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DESCRIPTION

LIGHT GUIDE MEMBER, PLANAR LIGHT SOURCE DEVICE
PROVIDED WITH THE LIGHT GUIDE MEMBER, AND DISPLAY APPARATUS

USING THE PLANAR LIGHT SOURCE DEVICE

CROSS REFERENCES TO RELATED APPLICATIONS
This application is an application filed wunder 35
U.S.cC. §111(a) claiming benefit pursuant to 35 U.S.C.
§119(e) (1) of the filing date of Provisional Application
60/748,191 filed on December 8, 2005 and 60/789,128 filed

on April 5, 2006 pursuant to 35 U.S.C. §111(b).

TECHNICAL FIELD

[0001]

The present invention relates_to a light.guide_memberp
a planar light source devibe,.and a display apparatus using
the planar light sourCe device. In detail, the present
invention relates to a light guide member, a planar light
source device provided with the light guide member, that
are used as an illuminant such as an advertising lamp, an
illumina£ion, gnd a back light for a liquid crystal display,

and that are capable of unifdrmly diffusing and guiding
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upward a light from a luminous device, and a display
apparatus using the planar light source device such as a

liquid crystal display apparatus.

BACKGROUND ART
[0002]

In recent years, there 1is widely used a display
apparatus using a planar light source device (back light)
fdr.irradiating a light from a back face or a side face of
a panel, such as a liquid crystal display. Conventionally,
the main stream of such a back light illuminqnt' for a
liquid crystal display has been the so-called edge light
type in which a .cold cathode tube as an illuminant is
disposed on the edge face of the chassis for thinning and
low power consumption of the apparatus.

[0003]

As such a back light illuminant of thé edge 1light
type, an illuminant with a configuration shown in Fig. 24
is used.

More specifically, for a back light illuminant 100 of
the edge light type, a cold cathode tube 104 is disposed on
the edge portion of a chassis 102. A light guide member 106
is dispésed on the side of the cold cathode tube 104, and a

diffusing sheet 108 is dispoéed over the upper face of the
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light guide member 106, thereby configuring the back light
illuminan£ 100.
[0004]

A reflecting portion 116,_which is made by a minute
uneven structure or made by drawing a dot shape with a
white ink for instance, is formed under the light guide
member 106. Moreover, a liquid crystal panel 110 is
laminated on the upper face of the diffusing membér 108 of
the back light illuminant 100, thereby configuring a liquid
crystal display apparatus 112.

[0005]

For ﬁhe back light illuminant 100 of the edge light
type, a light that has been irradiated from the cold
cathode tube 104 by making the cold cathode tube 104 to be
illuminant enters a side portion of the light guide member
106.

A light that has entered the light guide member 106
is diffused while repeating a reflection between the
reflecting portion 116 that has been formed under the light
guide member 106 and that is made by a minute uneven
structure or made by drawing a dot shape with a white ink
for instance, and an upper face 118 of the light guide

member 106. The light is then uniformly guided upward from

‘the upper face 118 of the liéht guide member 106.
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[0006].

By_the above configuration, a light is uniformly
diffused by the diffusing member 108, thereby reduéing a
nonuniformity in luminance of the ligquid crystal panel 110.

However, a demand of enlarging a liquid crystal
display has been inéreased in recent years, and such a back
light illuminant 100 of the edge light type has a
limitation in improving a luminance and a uniformity in the
luminance.

[0007]

Therefore, an adoption of a direct'lightingltype
light 1is e%amined for a large size liqﬁid crystal display.

However, in the case in which the above described
cold cathode tube is used as a direct lighting type light,
since the cold cathode tube is comparatively large, a
thickness of a liquid crystal display is enlarged. In
addition, there are problems that qolor reprodﬁcibility and
a response of the cold cathodé tube is not satisfactory,
and that an after-image phenomenon occurs.

[0008]

In recent years, a luminous efficiency of a luminous

device has been extremely improved, and an application of

the luminous device to an illumination is being progressed.

'In particular, in the case in which there is used a light
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emitting diode (hereéfter referred to as an LED) as a back
light illﬁminant (planar light source) for a liquid crystal
display, an excellent color reproducibility and a high
speed response can be implemented and it is expected that a
high quality image is achieved.

[0009]

Therefore, conventionally, phere has been proposed a
back light illuminant 6f a direct lighting type iﬁ,which a
plhrality of LEDs is disposed at a constant pitch below a
liquid crystal pahel.

As such a back light illuminant of a direct lighting
type, an iiluminant with a configuration shown in Fig. 25
is proposed.

[0010]

More specifically, for a back light illuminant 200 of
the direct lighting type, a plurality of LED lamps 206 is
disposed at a constant pitch in an array pattefn on the
bottom face 204 of a chassis 202.

A diffusing member 208 is disposed over the upper
face of the chassis 202 apart at a constant distance from
the LED lamps 206, and a prism sheet 210 is disposed over
the upper face of the diffusing member 208, thereby
configuring the back light illuminant 200.

“[0011]
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A reflecting pértion 214 made of a reflecting sheet
or the ;ike is formed on the botfom face 204 and a side
face 212 of a chassis 202.

For the back light illuminant 200 of a direct
lighting type that is configured as described above, in the
case in which a ligﬁt is generated from the LED lamps 206,
the Qmitted light travels directly toward the diffusing
sheet 208. In addition, the emitted light is also reflected
by the reflecting portion 214 on the bottom face 204 and a
side face 212 of a chassis 202, and travels toward the
diffusing sheet 208.

[0012] |

The light that has entered the diffusing sheet 208 is
then diffused in the diffusing sheet 208, and is inclined.
in a Qertical direction by passing through the prism sheet
210 on the upper face of the diffusing sheet 208. The light
then enters a liquid crystal panel (not shown) disposed -
over the upper face of the prism sheet 210.

[0013]

Moreover, lights emitted from the LED lamps 206 are
mixed in a space between the LED lamps and the diffusing
sheet 208. The mixing is then improved by a diffusion in

the diffusing sheet 208, thereby implementing a uniform

‘luminance and a uniform chromaticity.
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[0014]

Mo;eover, in general, a luminance at the section
directly over the LED lamps 206 is higher than that of
other sections. Therefore, a uniformity in a luminance can
be further improved by increasing a diffusability of the
diffusing sheet 208-at the section directly over the LED
lamps 206.

[0015]

For the conventional the back light illuminant 200 of
a direct lighting type, the diffusing sheet 208 is disposed
and the diffusing sheet 208 is apart from the LED lamps 206
in order té uniform a luminance and a chromaticity as
described above. However, even in such a case, the above
méans is insufficient to solve a problem that a luminance
at thelsection directly over the LED lamps 206 becomes
higher.

[0016]

Recently, a color mixtufe is carried out by using LED
lampslof a plurality of colors (RGB) composed of LEDs of
three primary colors of red, green, and blue in particular
(without using a monochromatic LED). In such a case, a
color mixture is insufficient and an unevenness of colors
may be féund in some cases.

[0017]
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Accordingly, té decrease a nonuniformity in luminancel
and an unévenness of colors, a diffusabiiity of the
diffusing sheet 208 at the section'directly.over the LED
lamps 206 is further increased as described above.

In addition, in Patent Docﬁment 1" (Japanese Laid-Open
Patent Publication No. 2001?42782), a so-called lighting
curtain such as a gray printing layer with a light semi-
permeability is disposéd directly over the LED lamps in
order to reduce a luminance at the section directly over
the LED lamps 1n some cases.

[0018] -

Howe&er, the above means cause a'utilization
efficiency of a light to be lowered.

Moreover, in the case in which the diffusing sheet
208 is.made further apart from the LED lamps 206, a
nonuniformity in luminance and an unevenness of colors can
be decreased. However, this method causes a thickness of a
back light -to be enlarged, and is not preferable for a flat
panel display.

[0019]

Consequently, Patent Document 2 (Japanese Patent

Publication No. 1998-82915) proposes a planar light source

device 300 as shown in Fig. 26.
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More specificaily, for the planar light source device
300, a liéht guide member 306 is laminated on the upper
face of .a luminous device mounting substrate 308 on which
an LED lamp 302 has been mounted. A concave for LED lamp
housing 304 is formed in the light guide member 306 at the
position corresponding to the LED lamp 302 in such a manner
that a width of the concave 1is narrower at a deeper section
from the surface of the light guide member.

[0020]

Moreover, a reflecting portion 312 made of a
reflecting sheet or the like is formed on the bottom face
310 of thellight guide member 306 except for the section
corresponding to the concave for LED lamp housing 304.

By £he above configuration, as shown in Fig. 26, a
light Bl that has been emitted from the LED lamp -302 is
diffused while repeating a reflection between an upper face
314 of the light guide member 306 and the reflecting
portion 312 formed on the botﬁom face 310 of the light
guide member 306 as shown by an arrow B2, and is uniformly
guided upward from the upper face 314 of the light guide
member 306.

[0021]
As a result, a light is uniformly diffused by a

diffusing sheet (not shown) formed on the upper face of the
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light guide member 366, thereby preventing a nonuniformity
in luminaﬁce from occurring and implementing a uniform
luminance distribution at a light emitting plane of the
light guide member 306.

[0022]

Consequently, the planar light source device 300
disclosed in Patent Document 2 is thinner than conventional
apparatuses, has little unevenness of colors, and is
capable of improving a luminance.

[Patent document 1] Japanese Laid-Open Patent Publication
No. 2001-42782
[Patent doéument 2] Japanese Patent Publication No. 1998-

82915

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0023]

A luminance is tried to.be uniformed in the planar
light source device 300 described in Patent Document 2.
However, as shown in Fig. 26, for the planar light source
device 300, a light irradiated.from the LED lamp 302 is
reflected by the reflecting portion 312 even near around

the LED lamp 302 as shown by an arrow B3, and is emitted



10

15

20

WO 2007/064002 PCT/JP2006/324130
"

and guided upward frém the upper face 314 of the light
guide memﬁer 306.
[0024]

As a result, an amount of lights emitted from the
upper face 314 of the light guide member 306 at the section
directly over the LED lamps 206 is large, and as shown by
the alternate long and short dash line in the graph of Fig.
4, the above means is insufficient to solve a problém that
a luminance at the section directly over the LED lamps 206
becomes higher.

[0025]

The present invention was made in consideration of
such conditions, and an object of the present invention is
to providé a light guide member that is laminated on the
upper face of a luminous device mounting substrate on which
a luminous device such as an LED lamp has been mounted. In
the light guide member, a luminance at the section directly
over the luminous device is lowered, a luminance
distribution on'a light emission face of the light guide
member can be uniformed, a nonuniformity in luminance and
an unevenness of colors can be decreased, a utilization
efficiency of a light can be increased, and a high

luminance can be implemented. In addition, a planar light
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source device using £he light guide member can also be
thinned aﬁd miniaturized.
[0026]

Moreover, another object of the present invention is
to provide a planar light source device, and a display
apparatus using the planar light source device in which a
nonuniformity in luminance and an unevenness of colors can
be decreased, a utilization efficiency of a light cén be
increased, and a high luminance can be implemented. In
addition, the planar light source device and the display

apparatus can also be thinned and miniaturized.

MEANS FOR SOLVING THE PROBLEMS
[0027]

The present inventors have researched "the above
problems to solve them. As a result, the present inventors
have created the light guide member related td the present
invention, -a planar light soﬁrce device provided with the
light guide member, and a display apparatus using the
planar light source device.

More specifically, the present invention involves the
following modes (1) to (16) for instance.

(1) A light guide member, which -is disposed over the upper

‘face of a luminous device mounting substrate on which a
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luminous device is mounted and which is for diffusing and
guiding ubward a light emitted from the luminous device, is
characterized by comprising:

a light reflecting portion formgd on the bottom face of the
light guide member at a position not near around the
luminous device, and

a section in which a light reflecting area is not formed on
the bottom face of the light guide member at a-position
near around the luminous device.

[0028]

(2) A light guide member as defined in above (1) is
characteriéed by further comprising:

a concave for the luminous device in the light guide.
member at thé position corresponding to the luminous device,
and

a light semi-permeable portion on a part of a surface
on the concave of the concave for the luminous.device.

{3) A light guide member as défined in above (2) is
characterized in that the light semi-permeable portion on
the surface on the concave is formed at the position over
the luminous device.

[0029]

(4) A light guide member as defined in any one of above (1)

to (3) is characterized in that the area near around the
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luminous device is ah area to a uniform distance from the
Juminous device.

(5) A light guide member as defined in any one of above (1)
to (4) 1is characterized by further comprising a light
reflecting area in a dot shape iﬁ the area near around the
luminous device in such a manner that a dot density of the
light reflecting portion is lower'at a section closer to
the luminous device.

[0030]

(6) A light guide member as defined in above (1) is
characterized by further comprising a light semi-permeable
portion at a position on the upper face of the light guide
member corresponding to the luminous device.

(7) A light guide member as defined in above (6) is
characﬁerized in that the light semi-permeable portion is
formed on the upper face of the light guide member at the
position directly over the luminous device.

[0031]

(8) A light guide_member as defined in above (7) is
characterized in that the light semi-permeable portion is
formed on the upper face of the light guide member near
around the luminous device to a uniform distance from the

luminous device.

"(9) A light guide member as defined in any one of above (1)
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to (8) is characteriéed in that a plurality of the luminous
devices méunted on the luminous device mounting substrate
is disposed apart and the areas near around the luminous
devices in which a light reflecting portion is not formed
are disposed at a plurality of the positions of the bottom
face of the light guide member corresponding to the
luminous devices.

[0032]

(10) A light guide member as defined in above (9) is
characterized in that D/4 is equivalent to or larger than d
in the case in which a distance between adjacent ;uminous
devices of.a plurality of the luminous devices is D and a
uniform distance from the luminous device to a peripheral
edge of the area near around the luminous device in which a
light reflecting portion is not formed is d.

[0033]

(11) A light guide member as defined in any one of above
(1) to (10} is characterized in that the luminous device
mounted on the luminous device mounting substrate is
configured by a unit luminous device in which luminous
devices of plural kinds with different luminance colors are

combined, and the area near around the luminous device in

which a light reflecting portion is not. formed is formed

"corresponding to the unit luminous device.
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[0034]

(12) A liéht guide member as defined in any one of above
{(2) to (5) is characterized in that the luminous device
mounted on the luminous device mounting substrate is
configured by a unit luminous de&ice in which luminous
devices of plural kinds with different luminance colors are
combined, and the concave for the.luminous device is formed
corresponding to the unit luminous device.

[0035]

(13) A planar light source device is characterized in that
the light guide member as defined in any one of above (1)
to (12) ié disposed over the upper face of the luminous
device mounting substrate on which the luminous device is
mounted.

(14) A planar light source device as defined in-abqve (13)
is characterized in that the luminous device is a light

emitting diode.

-[0036]

(15) A display apparatus is characterized by comprising a
display portion disposed over the upper face of the planar
light source device as defined in above (13) or (14).

[0037]

(16) A display apparatus as .defined in above (15) is

" characterized in that the display portion is a liquid
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crystal panel.

EFFECT OF THE INVENTION
[0038]

A light guide member related to the present invention
comprises a light reflecting portion formed on the bottom
face of the 1light guide member’ at a position not near
around the luminous device, and a section in whiéh a light
reflecting portion is not formed on the bottom face of the
light guide member at a position near around the luminous
device, in such a manner that the strength of a diffusion
upward at.the bottom face of the light guide member near
around the luminous device is smaller than the strength of
a diffusion upward at the bottom face of the 1light' guide
member provided with a 1light reflecting portion at the
periphery section thereof. Consequently, a luminance at the
section directly over the luminous device is lowered, a
luminance distribution on thé light emission face of the
light guide member can be uniformed, a nonuniformity in
luminance and an unevenness of colors can be decreased, a
utilization efficiency of a light can be increased, and a
high luminance can be implemented.

[0039]



10

15

20

WO 2007/064002 PCT/JP2006/324130
18

By an embodimeﬁt of the present invention, there is
formed a.iight semi-permeable portion at a position on the
upper face of the light guide member corresponding to the
luminous device, or there is formed a light semi-permeable
portion having a function for reflecting and diffusing a
light on the surface on the concave of the concave for the
luminous device formed in the light guide member.
Consequently, since a light emitted from the lumiﬁous
device is diffusely reflected by the light semi-permeable
portion, an increase in a luminance at the section directly
over the luminous device is suppressed, a luminance .
distributién on a light emission face of the light guide
member can be uniformed, a nonuniformity in luminance and
an unevenness of colors'can be decreased, a utilization
efficiency of a light can be increased, and a high
luminance can be implemented.

[0040]

Moreover, in the case iﬁ which the light guide member
is used as a planar light source device, a luminance
distribution can be uniformed, a nonuniformity in luminance
and an unevenness of colors can be decreased, a utilization
efficiency of a light can be increased, a high luminance

can be implemented, and the device can be thinned and

‘miniaturized.
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[0041]

Furfhermore, by the planar light source device using
such a light guide member, since a luminance at the section
directly over the luminous device is lowered, a luminance
is uniform, a high luminance can.be implemented, an
unevenness of coloré does not occur, and a chromaticity is
uniform for the entire face of the planar light source
device.

[0042]

Consequently, in the case in which the planar light
source device related to the present invention is used as a
display apbaratus, in particular, a back light for a liquid
crystal display, a display apparatus with a thin type and

with a high quality image can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS
[0043]

Fig. -1 is a view showing an entire configuration of a
typical liquid crystal display apparatus to which the
present embodiment is applied.

Fig. 2 is a top face view showing a first embodiment
of a planar light source device related to the present

invention to which a light guide member. related to the

‘present invention is applied.
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Fig. 3 is a paftially enlarged cross-sectional view
showing_a.configuration along the A - A line shown in .Fig.
2.

Fig. 4 is a graph showing a distance from an LED in a
horizontal direction and a relative luminance.

Fig. 5 is a top view schematically showing a shape of
the area near around the luminous device in which a light
reflecting portion is not formed for a light guide. member
related to the present invention.

Fig. 6 is a top view schematically showing a shape of
the area near around the luminous device in which a light
reflecting-portion is not formed for a light guide member
related to the present invention.

Fig. 7 is a schematic cross-sectional view showing a
second embodiment of a planar light source device related
to the present invention.

Fig. 8 is a top view showing a third embodiment of -
the present invention to which a light guide member related
to another embodiment of the present invention is applied.

Fig. 9 is a partially enlarged cross-sectional view
showing a configuration along the A - A line shown in Fig.
8.

Fig. 10 is a top view showing a fourth embodiment of

‘a planar light source device related to the present
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invention to which a.light guide member related to another
embodimenf of the present invention is applied.

Fig. 11 is a top view showing a fifth embodiment of a
planar light source device related to the present invention
to which a light guide member reiated to another embodiment
of the present invention is applied.

Fig. 12 is a top view showipg a sixth embodiment of a
planar light source device related to the-present.invention
to which a light guide member related to the present
invention is applied.

Fig. 13 is a partially enlarged cross-sectional view
showing a configuration along the A - A line shown in Fig.
12.

Fig. 14 is a top view schematically showing a shape
of the area near around the luminous device in which a
light reflecting portion is not formed for a light guide
member related to the presént invention.

Fig. 15 is a top view séhematically showing a shape
of the area near around the luminous device in which a
light reflecting portion is not formed for a light guide
member related to the present invention.

Fig. 16 is a schematic cross-sectional view showing a

seventh embodiment of a planar light source device related

"to the present invention.



10

15

20

WO 2007/064002 PCT/JP2006/324130
22

Fig. 17 is a top view showing a eighth embodiment of
a planaf light source device related to the present
invention to which a light guide member related to another
embodiment of the present invention is applied.

Fig. 18 is a top view showing a planar light source
device related to the present invention to which a light
guide member related to Embodiment 1 of the present
invention is applied.

Fig. 19 is a top view showing a planar light source
device related to the present invention to which a light
guide member related to Embodiment 2 of the 'present
invention is applied.

Fig. 20 is a top view showing a planar light source
device related to the present invention to which a light
guide member related to Embodiment 3 of the present
invention is applied.

Fig. 21 is a'top view showing a planar.light source
device related to the presenf invention to which a light
guide member related to Comparative example 1 of the
present invention is applied.

Fig. 22 is a top view showing a planar light source
device related to the present invention to which a light

guide member related to Comparative - example 2 of the

‘present invention is applied.
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Fig. 23 is a graph showing a distance from a luminous
device 14 in a horizontal direction and a relative
luminance related to embodiments and Comparative examples
of the present invention.

Fig. 24 is a schematic cross-sectional view showing a
conventional back light illuminant of the edge light type.

Fig. 25 is a schematic cross-sectional view showing a
conventional back light illuminant of a direct lighting
tng.

Fig. 26 is a schematic cross-sectional view showing a

conventional planar light source device.

BEST MODE OF CARRYING OUT THE INVENTION

[0044]

The embodiments of the present invention will be
described below in detail with reference to the drawings.

Fig. 1 is a view showing an entire configuration of
an example of a liquid crystél-display apparatus to which
the present embodiment is applied. A liquid crystal display
apparatus to which the present embodiment is applied 1is
provided with as a back light apparatus (back light) 50 of
a direct lighting type which comprises a back light frame
51 enciosing a luminous portipn and an LED substrate

"(luminous device mounting sdbstrate) 52 as a substrate on
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which a plurality of light emitting diodes (LEDs) 53 that
are solia luminous devices 1is arranged as an illuminant.
The back light apparatus 50 is provided with a light guide
member (plate or sheet) 54 on the LED substrate (mounting
substrate) 52. The light guide member, which is
characterized by the present invention, is enclosed in the
back light frame (chassis) 51.

A difference from a conventional direct lighting type
back light apparatus shown in Fig. 25 is that the light
guide member is. disposed in a épace between a 1light
emitting diode and a diffusing member (plate). In addition,
a thicknes§ of the back light is not increased and a space
between a 1light emitting diode and a diffusing member
(plate) can be decreased. A diffusing member (plate or
sheet) 55 for scattering and diffusing lights to implement
a uniform luminance on the entire face and prism sheets 56
and 57 that are diffraction grating films having a forward
condensing -effect are disposéd as laminates of an optical
compensating sheet on the light guide member. Moreover, a
liquid crystal display moduie 60 is provided with a liquid
crystal panel 61 in which a liquid crystal is interposed by
two glass substrates and polarizing plates (polarizing

filters) 62 and 63 laminated on each of the glass

‘'substrates of the liquid cryétal panel 61 for restricting a
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light wave vibration to a certain direction. Furthermore,
the liquid crystal display apparatus 1s provided with
peripheral members such as a driving LSI although this is
not shown in the figure.

[0045]

The 1liquid crystal panel 61 contains many kinds of
components although these are not shown in the figure. For
instance, the liquid crystal panel is provided with two
glass substrates, a display electrode, an active device
such as a thin film transistor, a liduid crystal, a spacer,
a sealing agent, an orientation film, a common electrode, a
protection.film, and a color filter aithough these are not
shown in the figure.

. Moreover, any configuration unit of the back light
apparatus 50 can be.selected. For instance, only ‘a unit of
the back light frame 51 provided with the LED substrate 52
can be called as a back light appa:atus (back iight), and
there can be implemented a flow-through type that does not
contain a laminate of an optical compensating sheet such as
the diffusing member 53 and the prism sheets 54 and 55.
[0046]

The back light frame 51 has a chassis structure made

of a material such as aluminum, magnesium, iron, or a metal

‘alloy thereof. Moreover, a white polyester film having a
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performance of a higﬁ reflection and so on is bonded to the
inside faée of the chassis structure, thereby involving a
function as a reflector. The chassis structure is provided
with a back face portion formed corresponding to the size
of the liquid crystal display module 60 and a side face
portion surrounding.the four edges of the back face portion.
If necessary, a heat sink configu;ation such aé a cooling
fin for dissipating heat is formed in the back faée portion
or the side face portion in some cases.

[0047]

Fig. 2 is a top face view showing a first embodiment
of a planaf light source device related to the present
invention to which a light guide member related to the
pfesent iﬁveﬁtion is applied. Fig. 3 is a partially
enlarged cross-sectional view showing a configuration along
the A - A line shown in Fig. 2.

[0048]

In Figs. 2 and 3, a numeral 10 represents a planar
light source device related to the present invention as a
whole.

As shown in Fig. 3, a planar light source device 10
related to the present invention is provided with a

luminous device mounting substrate 12, and a luminous
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device 14 such as an-LED is mounted on the upper face of
the lum;néus device mounting substrate 12.
[0049]

As shown in Fig. 2, a plurality of luminous devices
14 is disposed at a constant pitch in an array pattern on
the upper face of the luminous device mounting substrate 12.

Moreover, a light guide member 16 made of a
transparent resin or the like is disposed over thé.upper
face of the luminous device mounting substrate 12. As shown
in Fig. 3, a concave for luminous device 20 is formed on
the bottom face 18 of the light guide member 16 at the
position corresponding to the luminous device 14, and the
luminous device 14 is housed in the concave for luminous
device 20;

[0050]

The shape of the concave for luminous device 20 can
be properly modified to a dome shape, a semi—spherical
shape, a circular cone shape 6r the like.

A wiring pattern made of copper or the like is formed
on the luminous device mounting substrate 12, thereby
controlling a light emission of the luminous device 14
although this is not shown in the figure.

[0051)
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A light guide member 16 comprises a light reflecting
portion Zé formed on the bottom face of the light guide’
member 16 at a position not near around the luminous device
14, and a section in which a light reflecting portion 22 is
not formed on the bottom face of the light guide member 16
at a position near around the luminous device 14. Therefore,
the strength of a diffusion upward at the bottom face of
the light- guide member 16 near around the luminous.device
14 is smaller than the strength of a diffusion upward at
the bottom face of the light guide member 16 provided with
a light reflecting portion 22 at the periphery section
thereof. |
[0052]

More specifically, in the present embodiment, as
shown in Figs. 2 and 3, a light reflecting portion 22 made
of a white paint or the like is formed under the almost
entire face of the bottom face 18 Qf the light.guide_member
16 except for an area near aréund the luminous device 14.
[0053]

As shown in Fig. 26, for a conventional planar light
source device 300, as shown by the arrows B, lights emitted
from an LED lamp 302 are reflected by a reflecting portion

312 even near around the LED lamp 302 and are guided upward
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from the upper face 314 of the light guide member 306 in
such a maﬁner that the lights are diffusely reflected.
[0054]

As a result, as shown by the alternate long and short
dash line in the graph of Fig. 4, for a conventioﬁal planar
light source devicelBOO, an amount of lights emitted from
the upper face 314 of the light guide member 306 at the
section directly over the LED lamp 302, and a luminance at
the section directly over the LED lamp 302 becomes higher.
[0055]

On the contrary, for a planar light source device 10
related tolthe present embodiment, since .the light
reflecting portion 22 is not formed near around the
luminous device 14, as shown by the arrow C in Fig. 3, a
light emitted from the luminous device 14 is regularly
(totally) reflected by the bottom face 18 of the light
guide member 16 near around the luminous devicé 14 and is
just guided between the upper face 26 and the bottom face
18 of the light guide member 16. The light is not guided
upward from the upper face 26 of the light guide member 16
by a diffusive reflection.

[0056]

As shown by the arrow C in Fig. 3, the light that has

‘reached the light reflecting'portion 22 is diffusely
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reflected upward froﬁ the light guide member 16 by a
diffusiyelreflection.

By the above configuration, as described above, the
stfength of a diffusion upward at the bottom face of the
light guide member 16 near arouna the luminous device 14 is
smaller than the stfength of a diffusibn upward at the
bottom face of the light guide member 16 at the periphery
section thereof.

[0057]

By the above configuration, as shown by the dotted
line in the graph of Fig. 4, a luminance around the section
directly over the luminous device 14 is decreased as
compared with a conventional back light illuminant and a
luminance outside the séction is increased as compared withl
a conventional back light illuminant, thereby improving a
uniform luminance.

While the area 24 near around the luminous device 14
in which the ‘1light reflecting.portion 22 is not formed is
in a circular shape in the present embodiment in such a
manner that a distance from the luminous device 14 to any
edge of the area is constant, a shape of the area is not
restricted to the above shape. As shown in Fig. 5, a shape

of the area can be an ellipse (Fig. 5(A)), a rectangle (Fig.
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5(B)), a triangle (Fig. 5(C)), an arch (Fig. 5(D)), a
polygon( ér other shapes.
[0058]

Moreover, the area 24 near around the luminous device
14 in which the light reflecting portion 22 is not formed,
that is, a distance dl from the center of the luminous
device 14 to a peripheral edge of the area 24 near around
the luminous device as shown in Fig. 3 can be specified in
such a manner that a luminance can be almost uniform as
shown by the solid line in the graph of Fig. 4
corresponding to a kind and a luminance of the luminous
device 14,.a kind and a thickness of the light guide member
16, and a kind and a film thickness of the light reflecting
portion 22. The above area is not restricted in particular.
[0059]

For instance, in the case in which the luminous
device 14 is.an LED, the light guide member 16 is a
transparent resin plate and hés a thickness of 3 mm, and
the light reflecting portion 22 is a white paint and has a
thickness in the range of 5 to 100 pm, a distance dl from
the luminous device 14 to a peripheral edge of the area
near around the luminous device can be approximately 40 mm.

[0060]



10

15

20

WO 2007/064002 PCT/JP2006/324130
32

Moreover, as sﬁown in Fig. 2, in the case in which a
distance 5etween adjacent luminous devices of a plurality
of the luminous devices 14 is D and a uniform distance from
the center of the luminous device 14 to a peripheral edge
of the area 24 near around the luminous device is d, it is
preferable that D/4 is equivalent to or larger than d.
[0061]

While the luminous device 14 is not restricted in
particular, for instance, an LED is preferable for a back
light illuminant of a liquid crystalidisplay since
satisfactory color reproducibility, a high speed response,
and a high.quality image can be implemented.

[0062]

While a monochromatic LED can be used as an LED,
there can be suitably used a unit luminous device in which
luminous devices of plural kinds with different luminance
colors are combined, for instance,.a package of the so-
called three-in one type, in thch LED chips of the three
primary colors of red, green, and blue, that is, an LED
chip R emitting a red light, an LED chip G emitting a green
light, and an LED chip B emitting a blue light are used,
and a white color is generated by mixing these colors.

[0063]
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As the luminous device 14, there can be used a mold
packageléroduct in which an LED is sealed with a mold resin,
or an LED provided with a hemispherical lens on the upper
face of the LED.

[0064]

Even in the cése in which the luminous devices 14 of
plural kinds with different luminance colors are combined
to be used like the three-in one type, as shown in Fig. 6,
a'sbape of the area 24 near around the luminous device 14
can also be an ellipse (Fig. 6(A)), a rectangle (Fig. 6(B)),
a triangle (Fig. 6(C)), an arch (Fig. 6(D)), a polygon, or
other shapés, in addition to a circle as.shown in the
embodiment of Fig. 2, corresponding to the disposition
shape of the LED chips.

[0065]

In such a case, although this is not shown in the
figure, a unit luminous device can be a unit of one piece
of R, two pieces of G, and one piece of B, or a unit of two
pieces of R, two pieces of G, and one piece of B, in
addition to a unit of one piece of R, one piece of G, and
one piece of B as described above, and the combination is
not restricted in particular.

[0066]
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Moreover, a unit luminous device is not restricted to
three colors of red, green, and blue as described abovei
For instance, an LED chip with a so-called intermediate
coior such as yellow, orange, and cyan can be installed on
one substrate in order to configure LED chips of four, five,
Oor more colqrs.

{0067]

Moreover, the light guide member 16 is not restricted
in particular in the case in which a light is propagated in
the light guide member 16, and an'acfylic resin, a
polycarbonate resin, a liquid crystal polymer, anq a
polystyrené resin can be used for instance for the light
guide member 16. A member having a comparatively thick
plate shape or a comparatively thin sheet shape can be
properly used individually or laminated to be used.

[0068]

A shape of the concave for lqminous device 20 is not
restricted-in particular and éan be, for instance, a
circular cone, a pyramid, a circular cylinder, a prism, or
a hemi-sphere.

Moreover, the light reflecting layer 22 is not
restricted in particular and can be made Off for instance,

a metal foil such as an aluminum foil, a metal thin film
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such as aluminum, goid, silver, and platinum, or a white
ink. |
[0069]

In the case of a metal foil such as an aluminum foil,
the metal foil can be bonded by a transparent adhesive.
Moreover, in the case of a metal thin film such as aluminum,
gold, silver, and platinum, the metal thin film can be
formed by a method such as a deposition, a sputtering, and
an electroless plating. Furthermore, in the case of a white
ink, for instance, an acrylic resin containing titanium
dioxide can be used, and the acrylic resin can be coated by
a method sﬁch as a dispenser, a spray coating, a powder
coating, a roll coater, a curtain flow coater, and a
paintbrush.

(0070]

Among the above means, the coating of a white ink 1is
preferable from the viewpoint of easiness in operation.

In this case, a thickneés of the white ink is
preferably in the range of 5 to 100 um-in consideration of
a light reflecting effect.

[0071]
A light diffusing agent such as resin beads and glass

beads can be mixed to the white ink, thereby improving a

"light diffusion degree.
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Moreover, in tﬁe second embodiment shown in Fig. 7,
instead of forming the concave for luminous device 20 .on
the light guide member 16 side, a concave for luminous
device 28 can be formed on the luminous device mounting
substrate 12 side, and a reflector 30 can be formed between
the luminous device.mounting substrate 12 and the light
guide member 16 through an insulating layer 21.

[0072]

In the present embodiment, a plurality of luminous
devices 14 is disposed at a constant pitch in an array
pattern on the upper face of the luminous device mounting
substrate 12. However, the number of the luminous devices
14 (one luminous device is possible as a matter of course)
and a disbosition shape thereof are not restricted in
particﬁlar, and can be properly modified. For instance, the
luminous devices 14 can also be disposed in a concentric
circle pattern or in a staggered pattern.

[0073]

A planar light source device 10 configured as
described above according to the present invention is used
as an illuminant such as an advertising lamp, an
illumination, and a back light for a liquid crystal display.

For instance, in the case in which the planar light source

"device is used as a back light for a liquid crystal display,
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as shown in Fig. 1, é liquid crystal display apparatus can
be configured by disposing a liquid crystal panel on the
upper face of the light guide member 16 through a diffusing
sheet and a prism sheet.

[0074]

Fig. 8 is a top view showing the third embodiment of
a planar 1light source device related to the present
invention to which a light guide plate related to another
embodiment of the present invention is applied. Fig. 9 is a
partially enlarged - cross-sectional view showing a
configuration along the A - A line shown in Fig. 8.

Sincé the configuration of a planar light source
device 10 related to the present embodiment is basically
equivalen£ to that of a ‘planar light source device 10 shown
in Figs. 2 and 3, elements equivalent to those illustrated
previously are nﬁmerically numbered similarly and the
detailed descriptions of the equivalent elements are
omitted.

[0075]

As shown in Figs. 8 and 9, for the planar light
source device 10 related to the present embodiment, a light
semi-permeable portion 32 in a circular shape is further

formed at the position on the upper face of the light guide

‘member 16 corresponding to the luminous device 14, that is,
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- in an area including the section to which the luminous

device 14 is projected upward.
[0076]

A shape of the light semi-permeable portion 32 is not
restricted in particular. While ﬁhe light semi-permeable
portion 32 is in a circular shape in the present embodiment
in such a manner that a distance from the luminous device
14 to any edge of the light semi-permeable portioﬁ,32 is
uniform, a shape of the light semi-permeable portion is not
restricted to the above shape. Although this is not shown
in the figure, similarly to a shape of the area 24 near
around thelluminous device 14, a shape of the light semi-
permeablé portion can be an ellipse, a rectangle, a
triangle, an.arch, a polygon, .or other shapes.

[0077]

Moreover, the light semi-permeable portion, that is,
a distance d2 from the luminous device 14 to a'peripheral
edge of the light semi—permeable portion 32 as shown in Fig.
9 can be specified in such a manner that a luminance can be
almost uniform as shown by the solid line in the graph of
Fig. 4 corresponding to a kind and an illuminance of the
luminous device 14, a kind and a thickness of the light
guide mémber 16, a kind and a film thickness of the light

reflecting portion 22, and a distance dl from the luminous
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device 14 to a peripﬁeral edge of the area 24 near around
the luminéus device 14. The above distance d2 is not
restricted in particular.

[0078]

For instance, in the case in which the luminous
device 14 is an LED, the light guide member 16 is a
transparent - resin plate and has a'thickness of 3 mm, the
light reflecting portion 22 is a white paint and ﬁas a
thiqkness in the range of 5 to 100 pm, and a distance dl
from the luminous device 14 to a peripheral edge of the
area 24 near around the luminous device 14 is 40 mm, a
distance dé from the luminous device is preferably in the
range of 2 to 30 mm.

[6079] |

The light semi-permeable portion 32 is for partial
reflection of a light emitted from the luminous device 14,
and the reflection ratio of a light is preferably in the
range of 50 to 95%, and more breferably in the range of 80
to 95%.

[0080]

Moreover, the light semi-permeable portion 32 is not

restricted in particular and can be made of, for instance,

a metal thin film such as aluminum, gold, silver, and

‘platinum, or a white ink.
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In the case of-a metal thin film such as aluminum,
gold, sil?er, and platinum, the metal thin film can be
formed by a method such as a deposition, a sputtering, and
an electroless plating. Moreover, in the case of a white
ink, for instance, an acrylic regin coritaining titanium
dioxide can be used, and the acrylic resin can be coated by
a method such as a dispenser and a printing.

(0081]

Among the above means, the coating of a white ink is
easy and preferable in consideration of operating
characteristics.

In this case in which both the light semi-permeable
portion 32 and the light reflecting portion 22 are made of
a white ink,la film thickness of the light semi-permeable
pdrtion 32 is adjusted to be thin in such a manner that
part of lights permeate in the light semi-permeable portion,

and a film thickness of the light reflecting portion 22 is

adjusted to be thick in such a manner that no lights

permeate in the light reflecting portion.
[0082]

By the above configuration, as shown by the arrow D
in Fig. 9, a light guided from the luminous device 14 to

the upper face of the light guide member 16 directly over

“the luminous device 14 passes through the light semi-
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perméable portion 32-and is attenuated, thereby decreasing
a luminapée at this section.
[0083]

By the above configuration, as shown by the solid
line in the graph of Fig. 4, a lﬁminance around the section
directly over the luminous device 14 is decreased as
compared with a conventional back‘light illuminant and a
planar light source device 10 related to the embodiment
shown in Figs. 2 and 3, thereby obtaining a uniform
luminance.

[(0084]

Fig. 10 is a top view showing the fourth embodiment
of a plénar light source device related to the present
invention.to.which a light guide member related to another.
embodiment of the present invention is applied.

Since the configuration of a planar 1light source
device 10 related to the present embodiment is ba;ically
equivalent to that of a planaf ligﬁt sourcé aevice 10 shown
in Figs. 2 and 3( elements equivalent .to those illustrated
previously are numerically numbered similarly and the
detailed descriptions of the equivalent elements are
omitted.

[0085]
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In the planar iight source device 10 related to the
presentlehbodiment, as shown in Fig. 10, a light scattering
dot pattern is formed in the area 24 near around the
luminous device 14 on the bottom face 18 of the light guide
member 16.

The light scattering.dot pattern is formed in such a
manner that a dot density of the light reflecting portion
in a dot shape is lower at a section closer to the luminous
device.

[0086]

By forming a dot pattern in the area 24 near around
the luminoﬁs device 14 on the bottom face 18 of the light
guide mémber 16 as described above, there can be relaxed a
gap of a diffusion strength at the boundary between the
areé 24.near around the luminous device 14 and the light
reflecting portion 22.

While the dot printing patte;n is not restricted in
particular; the dot printing pattern is a circular pattern
of which the center is the position directly over the
luminous device 14'énd in which a strength of a diffusion
upward from the light guide member 16 is minimum at the
center of the dot pattern and.is larger at a position
closer to the periphery.

[0087]
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Such a light séattering dot can be formed by the dot
printing éf a scattering ink or an integral molding with
the light guide member 16.

The scattering ink is not restricted in particular
and there can be used, for instance, an ink containing
resin beads or glasé beads, or the above described white
ink.

[0088]

In the planar light source device 10 having such a
configuration, a luminance around the section directly over
the luminous device 14 is decreased, thereby dbtaining a
uniform luminance.

Even in this case, in the fifth embodiment as shown
in Fig. li, éimilarly to the planar light source device 10
reiafed to the embodiment shown in Figs. 8 and 9, a light
semi-permeable poftion 32 in a circular shape can be formed
at the position on the upper face of the light'guide‘member
16 corresponding to the luminous device 14, that is, at the
position directlylover the luminous device 14.

[0089]
While the light scattering dot pattern is formed
in the area 24 near around the luminous device 14 on the

bottom face 18 of the light guide member 16 in the present

"embodiment, minute uneven shapes can also be formed on the
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bottom face 18 of thé light guide member 16 in order to
control § strength of a diffusion in place of the dot shape.
[0090]

Fig. 12 is a top view showing the sixth embodiment of
a planar 1light source device. related to the present
invention to which a light'guide member related to another
embodiment of the present inventiqn is applied. Fig. 13 is
a partially enlarged cross-sectional -view_ éhoWing a
cohfiguration along the A - A line shown in Fig. 12.

Since the configuration of a planar 1light source

device 10 related to the present embodiment is basically

equivalent to that of a planar light source device 10 shown

in Figs! 2 and 3, elements equivalent to those illustrated
previously afe numerically numbered similarly.
[0091]

In Figs. 12 and 13, a numeral 10 represents a planar_
light source.device'related to the present invention as a
whole.

As shown in Fig. 13, a planar light source device 10
related to the present invention is provided with a
luminous device mounting substrate 12, and a luminous
device 14 such as an LED is méunted on the upper face of

the luminous device mounting substrate 12.

- [0092]
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As shown in Figl 12, a plurality of luminous devices
14 is digbosed at a constant pitch in an array pattern on
the upper face of the luminous device mounting substrate.12.

Moreover, a light guide member 16 made of a
transparent resin or the like is.disposed over the upper
face of the luminous device mounting substrate 12. As shown
in Fig. 13, a concave for luminous device 20 is formed on
the bottom face 18 of the light guide member 16 af,the
position corresponding to the lgminous device 14, and the
luminous device 14 is housed in the concave for luminous
device 20.
[0093]

Thé shape of the concave for luminous device 20 can
be properiy ﬁodified to'a dome shape, a semi-spherical
shape,.a circular cone shape or the like. A wiring pattern
made of copper or the-like is formed on the luminous device
mounting substrate 12, thereby controlling a light emission
of the luminous device 14 although.this is.not'shown in the
figure.
[0094]

Moreover, the light guide member 16 is configured in
such a manner that the strengfh of a diffusion light upward

at the bottom face of the light guide member 16 near around

" the luminous device 14 is smaller than the strength of a
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diffﬁsion light upwafd at the bottom face of the light
guide member 16 provided with the light reflecting portion
22 on the peripheral section thereof.

[0095]

More specifically, in the present-embodiment, as
shown in Figs. 12 and 13, a light reflecting portioﬁ 22
having a function for reflecting and diffusing'a light is
formed on the bottom face 18 of the light.guide plate 16
except for an area near around the luminous device 14.
[0096]

Moreover, as shown in Fig. 13, there is formed a
light semi;permeable portion-ll, Which'has a func£ion for
reflectihg and diffusing a light and in which part of
lights pefmeates (light ' permeability: approximately 10 to
50%), on the surface on the concave of the concave for

luminous device 20 at the position over the luminous device

14.

-[0097]

Here, “position over the luminous device” means an
area to which an opposite luminous device 14 (including a
lens 13 in the case in which the lens is formed) is
projected upward, that is, an.area including at least a

part at the section directly over the luminous device 14.

" Fig. 13 corresponds to the case in which the light semi-
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perméable portion ll.is formed in an area almost equivalent
to an entire area directly over the luminous device 14
(lens 13) at the surface on the concave of the concave for
luminous device 20.
[0098]

However, the light semi-permeable portion 11 can be

disposed at:- the position corresponding to the luminous

“device 14 in the surface on the concave of the concave for

luminous device 20 in the light_guide member 16. More
specifically, the light semi-permeable layer 11 can be
formed not only at the position directly over the luminous
device 14 és described above (it is not necessary to form
the layer on the entire face directly over the luminous
device), but also in an area larger than that including the
position directly over the luminous device 14 in the range
in which a light emitted from the luminous device 14 and a

light diffuséd and reflected by the light semi-permeable

portion 11. are emitted outside from the concave for

luminous device 20.
[0099]

Moreover, a range in which the light semi-permeable
portion 11 is formed, that is; a distance d3 from the

luminous device 14 to a peripheral edge of the light semi-

- permeable portion 11 as shown in Fig. 13 can be specified
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in such a manner thaf a luminance can be almost uniform as
shown by #he solid line in the graph of Fig. 4
corresponding to a kind and an illuminance of the luminous
device 14, a kind and a thickness of the light guide member
16, a kind and a film thickness éf the light reflecting
portion 22, a distance dl from the luminous device 14 to a
peripheral edge of the area 24 near around the }uminous
device 14, and a shape of the concave for-luminouéldevice
20. The above range is not restricted in particular.

[0100]

A lens 13 is formed on the luminous device 14 at the
section fitted into the concéve for luminous device 20.
However, it is also possible to form no lens 13 as a matter
of course;

[0101]

As shown in Fig; 26, for a conventional planar light
source device 300, as showﬁ by the arrows B, lights emitted
from an LED lamp 302 are reflécted by a reflecting layer
312 even near around the LED lamp 302 and are guided upward
from the upper face.314 of the light guide member 306 in
such a manner that the lights are diffusely reflected.
[0102]

As a result, as shown by the alternate long and short

"dash line in the graph of Fig. 4, for a conventional planar



10

15

20

WO 2007/064002 PCT/JP2006/324130
49

light source device 300, an amount of lights emitted from
the uppe; face 314 of the light guide member 306 at the
section directly over the LED lamp 302, and a luminance at
the section directly over the LED.lamp 302 becomes higher.
[0103]

On the contrary, for a planar light source device 10
related to the present embodiment{ there is formed a light
semi-permeable portion 11 on the surface on the canave of
the concave for luminous device_20 in the light guide
member 16. Consequently, as shown in’Fié. 13(B), a light E1
that has been emitted from the luminous devicé 14 and from
the sectioﬁ in which the light semi—permeable porfion 11
does not exist is reflected at an upper face 26 of thg
light guide ﬁember 16 as shown by the arrow E2, and a
refiection is repeated between the upper face 26 .and the
bottom face 18 of the light guide member 16. Then, the
light reaches a light reflecting portion 22 as'shown.by the
arrow E3 in Fig. 13(A), and is diffused and reflected as
shown by the Arrows Cl to C3 in Fig. 13(A). Finally, the
light is diffused aﬁd reflected upward from the light guide
member.

[0104]

Moreover, a light D emitted directly upward from the

“luminous device 14 is reduced by the light semi-permeable
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portion 11. Aas a resﬁlt, lights that are emitted from the
upper facé of the light guide member 16 are reduced.

Consequently, a luminance at a position directly over
the luminous device 14 in the light guide member 16 can be
suppressed. |
[0105]

Furthermore, since the lighp reflecting portion 22 is
not formed on the bottom face of the light guide member
near around the luminous device 14, as shown by the arrow
El in Fig. 13, a light emitted from the luminous device 14
is reqularly (totally) reflected by the bottom face 18 of
the light éuide member 16 neér around the luminous’device
14 as shﬁwn by the arrow E2 and is just guided between the
upper facé 26 and the bottom face 18 of the light guide
memﬁer 16. The light is not guided upward from the upper
face 26 of the light guide member 16 by a diffusive
reflection.

[0106]

The light that has reached the light reflecting
portion 22 as shown by the arrow E3 in Fig. 13 is diffusely
reflected upward from the light guide member by a diffusive
reflection as shown by the arfows Cl to C3.

[0107]



10

15

20

WO 2007/064002 PCT/JP2006/324130
51

By the.above coﬁfiguration, as described above, the
strength.éf diffusion upward at the bottom face of the
light guide member 16 near around the luminous device 14 is
smaller than that at the bottom féce of the light guide
member provided with the light réflecting portion 22 at the
peripheral section_thereof.

[0108]

By the above configuration, as shown by the dotted
line in the graph of Fig. 4, a luminance around the section
directly over the luminous device 14 is decreased as
compared with a conventional back light illuminant and a
luminance outside the section is increased as compared with
a conven£ional back light illuminant instead, thereby
improving a ﬁniform luminance.

While the area 24 near around the luminous.device 14
in which the light reflecting portion 22 is not formed has
a circular shape in the présent embodiment in such a manner .
that a distance from the lumihous device 14 to any edge of
the area is unifo;m, a shape of the area is not restricted
to the above shape. As shown in Fig. 14, the shape can be
an ellipse (Fig. 14(A)), a rectangle (Fig. 14(B)), a
triangle (Fig. 14(C)), an arch (Fig. 14 (D)), a polygon, or

other shapes.

" [0109]
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Moreover, the érea 24 near around the luminous device
14 in which the light reflecting portion 22 1is not'formed,
that is, a distance dl from the luminous device 14 to a
peripheral edge of the area 24 near around the luminous
device as shown in Fig. 13 can bé specified in such a
manner that a luminance can be almost uniform as ‘shown by
the solid line in the graph of Fig. 4 corresponding to a
kind and an illuminancé of the luminous device 14, a kind
and a thickness of the light guide member 16, and a kind
and.a film thickness of the light reflecting portion 22.
The above distance is not restricted in partiéular.

[0110]

For instance, in the case in which the luminous
dévice 14-is.an LED, the light guide member 16 is a
trénspafent resin plate and has a thickness of 3 mm,.and
the light reflecting layer 22 is a white paint and has a
thickness in.the'rahge of 5 to 100 pm, a distance dl from
the luminous device 14 to a peripheral edge of the area 24
near around the luminous device can be approximately 40 mm.
(0111]

Moreover, in the case in which a distance between the
centers of adjacent luminous devices of a plurality of the
luminous devices 14 is D and a uniform distance from the

luminous device 14 to a peripheral edge of the area 24 near



10

15

20

WO 2007/064002 PCT/JP2006/324130
53

around the luminous aevice is d, it is preferable that D/4
is equivaient to or larger than d.
(0112]

While the luminous device 14 is not restricted in
particular, for instance, an LED.is preferable for a back
light illuminant of a liquid crystal display since
satisfactory color reproducibility, a high speed response,
and a high quality image can be implemented.

[0113]

While a monochromatic LED can be used as an LED, it
is preferable to use a unit luminous device in which
luminous dévices of plural kinds with diﬁferent luminance
colors ére combined, for instance, a so-called three-in one
package, in thch LED chips of the three primary colors of
red, green, and blue, that is, an LED chip R emitting a red
light, an LED chip G emitting a green light, and an LED

chip B emitting a blue light are used, and a white color is

.generated by mixing these colors.

[0114]

Even in the case in which the luminous devices 14 of
plural kinds with different luminance colors are combined
to be used like the three-in bne type, as shown in Fig. 15,

a shape of the area 24 near around the luminous device can

" also be an ellipse (Fig. 15(A)), a rectangle (Fig._lS(B)),
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a triangle (Fig. 15(6)), an arch (Fig. 15(D)), a polygon,
or other shapes, in addition to a circle as shown in the
embodiment of Fig. 12, -corresponding to the disposition
shape of the LED chips. |

[0115]

In such a case, although this is not shown in the
figure, a unit lumihous device can be a unit of one piece
of R, two pieces of G, and one piece of B, or a uhit of two
pieces of R, two pieces of G,_and one piece of B, in
addition to a unit of one piece of R, one piece of G, and
one piece of B as described above, and the combination is
not restriéted in particulaf.

[0116]

Moreovér, a unit luminous device is not restricted to
three colors of red, green, and blue as described above.
For instance, an LED chip with a so-called intermediate

color such as yellow, orange, and cyan can be installed on

one substrate in order to configure LED chips of four, five,

or more colors.
[0117]

Moreover, the light guide member 16 is not restricted
in particular in the case in thch a light is_propagated in
the light guide member 16, and an acrylic resin, a

polycarbonate resin, a liquid crystal polymer, and a
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polystyrene resin can be used for instance for the light
guide member 16.
(0118]

Moreover, the light semi-permeable portion 11 is not
restricted in particular in the case in'which the light
semi-permeable portion 11 has a function for reflecting and
diffusing a light and part of lights permeates in the light
semi-permeable portion 11 (light permeability:
approximately 10 to 50%), and can be made of, for instance,
a metal fbil such as an aluminum foil, a metal thin film

such as aluminum, gold, silver, and platinum, or a white

ink.

Furthermore, the light reflecting portion 22 is not
restricted iﬁ particular in the case in which the light
reflecting portion 22 has a function for reflecting and
diffusing a light? and can be made of, for instance, a
white ink.

{0119]

Furthermore, a rubber-like molding in which a
diffusing substance made of titanium dioxide has been mixed
can be bonded to the internal surface of the concave for
luminous device 20, can be printed the internal surface of

the concave for luminous device 20, or can be blasted to

“form it.
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[0120]

In #he case of a metal foil such as an aluminum foil,
the metal foil can be bonded by a transparent adhesive. |
Moreover, in the case of a metal ﬁhin film such as aluminum,
gold, silver, and platinum, the ﬁetal thin-film can be
formed by a method such as a deposition, a sputtering, and
an electroless plating. Furthermo;e, in the case of a white
ink, for instance, an acrylic resin containing titanium
dioxide can be used, and the acrylic resin can be coated by
a method such as a dispenser and a pfinting.

[0121] -

Amoné the above means, the coating pf a white ink is
easy and.preferable in consideration Qf operating
characteristics.

In the case in which the light semi-permeable portion
11 and the light reflecting portion 22 are both made of a
white ink, a-film_thicknesé of the light semi—permeable
portion 11-is adjusted to be fhin in such a manner that
part of lights permeate in the light semi-permeable portion,
and a film thickness of the light reflecting portion 22 is
adjusted to be thick in such a manner that no lights
permeate in the light reflecting portion.

[0122]
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A light diffusing agent such as resin beads and glass
beads caplbe mixed to the white ink, thereby improving a
light diffusion coefficient.

[0123]

A shape of the concave for luminous device 20 is not
restricted in particular and can be, for instance, a
circular cone, a pyramid, a circu;ar cylinder, a prism, or
a hemi—sphere.

In the case in which the luminous device 14 is
provided with a lens 13, the lens- 13 is not restricted in

particular in the case in which the lens 13 is transparent

and has a surface with a specified curvature. For instance,

the lens.13 can be made of a silicone resin or an epoxy
resin.
(01247

Moreover, in.the seventh embodiment shown in Fig. 16(
a concave for luminous device 28 can be formed on the
luminous device mounting subsﬁrate-lZ side, and a reflector
30 can be formed between the luminous device mounting
substrate 12 and the light guide member 16 through an
insulating layer 21.
[0125]

In the present embodiment, a plurality of luminous

"devices 14 is disposed at a constant pitch in an array
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pattern on the upper-face of the luminous device mounting
substrate.12. However, the number of the luminous devices
14 (one luminous device is possible as a matter of course)
and a disposition manner thereof ére not restricted in
particular, and can be properly-ﬁodified. For instance, the
luminous devices 14 can also be disposed in a concentric
circle pattern or in a staggered pattern.

[0126]

A planar light source device 10 configured as
described above according to the present invention is used
as an illuminant such as an advertising lamp,.an
iiluminatién, and a back light for a liqqid crystél display.
For insténce, in the case in which the planar light source
device is.uséd as a back light for a liquid crystal display}
as shown in Fig. 1, a liquid crystal display apparatus can
be configured by disposing a liquid crystal panel on the
upper face of the light guide member 16 through a diffusing

member and-a prism sheet.

[0127]

Fig. 17 is a top view showing an eighth embodiment of

a planar 1light source device related to the present

invention to which a light guide member related to another

embodiment of the present invention is applied.

Since the configuration of a planar 1light source



10

15

20

WO 2007/064002 PCT/JP2006/324130
59

deviée 10 related té the present embodiment 'is basically
equivalep# to that of a planar light source device 10 shown
in Figs. 2 and 3, elements equivalent to those illustraﬁed
previously are numerically numbered similarly and the
detailed descriptions of - the equivalent elements are
omitted.

[0128]

In the planar light source device 10 related to the
présent embodiment, as shown in.Fig. 17, like the fourth
embodiment, a light scattering dot pattern is formed in the
area 24 near around the luminous device 14, iﬁ which the
light reflécting portion 22 is not formed, on the bottom
face 18 bf_the light guide member 16.

. The.light scattering dot pattern is formed in such a
ménnerlthat a dot density of the light reflecting portion
in a dot shape is lower at a section closer to the luminous
device.

[0129]

By forming a dot pattern as described above, there
can be relaxed a gap of a strength of a diffusion light at
the boundary between the area 24 near around the luminous
device 14 and the light refleéting portion 22.

While the dot printing pattern is not restricted in

" particular, the dot printing pattern is a cichlar_pattern
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of which the center is the position directly over the
luminous device 14 and in which a strength of a diffusion
upward from the light guide member 16 is minimum at the
ceﬁter of the dot pattern and is larger at a position
closer to the periphery.

[0130]

Such a light scattering.dot.can be formed by the dot
printing of a scattering ink or an integral molding with
the light guide member 16.

The scattering ink is not restricted in particular
and there can be'used, for instance, an ink containing
resin beads or glass beads, br the aboVe.describea white
ink.

(0131]

| In the planar light source device 10 having such a
configuration, a luminance around the section directly over
the luminous device 14 is decreased, thereby obtaining a
uniform luminance. |

While the light scattering dot pattern is formed

in the area 24 near.around the luminous device 14 on the
bottom face 18 of the light guide member 16 in the present
embodiment, minute uneven shabes can also be formed on the

bottom face 18 of the light guide member 16 in order to
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control a strength of a diffusion light in place of the dot

shape.

Embodiments
[0132]
(Embodiment 1)

The unit luminous devices in which LED chips of red,
green, and blue of a 1 W class are combined as the,luminous
device 14 were disposed in an array pattern, as shown in
Fig. 2, on the luminous device mounting substrate 12 of
transverse 115 mm X longitudinal 135 mm. -

[0133] |

A transparent plate made of an acrylic resin of
transversé 115 mm X longitudinal 135 mm and a thickness of
3 mm wés prepared as the light guide member 16.

A concave for luminous device 20 in a semi-spherical

shape with a radius of 2.5 mm was formed on the bottom face .

18 of the light guide member 16 at the position directly

over the center of each luminous device 14.
[0134]

A white paint made of an acrylic resin containing
titanium dioxide of 50% (only.a solid matter)_was coated on

the bottom face 18 of the light guide member 16 by a spray
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coating in such a maﬁner that a film thickness is 100 pm,
thereby férming the light reflecting portion 22.
[0135]

In this case, the light reflecting portion 22 was
formed in an area other than the area 24 near around the
luminous device 14. The area 24 near around the luminous
device was formed in such a manner that a distance dl from
the center of the luminous device 14 to a. peripheral edge
of the area 24 near around the luminous device is 40 mm
(see Fig. 18).

[0136] -

A distance D between the adjacent ;uminous aevices 14
was 180”mm.

The.trénsparent plate made of an acrylic resin -was
then iaminated and fixed in such a manner that the concave
for luminous device 20 faces to the luminous device 14,

thereby obtaining a planar light source device 10 related

-to the present invention (seé Fig. 3).

[0137]

Subsequently,.currents of 280 mA (red), 360 mA
(green), and 120 mA (blue) were applied to a red LED, a
green LED, and a blue LED, reépectively.

By this, a relative luminance was then measured at a

~ distance of 0.5 mm from the position O on the upper face of
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the diffusing plate at the 0.5 cm pitch in a horizontal

directiop.by using Spectroradiometer CS-1000A (manufactured
by Konica Minolta, Inc.). The relative luminance was
measured while Diffusion plate PC9391-50HLW (manufactured
by TEIJIN LIMITED.) was disposedlat 25 mm over the resin
light guide member related to the present invention.

[0138]

The measured results are shown in Table 1 and the
gréph of Fig. 23.

(Embodiment 2)

A planar light source device 10 related.to the.
present in&ention as shown in Fig. 19 was obtained
similarly to Embodiment 1 except for the following points.
[0139] |

More specifically, as shown in Figs. 8 and 9, a light
semi-permeable portion 32 in a circular shape is further
formed at the position on the upper face of the light guide
member 16 corresponding to thé luminous device'14, that 1is,
at the position directly over the luminous device 14.

[0140]

A white paint made of an acrylic resin containing

titanium dioxide of 50% (only.a solid matter) was coated on

the upper face area of the light guide member, in which a

‘distance d2 from the luminous device 14 to a peripheral
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edge.of the light seﬁi—permeable pértion 32 is 5 mm, by a
spray cogﬁing in such a manner that a film thickness is 20
um, thereby forming the light semi-permeable portion 32.
[0141] |

By this, a relative luminance waS'then measured at a
distance of 0.5 mm from the position O on the upper face of
the diffusing plate directly §ver the luminous device 14 at
the 0.5 cm pitch in a horizontal direction similafly to
Embodiment 1.

The measured results are shown 'in Table 1 and the

graph of Fig. 23:

(Embodiment 3)

A planar light source device 10 related to the
present iﬁvention as shown in Fig. 20 was obtained
similafly to Embodiment 1 except for the following ppints;
[0142]

More specifically, a light semi-permeable portion 11
is formed on the surface on the concave of the concave for
luminous device 20.

A white paint.made of an acrylic resin containing
titanium dioxide of 50% was coated by a spray coating in
such a manner that a film thiékness is 20 um, thereby

forming the light semi-permeable portion 11.

- [0143]
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A range in which the light semi-permeable portion 11
is formed; that is, a projection distance d3 from the
center of the luﬁinous device 14 to a peripheral edge of
the light semi-permeable portion 11 is approximately 1.8 mm
in such a manner that the LED chips of red( green, and blue
are almost covered as shown in Fig. 20.

[0144]

A white paint made of an acrylic resin containing
titanium dioxide of 50% was coated on the almost entire
face of the bottom face 18 of the light guide member 16 by
a spray coating in such a manner that a film thickness is
200 pm, théreby forming the light.reflécting portion 22.
[0145]

In this case, the 'light reflecting portion 22 was
formed in an area other than the area 24 near around the
luminous device 14. The area 24 near around the luminous

device was formed in such a manner that a distance dl from

the center-of the luminous deVice 14 to a periphéral edge

of the area 24 near around the luminous device is 40 mm
{see Fig. 20).
[0146]

The transparent plate méde of an acryliq resin was

then laminated and fixed in such a manner that the concave

" for luminous device 20 faces to the luminous device 14,
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thereby obtaining a ﬁlanar light source device 10 related
to the p;ésent invention (see Fig. 13).

Subsequently, currents of 280 mA (red), 360 mA
(green), and 120 mA {(blue) were applied to a red LED, a
green LED, and a blue LED, respeétively;

[0147]
By this, a relative luminénce was then measured at a.

distance of 0.5 mm from the position O on the upper face of

the diffusing plate directly over the luminous device 14 at

the 0.5 cm pitch in a horizontal direction.

The measured results are shown in Table 1 and the
graph of Fig. 23.
[0148]
(Comparative example 1) °

A planar light source device 10 as shown in Fig. 21
was obtained similarly to Embodiment 1 except for the
following points. |
{0149]

More specifically, as shown in Fig. 21, a white paint
made of an acrylic'fesin containing titanium dioxide of 50%
(only a solid matter) was coated on the entire face of the
bottom face 18 of the light guide member 16 except for the

concave for luminous device 20 by a spray coating in such a

‘manner that a film thickness become 100 um, thereby forming
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the light reflectingiportion 22. In this case, like
Embodimen# 1, the area 24 in a circular shape near around
the luminous device in which the light refiecting portioﬁ
22 is not formed was not formed in substance, and there was
formed only a small missing portion 34 in a circular shape,
which corresponds to the concave for luminous device 20,
with a diameter of 5 mm cor;esponding to a size of the
luminous device 14.

[0150]

By this, a relative luminance was then measured at a
distance of 0.5 mm from the position O on the uéper face of
the diffusing plate directly over the luminous de?ice 14 at
the 0.5 ém_pitch in a horizontal direction.

The.measured results are shown in Table 1 and the
gréph of Fig. 23.

[0151]
(Comparative example 2)

A planar light source device 10 as shown in Fig. 22
was obtained similarly to Embodiment 1.except for the
following points.

[0152]
More specifically, as sﬁown in Fig. 22,_a white paint

made of an acrylic resin containing titanium dioxide of 50%

" (only a solid matter) was coated on the entire face of the
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bottém face 18 of thé light guide member 16 except for the
concave fér luminous device 20 by a spray coating in such a
manner that a film thickness become 100 um, thereby forming
thé light reflecting portion 22. In this case, like
Embodiment 1, the area 24 in a circular shape near around
the luminous device in which the light reflecting portion
22 is not formed was not formed in substance, and there was
formed only a small missing portion 34 in a circuiar shape,
which corresponds to the concave for luminous device 20,
with a diameter of 5 mm corresponding to a size of the
luminous device 14.

[0153]

A thte paint made of an acrylic resin containing
titanium diogide of 50% (only a solid matter) was coated onl
thé upber face area of the light guide member with a
distance d2 from the luminous device 14 to a peripheral
edge of the iight sémi—permeable portion 32 by'a spray
coating in such a manner that.a film thickness is 20 um,
thereby forming' the light semi-permeable portion 32. In
this case, the lighf semi-permeable portion 32 was formed
in such a manner that a size of the light semi-permeable
portion 32 is a diameter of 4lmm, which is smaller than the
above missing portion 34 (see Fig. 22).

'[0154]
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By this, a relétive luminance was then measured at a
distance éf 0.5 mm from the position O on the upper face of
the diffusing plate directly over the luminous device 14 at
the 0.5 cm pitch in a horizontal direction.

The measured results are shown in Table 1 and the

graph of Fig. 23.

[0155]
Table 1
: Comparative (Comparative
Distance (cm) |Embodiment 1 [Embodiment 2 [Embodiment 3 lexample 1 |example 2
0 100 100 . 100 100 100
0.5 95.1 98 100 96.6 101.6
1 - 90.3 95.3 100] . 87.9 93
1.5 84.2 91 96.3 779 77.2
2 75.8 85.4 90.8 67.5 64.6
25 66 77.3 851 57 52.5
3 57.4 70 77.5 48 40.4
3.5 . 49.4 61 70 40 32.8
4 42 ' 54.6 60.7 35 - 28
4.5 37.8 48.7 54.8 31 242
5 33.1 44 48 27 21.6

[0156]

By Table 1 and Fig. 23, it wés found'a relative
luminance outside to the position directly over the
luminous device 14 is increased for a planar light source
device 10 related to the present invention (Embodiment) as
compared with the Comparative.examples and a uniform

luminance can be improved. In addition, a color mixture of

. RGB was also improved.
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[0157]

Whiie the preferred embodiments of the present
invention have been described above, the present invention
is not restricted to the embodiménts, and various changes
and modifications can be thus méde without departing from
the scope of the present invention. For instance, while a
light guide member and a planar light source device related
to the present invention are useful for mounting a
plurality of luminous devices with different luminance
colors, it is also possible to mount a white luminous

device to which a color mixture is not reqguired.
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CLAIMS

1. A light guide member, which 1is diéposed over
the upper face of a luminous device mounting substrate on
which a 1luminous device 1is mounted and which .is for
diffusing and guiding upward a light .emitted from the
luminous device, comprising:

a light reflecting portion formed on the bottom face of the
li@ht guide member at a position not near around the
luminous device, and

a section in which a light reflecting portion is not formed
on the botﬁom face -of the light guide member at a position

near around the luminous device.

2. A light guide member as defined in claim 1,
further cqmprising:

a concave for the luminous device in the light guide -
member at the position corresponding to the luminous device,
and

a light semi-permeable portion on a part of a surface

on the concave of the concave for the luminous device.

3. A light guide member.as defined in claim 2,

‘wherein the light semi-permeable portion on the surface on
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the concave is formed at the position over the luminous

device.

4. A light guide member as defined in any one of
claims 1 to 3, wherein the area near around the luminous
device is an area to a uniform distance from the luminous

device.

5. A light guide member as defined in any one of
claims 1 to 4, further comprising a light reflecting
portion in a dot shape in the area near around the luminous
device in such a manner that a dot density of the iight
reflectiﬁg portion is lower at a section closer to the

luminous device.

6. A light guide member as defined in claim 1,
further comprising a light semi-permeable portion at a
position on the upper face of the light guide member

corresponding to the luminous device.

7. A light guide member as defined in claim 6,
wherein the light semi-permeable portion is formed on the

upper face of the light guide member at the position

"directly over the luminous device.
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8.__ A light guide member as defined in claim 7,
wherein . the light semi-permeable portion is formed on the
upper face of the 1light guide member near around the
luminous device to a uniform distance fFOHl.the luminous

device.

9. - A light guide member as defined in any one of
claims 1 to 8, wherein a plurality of the luminous devices
mounted on the luminous device mounting substrate is
disposed apart and the areas near around -the iuminous
devices in.which a light reflectiﬁg port;on is nof formed
are dispésed at a plurality of the positions of the bottom
face of tﬁe iight guide ‘member corresponding to the

luminous devices.

10. A light'guide member as defined in claim 9,

wherein D/4 is equivalent to or larger than d in the case

in which a distance between adjacent luminous devices of a
plurality of the luminous devices is D and a uniform
distance from the luminous device to a peripheral edge of
the area near around the luminous device in which a light

reflecting portion is not formed is d.
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11. A light éuide mempber as defined in any one of
claims ;Iﬁo 10, wherein the luminous device mounted on the
luminous device mounting substrate is configured by a usit
luminous device in which luminous-devices of plural kinds

with different luminance colors are combined, and the area

near around the luminous device in which a light reflecting

portion is not formed is formed corresponding to the unit

luminous device.

12. A light guide member as defined in any one of
claims 2 to 5, wherein the luminous device mounted on the
1umihqus dsvice mounting substrate is configured by a unit
luminous device in which luminous devices of plural kinds
with differeht luminance colors are combined, and the
cdnca&e for the luminous device is formed corresponding to

the unit luminous device.

13. - A planar light source device wherein the light
guide member as defined in any one of claims 1 to 12 is
disposed over the upper face of the luminous device

mounting substrate on which the luminous device is mounted.

14. A planar 1light source device as defined 1in

" claim 13, wherein the luminous device is a light emitting
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diode-
15. A display  apparatus, comprising a display

portion disposed over the upper face of the planar light

source device as defined in claim 13 or'14:

16. ‘A display apparatus as defined in c¢laim 15,

wherein the display portion is a liquid crystal panel.
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