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SURFACE LIGHT SOURCE CAPABLE OF
VARYING ANGULAR RANGE FOR DIFFUSING
EMITTED LIGHT AND LIQUID CRYSTAL
DISPLAY APPARATUS CAPABLE OF DISPLAYING
SELECTIVELY WITH WIDE VIEW ANGLE AND
NARROW VIEW ANGLE BY USING SAME

BACKGROUND OF THE INVENTION
[0001]

[0002] This invention relates to a surface light source
capable of varying the angular range for diffusing emitted
light and a liquid crystal display apparatus capable of
displaying selectively with a wide view angle and a narrow
view angle by using such a surface light source.

[0003] 2. Description of the Related Art

[0004] Liquid crystal display apparatus comprises a liquid
crystal display device having a screen region formed by
arranging a plurality of pixels for controlling transmission of
light in the form of a matrix and a surface light source
arranged opposite to the viewing side of the liquid crystal
display device so as to emit light substantially to all the
surface of the liquid crystal display device with substantially
uniform intensity. The surface light source includes a plate-
shaped transparent member which is a light guide plate, at
least at one of the end surfaces thereof being made to operate
as light incident end surface, one of the two opposite plate
surfaces thereof being made to operate as light emitting
surface for emitting light as light enters from the light
incident end surface, the other plate surface thereof being
made to operate as light reflecting surface for reflecting light
entering through the light incident end surface, and one or
more than one light emitting elements for emitting light
toward the light incident end surface (see, for example,
Unexamined Japanese Patent Application KOKAI Publica-
tion No. 2000-113706).

[0005] Meanwhile, liquid crystal display apparatus are
designed to provide a wide view angle and hence a third
party can peep into what is being displayed there from a
direction inclined relative to the front forward direction (the
normal direction of the liquid crystal display device).

[0006] Therefore, there has been proposed a liquid crystal
display apparatus capable of selectively displaying an image
with a wide view angle and a narrow view angle for
preventing a third party from peeping in so as to provide an
enhanced level of security by arranging a view angle lim-
iting liquid crystal device adapted to reduce the visibility
from directions inclined relative to the front forward direc-
tion on one of the surfaces of the liquid crystal display
device (see, Unexamined Japanese Patent Application
KOKALI Publication No. 2004-133334).

[0007] A view angle limiting liquid crystal device is
formed by arranging electrodes of a predetermined profile
on the inner surfaces of a pair of oppositely disposed
substrates at positions corresponding to partitioned regions
and adapted to align the liquid crystal molecules of the liquid
crystal layer filled in each of the partitioned regions between
the pair of substrates in a sealed state so as to bring them
either into an alignment state that provides a view angle
inclined in a direction relative to the normal direction of the
liquid crystal display device or into another alignment state
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that provides a view angle inclined in the direction opposite
to the above inclined direction.

[0008] The proposed liquid crystal display apparatus can
limit the view angle of the displayed image of the liquid
crystal display device by reducing the visibility from
inclined directions by applying a voltage to the electrodes of
the view angle limiting liquid crystal device.

[0009] More specifically, the liquid crystal display device
provides a wide view angle for the image being displayed
when no voltage is applied to the electrodes of the view
angle limiting liquid crystal device and hence the view angle
limiting liquid crystal device is not operating for displaying
an image. On the other hand, when a predetermined voltage
is applied to the electrodes of the view angle limiting liquid
crystal device, the image being displayed is concealed from
side viewers trying to view the image from inclined angles
relative to the front forward direction by the partitioned
regions of the view angle limiting liquid crystal device
where the view angle is inclined in a direction and the
partitioned regions of the view angle limiting liquid crystal
device where the view angle is inclined in the opposite
direction. Thus, the image being displayed cannot be rec-
ognized from the view angle which is inclined in a direction
and the view angle which is inclined in the opposite direc-
tion, and the view angle of the image being displayed is
seemingly limited to consequently narrow the view angle of
the displayed image.

[0010] However, the view angle limiting liquid crystal
device has a plurality of partitioned regions produced by
dividing the region of the device that corresponds to the
display screen of the liquid crystal display device and the
liquid crystal molecules of each of the partitioned regions
are brought into an alignment state that may be different
from the alignment state of other partitioned regions. In
other words, the inner surfaces of the pair of substrates have
to be subjected to a complex aligning process (rubbing on
aligning films) of differentiating the alignment of each of the
partitioned regions from that of other partitioned regions.
Thus, manufacturing such a liquid crystal device is difficult.

SUMMARY OF THE INVENTION

[0011] In view of the above-identified circumstances, it is
therefore a first object of the present invention to provide a
surface light source capable of varying the angular range for
diff-using emitted light.

[0012] The second object of the present invention is to
provide a liquid crystal display apparatus capable of dis-
playing selectively with a wide view angle and a narrow
view angle by using such a surface light source capable of
varying the angular range for diffusing emitted light.

[0013] Inafirst aspect of the present invention, the above-
cited first object of the invention is achieved by providing a
surface light source comprising:

[0014] a first light emitting section including a first plate-
shaped transparent member and adapted to emit diffused
light obtained by diffusing light entering from at least an end
surface of the first plate-shaped transparent member within
a predetermined first angular range from a surface of the first
plate-shaped transparent member; and

[0015] a second light emitting section including a second
plate-shaped transparent member arranged at the side of the
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light emitting surface of the first light emitting section for
receiving light emitted from at least an end surface of the
second plate-shaped transparent member and emitting direc-
tional light diffused within a second angular range smaller
than the fist angular range from a surface of the second
plate-shaped transparent member and transmitting diffused
light emitted from the first light emitting section.

[0016] Thus, by selectively operating the first light emit-
ting section or the second light emitting section, a surface
light source according to the present invention can selec-
tively emit first rays of light emitted from the first light
emitting section within a large angular range or second light
emitted from the second light emitting section within a
predetermined small angular range centered at the normal
direction of the light emitting surface of the second light
emitting section.

[0017] In a surface light source according to the present
invention, preferably the first light emitting section includes
a first light guide plate serving as the first plate-shaped
transparent member and having at least a light incident end
surface for receiving light through thereof, a light emitting
surface for emitting light entering from the light incident end
surface, the light emitting surface being one of the opposite
surfaces of the first plate-shaped transparent member, and a
light reflecting surface for reflecting light entering from the
light incident end surface toward the light emitting surface,
the light reflecting surface being the other one of the
opposite surfaces of the first plate-shaped transparent mem-
ber, and a first light emitting element arranged vis-a-vis the
light incident end surface to emit light toward the light
incident end surface and the second light emitting section
includes a second light guide plate serving as the second
plate-shaped transparent member and having at least a light
incident end surface for receiving light through thereof, a
light emitting surface for emitting light entering from the
light incident end surface, the light emitting surface being
one of the opposite surfaces of the second plate-shaped
transparent member, and a total reflection surface for reflect-
ing light entering from the light incident end surface toward
the light emitting surface, the light reflecting surface being
the other one of the opposite surfaces of the second plate-
shaped transparent member, and a second light emitting
element arranged vis-a-vis the light incident end surface to
emit light toward the light incident end surface. Preferably,
the first light guide plate has a light reflecting surface where
a plurality of diffusing/reflecting sections are formed as so
many fine grooves in order to diffuse and reflect light
entering from the light incident end surface thereof. Prefer-
ably, the plurality of diffusing/reflecting sections are fine
grooves formed to cross the entire width of the first light
guide plate so as to run in parallel with the light incident end
surface and having a rectangular cross section.

[0018] In a surface light source according to the present
invention, preferably the second light guide plate has a
plurality of inclined planes for internally reflecting light
entering from the light incident end surface thereof toward
a predetermined angular range centered at the normal direc-
tion of the light emitting surface of the second light guide
plate. Then, the plurality of inclined planes are inclined with
an angle of inclination substantially within an angular range
of 10° to 20° centered at the normal direction of the light
emitting surface of the second light guide plate.
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[0019] Preferably, a surface light source according to the
present invention further comprises an optical element
arranged between the first light emitting section and the
second light emitting section to adjust the spreading angle of
light emitted from the first light emitting section. Then,
preferably, the optical element includes at least a single
prism sheet where a plurality of prism sections are formed.
More preferably, the optical element includes a first prism
sheet where a plurality of oblong prism sections are formed
and arranged in a direction and a second prism sheet where
a plurality of oblong prism sections are formed and arranged
in the direction perpendicular to the above direction.

[0020] In the second aspect of the present invention, there
is provided a liquid crystal display apparatus comprising:

[0021] a first light emitting section including a first plate-
shaped transparent member and adapted to emit diffused
light obtained by diffusing light entering from at least an end
surface of the first plate-shaped transparent member within
a predetermined first angular range from a surface of the first
plate-shaped transparent member;

[0022] a second light emitting section including a second
plate-shaped transparent member arranged at the side of the
light emitting surface of the first light emitting section for
emitting diffused light and adapted to receive light from at
least an end surface of the second plate-shaped transparent
member, emit directional light diffused within a second
angular range smaller than the fist angular range from a
surface of the second plate-shaped transparent member and
transmit diffused light emitted from the first light emitting
section; and

[0023] aliquid crystal display device arranged at the side
of the light emitting surface of second light emitting section
provided with a plurality of pixels arranged in the form of a
matrix to control light emitted from the second light emitting
section.

[0024] Thus, since a liquid crystal display apparatus
according to the present invention as defined above com-
prises a surface light source arranged at the rear side of a
liquid crystal display device for displaying images to selec-
tively emit diffused light with a wide angle or highly
directional light with a narrow angle, it is possible to display
images with a wide view angle and a narrow view angle.

[0025] In a liquid crystal display apparatus according to
the present invention, preferably the first light emitting
section includes a first light guide plate serving as the first
plate-shaped transparent member and having at least a light
incident end surface for receiving light through thereof, a
light emitting surface for emitting light entering from the
light incident end surface, the light emitting surface being
one of the opposite surfaces of the first plate-shaped trans-
parent member, and a light reflecting surface for reflecting
light entering from the light incident end surface toward the
light emitting surface, the light reflecting surface being the
other one of the opposite surfaces of the first plate-shaped
transparent member, and at least one first light emitting
element which is a solid state light emitting element
arranged vis-a-vis the light incident end surface to emit light
toward the light incident end surface and the second light
emitting section includes a second light guide plate serving
as the second plate-shaped transparent member and having
at least a light incident end surface for receiving light
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through thereof, a light emitting surface for emitting light
entering from the light incident end surface, the light emit-
ting surface being one of the opposite surfaces of the second
plate-shaped transparent member, and a total reflection
surface for reflecting light entering from the light incident
end surface toward the light emitting surface, the total
reflection surface being the other one of the opposite sur-
faces of the second plate-shaped transparent member, and at
least one second light emitting element which is a solid state
light emitting element arranged vis-a-vis the light incident
end surface to emit light toward the light incident end
surface. Preferably, the first light guide plate of the first light
emitting section has a light reflecting surface where a
plurality of diffusing/reflecting sections are formed as so
many fine grooves in order to diffuse and reflect light
entering from the light incident end surface thereof and the
second light guide plate of the second light emitting section
has a plurality of inclined planes for internally reflecting
light entering from the light incident end surface thereof
toward a predetermined angular range centered at the normal
direction of the light emitting surface of the second light
guide plate. Then, preferably the plurality of inclined planes
are inclined with an angle of inclination defined to be
substantially within an angular range of 20° to 40° centered
at the normal direction of the light emitting surface of the
second light guide plate in order to reflect light emitted from
the second light guide plate substantially within an angular
range of 10° to 20° centered at the normal direction of the
light emitting surface of the second light guide plate.

[0026] Preferably, a liquid crystal display apparatus
according to the present invention further comprises an
optical element arranged between the first light emitting
section and the second light emitting section to adjust the
spreading angle of light emitted from the first light emitting
section, the optical element including at least a single prism
sheet where a plurality of prism sections are formed. Pref-
erably, a liquid crystal display apparatus according to the
present invention further comprises a light source driver for
selectively turning on the first light emitting elements of the
first light emitting section or the second light emitting
elements of the second light emitting section.

[0027] Inthe third aspect of the present invention, there is
provided a liquid crystal display apparatus comprising;

[0028] a first light guide plate formed as a first plate-
shaped transparent member having at least a light incident
end surface for receiving light through thereof, a light
emitting surface for emitting light entering from the light
incident end surface, the light emitting surface being one of
the opposite surfaces of the first plate-shaped transparent
member, and a light reflecting surface for reflecting light
entering from the light incident end surface toward the light
emitting surface, the light reflecting surface being the other
one of the opposite surfaces of the first plate-shaped trans-
parent member and adapted to emit diffused light obtained
by diffusing light entering from the light incident end surface
within a predetermined first angular range from the light
emitting surface;

[0029] a first light emitting element arranged vis-a-vis the
light incident end surface of the first light guide plate to emit
light toward the light incident end surface;

[0030] a second light guide plate formed as a second
plate-shaped transparent member having at least a light
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incident end surface for receiving light through thereof, a
light emitting surface for emitting light entering from the
light incident end surface, the light emitting surface being
one of the opposite surfaces of the second plate-shaped
transparent member, and a total reflection surface for reflect-
ing light entering from the light incident end surface toward
the light emitting surface, the total reflection surface being
the other one of the opposite surfaces of the second plate-
shaped transparent member and adapted to emit directional
light diffused within a second angular range smaller than the
first angular range from the light emitting surface, and
transmit diffused light emitted from the first light guide plate
so as to emit from the light emitting surface;

[0031] a second light emitting element arranged vis-a-vis
the light incident end surface of the second light guide plate
to emit light toward the light incident end surface;

[0032] alight source driver for selectively turning on the
first light emitting elements or the second light emitting
elements; and

[0033] aliquid crystal display device arranged at the side
of the light emitting surface of second light guide plate
provided with a plurality of pixels arranged in the form of a
matrix to control light emitted from the second light guide
plate.

[0034] Thus, since a liquid crystal display apparatus
according to the present invention as defined above com-
prises a surface light source arranged at the rear side of a
liquid crystal display device for displaying images to selec-
tively emit diffused light with a wide angle or highly
directional light with a narrow angle, it is possible to display
images with a wide view angle and a narrow view angle.

[0035] Preferably, in a liquid crystal display apparatus
according to the present invention as defined above, the first
light guide plate has a light reflecting surface where a
plurality of diffusing/reflecting sections are formed as so
many fine grooves in order to diffuse and reflect light
entering from the light incident end surface thereof, the
plurality of diffusing/reflecting sections being fine grooves
formed along the entire width of the first light guide plate so
as to run in parallel with the light incident end surface and
having a rectangular cross section and the second light guide
plate has a plurality of inclined planes for internally reflect-
ing light entering from the light incident end surface thereof
toward a predetermined angular range centered at the normal
direction of the light emitting surface of the second light
guide plate. Then, preferably the plurality of inclined planes
are inclined with an angle of inclination defined to be
substantially within an angular range of 20° to 40° centered
at the normal direction of the light emitting surface of the
second light guide plate in order to reflect light emitted from
the second light guide plate substantially within an angular
range of 10° to 20° centered at the normal direction of the
light emitting surface of the second light guide plate.

[0036] Preferably, a liquid crystal display apparatus
according to the present invention as defined above further
comprises an optical element arranged between the first light
guide plate and the second light guide plate to adjust the
spreading angle of light diffused by the first light guide plate
and emitted from the light emitting surface thereof. Then,
preferably, the optical element includes a first prism sheet
where a plurality of oblong prism sections are formed and
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arranged in one of two directions perpendicular relative to
each other, or the direction running along the light emitting
surface of the first light guide plate and a second prism sheet
where a plurality of oblong prism sections are formed and
arranged in the other direction of the two directions, the
second prism sheet being arranged on one of the opposite
surfaces of the first prism sheet.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] These objects and other objects and advantages of
the present invention will become more apparent upon
reading of the following detailed description and the accom-
panying drawings in which:

[0038] FIG. 1 is a schematic perspective view of an
embodiment of liquid crystal display apparatus according to
the present invention;

[0039] FIG. 2 is a schematic lateral view of the liquid
crystal display apparatus of FIG. 1;

[0040] FIG. 3 is a schematic illustration of light paths of
rays of light entering the first light guide plate from the light
incident end surface thereof and going out from the first light
guide plate of the liquid crystal display apparatus of FIG. 1;

[0041] FIG. 4 is a schematic illustration of light paths of
rays of light entering the second light guide plate from the
light incident end surface thereof and going out from the
second light guide plate of the liquid crystal display appa-
ratus of FIG. 1,

[0042] FIGS. 5A and 5B are graphs illustrating the inten-
sity distribution of first rays of light emitted from the light
emitting surface of the first light guide plate of the surface
light source of FIG. 1 with a spreading angle adjusted by the
optical element including a first prism sheet and a second
prism sheet. FIG. 5A is a graph illustrating the intensity
distribution of first rays of light in the direction running in
parallel with the horizontal direction of the display screen
and FIG. 5B is a graph illustrating the intensity distribution
of first rays of light in the direction running in parallel with
the vertical direction of the display screen; and

[0043] FIGS. 6A and 6B are graphs illustrating the inten-
sity distribution of second rays of light emitted from the light
emitting surface of the second light guide plate of the surface
light source of FIG. 1. FIG. 6A is a graph illustrating the
intensity distribution of second rays of light in the direction
running in parallel with the horizontal direction of the
display screen and FIG. 6B is a graph illustrating the
intensity distribution of second rays of light in the direction
running in parallel with the vertical direction of the display
screetl.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0044] FIGS.1 through 6B illustrate an embodiment of the
present invention. FIGS. 1 and 2 are respectively a perspec-
tive view and a lateral view of an embodiment of liquid
crystal display apparatus.

[0045] Referring to FIGS. 1 and 2, the liquid crystal
display apparatus comprises a liquid crystal display device
1 having a screen region la where a plurality of pixels (not
shown) are arranged in the form of a matrix to control
transmission of light, a surface light source 8 arranged at the

Mar. 1, 2007

side of the liquid crystal display device 1 opposite to the
viewing side (upper side in FIGS. 1 and 2) to selectively
emit first rays of light 200 with a large spreading angle
toward the liquid crystal display device 1 as indicated by
arrows with solid lines in FIG. 2 or second rays of light 210
with a small spreading angle toward the liquid crystal
display device 1 as indicated by arrows with broken lines in
FIG. 2 and a light source driver 25 for selectively allowing
first rays of light 200 or second rays of light 210 emit from
the surface light source 8.

[0046] Although the internal structure of the liquid crystal
display device 1 is not illustrated, the liquid crystal display
device 1 includes a pair of transparent substrates 2, 3 that are
bonded to each other by way of a frame-shaped sealing
member 4 surrounding the screen region la, transparent
electrodes arranged on the respective inner surfaces of the
substrates 2, 3 to form a plurality of pixels arranged in the
form of a matrix, a liquid crystal layer filled in the region
surrounded by the sealing member 4 between the paired
substrates 2, 3 and a pair of polarizing plates 5, 6 arranged
on the respective outer surfaces of the paired substrates 2, 3.

[0047] Thus, the liquid crystal display device 1 is an active
matrix type liquid crystal display device 1 having a plurality
of pixel electrodes arranged on the inner surface of one of
the substrates, or the substrate 2, along the row direction and
the column direction to form a matrix and a single film-
shaped opposite electrode arranged on the inner surface of
the other substrate 3 so as to face the region or arrangement
of the plurality of pixel electrodes. More specifically, active
elements which are TFTs connected to the plurality of pixel
electrodes respectively, a plurality of gate lines connected to
the respective rows of the TFTs, and a plurality of data lines
connected to the respective columns of the TFTs are
arranged on the inner surface of the one substrate 2.

[0048] The substrate 2 has a driver mount section 2a
projecting to the outside of the other substrate 3 and the
plurality of gate lines and the plurality of data lines are led
out to the driver mount section 2a and connected to a display
driver 7 which is an LSI mounted on the driver mount
section 2a.

[0049] Aligning films are arranged respectively on the
inner surfaces of the paired substrates 2, 3 to cover the
electrodes. The liquid crystal molecules of the liquid crystal
layer are held between the paired substrates 2, 3 in an
alignment state that is defined by the aligning films.

[0050] The liquid crystal display device 1 is of the TN type
where the liquid crystal molecules are twisted, of the homeo-
tropic alignment type where the liquid crystal molecules are
aligned substantially vertically relative to the surfaces of the
substrates 2, 3, of the homogeneous alignment type where
the liquid crystal molecules are aligned substantially in
parallel with the surfaces of the substrates 2, 3 without being
twisted or of the bend-alignment type where the liquid
crystal molecules are bend-aligned. Additionally, the liquid
crystal display device 1 is either of the ferromagnetic type or
of the anti-ferromagnetic type. The polarizing plates 5, 6 are
arranged in such a way that their respective transmission
axes provide a good contrast characteristic.

[0051] Tt may be needless to say that the liquid crystal
display device 1 is not limited to the longitudinal electric
field control type where a longitudinal electric field (an
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electric field directed in the direction of the height of the
liquid crystal layer) is produced between the electrodes
arranged respectively on the inner surfaces of the paired
substrates 2, 3 to change the alignment state of the liquid
crystal molecules and alternatively, it may be of the trans-
versal electric field type where pectinate-shaped first and
second electrodes are arranged on the inner surface of either
of the paired substrates 2, 3 to form a plurality of pixels and
a transversal electric field (an electric field directed in a
direction running along the surfaces of the substrates) is
produced between the electrodes to change the alignment
state of the liquid crystal molecules.

[0052] Additionally, the liquid crystal display device 1
may be a normally white mode display device or a normally
black mode display device.

[0053] The surface light source 8 includes a first light
guide plate 9 made of a first plate-shaped transparent mem-
ber, a second light guide plate 15 made of a second plate-
shaped transparent member arranged at the light emitting
side of the first light guide plate 9, one or more than one first
light emitting elements 20 for emitting light to be entered
into the first light guide plate 9 and one or more than one
second light emitting elements 21 for emitting light to be
entered into the second light guide plate 15. One of the end
surfaces of the first light guide plate 9 is made to operate as
a light incident end surface 10 for receiving light and one of
the opposite surfaces of the first light guide plate 9 is made
to operate as a light emitting surface 11 for emitting light
coming from the light incident end surface 10 while the
other surface is made to operate as a light reflecting surface
12 for reflecting light coming from the light incident end
surface 10 toward the light emitting surface 11. One of the
end surfaces of the second light guide plate 15 is made to
operate as a light incident end surface 16 for receiving light
and one of the opposite surfaces of the second light guide
plate 15 located remote from the first light guide plate 9 is
made to operate as a light emitting surface 17 for emitting
light coming from the light incident end surface 16 while the
surface of the second light guide plate 15 located vis-a-vis
the first light guide plate 9 is made to operate as a total
reflection surface 18 for totally and inwardly reflecting light
coming from the light incident end surface 16 at the interface
with the atmosphere (air) by total reflection and transmitting
light emitted from the first light guide plate 9. The first light
emitting elements 20 are arranged vis-a-vis the light incident
end surface 10 of the first light guide plate 9 so as to emit
light toward the light incident end surface 10. The second
light emitting elements 21 are arranged vis-a-vis the light
incident end surface 16 of the second light guide plate 15 so
as to emit light toward the light incident end surface 16.

[0054] Of the first and second light guide plates 9, 15, the
first light guide plate 9 is adapted to diffuse light coming
from the light incident end surface 10 within a predeter-
mined first angular range of spreading angle centered at the
normal direction of the light emitting surface and emit it
from the light emitting surface 11, whereas the second light
guide plate 15 is adapted to emit light within a predeter-
mined second angular range of spreading angle centered at
the normal direction of the light emitting surface 17 and
smaller than the first angular range and transmit light
emitted from the first light guide plate 9 and coming from
the total reflection surface 18 so as to emit it also from the
light emitting surface 17.
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[0055] Both the first light guide plate 9 and the second
light guide plate 15 are typically made of respective acryl
resin plates. As shown in FIG. 3, the light emitting surface
11 of the first light guide plate 9 is a flat surface while the
light reflecting surface 12 thereof is provided with a plurality
of diffusing/reflecting sections 13 formed at a predetermined
pitch with intervals arranged in the proceeding direction of
light entering from the light incident end surface 10 so as to
diffuse and reflect light coming from the light incident end
surface 10 toward the light emitting surface 11.

[0056] The plurality of diffusing/reflecting sections 13 of
the reflecting surface 12 of the first light guide plate 9 are
typically constructed as so many fine grooves formed to
cross the entire width of the first light guide plate 9 so as to
run in parallel with the light incident end surface 10 and
having a rectangular cross section. Parts between the each of
diffusing/reflecting sections 13 of the reflecting surface 12
are formed on the flat surface substantially parallel with the
light emitting surface 11.

[0057] The reflecting surface 12 and its plurality of dif-
fusing/reflecting sections 13 of the first light guide plate 9
are inner reflecting surfaces for totally reflecting light com-
ing from the light incident end surface 10 at the interface
with the atmosphere by total reflection. A reflector plate 14
is arranged outside the reflecting surface 12 of the light
guide plate 9 to reenter light leaking from the reflecting
surface 12 and its plurality of diffusing/reflecting sections 13
into the first light guide plate 9.

[0058] As shown in FIG. 4, the light emitting surface 17
of the second light guide plate 15 is a flat surface while a
plurality of first inclined surfaces are formed on the total
reflection surface 18 at a predetermined pitch with intervals
arranged 1in the proceeding direction of light entering from
the light incident end surface 16 so as to reflect light coming
from the light incident end surface 16 in directions within an
angular range of spreading angle centered at the normal
direction of the light emitting surface 17 of the second light
guide plate 15, for example, within an angular range of
spreading angle not greater than 20° to 10° relative to the
normal direction.

[0059] The plurality of first inclined surfaces 19 of the
total reflection surface 18 of the second light guide plate 15
are typically narrow inclined surfaces formed over the entire
width of the second light guide plate 15 in the direction
parallel to the longitudinal direction of the light incident end
surface 16 and inclined by about 20° to 40° from the total
reflection surface 18 toward the light emitting surface 17
relative to the normal line of the light emitting surface 17 in
the direction opposite to the side of the light incident end
surface 16. Second inclined surfaces 19a are formed
between the first inclined surfaces 19. The second inclined
surface 19a respectively pass the bottom edges of the first
inclined surfaces 19 at the side of the light incident end
surface 16 and the top edges of the first inclined surfaces 19
located at the side opposite to the side of the light incident
end surface 16 and inclined by about 5° to 10° relative to the
light emitting surface 17.

[0060] While the pitch of arrangement of the plurality of
diffusing/reflecting sections 13 on the light reflecting surface
12 of the first light guide plate 9 and that of the plurality of
total reflection surfaces 18 of the second light guide plate 15
are exaggerated in the drawings, the diffusing/reflecting
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surfaces 13 and the first inclined surfaces are arranged at
respective pitches that are substantially equal to or smaller
than the pitch of arrangement of the pixels of the liquid
crystal display device 1.

[0061] The first light guide plate 9 is arranged in such a
way that the light incident end surface 10 thereof is juxta-
posed with an edge, e.g., the lower edge as viewed by the
viewer, of the liquid crystal display device 1 while its light
emitting surface 11 is disposed vis-a-vis the liquid crystal
display device 1. On the other hand, the second light guide
plate 15 is arranged between the light emitting side of the
first light guide plate 9 and hence between the first light
guide plate 9 and the liquid crystal display device 1 in such
a way that the light incident end surface 16 thereof is
juxtaposed with an edge, e.g., the right edge as viewed by
the viewer, of the liquid crystal display device 1 while its
light emitting surface 17 is disposed vis-a-vis the liquid
crystal display device 1.

[0062] The first light emitting elements 20 are formed by
using LEDs (light emitting diodes) or some other solid state
light emitting elements. A plurality of first light emitting
elements are arranged at intervals vis-a-vis the light incident
end surface 10 of the first light guide plate 9 in the
longitudinal direction of the light incident end surface 10.

[0063] On the other hand, the second light emitting ele-
ments 21 are formed as an array of solid state light emitting
elements (e.g., LEDs) where a plurality of solid state light
emitting elements are linearly arranged. They are arranged
in the direction parallel to the longitudinal direction of the
light incident end surface 10 and vis-a-vis the light incident
end surface 16 of the second light guide plate 15.

[0064] The surface light source 8 is arranged between the
first light guide plate 9 and the second light guide plate 15
and provided with an optical element 22 for adjusting the
spreading angle of light diffused by the first light guide plate
9 and emitted from the light emitting surface 11 of the first
light guide plate 9.

[0065] The optical element 22 includes a first prism sheet
23 made of a first transparent resin film where a plurality of
oblong prism sections 23a are formed so as to extend in one
of the two directions that orthogonally intersect each other
on the light emitting surface 11 of the first light guide plate
9, e.g., in the direction parallel to the horizontal direction of
the screen of the liquid crystal display device 1, and a second
prism sheet 24 made of a second transparent resin film
having a plurality of oblong prism sections 24a extending in
the other one of the two directions, e.g., in the direction
parallel to the vertical direction of the screen of the liquid
crystal display device 1, and disposed at the side of one of
the opposite surfaces of the first prism sheet 23, e.g., at the
side opposite to the side facing the first light guide plate 9.
The plurality of oblong prism sections 234, 24a of the prism
sheets 23, 24 are arranged at a pitch smaller than the pitch
of arrangement of the plurality of diffusing/reflecting sec-
tions 13 of the light reflecting surface 12 of the first light
guide plate 9.

[0066] The first prism sheet 23 is arranged in such a way
that the surface thereof where the oblong prism sections 23a
are formed or the flat surface thereof at the opposite side (flat
surface in this embodiment) is located vis-a-vis the light
emitting surface 11 of the first light guide plate 9, while the
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second prism sheet 24 is arranged in such a way that the
surface thereof where the oblong prism sections 24a are
formed or the flat surface thereof at the opposite side (flat
surface in this embodiment) is located vis-a-vis the light
emitting surface of the prism sheet 23 at the side of the light
emitting surface (the surface opposite to the surface facing
the first light guide plate 9) of the first prism sheet 23.

[0067] The light source driver 25 has a light emitting
elements activating circuit for selectively turning on the first
light emitting elements 20 or the second light emitting
elements 21 of the surface light source 8.

[0068] Note that the liquid crystal display apparatus is
typically mounted in the display section of an electronic
appliance such as a portable telephone set and the light
source driver 25 is adapted to turn on the first light emitting
elements 20 of the surface light source 8 when a wide view
angle is selected but the second light emitting elements 21
of the surface light source 8 when a narrow view angle is
selected out of a wide view angle and a narrow view angle
by means of a view angle selection key arranged in the
electronic appliance.

[0069] The liquid crystal display apparatus may be a color
image display apparatus provided with color filters of three
primary colors of red, green and blue arranged on the inner
surface of either of the paired substrates 2, 3 of the liquid
crystal display device 1 so as to correspond to the pixels
thereof or a field sequential liquid crystal display apparatus
adapted to display color images without arranging color
filters in the liquid crystal display device 1. In the case of a
field sequential liquid crystal display apparatus adapted to
display color images, solid state light emitting elements
including red LEDs, green LEDs and blue LEDs may be
used for the first light emitting elements 20 and the second
light emitting elements 21 of the surface light source 8 so
that rays of light of three colors of red, green and blue are
selectively emitted from the first light emitting elements 20
or the second light emitting elements 21.

[0070] FIG. 3 is a schematic illustration of light paths of
rays of light entering the first light guide plate 9 from the
light incident end surface 10 thereof and going out from the
first light guide plate 9. As shown in FIG. 3, rays of light
entering the first light guide plate 9 from the light incident
end surface 10 thereof are internally reflected by the light
emitting surface 11 and the flat surface sections among the
plurality of diffusing/reflecting sections 13 of the light
reflecting surface 12 of the light guide plate 9 and guided in
the light guide plate 9, while they are diffused and reflected
by the plurality of diff-using/reflecting sections 13 as indi-
cated by arrows in FIG. 3. Of diffuised and reflected rays of
light, those entering with an angle smaller than the total
reflection critical angle (almost perpendicularly relative to
the light emitting surface 11) are transmitted through the
interface and emitted from the light emitting surface 11.

[0071] Of rays of light diffused and reflected by the
plurality of diffusing/reflecting sections 13, those entering
with an angle greater than the total reflection critical angle
relative to the interface of the light emitting surface 11 and
the atmosphere and internally reflected by the light emitting
surface 11 are again internally reflected by the flat surface
sections among the plurality of diffusing/reflecting sections
13 of the light reflecting surface 12 and the light emitting
surface 11 and guided in the light guide plate 9 so as to be
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diffused and reflected further by the plurality of diffusing/
reflecting sections 13 before going out from the light emit-
ting surface 11.

[0072] More specifically, rays of light that enters the first
light guide plate 9 by way of the light incident end surface
10 thereof are diffused by the first light guide plate 9 and
become emitted from the light emitting surface 11 of the first
light guide plate 9 with a large spreading angle.

[0073] Rays of first light (diffused light) 200 emitted from
the light emitting surface 11 of the first light guide plate 9
with a large spreading angle are adjusted for the spreading
angle in the direction perpendicular to the longitudinal
direction of the plurality of oblong prism sections 23« of the
first prism sheet 23, or in the direction parallel to the vertical
direction of the screen of the liquid crystal display device 1,
by the plurality of oblong prism sections 23a and then in the
direction perpendicular to the longitudinal direction of the
plurality of oblong prism sections 24a of the second prism
sheet 24, or in the direction parallel to the horizontal
direction of the screen of the liquid crystal display device 1,
by the plurality of oblong prism sections 24a before they are
emitted from the second prism sheet 24 toward the liquid
crystal display device.

[0074] FIGS. 5A and 5B are graphs illustrating the inten-
sity distribution of first rays of light 200 emitted from the
light emitting surface 11 of the first light guide plate 9 and
adjusted for the spreading angle by the optical element 22
including the first prism sheet 23 and the second prism sheet
24 and emitted from it. FIG. 5A is a graph illustrating the
intensity distribution of rays of light in the direction running
in parallel with the horizontal direction of the display screen
of the liquid crystal display device 1 and FIG. 5B is a graph
illustrating the intensity distribution of rays of light in the
direction running in parallel with the vertical direction of the
display screen. Note that, in FIG. SA, the positive angle is
the angle of inclination toward the right side of the display
screen relative to the normal direction (direction of 0°) of the
second prism sheet 24, whereas the negative angle is the
angle of inclination toward the left side of the display screen
relative to the normal direction of the second prism sheet 24.
In FIG. 5B, the positive angle is the angle of inclination
toward the top side of the display screen relative 1o the
normal direction (direction of 0°) of the second prism sheet
24, whereas the negative angle is the angle of inclination
toward the bottom side of the display screen relative to the
normal direction of the second prism sheet 24.

[0075] As seen from FIGS. 5A and 5B, of first rays of light
200 emitted from the light emitting surface 11 of the first
light guide plate 9 and adjusted for the spreading angle by
and emitted from the optical element 22, those with inten-
sities higher than a predetermined intensity level, for
example emitted rays of light with intensity ratios of 50%
and higher in both the horizontal direction and the vertical
direction of the display screen of the liquid crystal display
device 1, show a sufficiently wide spreading angle between
30 and 37° relative to the normal direction of the light
emitting surface 11 in each of the two directions. Thus, first
rays of light 200 showing a sufficiently wide spreading angle
are transmitted through the second light guide plate 15 and
enters the liquid crystal display device 1.

[0076] Then, since the view angle of the displayed image
corresponds to the spreading angle of first rays of light 200
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when first rays of light 200 are made to enter the liquid
crystal display device 1, it is possible to display an image on
the display screen of the liquid crystal display device 1 with
a sufficiently wide view angle in both the horizontal direc-
tion and the vertical direction of the display screen and a
sufficiently high viewing luminance within the view angle in
each of the two directions.

[0077] Additionally, since the surface light source 8 is
provided on the total reflection surface 18 of the second light
guide plate 15 thereof with a plurality of first inclined
surfaces adapted to reflect rays of light emitted from the first
light guide plate 9 within an angular range of spreading
angle centered at the normal direction of the light emitting
surface 17 of the second light guide plate 15 that is smaller
than the spreading angle of rays of light emitted from the
first light guide plate 9, rays of light that enter the second
light guide plate 15 from the light incident end surface 16
thereof are emitted to the liquid crystal display device as
highly directional rays of right within a narrow angular
range centered at the normal direction of the light emitting
surface 17. Thus, it is possible to display an image on the
display screen of the liquid crystal display device 1 with a
narrow view angle and a sufficiently high viewing lumi-
nance within the view angle.

[0078] FIG. 4 is a schematic illustration of light paths of
rays of light entering the second light guide plate 15 from the
light incident end surface 16 thereof. Referring to FIG. 4,
rays of light entering the second light guide plate 15 from the
light incident end surface 16 thereof are internally reflected
by the light emitting surface 17 and the inclined surface
sections among the plurality of first inclined surfaces of the
total reflection surface 18 and guided in the light guide plate
15, while they are reflected by the plurality of first inclined
surfaces of the total reflection surface 18 within a narrow
angular range of spreading angle centered at the normal
direction of the light emitting surface 17 and emitted from
the light emitting surface 17 as indicated by arrows with
broken lines.

[0079] FIGS. 6A and 6B are graphs illustrating the inten-
sity distribution of second rays of light 210 emitted from the
light emitting surface 17 of the second light guide plate 15.
FIG. 6A is a graph illustrating the intensity distribution of
second rays of light in the direction running in parallel with
the horizontal direction of the display screen of the liquid
crystal display device 1 and FIG. 6B is a graph illustrating
the intensity distribution of second rays of light in the
direction running in parallel with the vertical direction of the
display screen. Note that, in FIG. 64, the positive angle is
the angle of inclination toward the right side of the display
screen relative to the normal direction (direction of 0°) of the
second prism sheet 24, whereas the negative angle is the
angle of inclination toward the left side of the display screen
relative to the normal direction of the second prism sheet 24.
In FIG. 6B, the positive angle is the angle of inclination
toward the top side of the display screen relative to the
normal direction (direction of 0°) of the second position 24,
whereas the negative angle is the angle of inclination toward
the bottom side of the display screen relative to the normal
direction of the second prism sheet 24.

[0080] As seen from FIGS. 6A and 6B, of second rays of
light 210 emitted from the light emitting surface 17 of the
second light guide plate 15 and adjusted for the spreading
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angle by and emitted from the optical element 22, those with
intensities higher than a predetermined intensity level, for
example emitted rays of light with intensity ratios of 50%
and higher in both the horizontal direction and the vertical
direction of the display screen of the liquid crystal display
device 1, show a sufficiently narrow spreading angle not
larger than 10° relative to the normal direction of the light
emitting surface 17 in the horizontal direction and not larger
than 20° relative to the normal direction in the vertical
direction.

[0081] Then, second rays of light 210 enter the liquid
crystal display device 1. Thus, since highly directional
second rays of light 210 that show a sufficiently narrow
spreading angle enters the liquid crystal display device 1, it
is possible to display an image on the display screen of the
liquid crystal display device 1 with a sufficiently narrow
view angle and a sufficiently high viewing luminance within
the view angle.

[0082] In the above-described liquid crystal display appa-
ratus, the surface light source 8 is arranged at the side
opposite to the viewing side of the liquid crystal display
device 1 so as to make the light emitting surface of the
second light guide plate 15 face the liquid crystal display
device 1. Thus, the first light emitting elements 20 or the
second light emitting elements 21 of the surface light source
8 can be selectively turned on by the light source driver 25
to display an image with a wide view angle or a narrow view
angle, whichever appropriate.

[0083] As described above, the surface light source 8 has
a first light emitting section including the first light guide
plate of the first plate-shaped transparent member and the
first light emitting elements and a second light emitting
section including the second light guide plate of the second
plate-shaped transparent member and the second light emit-
ting elements.

[0084] More specifically, the surface light source 8 has the
first light emitting section adapted to receive light from at
least one of the end surfaces of the first plate-shaped
transparent member and emit diffused light from one of the
opposite surfaces of the first plate-shaped transparent mem-
ber that is diffused within the predetermined first angular
range and the second light emitting section including the
second plate-shaped transparent member arranged at the side
of the surface of the first light emitting section for emitting
diffused light and adapted to receive light from at least one
of the end surfaces of the second plate-shaped transparent
member and emit directional light diffused within the second
angular range of spreading angle narrower than the first
angular range from one of the opposite surfaces of the
second plate-shaped transparent member but transmit dif-
fused light emitted from the first light emitting section.

[0085] Thus, it is possible to selectively emit first rays of
light 200 with a wide spreading angle from the first light
emitting section or second rays of light 210 with small
spreading angle in directions within a predetermined narrow
angular range centered at the normal direction of the light
emitting surface 17 of the second light emitting section by
selectively operating the first light emitting section and the
second light emitting section.

[0086] Then, since the surface light source 8 has a plural-
ity of diffusing/reflecting sections 13 formed on the light
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reflecting surface 12 of the first light guide plate 9 so as to
diffuse and reflect rays of light coming into the first light
guide plate 9 from the light incident end surface 10 thereof
toward the light emitting surface 11 of the first light guide
plate 9, it is possible to diffuse and reflect rays of light
coming into the first light guide plate 9 from the light
incident end surface 10 thereof by means of the plurality of
diffusing/reflecting sections 13 and emit them to from the
light emitting surface 11 of the first light guide plate 9 in
order to display an image on the liquid crystal display device
1 with a sufficiently wide view angle.

[0087] Additionally, since the surface light source 8 has an
optical element 22 arranged between the first light guide
plate 9 and the second light guide plate 15 for the purpose
of adjusting the spreading angle of rays of light diffused by
the first light guide plate 9 and emitted from the light
emitting surface 11 thereof, it is possible to adjust the
spreading angle of first rays of light 200 emitted from the
light emitting surface 11 of the first light guide plate 9 in
order to display an image on the liquid crystal display device
1 with a sufficiently wide view angle and a sufficiently high
viewing luminance within the view angle.

[0088] Still additionally, since the surface light source 8
has the first prism sheet 23 including the plurality of oblong
prism sections 23a running along one of the two directions
that orthogonally intersect each other along the light emit-
ting surface 11 of the first light guide plate 9 and the second
prism sheet 24 including the plurality of oblong prism
sections 24a running along the other of the two directions
and arranged at the side of one of the two surfaces of the first
prism sheet 23, it is possible to display an image on the
liquid crystal display device 1 with a sufficiently wide view
angle in each of the above two directions and a sufficiently
high viewing laminate within the view angle in each of the
above two directions.

[0089] Since the liquid crystal display apparatus com-
prises the surface light source 8 arranged at the rear side of
the liquid crystal display device 1 for displaying images and
adapted to selectively emit diffused light with a wide angle
of diffusion or highly directional rays of light within a
narrow angle, it is possible to display an image with a wide
view angle or with a narrow view angle.

[0090] The surface light source 8 has the light emitting
end surface 10 formed at one of the end surfaces of the first
light guide plate 9 and the light emitting end surface 16
formed at one of the end surfaces of the second light guide
plate 15 in the above-described embodiment, it may alter-
natively be so arranged that two light incident end surfaces
10 are formed respectively at two oppositely disposed end
surfaces of the first light guide plate 9 and a plurality of
diffusing/reflecting sections 13 are formed on the light
reflecting surface 12 to diffuse and reflect rays of light
entering the first light guide plate 9 from the two light
incident end surfaces 10 toward the light emitting surface 11
of the first light guide plate 9. Additionally, it may alterna-
tively be so arranged that two light incident end surfaces 16
are formed respectively at two oppositely disposed end
surfaces of the second light guide plate 15 and a plurality of
reflecting sections are formed on the total reflection surface
18 to reflect rays of light entering the second light guide
plate 16 from the two light incident end surfaces 16 toward
the light emitting surface 17 of the second light guide plate
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15 within a predetermined angular range of spreading angle
centered at the normal direction of the light emitting surface
17.

[0091] The farst light guide plate 9 is not limited to the
arrangement where it has a plurality of diff-using/reflecting
sections 13 formed on the light reflecting surface 12 thereof
to diffuse and reflect rays of light entering it from the light
incident end surface 10 may have an alternative configura-
tion so long as it is adapted to diffuse light entering from the
light incident end surface 10 and emit light from the light
emitting surface 11.

[0092] While the surface light source 8 of the above-
described embodiment comprises the optical element 22
arranged between the first light guide plate 9 and the second
light guide plate 15 for the purpose of adjusting the spread-
ing angle of rays of light diffused by the first light guide plate
9 and emitted from the light emitting surface 11 thereof and
formed by using the first prism sheet 23 and the second
prism sheet 24, the optical element 22 may alternatively be
formed by using only either the first prism sheet 23 or the
second prism sheet 24. The optical element 22 may not
necessarily be formed by using the prism sheets 23, 24 and
may alternatively be formed by using a circular Fresnel lens
or the like. Furthermore, the optical element 22 may be
omitted.

[0093] The surface light source 8 of the above-described
embodiment has the plurality of first inclined surfaces
formed on the total reflection surface 18 of the second light
guide plate 15 to reflect rays of light entering the second
light guide plate 15 from the light incident end surface 16
thereof in directions within a predetermined angular range of
spreading angle centered at the normal direction of the light
emitting surface 17 of the second light guide plate 15.
However, the second light guide plate 15 may be configured
differently so long as it is adapted to receive light from the
light incident end surface 16 and emit it from the light
emitting surface 17 in directions within a predetermined
angular range of spreading angle centered at the normal
direction of the light emitting surface 17 and also transmit
light emitted from the first light guide plate 9 and received
by the total reflection surface 18 so as to emit it from the
light emitting surface 17.

[0094] Finally, the surface light source 8 may find appli-
cations not only in liquid crystal display apparatus but also
in other optical elements adapted to selectively use rays of
light with a wide spreading angle and rays of light with a
narrow spreading angle.

[0095] Various embodiments and changes may be made
thereunto without departing from the broad spirit and scope
of the invention. The above-described embodiment is
intended to illustrate the present invention, not to limit the
scope of the present invention. The scope of the present
invention is shown by the attached claims rather than the
embodiment. Various modifications made within the mean-
ing of an equivalent of the claims of the invention and within
the claims are to be regarded to be in the scope of the present
invention.

[0096] This application is based on Japanese Patent Appli-
cation No. 2005-247727 filed on Aug. 29, 2005 and includ-
ing specification, claims, drawings and summary. The dis-
closure of the above Japanese Patent Application is
incorporated herein by reference in its entirety.
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What is claimed is:
1. A surface light source comprising;

a first light emitting section including a first plate-shaped
transparent member and adapted to emit diffused light
obtained by diffusing light entering from at least an end
surface of the first plate-shaped transparent member
within a predetermined first angular range from a
surface of the first plate-shaped transparent member;
and

a second light emitting section including a second plate-
shaped transparent member arranged at the side of the
light emitting surface of the first light emitting section
for receiving light emitted from at least an end surface
of the second plate-shaped transparent member and
emitting directional light diffused within a second
angular range smaller than the fist angular range from
a surface of the second plate-shaped transparent mem-
ber and transmitting diffiused light emitted from the
first light emitting section.

2. The surface light source according to claim 1, wherein
the first light emitting section includes a first light guide
plate serving as the first plate-shaped transparent member
and having at least a light incident end surface for receiving
light through thereof, a light emitting surface for emitting
light entering from the light incident end surface, the light
emitting surface being one of the opposite surfaces of the
first plate-shaped transparent member, and a light reflecting
surface for reflecting light entering from the light incident
end surface toward the light emitting surface, the light
reflecting surface being the other one of the opposite sur-
faces of the first plate-shaped transparent member, and a first
light emitting element arranged vis-a-vis the light incident
end surface to emit light toward the light incident end
surface; and

the second light emitting section includes a second light
guide plate serving as the second plate-shaped trans-
parent member and having at least a light incident end
surface for receiving light through thereof, a light
emitting surface for emitting light entering from the
light incident end surface, the light emitting surface
being one of the opposite surfaces of the second
plate-shaped transparent member, and a total reflection
surface for reflecting light entering from the light
incident end surface toward the light emitting surface,
the light reflecting surface being the other one of the
opposite surfaces of the second plate-shaped transpar-
ent member, and a second light emitting elements
arranged vis-a-vis the light incident end surface to emit
light toward the light incident end surface.

3. The surface light source according to claim 2, wherein

the first light guide plate has a light reflecting surface
where a plurality of diffusing/reflecting sections are
formed as so many fine grooves in order to diffuse and
reflect light entering from the light incident end surface
thereof.

4. The surface light source according to claim 3, wherein

the plurality of diffusing/reflecting sections are fine
grooves formed to cross the entire width of the first
light guide plate so as to run in parallel with the light
incident end surface and having a rectangular cross
section.
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5. The surface light source according to claim 2, wherein

the second light guide plate has a plurality of inclined
planes for internally reflecting light entering from the
light incident end surface thereof toward a predeter-
mined angular range centered at the normal direction of
the light emitting surface of the second light guide
plate.

6. The surface light source according to claim 5, wherein

the plurality of inclined planes are inclined with an angle
of inclination substantially within an angular range of
10° to 20° centered at the normal direction of the light
emitting surface of the second light guide plate.
7. The surface light source according to claim 1, further
comprising:

an optical element arranged between the first light emit-
ting section and the second light emitting section to
adjust the spreading angle of light emitted from the first
light emitting section.

8. The surface light source according to claim 7, wherein

the optical element includes at least a single prism sheet
where a plurality of prism sections are formed.
9. The surface light source according to claim 7, wherein

the optical element includes a first prism sheet where a
plurality of oblong prism sections are formed and
arranged in a direction and a second prism sheet where
a plurality of oblong prism sections are formed and
arranged in the direction perpendicular to the above
direction.

10. A liquid crystal display apparatus comprising:

a first light emitting section including a first plate-shaped
transparent member and adapted to emit diffused light
obtained by diffusing light entering from at least an end
surface of the first plate-shaped transparent member
within a predetermined first angular range from a
surface of the first plate-shaped transparent member;

a second light emitting section including a second plate-
shaped transparent member arranged at the side of the
light emitting surface of the first light emitting section
for emitting diffused light and adapted to receive light
from at least an end surface of the second plate-shaped
transparent member, emit directional light diffused
within a second angular range smaller than the fist
angular range from a surface of the second plate-shaped
transparent member and transmit diffused light emitted
from the first light emitting section; and

a liquid crystal display device arranged at the side of the
light emitting surface of second light emitting section
provided with a plurality of pixels arranged in the form
of a matrix to control light emitted from the second
light emitting section.

11. The apparatus according to claim 10, wherein

the first light emitting section includes a first light guide
plate serving as the first plate-shaped transparent mem-
ber and having at least a light incident end surface for
receiving light through thereof, a light emitting surface
for emitting light entering from the light incident end
surface, the light emitting surface being one of the
opposite surfaces of the first plate-shaped transparent
member, and a light reflecting surface for reflecting
light entering from the light incident end surface

10
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toward the light emitting surface, the light reflecting
surface being the other one of the opposite surfaces of
the first plate-shaped transparent member, and at least
one first light emitting element which is a solid state
light emitting element arranged vis-a-vis the light inci-
dent end surface to emit light toward the light incident
end surface; and

the second light emitting section includes a second light
guide plate serving as the second plate-shaped trans-
parent member and having at least a light incident end
surface for receiving light through thereof, a light
emitting surface for emitting light entering from the
light incident end surface, the light emitting surface
being one of the opposite surfaces of the second
plate-shaped transparent member, and a total reflection
surface for reflecting light entering from the light
incident end surface toward the light emitting surface,
the total reflection surface being the other one of the
opposite surfaces of the second plate-shaped transpar-
ent member, and at least one second light emitting
element which is a solid state light emitting element
arranged vis-a-vis the light incident end surface to emit
light toward the light incident end surface.

12. The apparatus according to claim 11, wherein

the first light guide plate of the first light emitting section
has a light reflecting surface where a plurality of
diffusing/reflecting sections are formed as so many fine
grooves in order to diffuse and reflect light entering
from the light incident end surface thereof; and

the second light guide plate of the second light emitting
section has a plurality of inclined planes for internally
reflecting light entering from the light incident end
surface thereof toward a predetermined angular range
centered at the normal direction of the light emitting
surface of the second light guide plate.

13. The apparatus according to claim 12, wherein

the plurality of inclined planes are inclined with an angle
of inclination defined to be substantially within an
angular range of 20° to 40° centered at the normal
direction of the light emitting surface of the second
light guide plate in order to reflect light emitted from
the second light guide plate substantially within an
angular range of 10° to 20° centered at the normal
direction of the light emitting surface of the second
light guide plate.

14. The apparatus according to claim 10, further com-

prising:

an optical element arranged between the first light emit-
ting section and the second light emitting section to
adjust the spreading angle of light emitted from the first
light emitting section, the optical element including at
least a single prism sheet where a plurality of prism
sections are formed.

15. The apparatus according to claim 10, further com-
prising:

a light source driver for selectively turning on the first
light emitting elements of the first light emitting section
or the second light emitting elements of the second
light emitting section.
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16. A liquid crystal display apparatus comprising:

a first light guide plate formed as a first plate-shaped
transparent member having at least a light incident end
surface for receiving light through thereof, a light
emitting surface for emitting light entering from the
light incident end surface, the light emitting surface
being one of the opposite surfaces of the first plate-
shaped transparent member, and a light reflecting sur-
face for reflecting light entering from the light incident
end surface toward the light emitting surface, the light
reflecting surface being the other one of the opposite
surfaces of the first plate-shaped transparent member
and adapted to emit diffused light obtained by diff-
using light entering from the light incident end surface
within a predetermined first angular range from the
light emitting surface;

a first light emitting element arranged vis-a-vis the light
incident end surface of the first light guide plate to emit
light toward the light incident end surface;

a second light guide plate formed as a second plate-
shaped transparent member having at least a light
incident end surface for receiving light through thereof,
a light emitting surface for emitting light entering from
the light incident end surface, the light emitting surface
being one of the opposite surfaces of the second
plate-shaped transparent member, and a total reflection
surface for reflecting light entering from the light
incident end surface toward the light emitting surface,
the total reflection surface being the other one of the
opposite surfaces of the second plate-shaped transpar-
ent member and adapted to emit directional light dif-
fused within a second angular range smaller than the
first angular range from the light emitting surface, and
transmit diffused light emitted from the first light guide
plate so as to emit from the light emitting surface;

a second light emitting element arranged vis-a-vis the
light incident end surface of the second light guide
plate to emit light toward the light incident end surface;

a light source driver for selectively turning on the first
light emitting elements or the second light emitting
elements; and

a liquid crystal display device arranged at the side of the
light emitting surface of second light guide plate pro-
vided with a plurality of pixels arranged in the form of
a matrix to control light emitted from the second light
guide plate.
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17. The apparatus according to claim 16, wherein

the first light guide plate has a light reflecting surface
where a plurality of diffusing/reflecting sections are
formed as so many fine grooves in order to diffuse and
reflect light entering from the light incident end surface
thereof, the plurality of diff-using/reflecting sections
being fine grooves formed along the entire width of the
first light guide plate so as to run in parallel with the
light incident end surface and having a rectangular
cross section; and

the second light guide plate has a plurality of inclined
planes for internally reflecting light entering from the
light incident end surface thereof toward a predeter-
mined angular range centered at the normal direction of
the light emitting surface of the second light guide
plate.

18. The apparatus according to claim 17, wherein the
plurality of inclined planes are inclined with an angle of
inclination defined to be substantially within an angular
range of 20° to 40° centered at the normal direction of the
light emitting surface of the second light guide plate in order
to reflect light emitted from the second light guide plate
substantially within an angular range of 10° to 20° centered
at the normal direction of the light emitting surface of the
second light guide plate.

19. The apparatus according to claim 16, further com-
prising:

an optical element arranged between the first light guide
plate and the second light guide plate to adjust the
spreading angle of light diffused by the first light guide
plate and emitted from the light emitting surface
thereof.

20. The apparatus according to claim 19, wherein

the optical element includes a first prism sheet where a
plurality of oblong prism sections are formed and
arranged in one of two directions perpendicular relative
to each other, or the direction running along the light
emitting surface of the first light guide plate and a
second prism sheet where a plurality of oblong prism
sections are formed and arranged in the other direction
of the two directions, the second prism sheet being
arranged on one of the opposite surfaces of the first
prism sheet.



patsnap

TREMOF) ERUTATENAFNANAECENEXRNEBESFERAECMEREHE RENANERNANERL
TEE

[F(RE)E US20070046860A1 K (rE)AR 2007-03-01

RiES US11/511988 g H 2006-08-29

WRIFRE(ERR)AGE) FEKITEIKNSHE
B (T M) A(E) CASIO COMPUTER CO. , LTD ,

LAl RE(ERN)A(F) CASIO COMPUTER CO. , LTD.

[#RI&Z B A DAIKU YASUHIRO

REAA DAIKU, YASUHIRO

IPCHEE GO02F1/1335

CPCH¥%(= G02B6/0038 G02B6/0053 G02B6/0076 G02F1/1323 G02F1/133615 G02B6/0055
i £ 2005247727 2005-08-29 JP

H 2T SR US7692733

SNEBEEHE Espacenet  USPTO

RE(GR)

—MBERERRE , B F-RABIMB-RAHD , ATREE
BREFENT BANEURBRRERKE , REEMRRENNE
M. B-—RABDBEFE-SHXR , ATEERBXASFRENXHE
MEXRARF R ZIFEERARANELAEOTONE-BET &
ABEAYT B. F-—RAETM. FEZRABIBEE S KR, ATE
WREXAFHEANAHENTE-AECENE - AEEEANG @
L% BEFNE-SHREFHENE - RX T



https://share-analytics.zhihuiya.com/view/20935311-94b1-41cf-a354-250f009231ba
https://worldwide.espacenet.com/patent/search/family/037803562/publication/US2007046860A1?q=US2007046860A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220070046860%22.PGNR.&OS=DN/20070046860&RS=DN/20070046860

