer.

[0177] Further, in the VA liquid crystal display panel LCP,
the first alignment film AL1 and the second alignment film
AL 2 are aligned perpendicularly to each other and disposed
such that the direction of the major axis of liquid crystal
molecules of the liquid crystal layer LCL is substantially
perpendicular to the plane of the substrate. Further, here, the
permittivity anisotropy of the liquid crystal material used for
the liquid crystal layer LCL is negative and the permittivity in
the direction of alignment is smaller than that in a direction
perpendicular thereto.

[0178] When a vertical electric field is applied to the liquid
crystal layer LCL of perpendicular alignment which has
negative permittivity anisotropy, the tilt angle of the liquid
crystal molecules decreases and the alignment of the liquid
crystal layer LCL is inclined to an arbitrary azimuth angle.
Here, in order to determine the azimuth angle without the
effect of thermal fluctuations, an alignment control structure
PT is disposed in a pixel. In Embodiment 5, the alignment
control structure PT is disposed on the surface of the first
substrate SU1, the surface being in proximity to the liquid
crystal layer, and more specifically, between the common
electrode CE and the first alignment film AL1. The shape of
the alignment control structure PT in plan view is linear and
is in parallel with a long side direction of a pixel. The align-
ment control structure PT is disposed so as to divide a pixel
intohalves. Thealignment control structure PT is, similarly to
the columnar spacers, formed of a transparent organic film,
which is patterned so as to be in a linear fashion and then
heated into a melting state, to thereby form the shape thereof
in section into substantially a quadric curve. Here, liquid
crystal molecules in proximity to the alignment control struc-
ture PT arealigned so as to be perpendicular to asurface of the
alignment control structure PT, and hence the alignment of
the liquid crystal layer LCL is inclined to some extent with
respect to the normal to the substrate in proximity to the
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alignment control structure PT. Further, in proximity to the
alignment control structure PT, the direction of the electric
field is inclined to some extent with respect to the normal to
the substrate. By those effects, the azimuth angle of the liquid
crystal layer LCL when an electric field is applied thereto is
determined so as to be perpendicular to the alignment control
structure PT, and the tilt angles with regard to a right side and
aleft side of the alignment control structure PT are symmetri-
cal.

[0179] In the VA liquid crystal display panel LCP, two
regions in which the tilt angles are symmetrical are generated
in one pixel which are substantially the same in area, and
hence viewing angle dependence of the two regions is can-
celled out, with the result that the viewing angle characteris-
tics of one pixel are improved. Further, light which enters the
liquid crystallayer LCL is circularly polarized light due to the
operation of the second V4 wavelength plate QW2, is directed,
the polarization state of light which passes therethrough may
be changed by the phase difference regardless of the direction
of the liquid crystal alignment. Therefore, in the VA liquid
crystal display panel LCP, when white is produced, the trans-
mittance is improved in a large region of a pixel except for a
center portion of the alignment control structure PT.

[0180] Further, when disposing the alignment control
structure PT in the VA liquid crystal display panel LCP, for
example, two or more alignment control structures PT may be
disposed in one pixel, the alignment control structures PT
each being formed in a circular shape. In this case, the pixel
electrode PE in one pixel may include the alignment control
structures PT and subpixel electrodes which are equal in
number to the alignment control structures PT. Each of the
subpixel electrodes is in a shape of a square or a rectangle
close to a square in plan view, with the alignment control
structure PT disposed at the center thereof. Further, here, in
order to secure continuity between the respective subpixel
electrodes, the subpixel electrodes are coupled at a center
portion of a pixel. In this case, when voltage is applied, the
direction of alignment of the liquid crystal layer LCL is
rotationally symmetrical with respect to the alignment con-
trol structure PT. Therefore, azimuth angle dependence of the
viewing angle characteristics is cancelled out and the viewing
angle characteristics are improved compared with a case in
which the above-mentioned linear alignment control struc-
ture PT is used.

Embodiment 7

[0181] FIG. 19 is a schematic sectional view illustrating an
exemplary schematic structure of a main portion of a liquid
crystal display panel in a liquid crystal display device accord-
ing to Embodiment 7 of the present invention.

[0182] In Embodiment 7, as further another exemplary
structure of the liquid crystal display panel LCP which may
be used in the liquid crystal display device according to the
present invention, a TN liquid crystal display panel is
described.

[0183] The TN liquid crystal display panel LCP includes,
for example, as illustrated in FIG. 19, a first viewing angle
magnification film WV1 between the first polarizing plate
PL1 and the first substrate SU1 and a second viewing angle
magnification film WV2 between the second polarizing plate
PL2 and the second substrate SU2.

[0184] Further, in the TN liquid crystal display panel LCP,
the common electrode CE is disposed on a surface of the first
substrate SU1 which s in proximity to the liquid crystal layer.
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Further, the pixel electrode PE is in the rectangular shape
which is equivalent to the shape of a pixel, and is disposed on
asurface of the second substrate SU2 which is in proximity to
the liquid crystal layer.

[0185] Further, in the TN liquid crystal display panel LCP,
the first alignment film ALL1 and the second alignment film
AL2 are horizontal alignment films similarly to the case of
Embodiment 1, and are subjected to alignment treatment by
being rubbed such that the directions of alignment of the
former and the latter are the short side direction and the long
side direction of the liquid crystal display panel LCP, respec-
tively. More specifically, the direction of alignment of the first
alignment film AL1 and the direction of alignment of the
second alignment film AL2 are adapted to form an angle of 90
degrees. Here, the liquid crystal layer LCL has a twisted
alignment according to the directions of alignment of the first
alignment film AL1 and the second alignment film AT2.
Further, here, the permittivity anisotropy of the liquid crystal
material is positive and the permittivity in the direction of
alignment is larger than that in a direction perpendicular
thereto. Further, a chiral material which is a rotatory material
is added to the liquid crystal layer LCL such that the liquid
crystal layer LCL has a spontaneous twisted alignment and
the twisted alignment thereof is stabilized.

[0186] In such aliquid crystal display panel LCP, because
the direction of vibration of linearly polarized light which
passes through the second polarizing plate PL.2 is rotated
along the twisted alignment of the liquid crystal layer LCL
when no voltage is applied thereto, the light passes through
the first polarizing plate PL1 to produce white. When voltage
1s applied to the liquid crystal layer LCL, the tilt angle of the
liquid crystal layer LCL increases, and, when the voltage is
high enough, the alignment is close to perpendicular align-
ment. Here, the liquid crystal layer LCL becomes optically
1sotropic and produces black.

[0187] It should be noted that the liquid crystal display
device according to Embodiment 7 includes one of the back-
lights according to Embodiment 1 to Embodiment 5. There-
fore, as described in Embodiment 1, light from the backlight
which enters the second polarizing plate P12 is linearly polar-
ized light the direction of vibration of which is the long side
direction ofthe liquid crystal display panel LCP. Therefore, in
the case of the TN liquid crystal display panel LCP, also, the
second polarizing plate PL2 is disposed such that the trans-
mission axis thereof'is in the long side direction of the liquid
crystal display panel LCP. This makes it possible that the
liquid crystal display device according to Embodiment 7
including the TN liquid crystal display panel LCP uses light
from the backlight with a high degree of efficiency.

[0188] Further, in the TN liquid crystal display panel LCP,
in order to improve the viewing angle characteristics, for
example, a first viewing angle compensating layer may be
disposed between the first polarizing plate PL1 and the first
substrate SU1 and a second viewing angle compensating
layer may be disposed between the second polarizing plate
PL2 and the second substrate SU2. In the TN liquid crystal
display panel LCP, the liquid crystal layer LCL exhibits a
large tilt angle in halftone display, which is a cause of great
change in retardation And of the liquid crystal layer LCL as
the viewing angle direction changes. Therefore, the viewing
angle characteristics of a TN liquid crystal display panel are
generally inferior to those of an IPS liquid crystal display
panel. The first viewing angle compensating layer and the
second viewing angle compensating layer are formed of a
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polymer liquid crystal layer having a large tilt angle. When
seen from the direction of the normal. the polymer liquid
crystal layers are disposed such that the direction of align-
ment of the polymer liquid crystal layers is parallel with the
direction of alignment of the liquid crystal layer LCL in
proximity thereto, and the sign of the tilt angle of the polymer
liquid crystal layers is opposite to the sign of the tilt angle of
the liquid crystal layer LCL in proximity thereto. This com-
pensates for the change in retardation And of the liquid crystal
layer LCL as the viewing angle changes in the TN liquid
crystal display panel LCP, and therefore the viewing angle
characteristics are improved.

[0189] When the directions of alignment of the first align-
ment film AL1 and the second alignment film AL2 are the
short side direction and the long side direction of the liquid
crystal display panel LCP, respectively, the viewing angle
characteristics are therebetween, that is, symmetrical with
respect to an axis which is tilted at an angle of 45 degrees with
respect to four sides of the liquid crystal display panel LCP.
However, it is more preferable that the viewing angle charac-
teristics are symmetrical in a horizontal direction of the liquid
crystal display panel LCP. In order to attain this, the axial
directions of the optically anisotropic members of the liquid
crystal display device (liquid crystal display panel LCP)
according to Embodiment 7, that is, the directions of the
transmission axes of the first polarizing plate PL1 and the
second polarizing plate PL.2 and the axial direction of the
liquid crystal layer LCL may be rotated 45 degrees. In order
to rotate 45 degrees the axial direction of the liquid crystal
layer LCL, the directions of the alignment treatment of the
first alignment film AL1 and the second alignment film AL2
may be rotated 45 degrees. Further, when the first viewing
angle compensating layer and the second viewing angle com-
pensating layer are provided, their axes (directions of align-
ment) are rotated 45 degrees at the same time. This makes the
viewing angle characteristics of the TN liquid crystal display
panel LCP symmetrical in the horizontal direction.

[0190] However, when the axial directions of the optically
anisotropic members are rotated 45 degrees as described
above, the transmission axis of the second polarizing plate
PL2 and the directions of vibration of light which enters the
second polarizing plate PL2 from the backlight form an angle
of about 45 degrees, and therefore the use efficiency of light
from the backlight is lowered and the brightness is lowered.
As described above, the transmission efficiency when light
from the backlight passes through the second polarizing plate
PL2 is in proportion to cos°6. The transmission efficiency
when 6=45° compared with an ideal case in which 6=0° is
about 50%, and the transmission efficiency is decreased to
about a half. In order to attain both symmetry of the viewing
angle characteristics and improvement of the use efficiency of
light from the backlight, for example, a %2> wavelength plate
may be disposed between the second polarizing plate PL2 and
the backlight. Here, the %2 wavelength plate is, more specifi-
cally, disposed such that the V2 wavelength plate is laminated
on the second polarizing plate PL2 on the backlight side.
Further, here, the 12 wavelength plate is disposed such that the
direction of the slow axis thereof bisects the angle formed by
the transmission axis of the second polarizing plate PL2 and
the direction of vibration of light from the backlight. This
makes the direction of vibration of light from the backlight
rotate 45 degrees in the course of passing through the %
wavelength plate to be in parallel with the transmission axis
of the second polarizing plate PL.2. This may enhance the use
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efficiency of light even when the viewing angle characteris-
tics of the TN liquid crystal display panel LCP are symmetri-
cal in the horizontal direction.

Embodiment 8

[0191] The structures of the backlights in Embodiment 1 to
Embodiment 5 are structures which are assumed to be applied
to asmall-sized liquid crystal display device used as a display
portion of a cellular telephone or the like, and cases in which
the number of the light sources LS is two are described.
[0192] However, the backlight including the light guide
plate according to the present invention is not limited thereto,
and may be applied to, for example, a liquid crystal display
device used as display portions of a notebook computer or a
car navigation system. In this case, the number of the light
sources LS disposed at the end portion of the light guide plate
(combining portion light guide plate LG1) is not limited to
two, and may be three or more. Further, the size of a liquid
crystal display device used as a display portion of a cellular
telephone is becoming larger in recent years, and, for
example, there are cases in which, in order to secure satisfac-
tory brightness and uniform surface brightness, three or more
light sources LS are necessary.

[0193] Therefore, in Embodiment 8, exemplary structures
of a liquid crystal display device in which the number of the
light sources LS is three or more are described in brief.
[0194] FIG. 20 is a schematic plan view illustrating a first
example of a schematic structure of a main portion in a liquid
crystal display device according to Embodiment 8 of the
present invention.

[0195] The size of a liquid crystal display device used as a
display portion of a cellular telephone is becoming larger in
recent years, and the size of the display region is, for example,
about three to four inches diagonal. Further, with regard to a
liquid crystal display device used as a display portion of a
personal digital assistant (PDA), also, the size of the display
region is, for example, about four inches diagonal. Therefore,
in those liquid crystal display devices, for example, four light
sources LS may be used.

[0196] When four light sources LS are disposed at the end
portion of the light guide plate (combining portion light guide
plate LG1), for example, as illustrated in FIG. 20, a pair of the
structure described in Embodiment 2 (structure illustrated in
FIG. 10) are arranged side by side in the short side direction
of the combining portion light guide plate LG1 (in the x
direction).

[0197] Here, light emitted from the light guide plate (sur-
face-emitting portion light guide plate 1.G2) to the liquid
crystal display panel LCP side is, as described above, linearly
polarized light the direction of vibration of which is generally
parallel with the long side direction of the liquid crystal
display panel LCP. Therefore, by making the direction of a
transmission axis PLT2 of the second polarizing plate PL.2 of
the liquid crystal display panel LCP parallel with the long side
direction of the liquid crystal display panel LCP and making
a transmission axis PLT1 of the first polarizing plate PL1
perpendicular to the transmission axis PLT2, the use effi-
ciency of light from the backlight may be enhanced.

[0198] It should be noted that, when four light sources LS
are used, the structure is not limited to the one illustrated in
FIG. 20. It goes without saying that, for example, a pair of any
of the structures described in Embodiment 1 and Embodi-
ment 3 to Embodiment 5 may be arranged side by side.
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[0199] FIG. 21 is a schematic plan view illustrating a sec-
ond example of the schematic structure of the main portion in
the liquid crystal display device according to Embodiment 8
of the present invention.

[0200] When four light sources LS are disposed at the end
portion of the light guide plate (combining portion light guide
plate LG1) asillustrated in FIG. 20, with regard to light which
propagates in the light guide plate (surface-emitting portion
light guide plate LG2), light which propagates in a center
portion and both end portions is light which passes through
the reflective polarizing plate RP only once (light which
propagates along the first optical paths OP1) and light which
propagates between the center portion and the end portions is
light which is reflected by the reflective polarizing plate RP
and then converted to a P-polarized component (light which
propagates along the second optical paths OP2). Therefore, in
this case, for example, decreased uniformity of surface
brightness due to difference between the brightness in the
center portion and both the end portions and the brightness
between the center portion and the end portions is a concern.
[0201] Further, when four light sources LS are disposed at
the end portion of the light guide plate (combining portion
light guide plate LG1) as illustrated in FIG. 20, because the
distance between the two light sources LS at the center is
small, for example, reduced heat radiation from the two light
sources LS resulting in lowered light emission efficiency due
to temperature rise during use for a long time period is a
concern.

[0202] Therefore, when four light sources LS are disposed
at the end portion of the light guide plate (combining portion
light guide plate LG1), for example, as illustrated in FIG. 21,
the arrangement of the reflective polarizing plates RP, the %
wavelength plates QW, and the reflectors RF may be changed
so that the light sources LS are spaced uniformly.

[0203] With such a structure, with regard to light which
propagates in the light guide plate (surface-emitting portion
light guide plate LG2), light which passes through the reflec-
tive polarizing plate RP only once (light which propagates
along the first optical paths OP1) and light which is reflected
by the reflective polarizing plate RP and then converted to a
P-polarized component (light which propagates along the
second optical paths OP2) are alternately arranged. There-
fore, for example, decreased uniformity of surface brightness
due to difference between the intensity of light which passes
through the reflective polarizing plate RP only once and the
intensity of light which is reflected by the reflective polarizing
plate RP and then converted to a P-polarized component is
thought to become less conspicuous. Further, by spacing the
light sources LS uniformly in this way, interference with an
adjacent light sources .S may be prevented, to thereby sup-
press reduction of heat radiation.

[0204] Itshouldbenoted that, whenthe light sources LS are
spaced uniformly, also, the structure for converting an S-po-
larized component of light from the light sources LS to a
P-polarized component is not limited to the one illustrated in
FIG. 21, and may be any of the structures described in
Embodiment 1 to Embodiment 5.

[0205] FIG. 22 is a schematic plan view illustrating a third
example of the schematic structure of the main portion in the
liquid crystal display device according to Embodiment 8 of
the present invention.

[0206] A liquid crystal display device with a backlight
including a light guide plate is also used as, for exaniple, a
display portion of a notebook computer or a car navigation
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system. Because the diagonal sizes of those liquid crystal
display devices are still larger, in order to secure satisfactory
brightness and uniform surface brightness, still more light
sources LS are necessary.

[0207] Further, a liquid crystal display device used as a
display portion of a notebook computer or the like has gen-
erally a horizontally oriented screen (display region), and the
direction of extension of the scanning signal line GL is the
long side direction of the liquid crystal display panel LCP.
[0208] Therefore, when the present invention is appliedto a
light guide plate of a liquid crystal display device used as a
display portion of a notebook computer or the like, for
example, as illustrated in FIG. 22, a plurality of light sources
LS are disposed along each of the two long sides of the liquid
crystal display panel LCP. Here, the reflective polarizing
plates RP, the V4 wavelength plates QW, and the reflectors RF
are disposed in the way illustrated in FIG. 21 such that the
light sources LS are spaced uniformly.

[0209] With the structure illustrated in FIG. 22, the rela-
tionship between the directions of travel oflight from the light
sources (first optical paths OP1 and second optical paths
OP2) and the long side and the short side of the liquid crystal
display panel LCP is opposite to that of the structures
described in Embodiment 1 to Embodiment 5. Therefore,
with the structure illustrated in FIG. 22, light emitted from the
light guide plate (surface-emitting portion light guide plate
LG2) to the liquid crystal display panel LCP side is linearly
polarized light the direction of vibration of which is generally
parallel with the short side direction of the liquid crystal
display panel LCP (y direction). Therefore, in the liquid crys-
tal display device with such structure, by making the direction
of the transmission axis PLT2 of the second polarizing plate
PL2 of the liquid crystal display panel LCP the short side
direction of the liquid crystal display panel LCP and making
the transmission axis PLT1 of the first polarizing plate PL1
perpendicular to the transmission axis PLT2, the use effi-
ciency of light from the backlight may be enhanced.

[0210] FIG. 23 is a schematic plan view illustrating a forth
example of the schematic structure of the main portion in the
liquid crystal display device according to Embodiment 8 of
the present invention.

[0211] Withthe structure of the backlight illustrated in FIG.
22, the light sources LS, the reflective polarizing plates RP,
the %4 wavelength plates QW, and the reflectors RF disposed
along the two long sides of the light guide plate are symmetri-
cal with respect to an axis in the long side direction (in the x
direction).

[0212] However, when the light sources LS are disposed
along each of the two long sides of the light guide plate, for
example, as illustrated in FIG. 23, the light sources LS, the
reflective polarizing plates RP, the V4 wavelength plates QW,
and the reflectors RF disposed along the two long sides of the
light guide plate may be 180 degree rotationally symmetrical
with respect to an axis in the direction of the normal to the
light guide plate (in the z direction) at the center.

[0213] FIG. 24 is a schematic plan view illustrating a fifth
example of the schematic structure of the main portion in the
liquid crystal display device according to Embodiment 8.
[0214] Withthestructure of the backlight illustrated in FIG.
22, the locations of the first optical paths OP1 from the light
sources LS along the upper long side of the light guide plate
and the locations of the first optical paths OP1 from the light
sources LS along the lower long side of the light guide plate
are the same in the x direction.
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[0215] However, when the light sources LS are disposed
along each of the two long sides of the light guide plate, for
example, as illustrated in FIG. 24, the locations of the first
optical paths OP1 from the light sources LS along the upper
long side of the light guide plate and the locations of the first
optical paths OP1 from the light sources LS along the lower
long side of the light guide plate in the x direction may be
shifted by W/2 which is half of the distance W between a first
optical path OP1 and an adjacent second optical path OP2.
[0216] FIG. 25 is a schematic plan view illustrating a sixth
example of the schematic structure of the main portion in the
liquid crystal display device according to Embodiment 8 of
the present invention.

[0217] With the structures of the backlights illustrated in
FIGS. 22 to 24, the light sources LS are disposed along each
of the two long sides of the light guide plate.

[0218] However, when the present invention is applied to a
light guide plate of a liquid crystal display device used as a
display portion of a notebook computer or the like, the
arrangement is not limited thereto, and, for example, as illus-
trated in FIG. 25, a plurality of light sources LS may be
disposed along each of the two short sides of the liquid crystal
display panel LCP. Here, the reflective polarizing plates RP,
the ¥4 wavelength plates QW, and the reflectors RF are dis-
posed in the way illustrated in FIG. 21 such that the light
sources LS are spaced uniformly.

[0219] With such a structure, the relationship between the
directions of travel of light (first optical paths OP1 and second
optical paths OP2) and the long side and the short side of the
liquid crystal display panel LCP is the same as that of the
structures described in Embodiment 1 to Embodiment 5.
Therefore, with the structure illustrated in FIG. 25, light
emitted from the light guide plate (surface-emitting portion
light guide plate L.G2) to the liquid crystal display panel LCP
side 1s linearly polarized light the direction of vibration of
which is generally parallel with the long side direction of the
liquid crystal display panel LCP (x direction). Therefore, in
the liquid crystal display device with such structure, by mak-
ing the direction of the transmission axis PLT2 of the second
polarizing plate PL2 of the liquid crystal display panel LCP
parallel with the long side direction of the liquid crystal
display panel LCP and making the transmission axis PLT1 of
the first polarizing plate PL1 perpendicular to the transmis-
sion axis PLT2, the use efficiency of light from the backlight
may be enhanced.

[0220] It should be noted that the structures of the back-
lights illustrated in FIGS. 20 to 25 and described in Embodi-
ment 8 are exemplary structures of the backlights when three
or more light sources LS are used. It goes without saying that,
when the present invention is applied to a backlight including
a light guide plate in which three or more light sources LS are
used, the structure is not limited thereto and any of the struc-
tures described in Embodiment 1 to Embodiment 5 may be
applied.

[0221] By the way, as described above, the liquid crystal
display device with a backlight including a light guide plate
according to the present invention is mainly used as a display
portion of portable information equipment and is often used
outdoors.

[0222] Inthe outdoors, there is, in addition to light directly
applied from a light source (sun or illuminating device) or the
like, for example, reflected light from a road, a water surface,
or the like. Such reflected light interferes in driving a car,
fishing, or the like. All of such reflected light is, because it is
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light reflected by a horizontal surface, linearly polarized light
the direction of vibration of which 1s in a horizontal plane. In
recent years, in order to eliminate such linearly polarized
light, polarized sunglasses including a polarizing plate the
absorption axis of which is in the horizontal direction are
becoming popular.

[0223] Therefore, a liquid crystal display device to which
the present invention is applied is required to be observable by
a person with polarized sunglasses. More specifically, in a
liquid crystal display device to which the present invention is
applied and which is assumed to be used outdoors, it is pref-
erable that the transmission axis PLT1 of the first polarizing
plate PL1 on the user tilts side enough from the horizontal
direction, and it is ideal that the transmission axis PLT1 is
perpendicular to the horizontal direction.

[0224] When the present invention is applied to a large-
screen liquid crystal display device, it is thought to be used as,
for example, a display device for street advertisement. Such a
display device is assumed to be installed with the long sides of
the liquid crystal display panel LCP being in the horizontal
direction. Therefore, in order to make such a display device
observable by a person with polarized sunglasses, it is desit-
able that the direction of the transmission axis PLT1 of the
first polarizing plate PL1 which the person observes is pet-
pendicular to the long sides. Therefore, when the present
invention is applied to a liquid crystal display device which is
installed with the long sides of the liquid crystal display panel
LCP being in the horizontal direction, it is desirable that the
structure of the backlight is, for example, as illustrated in FIG.
25.

[0225] Further, a large-screen liquid crystal display device
may be formed by, for example, arranging a plurality of liquid
crystal display panels to form one large screen (large-display-
region). Such a liquid crystal display device may be installed
with the short sides of the liquid crystal display panel LCP
being in the horizontal direction. In such a case, in order to
make the liquid crystal display device observable by a person
with polarized sunglasses, it is desirable that the transmission
axis PLT1 of the first polarizing plate PL1 which the person
observes is in parallel with the long sides. Therefore, when
the present invention is applied to a liquid crystal display
device which is installed with the short sides of the liquid
crystal display panel LCP being in the horizontal direction, it
is desirable that the structure of the backlight is, for example,
as illustrated in FIG. 22.

[0226] As described above, the liquid crystal display device
according to Embodiment 8 becomes observable by a person
with polarized sunglasses by selecting sides along which the
light sources LS are disposed according to the direction of the
liquid crystal display panel LCP when used.

[0227] The present invention is specifically described
based on the embodiments above, but the present invention is
not limited thereto, and it goes without saying that various
modifications are possible without departing from the gist of
the present invention.

[0228] For example, in Embodiment 1, as exemplary light
extraction structures MP provided on the light guide plate LG
(surface-emitting portion light guide plate LG2), the prism-
like protrusions illustrated in FIG. 1 are described, but the
light extraction structures MP is not limited thereto, and may
be, for example, protrusions having a convex curved surface
or a concave curved surface. Further, the light extraction
structures MP may be, for example, stripe-like reflection
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grooves which extend generally perpendicularly to the first
optical path OP1 and the second optical path OP2.

[0229] Further, the structure of the liquid crystal display
panel LCP may be, for example, such that one or more layers
of retarder are disposed between the first substrate SU1 and
the first polarizing plate PL1, and between the second sub-
strate SU2 and the second polarizing plate PT.2.

[0230] Further, in the liquid crystal display panel LCP in
the embodiments described in the above, the first polarizing
plate PL1 and the second polarizing plate PL2 are disposed so
as to sandwich the first substrate SU1, the second substrate
SU2, and the liquid crystal layer LCL therebetween. How-
ever, because it is enough that the first polarizing plate PL1
and the second polarizing plate PL2 are disposed so as to
sandwich the liquid crystal layer LCL therebetween, for
example, the second polarizing plate PL.2 may be disposed
between the second substrate SU2 and the liquid crystal layer
LCL.

[0231] Still further, the liquid crystal display panel LCP
may be formed by, for example, using a liquid crystal material
having a blue phase, a liquid crystal material having cubic
symmetry, or the like in the liquid crystal layer LCL, and may
be without the first alignment film AL1 and the second align-
ment film AL2.

[0232] By using the liquid crystal display device according
to the present invention as a display portion of mobile equip-
ment such as a cellular telephone or a digital camera, image
display of high brightness and excellent visibility may be
obtained and battery consumption may be suppressed. Fur-
ther, when the liquid crystal display device according to the
present invention is used in a large-screen TV set or a large
display for a computer, display of higher brightness may be
obtained with the same power consumption.

What is claimed is:

1. A liquid crystal display device, comprising:

a liquid crystal display panel;

a light guide plate disposed on a rear surface side of the
liquid crystal display panel; and

a plurality of light sources disposed at an end portion of the
light guide plate, wherein:

the plurality of light sources are disposed such that a direc-
tion of travel of light which is a main component in view
of intensity distribution of light emitted from the plural-
ity of light sources is substantially in parallel with
respect to at least one of four sides of the liquid crystal
display panel,

the light guide plate includes:

a reflective polarizing plate for transmitting a P-polar-
ized component and reflecting an S-polarized compo-
nent of the light emitted from the plurality of light
sources, the reflective polarizing plate being between
the end portion which the light emitted from the plu-
rality of light sources enters and a light extraction
portion at which light propagating in the light guide
plate is extracted to a side of the liquid crystal display
panel,

a reflector for reflecting the S-polarized component of
light reflected by the reflective polarizing plate; and

a polarization converting member for converting the
S-polarized component of light to a P-polarized com-
ponent;

the reflective polarizing plate and the reflector are tilted at
an angle such that reflecting surfaces thereof are not
perpendicular with respect to the direction of travel of
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the main component of light and are disposed such that
the P-polarized component obtained by converting the
S-polarized component of the main component of light
with the polarization converting member is directed sub-
stantially in parallel with the direction of travel of the
main component of light, and

the polarization converting member is disposed at a loca-

tion which is on a pathway of light reflected by the
reflective polarizing plate but is not on a pathway of the
main component of light which is before passing
through the reflective polarizing plate.

2. The liquid crystal display device according to claim 1,
wherein

the polarization converting member comprises a ¥4 wave-

length plate, and

the V4 wavelength plate is disposed at a location such that

the light after a reflection of the reflective polarizing
plate passes through the /4 wavelength plate twice in a
pathway that the light is reflected by the reflector and is
directed to the light extraction portion.

3. The liquid crystal display device according to claim 1,
wherein

the polarization converting member comprises a Y4 wave-

length plate, and

the Y4 wavelength plate and the reflector are laminated in

the stated order from a side closer to the light guide plate,
and the ¥4 wavelength plate is disposed such that a slow
axis thereof forms an angle of 45 degrees with respect to
a thickness direction of the light guide plate.

4. The liquid crystal display device according to claim 1,
wherein the reflective polarizing plate is disposed only at a
location where the main component of light containing the
P-polarized component and the S-polarized component
passes through, and is not disposed at a location where light
reflected by the reflector passes through.

5. The liquid crystal display device according to claim 1,
wherein

the polarization converting member comprises a 2> wave-

length plate,

the reflective polarizing plate is disposed only at a location

where the main component of light containing the P-po-
larized component and the S-polarized component
passes through, and

the 2 wavelength plate is disposed at a location such that

the light after being reflected by the reflective polarizing
plate passes through the Y% wavelength plate once in a
pathway that the light is reflected by the reflector and is
directed to the light extraction portion and such that a
slow axis thereof forms an angle of 45 degrees with
respect to a thickness direction of the light guide plate.

6. The liquid crystal display device according to claim 1,
wherein

the reflective polarizing plate comprises a laminate formed

by alternately laminating an anisotropic medium having
refractive index anisotropy and an isotropic medium not
having the refractive index anisotropy, and

the anisotropic medium is formed such that any one of an

extraordinary refractive index and an ordinary refractive
index in a layer plane of the laminate is equal to a
refractive index of the isotropic medium.

7. A liquid crystal display device, comprising:

a liquid crystal display panel;

a light guide plate disposed on a rear surface side of the

liquid crystal display panel; and
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a plurality of light sources disposed at an end portion of the
light guide plate, wherein
the plurality of light sources are disposed such that a direc-
tion of travel of light which is a main component in view
of intensity distribution of light emitted from the plural-
ity of light sources is substantially in parallel with
respect to at least one of four sides of the liquid crystal
display panel,
the light guide plate includes:
areflective polarizing plate for separating the light emit-
ted from the plurality of light sources into circularly
polarized light of clockwise and circularly polarized
light of counterclockwise and transmitting one circu-
larly polarized light and reflects another circularly
polarized light, the reflective polarizing plate being
disposed between the end portion which the light
emitted from the plurality of light sources enters and
a light extraction portion at which light propagating in
the light guide plate is extracted to a side of the liquid
crystal display panel;
areflector for reflecting the another circularly polarized
light reflected by the reflective polarizing plate; and

apolarization converting member for converting the one
circularly polarized light which passes through the
reflective polarizing plate and the another circularly
polarized light reflected by the reflector to a P-polar-
ized component, and

the reflective polarizing plate and the reflector are tilted at
an angle such that reflecting surfaces thereof are not
perpendicular with respect to the direction of travel of
the main component of light and are disposed such that
the P-polarized component obtained by converting the
another circularly polarized light reflected by the reflec-
tive polarizing plate of the main component of light with
the polarization converting member is directed substan-
tially in parallel with the direction of travel of the main
component of light.

8. The liquid crystal display device according to claim 7,
wherein

the reflective polarizing plate comprises a laminate of cho-
lesteric liquid crystal layers which exhibits characteris-
tic reflection in wavelength range of the light emitted
from the plurality of light sources,

the polarization converting member comprises a /4 wave-
length plate, and

the ¥4 wavelength plate is disposed such that a slow axis
thereof forms an angle of 45 degrees with respect to a
thickness direction of the light guide plate.

9. The liquid crystal display device according to claim 7,
wherein

the reflective polarizing plate includes a polymer liquid
crystal layer having a twisted alignment, and

the twisted alignment is formed such that a twist angle
thereof is 90 degrees and a direction of alignment in a
surface thereof in proximity to the plurality of light
sources is either one of perpendicular to or in parallel
with a thickness direction of the light guide plate.

10. The liquid crystal display device according to claim 1,
wherein at least one of the reflective polarizing plate and the
reflector is formed such that profile thereofin plan view of the
plane which is opposed to the liquid crystal display panel is a
curve which is concave with respect to incident light.
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11. The liquid crystal display device according to claim 1,
wherein the reflector comprises a metal thin film having a
high reflectivity.

12. The liquid crystal display device according to claim 1,
wherein

the light guide plate comprises a combining portion light

guide plate and a surface-emitting portion light guide
plate,

the combining portion light guide plate and the surface-

emitting portion light guide plate have junction surfaces,
respectively, which are opposed to each other and made
to be in the same shapes,

the plurality of light sources are disposed in proximity to an

end portion of the combining portion light guide plate
which is different from the junction surfaces,

the reflective polarizing plate is formed on the junction

surfaces of one of the combining portion light guide
plate and the surface-emitting portion light guide plate,
and

the reflector is formed at the end portion of the combining

portion light guide plate which is different from the
junction surfaces.

13. The liquid crystal display device according to claim 1,
wherein

the liquid crystal display panel comprises:

a pair of substrates;

a liquid crystal layer sandwiched between the pair of sub-

strates; and

a pair of polarizing plates disposed so as to sandwich the

liquid crystal layer therebetween, and

a polarizing plate of the pair of polarizing plates, which is

disposed between the liquid crystal layer and the light
guide plate, is made such that a direction of a transmis-
sion axis thereof is substantially in parallel with respect
to the direction of travel of the main component of light
in the light guide plate.
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14. The liquid crystal display device according to claim 13,
wherein the pair of polarizing plates are disposed so as to
sandwich the pair of substrates and the liquid crystal layer.

15. The liquid crystal display device according to claim 13,
wherein

the liquid crystal display panel comprises a pixel electrode

and a common electrode on a surface of one substrate of
the pair of substrates in proximity to the liquid crystal
layer,

the pixel electrode and the common electrode are formed in

the same layer and have a comb-shaped structure in plan
view, and

the pixel electrode and the common electrode are formed

such that a longitudinal direction of teeth portions of the
comb-shaped structure of the pixel electrode and the
common electrode is substantially in parallel with
respect to the direction of travel of the main component
of light.

16. The liquid crystal display device according to claim 13,
wherein

the liquid crystal display panel comprises a pixel electrode

and a common electrode on a surface of one substrate of
the pair of substrates in proximity to the liquid crystal
layer,

the pixel electrode and the common electrode are lami-

nated via an insulating layer and a closer electrode
among the pixel electrode and the common electrode to
the liquid crystal layer has a comb-shaped structure in
plan view, and

the comb-shaped structure is formed such that a longitudi-

nal direction of teeth portions thereof is substantially in
parallel with respect to the direction of travel of the main
component of light.

* ok % %k %
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