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(57) ABSTRACT

A light guide of the present invention is excellent in lumi-
nance uniformity and can have a reduction in the number of
components and a reduction in production cost. The light
guide of the present invention includes a main body of a light
guide plate having a light incident plane and a light exit plane,
and a distance maintaining section (10) for maintaining a
distance between the light exit plane and an optical member
for receiving light emitted from the light exit plane, the dis-
tance maintaining section (10) being provided on the light
exit plane, the optical member being placed to face the light
exit plane, and the distance maintaining section (10) (i)
extends from the light exit plane to the optical member, (ii)
has a length of not less than 0.3 mm but not more than 50 mm
in a direction in which the light exit plane and the optical
member are connected to each other via the distance main-
taining section (10), and (iii) is provided integral with the
main body of the light guide plate.
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LIGHT GUIDE, SURFACE LIGHT SOURCE
DEVICE, AND LIQUID CRYSTAL DISPLAY
DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a light guide, a
surface light source device employing the light guide, and a
liquid crystal display device employing the light guide. More
specifically, the present invention relates to a light guide
which (i) is excellent in luminance uniformity and (ii) can
have a reduction in the number of components and a reduction
in production cost, a surface light source which (a) employs
the light guide and (b) is used as a backlight of a liquid crystal
display device or the like, and a liquid crystal display device
employing the surface light source device.

BACKGROUND ART

[0002] These days, cathode ray tube (CRT) devices are
rapidly being replaced with liquid crystal display devices.
Liquid crystal display devices have advantages of low power
consumption, a thin and light-weight body, and other advan-
tages, and are therefore widely used in various devices, such
as a liquid crystal television, a monitor, and a mobile phone.
One of ways to further enhance such advantages is to improve
an illumination device (a so-called backlight) provided on a
rear side of a liquid crystal display device.

[0003] Illumination devices are roughly classified into a
sidelight type (also called “edge-light type”) and a direct type.
A sidelight-type illumination device has an arrangement in
which (i) a light guide (light guide plate) is provided on a rear
side of a liquid crystal display panel and (ii) a light source is
provided at a lateral end of the light guide. Light emitted from
the light source is reflected by the light guide so that the liquid
crystal display panel is illuminated with the light indirectly
and uniformly. An illumination device having the arrange-
ment can have a thin body and is excellent in luminance
uniformity, although it has a low luminance. For this reason,
the sidelight-type illumination device is mainly employed in
a medium/small liquid crystal display device, such as a
mobile phone and a laptop computer.

[0004] Meanwhile, the direct-type illumination device has
an arrangement in which a plurality of light sources are pro-
vided on a rear side of a liquid crystal display panel so as to
directly irradiate the liquid crystal display panel with light.
Accordingly, a direct-type illumination device can easily
achieve a high luminance, even if it has a large screen. For this
reason, the direct-type illumination device is mainly
employed in a large liquid crystal display device having a
20-inch or larger screen. However, a current direct-type illu-
mination device has a thickness in a range of approximately
20 mm to 40 mm. This is an obstacle to make a further thinner
display.

[0005] Oneofways to cause a large liquid crystal display to
have a less thickness is to reduce a distance between a light
source and a liquid crystal display panel. In this case, how-
ever, the illumination device has a reduction in luminance
uniformity. In order to avoid such a reduction in luminance
uniformity, it is necessary to increase the number of light
sources provided in the illumination device. The increase in
the number of light sources leads to an increase in cost.
Therefore, there has been demand for development of an
illumination device which has a thin body and is excellent in
luminance uniformity, without an increase in the number of
light sources.

Nov. 3, 2011

[0006] In order to solve the foregoing problems, an optical
member, such as a diffusing plate, has been conventionally
provided between a light guide and a liquid crystal display
panel.

[0007] However, in a case where an optical member is
merely provided between the light guide and the liquid crystal
display panel, it is impossible to prevent generation of dark
lines and bright lines in separation sections between neigh-
boring individual light guides. This causes the illumination
device to be poor in luminance uniformity.

[0008] Alternatively, in order to cause a large crystal dis-
play to have a thin body, a plurality of light guide units are
arranged in an illumination device, while, for luminance uni-
formity, spacers or the like are provided in the illumination
device so as to maintain a space (airspace) between an optical
member (such as a prism sheet or a diffusing sheet) and a light
exit plane.

[0009] For example, Patent Literature 1 describes a diffus-
ing plate supporting member 122 which includes (i) a base
1224 that is immobilized to a housing 112 that holds a cold-
cathode fluorescent tube (light source), the base 1224 and (ii)
a columnar support 1225 whose top end is in contact with a
diffusing plate 115. The base 122a has been given a light
shielding property, while the top end of the columnar support
1225 is made from a transparent material (see FIG. 14).
[0010] Further, Patent Literature 2 describes a light guide
unit 200 which includes (i) a plane fluorescent lamp 203
having a light emitting surface, (ii) a diffusing plate 206
provided on a light emitting surface side of the plane fluores-
cent lamp 203, and (iii) a support member 207 provided on the
light emitting surface side of the plane fluorescent lamp 203
to support the diffusing plate 206. The support member 207
includes a base 271 and a support projection 272.

CITATION LIST
Patent Literature
[0011] Patent Literature 1
[0012] Japanese Patent Application Publication, Tokukai,

No. 2007-157451 A (Publication Date: Jun. 21, 2007)

[0013] Patent Literature 2
[0014] Japanese Patent Application Publication, Tokukai,
No. 2008-021583 A (Publication Date: Jan. 31, 2008)
SUMMARY OF INVENTION
Technical Problem

[0015] The diffusing plate supporting member 122
described in the above Patent Literature 1 suppresses a reduc-
tion in use efficiency of light. However, the diffusing plate
supporting member 122 is provided on a reflecting sheet 119
as a different member and their materials are different from
each other. This increases (i) the number of components and
(i1) production costs, in production of a backlight device
employing the diffusing plate supporting member 122.
[0016] Further, the light guide unit 200 described in Patent
Literature 2 prevents an optical plate member from bending.
However, the support member 207 is provided on the light
emitting surface side of the plane fluorescent lamp 203 as a
different member and a material of the support member 207
and a material of the light emitting surface of the plane fluo-
rescent lamp 203 are different from each other. This increases
(1) the number of components and (ii) a production cost.
[0017] The present invention is made in view of the prob-
lems. One of objects of the present invention is to provide a
light guide and a surface light source device, each of which (i)
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is excellent in luminance uniformity and (ii) can reduce the
number of components and a production cost.

[0018] Further, another object of the present invention is to
provide a liquid crystal display device that has excellent dis-
play quality by employing the surface light source device as a
backlight.

Solution to Problem

[0019] A light guide of the present invention includes: a
main body of a light guide plate, which main body has a light
incident plane and a light exit plane; and at least one distance
maintaining section for maintaining a distance between the
light exit plane and an optical member for receiving light
emitted from the light exit plane, the at least one distance
maintaining section being provided on the light exit plane, the
optical member being placed to face the light exit plane, the at
least one distance maintaining section (i) being provided to
extend from the light exit plane to the optical member, (ii)
having a length of not less than 0.3 mm but not more than 50
mm in a direction in which the light exit plane and the optical
member are connected to each other via the at least one
distance maintaining section, and (iii) being provided integral
with the main body of the light guide plate.

[0020] According to the arrangement, the distance main-
taining section can maintain a predetermined space (distance)
between the light exit plane and the optical member for
receiving the light emitted from the light exit plane, which
optical member is placed to face the light exit plane. That is,
it is possible to maintain the space defined by the length (not
less than 0.3 mm but not more than 50 mm) of the distance
maintaining section in the direction in which the light exit
plane and the optical member are connected to each other via
the distance maintaining section. Therefore, overlapping of
pieces of the light emitted from the light exit plane occurs in
multiple directions in the space so that luminance of the light
becomes uniform. It is thus possible to improve luminance
uniformity.

[0021] Further, according to the arrangement, the distance
maintaining section is provided integral with the main body
ofthe light guide plate. Therefore, it is unnecessary to prepare
the distance maintaining section as a member independent of
the light guide. It is thus possible to have a reduction in the
number of components and a reduction in production cost.
[0022] Further, it is preferable to arrange the light guide of
the present invention such that the light guide (i) has a light
emitting section having a light emitting surface, and a light
guiding section for guiding light from the light incident plane
to the light emitting section, and (ii) is arranged such that a
light emitting section of each light guide overlaps a light
guiding section of a neighboring light guide so as to partially
cover the neighboring light guide.

[0023] This makes it possible for the light guide of the
present invention to secure a wide light emitting area with a
compact structure. Therefore, the light guide of the present
invention can be suitably used in a large liquid crystal display.
[0024] Furthermore, it is preferable to arrange the light
guide of the present invention such that the at least one dis-
tance maintaining section is provided on a light exit plane of
the light guiding section so as to penetrate, but not in contact
with, a light emitting section of a neighboring light guide.
[0025] According to the arrangement, the light guide of the
present invention can prevent occurring of luminance non-
uniformity because the distance maintaining section is pro-
vided on the light guiding section which is hardly illuminated
with the light emitted from the light incident plane. Further,
the distance maintaining section penetrates the light emitting
section of the neighboring light guide. Therefore, it is pos-
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sible to maintain a predetermined space between the light exit
plane and the predetermined optical member, which faces the
light exit plane.

[0026] Moreover, it is preferable to arrange the light guide
of the present invention such that the at least one distance
maintaining section is provided, on the light exit plane of the
light guiding section, in at least one of two regions which are
located on a light incident plane side with respect to corre-
sponding two straight lines, which extend from a center of the
light incident plane in different directions, respectively, at an
angle of 35° with respect to a straight line that connects a
center of the light incident plane and a center of the light guide
to each other.

[0027] According to the arrangement, it is possible to fur-
ther prevent the occurrence of luminance non-uniformity.
[0028] Further, it is preferable to arrange the light guide of
the present invention such that the at least one distance main-
taining section has a side surface that has been roughened,
and the side surface has an arithnietic average roughness (Ra)
of'not less than 0.5 pm but not more than 10 pm.

[0029] According to the arrangement, it becomes possible
to cause the light incident on the distance maintaining section
to be easily emitted from the distance maintaining section
without being reflected by the distance maintaining section. It
is thus possible for the light guide of the present invention to
suppress the luminance non-uniformity.

[0030] Furthermore, it is preferable to arrange the light
guide of the present invention such that a cross-sectional area
of'the at least one distance maintaining section, along a plane
parallel to the light exit plane, becomes smaller as being
closer from one of ends of the at least one distance maintain-
ing section, on the main body of the light guide plate, to the
other one of ends.

[0031] According to the arrangement, a contact area
between the distance maintaining section and the optical
member becomes small. It is thus possible to further prevent
the occurrence of luminance non-uniformity.

[0032] Moreover, it is preferable to arrange the light guide
of the present invention such that for each main body of the
light guide plate, the at least one distance maintaining section
(i) is provided one by one or (ii) includes a plurality of
distance maintaining sections.

[0033] The number of the distance maintaining sections of
the light guide of the present invention is not particularly
limited, provided that at least one distance maintaining sec-
tion is provided. The less the number of the distance main-
taining section is, the more successfully the luminance non-
uniformity can be suppressed. On the other hand, the greater
the number of the distance maintaining sections is, the more
physical strength a surface light source device (illumination
device) employing the light guide has.

[0034] Further, a surface light source device of the present
invention preferably includes: the light guide; a substrate on a
light incident plane side of the light guide; a light source
provided on the substrate; and an optical member provided on
a light exit plane side of the light guide. Furthermore, a
surface light source device of the present invention preferably
includes: a plurality of light guides; a substrate provided on a
light incident plane side of the plurality of light guides; a light
source provided on the substrate; and an optical member
provided on a light exit plane side of the plurality of light
guides. Further, the surface light source device of the present
invention preferably includes areflecting sheet on an opposite
side of the light exit plane of the light guide.

[0035] According to the arrangement, the surface light
source device of the present invention can cause light, which
has been caused to be uniform by overlapping of pieces of
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light in multiple directions in the space between the light
emitting surface and the optical member, to be more uniform
by use of the optical member. It is thus possible to further
improve the luminance uniformity.

[0036] Moreover,itis preferable to arrange the surface light
source device of the present invention such that the light
source is a light emitting diode which is provided on the
substrate.

[0037] With the arrangement, the surface light source
device of the present invention has a wide color reproducibil-
ity range.

[0038] Further, it is preferable to arrange the surface light
source device of the present invention such that the optical
member includes a diffusing plate which is formed such that
diffusing particles are dispersed in a substrate which (i) is
made from a transparent resin and (ii) has a thickness in a
range of 0.5 mm to 3 mm.

[0039] With the arrangement, the surface light source
device of the present invention can further improve the lumi-
nance uniformity.

[0040] Furthermore, a liquid crystal display device of the
present invention preferably includes the surface light source
device as a backlight.

[0041] According to the arrangement, the liquid crystal
display device of the present invention includes, as the back-
light, the surface light source device that has a thin body and
an improvement in luminance uniformity without a reduction
in luminance. It is thus possible to realize a liquid crystal
display device that has a thin body and is excellent in display
quality.

Advantageous Effects of Invention

[0042] As described above, a light guide of the present
invention includes: a main body of a light guide plate, which
main body has a light incident plane and a light exit plane; and
at least one distance maintaining section for maintaining a
distance between the light exit plane and an optical member
for receiving light emitted from the light exit plane, the at
least one distance maintaining section being provided on the
light exit plane, the optical member being placed to face the
light exit plane, the at least one distance maintaining section
(i) being provided to extend from the light exit plane to the
optical member, (ii) having a length of not less than 0.3 mm
but not more than 50 mm in a direction in which the light exit
plane and the optical member are connected to each other via
the at least one distance maintaining section, and (iii) being
provided integral with the main body of the light guide plate.
[0043] Therefore, the light guide of the present invention (i)
is excellent in luminance uniformity and (ii) can have a reduc-
tion in the number of components and a reduction in cost.

BRIEF DESCRIPTION OF DRAWINGS

[0044] FIG. 11is a cross-sectional view schematically illus-
trating an arrangement of a light guide in accordance with one
embodiment of the present invention.

[0045] FIG. 2 is a cross-sectional view schematically illus-
trating an arrangement of a liquid crystal display device in
accordance with one embodiment of the present invention.
[0046] FIG. 3 is a perspective view schematically illustrat-
ing an arrangement of an illumination device included in the
liquid crystal display device illustrated in FIG. 2.

[0047] FIG. 4 is a perspective view schematically illustrat-
ing an arrangement of a light guide unit included in the liquid
crystal display device illustrated in FIG. 2.
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[0048] FIG. 51is a cross-sectional view schematically illus-
trating which directions pieces of light are emitted from a
light emitting surface of the light guide illustrated in FIG. 1.
[0049] FIG. 61is a cross-sectional view schematically illus-
trating the arrangement of the light guide unit included in the
liquid crystal display device illustrated in FIG. 2.

[0050] FIG. 7 is an explanatory view illustrating a side
shape of and a bottom shape of a distance maintaining section
in accordance with one embodiment of the present invention.
[0051] FIG. 8 is an explanatory view illustrating a side
shape of the distance maintaining section in accordance with
one embodiment of the present invention.

[0052] FIG. 9 is a perspective view schematically illustrat-
ing the arrangement of the light guide unit included in the
liquid crystal display device illustrated in FIG. 2.

[0053] FIG. 10 is a cross-sectional view schematically
illustrating an arrangement of a liquid crystal display device
in accordance with Embodiment 2 of the present invention.
[0054] FIG. 11 is a plan view schematically illustrating an
arrangement of an illumination device included in the liquid
crystal display device illustrated in FIG. 10.

[0055] FIG. 12 is a perspective view schematically illus-
trating an arrangement of a light guide unit included in the
illumination device illustrated in FIG. 11.

[0056] FIG. 13 is a view illustrating a light guide unit
included in the liquid crystal display device illustrated in FIG.
10: (a) of FIG. 13 is a plan view taken from a liquid crystal
display panel side; (b) of FIG. 13 is a plan view taken from an
illumination device side; and (c¢) of FIG. 13 is a cross-sec-
tional view of the light guide unit illustrated in (a) of FIG. 13,
taken along a line A-A.

[0057] FIG. 14 is a cross-sectional view illustrating a side
shape of a conventional distance maintaining section.
[0058] FIG. 15 is a cross-sectional view illustrating a side
shape of another conventional distance maintaining section.

DESCRIPTION OF EMBODIMENTS
Embodiment 1

[0059] One embodiment of the present invention is
described below with reference to FIGS. 1 through 9. Note
that the present invention is not limited to this, and descrip-
tions as to a size of, a material of, a shape of, and a relative
arrangement of each of components described in the present
specification are not intended to limit the scope of the present
invention but are merely described as examples of the present
invention, unless otherwise noted. Note that in the present
specification, an expression of “A-B” stands for a range of
“not less than A but not more than B”.

[0060] Each of (a) through (c) of FIG. 1 is a cross-sectional
view schematically illustrating an arrangement of a light
guide 7 of the present embodiment.

[0061] Specifically, (a) of FIG. 1 is a cross-sectional view
illustrating the light guide 7 that includes (i) a main body ofa
light guide plate (a part of the light guide other than a distance
maintaining section 10), which main body has a light incident
plane and a light exit plane, and (ii) the distance maintaining
section 10 that is provided on the light exit plane as being
integral with the main body of the light guide plate.

[0062] Further, (b) of FIG. 1 is a cross-sectional view illus-
trating the light guide 7 that includes (i) a main body of a light
guide plate, which main body has a light incident plane and a
light exit plane, (ii) a distance maintaining section 10 that is
provided on the light exit plane as being integral with the main
body of the light guide plate, (iii) a light emitting section 74
having a light emitting surface, and (iv) a light guiding section
7c for leading light incident on the light incident plane to the
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light emitting section 7b. A light emitting section 75 of a
neighboring light guide overlaps the light guiding section 7¢
of the light guide so as to partially cover the light guide.
[0063] Furthermore, (¢) of FIG. 1 is a cross-sectional view
illustrating a light guide 7 that includes (i) a main body of a
light guide plate, which main body has a light incident plane
and a light exit plane, (ii) a distance maintaining section 10
that is provided on the light exit plane as being integral with
the main body of the light guide plate, (iii) a light emitting
section 7b having a light emitting surface, and (iv) a light
guiding section 7¢ for leading light incident on the light
incident plane to the light emitting section 76. A light emitting
section 7b of a neighboring light guide overlaps the light
guiding section 7¢ of the light guide so as to partially cover the
light guide. The distance maintaining section 10 is provided
on the light exit plane of the light guiding section 7¢ of the
light guide so as to penetrate, but not in contact with, a light
emitting section 75 of the neighboring light guide.

[0064] In the arrangement illustrated in (c¢) of FIG. 1, it is
preferable that a distance d1 between the distance maintain-
ing section 10 and the light emitting section 756 of the neigh-
boring light guide is as short as possible but the distance
maintaining section 10 and the light emitting section 75 of the
neighboring light guide are not in contact with each other.
[0065] FIG. 2 is a cross-sectional view schematically illus-
trating an arrangement of a liquid crystal display device 40 of
the present embodiment. The liquid crystal display device 40
includes a surface light source device 30 and a liquid crystal
display panel 3 that is provided to face the surface light source
device 30. Note that, in the present specification, the surface
light source device 30 includes a backlight (illumination
device) 20 and a diffusing plate (optical member) 8 that is
provided on a rear side of the liquid crystal display panel 3 (a
side opposite to a display surface). It is preferable that the
surface light source device 30 further includes an optical
sheet 9 in the rear side of the liquid crystal display panel 3 (the
side opposite to the display surface).

[0066] The liquid crystal display panel 3 is similar to a
general liquid crystal display panel employed in a conven-
tional liquid crystal display device. For example, the liquid
crystal display panel 3 has an arrangement (not illustrated
though) in which (i) an active matrix substrate on which a
plurality of TFTs (thin film transistors) are provided and a CF
substrate are provided to face each other and (ii) a liquid
crystal layer is sealed, with a sealing material, between the
substrates.

[0067] Arrangements of the backlight 20 and the surface
light source device 30, which are included in the liquid crystal
display device 40, are described below in detail.

[0068] The backlight 20 and the surface light source device
30 are provided at the rear side of the liquid crystal display
panel 3 (the side opposite to the display surface). The surface
light source device 30 is mainly constituted by a substrate 4,
alight source 5, areflecting sheet 6, a light guide 7, a diffusing
plate (optical member) 8, and, if necessary, an optical sheet 9
(see FIG. 2).

[0069] The light guide 7 leads light emitted from the light
source 5 to the light emitting surface 7a (the light exit plane of
the light emitting section 75) so that the light is emitted from
the light emitting surface 7a. The light emitting surface 7a is
a surface via which light is emitted toward an illumination
target. According to the present embodiment, the light guide
7 has a tandem structure (see FIG. 2). That is, (i) the light
guide 7 includes the light emitting section 76 having the light
emitting surface 7a and a light guiding section 7¢ via which
light is led from the light source 5 to the light emitting section
7b, (ii) the light emitting section 75 and the light guiding
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section 7¢ are different from each other in thickness in at least
a connection part between the light emitting section 756 and
the light guiding section 7¢, and (iii) a light emitting section
7b of each light guide 7 overlaps a light guiding section 7¢ of
a neighboring light guide 7 so as to partially cover the neigh-
boring light guide 7. With the arrangement, one uniform light
emitting plane is constituted by a plurality of light guides 7.
[0070] Further, FIG. 3 is a perspective view illustrating the
backlight 20. Note that the backlight 20 of the liquid crystal
display device 40 of the present embodiment has a plurality of
gaps 18 and a plurality of gaps 19, due to its production
mechanism. Fach of the plurality of gaps 18 is formed
between neighboring light guides 7 arranged in a direction in
which the neighboring light guides 7 do not overlap each
other, whereas each of the plurality of gaps 19 is formed
between neighboring light guides 7 arranged in a direction in
which the neighboring light guides 7 overlap each other.
[0071] Here, “D1 direction” is a direction in which a light
emitting section 76 of each light guide 7 overlaps a light
guiding section 7c of a neighboring light guide 7 so as to
partially cover the neighboring light guide 7 (see FIGS. 2 and
3). In the D1 direction, a plurality of light guides 7 are
arranged so that neighboring light guides 7 overlap each
other. Further, “D2 direction” is a direction which intersects
the D1 direction (substantially orthogonal to each other). In
the D2 direction, the plurality of light guides 7 are arranged
but do not overlap each other.

[0072] Each of the plurality of gaps 18 is formed between
neighboring light guides 7 arranged in the direction in which
the neighboring light guides 7 do not overlap each other, that
is, between neighboring light guides 7 arranged in the D2
direction (see FIGS. 2 and 3). In other words, the plurality of
light guides 7 have no overlapping part between them in the
D2 direction.

[0073] On the other hand, each of the plurality of gaps 19 is
formed between neighboring light emitting surfaces 7a of
neighboring light guides 7, in a case where a light emitting
section 7b of one of the neighboring light guides 7 overlaps a
light guiding section 7¢ of the other one of the neighboring
light guides 7 so as to partially cover the other one of the
neighboring light guides 7 (see FIGS. 2 and 3). That is, each
of the plurality of gaps 19 is formed between neighboring
light guides 7 arranged in the D1 direction, as illustrated in
FIGS. 2 and 3.

[0074] As described above, the backlight 20 of the liquid
crystal display device 40 of the present embodiment is a
tandem-type illumination device in which a plurality of light
guides 7 are arranged such that a light emitting section 76 of
each light guide 7 overlaps a light guiding section 7¢ of a
neighboring light guide 7 so as to partially cover the neigh-
boring light guide 7. The tandem-type illumination device has
(1) the plurality of gaps 18 each being formed between neigh-
boring light guides 7 arranged in the direction in which the
neighboring light guides 7 do not overlap each other and (ii)
the plurality of gaps 19 each being formed between neigh-
boring light guides 7 arranged in the direction in which the
neighboring light guides 7 overlap each other.

[0075] Other than the gaps described above, there are vari-
ous factors that cause a reduction in luminance uniformity of
the backlight 20, such as a light emitting property of the light
source and a shape of the light guide.

[0076] The following description deals with how lumi-
nance non-uniformity occurs with reference to FIGS. 4
through 6.

[0077] Each of FIGS. 4 through 6 illustrates how the light
emitted from the light source 5 travels in the light guide 7. The
light emitted from the light source 5 enters the light guiding
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section 7¢ of the light guide 7 at a certain critical angle (see
FIG. 4). The light that has entered the light guiding section 7¢
travels to the light emitting section 76 while diffusing in a
radial pattern in the light guiding section 7¢. Then, the light is
reflected by reflecting sheet 6 provided at a back surface of the
light emitting section 74, after that, is emitted from the light
emitting surface 7a. Here, in general, light tends to be reduced
in amount as being farther away from the light source 5.
Therefore, in a region of one of ends of the light guide 7,
which end is the one farther away from the light source 5, a
light amount is smaller than those in other regions.

[0078] Further, since the light guiding section 7¢ of the light
guide 7 and the light emitting section 75 of the light guide 7
are different from each other in thickness, a step 7d is formed
at a border part between the light guiding section 7¢ and the
light emitting section 7. Due to the formation of the step 74,
a dark part 7e (dead space (see a part indicated by oblique
lines in FIG. 4)) to which light is not likely to travel is
generated. Accordingly, the dark part 7e has a smaller light
amount than those of other regions. The light amount thus
varies in accordance with a position on the light emitting
surface 7a. Accordingly, luminance non-uniformity occurs.
[0079] Evenif, in view of the problem described above, the
diffusing plate 8 for diffusing light is provided directly on the
light emitting surface 7a of the backlight 20, in which lumi-
nance uniformity is reduced, the diffusing plate 8 cannot
sufficiently diffuse the light to be emitted from the backlight
20. Therefore, it is significantly difficult to realize a surface
light source device 30 that is excellent in luminance unifor-
mity. Further, the diffusing plate 8 can be made thicker or
have a two-layer structure so as to realize a surface light
source device 30 that is excellent in luminance uniformity.
With such an arrangement, however, the luminance unifor-
mity may be improved but there would be a reduction in
luminance. The arrangement is therefore not preferable.

[0080] In view of the problems, the light guide 7 of the
liquid crystal display device 40 of the present embodiment
includes the distance maintaining section 10 formed on the
light exit plane of the main body of the light guide plate. Note
here that, in the present specification, “light exit plane” is
constituted by the light emitting surface 7a and a light exit
plane 7/'which serves as a light exit plane of the light guiding
section 7c. Further, “main body of the light guide plate” is a
part of the light guide 7 other than the distance maintaining
section 10.

[0081] FIG. 4 is a perspective view schematically illustrat-
ing an arrangement of a light guide unit 11 included in the
liquid crystal display device 40 illustrated in FIG. 2. The light
guide unit 11 diffuses light that has been emitted from the
light source 5 via a light incident plane 7g so that the light is
emitted from a light emitting surface. The light guide unit 11
is mainly constituted by a light source 5, a substrate 4 (see
FIG. 2), a reflecting sheet 6, and a light guide 7. The light
emitted from the light source 5 enters the light guiding section
7¢ of the light guide 7, and then travels to the light emitting
section 7b in the light guiding section 7c¢ (see FIG. 4). A
surface (light emitting surface 7a) of or a back surface of the
light emitting section 76 of the light guide 7 has been pro-
cessed or treated (not illustrated) so that the light thus guided
is emitted forward. The light is therefore emitted from the
light emitting surface 7a of the light guide 7 toward the liquid
crystal display panel 3.

[0082] The light guide 7 includes (i) the main body of the
light plate (the part of the light guide 7 other than the distance
maintaining section 10) having the light incident plane 7g and
a light exit plane facing the light incident plane 7g and (ii) the
distance maintaining section 10 provided on the light exit
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plane of the main body of the light guide plate. The distance
maintaining section 10 is provided integral with the main
body of the light guide plate.

[0083] Accordingly, the surface light source device 30
included in the liquid crystal display device 40 of the present
embodiment has an arrangement in which the distance main-
taining section 10 is provided between the light exit plane
(light emitting surface 7a) and the diffusing plate 8 which is
a target to be illuminated so that the light exit plane and the
diffusing plate 8 face each other with a predetermined dis-
tance between them (see FIG. 2).

[0084] In other words, since the distance maintaining sec-
tion 10 maintains a constant space between a plurality of light
exit planes (light emitting surfaces 7a) and the diffusing plate
8, overlapping of pieces of the light emitted from the plurality
of light exit planes (light emitting surfaces 7a) occurs in
multiple directions in the space between the plurality of light
exit planes (light emitting surfaces 7a) and the diffusing plate
8. This causes the light in the surface light source device 30 to
be uniform. It becomes therefore possible to improve the
luminance uniformity.

[0085] Further, since the distance maintaining section 10
causes the diffusing plate 8 or the optical sheet 9 and the light
guide 7 to be provided with a predetermined distance between
them, it is possible to have, in addition to the effect of pre-
vention of occurrence of the luminance non-uniformity, an
effect of appropriately protecting a surface of the diffusing
plate 8 or a surface of the optical sheet 9, as compared with an
arrangement in which the diffusing plate 8 or the optical sheet
9 is in contact with the light guide 7. The following descrip-
tion deals with the distance maintaining section 10 in detail.
[0086] <Shape etc. of Distance Maintaining Section>
[0087] The distance maintaining section 10 is provided on
the light exit plane so as to maintain a predetermined distance
between the light exit plane and a predetermined optical
member that faces the light exit plane. The distance maintain-
ing section 10 has a length of not less than 0.3 mm but not
more than 50 mm in a direction in which the light exit plane
and the optical member are connected to each other via the
distance maintaining section 10, preferably, in a range of
0.2xP, ., x~1.5%P,,,, where P, 1s a maximum value of a
pitch of the light sources 5 of the surface light source device
30 including the light guide 7. Further, the distance maintain-
ing section 10 is provided so as to extend from the light exit
plane to the optical member. Here, the predetermined optical
member is an optical member employed in a device such as a
liquid crystal display device or a surface light source device,
for example. Specifically, the predetermined optical member
is the diffusing plate 8 or the like, which will be described
later. Furthermore, the predetermined distance is a distance
necessary for causing the light emitted from the light exit
plane (light emitting surface 7a) to be uniform by causing
pieces of the light to overlap each other in multiple directions
in a space between the light exit plane (light emitting surface
7a) and the diffusing plate 8. The predetermined distance is
equal to the length of the distance maintaining section 10.
[0088] Further, according to the present embodiment, the
distance maintaining section 10 is made from a material hav-
ing optical transparency and optical diffuseness so as to pre-
vent the light from being shielded or reflected by the distance
maintaining section 10. With the distance maintaining section
10 made from the material having optical transparency and
optical diffuseness, it is possible to reduce (i) an amount of
light that is shielded by the distance maintaining section 10
and (ii) an amount of light that is reflected by the distance
maintaining section 10. Furthermore, the distance maintain-
ing section 10 made from such a material does not prevent
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traveling of the light emitted from the light emitting surface.
Therefore, it is possible to suppress a reduction in luminance
and a reduction in luminance uniformity.

[0089] The material having optical transparency and opti-
cal diffuseness may be, for example, the one obtained by
mixing, in a transparent resin such as an acrylic resin or a
polycarbonate, particles made from a material having a light
scattering property such as an oxidized titanium or a barium
sulfate. Note that it is preferable to make the distance main-
taining section 10 from the same material as that of the main
body of the light guide plate.

[0090] FIG. 7 is an explanatory view illustrating a shape of
a side surface of and a shape of a bottom surface (a plane
immobilized to the substrate) of the distance maintaining
section 10.

[0091] (a) of FIG. 7 illustrates a distance maintaining sec-
tion 10 having such a circular conic shape that (i) a cross-
sectional shape viewed from a side is an isosceles triangle and
(i1) a bottom plane has a circular shape. An end of the distance
maintaining section 10, which end is in contact with the
diffusing plate 8 or the optical sheet 9, has a relatively-pointed
shape so that a contact area between the distance maintaining
section 10 and the diffusing plate 8 or the optical sheet 9 is
small. A shape meeting such a condition is not limited to a
circular conic shape and can be a circular truncated conic
shape. In the case of the circular truncated conic shape, a top
plane (a plane to be in contact with the diffusing plate 8 or the
optical sheet 9) has a circular shape.

[0092] (b) of FIG. 7 illustrates a distance maintaining sec-
tion 10 having such a cylinder shape that (i) a cross-sectional
shape viewed from a side is a columnar shape (such as a
rectangle or a square) and (ii) each of a top plane (a plane to
be in contact with the diffusing plate 8 or the optical sheet 9)
and a bottom plane has a circular shape.

[0093] (c) of FIG. 7 illustrates a distance maintaining sec-
tion 10 having such a prism shape that each of a cross-
sectional shape viewed from a side, a top plane, and a bottom
plane has a columnar shape (such as a rectangular shape or a
square shape). Note that the shape illustrated in (¢) of FIG. 7
can be modified such that the distance maintaining section 10
is tapered as being closer to one of its ends, which one of ends
is in contact with the diffusing plate 8 or the optical sheet 9.

[0094] According to the present invention, the distance
maintaining section 10 is not limited to the shapes described
above. Note, however, that, in terms of light scattering prop-
erty and the like, it is preferable that the contact area between
the distance maintaining section 10 and the diffusing plate 8
or the optical sheet 9, which is an optical member, is as small
as possible, provided that it can support the liquid crystal
display panel 3 and the diffusing plate 8 and/or the optical
sheet 9 without any problem.

[0095] Further, in order to cause the distance maintaining
section 10 to isotropically have the light transparency and the
light diffuseness, it is preferable to cause the distance main-
taining section 10 to have a shape of a body of rotation.
Therefore, it is preferable that the distance maintaining sec-
tion 10 has a circular conic shape (illustrated in (a) of FIG. 7),
a circular truncated conic shape, or a cylinder shape (illus-
trated in (b) of FIG. 7) rather than a prism shape (illustrated in
(c) of FIG. 7).

[0096] Further, it is preferable that a side surface of the
distance maintaining section 10 has been roughened. Each of
(a) through (d) of FIG. 8 illustrates an example of aroughened
side surface of the distance maintaining section 10. The side
surface of the distance maintaining section 10 is not limited to
the shapes illustrated in (a) through (d) of FIG. 8. For
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example, the side surface of the distance maintaining section
10 may have a shape having at least one groove.

[0097] Here, in the present specification, the length of the
distance maintaining section 10 (the length of the distance
maintaining section 10 in the direction in which the light exit
plane and the optical member are connected via the distance
maintaining section 10) is the shortest distance between the
bottom plane of the distance maintaining section 10 (the
plane facing the light exit plane) and the top plane (the plane
facing the optical member) of or an apex (a contact point
between the distance maintaining section 10 and the optical
member) of the distance maintaining section 10.

[0098] Further, the side surface of the distance maintaining
section 10 has an arithmetic average roughness (Ra) in a
range of not less than 0.5 um but not more than 10 pm, more
preferably, in a range of not less than 0.5 pum but not more than
3 um. Note that, in the present specification, an arithmetic
average roughness (Ra) is a value obtained by carrying out
measurement in compliance with JIS B 0601 (1994)/JIS B
0031 (1994).

[0099] Note that, in any of the arrangements described
above, the number of distance maintaining sections 10 pro-
vided on the light emitting surface 7a is not particularly
limited, provided that at least one distance maintaining sec-
tion 10 is provided between the light emitting surface 7a and
the diffusing plate 8 or the optical sheet 9.

[0100] <Position of Distance Maintaining Section>

[0101] A position of the distance maintaining section 10 is
not particularly limited. Note, however, that it is preferable to
provide the distance maintaining section 10 in a region having
a low luminance on a plurality of light exit planes (light
emitting surfaces 7a). This is because, in a case where the
distance maintaining section 10 is provided in the region
having a low luminance, it is possible to (i) reduce a ratio of
light reflected by the distance maintaining section 10 in the
light emitted from the plurality of light exit planes (light
emitting surfaces 7a) and therefore (ii) suppress an influence
ofthe distance maintaining section 10 on luminance distribu-
tion on the plurality of light exit planes (light emitting sur-
faces 7a).

[0102] Tt is preferable to provide the distance maintaining
section 10 on the light guiding section 7¢ of the light guide 7,
more preferably in a region (a shaded region in FIG. 9) on the
light exit plane of the light guiding section 7¢, to which region
the light emitted from the incident plane 7g does not travel.
Specifically, the region on the light exit plane of the light
guiding section 7¢, to which region the light emitted from the
incident plane 7g does not travel (hardly reaches), is a region
on a light source 5 side with respect to light propagation path
defined by a critical angle of 70° at which the light emitted
from the light source 5 enters the light guiding section 7¢ of
the light guide 7. That is, the light emitted from the incident
plane 7g does not travel to two regions (shaded regions show
in FIG. 9) which are located on the light incident plane 7g side
(the light source 5 side) with respect to corresponding two
straight lines B, which extend from a center of the light
incident plane 7g, to right and left (directions parallel to the
D2 direction shown in FIG. 3), respectively, at an angle of 35°
(70° in total) with respect to a straight line A that connects the
center of the light incident plane 7g and a center of the light
guide 7 each other.

[0103] Note that the position of the distance maintaining
section 10 is not particularly limited, provided that at least
one distance maintaining section 10 is provided between the
light emitting surface 7a and the diffusing plate 8 or the
optical sheet 9.
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[0104] <Main Body of Light Guide Plate>

[0105] The light emitting section 75 of the light guide 7 is
subjected to a process or treatment, such as prism processing,
texturing, or print processing. Note, however, that the process
or treatment is not particularly limited, and can be selected
appropriately from among known methods.

[0106] Further, as early described, the light guide 7 is
mainly constituted by a transparent resin such as a PMMA
and a polycarbonate, but the material of the light guide 7 is not
particularly limited. Note, however, that it is preferable that
the light guide 7 is made from a material having a high optical
transparency. Note that, as early described, it is preferable
that the main body of the light guide plate and the distance
maintaining section 10 are made from the same material.
[0107] Furthermore, in order to form a shape of the light
guide 7, various methods can be used such as injection mold-
ing, extrusion, hot press molding, and cutting. Note, however,
that how to form a shape of the light guide 7 is not limited to
the above methods, and any method can be employed, pro-
vided that the method has effects similar to those of the
methods described above.

[0108] <Arrangement of Liquid Crystal Display Device
Other than Light Guide>

[0109] The light source 5 may be a light emitting diode
(LED) of a sidelight type, a cold cathode fluorescent tube
(CCFL), or the like. In the following descriptions, the light
source 5 is an LED, as an example. In a case where the light
source 5 is a sidelight-type LED in which R, G, and B chips
are molded in one package, it becomes possible to realize a
surface light source device having a wide color reproducibil-
ity range. Note that the light source 5 is provided on the
substrate 4.

[0110] The substrate 4 on which the light source 5 is pro-
vided is not particularly limited, but a white substrate is
preferably used in terms of improvement in luminance. Note
that a driver (not illustrated) for controlling each LED con-
stituting the light source 5 to be turned on or off is provided on
a back surface (a surface opposite to the surface on which the
light source 5 is provided) of the substrate 4. That is, the driver
and the LED are provided on the same substrate 4. With the
arrangement in which the driver and the LED are provided on
the same substrate, it becomes possible to (i) reduce the
number of substrates, (ii) reduce the number of components
such as a connector for connecting substrates to each other,
and therefore (iii) reduce a production cost of the device.
Further, the reduction in the number of substrates allows
manufacture of a thinner liquid crystal display device 40.
[0111] The reflecting sheet 6 is provided so as to be in
contact with the back surface (the surface opposite to the light
emitting surface 7a) of the light guide 7. The reflecting sheet
6 reflects light so as to cause the light emitting surface 7a to
emit light as much as possible.

[0112] The diffusing plate (optical member) 8 is provided
to face an entire one light emitting surface constituted by a
plurality of light emitting surfaces 7a of the respective light
guides 7 so as to cover the entire one light emitting surface
with a predetermined distance between them. The diffusing
plate 8 diffuses light emitted from the light emitting surface
7a of the light guide 7 and emits the light thus diffused to the
optical sheet 9 (later described). Examples of the diffusing
plate 8 encompass a prism sheet and a diffusing sheet.
[0113] The optical sheet 9 is constituted such that a plural-
ity of sheets are stacked with each other, and is provided on a
front surface side of the light guide 7. The optical sheet 9 (i)
causes the light emitted from the light emitting surface 7a of
the light guide 7 to be uniform, (ii) condenses the light, and
(iii) emits the light to the liquid crystal display panel 3. That
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is, examples of the optical sheet 9 encompass a diffusing sheet
which condenses light while diffusing the light, a lens sheet
which improves a luminance in a front direction (a direction
toward the liquid crystal display panel 3) by condensing light,
and a polarization reflecting sheet which improves a lumi-
nance of the liquid crystal display device 1 by allowing a
certain polarization component of light to pass through the
polarization reflecting sheet but reflecting other polarization
components of the light. It is preferable to appropriately
select a combination of these sheets in accordance with a
price or performance of the liquid crystal display device 1.
[0114] With the arrangements of the respective members
described above, the light emitted from the light source 5 (i)
travels through the light guide 7 while being diffused and
reflected in the light guide 7, (ii) is emitted from the light
emitting surface 7a, (iii) passes through the diffusing plate 8
and the optical sheet 9, and ultimately (iv) reaches the liquid
crystal display panel 3 (see FIG. 2).

Embodiment 2

[0115] Another embodiment of a liquid crystal display
device of the present invention is described below with ref-
erence to FIGS. 10 through 13. Note that members having the
same functions as those of the members explained with draw-
ings in Embodiment 1 are indicated with the same signs as
those in Embodiment 1 for convenience. Their explanations
are therefore omitted here.

[0116] According to Embodiment 1, a tandem-type back-
light is explained. The present embodiment deals a tile-type
backlight having an arrangement in which a plurality of light
guides are arranged on the same plane but they do not overlap
each other.

[0117] FIG. 10 is a cross-sectional view schematically
illustrating an arrangement of a liquid crystal display device
of the present embodiment. The liquid crystal display device
70 includes a surface light source device 60 and a liquid
crystal display panel 3 which is provided to face the surface
light source device 60. Note that, in the present specification,
the surface light source device 60 includes a backlight (illu-
mination device) 50 and a diffusing plate (optical member) 8
which is provided on a rear side (a side opposite to a display
surface) of a liquid crystal display panel 3. It is preferable that
the surface light source device 60 further includes an optical
sheet 9 which is provided on the rear side (the side opposite to
the display surface) of the liquid crystal display panel 3.
[0118] Next, the following description deals with an
arrangement of the backlight 50 included in the liquid crystal
display device 70.

[0119] The backlight 50 is provided on the rear side (the
side opposite to the display surface) of the liquid crystal
display panel 3. The backlight 50 includes a substrate 4, a
light source 5, a reflecting sheet 6, a light guide 57, the
diffusing plate 8, and, if necessary, the optical sheet 9 (see
FIG. 10).

[0120] The light guide 57 causes light emitted from the
light source 5 to be emitted from a light emitting surface 57a.
The light guide 57 is substantially similar to the light guide 7
of Embodiment 1, except its shape. Particular similarities
between the light guide 57 and the light guide 7 are that (i) the
light guide 57 also includes a distance maintaining section 10
formed on a light exit plane of a main body (a part of the light
guide other than the distance maintaining section 10) of a
light guide plate, which main body has a light incident plane
57¢ and the light exit plane and (ii) the distance maintaining
section 10 is also provided integral with the main body of the
light guide plate. Note that a shape of the main body of the
light guide plate is not particularly limited.
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[0121] Components other than the light guide 57 are sub-
stantially similar to those of the backlight 20 of Embodiment
1. Their descriptions are therefore omitted here.

[0122] Inthe present embodiment, the backlight 50 is con-
stituted by at least two light guides 57. That is, the backlight
50 is constituted such that a plurality of light guide units 61,
each being constituted by a combination of a light guide 57
and two light sources 5, are arranged on the same plane.
[0123] Further, FIG. 11 is a plan view schematically illus-
trating an arrangement of the backlight 50. The backlight 50
is constituted such that a plurality of light guide units 61, each
including two light sources 5L and 5R (a pair of light
sources), are arranged in matrix (see FIG. 11). As described
above, the backlight 50 of the present embodiment has the
arrangement in which a plurality of light guide units 61 are
arranged like a plurality of tiles aligned with no space
between them. The backlight 50 is therefore called “tile-type
backlight”.

[0124] FIG. 12 is a perspective view illustrating a state
where a plurality of light guide units 61 are arranged as shown
in FIG. 11.

[0125] Further, FIG. 13 illustrates an arrangement of one of
the plurality of light guide units 61 included in the backlight
50. (a) of FIG. 13 is a plan view (a top view) illustrating the
light guide unit 61 when being viewed from a liquid crystal
display panel 3 side (also called “top surface side™). (b) of
FIG. 13 is a plan view (a bottom view) illustrating the light
guide unit 61 when being viewed from a side opposite to the
side of (a) of FIG. 13. (c) of FIG. 13 is a cross-sectional view
illustrating the light guide unit 61 of (a) of FIG. 13, taken
along the line A-A. The distance maintaining section 10 is
formed on the light emitting surface 57a of the light guide 57
(see (c) of FIG. 13).

[0126] The light guide unit 61 illustrated in FIG. 13
includes the two light sources SL. and 5R (a pair of light
sources) and the light guide 57 which causes light to be
emitted from its light emitting surface. The light sources 5L
and 5R are provided to face each other in respective concavi-
ties 57f'which are formed inside the light guide 57. Note that
the light sources 51 and 5R are provided on the substrate 4.
Light emitting directions (arrows in full lines and arrows in
dotted lines) of the light sources 5L and 5R are set so that the
light sources SL and 5R emit their light toward each other.
[0127] As described above, in the light guide unit 61, the
two point light sources are provided to face each other so that
a region to which light emitted from one of the point light
sources does not travel is compensated by light emitted from
the other, and vice versa.

[0128] According to the present embodiment, it is possible
to realize alarge backlight having no dark region by arranging
a plurality of light guide units 61. Further, as illustrated in
FIG. 10, the backlight 50 of the present embodiment has an
arrangement in which the plurality of light guide units 61 are
arranged on the same plane but neighboring light guide units
61 (afirst light guide unit and a second light guide unit) do not
overlap each other. Therefore, an entire light emitting surface
(a light emitting region) of the backlight 50 is constituted by
aplurality of light emitting surfaces 57a of the respective light
guides 57.

[0129] As described above, the light emitted from the light
source 5 (i) travels through the light guide 57 while being
diffused and reflected in the light guide 57, (ii) is emitted from
the light emitting surface 574, (iii) passes through the diffus-
ing plate 8 and the optical sheet 9, and ultimately (iv) reaches
the liquid crystal display panel 3 (see FIG. 10).

[0130] Here, like a tandem-type backlight, a tile-type back-
light has a problem that a bright line is generated due to a gap
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formed between neighboring two light guides. The genera-
tion of the bright line causes a reduction in luminance unifor-
mity. The following description deals with how the luminance
non-uniformity occurs.

[0131] Thelight emitted from the light source 5 is subjected
to total reflection in the light guide 57 repeatedly, and is
emitted from the light emitting surface 57a. However, a part
of'the light emitted from the light source 5 is not subjected to
the total reflection in the light guide 57 but directly reaches
one of end surfaces 57¢, which is the one farther from the light
source 5 (see (c) of FIG. 13). Such light has not had a reduc-
tion in light amount because it has not been subjected to the
total reflection. Therefore, the light has a higher strength than
that of the light emitted from the light emitting surface 57a.
For this reason, the light emitted from the light source is
directly emitted, to the outside, from a side plane 57¢ of the
light guide. As a result, the light having the high strength
appears as a bright line and luminance non-uniformity occurs
as a whole.

[0132] In this regard, the light guide 57 included in the
backlight 50 that is provided in the liquid crystal display
device 70 of the present embodiment includes the distance
maintaining section 10 formed on the light emitting surface
57a of the main body of the light guide plate.

[0133] Therefore, according to the arrangement of the
present embodiment, it is possible to improve the luminance
uniformity as compared with a conventional arrangement.
[0134] As described above, the liquid crystal display device
70 of the present embodiment includes the above backlight 50
so that the liquid crystal display panel 3 can be illuminated
with more uniform light. Therefore, it is possible to improve
display quality of the liquid crystal display device 70.
[0135] The present invention is not limited to the descrip-
tions of the respective embodiments, but may be altered by a
skilled person within the scope of the claims. An embodiment
derived from a proper combination of technical means dis-
closed in different embodiments is also encompassed in the
technical scope of the present invention.

[0136] That is, the embodiments and concrete examples of
implementation discussed in the foregoing detailed explana-
tion serve solely to illustrate the techmical details of the
present invention, which should not be narrowly interpreted
within the limits of such embodiments and concrete
examples, but rather may be applied in many variations
within the spirit of the present invention, provided such varia-
tions do not exceed the scope of the patent claims set forth
below.

INDUSTRIAL APPLICABILITY

[0137] The present invention is applicable to a surface light
source device which is used as a backlight of a liquid crystal
display device or the like, and a liquid crystal display device
or the like, including the surface light source device.

REFERENCE SIGNS LIST
[0138] 3: Liquid crystal display panel
[0139] 4: Substrate
[0140] 5: Light source
[0141] 6: Reflecting sheet
[0142] 7: Light guide
[0143] 7a: Light emitting surface (of light guide)
[0144] 7b: Light emitting section
[0145] 7¢: Light guiding section
[0146] 7d: Step
[0147] 7e: Dark part
[0148] 7/ Light exit plane of light guiding section



US 2011/0267563 Al

[0149] 7g: Light incident plane

[0150] 8: Diffusing plate

[0151] 9: Optical sheet

[0152] 10: Distance maintaining section
[0153] 11: Light guide unit

[0154] 18: Gap

[0155] 19: Gap

[0156] 20: Backlight (illumination device)
[0157] 30: Surface light source device
[0158] 40: Liquid crystal display device
[0159] 50: Backlight (illumination device)
[0160] 57: Light guide

[0161] 60: Surface light source device
[0162] 61: Light guide unit

[0163] 70: Liquid crystal display device

1. A light guide comprising:

a main body of a light guide plate, which main body has a
light incident plane and a light exit plane; and

at least one distance maintaining section for maintaining a
distance between the light exit plane and an optical
member for receiving light emitted from the light exit
plane, the at least one distance maintaining section being
provided on the light exit plane, the optical member
being placed to face the light exit plane,

the at least one distance maintaining section (i) being pro-
vided to extend from the light exit plane to the optical
member, (ii) having a length of not less than 0.3 mm but
not more than 50 mm in a direction in which the light exit
plane and the optical member are connected to each
other via the at least one distance maintaining section,
and (iii) being provided integral with the main body of
the light guide plate.

2. A light guide as set forth in claim 1, wherein:

the light guide (i) has a light emitting section having a light
emitting surface, and a light guiding section for guiding
light from the light incident plane to the light emitting
section, and (ii) is arranged such that a light emitting
section of each light guide overlaps a light guiding sec-
tion of a neighboring light guide so as to partially cover
the neighboring light guide.

3. The light guide as set forth in claim 2, wherein:

the at least one distance maintaining section is provided on
a light exit plane of the light guiding section so as to
penetrate, but not in contact with, alight emitting section
of a neighboring light guide.

4. The light guide as set forth in claim 3, wherein:

the at least one distance maintaining section is provided, on
the light exit plane of the light guiding section, in at least
one of two regions which are located on a light incident
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plane side with respect to corresponding two straight
lines, which extend from a center of the light incident
plane in different directions, respectively, at an angle of
35¢° with respect to a straight line that connects the center
of the light incident plane and a center of the light guide
to each other.

5. The light guide as set forth in claim 1, wherein:

the at least one distance maintaining section has a side
surface that has been roughened; and

the side surface has an arithmetic average roughness (Ra)
of not less than 0.5 um but not more than 10 pm.

6. The light guide as set forth in claim 1, wherein:

a cross-sectional area of the at least one distance maintain-
ing section, along a plane parallel to the light exit plane,
becomes smaller as being closer from one of ends of the
at least one distance maintaining section, on the main
body of the light guide plate, to the other one of ends.

7. The light guide as set forth in claim 1, wherein:

for each main body of the light guide plate, the at least one
distance maintaining section (i) is provided one by one
or (ii) includes a plurality of distance maintaining sec-
tions.

8. A surface light source device comprising:

a light guide recited in claim 1;

a substrate provided on a light incident plane side of the
light guide;

a light source provided on the substrate; and

an optical member provided on a light exit plane side of the
light guide.

9. A surface light source device comprising:

a plurality of light guides each being recited in claim 3;

a substrate provided on a light incident plane side of the
plurality of light guides;

a light source provided on the substrate; and

an optical member provided on a light exit plane side of the
plurality of light guides.

10. The surface light source device as set forth in claim 8,

wherein:

the light source is a light emitting diode which is provided
on the substrate.
11. The surface light source device as set forth claim 8,

wherein:

the optical member includes a diffusing plate which is
formed such that diffusing particles are dispersed in a
substrate made from a transparent resin.

12. A liquid crystal display device comprising:

a surface light source device recited in claim 8, as a
backlight.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
4PN
IPCH %5
CPCH %5
11 AR
HhEREESE

BEG®)

AEANRSEFRFNRESINE , HEUR DI HE HEERE
FHA. ZXBNASBEEEXAHFENX LS FENS KRE

i, URATREXES FENA FRENAEZFNEZANERNESR
REFID (10) NAESFERSHN , EELERDS (10) REEXH
SYELE, AFHHRERBEOXHFFE , HEEBRESS (10)
(i) MREE (i ) FEREFENAZGHRREERE (10 ) EEW
FEEEERNFOIMMEFTKFS0mmINKE ) M (i ) 5SHKRMWE

- EiRE,

patsnap

(& BARFEENRGEREE

US20110267563A1 AFF(AE)A 2011-11-03
US13/143389 HiE A 2009-10-06
EEHKAaH
EEKRAAH

Bk att

SHIMIZU TAKAHARU

SHIMIZU, TAKAHARU

GO02F1/13357 F21V7/22

G02B6/0028 G02B6/0046 G02B6/0078 G02F1/133615 G02B6/0088 G02F1/133608 G02B6/008
2009034275 2009-02-17 JP

Espacenet USPTO

I



https://share-analytics.zhihuiya.com/view/6abe2db3-7594-461b-beb7-fa69f93398ee
https://worldwide.espacenet.com/patent/search/family/042633600/publication/US2011267563A1?q=US2011267563A1
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=%2220110267563%22.PGNR.&OS=DN/20110267563&RS=DN/20110267563

