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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2009-259830 filed on Nov. 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 that guides light from a light source ofa side light
type and supplies the light to a liquid crystal panel.

[0004] 2. Description of the Related Art

[0005] In general, a liquid crystal display device is thin,
light, and low power consumption. Therefore, the liquid crys-
tal display device is used as a display device for a wide range
of electronic apparatuses such as a notebook personal com-
puter, a portable information terminal, a cellular phone, a
digital camera, a monitor for a computer, and a thin television.
[0006] Unlike a self-emitting display device such as a cath-
ode ray tube or a plasma display device, such a liquid crystal
display device controls amount of light of a light made inci-
dent from the outside and displays an image and the like. If
color filters for a plurality of colors are provided as light
control elemental devices, the liquid crystal display device
can perform color display in multiple colors.

[0007] The liquid crystal display device applies, in a liquid
crystal panel including a liquid crystal cell in which a liquid
crystal layer is held between a pair of substrates and polariz-
ers respectively arranged on surfaces of the substrates on the
opposite sides of the liquid crystal layer, an electric field to the
liquid crystal layer to thereby change a polarization state of
light made incident on the liquid crystal layer and controls a
transmission amount of the light to thereby display an image.
[0008] The polarizers have a function of absorbing a pre-
determined linearly polarized light component and transmit-
ting linearly polarized light having an oscillation plane
orthogonal to the predetermined linearly polarized light com-
ponent. Therefore, when light from a back light irradiated on
the liquid crystal panel is non-polarized light, at least 50% of
illumination light is absorbed by the polarizer on an incident
side of the liquid crystal panel (a lower polarizer). In other
words, in the liquid crystal display device, when light emitted
from the back light is non-polarized light, about a half of the
illumination light is absorbed by the polarizer and lost. There-
fore, a ratio of the illumination light from the backlight
absorbed by the lower polarizer in the liquid crystal panel is
reduced, whereby a liquid crystal display device that displays
a brighter image and consumes lower power is realized.
[0009] As thebacklight of the liquid crystal display device,
there are a side light type (a light guide type). a direct type (a
reflector type), and a surface light source type. To realize a
thin back light, the side light type is used.

[0010] The liquid crystal display device of the side light
type includes a tabular transparent member called light guide
plate, a linear or point-like light source provided at an end of
the light guide plate, an optical sheet called prism sheet that
adjusts a traveling direction of light from the light guide plate,
and a diffusion sheet. The light guide plate has a function of
emitting the light from the light source in a planar shape.
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[0011] As a technique for performing polarization conver-
sion in the light guide plate, JP 10-20125 A discloses a con-
figuration in which a birefringence layer is provided in the
light guide plate.

SUMMARY OF THE INVENTION

[0012] As in the related art, a polarization component that
tends to remain in the light guide plate is subjected to polar-
ization conversion, whereby light remaining in thelight guide
plate decreases and light utilization efficiency of the back
light increases.

[0013] The light guide plate is formed by using, for
example, transparent resin as a material. When stress or the
like is applied when the light guide plate is formed, birefrin-
gence properties can be imparted to the light guide plateitself.
To convert polarization of the light from the light source inthe
light guide plate using the birefringence properties imparted
to the light guide plate itself, a phase difference and a princi-
pal refractive index of the light guide plate are designed while
directions thereof are uniformalized.

[0014] However, a method of controlling the directions of
the phase difference and the principal refractive index having
the birefringence properties is different depending on a manu-
facturing method. Further, in some case, in-plate distributions
in the directions of the phase difference and the principal
refractive index are not uniform. Therefore, it is difficult to
manufacture the light guide plate imparted with the birefrin-
gence properties in order to properly convert the polarization
of the light from the light source.

[0015] The present invention has been devised in view of
the above problems and it is an object of the present invention
to provide a liquid crystal display device with light utilization
efficiency of a back light improved by including a light guide
plate that has a function of converting polarization of light
from a light source and can be simply and easily manufac-
tured.

[0016] Inorderto solvethe problem,aliquid crystal display
device according to the present invention includes: one or a
plurality of light source sections; a light guide plate including
a light emitting surface that guides, from a side edge, light
from the one or plurality of light source sections and emits the
light in a planar shape; and a liquid crystal panel including a
lower polarizer on a side opposed to the light emitting surface.
The lower polarizer has a transmission axis in a direction
generally along a light guide azimuth in which the light guide
plate guides the light. The light guide plate includes a polar-
ization converting section on at least one of the light emitting
surface and a rear surface of the light emitting surface. The
polarization converting section reflects light made incident
from the light guide azimuth in a different traveling azimuth
and further reflects the light reflected in the different traveling
azimuth to bring the traveling azimuth closer to the light
guide azimuth to thereby convert polarization of the light
traveling from the light guide azimuth.

[0017] In an aspect of the liquid crystal display device
according to the present invention, the polarization convert-
ing section may include a prism having at least two slopes
including aslope that reflects the light made incident from the
light guide azimuth in the different traveling azimuth and a
slope that further reflects the light reflected in the different
traveling azimuth to bring the traveling azimuth closer to the
light guide azimuth.

[0018] Inanother aspect of the liquid crystal display device
according to the present invention, the prism may be formed
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in a triangular shape in cross-section by the at least two
slopes, and normal lines of the at least two slopes may be in an
azimuth different from the light guide azimuth.

[0019] In still another aspect of the liquid crystal display
device according to the present invention, the prism may be
formed in a shape of a linear groove extending in an azimuth
different from an azimuth perpendicular to the light guide
azimuth.

[0020] In still another aspect of the liquid crystal display
device according to the present invention, the polarization
converting section may include a prism row in which a plu-
rality of the prisms are formed in a row, and each of the prisms
in the prism row may have a shape of a liner groove extending
in an azimuth different from an azimuth perpendicular to the
light guide azimuth.

[0021] In still another aspect of the liquid crystal display
device according to the present invention, the prism may be
formed in an isosceles triangular shape in cross-section, and
the at least two slopes may be formed symmetrical.

[0022] In still another aspect of the liquid crystal display
device according to the present invention, an angle formed by
the azimuth in which each of the prisms extends and the light
guide azimuth may be equal to or smaller than 10 degrees, and
an apex angle b of the prism formed in a triangular shape in
cross section may be in a range of 80 degrees=b=130
degrees.

[0023] In still another aspect of the liquid crystal display
device according to the present invention, the apex angle b
may be in a range of 80 degrees=b=100 degrees.

[0024] In still another aspect of the liquid crystal display
device according to the present invention, the apex angle b
may be in a range of 110 degrees=b=130 degrees.

[0025] In still another aspect of the liquid crystal display
device according to the present invention, the light emitting
surface and the rear surface of the light guide plate may be
formed smooth, and the at least two slopes of the prism
included in the polarization converting section may be
formed smooth.

[0026] In still another aspect of the liquid crystal display
device according to the present invention, the light guide plate
may include a plurality of emitting sections that make light
traveling on the inside of the light guide plate in the light
guide azimuth incident on the light emitting surface at an
angle smaller than a critical angle to thereby emit the light
from the light emitting surface.

[0027] In still another aspect of the liquid crystal display
device according to the present invention, the plurality of
emitting sections may reflect, in the light guide azimuth, the
light traveling on the inside of the light guide plate in the light
guide azimuth and make the light incident on the light emit-
ting surface at an angle smaller than the critical angle.

[0028] In still another aspect of the liquid crystal display
device according to the present invention, the plurality of
emitting sections may be discontinuously arranged in a plu-
rality of places on the light emitting surface or the rear sur-
face.

[0029] In still another aspect of the liquid crystal display
device according to the present invention, the polarization
converting section and the plurality of emitting sections may
be arranged on the rear surface.

[0030] In still another aspect of the liquid crystal display
device according to the present invention, a groove-like pat-
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tern may be formed linearly along the light guide azimuth
according to the arrangement of the one or plurality of light
source sections.

[0031] In still another aspect of the liquid crystal display
device according to the present invention, the polarization
converting section may include a prism row in which a plu-
rality of the prisms are formed in a row, each of the prisms in
the prism row may have a shape of a liner groove extending in
an azimuth different from an azimuth perpendicular to the
light guide azimuth, and the plurality of emitting sections
may be respectively arranged to overlap a ridge line and a
valley line in the prism row.

[0032] In still another aspect of the liquid crystal display
device according to the present invention, the light guide plate
may include the polarization converting section on the rear
surface, the polarization converting section may include a
plurality of prism rows in which a plurality of the prisms are
formed in rows, each of the prisms in each of the prism rows
may have a shape of a linear groove extending in an azimuth
different from an azimuth perpendicular to the light guide
azimuth, the plurality of prism rows may be discontinuously
arranged along the light guide azimuth, and at least one of the
plurality of emitting sections may be arranged to be inter-
posed between two of the plurality of prism rows discontinu-
ously arranged.

[0033] In still another aspect of the liquid crystal display
device according to the present invention, a reflective polar-
izer may be arranged between the lower polarizer and the
light guide plate, the reflective polarizer may reflect light of a
polarization component in a direction orthogonal to the trans-
mission axis to the light guide plate side, and the polarization
converting section may be formed on the rear side of the light
guide plate.

[0034] In one aspect of the liquid crystal display device
according to the present invention, the light guide plate may
include a polarization converting section that totally reflects,
at least twice, light traveling on the inside of the light guide
plate in the light guide azimuth to change a traveling azimuth
of the light and converts polarization of the light.

[0035] According to the present invention, it is possible to
provide a liquid crystal display device with light utilization
efficiency of a back light improved by including a light guide
plate that has a function of converting polarization and can be
simply and easily manufactured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1is a diagram showing a state in which com-
ponents included in a liquid crystal display device according
to a first embodiment are separated,

[0037] FIG. 2 is a plan view showing a schematic configu-
ration of a surface light source according to the first embodi-
ment;

[0038] FIG. 3 is a diagram showing a state of light .1
emitted from a light emitting surface of a light guide plate;
[0039] FIG. 4 is an explanatory diagram of light emitted
from an interface;

[0040] FIG. 5 is a graph showing dependency of a phase
difference between a p-polarization component and an s-po-
larization component on an angle of incidence 81 in light
made incident on the interface from the inside of the light
guide plate and emitted from the interface;

[0041] FIG. 6A is a diagram showing a state in which
p-polarization and s-polarization are made incident on a
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prism substrate, on a rear side of which prisms having an
isosceles triangular shape in cross-section are formed in a
row;

[0042] FIG. 6B is a graph showing a result obtained by
examining degrees of polarization of emitted lights of the
p-polarization and the s-polarization made incident on the
prism substrate;

[0043] FIG. 7A is a diagram showing a state in which a
reflective sheet side of the light guide plate according to the
first embodiment is faced up;

[0044] FIG. 7B is a diagram showing a cross section taken
along line 7B-7B in FIG. 7A;

[0045] FIG. 7C is a diagram showing a cross section taken
along line 7C-7C in FIG. 7A;

[0046] FIG. 7D is a diagram showing a state in which the
reflective sheet side of the light guide plate according to the
first embodiment is faced up;

[0047] FIG. 8 is a diagram showing a result obtained by
examining a relation between a degree of polarization of
emitted light and an apex angle b when s-polarization is made
incident from an azimuth of $=90° on a prism substrate, on a
rear side of which prisms having a ridge line in the azimuth of
$=90° and having an isosceles triangular shape in cross-
section are formed in a row;

[0048] FIG. 9is a cross-section in which a part of a prism
sheet according to the first embodiment is enlarged,

[0049] FIG. 10A is a diagram showing a state in which a
prism sheet side of a light guide plate according to a second
embodiment is faced up;

[0050] FIG. 10B is a diagram showing a state in which a
reflective sheet side of the light guide plate according to the
second embodiment is faced up;

[0051] FIG. 11A is a diagram showing a state in which a
reflective sheet side of a light guide plate according to a third
embodiment is faced up;

[0052] FIG. 11B is a diagram showing a state in which a
prism sheet side of the light guide plate according to the third
embodiment is faced up;

[0053] FIG. 11C is a diagram showing another state in
which the reflective sheet side of the light guide plate accord-
ing to the third embodiment is faced up;

[0054] FIG. 12A is a diagram showing a state in which a
reflective sheet side ofa light guide plate according to a fourth
embodiment is faced up;

[0055] FIG. 12B is a diagram showing a state in which a
prism sheet side of the light guide plate according to the
fourth embodiment is faced up;

[0056] FIG. 13 is a schematic diagram of a state in which
components included in a liquid crystal display device
according to a fifth embodiment are separated;

[0057] FIG. 14 is adiagram showing a state in which a cross
section of a prism sheet according to the fifth embodiment is
enlarged;

[0058] FIG. 15 is a diagram showing a state in which com-
ponents included in a liquid crystal display device according
to a sixth embodiment are separated,

[0059] FIG. 16 is a diagram showing a state in which com-
ponents included in a liquid crystal display device according
to a seventh embodiment are separated; and
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[0060] FIG. 17 is a cross-section in which a part of a prism
sheet according to the seventh embodiment is enlarged.

DETAILED DESCRIPTION OF THE INVENTION

[0061] Liquid crystal display devices according to embodi-
ments of the present invention are explained below with ref-
erence to the accompanying drawings. The present invention
is not limited by the embodiments and may be carried out
indifferent forms within a scope of a technical idea of the
present invention. Combined forms of the embodiments are
also included in the present invention.

First Embodiment

[0062] FIG. 1is a diagram showing a state in which com-
ponents included in a liquid crystal display device according
to this embodiment are separated. As shown in the figure, the
liquid crystal display device according to this embodiment
includes a liquid crystal panel 200 and a surface light source
(a back light) 100. The liquid crystal panel 200 includes a
liquid crystal cell 220, an upper polarizer 210 provided on an
observer side of the liquid crystal cell 220, and a lower polar-
izer 230 provided on the surface light source 100 side of the
liquid crystal cell 220. The surface light source 100 includes
a diffusion sheet 110, a prism sheet 120, a light guide plate
130, a reflective sheet 140, and a light source section 150.
[0063] FIG. 2 is a plan view showing a schematic configu-
ration of the surface light source 100 according to this
embodiment. A definition of an azimuth angle ¢ is also writ-
ten in the figure. As shown in the figure, a reference (0 degree)
is provided in parallel to a side of a light guide plate on which
the light source sections 150 are arranged. The azimuth angle
¢ is defined counterclockwise viewed from the liquid crystal
panel 200 side. The surface light source 100 is an illumination
device that is thin and can emit illumination light having a
large ratio of a predetermined polarization component. The
surface light source 100 irradiates light on a display area of
the liquid crystal panel 200 from a rear side of the liquid
crystal panel 200. In order to evenly illuminate the display
area, a light emitting surface (a light radiating surface) of the
surface light source 100 is desirably formed in a shape sub-
stantially the same as the shape of the display area.

[0064] InFIG. 1, in the surface light source 100 according
to this embodiment, a light incident surface is formed on a
side of the light guide plate 130. The light source sections 150
are arranged near the light incident surface in order to make
light incident from the light incident surface. The reflective
sheet 140 is arranged on the rear side of the light guide plate
130 and the prism sheet 120 and the diffusion sheet 110 are
arranged on the upper side of the light guide plate 130. The
liquid crystal panel 200 includes the upper polarizer 210, the
lower polarizer 230, and the liquid crystal cell 220 held
between the upper polarizer 210 and the lower polarizer 230.
[0065] Directions of absorption axes of the upper polarizer
210 and the lower polarizer 230 are arranged to be orthogonal
to each other. A transmission axis of the lower polarizer 230
is provided to be generally parallel to a light guide azimuth of
the surface light source 100. The light guide azimuth is an
azimuth in which a principal ray of the light source sections
150 is propagated. In this embodiment, the light guide azi-
muth is an azimuth perpendicular to the side of the light guide
plate 130 on which the light source sections 150 are arranged.
The light guide azimuth is a direction at an azimuth angle
$=90 degrees. As explained later, a polarization component



US 2011/0116021 Al

perpendicular to the light guide azimuth is reflected on the
light emitting surface of the light guide plate 130 at a higher
ratio than a polarization component parallel to the light guide
azimuth. Therefore, the light guide plate 130 emits, on the
light emitting surface, illumination light having a large ratio
of a polarization component in the light guide azimuth. The
transmission axis of the lower polarizer 230 is aligned in a
direction along the light guide azimuth. The transmission axis
of the lower polarizer 230 and the light guide azimuth do not
always have to be set the same, polarized light intensely
emitted from the light guide plate 130 has to be allowed to be
effectively transmitted through the lower polarizer 230. If an
angle between the transmission axis of the lower polarizer
230 and the light guide azimuth is set to be equal to or smaller
than 45 degrees, an effect can be obtained. Desirably, if the
angle is set to be equal to or smaller than 20 degrees or set to
be equal to or smaller than 10 degrees, it is possible to effec-
tively utilize the polarized light intensely emitted from the
light guide plate 130. In these cases, the transmission axis of
the lower polarizer 230 can be regarded as being generally
along the light guide azimuth.

[0066] The liquid crystal cell 220 includes a first substrate
including color filter, a second substrate including active
matrix elemental devices or the like arrayed in a matrix shape,
a liquid crystal layer held between the first substrate and the
second substrate, a driver IC for driving the active matrix
elemental devices and the liquid crystal layer, and a flexible
printed board for supplying a signal source and a power
supply to the driver IC and the like (these are not shown in
FIG. 1). To configure the surface light source 100 and the
liquid crystal panel 200, mechanical structures such as a
frame and electrical structures such as a power supply and
wires necessary for causing a light source to emit light. Gen-
eral means only has to be used for the mechanical structures
and the electrical structures. Detailed explanation of the
mechanical structures and the electrical structures in this
specification are omitted.

[0067] As the light source sections 150, it is advisable to
use light source sections that satisfy conditions such as small
size, high light emission efficiency, and low heat generation.
As such light sources, fluorescent lamps or light emitting
diodes (LEDs) are suitable. The light source sections 150 in
this embodiment are formed in a rectangular shape according
to the shape of the light emitting diodes and plastic bodies for
sealing the light emitting diodes. Light is radiated from the
light source sections 150 to have higher directivity in the
direction of the azimuth angle 90 degrees, which is the light
guide azimuth, than other directions. In the explanation ofthis
embodiment, the light emitting diodes are used as the light
source sections 150. However, the present invention is not
limited to this. When the light emitting diodes are used as the
light source sections 150, since the light emitting diodes are
point-like light sources, the light source sections 150 may be
arranged by a number (three in FIG. 1 but the present inven-
tion is not limited to this) corresponding to necessity on an
end face of the light guide plate 130. An optical elemental
device that converts light from the light emitting diodes into a
linear light source having high directivity in the light guide
direction may be arranged between the light emitting diodes
and the light guide plate 130.

[0068] As light sources of the light source sections 150,
light emitting diodes that emit white light can be used. As the
light emitting diodes that realize the white emitted light, light
emitting diodes that realize the white emitted light by com-
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bining blue emitted light and a phosphor that is excited by the
blue light and emits yellow light can be used. Alternatively,
light emitting diodes that realize white emitted light having a
light emission peak wavelength in blue, green, and red by
combining blue or ultraviolet emitted light and a phosphor
thatis excited by the emitted light and emits light can be used.
When the liquid crystal display device including the surface
light source 100 realizes color display through additive color
mixture, it is advisable to use light emitting diodes that emit
light of three primary colors ofred, blue, and green as the light
sources of the light source sections 150. For example, when a
color liquid crystal panel is used as an irradiation target of
illumination light, it is possible to realize a liquid crystal
display device having a wide color reproduction range by
using the light source sections 150 having a light emission
peak wavelength corresponding to a transmission spectrum of
a color filter of the liquid crystal panel. When color display is
realized by color field sequential. itis unnecessary to provide
a color filter, which is a cause of an optical loss, on the liquid
crystal panel 200. Therefore, it is possible to realize a display
device having a small optical loss and a wide color reproduc-
tion range by using the light emitting diodes that emit the
three primary colors of red, blue, and green. The light source
sections 150 are connected to a power supply and a control
unit that controls turn-on and turn-off (both of which are not
shown in the figure) through wires.

[0069] The reflective sheet 140 is used as a reflecting sec-
tion according to this embodiment. For example, a metal film
having high reflectance such as aluminum or silver formed on
aresin plate or a supporting base material of a polymer film by
evaporation, sputtering or the like, a dielectric multilayer film
formed to be a reflection increasing film, or the supporting
base material coated with white pigment is used. Transparent
media having different refractive indexes laminated by a plu-
rality of layers to function as the reflecting section may be
used. The reflective sheet 140 is arranged on the rear surface
of the light guide plate 130 (a surface on the opposite side on
which the liquid crystal panel 200 is arranged) and has a
function of reflecting light emitted from the rear side of the
light guide plate 130 and returning the light to the inside of the
light guide plate 130.

[0070] The azimuth angle y is explained in a plan view
(FIG. 2) of the surface light source 100 observed from the
liquid crystal panel 200 side. When the surface light source
100 is viewed from the liquid crystal panel 200 side, it is
assumed that a direction in which the light source sections
150 are set is a direction of 6 0’clock and a direction on the
opposite side is a direction of 12 o’clock. In this case, a
direction of 3 o’clock is defined as ¢=0°. In other words, a
direction in which the light source sections 150 are set is
$=270° and the opposite side is $=90°.

[0071] The light guide plate 130 has a function of emitting
light in a plane shape by, while guiding light emitted from the
light source sections 150 made incident from the light inci-
dent surface, emitting a part of the light from the light emit-
ting surface on the front side. Therefore, the light guide plate
130 is formed ofa tabular member transparent to visible light.
In the light guide plate 130, emitting sections as structures for
emitting light, which is made incident from the light incident
surface and totally reflected on the light emitting surface and
the rear surface and guided in the light guide plate 130, to the
light emitting surface on the front side are provided on the
surface of one of the prism sheet 120 side and the reflective
sheet 140 side of the light guide plate 130. The emitting
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sections reflect the light guided on the inside of the light guide
plate such that the light is made incident on the light emitting
surface at an angle smaller than a critical angle. The emitting
sections in this embodiment are configured by forming slopes
tilting at a predetermined angle (0.5 to 3 degrees) with respect
to the light emitting surface on at least a part of the rear
surface of the light guide plate 130. When the slopes are
formed on the rear surface of the light guide plate 130, the
emitting sections may be configured by tilting the entire rear
surface at the angle. The emitting sections may be configured
by discontinuously or locally arranging the slopes tilting at
the angle. The slopes tilting at the predetermined angle
formed as the emitting sections may be formed to be recessed
in the light emitting surface or the rear surface or may be
formed to be projected from the light emitting surface or the
rear surface. The normal line of the slope tilts in an azimuth of
$=270 degrees. The directivity of the surface light source 100
can be improved by forming such emitting sections on the
light guide plate.

[0072] The light guide plate 130 is formed by using a resin
material transparent to visible light. For example, acrylic
resin, polycarbonate resin, or cyclic olefin resin is used as the
resin material. Polarization converting sections having a
function of converting a polarization state of guided light are
provided in the light guide plate 130. The polarization con-
verting sections may be provided on the prism sheet 120 side
or the reflective sheet 140 side of the light guide plate 130. In
this embodiment, the polarization converting sections are
provided together with the emitting sections on the rear sur-
face on the reflective sheet 140 side. The polarization con-
verting sections are explained in detail later.

[0073] FIG. 3 is a diagram showing a state of light .1
emitted from the light emitting surface of the light guide plate
130. In the figure, a polar angle (a view angle) 6 of the light .1
is defined with a perpendicular (normal line) direction of the
light emission surface of the light guide plate 130 set to 0°. In
the light guide plate 130 used in the surface light source 100
in this embodiment, a direction in which the luminance or the
luminous intensity of light emitted from the light emitting
surface is the maximum is at the azimuth angle ¢ of about 90°
and at the polar angle (the view angle) 6 of 60 to 80°. Among
lights emitted from the light guide plate, in light emitted at an
emission angle (a peak angle) at which the luminance or the
luminous intensity is the maximum and an angle near the
emission angle, a polarization component in a $=0° direction,
which is a direction perpendicular to the light guide direction,
is reflected on the light emitting surface of the light guide
plate at alarger ratio than a polarization component in a ¢$=90°
direction, which is a direction parallel to the light guide
direction. When an emission angle 6 of light, the luminance or
the luminous intensity of which is the maximum, tilts from
the perpendicular (normal line) direction of the light emission
surface of the light guide plate 130, emitted light having a
large ratio of a polarization component in the $=90° direction,
which is the direction parallel to the light guide direction, is
obtained. In this way, in the light emitted in the direction
tilting with respect to the perpendicular direction of the light
emission surface of the light guide plate 130, the polarization
component in the ¢=90° direction, which is the direction
parallel to the light guide direction, is larger than the polar-
ization component in the ¢=0° direction, which is the direc-
tion perpendicular to the light guide direction. As it is gener-
ally known, this is because, when the light is refracted on the
interface between the light guide plate 130 and the air, trans-
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mittances of the polarization component in the $=90° direc-
tion and the polarization component in the ¢=0° direction are
different.

[0074] Maximum luminance and minimum luminance
obtained by measuring, through an analyzer (a polarizer), the
luminance of light emitted from the light gnide plate 130, the
prism sheet 120, or the like while rotating the analyzer are
respectively represented as Imax and Imin, a degree of polar-
ization P is represented by the following Formula (1):

Inax = Loin M
Imax + Imin

P=

[0075] FIG. 4is a diagram showing emitted light L from an
interface (a light emitting surface) 320 of the light guide plate
130. In the figure, a plane including a perpendicular (a normal
line) 330 of a light emission surface of the interface and a
traveling direction of the light emitted from the interface 320
is shown as a plane of incidence 310. It is generally known
that linearly polarized light including an oscillation direction
of an electric vector of the light L in the plane of incidence 310
is represented as p-polarization 331 and linearly polarized
light orthogonal to the p-polarization 331 and the oscillation
direction of the electric vector is represented as s-polarization
332.InFIG. 4and FIGS. 5 and 6 referred to later, it is assumed
that a p-polarization direction is a direction including the
oscillation direction of the electric vector of the light [ and
parallel to the plane of incidence and an s-polarization direc-
tion is a direction orthogonal to the oscillation direction of the
electric vector of the light L and perpendicular to the plane of
incidence. Unless specifically noted in this specification, in
the following explanation, it is assumed that a polarization
direction as the azimuth of $=90 degrees is the p-polarization
direction and a polarization direction as the azimuth of ¢=0
degree perpendicular to the p-polarization direction is the
s-polarization direction.

[0076] FIG. 5 is a graph showing dependency of a phase
difference between a p-polarization component parallel to the
place of incidence and an s-polarization component perpen-
dicular to the plane of incidence (a difference between
advance dp of a phase angle of the p-polarization component
and advance ds of a phase angle of the s-polarization compo-
nent) onan angle of incidence 01 in light made incident on the
interface such as the light emitting surface from the inside of
the light guide plate 130 and emitted from the interface. As
shown in FIG. 5, a characteristic line 401 indicates the
advance dp of the phase angle of the p-polarization compo-
nent with respect to an angle incidence when a refractive
index of a medium of the light guide plate 130 is 1.59. A
characteristic line 402 indicates the advance ds of the phase
angle of the s-polarization component with respect to the
angle of incidence.

[0077] When the angle of incidence 01 is a total internal
reflection angle (a critical angle) Oc or when the angle of
incidence 61 is 90°, advances of phase angles of p-polariza-
tion and s-polarization are equal but aspects of changes
thereof are different. A characteristic line 403 indicates a
phase difference d(=0p-9s) between the p-polarization and
the s-polarization. Specifically, amounts of phase changes of
reflected light are different in the p-polarization and the s-po-
larization depending on the angle of incidence 61 on the
interface. The phase of the light continuously changes within
arange of the angle of incidence 8¢ to 90°. In particular, when
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the light is totally reflected at the angle of incidence 81 equal
to or larger than the total internal reflection angle 8¢ and
smaller than 90°, the phase difference & between the p-polar-
ization and the s-polarization occurs.

[0078] The advances dp and 3s of the phase angle depend
on the angle of incidence and reflection 61 in the total internal
reflection, a refractive index nLG of the light guide plate, and
arefractive index of the air. When azimuths in which incident
light and reflected light travel are the same, specifically, when
the incident light travels in the light guide plate 130 in the
$=90 degrees direction and is totally reflected in the ¢=90
degrees direction on the interface 320, if the incident light
includes only an s-polarization component (or a p-polariza-
tion component) in the ¢=0 degree direction, phase advance
merely occurs and the s-polarization component is not con-
verted into the p-polarization component. (This is because a
slow axis is equivalent to 0° or 90° when the interface 320 is
regarded as a retarder.) On the other hand, when incident light
is totally reflected and changes to reflected light traveling in a
different azimuth in the light guide plate 130, specifically, the
incident light travels in the $=90 degrees direction in the light
guide plate 130 and is totally reflected in an azimuth other
than ¢=90 degrees, a part of polarization component in the
=0 degree direction of the incident light is converted into a
polarization component in the ¢=90 degrees direction.

[0079] FIG. 6A is a diagram showing a state in which
linearly polarized light 411 to be p-polarization and linearly
polarized light 412 to be s-polarization are made incident on
aprism substrate 410 in which prisms having an apex angle of
90 degrees and an isosceles triangular shape in cross-section
are formed in a row on a rear side. In the following explana-
tion, light traveling on the inside of the prism substrate 410 is
totally reflected with a traveling azimuth changed, whereby
polarization conversion occurs. In a state shown in the figure,
the p-polarization 411 and the s-polarization 412 are made
incident from an azimuth parallel to a ridge line of the prisms
formed in the prism substrate 410, travels in the prism sub-
strate 410, are totally reflected on slopes of the isosceles-
triangular shaped prisms provided on the rear surface, and are
emitted from the prism substrate 410. First, the p-polarization
411 and the s-polarization 412 made incident on the prism
substrate 410 are totally reflected on the slope of any one of
the isosceles-triangular shaped prisms in an azimuth different
from an azimuth in which the p-polarization 411 and the
s-polarization 412 travel. Then, the p-polarization 411 and the
s-polarization 412 reach a slope formed opposed to the slope
to be thereby totally reflected to be returned to an azimuth
same as the traveling azimuth and emitted from the prism
substrate 410.

[0080] As explained above, the p-polarization 411 and the
s-polarization 412 are totally reflected in different azimuths
on the slopes of the isosceles-triangular shaped prisms of the
prism substrate 410, whereby polarization components of the
p-polarization 411 and the s-polarization 412 are converted.
FIG. 6B is a graph showing a result obtained by examining
degrees of polarization of emitted lights of the p-polarization
411 and the s-polarization 412 made incident on the prism
substrate 410. A characteristic line 421 indicates a degree of
polarization of the emitted light at the time when the linearly
polarized light 411 in the p-polarization direction is made
incident on the prism substrate 410 shown in FIG. 6A. A
characteristic line 422 indicates a degree of polarization of the
emitted light at the time when the linearly polarized light 412
in the s-polarization direction is made incident on the prism
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substrate 410. A definition of a degree of polarization P'
shown in FIG. 6B is represented by the following Formula
(2). The degree of polarization P' depends on intensity Ip of
p-polarization and intensity Is of s-polarization. When P'=1,
this indicates completely linearly polarized light in the p-po-
larization direction. When P'=-1, this indicates completely
linearly polarized light in the S-polarization direction.

-l @
L+1,

[0081] When the linearly polarized light 412 in the s-polar-
ization direction is made incident on the prism substrate 410
at the angle of incidence 61 in a range of 60 degrees to 80
degrees, a degree of polarization is -0.06 to 0.4. Therefore,
the linearly polarized light 412 in the s-polarization direction
at P'=-11is made incident on the prism substrate 410 shown in
FIG. 6A, whereby the linearly polarized light 412 is totally
reflected on the slopes of the isosceles-triangular shaped
prisms twice and polarization conversion occurs.

[0082] Polarization converting sections 131 formed on the
rear surface of the light guide plate 130 in this embodiment
are formed as prisms including slopes tilting to change a
traveling azimuth of light guided by the light guide plate 130.
The slopes are formed to face an azimuth different from a
light guide azimuth (an azimuth of $=+90 degrees), that is to
say, a normal line on the slopes is an azimuth different from
the light guide azimuth. Therefore, when light traveling in the
light guide plate 130 in the azimuth of ¢=90 degrees (or
$=-90 degrees) is totally reflected by the slope, a traveling
azimuth of the light is also changed and a polarization com-
ponent of the light is converted.

[0083] FIGS. 7A to 7D are diagrams showing states of the
rear surface and the light emitting surface of the light guide
plate 130 according to this embodiment. As shown in the
figure, a plurality of prisms each having at least two slopes
and having a triangular shape in cross-section are arranged on
the rear surface of the light guide plate 130. The two slopes are
formed to change light traveling in the light guide plate 130
and made incident from the light guide azimuth to a traveling
azimuth different from the light guide azimuth. The light
made incident on one of the two slopes from the light guide
azimuth is changed to a different traveling azimuth and made
incident on the other slope. The light made incident on the
other slope is reflected again to bring the traveling azimuth of
the light closer to the light guide azimuth and emitted from the
prism. Therefore, a normal line of the two slopes has an
azimuth angle in an azimuth different from the light guide
azimuth. When the prism has a linear groove shape, the prism
extends in an azimuth different from an azimuth (an azimuth
angle=0°) perpendicular to the light guide azimuth, an angle
formed by an azimuth extending in the linear groove shape
and the light guide azimuth is suitably set to be equal to or
smaller than 30 degrees (an azimuth in which the prism
extends 1s suitably set to 60°¢=120°. The angle is more
desirably set to be equal to or smaller than 10 degrees (the
azimuth in which the prism extends is more desirably set to
80°=¢=100°). Inthis embodiment, since the prism is formed
in the linear groove shape, a ridge line or a valley line is
formed and a plurality of prisms in which ridge lines or valley
lines extend in one direction are formed in a row. Each of the
prisms has two slopes tilting at a fixed angle arranged to form
an apex angle b. Tilt angles of the two slopes are the same.
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Specifically, prism rows in which a plurality of prisms having
an isosceles triangular shape in cross-section are arranged as
the polarization converting sections 131 on the rear surface of
the light guide plate 130. The polarization converting sections
131 can control a polarization state of light traveling in the
light guide plate 130 by adjusting the apex angle b of the
prisms or the azimuth angle ¢ of ridge lines or valley lines of
the prisms (an azimuth in which the prisms having the linear
groove shape extend). The polarization converting sections
131 have a function of a phase shifter for shifting the phases
of p-polarization and the s-polarization. A pair of slopes
inclining at an equal tilt angle with respect to the rear surface
to form an apex angle are formed in each of the prisms of the
prism rows in this embodiment. Light with a traveling azi-
muth changed by one slope is totally reflected by the other
slope to return the traveling azimuth to the original azimuth.
In this way, the light is totally reflected at least twice and the
traveling azimuth of the light traveling in the light guide
azimuth is returned, whereby efficiency of polarization con-
version is improved. Each of the prisms of the prism rows
formed as the polarization converting sections 131 on the
light guide plate 130 may include three or more slopes or
planes. The two slopes in the prism may tilt at different tilt
angles. Even in these cases, the prisms having the slopes
formed such that an azimuth in which a normal line tilts is not
the light guide azimuth has a function of subjecting light
traveling in the light guide azimuth to polarization conver-
sion.

[0084] Emitting sections 132 as structures for emitting light
guided in the light guide plate 130 to the light emitting surface
is also provided on the rear surface of the light guide plate 130
on the reflective sheet 140 side. As shown in FIG. 7B, the
emitting sections 132 in this embodiment are provided on
valley lines in the prism rows viewed from the outside of the
light guide plate. The emitting section 132 is realized by
forming tilting surfaces having atilt angle of 0.5 to 3 degrees
in a plurality of places. FIGS. 7B and 7C are diagrams respec-
tively showing states of a cross-section 7B-7B and a cross-
section 7C-7C in FIG. 7A. As shown in these figures, the
emitting sections 132 are projected (or recessed) and regu-
larly or continuously arranged to overlap ridge lines or valley
lines in positions to be the ridge lines or the valley lines (or
positions to be both of the ridge lines and the valley lines)
viewed from the inside of the light guide plate 130. The
emitting sections 132 make light traveling in the light guide
azimuth incident on the light emitting surface at an angle
smaller than a critical angle. A p-polarization component is
mainly emitted from the light emitting surface and an s-po-
larization component is reflected to the rear surface again.
The light of the s-polarization component reached the rear
surface is totally reflected by the prisms of the polarization
converting sections 131, whereby a part of the light is con-
verted into light of the p-polarization component.

[0085] FIG. 7D is a diagram showing a state of the light
emitting surface of the light guide plate 130 according to this
embodiment. Surface processing for solving unevenness of a
light source caused by the light source sections 150 is applied
to the light emitting surface. Unevenness of luminance due to
the light source sections 150 tends to occur in azimuths of =0
degree and 180 degrees. Therefore, the shape of the light
emitting surface is processed to improve uniformity of a
distribution of luminance in an azimuth perpendicular to the
light guide azimuth. Therefore, processing of a groove shape
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linear along the light guide azimuth at $=90 degrees is applied
to the light emitting surface according to the arrangement of
the light source sections 150.

[0086] FIG. 8 is a graph showing a relation between the
prism apex angle b and a degree of polarization of emitted
light in the case in which linearly polarized light to be s-po-
larization is made incident from an azimuth of $=90 degrees
on the front side of a prism substrate in which prisms having
ridge lines in an azimuth of ¢=90° and having an isosceles
triangular shape in cross-section are formed on the rear side in
arow. Inthe figure, relations in the case of angles of incidence
of 62 degrees and 76 degrees are plotted. These relations
correspond to a case in which lights subjected to polarization
conversion are emitted at emission angles of 62 degrees and
76 degrees from the light emitting surface of the light guide
plate 130 including, on the rear surface, the prisms having
ridge lines in an azimuth of ¢=90° and having an isosceles
triangular shape. The relations indicate degrees of polariza-
tion conversion of lights of s-polarized.

[0087] The lights at the emission angles of 62 degrees and
76 degrees correspond to emission angles of 60 to 80 degrees
at which the luminance and the luminous intensity of light
emitted from the light guide plate 130 are at peaks as
explained above. In the case of the light guide plate 130
having the prisms formed in an isosceles triangular shape in
section as in this embodiment, when an angle of incidence of
aray on the polarization converting sections 131 is equal to or
larger than Oc and smaller than 90°, the ray is totally reflected.
When the ray is totally reflected, the phase difference
between the p-polarization and the s-polarization indicated
by the characteristic line 403 in FIG. 5 is finite. Therefore, the
prism row having the ridge lines in the azimuth ¢ and the apex
angle b explained above is provided, whereby the s-polariza-
tion component in the direction of ¢=0° remaining in the light
guide plate 130 is converted into a p-polarization component
in the direction of $=90°.

[0088] As shown in FIG. 8, at an angle at which the apex
angle b is larger than 90 degrees, since the degree of polar-
ization P' of s-polarization (the degree of polarization: P'=-1)
made incident on the light emitting surface of the light guide
plate 130 from the azimuth of $=90 degrees is large, a polar-
ization conversion function is high. When the prism has a
shape with the apex angle b set in a range of 100
degrees=b=130 degrees, the degree of polarization P' is
equal to or higher than 0.9 when the s-polarization traveling in
the light guide plate 130 is emitted from the light guide plate
130 at an angle of 62 degrees, the polarization conversion
function by the polarization converting sections 131 in the
light guide plate 130 is high. The prism more desirably has a
shape with the apex angle b set in a range of 110
degrees=b=130 degrees because the degree of polarization
P' is equal to or higher than 0.8 when the s-polarization
traveling in the light guide plate 130 is emitted from the light
guide plate 130 at both angles of 62 degrees and 76 degrees
and the polarization conversion function by the polarization
converting sections 131 in the light guide plate 130 is high.
Such a range of angle setting for the apex angle b holds
substantially in the same manner when the ridge line of the
prism is in an azimuth in a range of 80 degrees=¢=100
degrees (or 260 degrees=$=280 degrees).

[0089] When the prism has a shape with the apex angle b set
in a range of 80 degrees=b=100 degrees and an azimuth
angle of the ridge set in a range of 80 degrees=¢=100
degrees (or 260 degrees=¢=280 degrees), light made inci-
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dent on one slope of the polarization converting sections 131
from the light guide direction (¢=90° is reflected on the other
slope and emitted generally in the light guide direction again.
Therefore, a change in a ray traveling direction due to the
polarization converting sections 131 is small and it is easy to
eliminate luminance unevenness of a light source for a groove
shape or the like formed on the light emitting surface. As
shown in FIG. 8, in this case, although the degree of polar-
ization P' in the case in which the s-polarization traveling in
the light guide plate 130 is emitted at an emission angle of 76
degrees is in a range of -0.4 to 0.6 and the polarization
conversion efficiency is lower than the peak, a polarization
conversion effect can be obtained. Therefore, it is effective to
set the apex angle b of the prism in the range of 80
degrees=b=100 degrees when the polarization conversion
effect of the light guide plate 130 is obtained and in-plane
uniformity of light source luminance is improved.

[0090] When the light guide plate 130 shown in FIGS. 7A
to 7D is used, there is an effect of converting a polarization
component in the direction of $=0° to a polarization compo-
nent in the direction of $=90° in the light guide plate 130. The
degree of polarization P of light made incident on the light
emitting surface to be emitted at an emission angle of 61°
from the light emitting surface is improved from 0% to 16%.
In the case of an emission angle of 76°, the degree of polar-
ization P is improved from 14% to 25%.

[0091] The prism sheet 120 includes a prism row of prisms
each having at least two slopes and a ridge of the slopes
extending in one direction. The prism sheet 120 includes, as
shown in FIG. 9, a prism 121 and a base material 122.
[0092] As the base material 122 of the prism sheet, for
example, itis possible to use an optically isotropic transparent
member hardly having at least anisotropy of a refractive index
in aplane such as a transparent film that is atriacetyl cellulose
film, a non-extending polycarbonate film, or the like. It is also
possible to use a transparent member with uniaxial anisotropy
of a refractive index imparted in a plane by extending a film
formed of polycarbonate resin or olefin resin in one direction.
However, since these films have uniaxial anisotropy, it is
desirable to set a slow axis of the films to 0° or 90° to prevent
a phase difference from occurring in a polarization compo-
nent, a polarization direction of which passing through the
prism sheet 120 is $=90°.

[0093] It is also effective to use polycarbonate resin or a
PET (polyethylene terephthalate) film. However, since the
PET film has biaxial anisotropy, like the film having uniaxial
anisotropy, it is desirable to prevent a phase difference from
occurring in a polarization component, a polarization direc-
tion of which passing through the prism sheet is $=90°. As
measures, in the same manner as explained above, the slow
axis of the film only has to be arranged at 0° or 90°.

[0094] As the shape of the prism 121, for example, left and
right slopes shown in FIG. 9 may have asymmetrical shapes.
In this embodiment, the prism sheet 120 having a prism shape
shown in FIG. 9 is explained. The sectional shape of the prism
121 is formed by a plurality of slopes having two kinds of
principal tilt angles. Viewed from the vertex of the prism 121,
at least three slopes are formed on a side relatively far from a
light source. At least one of the slopes has a tilt in the opposite
direction with respect to the other slopes when viewed from a
light emission surface of the prism sheet 120. This is for the
purpose of suppressing a change in a color that occurs when
a view angle (a polar angle) is changed at an azimuth angle
orthogonal to the prism ridge line. Since the prism sheet 120
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according to this embodiment extracts a ray from the light
guide plate 130 by transmitting the ray once, an amount of
light returning to the light guide plate 130 is small. Polariza-
tion of a ray passing through the prism sheet 120 is less easily
broken. The ray is emitted with a degree of polarization
further intensified on the interface of the prism sheet 120. In
the case of this embodiment, the prism sheet 120 is a prism
sheet having an asymmetrical prism shape shown in FIG. 9.
However, the prism sheet 120 is not limited to this shape and
may be other shapes.

[0095] Thediffusion sheet 110 is formed by, for example, a
method of forming irregularities on the surface of a transpar-
ent polymer film of polyethylene terephthalate (PET), poly-
carbonate, or the like.

[0096] When the configuration of the first embodiment
explained above is used, there is an effect that a ratio of a
polarization component in the polarization direction ¢=90° in
light made incident on the prism sheet 120 and an amount of
the light increases. Therefore, a transmission axis of the lower
polarizer is arranged at an azimuth angle close to the polar-
ization direction $=90° (substantially parallel to the light
guide direction), whereby an optical loss due to absorption in
the lower polarizer 230 of light radiated from the surface light
source 1001s reduced and the light utilization efficiency of the
emitted light of the surface light source 100 in the liquid
crystal panel 200 is improved. If the surface on the reflective
sheet 140 side of the light guide plate 130 is formed in a shape
shown in FIG. 7A, it is easy to form a mold. Even in a
manufacturing method requiring a mold such as injection
molding, it is easy to form the polarization converting sec-
tions 131 and the emitting sections 132. In this embodiment,
in the prism rows of the polarization converting sections 131,
the emitting sections 132 are provided on the valley lines
viewed from the outer side of the light guide plate 130. How-
ever, the emitting sections 132 may be provided on the ridge
lines viewed from the outer side of the light guide plate 130.
It is advisable to form the emitting sections 132 to overlap the
ridge lines or the valley lines in the prism rows of the polar-
ization converting sections 131. The light emitting surface
and the rear surface of the prism and a light incident surface
from the light source sections 150 in the polarization convert-
ing sections 131 according to this embodiment are processed
to be smooth to prevent irregular reflection as much as pos-
sible. Specifically, the light emitting surface, the rear surface,
and the light incident surface and the polarization converting
sections 131 and the emitting sections 132 are respectively
processed as smooth surfaces rather than being processed as
rough surfaces. The emitting sections 132 in this embodiment
reflect light traveling on the inside in the light guide azimuth
to reduce an angle ofincidence on the light emitting surface to
be smaller than the critical angle while keeping an azimuth in
which the light traveling on the inside in the light guide
azimuth travels. However, for example, it is also possible to
reduce the angle of incidence on the light emitting surface to
be smaller than the critical angle while changing an azimuth
of the light traveling in the light guide azimuth such that a
normal line of the tilting surfaces formed as the emitting
sections 132 have an azimuth angle that shifts with respect to
the light guide azimuth. In this case, not only a polar angle of
the light traveling in the light guide azimuth but also an
azimuth angle changes in the emitting sections 132 and a
polarization component is also converted.

Second Embodiment

[0097] Aliquid crystal display device according to a second
embodiment of the present invention is explained below.
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[0098] This embodiment is different from the first embodi-
ment in that, for example, a flat surface without a tilt is
arranged between the prisms of the polarization converting
sections 131 of the light guide plate 130 and in the shape of the
emitting sections 132. Otherwise, this embodiment is sub-
stantially the same as the first embodiment. Explanation of
similarities to the first embodiment is omitted.

[0099] FIG. 10A is a diagram showing a state in which a
surface on the prism sheet 120 side of the light guide plate 130
according to this embodiment is faced up. FIG. 10B is a
diagram showing a state in which a surface on the reflective
sheet 140 side of the light guide plate 130 according to this
embodiment is faced up. As shown in FIG. 10A, the polar-
ization converting sections 131 are configured by forming
prisms, each of which includes at least two slopes, in a row
and the polarization converting sections 131 are arranged on
the reflective sheet 140 side. A flat surface is provided
between two prisms in the polarization converting sections
131. As shown in FIG. 10A, the emitting sections 132 extend
in a direction parallel to the side having the light incident
surface. The emitting sections 132 are configured by discon-
tinuously or regularly arranging slopes tilting at 0.5 to 3
degrees with respect to the light emitting surface. As shown in
FIG. 10A, a flat portion is arranged between two prisms,
whereby light can travel straight through the flat portion.
Therefore, since amounts of light on the light source sections
150 side and the opposite side of the light source sections 150
side are uniform, fluctuation in an in-plane distribution of
light due to the light source sections 150 can be suppressed
and the luminance of the surface light source 100 is improved.
In this embodiment, such a flat surface is formed in a valley
between two prisms formed in a convex shape. However, the
flat surface may be formed at the top of the prism formed in a
convex shape.

Third Embodiment

[0100] A liquid crystal display device according to a third
embodiment of the present invention is explained below.
[0101] This embodiment is the same as the first embodi-
ment in that the emitting sections 132 and the polarization
converting sections 131 of the light guide plate 130 are pro-
vided on the reflective sheet 140 side and a shape for elimi-
nating unevenness of a light source is provided on the prism
sheet 120 side. Whereas the emitting sections 132 are pro-
vided among the prism rows as the polarization converting
sections 131 to overlap the valley lines when viewed from the
outer side of the light guide plate 130 in the first embodiment,
in the third embodiment, the prism rows are arranged in a
plurality of places at an interval in the light guide azimuth and
the emitting sections 132 are formed among the prism rows
discontinuously arranged. The third embodiment is different
from the first and second embodiments at this point. Other-
wise, this embodiment is substantially the same as the first
and second embodiments. Explanation of similarities to the
first and second embodiments is omitted.

[0102] FIG. 11A is a diagram showing a state in which a
surface on the reflective sheet 140 side of the light guide plate
130 according to this embodiment is faced up. FIG. 11B is a
diagram showing a state in which a surface on the prism sheet
120side ofthe light guide plate 130 according to this embodi-
ment is faced up. As shown in FIG. 11A, the polarization
converting sections 131 and the emitting sections 132 are
alternately arranged on the reflective sheet 140 side in the
light guide azimuth. By arranging the polarization converting
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sections 131 and the emitting sections 132 on the reflective
sheet 140 side as shown in FIG. 114, it is possible to attach a
shape 133 for eliminating unevenness of a light source to the
prism sheet 120 side and suppress fluctuation in an in-plane
distribution of light due to the light source sections 150. As a
result, the luminance of the surface light source 100 is
improved.

[0103] If the polarization converting sections 131 and the
emitting sections 132 are joined without a space on a surface
on the reflective sheet 140 side as shown in FIG. 11C, it is
possible to suppress light leakage from the section of the
polarization converting sections 131.

Fourth Embodiment

[0104] Aliquid crystal display device according to a fourth
embodiment of the present invention is explained below with
reference to FIGS. 12A and 12B. FIG. 12A is a diagram
showing a state in which a surface on the reflective sheet 140
side of the light guide plate 130 according to the fourth
embodiment is faced up. FIG. 12B is a diagram showing a
state in which a surface on the prism sheet 120 side of the light
guide plate 130 according to the fourth embodiment is faced
up. The fourth embodiment is different from the first to third
embodiments in that the prism rows of the polarization con-
verting sections 131 in the light guide plate 130 are formed on
the light emitting surface and the emitting sections 132 are
arranged on the rear surface of the light guide plate 130.
Otherwise, the fourth embodiment is substantially the same
as the first to third embodiments. Explanation of similarities
to the first to third embodiments is omitted. Since the prism
rows of the polarization converting sections 131 are arranged
on the light emitting surface, polarization conversion occurs
and light utilization efficiency of the surface light source 100
is improved.

[0105] Even when the polarization converting sections 131
are present on the light emitting surface of the light guide
plate 130, as in the first embodiment, light having a high
p-polarization component is emitted from the light guide
plate 130 and light having a high s-polarization component
tends to be left in the light guide plate 130. The leftlight of the
s-polarization component is totally reflected twice and sub-
jected to polarization conversion by the polarization convert-
ing sections 131. The light left in the light guide plate 130 and
subjected to polarization conversion is totally reflected by the
emitting section 132 to be made incident on the light emitting
surface at an angle smaller than the critical angle. The light
having the high p-polarization component is efficiently emit-
ted.

Fifth Embodiment

[0106] A liquid crystal display device according to a fifth
embodiment of the present invention is explained below with
reference to FIGS. 13 and 14. FIG. 13 is a diagram showing a
state in which components included in the liquid crystal dis-
play device according to the fifth embodiment are separated.
The fifth embodiment is different from the first to fourth
embodiments in the number of members included in the sur-
face light source 100 and in that two prism sheets 120 and 160
are used and in that the diffusion sheet 170 is used. Otherwise,
the fifth embodiment is substantially the same as the first to
fourth embodiments. In the following explanation, explana-
tion concerning similarities to the first to fourth embodiments
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is omitted. As shown in FIG. 13, ridge line directions of the
prism sheets 120 and 160 are arranged to be orthogonal to
each other.

[0107] FIG. 14 is a diagram showing a state in which a
cross-section of the prism sheet 120 or 160 according to the
fifth embodiment is enlarged. As shown in the figure, as the
shape of the prism 121, left and right slopes of the prism 121
are formed in a symmetrical shape. In other words, a prism
having an isosceles triangular shape is used. The surface light
source 100 in the fifth embodiment brings light emitted from
the light emitting surface of the light guide plate 130 (raises
the light) in a direction perpendicular to the liquid crystal
panel 200 to gradually reduce the polar angle 8 of an emitted
ray through the diffusion sheet 170, the prism sheet 160 or
120. Light is condensed by the prism sheet 120 or 160. The
number of optical sheets for raising the light emitted from the
light guide plate 130 and condensing the light is different
from that in the first to fourth embodiments.

[0108] The azimuth angle ¢ of light during emission from
the light guide plate 130 contributing to front emission of the
surface light source 100 is 90° (or 270°). The azimuth angle ¢
coincides with an azimuth angle having peak luminance dur-
ing emission from the light guide plate 130. A ratio of emitted
light at $=90° is high in a polarization direction at $=90°. It is
possible to improve light utilization efficiency of the surface
light source 100 by further improving a degree of polarization
in this azimuth angle with the polarization converting sec-
tions 131.

Sixth Embodiment

[0109] A liquid crystal display device according to a sixth
embodiment of the present invention is explained below with
reference to FIG. 15. FIG. 15 is a diagram showing a state in
which components included in the liquid crystal display
device according to the sixth embodiment are separated. The
sixth embodiment is different from the fifth embodiment in
that, for example, a reflective polarization film 180 is inserted
between the liquid crystal panel 200 and the diffusion sheet
110.

[0110] A transmission axis of the reflective polarization
film 180 extends in a direction substantially the same as the
direction of the transmission axis of the lower polarizer 230.
The reflective polarization film 180 reflects polarized light in
a direction perpendicular to the transmission axis. Therefore,
a light amount of return light to the light guide plate 130 is
larger than that in the fifth embodiment. The return light as
light in the polarization direction orthogonal to the transmis-
sion axis of the lower polarizer 230 is subjected to polariza-
tion conversion by the light guide plate 130 and caused to
travel to the reflective polarization film 180 again with com-
ponents parallel to the transmission axis of the lower polarizer
230 increased. Consequently, light utilization efficiency of
the surface light source 100 is improved.

[0111] DBFF or BEF-RP is often used in the reflective
polarization film 180. The sixth embodiment is substantially
the same as the fifth embodiment except that, for example, the
reflective polarization film 180 is provided as explained
above. Therefore, explanation of the sixth embodiment is
omitted. In the sixth embodiment, as in the fifth embodiment,
the prism sheets 120 and 160 and the diffusion sheet 170 are
provided. The reflective polarization film 180 may be pro-
vided in the same manner in the first to fifth embodiments in
which one prism sheet is provided. In the sixth embodiment,
the reflective polarization film 180 is arranged between the
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diffusion film 110 and the lower polarizer 230. However, the
reflective polarization film 180 may be arranged in other
places as long as the reflective polarization film 180 is
arranged between the lower polarizer 230 and the light guide
plate 130.

Seventh Embodiment

[0112] A liquid crystal display device according to a sev-
enth embodiment of the present invention is explained below
with reference to FIGS. 16 and 17. FIG. 16 is a diagram
showing a state in which components included in the liquid
crystal display device according to the seventh embodiment
are separated. In the configuration according to the seventh
embodiment, the number of components included in the sur-
face light source 100 and the shape of the prism sheet 120 are
different from those in the first to fourth embodiments. Oth-
erwise, the seventh embodiment is the same as the first
embodiment. Explanation of components same as those in the
first to fourth embodiments is omitted.

[0113] FIG. 17 is a cross-section in which a part of the
prism sheet 120 according to the seventh embodiment is
enlarged. In the seventh embodiment, the prisms 121 in the
prism sheet 120 are provided on the light guide plate 130 side
of the base material 122. The seventh embodiment is different
from the first to fourth embodiments at this point. Light
emitted from the light guide plate 130 is made incident on the
prism 121, totally reflected on a slope on the opposite side of
a prism slope on which the light is made incident, and raised
to the front (the normal direction of the liquid crystal panel
200). In-plane uniformity and expansion of a luminance view
angle of a light source are realized by the diffusion sheet 110.
The diffusion sheet 110 desirably has a characteristic that a
polarization state of light emitted from the prism sheet 120 is
not changed as much as possible.

[0114] In the configuration according to the seventh
embodiment, since a ray from the light guide plate 130 is
extracted by transmitting the ray once, an amount of light
returning to the light guide plate 130 is small. Therefore,
polarization of the ray transmitted through the prism sheet
120 is less easily broken. The ray is emitted with a degree of
polarization further intensified on the interface of the prism
sheet 120. Therefore, a degree of polarization of the surface
light source 100 is improved by improving a degree of polar-
ization of light emitted from the light guide plate 130. Light
absorbed by the lower polarizer 230 decreases and light uti-
lization efficiency of the surface light source 100 is improved.
[0115] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:

1. A liquid crystal display device comprising:

one or a plurality of light source sections;

a light guide plate including a light emitting surface that
guides, from a side edge, light from the one or plurality
of light source sections and emits the light in a planar
shape; and

a liquid crystal panel including a lower polarizer on a side
opposed to the light emitting surface, wherein

the lower polarizer has a transmission axis in a direction
generally along a light guide azimuth in which the light
guide plate guides the light,
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the light guide plate includes a polarization converting
section on at least one of the light emitting surface and a
rear surface of the light emitting surface, and

the polarization converting section reflects light made inci-

dent from the light guide azimuth in a different traveling
azimuth and further reflects the light reflected in the
different traveling azimuth to bring the traveling azi-
muth closer to the light guide azimuth to thereby convert
polarization of the light traveling from the light guide
azimuth.

2. The liquid crystal display device according to claim 1,
wherein the polarization converting section includes a prism
having at least two slopes including a slope that reflects the
light made incident from the light guide azimuth in the dif-
ferent traveling azimuth and a slope that further reflects the
light reflected to the light reflected in the different traveling
azimuth to bring the traveling azimuth closer to the light
guide azimuth.

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

the prism is formed in a triangular shape in cross-section by

the at least two slopes, and

normal lines of the at least two slopes are in an azimuth

different from the light guide azimuth.

4. The liquid crystal display device according to claim 3,
wherein the prism is formed in a shape of a linear groove
extending in an azimuth different from an azimuth perpen-
dicular to the light guide azimuth.

5. The liquid crystal display device according to claim 3,
wherein the polarization converting section includes a prism
row in which a plurality of the prisms are formed in a row, and

each of the prisms in the prism row has a shape of a liner

groove extending in an azimuth different from an azi-
muth perpendicular to the light guide azimuth.

6. The liquid crystal display device according to claim 3,
wherein the prism is formed in an isosceles triangular shape in
cross-section, and the at least two slopes are formed sym-
metrical.

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

an angle formed by the azimuth in which each of the prisms

extends and the light guide azimuth is equal to or smaller
than 10 degrees, and

an apex angle b of the prism formed in a triangular shape in

cross-section is in a range of 80 degrees=b=130
degrees.

8. The liquid crystal display device according to claim 7,
wherein the apex angle b is in a range of 80 degrees=b=100
degrees.

9. The liquid crystal display device according to claim 7,
wherein the apex angle b is in arange of 110 degrees=b=130
degrees.

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

the light emitting surface and the rear surface of the light

guide plate are formed smooth, and

the at least two slopes of the prism included in the polar-

ization converting section are formed smooth.

11. The liquid crystal display device according to claim 3,
wherein the light guide plate includes a plurality of emitting
sections that make light traveling on an inside of the light
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guide plate in the light guide azimuth incident on the light
emitting surface at an angle smaller than a critical angle to
thereby emit the light from the light emitting surface.

12. The liquid crystal display device according to claim 11,
wherein the plurality of emitting sections reflect, in the light
guide azimuth, the light traveling on the inside in the light
guide azimuth and make the light incident on the light emit-
ting surface at an angle smaller than the critical angle.

13. The liquid crystal display device according to claim 11,
wherein the plurality of emitting sections are discontinuously
arranged in a plurality of places on the light emitting surface
or the rear surface.

14. The liquid crystal display device according to claim 11,
wherein the polarization converting section and the plurality
of emitting sections are arranged on the rear surface.

15. The liquid crystal display device according to claim 14,
wherein a groove-like pattern is formed linearly along the
light guide azimuth on the light emitting surface according to
arrangement of the one or plurality of light source sections.

16. The liquid crystal display device according to claim 14,
wherein

the polarization converting section includes a prism row in

which a plurality of the prisms are formed in a row,
each of the prisms in the prism row has a shape of a liner

groove extending in an azimuth different from an azi-

muth perpendicular to the light guide azimuth, and

the plurality of emitting sections are respectively arranged

to overlap at least one of a ridge line and a valley line in
the prism row.

17. The liquid crystal display device according to claim 14,
wherein

the light guide plate includes the polarization converting

section on the rear surface,

the polarization converting section includes a plurality of

prism rows in which a plurality of the prisms are formed
in rows,

each of the prisms in each of the prism rows has a shape of

alinear groove extending in an azimuth different from an
azimuth perpendicular to the light guide azimuth,

the plurality of prism rows are discontinuously arranged

along the light guide azimuth, and

at least one of the plurality of emitting sections is arranged

to be interposed between two of the plurality of prism
rows discontinuously arranged.

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

a reflective polarizer is arranged between the lower polar-

izer and the light guide plate,

the reflective polarizer reflects light of a polarization com-

pornent in a direction orthogonal to the transmission axis
to the light guide plate side, and

the polarization converting section is formed on the rear

surface of the light guide plate.

19. The liquid crystal display device according to claim 1,
wherein the light guide plate includes a polarization convert-
ing section that totally reflects, at least twice, light traveling
on an inside in the light guide azimuth to change a traveling
azimuth of the light on at least one of the light emitting
surface and the rear surface of the light emitting surface and
converts polarization of the light.
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