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(57) ABSTRACT 

An area light source comprises an LED (2), a plate-like light 
guide (4) adapted to guide the light emitted from the LED 
(2) and having a light incident end face (41) and a light 

ernerging face (43), and a light de?ecting elernent Continuously arranged on the light ernerging face (43) are 

lens arrays extending generally perpendicularly to the direc 
tion of the directivity of the light entering the light guide (4) 
from the LED (2) in a plane along the light ernerging face 
(43) and having an average angle of inclination of 05° to 
60°. On each surface of the lens arrays a coarse surface 
having an average angle of inclination of 0.1° to 8° is 
formed. Continuously arranged on the back (44) of the light 
guide are lens arrays extending generally parallel to the 
direction of the directivity of the light entering the light 
guide (4) from the LED (2) in the plane along the light 
ernerging face (43) and having an average angle of inclina 
tion of 8° to 60°. Forrned on a light entering surface (61) of 
the light de?ecting element (6) are prism arrays (61a) 
parallel to one another and parallel to the light incident end 
face (41) of the light guide. A light re?ecting element (8) is 
so disposed as to be opposed to the back (44) of the light 
guide. 
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AREA LIGHT SOURCE AND LIGHTGUIDE USED 
THEREFOR 

TECHNICAL FIELD 

[0001] The present invention relates to a planar light 
source device of an edge light system, and more particularly 
to a planar light source device Which uses a point light 
source such as a light emitting diode (LED) designed to 
realiZe miniaturiZation and a reduction in poWer consump 
tion. The planar light source device of the present invention 
is suitably applied to a backlight of a relatively compact 
liquid crystal display device used as a display panel of a 
portable electronic device such as a cellular phone, or an 
indicator of various devices. 

BACKGROUND ART 

[0002] Recently, the liquid crystal display device has been 
in Wide use as a monitor for a portable notebook personal 
computer or the like, or a display section for a liquid crystal 
television, a video integrated liquid crystal television or the 
like, and in various other ?elds. The liquid crystal display 
device basically comprises a backlight section and a liquid 
crystal display element section. As the backlight section, a 
type of an edge light system has frequently been used With 
a vieW to making the liquid crystal display device compact. 
Conventionally, as a backlight, a type has been in Wide use 
in Which at least one end face of a rectangular platelike light 
guide is used as a light incident end face, a linear or 
bar-shaped primary light source such as a straight tube 
?uorescent lamp is arranged along the light incident end 
face, a light emitted from the primary light source is entered 
into the light guide through the light incident end face 
thereof, and the light is emitted from a light emitting face 
Which is one of tWo principal surfaces of the light guide. 

[0003] MeanWhile, there has recently been made a 
demand for miniaturiZation and a reduction in poWer con 
sumption regarding liquid crystal display devices of rela 
tively small screen siZes such as portable electronic devices, 
e.g., cellular phone, personal digital assistants, portable 
game machines, etc., or indicators of various electric devices 
or electronic devices. Thus, an LED that is a point light 
source is used as a primary light source of the backlight in 
order to reduce poWer consumption. As the backlight that 
uses the LED as the primary light source, an example is 
described in JP(A)-7-270624 in Which a plurality of LED’s 
are one-dimensionally arrayed along a light incident end 
face of a light guide in order to exhibit a function similar to 
that of the backlight Which uses the linear primary light 
source. The use of the primary light source based on the 
one-dimensional arrangement of the plurality of LED’s 
enables acquisition of a required light amount and unifor 
mity of a luminance distribution on an entire screen. 

[0004] HoWever, in the case of the compact liquid crystal 
display device, a further reduction is demanded in poWer 
consumption. In order to meet this demand, it is necessary 
to reduce the number of LED’s to be used. HoWever, a 
reduction in the number of LED’s brings about loWering of 
luminance and nonunifoirmity of a luminance distribution. 

[0005] JP(A)-9-133918 and JP(A)-10-20121 propose a 
planar light source device to achieve loW poWer consump 
tion Without loWering luminance as much as possible. In the 
device, a rough surface or a lens surface is formed, on Which 
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a number of elongated lenses such as elongated prisms are 
formed in parallel With an incident end face as a light 
emitting mechanism on a light emitting face or a back 
surface of a light guide, and a prism sheet having a number 
of elongated prisms is arranged on the light emitting face of 
the light guide so as to set the prism surface of the prism 
sheet on the light guide side. According to the device, poWer 
consumtption of the backlight is reduced and a distribution 
of an emitted light is narroWed to prevent loWering of 
luminance as much as possible. 

[0006] In the case of applying such a light emitting 
structure to the planar light source device that uses the point 
light source, the device in Which the rough surface is formed 
as the light emitting structure can emit a highly directive 
light of a narroWer emitted light distribution in a plane 
(perpendicular direction) perpendicular to both of the light 
incident end face and the light emitting face of the light 
guide, but cannot suf?ciently prevent a reduction of lumi 
nance because of a very Wide emitted light distribution in a 
plane (parallel direction) parallel to the light incident end 
face of the light guide and perpendicular to the light emitting 
face. On the other hand, the device in Which the lens surface 
is formed as the light emitting structure can emit a highly 
directive light of a narroWer emitted light distribution in 
both of parallel and perpendicular directions to achieve high 
luminance, but has a problem of an extremely narroW 
distribution range of an emitted light, i.e., several to several 
tens of degrees, in a plane parallel to the light emitting face. 
Additionally, since the reduced number of LED’s increases 
a distance betWeen light emitting points, a region of the light 
guide close to a region betWeen adjacent light emitting 
points is expanded to loWer intensity of a light emitted 
therefrom in a required direction. This condition has a 
problem of bringing about nonuniformity (i.e., nonunifor 
mity of uniformity degree of luminance) of a luminance 
distribution in an observation direction on a light emitting 
surface of the planar light source device. 

[0007] An object of the present invention is to provide a 
high-quality planar light source device by solving, Without 
deteriorating an emitted light distribution, the aforemen 
tioned problems of a reduction of luminance and nonuni 
formity of luminance distribution brought about by the use 
of a small number of primary light sources in a point state 
to achieve loW poWer consumption of the planar light source 
device that uses the primary light source in the point state. 

DISCLOSURE OF THE INVENTION 

[0008] According to the present invention, in order to 
achieve the above object, there is provided a plate-like light 
guide for planar light source device Which guides a light 
emitted from a primary light source in a point state, and has 
a light incident end face on Which the light emitted from the 
primary light source is incident and a light emitting face 
through Which the guided light is emitted, characteriZed in 
that on one of the light emitting face and a back surface on 
the opposite side thereto, a plurality of elongated lenses 
having an average slant angle of 0.5 to 60° are continuously 
or intermittently formed, and a rough surface of an average 
slant angle of 0.1 to 8° is formed on at least a part of a 
surface of each of the elongated lenses and/or at least a part 
of a surface on the opposite side to the surface on Which the 
elongated lenses are formed. 

[0009] In an aspect of the present invention, each of the 
elongated lenses extends in a direction substantially 
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orthogonal to a direction of a directivity of the light emitted 
from the primary light source and entered into the light guide 
in a plane along the light emitting face. In an aspect of the 
present invention, each of the elongated lenses extends in a 
direction substantially orthogonal to a propagation direction 
of the light emitted from the primary light source and 
entered into the light guide in the plane along the light 
emitting face. In an aspect of the present invention, an 
average slant angle of the elongated lenses is in a range of 
0.5 to 25°. 

[0010] In an aspect of the present invention, on the surface 
on the opposite side to the surface on Which the elongated 
lenses are formed, a plurality of elongated lenses are formed 
to extend substantially along the direction of the directivity 
of the light emitted from the primary light source and 
entered into the light guide in the plane along the light 
emitting face. In an aspect of the present invention, on the 
surface on the opposite side to the surface on Which the 
elongated lenses are formed, a plurality of elongated lenses 
are formed to extend substantially along the propagation 
direction of the light emitted from the primary light source 
entered into the light guide in the plane along the light 
emitting face. In an aspect of the present invention, each of 
the elongated lenses extending substantially along the direc 
tion of the directivity of the light entered into the light guide 
is an elongated prisrn or an elongated lenticular lens. In an 
aspect of the present invention, the average slant angle of the 
elongated lenses extending substantially along the direction 
of the directivity of the light entered into the light guide is 
in a range of 8 to 60°. 

[0011] In an aspect of the present invention, each of the 
elongated lenses extends substantially along the direction of 
the directivity of the light emitted from the primary light 
source and entered into the light guide in the plane along the 
light emitting face. In an aspect of the present invention, 
each of the elongated lenses extends substantially along the 
propagation direction of the light emitted from the primary 
light source and entered into the light guide in the plane 
along the light emitting face. 

[0012] In an aspect of the present invention, the average 
slant angle of the rough surface is in a range of 0.5 to 6°. In 
an aspect of the present invention, each of the elongated 
lenses is an elongated prisrn or an elongated lenticular lens. 

[0013] In an aspect of the present invention, the average 
slant angle of the elongated lenses is in a range of 8 to 60°. 
In an aspect of the present invention, a ?at part is formed in 
a valley betWeen adjacent elongated lenses. In an aspect of 
the present invention, a pitch of the elongated lenses is 
changed according to a distance from the primary light 
source. 

[0014] In an aspect of the present invention, the average 
slant angle of the rough surface varies from place to place. 
In an aspect of the present invention, the average slant angle 
of the rough surface is larger in a second region near the light 
incident end face than that in a ?rst region Which is the other 
region. In an aspect of the present invention, the average 
slant angle of the rough surface in the second region is in a 
range of 2 to 8°. In an aspect of the present invention, the 
average slant angle of the rough surface in the ?rst region is 
in a range of 0.5 to 4°. 

[0015] In an aspect of the present invention, the rough 
surface is formed on both of the surface of the elongated 
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lenses and the surface on the opposite side to the surface on 
Which the elongated lenses are formed, the average slant 
angle of the rough surface varies from place to place, and the 
average slant angle of the rough surface on the surface of the 
elongated lenses is smaller in a region in Which the average 
slant angle of the rough surface of the surface on the 
opposite side to the surface on Which the elongated lenses 
are formed is larger. 

[0016] According to the present invention, in order to 
achieve the above object, there is provided a planar light 
source device characteriZed by comprising: the light guide 
described in the above; the primary light source arranged 
adj acently to the light incident end face of the light guide; 
and a light de?ecting device arranged adjacently to the light 
emitting face of the light guide, Wherein the light de?ecting 
device has a light entering surface positioned so as to 
confront the light emitting face of the light guide and a light 
going-out surface on the opposite side to the light entering 
surface, and a plurality of elongated lenses are disposed on 
the light entering surface. 

[0017] In an aspect of the present invention, each of the 
plurality of elongated lenses of the light de?ecting device 
extends in a direction substantially orthogonal to the direc 
tion of the directivity of the light emitted from the primary 
light source and entered into the light guide in the plane 
along the light emitting face. In an aspect of the present 
invention, each of the plurality of elongated lenses of the 
light de?ecting device extends in a direction substantially 
orthogonal to the propagation direction of the light emitted 
from the primary light source and entered into the light guide 
in the plane along the light emitting face. In an aspect of the 
present invention, each of the plurality of elongated lenses 
of the light de?ecting device is an elongated prisrn, and at 
least one of prisrn surfaces that form the elongated prisrn is 
a convex curved surface. 

[0018] In an aspect of the present invention, the light 
de?ecting device includes at least one light de?ection sheet, 
the light de?ection sheet has a light entering surface through 
Which a light based on the emitted light from the light 
emitting face of the light guide is entered into the light 
de?ection sheet and a light going-out surface on the opposite 
side to the light entering surface, a plurality of elongated 
lenses are formed on a light entering surface of a ?rst light 
de?ection sheet among the at least one light de?ection sheet 
positioned closest to the light guide so as to extend in a 
direction substantially parallel to the light incident end face, 
each of the elongated lenses of the ?rst light de?ection sheet 
forms a substantially triangular sectional shape of an apex 
angle of 50 to 80°, a plurality of linear structures each having 
concave or convex cross-section are formed on a light 

going-out surface of the ?rst light de?ection sheet, or a light 
entering surface or a light going-out surface of the other light 
de?ection sheet so as to extend in a direction substantially 
orthogonal to the light incident end face, and an average 
slant angle of the surface on Which the linear structures are 
formed is in a range of 5 to 40°. 

[0019] In an aspect of the present invention, each of the 
linear structures comprises an elongated lens. In an aspect of 
the present invention, each of the linear structures is formed 
by hairline processing of 0.1 to 200 urn in height. In an 
aspect of the present invention, the light de?ecting device 
includes the ?rst light de?ection sheet and the other second 
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light de?ection sheet, and the linear structures are formed on 
a light entering surface of the second light de?ection sheet. 

[0020] In an aspect of the present invention, the light 
de?ecting device includes the ?rst light de?ection sheet and 
the other second light de?ection sheet, and the linear struc 
tures are formed on a light going-out surface of the second 
light de?ection sheet. In an aspect of the present invention, 
adhesion prevention means is disposed to prevent adhesion 
betWeen the ?rst light de?ection sheet and the second light 
de?ection sheet. In an aspect of the present invention, the 
adhesion prevention means is a spacer which forms a gap 
betWeen the ?rst light de?ection sheet and the second light 
de?ection sheet. In an aspect of the present invention, the 
adhesion prevention means is a light diffusion sheet 
arranged betWeen the ?rst light de?ection sheet and the 
second light de?ection sheet. 

[0021] In an aspect of the present invention, the light 
de?ecting device is constituted of the ?rst light de?ection 
sheet, and the linear structures are formed on the light 
going-out surface of the ?rst light de?ection sheet. In an 
aspect of the present invention, the primary light source is an 
LED or an aggregate of LED’s. 

[0022] According to the present invention, in order to 
achieve the above object, there is provided a planar light 
source device characteriZed by comprising: a primary light 
source in a point state; a plate-like light guide arranged 
adj acently to the primary light source to guide a light emitted 
from the primary light source and having a light incident end 
face on Which the light emitted from the primary light source 
is incident and a light emitting face through Which the 
guided light is emitted; and a light de?ecting device 
arranged adjacently to the light emitting face of the light 
guide, Wherein the light de?ecting device includes at least 
one light de?ection sheet, the light de?ection sheet has a 
light entering surface through Which a light based on the 
emitted light from the light emitting face of the light guide 
is entered into the light de?ection sheet and a light going-out 
surface on the opposite side to the light entering surface, a 
plurality of elongated lenses are formed on a light entering 
surface of a ?rst light de?ection sheet among the at least one 
light de?ection sheet positioned closest to the light guide so 
as to eXtend in a direction substantially parallel to the light 
incident end face, each of the elongated lenses of the ?rst 
light de?ection sheet forms a substantially triangular sec 
tional shape of an apeX angle of 50 to 80°, a plurality of 
linear structures each having concave or conveX cross 
section are formed on a light going-out surface of the ?rst 
light de?ection sheet, or a light entering surface or a light 
going-out surface of the other light de?ection sheet so as to 
eXtend in a direction substantially orthogonal to the light 
incident end face, and an average slant angle of the surface 
on Which the linear structures are formed is in a range of 5 
to 40°. 

[0023] In an aspect of the present invention, each of the 
linear structures comprises an elongated lens. In an aspect of 
the present invention, each of the linear structures is formed 
by hairline processing of 0.1 to 200 urn in height. In an 
aspect of the present invention, the light de?ecting device 
includes the ?rst light de?ection sheet and the other second 
light de?ection sheet, and the linear structures are formed on 
a light entering surface of the second light de?ection sheet. 
In an aspect of the present invention, the light de?ecting 
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device includes the ?rst light de?ection sheet and the other 
second light de?ection sheet, and the linear structures are 
formed on a light going-out surface of the second light 
de?ection sheet. In an aspect of the present invention, 
adhesion prevention means is disposed to prevent adhesion 
betWeen the ?rst light de?ection sheet and the second light 
de?ection sheet. In an aspect of the present invention, the 
adhesion prevention means is a spacer which forms a gap 
betWeen the ?rst light de?ection sheet and the second light 
de?ection sheet. In an aspect of the present invention, the 
adhesion prevention means is a light diffusion sheet 
arranged betWeen the ?rst light de?ection sheet and the 
second light de?ection sheet. In an aspect of the present 
invention, the light de?ecting device is constituted of the 
?rst light de?ection sheet, and the linear structures are 
formed on the light going-out surface of the ?rst light 
de?ection sheet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIGS. 1A and 1B are exploded perspective vieWs 
shoWing a planar light source device of the present inven 
tion; 
[0025] FIG. 2A is a plan vieW shoWing a light guide of the 
invention together With a primary light source; 

[0026] FIG. 2B is a bottom vieW shoWing the light guide 
of the invention together With the primary light source; 

[0027] FIG. 3 is a bottom vieW shoWing the light guide of 
the invention together With the primary light source; 

[0028] FIG. 4 is a partial, sectional vieW of the light guide 
of the invention; 

[0029] FIG. 5 is a bottom vieW shoWing the light guide of 
the invention together With the primary light source; 

[0030] FIG. 6 is a vieW shoWing a state of light de?ection 
by a light de?ecting device; 

[0031] FIG. 7A is a plan vieW shoWing the light guide of 
the invention together With the primary light source; 

[0032] FIG. 7B is a bottom vieW shoWing the light guide 
of the invention together With the primary light source; 

[0033] FIG. 8 is a bottom vieW shoWing the light guide of 
the invention together With the primary light source; 

[0034] FIG. 9 is a plan vieW shoWing the light guide of the 
invention together With the primary light source; 

[0035] FIG. 10A is a plan vieW shoWing the light guide of 
the invention together With the primary light source; 

[0036] FIG. 10B is a bottom vieW shoWing the light guide 
of the invention together With the primary light source; 

[0037] FIG. 11 is a bottom vieW shoWing the light guide 
of the invention together With the primary light source; 

[0038] FIG. 12 is a schematic vieW shoWing a siZe of a 
planar light source device used in an Example; 

[0039] FIG. 13 is a schematic vieW explaining occurrence 
of nonuniforrnity of a lurninance distribution in the planar 
light source device; 

[0040] FIG. 14 is a partial sectional vieW especially 
shoWing the light de?ecting device of the planar light source 
device of the invention; 
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[0041] FIG. 15 is an exploded perspective vieW showing 
the planar light source device of the invention; 

[0042] FIG. 16 is a vieW showing a state of light de?ec 
tion by the light de?ecting device; 

[0043] FIG. 17 is a vieW shoWing a state of light de?ec 
tion by the light de?ecting device; 

[0044] FIG. 18 is a vieW shoWing an emitted light inten 
sity distribution of an LED and a light intensity distribution 
on a light emitting surface of the planar light source device; 

[0045] FIG. 19 is a plan vieW shoWing the light guide of 
the planar light source device of the invention together With 
the primary light source; 

[0046] FIGS. 20A to 20E are vieWs each shoWing a 
sectional shape of a second elongated lens of the light 
de?ecting device of the planar light source device of the 
invention; 

[0047] FIG. 21 is a plan vieW shoWing the second elon 
gated lens of the light de?ecting device of the planar light 
source device of the invention; 

[0048] FIG. 22 is an exploded perspective vieW shoWing 
the planar light source device of the invention; and 

[0049] FIG. 23 is an exploded perspective vieW shoWing 
the planar light source device of the invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0050] Next, the preferred embodiments of the present 
invention Will be described With reference to the accompa 
nying draWings. 

[0051] FIGS. 1A and 1B are exploded perspective vieWs 
shoWing an embodiment of a planar light source device or 
area light source according to the present invention. As 
shoWn in FIGS. 1A and 1B, the planar light source device 
of the embodiment comprises an LED 2 as a primary light 
source in a point state, a rectangular plate-like light guide 4 
in an XY plane Which makes a light emitted from the LED 
incident on a light incident end face, and guides the light to 
be emitted from a light emitting face, and a light de?ecting 
device or light de?ecting element 6 and a light re?ecting 
device or light re?ecting element 8 arranged adjacently to 
the light guide. The light guide 4 has tWo upper and loWer 
principal surfaces, and four edges for joining outer periph 
eries of the principal surfaces. 

[0052] The LED 2 is adjacent to one edge (edge on front 
side of FIGS. 1A and 1B: incident edge) of a pair of edges 
of the light guide 4 substantially parallel to each other, and 
arranged on a center of the edge in an X direction. According 
to the invention, the number of point light sources such as 
LED’s Which are primary light sources should preferably be 
set as small as possible With a vieW to achieving loW poWer 
consumption. HoWever, depending on a siZe or the like of 
the light guide 4, a plurality of LED’s can be arranged close 
to one another to form an aggregate, alternatively a plurality 
of LED’s or LED aggregates may be arranged at ?xed 
intervals. 

[0053] On the incident edge of the light guide 4, a light 
incident end face 41 is formed corresponding to a position 
in Which the LED 2 is arranged. The light incident end face 
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41 formed in the light guide 4 may be formed by notching 
the incident edge in a concave shape to form a concave 
cylindrical surface shape or the like. Preferably, an LED 
light emitting face and the light incident end face should be 
formed in opposing concave and convex shapes to ?t each 
other (including a case in Which both are planar). 

[0054] In the light guide 4, one principal surface (upper 
surface in the draWing) is set as a light emitting face or light 
emerging face 43. On at least one of the light emitting face 
43 and a back surface or back 44 on its opposite side, a 
directive light emitting structure is formed to emit a light 
guided in the light guide 4 in a direction slanted With respect 
to the light emitting face 43 (i.e., direction slanted With 
respect to the XY plane). According to the present invention, 
as the directive light emitting structure, a structure is used in 
Which a rough surface or coarse surface (mat surface) or a 
number of elongated lenses or lens arrays (referred to as 
transversely elongated lenses, hereinafter) such as elongated 
prisms or prism arrays, elongated lenticular lenses or 
V-shaped grooves are continuously or intermittently formed 
to extend in a direction substantially orthogonal to a direc 
tion of a directivity of a light emitted from the LED 2 and 
entered into the light guide 4. 

[0055] According to the embodiment shoWn in FIG. 1A, 
as shoWn in FIG. 2A, the light emitting face 43 has a number 
of elongated prisms 43a (ridgeline of each elongated prism 
43a is shoWn in FIG. 2A) as the transversely elongated 
lenses continuously arrayed in parallel With one another to 
extend in a direction substantially orthogonal to a direction 
(direction of a light LO of maximum intensity in a light 
intensity distribution) of the directivity of the light emitted 
from the LED 2 and entered into the light guide 4. For 
example, if a direction of the directivity of the light entered 
into the light guide 4 is substantially in a Y direction, as 
shoWn in FIG. 2A, the direction of the elongated prisms 43a 
can be set in an X direction. 

[0056] Incidentally, according to the present invention, the 
direction of the transversely elongated lenses such as the 
elongated prisms 43a may be shifted from a direction 
orthogonal to the direction of the directivity of the light 
entered into the light guide 4 Within a range of not greatly 
damaging a light emitting function. In this case, the direction 
of the elongated prisms 43a is preferably set in a range of 
20° or less With respect to the direction orthogonal to the 
direction of the directivity of the light entered into the light 
guide 4, more preferably in a range of 10° or less. Addi 
tionally, as shoWn in FIG. 9 (described later), the trans 
versely elongated lenses may extend in a direction substan 
tially orthogonal to a propagation direction of the light 
emitted from the primary light source 2 and entered into the 
light guide 4 in a plane along the light emitting face of the 
light guide 4, and in a bent shape to surround the primary 
light source. 

[0057] According to the present invention, for the trans 
versely elongated lenses such as the elongated prisms 43a 
formed in the light guide 4 as the directive light emitting 
structure, an average slant angle or average angle of incli 
nation de?ned in accordance With ISO 4287/1-1984 is 
preferably set in a range of 0.5 to 25°, more preferably in a 
range of 0.5 to 20°, further preferably in a range of 1 to 10°, 
in a direction orthogonal to the extending direction of the 
transversely elongated lenses. It is because such a range of 
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the average slant angle of the transversely elongated lenses 
enables emission of a highly directive light of a narroW 
emitted light distribution in a YZ plane. An arraying pitch P0 
of the transversely elongated lenses is preferably set in-a 
range of 10 to 200 Mm, more preferably in a range of 20 to 
100 pm, further preferably in a range of 20 to 80 pm. 
Incidentally, in the case of using the elongated prisms 43a as 
the transversely elongated lenses, shapes substantially isos 
celes triangular in section are preferred. HoWever, the shapes 
are not limited to such, and elongated prisms in Which tops 
of triangles are curved or planar, or prism surfaces are 
convex or concave may be used. 

[0058] Additionally, for the transversely elongated lenses 
formed in the light guide 4, it is possible to increase a 
uniformity ratio of luminance on the entire light emitting 
face by partially or continuously changing pitches thereof 
Within the aforementioned range. It is normally preferable to 
gradually reduce pitches as the distance from the primary 
light source in the point state increases. Depending on cases, 
the pitches may be gradually reduced and then gradually 
increased, as the distance from the primary light source in 
the point state increases. Further, a ?at part can be formed in 
a valley betWeen adjacent transversely elongated lenses to 
control the amount of an emitted light. In this case, it is 
normally preferable to set a maximum emission amount in 
the center of the light emitting face and therefore an area 
ratio of the formed ?at part can be made smaller toWard the 
center. 

[0059] According to the embodiment shoWn in FIG. 1B, 
a rough surface (mat surface) is formed as a directive light 
emitting structure on the light emitting face 43. As shoWn in 
FIG. 2B, the other principal surface 44 (bottom surface in 
the draWings) has a number of elongated prisms 44a (ridge 
line of each elongated prism 44a is shoWn in FIG. 2B) 
arrayed in parallel With one another to extend substantially 
along a direction (direction of a light 4 of maximum inten 
sity in a light intensity distribution) of a directivity of a light 
emitted from the LED 2 and entered into the light guide 4. 
For example, if a direction of the directivity of the light 
entered into the light guide 4 is substantially in a Y direction, 
as shoWn in FIG. 2B, a direction of the elongated prisms 44a 
can be set in a Y direction. Incidentally, according to the 
present invention, the direction of the elongated prisms 44a 
may be shifted from the direction of the directivity of the 
light entered into the light guide 2 Within a range of not 
greatly damaging an effect of expanding the light. In this 
case, the direction of the elongated prisms 44a is preferably 
set in a range of 20° or less With respect to the direction of 
the directivity of the light entered into the light guide, more 
preferably in a range of 10° or less. Additionally, as shoWn 
in FIG. 5, the elongated prisms 44a may be formed into 
radial shapes so that a direction thereof can be substantially 
along a propagation direction of the light entered into the 
light guide 4. In this case, as shoWn in FIG. 11, the direction 
of the elongated prisms 44a may be locally changed from the 
direction of the directivity of the light entered into the light 
guide 4 especially in a region close to an edge on the light 
incident end face 41 side. In this case, an area of the region 
in Which the direction is changed is preferably set to 30% or 
less of a total. The formation of the elongated prisms 44a in 
such a direction expands the light entered into the light guide 
4 in the XY plane, thereby making it difficult to form dark 
parts. 
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[0060] An arraying pitch P1 of the elongated prisms 44a 
is preferably set in a range of 10 to 100 pm, more preferably 
in a range of 10 to 80 pm, further preferably in a range of 
20 to 70 pm. Incidentally, according to the present invention, 
the pitches of the elongated prisms 44a may be equal among 
all the elongated prisms 44a, partially different, or gradually 
changed Within the aforementioned range. 

[0061] Additionally, apex angles 0 of the elongated prisms 
44a are preferably set in a range of 60 to 164°. It is because 
such a range of the apex angles enables expansion of a 
distribution of the light entered into the light guide 4, and 
improvement in uniformity of a luminance distribution of 
the emitted light from the light guide 4. The apex angles 0 
are more preferably set in a range of 80 to 156°, further 
preferably in a range of 110 to 150°. The elongated prisms 
44a are not limited to shapes substantially triangular in 
section. The elongated prisms in Which tops of triangles are 
curved or planar, or prism surfaces are convex or concave 

may be used. 

[0062] According to the present invention, the elongated 
lenses (referred to as longitudinally elongated lenses, here 
inafter) Which is formed on the light guide 4 so as to extend 
in the direction substantially along the direction of the 
directivity of the light emitted from the LED 2 and entered 
into the light guide 4 are not limited to the elongated prisms. 
Other longitudinally elongated lenses such as lenticular 
lenses may be used. In this case, an average slant angle 
de?ned in accordance With ISO 4287/1-1984 is preferably 
set in a range of 8 to 60°, more preferably in a range of 12 
to 50°, further preferably in a range of 15 to 35°, in a 
direction orthogonal to the extending direction of the elon 
gated lenses. It is because such a range of the average slant 
angle of the elongated lenses enables ef?cient expansion of 
the light entered into the light guide 4 in the XY plane. 

[0063] According to the present invention, for the rough 
surface formed as the directive light emitting structure in the 
light guide 4, an average slant angle de?ned in accordance 
With ISO 4287/1-1984 is preferably set in a range of 0.5 to 
25°, more preferably in a range of 0.5 to 20°, further 
preferably in a range of 1 to 10°. It is because such a range 
of the average slant angle of the rough surface enables 
emission of a highly directive light of a narroW emitted light 
distribution in the YZ plane. 

[0064] According to the present invention, the directive 
light emitting structure emits a directive light in a distribu 
tion in the YZ plane Which includes both of a normal 
direction (Z direction) of the light emitting face 43 and a Y 
direction orthogonal to the incident edge. An angle formed 
betWeen a peak direction of the emitted light distribution and 
the light emitting face 43 is preferably set in a range of 10 
to 40°, and a half-value Width of the emitted light distribu 
tion is preferably set in a range of 10 to 40°, more preferably 
in a range of 10 to 30°, further preferably in a range of 12 
to 18°. 

[0065] According to the present invention, it is possible to 
expand the emitted light distribution in the XY plane by 
roughening at least a part of the surfaces of the transversely 
elongated lenses 43a or the longitudinally elongated lenses 
44a formed in the light guide 4, and to suppress an appear 
ance of parts of an ununiform luminance distribution shoWn 
in FIG. 13. Incidentally, a surface on the opposite side to the 
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elongated lens-formed surface may be roughened in place of 
the surfaces of the elongated lenses, or both surfaces can be 
roughened. 
[0066] As for roughening degrees, an average slant angle 
0a de?ned in accordance With ISO 4287/1-1984 is prefer 
ably set in a range of 0.1 to 8°, more preferably in a range 
of 0.5 to 6°, further preferably in a range of 1 to 4°. If the 
average slant angle 0a of the rough surface is less than 01°, 
there is a tendency that a su?icient expansion effect of the 
emitted light distribution in the XY plane cannot be 
obtained. If the average slant angle 0a of the rough surface 
exceeds 8°, there is a tendency that shape destruction of the 
elongated lenses is enlarged to damage directive light emit 
ting characteristics thereof, and the amount of an emitted 
light near the light incident end face is excessively increased 
to loWer a uniformity ratio of luminance. 

[0067] For the rough surface to be formed, an average 
slant angle thereof may be varied from place to place for the 
purpose of increasing a uniformity ratio of luminance in the 
light emitting face of the light guide. For example, if a 
bright/dark pattern or a light source image appears in a 
region near the light incident end face, such an appearance 
can be suppressed by increasing an average slant angle 
therein more than the other parts. 

[0068] Incidentally, according to the embodiment shoWn 
in FIG. 1A, on the other principal surface (bottom surface 
in the draWing) of the light guide 4, the longitudinal elon 
gated lenses shoWn in FIG. 1B can be formed as shoWn in 
FIG. 3 for the purpose of controlling the emitted light 
distribution in the XY plane expanded by the rough surface, 
and bringing a direction of a light propagated in a direction 
oblique to the light incident end face of the light guide 4, in 
the XY plane, close to a direction substantially perpendicu 
lar to the light incident end face to emit the light. A number 
of elongated prisms 44a can be formed as longitudinally 
elongated lenses (ridgeline of each elongated prism 44a is 
shoWn in FIG. 3) arrayed in parallel With one another to 
extend substantially along the direction (direction of maxi 
mum intensity light In) of the directivity of the light emitted 
from the LED 2 and entered into the light guide 4. 

[0069] Additionally, according to the embodiment shoWn 
in FIG. 1B, as the light emitting structure of the light guide 
4, in place of the rough surface, a number of elongated 
lenses such as elongated prisms shoWn in FIG. 1A, elon 
gated lenticular lenses, V-shaped grooves or the like can be 
employed. The elongated lenses arrayed in parallel With one 
anther to extend in a direction (X direction) substantially 
orthogonal to the direction of the directivity of the light 
emitted from the LED 2 and entered into the light guide 4 
can be used. Incidentally, the horiZontally elongated lenses 
in this case are not limited to linear shapes, but they may be 
bent to surround the LED 2. 

[0070] The light de?ecting device 6 is arranged on the 
light emitting face 43 of the light guide 4. TWo principal 
surfaces of the light de?ecting device 6 are positioned in 
parallel With the XY plane as a Whole. One (principal surface 
positioned on the side of the light emitting face 43 of the 
light guide) of the tWo principal surfaces is set as a light 
entering surface 61, and the other surface is set as a light 
going-out surface 62. The light going-out surface 62 is a ?at 
surface parallel to the light emitting face 43 of the light 
guide 4. The light entering surface 61 is an elongated prism 
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formed surface in Which a number of elongated prisms 61a 
as elongated lenses are continuously or intermittently 
arrayed. 

[0071] The elongated prisms 61a of the light entering 
surface 61 are formed in parallel With one another to extend 
in a direction substantially orthogonal to the direction of the 
directivity of the light emitted from the LED 2 and entered 
into the light guide 4. According to the embodiment, the 
elongated prisms 61a extend in the X direction. The elon 
gated prisms 61a are not limited to linear shapes, but they 
may be formed into shapes to extend in a direction substan 
tially orthogonal to the propagation direction of the light 
emitted from the LED 2 and entered into the light guide 4. 
For example, the elongated prisms may be bent to surround 
the LED 2. An arraying pitch P2 of the elongated lenses 61a 
is preferably set in a range of 10 to 100 pm, more preferably 
in a range of 10 to 80 pm, further preferably in a range of 
20 to 70 pm. 

[0072] Additionally, in the case of a prism sheet on Which 
the elongated prisms 61a are formed as shoWn in the 
embodiment, an angle formed betWeen an elongated prism 
formed surface of the prism sheet and a prism surface of the 
elongated prisms 61a positioned farther from the primary 
light source is preferably set in a range of 40 to 80°, more 
preferably in a range of 45 to 75°, further preferably in a 
range of 50 to 70°. In the case of the elongated prisms 
isosceles triangular in section, apex angles are preferably set 
in a range of 20 to 100°, more preferably in a range of 30 to 
90°, further preferably in a range of 40 to 80°. It is because 
such a range of the apex angles enables efficient de?ection 
of the directive light emitted from the light guide 4 in a 
desired direction such as a normal direction of the light 
emitting face. 

[0073] FIG. 6 shoWs a state of light de?ection by the light 
de?ecting device 6. The draWing shoWs a traveling direction 
of a peak emitted light (light corresponding to a peak of the 
emitted light distribution) from the light guide 4 in the YZ 
plane. The light obliquely emitted from the light emitting 
face 43 of the light guide 4 is entered into a ?rst surface of 
the elongated prism 61a of the light de?ecting device 6, and 
totally re?ected on a second surface to be emitted substan 
tially in the normal direction of the light going-out surface 
62. In the XZ plane, the foregoing operation of the elongated 
prisms 44a of the light guide 4 enables suf?cient improve 
ment in luminance in the normal direction of the light 
going-out surface 62. 

[0074] According to the present invention, the light 
de?ecting device 6 performs a function of de?ecting the 
emitted light from the light guide 4 in a target direction 
(angle changing function), and a lens sheet or the like having 
on at least one of the principal surfaces an elongated lens 
formed surface in Which a number of elongated lenses are 
formed in parallel can be used. The use of the lens sheet is 
particularly preferable in the case of the light guide 4 of the 
present invention Which emits a highly directive light. 
Various kinds of shapes of the elongated lenses formed on 
the lens sheet are used in accordance With purposes. For 
example, a prism shape, a lenticular lens shape, a ?y-eye 
lens shape, a Wave shape etc., are available. Among them, 
the prism sheet on Which a number of elongated prisms 
substantially triangular in section is especially preferable. 
Additionally, the elongated prisms are not limited to the 


























