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PLANAR LIGHT SOURCE DEVICE AND 
DISPLAY APPARATUS INCORPORATING 

SAME 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a planar light source 
device from which light is shined on the rear or back side of 
a display element Such as a liquid crystal display, and to a 
display apparatus incorporating the same. 
0003 2. Description of the Related Art 
0004 As disclosed in, for example, Japanese Patent No. 
3427636 (hereinafter called Patent Document 1), a conven 
tional planar light Source device is provided with a cone 
shaped recess having a triangular cross section at the rear 
center of a light guide plate, in which recess a light Source is 
disposed. In Such a planar light source device as disclosed in 
Patent Document 1, the amount of light is small toward the 
front of the light source. However, light intensity at a portion 
of the above cone-shaped recess can be higher than that at the 
rest of portions, so that uniformities of intensity distribution 
cannot in Some cases be achieved. 

0005. Furthermore, a planar light source as disclosed in 
Japanese Unexamined Patent Publication No. H10-82916 
(hereinafter called Patent Document 2) is provided with a 
truncated cone-shaped recess for disposing the light source 
therein at the rear face of the light guide plate, and in the 
recess is disposed a light source Such as an LED, and above 
the light source is placed a hyperbolic light reflective surface. 
However, a problem with Such a planar light Source device as 
disclosed in Patent Document 2 is that light emitted toward 
the front of the light source is mostly absorbed by the light 
reflective surface, thus resulting in reduction in light utiliza 
tion efficiency. Still furthermore, in a liquid crystal display 
device as disclosed in Japanese Unexamined Patent Publica 
tion No. H10-104620 (hereinafter called Patent Document 3), 
a groove is formed on the bottom in the center of a light guide 
plate in parallel with longitudinal sides of the light guide 
plate, in the groove is accommodated a cold-cathode fluores 
cent lamp, and on the bottom of the groove is formed a 
light-transmission adjusting film. However, a problem with 
Such a liquid crystal display device as disclosed in Patent 
Document 3 is that although direct light emitted from a cold 
cathode fluorescent lamp is adjusted by the light-transmission 
adjusting film, the light is not diffused adequately, thus caus 
ing intensity irregularities at the front of the light source. 
0006 Still further, in a back light device as disclosed in 
Japanese Unexamined Patent Publication No. 2007-149451 
(hereinafter called Patent Document 4), a light source hole 
part for accommodating the light Source is provided on the 
rear side of a light guide plate, and a recess is provided on a 
light exit surface located opposite the hole part. The Patent 
Document 4 also discloses that the recess is of a cone shape, 
having a conical Surface, combined with a cylinder, of a 
square pyramid shape, having a plurality of oblique faces, 
combined with a quadrangular prism; or of a hexagonal pyra 
mid shape, having a plurality of obliquefaces, combined with 
a hexagonal prism. However, a problem with Such a backlight 
device as disclosed in Patent Document 4 is that because light 
emitted from the light source is transmitted radially, a part of 
the light, which does not propagates toward the oblique faces 
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of the recess, exits in the proximity of the light exit surface, 
thereby causing intensity irregularities in the proximity of the 
light Source. 

SUMMARY OF THE INVENTION 

0007. The object of the present invention is to provide a 
planar light source device with highly uniform intensity and 
highlight utilization efficiency, and a display apparatus incor 
porating the same. 
0008. This invention provides a planar light source device 
that comprises a light source; and a light guide plate that 
receives light from the light source and that emits from its exit 
Surface the received light as a surface emitting light, the light 
guide plate including a first recess formed on the exit surface, 
a bottom of the first recess being disposed opposite the light 
Source, and a refraction part, disposed on the bottom of the 
first recess, that refracts light passing through the bottom 
toward a side of the first recess so that the light passed there 
through enters the side of the first recess. 
0009 Further, according to the present invention, a planar 
light source device is provided which comprises a light 
Source; and a light guide plate that propagates therewithin 
light from the light source and then emits from its exit Surface 
the light as a Surface-emitting light, the light guide plate 
including a first recess on the exit surface, the first recess 
being cone-shaped, a second recess that is located opposite 
the first recess, the light Source being accommodated in the 
second recess, and a convexed portion on a bottom of the 
second recess, the convexed portion having a transmission 
capability and extending toward an opening of the second 
CCCSS. 

0010. These and other features, advantages and objects of 
the present invention will be further understood and appreci 
ated by those skilled in the art by reference to the following 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1 is an exploded perspective view of a planar 
light source device according to Embodiment 1 of the present 
invention; 
0012 FIG. 2 is a cross sectional view of the planar light 
Source device taken along the line A-A of FIG. 1 according to 
Embodiment 1 of the present invention; 
(0013 FIG. 3 is a view illustrating a chief part of FIG. 2 
according to Embodiment 1 of the present invention; 
0014 FIG. 4 is an enlarged view of the chief part of FIG. 
2 according to Embodiment 1 of the present invention; 
0015 FIG. 5 is a graph illustrating a reflective character 
istic of a reflective sheet according to Embodiment 1 of the 
present invention; 
0016 FIG. 6 is a graph illustrating a transmission charac 

teristic of the reflective sheet according to Embodiment 1 of 
the present invention; 
0017 FIG. 7 is a schematic diagram of the reflective sheet 
according to Embodiment 1 of the present invention; 
(0018 FIG. 8 is a variation of FIG.3 (cross sectional view 
taken along line the A-A of FIG. 1) of the planar light source 
device according to Embodiment 1 of the present invention: 
0019 FIG. 9 is a graph illustrating a light source charac 

teristic according to Embodiment 1 of the present invention; 
0020 FIG. 10 is a cross sectional view of a planar light 
source device taken along line (like the line A-A of FIG. 1) of 



US 2010/007998.0 A1 

an exploded perspective view similar to that of Embodiment 
1, according to Embodiment 2 of the present invention; 
0021 FIG. 11 is a view illustrating a chief part of the 
planar light source device according to Embodiment 2 of the 
present invention; 
0022 FIG. 12 is a view illustrating a chief part of a planar 
light source device according to Embodiment 3 of the present 
invention; 
0023 FIG. 13 is an enlarged view of the lower portion of 
the chief part of FIG. 12 of the planar light source device 
according to Embodiment 3 of the present invention; 
0024 FIG. 14 is a view illustrating another chief part of the 
planar light source device according to Embodiment 3 of the 
present invention; 
0025 FIG. 15 is a view illustrating a chief part of a planar 
light source device according to Embodiment 4 of the present 
invention; 
0026 FIG. 16 is another view illustrating another chief 
part of the planar light source device according to Embodi 
ment 4 of the present invention; and 
0027 FIG. 17 is an enlarged view of the upper portion of 
the chief part of FIG. 16 of the planar light source device 
according to Embodiment 4 of the present invention. 
0028 FIG. 18 is an enlarged view of a chief part of a planar 
light source device according to Embodiment 5 of the present 
invention; 
0029 FIG. 19A shows enlarged view of the convexed 
portion of the chief part of FIG. 16, and FIG. 19B shows 
enlarged view of a Fresnel lens of the chief part of FIG. 18, of 
the planar light source device according to Embodiment 5 of 
the present invention; 
0030 FIG.20 is an enlarged view of a chief part of a planar 
light source device according to Embodiment 6 of the present 
invention; 
0031 FIG. 21 is a plan view of the planar light source 
device, as viewed from its exit Surface, according to Embodi 
ment 6 of the present invention; and 
0032 FIG. 22 is an enlarged view of the chief part of the 
planar light source device according to Embodiment 6 of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0033. A configuration according to a non-limiting 
embodiment of the present invention will be described below. 
The same reference numerals refer to like elements in all 
figures. 

Embodiment 1 

0034 FIG. 1 is an exploded perspective view of a display 
device according to the present embodiment. FIG. 2 is a cross 
sectional view taken along the line A-A of the FIG. 1 with the 
display device of FIG. 1 assembled. As shown in FIGS. 1 and 
2, a planar light source device 10 according to Embodiment 1 
includes a light guide plate 1 for guiding light, across the 
planar area of the light guide plate, to emit it from an exit 
Surface 101 as a Surface emitting light; the light guide plate is 
disposed within a housing having an opening 21. Further, a 
light source 3 is placed in a recessed space 23 formed on an 
inside bottom 22 of the housing 2; on a place located toward 
the exit surface 101 of the light guide plate 1 are disposed a 
diffuser plate 4 and an optical sheet 5. A reflective sheet 6 for 
reflecting light is provided on an opposite surface 102, which 
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is a surface located opposite the exit surface 101 of the light 
guide plate 1, and on sides 103 of the light guide plate. On 
Such the planar light source device 10 is disposed a display 
element 11 to constitute a display device 12. The display 
element 11 may employ a display panel. Such as a liquid 
crystal display panel to which birefringence of liquid crystal 
is applied, or a display panel where letters or pictures are 
printed on a transparent plate. In the present embodiment, the 
display element 11 uses the liquid crystal panel, as will be 
described below. 

0035 Liquid crystal display panels include a color filter 
substrate formed thereon with a color filter, a light-shielding 
layer, an opposite electrode and the like; and a thin-film 
transistor (hereinafter called TFT) substrate disposed oppo 
site to the color filter substrate and formed thereon with TFTs 
serving as Switching elements, pixel electrodes and the like. 
The liquid crystal display panel includes a spacer for main 
taining a gap between both Substrates, a sealing material for 
adhering the color filter substrate and the TFT substrate 
together, and a liquid crystal sandwiched between the color 
filter substrate and the TFT substrate. The display panel also 
includes a sealing compound for an inlet through which the 
liquid crystal is filled, an orientation film for orientating the 
liquid crystal, and a polarization plate. In the liquid crystal 
display panel, the orientation of a liquid crystal layer is varied 
by the switching element turning on/off the voltage, whereby 
incident light on the liquid crystal display panel is modulated 
according to imaging signals, and displayed as red (R), green 
(G) and blue (B) colors. 
0036. The light source 3 may employ a point source of 
light such as a light emitting diode (hereinafter called LED) or 
a laser diode. In the present embodiment, an LED light source 
where the LED 31 is contained on a light source substrate 32 
is used for the light source 3, as will be described below. 
Examples of LEDs include semiconductor light emitting ele 
ments that emit a single color such as a color blue, and 
“pseudo-white LEDs that include a fluorescent substance 
partially absorbing a color blue emitted from the semicon 
ductor light emitting element and emittingyellow light. There 
is another LED in which red, green, and blue light emitting 
elements are provided and white light is emitted by combin 
ing the three primary colors from the elements. In the present 
embodiment, an example of using the pseudo-white LED will 
be described. 
0037. The light guide plate 1 may be configured by a 
planar and transparent acryl resin, polycarbonate resin, glass 
and the like. The light guide plate 1 causes incident light to 
propagate therewithin and then to exit from the exit Surface 
101 so that the incident light is to exit, as surface emitting 
light, through the exit surface 101. In the light guide plate 1 to 
be used in the present embodiment, a first recess 110 is 
formed approximately in the center of the exit surface 101. 
The first recess 110 is cylindrical, and on a bottom 111 of 
which is provided a refraction part 8 that refracts incident 
light from the light source 3 in a direction away from the 
center O of a circle at the bottom 111. Further, the opposite 
reflective surface 102 is formed with a light scattering portion 
for guiding light to the exit surface 101. The light scattering 
portion, which serves as means that reflects light toward the 
inside of the light guide plate 1, can beformed by a method of 
dot-printing on the opposite surface 102, forming a grained 
Surface by roughing the opposite surface 102, forming micro 
spherical Surfaces or Surface asperities thereon, or the like. 
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0038 FIG. 3 is a view illustrating the first recess 110 
formed in the light guide plate 1, the view including an 
enlarged view of the chief part of the first recess 110 of the 
light guide plate 1 as shown in FIG. 2 and a plan view of the 
first recess 110 as viewed from the top. As shown in FIG.3, in 
Embodiment 1, the refraction part 8, which is formed on the 
bottom 111 of the first recess 110, is configured by a prism 
array 81 that is formed with a plurality of circles each having 
a center O at the central portion of the bottom 111 and each of 
whose cross sections is a triangle. The prism array 81 is 
formed by concentric circles each of whose cross sections is 
a triangle. Here, the center from which light is emitted is 
defined as a light emission center T throughout the specifica 
tion. The light source 3 is disposed in face-to-face relation 
with the opposite surface 102, at a location where the center 
O of the Prism array 81 coincides with the light emission 
center T of the light Source 3. A light intensity adjusting film 
7, which is constituted of a reflective sheet 71 and a diffusion 
sheet 72, is disposed in the opening 112 for the first recess 110 
in the light guide plate 1. FIG. 4 shows an enlarged view of the 
Prism array 81. The configuration of the prism array 81 will 
be described with reference to FIG. 4. In this specification, a 
side, located toward the center O. of the cross-sectionally 
triangular portion constituting the prism array 81 is defined as 
side A; and the other side located away from the center O. as 
side B. A first internal angle, located opposite the bottom 111 
(shown in FIG.3 and corresponding to broken lines in FIG. 
4), is defined as an apex angle C.; a second internal angle 
formed between the side B and the bottom 111, as a basic 
angle B, and a third other internal angle formed between the 
side A and the bottom, as a basic angle Y. Next, the path of 
light emitted from the light source 3 will be described refer 
ring to FIGS. 3 and 4. A light ray L1 emitted from the light 
source 3 enters the opposite surface 102 of the light guide 
plate 1, to reach the prism array 81. Most of the light having 
reached the prism array 81 totally internally reflects by the 
side A and then is refracted on the side B in a direction away 
from the center O. and finally exit to the air within the recess 
110 of the light guide plate 1. The light ray L1 having entered 
the air within the first recess 110 of the light guide plate 1 
enters again the light guide plate 1 through a side 113 of the 
first recess 110. The light ray L1, which has entered the light 
guide plate 1 through the side 113 and then has been oriented 
to propagate across the planar area of the light guide plate 1, 
travels within the light guide plate 1 by total internal reflec 
tion from interfaces between the light guide plate 1 and its 
Surrounding air. When reaching a dot pattern printed on the 
opposite Surface of the light guide plate 1, the light ray L1 
having propagated within the light guide plate 1 is diffusely 
reflected by the dot pattern and then varies its propagation 
direction. Because of the variation in the propagation direc 
tion, the incident angle of the light reaching the interfaces 
between the light guide plate 1 and its Surrounding air 
becomes not to exceed the critical angle of incidence, and 
then the light is caused to emit through the exit surface of the 
light guide plate 1. 
0039. As described above, the provision of the refraction 
part 8 in the first recess 110 of the light guide plate 1 allows 
the light ray L1, having reached the refraction part 8 from the 
light source 1, to be refracted in a direction away from the 
center O, and then to enter the side 113 of the first recess 110. 
The light ray L1 having entered the light guide plate 1 through 
the side 113 is oriented to propagate across the planar area of 
the light guide plate 1; thus, the light ray L1 can efficiently 
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travels within the light guide plate 1 by total internal reflec 
tion from the interfaces between the light guide plate 1 and its 
Surrounding air, thereby allowing uniform surface emitting 
light having propagated within the light guide plate 1 to emit 
through the exit surface 101. The light to exit from the sides 
103 and the opposite surface 102, other than the exit surface 
101 of the light guide plate1, reflects by the reflective sheet 6 
as shown in FIG. 2, then enters again the light guide plate 1 to 
propagate therewithin, and finally exits through the exit Sur 
face 101 of the light guide plate 1. The light that reaches the 
prism array 81 will partially travel toward an opening 112 and 
exit through the opening 112. By the light intensity adjusting 
film 7 disposed in the opening 112 (as will be described later), 
the light traveling toward the opening 112 can be controlled to 
be light that enters again the light guide plate 1, or exits 
through the opening 112. Here, with the angles of each cross 
sectional triangle constituting the prism array 81, the basic 
angle B is made to be 45 degrees or more 90 degrees or less, 
while the basic angle Y is made to be 45 degrees or more. 
Further, the relationship between these two angles is estab 
lished so that the basic angle f3 is greater than the basic angle 
Y. With this relationship established, the light to reach the 
prism array 81 can efficiently be totally internally reflected 
from the side A and be refracted in a direction away from the 
center O on the side B. 

0040. The depth Hofthe recess 110 of the light guide plate 
1 can be defined as: H=(d/2)xtan 0 where an angle of light to 
emit through the prism array is represented as 0 and the 
thickness of the light guide plate 1 is represented as d. 
0041 As depicted in FIG. 3, the light intensity adjusting 
film 7 disposed at the opening of the recess 110 of the light 
guide plate 1 is configured by the reflective sheet 71 (having 
reflection capability to reflect the light emitted from the light 
source 3) and the diffusion sheet 72 (having diffusion capa 
bility to diffuse the light from the light source 3), each of the 
sheets 71 and 72 being disposed with an air layer therebe 
tween. The light intensity adjusting film 7 can control light 
having emitted from the light source 3 to travel toward the 
opening 112, is to be reflected by its reflection capability to 
enter again the light guide plate 1, or to be diffused by its 
diffusion capability and to exit through the opening 112, thus 
avoiding intensity irregularities on the exit surface 100 of the 
planar light source device 10. 
0042. The reflective sheet 71 may employ a material made 
by mixing polypropylene, or polyethylene terephthalate 
(PET) with barium sulfate or titanium oxide, a material made 
of a resin foam with micro-bubbles, a material made by 
evaporating silver onto a metal plate, or a material made by 
applying paint containing titanium oxide to a metal plate. In 
the present embodiment, the reflective sheet 71 is used that is 
formed of a material made of a PET resin having micro 
bubbles. The reflective sheet 71 using the PET resin reduces 
its transmission factor as the sheet 71 becomes thicker, but 
can increase its reflectivity, while the sheet 71 reduces its 
reflectivity as it becomes thinner, but can increase its trans 
mission factor. 

0043. Further, the reflective sheet 71 to be used in the 
present embodiment has a reflection property as shown in 
FIG. 5, and a transmission property as shown in FIG. 6. As 
shown in FIG. 6, a reflective sheet whose total light transmis 
sion factor—expressed by a percentage of light passing 
through the sheet against all incident light on the sheet—is 
2% or more, is used as the reflective sheet 71. The use of the 
reflective sheet with its total light transmission factor of less 
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than 2% can in Some cases reduces the amount of light exiting 
through the opening 112 of the first recess 110 of the light 
guide plate 1, thereby causing intensity irregularities of the 
emitting light at the exit surface 100 of the planar light source 
device 10; however, the use of the reflective sheet 71 having 
its total light transmission factor of 2% or more, preferably, 4 
to 6%, can Suppress the reduction in the amount of light to exit 
through the opening 112. The light transmission factor of the 
reflective sheet 71 is adjusted, as deemed appropriate, so that 
the total intensity irregularities may not occur at the opening 
112. 

0044) Further, the diffusion sheet 72 as shown in FIG. 3 
may be formed of light transmissive material, like a glass 
substrate or resin substrate such as PET, polymenthyl meth 
acrylate (PMMA), or polycarbonate (PC), with a reflective 
Substance contained therein or with a roughed portion on its 
Surface providing a capability of diffusing incident light. 
Placement of the diffusion sheet 72 allows the light, which 
has passed through the reflective sheet 71, to exit as diffusion 
light through the opening 112. 
0045. Here, the reflective sheet 71 may possess a diffusion 
capability to exit light as diffused light. For instance, by using 
the reflective sheet 71 is used in which a material where 
micro-bubbles are formed within PET resin is employed, 
light reflecting by the reflective sheet 71 and passing there 
through can be diffused. Even if the first recess 110 placed in 
the light guide plate 1 is formed shallowly (i.e., configured to 
be short in depth), the intensity irregularities on the exit 
surface 101 can be avoided. Thus, the light guide plate 1 is 
allowed to be thinner, which thereby provides a thin-version 
of the planar light source device 10. 
0046. Here, when the light source 3 uses an LED for 
emitting single color Such as red (R), green (G), or blue (B), 
the LED has a narrow half-value width in an emission spec 
trum, and a narrow emission line other than those of red (R), 
green (G), and blue (B). Consequently, when the light Source 
uses the LED for emitting a single color, as compared with the 
situation where a cold-cathode tube having an emission spec 
trum of light other than red (R), green (G), and blue (B) is 
used, the variation of chromaticity due to absorption of light 
of a shorter wavelength by the reflective sheet 71 tends to 
become larger. Thus, color irregularities that are not much 
visible when the cold-cathode tube is used as the light source, 
becomes easily visible when an LED emitting a single color 
is used thereas. Because the light of a shorter wavelength is 
absorbed by the reflective sheet 71, the light having passed 
therethrough has a large red content light of a longer wave 
length—and becomes yellowish light, so that color irregulari 
ties may in some situations occur between emitting light of a 
portion where the light intensity adjusting film 7 of the light 
guide plate 1 is placed and exit light of the rest of portions. To 
avoid the color irregularities, a black dot pattern, or a color dot 
pattern may be printed on the reflective sheet 71. For the dot 
pattern printing, fine-patterns are printed on the reflective 
sheet 71 using a black or colorink. The pattern printing can be 
done by screen printing techniques. Preferably, the shape, 
size, arrangement, color shade, density, color and the like, of 
a dot pattern to be printed are optimized in consideration of 
displayed quality on the exit surface 100 of the planar light 
source device 10. 

0047 FIG. 7 shows an example of printing on the reflec 
tive sheet. As shown in FIG. 7, a color dot pattern concen 
trated in the center of the reflective sheet 71 is printed on a 
surface of the sheet 71, located opposite the light source 3, the 
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surface being designated by numeral 711. A uniformly 
arranged black dot pattern is printed on a Surface of the 
reflective sheet 71, located toward the light source 3, the 
Surface being designated by numeral 712. By printing the 
color dot pattern on the Surface located opposite the light 
Source 3, the color irregularities of the emitting light can be 
reduced on the exit surface 100. Moreover, by printing the 
black dot pattern on the surface 712 of the reflective sheet 71, 
part of light that will cause color irregularities can be 
absorbed to thereby avoid occurrence of the color irregulari 
ties. Furthermore, the color dot pattern to be printed on the 
surface 711 of the reflective sheet 71 is made to be a dot 
pattern of blue that is a complementary color to accommodate 
a variation of a color tone due to light passing through the 
reflective sheet 71, whereby the color irregularities due to the 
light intensity adjusting film 7 can be limited or reduced. 
0048. Further, as compared with light having emitted from 
the light source 3 and entered, through the prism array 81, the 
air within the recess 110 of the light guide plate 1, light— 
which propagates through the prism array 81 toward the 
opening 112 and is cause to reflect by the light intensity 
adjusting film 7 disposed in the opening 112, and again enters 
the side 113 of the recess 110 of the light guide plate 1—be 
comes apt to emit through the exit surface 101 in the neigh 
borhood of the opening 112, depending upon its incident 
angle. For avoidance of Such light from exiting through the 
exit surface 101, a black dot pattern may be printed on the 
surface of the reflective sheet 71 located toward the light 
source 3. Absorbing the light by the black dot pattern can 
avoid the intensity irregularities on an exit surface 101 in the 
neighborhood of the opening 112. A similar advantage can be 
achieved when a black or color printing similar to that of the 
reflective sheet 71 is made on the diffusion sheet 72. 

0049. While in the present embodiment, a color printing is 
made on the reflective sheet 71, a similar advantage can be 
achieved by disposing, in place of the color printing, a color 
filter sheet on a surface of the reflective sheet 71 located 
opposite the light source. Examples of the color filter sheet, 
which is a sheet through which only light of a specific wave 
length is caused to pass, includes a translucent color cello 
phane film or the like. The use of the color filter sheet having 
a higher transmission factor for the light of shorter wave 
lengths than that for light of longer wavelengths can reduce 
color irregularities of light passing through the reflective 
sheet 71 described above. 

0050. As described thus far, in the planar light source 
device 10 according to the present embodiment, because the 
refraction part 8 is disposed which refracts in a direction away 
from the center O the light having reached the bottom 111 of 
the first recess 110 from the light source, the light having 
reached the refraction part 8 from the light source 3 is allowed 
to be refracted in a direction away from the center O and then 
to enter the side 113 of the first recess 110. Because being 
oriented to propagate across the planar area of the light guide 
plate 1, the light ray L1 having entered the light guide plate 1 
through the side 113 can efficiently be made to travel within 
the light guide plate 1 by total internal reflection from the 
interfaces between the light guide plate 1 and its Surrounding 
air. Thus, uniformized light having propagated across the 
planar area of the light guide plate 1 can be made to emit 
through the exit Surface. Thus, the planar light source device 
10 can be provided which has highly uniform intensity and 
highlight utilization efficiency. Further, using the light inten 
sity adjusting film 7 disposed in the opening 112 of the first 
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recess 110, light traveling toward the opening 112 can be 
oriented so as to exit from the opening 112 or reenter the light 
guide plate 1, thus enhancing uniformity in intensity. 
0051. The light intensity adjusting film 7 according to 
Embodiment 1 is shown to have the reflective sheet 71 and the 
diffusion sheet 72 disposed together with the air layer ther 
ebetween, while the reflective sheet 71, the diffusion sheet 72 
and the light guide plate 1 may be disposed without the air 
layer between both sheets 71 and 72 by adhering both sheets 
71 and 72 together with adhesives or the like. No air layer 
between the sheets enables elimination of surface reflection 
occurring at interfaces between the air and each of the sheets, 
thereby increasing the amount of light to emit through the exit 
surface 101 of the light guide plate 1, which in turn enhances 
the light utilization efficiency. Further, preferably, the adhe 
sives or the like have their transmission factor of 95% or 
more, and if its refractive index of the reflective sheet 71 is 
made to substantially coincide with that of the diffusion sheet 
72, specular reflection can be reduced at interfaces between 
the reflective sheet 71, the diffusion sheet 72 and the adhe 
sives. The reflective sheet 71 and the diffusion sheet 72 may 
be adhered partially or totally to each other with adhesives. 
One of each of the reflective sheet 71 and the diffusion sheet 
72 is used for the light intensity adjusting film 7; however, a 
plurality of each of the sheets may be used. Reflective sheets 
of different size and type may be combined, as appropriate, to 
optimize the reflective sheet 71. The use of a plurality of the 
diffusion sheet 72 enables the light to further diffuse. The 
reflective sheet 71 and the diffusion sheet 72 can be placed 
depending on display quality on the exit surface 100 of the 
planar light source device 10. Here, in situations where the 
intensity irregularities of the emitting light from the planar 
light source device 10 can be avoided by merely disposing the 
reflective sheet 71, the diffusion sheet 72 does not need to be 
provided. 
0052. The light intensity adjusting film 7 may be of dif 
ferent shape from the opening 112 of the first recess 110, so 
long as the adjusting film 7 has a size large enough to be 
placed in the opening of the first recess 110. Further, for 
positioning of the light intensity adjusting film 7, a transpar 
ent sheet may be placed over the exit surface 101 of the light 
guide plate 1. In this case, preferably, the transmission factor 
of the transparent sheet is 95% or more. 
0053 FIG. 8 depicts a variation of the present embodi 
ment. Although the shapes of the first recess 110 of the light 
guide plate 1 is cylindrical where the bottom 111 and the 
opening 112 are formed to be substantially the same circle in 
the above embodiment, as shown in FIG. 8, the diameter of 
the opening 112 may be made greater than that of the bottom 
111 and accordingly the side 114 can be slanted—i.e., as in 
truncated conical shape. At this instance, the angle formed 
between the side 114, which constitutes the first recess 110 of 
the light guide plate 1, and the bottom 111 of the first recess 
10 is made to be an obtuse angle. Slanting the side 114 in this 
way enables most of the light entering the side 114 to be 
refracted toward the opposite surface 102. By thus reducing 
the amount of the light to enter the side 114 and then travel 
toward the opening 112, the light to exit in the neighborhood 
of the opening 112 can be reduced without propagating 
within the light guide plate 1. So that the intensity irregulari 
ties on the exit surface 101 can be avoided. 

0054 FIG.9 shows luminous intensity distribution for the 
light source 3 according to the present embodiment. As 
shown in FIG. 9, the light source 3 according to the present 
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embodiment uses an LED 31 having typical luminous inten 
sity distribution that is close to that of substantially total 
diffusion, and thereby requires no particular lens shape. Fur 
ther, a light source substrate 32 used in the present embodi 
ment retains the LED 32 and is formed with a pattern of a 
circuit for supplying the LED 31 with electrical power. More 
over, by implementing the circuit on the light source Substrate 
32 which is a metal core (hereinafter called MC) substrate, 
heat produced by the LED 31 can efficiently be transferred to 
the ambient environment. Further, by implementing it on a 
thin flexible printing circuit (FPC), the outer size of the planar 
light source device 10 can be made smaller, as well as heat 
from the LED 31 being able to be transferred to the ambient 
environment. 

0055 Moreover, in Embodiment 1, one of the LED 31 is 
used as the light source 3, as has been described above. The 
present invention is not limited to this, but can use a plurality 
of the light sources for needed intensity. The position to 
dispose the light source 3 is not limited to approximately the 
center of the housing, but the position can be optimally deter 
mined in consideration of the intensity distribution on the exit 
surface 100 of the planar light source device 10. 
0056. The planar light source device 10 according to the 
present embodiment disposes the reflective sheet 6 on the 
opposite surface 102 and the sides 103 of the light guide plate 
1 so that light efficiently exits through the exit surface 100, as 
has been previously described. The reflective sheet 6 may 
employ a material made by mixing PP or PET with barium 
Sulfate or titanium oxide, a material made of a resin foam with 
micro-bubbles, a material made by evaporating silver onto a 
metal plate, or a material made by applying a paint including 
titanium oxide to a metal plate. 
0057 Preferably, the reflective sheet 6 has its reflectivity 
of 90% or more. Further, by laminating a plurality of the 
reflective sheets 6, reflectivity can be increased, thereby 
enhancing intensity at the exit Surface. 
0058. The diffuser plate 4 on the exit surface 101 of the 
light guide plate 1 may employ a material having properties to 
allow the light to pass therethrough, like a resin plate for PET, 
PMMA, PC or the like, or a glass plate. Further, the diffuser 
plate 4 possesses capability to cause the incident light to 
diffuse by working or machining Such as mixing the above 
described material with reflecting Substance, or roughening 
the surface. The use of the diffuser plate 4 with such capabil 
ity can provide the planar light source device 10 having wide 
angle diffusion. Here, the desired displayed quality can in 
some cases be obtained without the diffuser plate 4, depend 
ing upon the configuration of the planar light source device 
10. In this case, the diffuser plate 4 does not need to be 
particularly provided. 
0059. Further, the optical sheet 5 placed on the diffuser 
plate 4 is configured with a lens sheet and diffusion sheets 
sandwiching them. When more enhancing luminance is 
required, a plurality of lens sheets each including prisms is 
used in which the optimal combination of orientations of the 
prisms is achieved. Moreover, in order to enhance diffusion of 
the optical sheet using only the diffusion sheet, more than two 
diffusion sheets may be used. Depending on properties of 
light intensity distribution of the lens sheet, one or no diffu 
sion sheet may be used. Moreover, the optical sheet 5 may be 
used in combination with a protective sheet and a polarized 
reflective sheet. The configuration of the optical sheet 5 can 
be modified depending on desired intensity, properties of 
light intensity distribution, or the like. 
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0060 Moreover, in order to enhance intensity, a selective 
reflective sheet may be disposed on the exit surface 101 of the 
light guide plate 1. Examples of the selective reflective sheet 
includes a prism sheet, a reflective polarizing sheet, or the 
like. The prism sheet is prism-shaped which causes the light 
having entered Substantially perpendicularly to return to the 
light intensity adjusting film 7 by two total internal reflec 
tions. The reflective polarizing sheet has a polarization prop 
erty, and separates incident light according to its polarization 
direction into reflected light and transmitted light. By provid 
ing a selective reflective sheet, light to emit through the exit 
surface 101 is partially reflected from the selective reflective 
sheet and then returned to the light intensity adjusting film 7 
where the returned light is diffused again, thereby enabling 
the intensity and color irregularities to be reduced. 
0061 Although in the present embodiment the light guide 
plate 1 is plate-shaped, the present invention is not limited to 
this, but the light guide plate 1 may be of a wedge-like shape 
where the thickness thereof becomes smaller as the distance 
increases from the light source 1—i.e., having oppositely 
tapered bottoms relative to the light source. The wedge-like 
shape of the light guide plate 1 can efficiently guide propa 
gating light to the exit Surface 101. As a result, the provision 
of the reflective sheet 6 on the sides 103 of the light guide 
plate 1 reduces the amount of light that is to be reflected from 
the sheet 6, thus allowing reflection losses at the reflective 
sheet 6 of the sides 103 to be reduced, which in turn increases 
the amount of emit light through the exit surface 101. 
0062. In addition, by roughing the exit surface 101 of the 
light guide plate 1 to form surface asperities thereon, an 
advantage can be achieved which is similar to situations 
where means for reflecting light toward the opposite Surface 
102 of the light guide plate 1 is provided. That is, the light 
having arrived at the exit surface 101 of the light guide plate 
1 is diffused in its direction to propagate, by means of the 
surface asperities formed on the exit surface 101. As a result, 
the light having entered the exit surface 101 is partially 
reflected therefrom toward the inside of the light guide plate 
1, and the rest of light is caused to emit through the exit 
surface 101 to the outside of the light guide plate 1. Thus, even 
in a situation where the Surface asperities are formed only on 
the exit surface 101 of the light guide plate 1, and the means 
for reflecting the light is not provided on the opposite Surface 
102, such a reflection capability can be achieved that is like 
the dot pattern provided on the opposite surface 102. Further 
more, a mirror finishing, Surface roughing, dot pattern print 
ing, color printing or the like treatment, may be made on the 
exit surface 101 or the opposite surface 102. The configura 
tion can provide enhancement of display quality on the exit 
surface 100 of the planar light source device 10. 

Embodiment 2 

0063 FIG. 10 shows a cross section of a planar light 
source device according to Embodiment 2: FIG. 11 shows an 
enlarged view of the chief part of the device. In Embodiment 
1, the exit surface 101 of the light guide plate 1 is formed with 
the first recess 110, and the light source 3 is disposed so as to 
face the opposite surface 102 of the light guide plate 1, while 
in Embodiment 2, as shown in FIG. 10, on the opposite 
surface 102 is provided a second recess 120 (numeral 120 
shown in FIG. 11) that is located opposite the first recess 110 
of the light guide plate 1 where the light source 3 is accom 
modated. The configuration other than what is described 
above is the same as that in Embodiment 1. An advantage 
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similar to that of the planar light source device according to 
Embodiment 1 is also achieved except the special advanta 
geous feature associated with the planar light source device 
according to Embodiment 2, as will be described below. 
0064. The path of light having emitted from the light 
source 3 will be described with reference to FIG. 11. As 
shown in FIG. 11, a light ray L2, which has been emitted from 
the light source 3 in a direction substantially perpendicular to 
the exit surface 101 of the light guide plate 1, enters the light 
guide plate 1 through a bottom 121 of the second recess 120. 
The light L2, which has reached from the light guide plate 1 
to the prism array 81 formed on the bottom 111 of the first 
recess 110, enters the side 113 of the first recess as refracted 
in a direction away from the center O of the prism array 81, as 
with Embodiment 1. Thus, since the light ray L2 is oriented to 
propagate across the planar area of the light guide plate, 
uniform surface emitting light having propagated within the 
light guide plate 1 can be made to emit through the exit 
surface 101. Further, a light ray L3, which travels from the 
light source 3 toward a side 122 of the second recess, can be 
caused to enter the light guide plate 1 in a direction to propa 
gate across the planar area of the light guide plate 1, thus 
enhancing the light utilization efficiency. Since the light 
source 3 can be accommodated in the second recess 120, the 
thickness of the planar light source device 10 can be made 
smaller than that of Embodiment 1. 
0065 According to Embodiment 2, since the second 
recess 120 is located opposite the first recess 110, i.e., at a 
position disposed toward the opposite surface 102 of the light 
guide plate 1, and the light source 3 is located within the 
second recess 120, the light traveling from the light source 3 
toward the side 122 of the second recess 120 can be caused to 
enter in a direction to propagate across the planar area of the 
light guide plate 1. As a result, the planar light source device 
10 with a high light utilization efficiency and high intensity 
can be provided, thus enabling the thickness of the device 10 
to be made smaller. 
0066. Here, the shape of the first recess 110 may be the 
same as, or geometrically similar to that of the second recess 
120. The size of the first recess 110 may be greater than that 
of the second recess 120. The size of the second recess 120 
may be varied as appropriate, such as being made greater on 
the opening 121 than on the bottom (unnumbered). 
0067 Further, in Embodiment 2, the light source 3 has 
used an LED light source having a semi-spherical lens as 
shown in FIG. 10. Thus, the light from an LED chip can 
efficiently be derived to the outside of the light source 3, thus 
permitting more light to be obtained with less expenditure of 
power. The depth of the second recess 120 is made to be 
Substantially of the same order of magnitude as or to be 
slightly greater than the height of the semi-spherical lens of 
the light Source 3, thereby providing the planar light source 
device of thinner type. The depth of the first recess 110 can be 
determined as with Embodiment 1. 

Embodiment 3 

0068 FIG. 12 shows an enlarged view of the chief part of 
a planar light source device according to Embodiment 3. The 
planar light source device according to Embodiment 3 has a 
convexed portion 123 extending toward an opening 124 
formed on the bottom 121 of the second recess 120. Here, the 
rest of the configuration other than that of providing the 
convexed portion 123 is the same as that in Embodiment 2. An 
advantage similar to the planar light source device according 
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to Embodiment 1 and Embodiment 2 is achieved except the 
advantageous feature associated with the planar light Source 
device according to the present embodiment, as will be 
described below. 

0069. Next, FIG. 13 shows an enlarged view of the chief 
part of the convexed portion 123 formed in the light guide 
plate. As shown in FIG. 13, the convexed portion 123 is 
formed integral with the bottom 121 of the second recess 120. 
The convexed portion 123 represents a convex lens whose 
center portion extends toward the opening 124 of the second 
recess 120 to provide a larger thickness. The light source 3 is 
disposed at a location where the center O1 of the second 
recess 120 coincides with the light emission center T of the 
light source 3, and the convexed portion 123 as indicated by 
dotted lines is formed with the light emission center T as a 
focal point S1 of the lens. The problem with such a configu 
ration can be that the convexed portion 123 is difficult to form 
because the thickness of the portion 123 is thicker, or the side 
122 connects with the portion 123 in an acute angle. In this 
case, the convexed portion 123 as indicated by a solid line is 
formed so that its focal point S2 is defined at a position away 
from the light emission center T of the light source 3. This 
configuration can avoid the side 122 from connecting with the 
convexed portion 123 in an acute angle, as well as allowing 
the thickness of the convexed portion to be made thinner, thus 
facilitating their molding. Here, the convexed portion 123 is 
formed with a curved surface, specifically, a hyperbola which 
satisfies the relation: -1<Ks0 where K is Conic constant. By 
applying a partial curved surface of a circle which satisfies 
Conic constant K=0, the convexed portion 123 can be made 
thinner. 

0070. The distinctive feature of the light path in Embodi 
ment3 will be described with reference to FIG. 12. A light ray 
L4 entering the convexed portion 123 of the second recess 
120, which passes through the curved surface forming the 
convexed portion 123, can then be refracted in a direction 
substantially perpendicular to the exit surface 101 of the light 
guide plate. Consequently, light that exits from the bottom 
(light source 3) of the second recess 120 and will not reach the 
prism array 81 formed on the bottom 111 of the first recess 
110, can be reduced, and most of the light that is caused to exit 
from the convexed portion 123 can be oriented in a direction 
to propagate across the planar area of the light guide plate 1, 
and be caused to enter the side 113 of the first recess 110. 

(0071 FIG. 14 depicts a variation of Embodiment 3. As 
shown in FIG. 14, in Embodiment 3, a prism array 82 is 
formed on the bottom 121 of the second recess 120. Here, the 
prism array 82 formed thereon, as with the prism array 81 
formed on the first recess 110, has a triangle cross section and 
is formed with a plurality of circles (i.e., concentric circles) 
whose center O2 coincides with the central portion of the 
second recess 120. By forming the prism array on the bottom 
121 of the second recess 120, a light ray L5 entering the prism 
array 82 is refracted in a direction substantially perpendicular 
to the exit surface 101 of the light guide plate 1 and then is 
caused to travel toward the prism array 81 formed on the first 
recess 110. Thus, using the variation of the present embodi 
ment as well, light not to reach the prism array 81 formed in 
the bottom 111 of the first recess 110 can be reduced. And 
most of the light ray L5 that is caused to exit from the prism 
array 82 can be oriented in a direction to propagate across the 
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planar area of the light guide plate 1, and be caused to enter 
the side 113 of the first recess 110. 

Embodiment 4 

(0072 FIG. 15 shows a cross section of the chief part 
according to Embodiment 4. As shown in FIG. 15, Embodi 
ment 1 through Embodiment 3 use the first recess 110 that is 
cylindrical in shape, in which case the prism array 81 is 
formed on the bottom 111, while Embodiment 4 uses the first 
recess 110 that is cone-shaped. Except for the configuration 
where the first recess 110 is cone-shaped, the remaining con 
figuration is the same as those of Embodiment 1 through 
Embodiment 3. 
(0073. Referring to FIG. 15, the first recess 110, which has 
an apex E1 in the normal line P extending from the exit 
surface 101 toward the opposite surface 102, has a cone shape 
whose angle of the apex E1 is approximately 90 degrees. 
Further, the cone shape is provided in a manner that the light 
emission center T of the light source 3 in the normal line P 
passing through the apex E1, and is integral with the light 
guide plate 1. The second recess 120 for accommodating the 
light source 3 on the opposite surface 102 is formed at a 
location opposite the first recess 110 of the cone shape. Here, 
in the present embodiment, on the bottom 121 of the second 
recess 120 is formed the convexed portion 123, as with 
Embodiment 3. 
0074 The distinctive feature of the light path in the present 
embodiment will be described with reference to FIG. 15. Of 
the light emitted from a light emitter of the light source 3, the 
light having entered the convexed portion 123 is refracted in 
a direction substantially perpendicular to the exit surface 101 
by a curved surface of the convexed portion 123, and then 
reaches the side 115 of the cone shape first recess 110 to 
totally internally reflect by the recess 110. The totally inter 
nally reflected light travels in a direction to propagate across 
the planar area of the light guide plate 1, and propagates 
within the light guide plate 1 by total internal reflection from 
the interfaces between the light guide plate 1 and its surround 
ing air. When having reached the dot pattern printed on the 
opposite surface 102 of the light guide plate 1, after the 
propagation within the light guide plate 1. Such light is dif 
fusely reflected, which causes the light to vary its propagation 
direction and then exit through the exit surface 101 of the light 
guide plate 1. 
(0075. As described above, the convexed portion 123 
formed in the second recess 120 causes light emitted from the 
light source 3 to be refracted in a substantially perpendicular 
direction and reach a side 115 of the first recess to totally 
internally reflect therefrom, and thereby the light from the 
Source 3 is made to travelina direction to propagate across the 
planar area of the light guide plate 1. Thus, the planar light 
source device 10 can be provided in which highly uniform 
intensity is achieved and the light utilization efficiency is 
enhanced because the light can be caused to efficiently propa 
gate within the light guide plate 1. 
0076 Further, FIGS. 16 and 17 each show a variation 
according to the present embodiment. As shown in FIGS. 16 
and 17, the first recess 110 may be configured by a combined 
cone-like shape—i.e., two cone shapes each defined by 
apexes E2 and E3 having the different apex angles and com 
bined together to form a cone-like shape in the normal direc 
tion from the exit surface 101 toward the opposite surface 
102. Here, the angle of the apex E2 is made to be greater than 
that of the apex E3 (i.e., E2>E3). A first cone having a side 
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116 defined by the apex E2 is formed in the opening 112 and 
a second cone is continuously formed which has a side 117 
defined by the apex E3, as shown in the figure. In situations 
where the light emission element 311 in the light source 3 has 
a larger emitting area, the light emitting from a location away 
from the light emission center T of the light source 3 will not 
be directed substantially normal to the light guide plate 1 by 
the convexed portion 123 formed within the second recess 
120. Thus, when reaching the side 115 of the first recess 110. 
shown in FIG. 15, the light leaks through the side 115 into the 
air in the first recess 100 without total internal reflection and 
then in some cases travels toward the opening 112. As shown 
by the variations of FIGS. 16 and 17, the first recess 110 is 
formed into the combined cone-like shape, whereby the light 
having reached the sides 116 and 117 constituting the first 
recess is enabled to totally internally reflect by the first recess 
110 without being emitted into the air in the first recess 110. 
which results in the light traveling in the direction to propa 
gate across the planar area of the light guide plate 1. 
0077. With the above-described configuration, the planar 
light source device 10 can be provided in which highly uni 
form intensity is achieved and the light utilization efficiency 
is enhanced, because most of the light, which exits from the 
convexed portion 123 and reaches the first recess 110, is 
caused to totally internally reflect from the sides 116 and 117 
and then travel in a direction to propagate across the planar 
area of the light guide plate 1. 

Embodiment 5 

0078 FIG. 18 is an enlarged view of a chief part of FIG. 16 
of a planar light Source device according to Embodiment 5 of 
the present invention. In Embodiment 3 and Embodiment 4, 
the bottom 121 of the second recess 120 is formed with the 
convexed portion 123 having a curved surface projecting 
toward the opening, while in Embodiment 5the second recess 
120 of the bottom 121 is formed with a Fresnel lens 83, as is 
shown in FIG. 18. The Fresnel lens 83 is a lens having a 
Surface of curvature and light converging and diffusing capa 
bilities, and is formed of concentric circles whose centers are 
located at a centerO3 of the bottom 121, and integral with the 
bottom 121. The configuration in Embodiment 5 is the same 
as in Embodiment 3 and Embodiment 4, except that the bot 
tom 121 of the second recess 120 is formed with the Fresnel 
lens 83. FIG. 19A shows an enlarged view of the convexed 
portion 123 formed on the bottom 121 of the second recess 
120 in Embodiment 3 and Embodiment 4. FIG. 19B shows an 
enlarged view of the Fresnel lens 83 formed on the bottom 
121 of the second recess 120 in Embodiment 5. As illustrated 
in FIG. 19B, the Fresnel lens 83 is a lens having a refraction 
capability provided by dividing a spherical lens into a set of 
concentric circular sections (i.e., ridges) with their center 
being at the center O3 of the Surfaces projecting portion, and 
by decreasing the thickness of the lens. The cross section of 
the Fresnel lens is saw-tooth shaped that is formed by a riser 
surface 831, substantially perpendicular to the opposite sur 
face 102 of the light guide 1, and a curved surface 832 con 
necting with the riser surface 831. Increasing the number of 
divisions for concentric circular sections (ridges) makes 
smaller the thickness of the Fresnel lens 83 perse formed on 
the bottom 121 of the second recess 120, thereby enabling the 
light guide plate 1 to be made thinner, which in turn makes the 
thickness of the planar light source device 10 smaller. To 
make smaller the thickness V1 of the convexed portion 123 
shown in FIG. 19A, in Embodiment 3 the focal point 52 is 
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established at a location spaced away from the light emission 
center T of the light source 3, as has been described with 
reference to FIG. 13. In the Fresnel lens 83 as shown in FIG. 
19B, because the focal point can be established not by the 
thickness V2 but by a radius of curvature of the curved surface 
832, the thickness V2 does not need to be large even though, 
as illustrated in FIG. 18, the focal point S4 is disposed at a 
location spaced away from the light emission center T of the 
light source 3. Thus, because a usable range of position to 
establish a focal point becomes larger than that in the con 
vexed portion 123 shown in FIG. 19A, greater freedom of 
design is available. 
(0079. Next, the distinctive feature of the light path in 
Embodiment 5 will be described with reference to FIG. 18. Of 
light rays emitted from a light emitting portion of the light 
source 3, a light ray L9 incident on the curved surface 832 of 
the Fresnel lens 83 from the light source 3 is refracted by the 
curved surface 832 in a direction substantially perpendicular 
to the exit surface 101 of the light guide plate 1, and then 
reaches the side of the first recess 110 to totally internally 
reflected therefrom. The totally internally reflected light trav 
els in a direction to propagate across the planar area of the 
light guide plate 1, and travels within the light guide plate 1 by 
repeated total internal reflection from interfaces between the 
light guide plate 1 and its Surrounding air. 
0080. Further, since the riser surface 831 of the Fresnel 
lens 83 is substantially perpendicular to the opposite surface 
103 (or the exit surface 101), a light ray L10 having entered 
the riser surface 831 from the light source 3 totally internally 
reflects by the side of the first recess 110 after the light ray L10 
has reached it, or by the exit surface 101 after the light ray has 
reached it at an angle of incidence to produce total internal 
reflection. And the light ray L10 travels in a direction to 
propagate across the planar area of the light guide plate 1, and 
propagates within the light guide plate 1 by repeated total 
internal reflection from interfaces between the light guide 
plate 1 and its Surrounding air. 
I0081. When the light incident on the riser surface 831 and 
the curved Surface 832 continues propagating within the light 
guide plate 1 and eventually reaches the dot pattern (not 
shown) printed on the opposite surface 102 of the light guide 
plate 1, the light varies its propagation direction by diffusion 
reflection and then emits through the exit surface 101 of the 
light guide plate 1. 
I0082. As described above, with the Fresnel lens 83 pro 
vided in the second recess 21 of the light guide plate 1, the 
light having emitted from the light source 3 and traveling 
toward the curved surface 832 constituting the Fresnel lens is 
then caused to refract so as to travel in a direction Substan 
tially perpendicular to the light source 3 to reach the side of 
the first recess 110 by which the light is totally internally 
reflected. By thus doing, the light can travel in a direction to 
propagate across the planar area of the light guide plate 1. 
Furthermore, the light having reached the riser surface 831 
can be caused to totally internally reflect by the exit surface 
101 and to travel in a direction to propagate across the planar 
area of the light guide plate 1, because the light enters the exit 
Surface 101 of the light guide plate 1 at an angle of incidence 
to produce the total internal reflection. This causes light emit 
ted from the light source 3 to efficiently propagate within the 
light guide plate 1, thus leading to highly uniform luminance 
intensity, and enhancing light utilization efficiency. In addi 
tion, by forming the Fresnel lens 83 on the bottom 121 of the 
second recess 120 of the light guide 1, the thickness of the 
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light guide plate 1 can be made Smaller, thus providing a thin 
version of a planar light source device. 

Embodiment 6 

0083 FIG.20 is an enlarged view of a chief part of a planar 
light source device according to Embodiment 6. In Embodi 
ment 2 through Embodiment 5, the first recess 110 and the 
second recess 120, provided in the light guide plate 1, are 
formed of a circle, while in Embodiment 6 a rectangular light 
emitting element LED 31 is used as the light source 3, and the 
opening of the second recess 120 formed at a location where 
the LED 31 is placed and the opening of the first recess 110 
placed opposite the second recess 120, are formed of an 
ellipse, as shown in FIG. 20. The configuration in Embodi 
ment 6 is similar to that in Embodiment 1 through Embodi 
ment 5, except that the openings of the first recess 110 and 
second recess 120 are ellipse shaped. 
0084 As shown in FIG. 20, the opening 1201 of the sec 
ond recess 120, that is located on the opposite surface 102 and 
located opposite the rectangular LED 31, is formed of an 
ellipse. The second recess 120 is formed of an elliptical col 
umn shape where the shape of the opening 1201 is the same as 
that of the bottom 121 are the same. By aligning the longitu 
dinal direction of the LED 31 with the major axis of the 
second recess 121, and the traverse direction of the LED 31 
with the minor axis of the second recess 120, light from the 
LED 31 can be caused to efficiently enter the light guide plate 
1. Further, the opening 1101 of the first recess 110, that is 
placed on the exit surface 101 of the first recess 110, and is 
formed at a location opposite the second recess 120, is ellipse 
shaped, and the major and minor axes of the elliptical opening 
located on the exit surface 101 are largest in size, and the size 
of the elliptical opening become Smaller as the distance from 
the opposite surface 102 becomes smaller. More specifically, 
the more the position of axes in the first recess 110 approaches 
the opposite surface 102, the smaller the major and minor 
axes of the elliptical opening becomes and the axes eventually 
becomes Zero at the end of the first recess—that is, the first 
recess 110 is elliptical cone shaped. 
I0085. Here, the first recess 110 as shown is of elliptical 
cone like shape—i.e., two elliptical cone shapes defined by 
apexes having the different apex angles and combined 
together, as shown in the figure. A line P1 formed by connect 
ing an elliptical center O4 of the first recess 110 with an 
elliptical center D of the second recess 120 is positioned so as 
to be substantially perpendicular to the exit surface 101, so 
that both centers are made to coincide. 
I0086. As described above, when the rectangular light 
emitting element LED 31 is used as the light source 3, light 
from the LED 31 can be caused to efficiently enter the light 
guide plate 1 by forming the openings of the first recess 110 
and second recess 120 into an ellipse, and by aligning the 
longitudinal direction of the LED 31 with the major axis of 
the second recess 121 and the traverse direction of the LED 31 
with the minor axis of the second recess 120. Further, because 
the first recess 110 and the second recess 120 are disposed to 
conform to the shape of the shape of LED 31 to be used, the 
planar light source device 10 can be provided in which the 
display quality on the side of the exit surface 101 is easily 
adjusted, and Superior display quality is provided. FIG. 21 
shows a plan view of the planar light source device 10, as 
viewed from the exit surface 101, according to Embodiment 
6 of the present invention. In FIG. 21, the Y-axis is defined as 
the vertical direction, and the X-axis as the horizontal direc 
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tion. In the planar light source device 10 as shown in FIG. 21, 
the LED 31 may be placed in the neighborhood of a side 131, 
outside the display region. When the housing having an aper 
ture for display is disposed on the planar light device 10, the 
LED 31 is placed outside the region of the aperture. With this 
arrangement, since the housing is disposed above the first 
recess 110, light emitted from the first recess 110 does not 
directly emit from the exit surface 101, thus enhancing the 
display quality. However, a problem is that when the LED 31 
is disposed at a portion of the light guide plate 1 located 
outside the display region, some additional area is needed 
outside the display region, which leads to the greater frame 
width. 
I0087 Nevertheless, using a rectangular LED31 the frame 
width can be made smaller than in the case where the open 
ings of the first recess 110 and second recess 120 is circle 
shaped, by aligning the longitudinal direction of the LED 31 
with the X-axis and the traverse direction thereof with the 
Y-axis and by forming the openings of the first recess 110 and 
second recess 120 into an ellipse. As a result, a planar light 
Source device of a compact version can be provided. 
0088 FIG. 22 shows a variation of Embodiment 6 of the 
present invention. As shown in FIG.22, the opening of each of 
the first and second recesses may be formed of an elongated 
hole. The elongated hole, designated at 1201, according to the 
present embodiment is formed by connecting two semi 
circles, spaced apart from each other, with two lines. With this 
configuration, a mold for forming the first recess 110 and the 
second recess 120 of the light guide plate 1 can easily be 
worked or machined to develop Such a shape, thus enabling 
reduction in fabrication costs. 
I0089. It will be understood by those skilled in the art that 
the invention is not limited to the above embodiments in 
accordance with the invention, and modifications or alterna 
tions in type and arrangement of the disclosed light Source 
and light guide plate may be made without departing from the 
sprit and scope of the invention. 
What is claimed is: 
1. A planar light Source device, comprising: 
a light source; and 
a light guide plate that receives light from the light source 

and that emits from its exit surface the received light as 
a Surface emitting light, the light guide plate including 
a first recess formed on the exit surface, a bottom of the 

first recess being disposed opposite the light source, 
and 

a refraction part, disposed on the bottom of the first 
recess, that refracts light passing through the bottom 
toward a side of the first recess so that light having 
passed through the bottom enters the side of the first 
CSS. 

2. The planar light of claim 1, wherein the refraction part is 
a prism array where a plurality of circles is formed whose 
centers are located at a central portion of the first recess, each 
circle having a triangle in cross section. 

3. The planar light source device of claim 2, wherein 
among interior angles, formed on the bottom of the first 
recess, of the triangle forming the prism array, a basic angleb 
is greater than a basic angle c where a first angle formed away 
from the center of the first recess is designated as the basic 
angle b that is 45 degrees or more and smaller than 90 degrees 
(45°sb-90° and a second angle formed toward the center of 
the first recess is designated as the basic angle c that is greater 
than 45 degrees (c.45). 
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4. The planar light source device of claim 1, wherein the 
first recess of the light guide plate has an oblique face at the 
side, and is formed so that an opening of the first recess at the 
exit surface is greater in size than the bottom thereof. 

5. The planar light source device of claim 1, wherein the 
light guide plate further includes, on its other Surface oppos 
ing the exit Surface, a second recess that is located opposite 
the first recess, the light source being accommodated in the 
second recess. 

6. The planar light source device of claim 5, wherein the 
second recess includes a convexed portion on a bottom 
thereof, the convexed portion extending toward an opening of 
the second recess. 

7. A planar light source device, comprising: 
a light source; and 
a light guide plate that propagates therewithin light from 

the light source and then emits from its exit surface the 
light as a surface emitting light, the light guide plate 
including 
a first recess on the exit Surface, the first recess being 

cone-shaped, 
a second recess that is located opposite the first recess, 

the light source being accommodated in the second 
CSS 

a convexed portion on a bottom of the second recess, the 
convexed portion having a transmission capability 
and extending toward an opening of the second 
CSS. 

8. The planar light source device of claim 7, wherein the 
first recess is formed by a plurality of cone shapes each having 
an apex thereof in a normal direction from the exit Surface 
toward the opposite Surface, the plurality of cone shapes 
being combined to form a cone-like shape. 

9. The planar light source device of claim 6, wherein the 
convexed portion formed in the second recess is a convex lens 
having its focal point at a light emission center of the light 
SOUC. 

10. The planar light source device of claim 6, wherein the 
convexed portion formed in the second recess is a convex lens 
having its focal point at a location farther away from the 
convexed portion than a light emission center of the light 
SOUC. 

11. The planar light source device of claim 9, wherein the 
convex lens has a spherical shape whose conic constant Kis 
greater than -1 and Zero or less. 

12. The planar light source device of claim 11, wherein 
conic constant K that defines the shape of a spherical Surface 
forming the convex lens is Zero 

13. The planar light source device of claim 6, wherein the 
convexed portion formed in the second recess is a prism array 
in which a plurality of circles each having a triangular cross 
section is formed on the bottom of the second recess, a center 
of each circle being located at a center of the recess. 

14. The planar light source device of claim 1, wherein the 
light source device includes at an opening of the first recess a 
light intensity adjusting member for adjusting an amount of 
light to exit from the first recess. 

15. The planar light source device of claim 14, wherein the 
light intensity adjusting member includes a reflective sheet 

Apr. 1, 2010 

having a reflection capability to reflect light emitted from the 
light source, and a diffusion sheet having a diffusion capabil 
ity. 

16. The planar light source device of claim 15, wherein the 
reflective sheet has transmission capability of total light trans 
mission factor of 2% or more. 

17. The planar light source device of claim 15, wherein the 
reflective sheet has diffusion capability to diffuse light pass 
ing therethrough. 

18. The planar light source device of claim 15, wherein 
black color printing is made on the reflective sheet. 

19. The planar light source device of claim 15, wherein 
color printing is made on the reflective sheet. 

20. The planar light source device of claim 19, wherein the 
color printing is made in blue color. 

21. The planar light source device of claim 1, wherein the 
light Source is a light emitting diode (LED). 

22. A display apparatus comprising: 
a display element at a location facing the exit Surface of the 

planar light source device of claim 1. 
23. A planar light Source device, comprising: 
a light source; and 
a light guide plate that propagates therewithin light from 

the light source and then emits from its exit surface the 
light as a surface emitting light, the light guide plate 
including 
a first recess on the exit Surface, the first recess being 

elliptical cone-shaped, 
a second recess that is located opposite the first recess, 

the light source being accommodated in the second 
recess being elliptic cylindrical, and 

a convexed portion on a bottom of the second recess, the 
convexed portion having a transmission capability 
and extending toward an opening of the second 
CSS. 

24. A planar light Source device, comprising: 
a light source; and 
a light guide plate that propagates therewithin light from 

the light source and then emits from its exit surface the 
light as a surface emitting light, the light guide plate 
including 
a first recess on the exit Surface, the first recess being 

cone-shaped and having an opening of an oval figure, 
a second recess that is located opposite the first recess, 

the light source being accommodated in the second 
recess having an opening of an elongate hole, and 

a convexed portion on a bottom of the second recess, the 
convexed portion having a transmission capability 
and extending toward an opening of the second 
CSS. 

25. The planar light source device of claim 6, wherein the 
convexed portion formed in the second recess is a Fresnel lens 
in which a saw-toothed shape in cross section is formed on the 
bottom of the second recess, and configured by a straight line 
portion Substantially perpendicular to the exit surface and a 
curve line portion connecting with the straight line portion. 
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