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(57) ABSTRACT 

The present invention relates to a backlight and a light guide 
plate, a method of manufacturing a diffuser and the light 
guide plate, and to a liquid crystal display apparatus, all 
enabling a cost reduction by reducing the parts count and 
curtailing unnecessary manufacturing processing. A diffuser 
261 has a light distribution layer 181 including a prismatic 
Surface wherein stripe grooves or asperities are arrayed in 
parallel with each other, a diffusion layer 182 containing 
diffusion elements 191 for diffusing incident light, and a 
light incidence control layer 271 including a prismatic 
Surface wherein stripe grooves or asperities are arrayed in 
parallel on a side of fluorescent tubes 131. The diffusion 
layer 182 is formed from the same resin, and only the 
diffusion elements 191 are formed from a different resin. The 
prism of the light incidence control layer 271 is optimized so 
as to enhance the proportion, to light being reflected without 
entering the light incidence control layer 271, of light 
re-entering other parts of a surface of the light incidence 
control layer 271, in order to guide incident light toward the 
diffusion layer 182 efficiently. The present invention is 
applicable to a backlight of a liquid crystal display appara 
tuS. 
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FIG. 9 

START DIFFUSER 
MANUFACTURING PROCESS 1 

PREPARE FIRST RESIN FOR FORMING 
LIGHT DISTRIBUTION LAYER AND 
PORTION OF DIFFUSON LAYER OTHER 
THAN DIFFUSIONELEMENTS, AND DOTS S1 
OF SECOND RESIN FOR FORMING 
DIFFUSION ELEMENTS 

MXDOTS OF SECOND RESIN INTO FIRST 
RESIN IN ORDER TO FORM DIFFUSION S2 
LAYER 

CHARGE FIRST RESIN INTO FIRST 
CYLINDER, AND FIRST RESIN MIXED WITH S3 
SECOND RESIN INTO SECOND CYLINDER 

EXECUTE MULTI-LAYER EXTRUSION S4 
MOLDING 

SHAPE FIRST RESINSIDE EXTRUDED 
FROM FIRST CYLINDER INTO PRISM BY S5 
SURFACE ROLLING 

END 
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FIG. 12 

START DIFFUSER 
MANUFACTURING PROCESS 2 

PREPARE FIRST RESIN FOR FORMING 
LIGHT DISTRIBUTION LAYER AND 
PORTION OF DIFFUSION LAYER OTHER 
THAN DIFFUSIONELEMENTS, AND DOTS 
OF SECOND RESIN FOR FORMING 
DIFFUSION ELEMENTS 

MIX UV CURINGAGENT INTO PORTION OF 
FIRST RESIN FOR FORMING LIGHT 
DISTRIBUTION LAYER 

MIX DOTS OF SECOND RESIN INTO FIRST 
RESIN IN ORDER TO FORM DIFFUSION 
LAYER 

SHAPE FIRST RESIN MIXED WITH SECOND 
RESIN INTO SHEET 

APPLY FIRST RESIN MIXED WITH UV 
CURING AGENT, TO SHEET-SHAPED 
FIRST RESIN MIXED WITH SECOND RESN 

SHAPE FIRST RESIN MIXED WITH UV 
CURINGAGENT INTO PRISM BY 2P 
MOLDING METHOD 
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FIG. 16 
START DIFFUSER 
MANUFACTURING PROCESS 3 

PREPARE FIRST RESIN FOR FORMING 
LIGHT DISTRIBUTION LAYER, LIGHT 
INCIDENCE CONTROLLAYER, AND 
PORTION OF DIFFUSION LAYER OTHER S41 
THAN DIFFUSIONELEMENTS, AND DOTS 
OF SECOND RESIN FOR FORMING 
DIFFUSON ELEMENTS 

MIX DOTS OF SECOND RESIN INTO FIRST 
RESIN IN ORDER TO FORM DIFFUSION S42 
LAYER 

CHARGE FIRST RESIN INTO FIRST 
CYLINDER AND THIRD CYLINDER, AND S43 
FIRST RESIN MIXED WITH SECOND RESIN 
INTO SECOND CYLINDER 

EXECUTE MULT-LAYER EXTRUSION S44 
MOLDING 

SHAPE FIRST RESINSIDE EXTRUDED 
FROM THIRD CYLINDER INTO PRISM BY S45 
SURFACE ROLLING AS WELL 

SHAPE THIRD RESIN SIDE EXTRUDED 
FROM THIRD CYLINDER INTO PRISM BY S46 
SURFACE ROLLING AS WELL 

END 

  

  



Patent Application Publication Nov.30, 2006 Sheet 14 of 25 US 2006/0268568 A1 

FIG. 17 

201 

201 202 (191) 

  



Patent Application Publication Nov.30, 2006 Sheet 15 of 25 US 2006/0268568 A1 

F.G. 19 
START DIFFUSER 
MANUFACTURING PROCESS 4 

PREPARE FIRST RESIN FOR FORMING LIGHT 
DISTRIBUTION LAYER, LIGHT INCIDENCE 
CONTROL LAYER, AND PORTION OF DIFFUSION S61 
LAYER OTHER THAN DIFFUSIONELEMENTS, 
AND DOTS OF SECOND RESIN FOR FORMING 
DIFFUSION ELEMENTS 

MX UV CURING AGENT INTO PORTION OF FIRST 
RESIN FOR FORMING LIGHT DISTRIBUTION S62 
LAYER AND LIGHT INCIDENCE CONTROL LAYER 

MXDOTS OF SECOND RESIN INTO FIRST RESN S63 
IN ORDER TO FORM DIFFUSION LAYER 

SHAPE FIRST RESIN MIXED WITH SECOND RESN S64 
INTO SHEET 

APPLY FIRST RESIN MIXED WITH UV CURING 
AGENT, TO SHEET-SHAPEDFIRST RESIN MIXED S65 
WITH SECOND RESIN - 

SHAPE FIRST RESN MIXED WITH UV CURING 
AGENT INTO PRISM (LIGHT DISTRIBUTION S66 
LAYER) BY 2PMOLDING METHOD 

APPLY FIRST RESIN MIXED WITH UV CURING 
AGENT, TO SURFACE DIFFERENT FROM S67 
PRISM-SHAPED SURFACE 

SHAPE FIRST RESIN MIXED WITH UV CURING 
AGENT INTO PRISM (LIGHT INCIDENCE CONTROLN-S68 
LAYER) BY 2PMOLDING METHOD 

END 
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FIG. 27 
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FIG. 29 
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BACKLIGHT, LIGHT GUIDING PLATE, METHOD 
FOR MANUFACTURING OFFUSION PLATE AND 
LIGHT GUIDING PLATE, AND LIQUID CRYSTAL 

DISPLAY DEVICE 

TECHNICAL FIELD 

0001. The present invention relates to a backlight and a 
light guide plate, a method of manufacturing a diffuser and 
the light guide plate, and to a liquid crystal display appara 
tus. Particularly, it is directed to a backlight and a light guide 
plate, a method of manufacturing a diffuser and the light 
guide plate, and to a liquid crystal display apparatus, all 
enabling a cost reduction by reducing the parts count and 
curtailing unnecessary manufacturing processing. 

BACKGROUND ART 

0002 Aliquid crystal display apparatus includes: a liquid 
crystal display device (called also an LCD panel) wherein 
two transparent glass Substrates are stacked in alignment one 
upon another such that surfaces thereof, each having trans 
parent electrodes, an alignment film, and the like laminated 
thereon, face to each other, and wherein liquid crystal is 
sealed between both substrates; a backlight, disposed below 
the liquid crystal display device, for Supplying light to the 
liquid crystal display device; a printed board having cir 
cuitry for driving the liquid crystal display device; and a 
metallic frame serving to accommodate these members 
therein and having a liquid crystal display window. 
0003) Note that backlights come in a type wherein a light 
source such as a cold cathode fluorescent light (CCFL) or a 
light emission diode (LED) is arranged along and in proX 
imity to a side Surface of a light guide plate formed from a 
transparent synthetic resin plate for guiding light, and a type 
wherein light sources such as a plurality of cold cathode 
fluorescent lights are arrayed in parallel with each other 
immediately below a liquid crystal display device. A diffuser 
for diffusing light for uniform emission onto the liquid 
crystal display device is interposed, in the former, between 
the light guide plate and the liquid crystal display device, 
and in the latter, between the plurality of cold cathode 
fluorescent lights and the liquid crystal display device. 
0004. In a liquid crystal display apparatus of the type 
wherein a light source is arranged along and in proximity to 
a side Surface of a light guide plate, light emitted from the 
light source is guided by the light guide plate (which may 
otherwise be called a light guide), diffused by the diffuser, 
and subjected to light distribution control by a lens film, for 
emission onto the liquid crystal display device. 
0005 Conventionally, a transparent lens film (which may 
otherwise be called a lens sheet or a prism plate), an upper 
Surface of which is a prismatic Surface and a lower Surface 
of which is a smooth surface, is interposed between the 
liquid crystal display device and the diffuser arranged ther 
ebelow, in order to increase display luminance in the display 
apparatus to obtain a liquid crystal display screen which is 
light and exhibits a uniform luminance distribution. 
0006 Moreover, as a type of a lens film, a BEF (Bright 
ness Enhancement Film) (Trademark) has been extensively 
used. Since the light diffused by the diffuser is focused 
toward a liquid crystal display device surface by the BEF, a 
liquid crystal display Screen which is light and exhibits a 
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uniform luminance distribution can be obtained. The pris 
matic Surface of the lens film may include, e.g., a saw-tooth 
and semi-cylindrical cross sectional shapes. 
0007. However, by using the lens film in order to increase 
display luminance, moire may occur on the display Screen 
due to interference between the liquid crystal display device 
and the lens film. In addition, when seen obliquely, the 
display screen may exhibit mirror-like glare. 
0008. In order to obtain a display screen which is light 
and exhibits a uniform luminance distribution by increasing 
the luminance of the backlight and also to prevent occur 
rence of moire and glare on the display Screen, a technique 
(e.g., Patent Document 1) has been disclosed, in which, e.g., 
a second diffuser, an upper Surface of which has a light 
diffusing effect and a lower surface of which is coated with 
a chemical mat-finished layer, is further arranged between 
the lens film and the liquid crystal display device. 
0009 Patent Document 1 Japanese Patent Publication 
No. 32O5393 

0010 Referring to FIG. 1, the technique disclosed in 
Patent Document 1 will be described. 

0011 FIG. 1A is an exploded perspective view of a 
backlight of a liquid crystal display apparatus. FIG. 1B is a 
sectional view of the liquid crystal display apparatus pro 
vided with the backlight of FIG. 1A, taken along a cutting 
line A-A. FIG. 1C is a partial cross sectional view of a lens 
film shown in FIGS. 1A and 1B. 

0012. A liquid crystal display device 21 is configured to 
receive light emitted from a backlight 3 provided on a lower 
side thereof. The backlight 3 arranged below the liquid 
crystal display device 21 includes a second diffuser 1, a lens 
film 2, a first diffuser 12, a light guide plate 13, a reflector 
14, and a cold cathode fluorescent light 11, which is a light 
source, and a frame body 15 for holding them. The frame 
body 15 is formed by molding. 
0013 The light guide plate 13 is configured to guide light 
emitted by the cold cathode fluorescent light 11 to cause the 
light to exit toward an extensive area of the first diffuser 12 
which is provided on an upper surface thereof (on the first 
diffuser 12 side) as uniformly as possible (e.g., it is config 
ured such that white dots are printed on a bottom surface 
thereof, to allow part of the guided light to be reflected by 
the white dots, whereby the light exits toward the first 
diffuser 12). The diffuser 12 diffuses the light emergent from 
the light guide plate 13. The reflector 14 totally reflects light 
having transmitted from the lower Surface of the light guide 
plate 13, to cause it to re-enter the light guide plate 13. 

0014. The lens film 2 is formed from, e.g., a 0.36 mm 
thick polycarbonate film. A lower surface thereof (the first 
diffuser 12 side) is a Smooth surface 2b, and an upper Surface 
thereof (the second diffuser 1 side) is provided with a 
prismatic Surface 2a having a cross-sectional shape Such as 
shown in, e.g., Fig. 1C, wherein so many V-shaped stripe 
grooves running in parallel with each other is formed in 
array. Each V-shaped stripe groove is set to Such an angle 0 
as to satisfy a required light distribution performance, e.g., 
to some 90 degrees (e.g., 80 to 100 degrees). The lens film 
2 focuses the light diffused at a large angle by the first 
diffuser 12, in a direction perpendicular to the display screen 
through the prismatic Surface 2a. 
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0.015 The second diffuser 1 interposed between the lens 
film 2 and the liquid crystal display device 21 is formed 
from, e.g., a 0.25 mm-thick polycarbonate film. A lower 
surface thereof (the lens film 2 side) is formed into a smooth 
Surface 1b, and an upper Surface thereof (the liquid crystal 
display device 21) is formed into a rough surface 1b by a 
known frosting process. 
0016. As shown in FIG. 1, by arranging the lens film 2 
having the prismatic upper Surface 2a and the Smooth lower 
surface 2b, between the first diffuser 12 and the liquid crystal 
display device 21, the light diffused at a large angle by the 
first diffuser 12 is focused in the direction perpendicular to 
the display Screen through the prismatic Surface 2a of the 
lens film 2, and thus the luminance of the entire backlight 3 
can be increased. In addition, a range of diffusion can be 
made Small as a whole, and thus a uniform luminance 
distribution can be maintained. Therefore, the light of the 
backlight 3 can be used efficiently, and a liquid crystal 
display screen which is light and exhibits a uniform lumi 
nance distribution can hence be obtained. 

0017 Moreover, by interposing the second diffuser 1 
having the frosted rough upper Surface 1a and the Smooth 
lower surface 1b, between the lens film 2 and the liquid 
crystal display device 21, the light having transmitted 
through the lens film 2 is diffused by the frosted rough 
surface 1a of the second diffuser 1, as a result of which, 
moire occurring on the display screen due to interference 
between the liquid crystal display device 21 and the lens film 
2, and mirror-like glare occurring when the display screen is 
seen obliquely can be prevented, and the display quality can 
hence be enhanced. 

0018 Note that the reflector 14, light guide plate 13, first 
diffuser 12, lens film 2, second diffuser 1 are held directly in 
contact with each other with no gap provided between any 
adjacent ones of the members, within a recess provided in 
the frame body 15. 
0019. Alternatively, the lens film 2 and the first diffuser 
12 may be formed integrally. For example, they may be 
formed integrally Such that a diffusion layer is molded on a 
lower surface side with diffusion particles mixed into a 
transparent resin material, and then a prismatic Surface is 
molded on an upper Surface side. 
0020 Moreover, the spread of electronic equipment 
incorporating a liquid crystal display apparatus calls for 
mass production of backlight units for their liquid crystal 
display apparatus. Particularly, when a liquid crystal display 
apparatus is to be incorporated into equipment which is 
Smaller and thinner, light emitting diodes are often used as 
its light source. 
0021. As opposed to light guide plates which have been 
formed by processing an acrylic plate member into a desired 
shape, a recent trend is toward manufacturing them by 
injection molding which features a reduced number of 
manufacturing process steps and a stable, high-quality mass 
production. Injection molding is a technique by which a 
molten material Such as, e.g., a molten acrylic resin, is 
charged to fill a cavity of an injection molding die, to 
manufacture a molded article having a geometry identical 
with a geometry of the cavity. 
0022. The injection molding die has a molten material 
charging hole called a gate for charging a molten resin that 
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fills the cavity. The quality of the light guide plate thus 
manufactured by injection molding depends on the position 
of this gate, which is the molten material charging hole. 
0023 Therefore, various types of light guide plates are 
manufactured using injection molding dies having their 
gates at different positions. For example, techniques have 
been devised and implemented, in which, as shown in FIG. 
2, a light guide plate 21 is fabricated by having a gate 34 on 
a side Surface 32 paralleling a direction of guiding light 
incident on a light incidence surface 31 of the light guide 
plate 21, and as shown in FIG. 3, a light guide plate 41 is 
fabricated by having a gate 54 on a light incidence Surface 
51, and furthermore, as shown in FIG. 4, a light guide plate 
61 is fabricated by having a gate 74 on an anti-light 
incidence Surface 73 positioned opposite to a light incidence 
Surface 71. 

0024 Patent Document 2 Japanese Patent Application 
Publication No. 2002-292690 

0025 Referring next to FIG. 5, a configuration example 
of a conventional liquid crystal display apparatus will be 
described, in which a plurality of cold cathode fluorescent 
lights are arrayed in parallel with each other immediately 
below a liquid crystal display device, as light Sources. 
0026. The liquid crystal display includes a backlight 121 
and an LCD panel 122. 
0027. The LCD panel 122 receives light which is diffused 
and light distribution-controlled by the backlight 121. 
0028. The backlight 121 includes fluorescent tubes 131-1 
to 131-n, a diffuser 132, a rear frame 133, a reflection sheet 
134, a diffusion sheet 135, and a BEF 136. 
0029) Light emitted from the fluorescent tubes 131-1 to 
131-n is diffused by the diffuser 132. Also, some of the light 
emitted from the fluorescent tubes 131-1 to 131-n, which is 
directed opposite to the diffuser 132, is reflected by the 
reflection sheet 134 stuck to a surface of the rear frame 133 
which is on a side of the fluorescent tubes 131-1 to 13-1-n, 
to enter the diffuser 132 for diffusion. The light diffused by 
the diffuser 132 is further diffused by the diffusion sheet 135, 
to enter the BEF (Brightness Enhancement Firm) 136. The 
BEF 136 has a prismatic surface as an upper surface thereof 
(the LCD panel 122 side) and a smooth surface as a lower 
surface thereof (the diffusion sheet 135 side). The prismatic 
Surface has so many V-shaped stripe grooves arrayed in 
parallel with each other to form a saw-tooth cross sectional 
shape. The thus formed BEF 136 focuses the diffused light 
emergent from the diffusion sheet 135 toward an upper 
surface (the LCD panel 122 side). 
0030) The light diffused by the diffusion sheet 135 enters 
the BEF 136 via an air layer. Referring to FIG. 6, the light 
entering the BEF 136 and light exiting from the BEF 136 
will be described. 

0031 Assuming that the angles of emission of the light 
diffused by the diffusion sheet 135 onto the BEF 136 range 
from 0 to 90 degrees, the angle of incidence into the BEF 
136 equals an angle O. determined by the ratio of the 
refractive index of the BEF 136 to that of the air layer. If a 
resin for forming the BEF 136 is an acrylic having a 
refractive index of 1.49, the angle of emission of the light 
onto the BEF 136 is within +42 degrees. And the light 
having entered the BEF 136 exits from the prismatic surface 
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of the BEF 136 toward the upper surface (the LCD panel 122 
side). An angle f formed by both faces of the prismatic 
surface is determined by the refractive index of the resin for 
forming the BEF 136 and a required light focusing perfor 
aCC. 

0032. Where it is not required to distinguish the fluores 
cent tubes 131-1 to 131-n individually, they are collectively 
called simply the fluorescent tubes 131. 

DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE 
INVENTION 

0033. The conventional backlights employ so many parts 
in order to satisfy the needs for the light guiding perfor 
mance and light distribution performance as mentioned 
above that their assembly costs are elevated. Thus, a further 
cost reduction is called for by reducing the parts count of a 
backlight. 
0034) For example, according to the technique described 
with reference to FIG. 1, the reflector 14, light guide plate 
13, first diffuser 12, lens film 2, second diffuser 1 are held 
within the recess provided in the frame body 15, and thus 
there are so many parts employed to elevate the assembly 
costs. Patent Document 1 discloses the technique in which 
the lens film 2 and the first diffuser 12 are formed integrally. 
However, unless the integral molding is realized by a simple 
manufacturing method, a cost reduction will not result. In 
addition, depending on the type of a resin used as a material, 
an adhesiveness problem may arise therefrom. 
0035) Furthermore, when the gate 34 is provided on the 
side surface 32 as shown in FIG. 2, and if a molten material 
is charged into the cavity of the injecting molding die via the 
gate 34, a high pressure is applied around the gate 34. 
0036) A light reflection surface of a light guide plate, i.e., 
a surface opposed to a light emergence surface 35 in FIG. 
2 is generally provided with a prismatic pattern, a dot 
pattern, or the like in order to raise the incident light toward 
the light emergence Surface efficiently. These patterns are 
formed by transferring fine asperities formed in the cavity of 
the injection molding die onto a molten material that fills the 
cavity. 

0037. The higher the pressure applied to the molten 
material for filling, the better the transfer. Thus, in the light 
guide plate 21 shown in FIG. 2, a superior transfer perfor 
mance is obtained around the side surface 32 provided with 
the gate 34. To put it in the opposite way, transfer perfor 
mance around a side surface 33 opposite to the side Surface 
32 is inferior to that around the side surface 32. 

0038. Therefore, in the light guide plate 21, an uneven 
ness of transfer occurs, in which transfer accuracy varies 
between left and right sides as viewed from the light 
incidence surface 31. Thus, a problem is addressed that light 
emergent from the light emergence surface 35 exhibits 
nonuniform luminance. 

0039. Furthermore, as shown in FIG.3, when the gate 54 
is provided on the light incidence surface 54, the light guide 
plate 41 formed is free from an unevenness of transfer such 
as mentioned above, but a gate mark does remain on the light 
incidence surface 51. Thus, even if the gate 54 is cut away, 
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light propagation trouble occurs. To overcome this trouble, 
it is required to have the light incidence surface 51 polished 
after the gate 54 is cut away. 
0040. Therefore, the manufacturing process of the light 
guide plate 41 involves an increased number of steps as 
compared with ordinary such manufacturing processing, 
thus imposing a problem of time loss and cost increase due 
to the increased number of manufacturing steps. 

0041. In addition, as shown in FIG. 4, when the gate 74 
is provided on the anti-light incidence surface 73, and if the 
light guide plate 61 has a wedge-shaped geometry, which is 
a typical shape as a light guide plate, there arises a problem 
that a Surface area of the gate 74 through which to charge a 
molten material becomes too narrow to charge the molten 
resin therethrough in the worst case. Particularly, in elec 
tronic equipment which tend to become Smaller and thinner, 
the thickness of the light guide plate itself must also be very 
Small. Therefore, in the case of the wedge-shaped light guide 
plate 61, the anti-light incidence surface 73 becomes the 
thinnest, thus imposing a problem that it is not realistic to 
provide the gate 74 on the anti-light incidence surface 73. 

0042. In the case described with reference to FIG. 5, of 
course, the parts count is similarly large, and in addition, 
gaps for forming the air layers must be set accurately 
between the parts, which has elevated the manufacturing 
COStS. 

0043. Furthermore, as information processing apparatus 
are becoming Smaller, thinner liquid crystal display appara 
tus are in demand. Thus, it is expected to provide further 
thinner light guides. 

0044) The present invention has been made in view of 
Such circumstances, and an object thereof is to permit 
provision of a high-performance, low-cost backlight which 
is thinner than the conventional backlights. 

0045 Moreover, the present invention also intends to 
implement provision of a light guide plate free from an 
unevenness of transfer, a method of manufacturing a back 
light provided with the light guide plate, and the light guide 
plate, by curtailing unnecessary manufacturing steps. 

MEANS FOR SOLVING THE PROBLEMS 

0046 A first backlight of the present invention is char 
acterized by including a light source for emitting light, and 
a diffuser disposed between the light source and a liquid 
crystal display device. The diffuser is formed integrally from 
a diffusion layer for diffusing the light emitted from the light 
Source, and a light distribution layer, disposed more toward 
the liquid crystal display device than the diffusion layer, for 
distributing the light diffused by the diffusion layer toward 
the liquid crystal display device. That is, the diffuser of the 
present invention is formed by integrally molding the dif 
fusion layer and the light distribution layer. Moreover, as the 
light Source, e.g., a cold cathode fluorescent light, an LED, 
or the like may be used. 

0047. In the first backlight of the present invention, light 
is emitted to enter the diffuser. In the diffuser, the light 
emitted from the light source is diffused by the diffusion 
layer, and distributed by the light distribution layer. The light 
distribution layer is formed integrally with the diffusion 
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layer and disposed more toward the liquid crystal display 
device than the diffusion layer. 

0.048. A method of manufacturing a first diffuser of the 
present invention is characterized by including a first charg 
ing step of charging a first resin into a first cylinder, a second 
charging step of charging the first resin into which a second 
resin different from the first resin is mixed, into a second 
cylinder, a first molding step of molding a two-layered sheet 
including the first resin and the first resin into which the 
second resin is mixed, by multi-layer extrusion molding, 
using the first cylinder into which the first resin is charged 
by the first charging step and the second cylinder into which 
the first resin into which the second resin is mixed is charged 
by the second charging step, and a second molding step of 
molding a surface of the first resin of the sheet molded by the 
first molding step, into a prismatic shape by Surface rolling. 

0049. In the method of manufacturing the first diffuser of 
the present invention, the first resin is charged into the first 
cylinder, and the first resin into which the second resin is 
mixed is charged into the second cylinder. Then, using the 
first cylinder into which the first resin is charged and the 
second cylinder into which the first resin into which the 
second resin is mixed is charged, the first resin and the first 
resin into which the second resin is mixed are molded into 
a two-layered sheet. A surface of the first resin of the molded 
sheet is molded into a prismatic shape by Surface rolling. 

0050. A method of manufacturing a second diffuser of the 
present invention is characterized by including a first charg 
ing step of charging a first resin into a first cylinder, a second 
charging step of charging the first resin into which a second 
resin different from the first resin is mixed, into a second 
cylinder, a third charging step of charging the first resin into 
a third cylinder, a first molding step of molding a three 
layered sheet by multi-layer extrusion molding, using the 
first cylinder into which the first resin is charged by the first 
charging step, the second cylinder into which the first resin 
into which the second resin is mixed is charged by the 
second charging step, and the third cylinder into which the 
first resin is charged by the third charging step, wherein the 
three-layered sheet is formed from the first resin, the first 
resin into which the second resin is mixed, and the first resin, 
with both exposed layers thereof being formed from the first 
resin, a second molding step of molding a Surface of one of 
the first resin-formed layers of the sheet molded by the first 
molding step into a prismatic shape by Surface rolling, and 
a third molding step of molding a surface of other one of the 
first resin-formed layers of the sheet molded by the first 
molding step into a prismatic shape by Surface rolling. 

0051. In the method of manufacturing the second diffuser 
of the present invention, the first resin is charged into the 
first cylinder, and the first resin into which the second resin 
is mixed is charged into the second cylinder, and further the 
first resin is charged into the third cylinder. Then, using the 
first cylinder into which the first resin is charged, the second 
cylinder into which the first resin into which the second resin 
is mixed is charged, and the third cylinder into which the 
first resin is charged, a three-layered sheet is molded by 
multi-layer extrusion molding. The three-layered sheet is 
formed from the first resin, the first resin into which the 
second resin is mixed, and the first resin, with both exposed 
layers thereof being layers formed from the first resin. A 
surface of one of the first resin-formed layers of the molded 
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sheet is molded into a prismatic shape by Surface rolling, and 
a surface of the other first resin-formed layers is molded into 
a prismatic shape by Surface rolling. 
0052 A method of manufacturing a third diffuser of the 
present invention is characterized by including a mixing step 
of mixing a second resin into a first resin, a first molding step 
of molding the first resin into which the second resin is 
mixed by the mixing step, into a sheet, a second molding 
step of molding a prism-shaped first resin by using a 2P 
molding method so as to be in contact and thus integral with 
one of surfaces of the sheet molded by the first molding step. 
0053. In the method of manufacturing the third diffuser of 
the present invention, the second resin is mixed into the first 
resin, and the first resin into which the second resin is mixed 
is molded into a sheet. Then, the first resin is molded into a 
prismatic shape using a 2P molding method Such that the 
first resin is in contact and thus integral with one of Surfaces 
of the sheet. 

0054) A first liquid crystal display apparatus of the 
present invention is characterized by including a liquid 
crystal display device, and a backlight for illuminating the 
liquid crystal display device, wherein the backlight includes 
a light source for emitting light, and a diffuser disposed 
between the light source and the liquid crystal display 
device, wherein the diffuser includes a diffusion layer for 
diffusing the light emitted from the light source, and a light 
distribution layer, disposed more toward the liquid crystal 
display device than the diffusion layer, for distributing the 
light diffused by the diffusion layer toward the liquid crystal 
display device. 
0055. In the first liquid crystal display apparatus of the 
present invention, there are provided the liquid crystal 
display device and the backlight for illuminating the liquid 
crystal display device. In the backlight, light is emitted to 
enter the diffuser. In the diffuser, the light emitted from the 
light source is diffused by the diffusion layer, and distributed 
by the light distribution layer. The light distribution layer is 
formed integrally with the diffusion layer and disposed more 
toward the liquid crystal display device than the diffusion 
layer. 

0056. A second backlight of the present invention is 
characterized by including a light source for emitting light, 
and a diffuser disposed between the light source and a liquid 
crystal display device, wherein the diffuser includes a light 
focusing layer for focusing the light emitted from the light 
Source, and a light distribution layer, disposed more toward 
the liquid crystal display device than the light focusing layer, 
for distributing the light focused by the light focusing layer 
toward the liquid crystal display device. 
0057. In the second backlight of the present invention, 
there are provided the liquid crystal display device and the 
backlight for illuminating the liquid crystal display device. 
In the backlight, light is emitted to enter the diffuser. In the 
diffuser, the light emitted from the light source is focused by 
the light focusing layer, and distributed by the light distri 
bution layer. The light distribution layer is formed integrally 
with the light focusing layer, and disposed more toward the 
liquid crystal display device than the light focusing layer. 
0058. A second liquid crystal display apparatus of the 
present invention is characterized by including a liquid 
crystal display device, and a backlight for illuminating the 
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liquid crystal display device, wherein the backlight includes 
a light source for emitting light, and a diffuser disposed 
between the light source and the liquid crystal display 
device, wherein the diffuser includes a light focusing layer 
for focusing the light emitted from the light source and a 
light distribution layer, formed integrally with the light 
focusing layer and disposed more toward the liquid crystal 
display device than the light focusing layer, for distributing 
the light focused by the light focusing layer toward the liquid 
crystal display device. 
0059. In the second liquid crystal display apparatus of the 
present invention, there are provided the liquid crystal 
display device and the backlight for illuminating the liquid 
crystal display device. In the backlight, light is emitted to 
enter the diffuser. In the diffuser, the light emitted from the 
light source is focused by the light focusing layer, and 
distributed by the light distribution layer. The light distri 
bution layer is formed integrally with the light focusing 
layer and disposed more toward the liquid crystal display 
device than the light focusing layer. 
0060 A first light guide plate according to the present 
invention, which has a light incidence Surface, for guiding 
light emitted from a plurality of light emitting devices 
arranged in a row at predetermined intervals in a longitudi 
nal direction of the light incidence surface for surface 
emission, is characterized in that a gate through which a 
molten material is charged to fill a cavity of an injection 
molding die during injection molding of the light guide plate 
is disposed at a position of the light incidence Surface where 
none of the plurality of light emitting devices are arranged. 
0061. A second light guide plate according to the present 
invention, which has a light incidence Surface, for guiding 
light emitted from a plurality of light emitting devices 
arranged in a row at predetermined intervals in a longitudi 
nal direction of the light incidence surface for surface 
emission, and which is wedge-shaped so that a thickness 
thereof gradually decreases in a direction of guiding the 
guided light, is characterized in that a gate through which a 
molten material is charged to fill a cavity of an injection 
molding die during injection molding of the light guide plate 
is arranged at a position of the light incidence Surface where 
none of the plurality of light emitting devices are arranged. 
0062) A third backlight according to the present invention 

is characterized by including a light guide plate for guiding 
light incident on a light incidence surface for Surface emis 
sion from a light emergence Surface, a light source having a 
plurality of light emitting devices arranged in a row at 
predetermined intervals in a longitudinal direction of the 
light incidence Surface of the light guide plate, a reflection 
sheet disposed on a side of a light reflection surface of the 
light guide plate, a sheet member formed from a diffusion 
sheet and a prism sheet disposed so as to be stacked on a side 
of the light emergence Surface of the light guide plate, and 
a frame for holding the light Source, the reflection sheet, and 
the sheet member on the light guide plate, wherein the light 
guide plate has a gate, through which a molten material is 
charged to fill a cavity of an injection molding die during 
injection molding of the light guide plate, disposed at a 
position of the light incidence surface where none of the 
plurality of light emitting devices are arranged. 
0063 A fourth backlight according to the present inven 
tion is characterized by including a light guide plate for 
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guiding light incident on a light incidence Surface for Surface 
emission from a light emergence Surface, and being wedge 
shaped so that a thickness of the light guide plate gradually 
decreases in a direction of guiding the guided light, a light 
Source having a plurality of light emitting devices arranged 
in a row at predetermined intervals in a longitudinal direc 
tion of the light incidence Surface of the light guide plate, a 
reflection sheet disposed on a side of a light reflection 
surface of the light guide plate, a sheet member formed from 
a diffusion sheet and a prism sheet disposed so as to be 
stacked on a side of the light emergence Surface of the light 
guide plate, and a frame for holding the light source, the 
reflection sheet, and the sheet member on the light guide 
plate, wherein the light guide plate has a gate, through which 
a molten material is charged to fill a cavity of an injection 
molding die during injection molding of the light guide 
plate, disposed at a position of the light incidence Surface 
where none of the plurality of light emitting devices are 
arranged. 

0064. A method of manufacturing the first light guide 
plate according to the present invention, in which the first 
light guide plate has a light incidence Surface and guides 
light emitted from a plurality of light emitting devices 
arranged in a row at predetermined intervals in a longitudi 
nal direction of the light incidence surface for surface 
emission, is characterized in that the light guide plate is 
injection-molded by charging a molten material for filling a 
cavity of an injection molding die through a gate disposed at 
a position of the light incidence surface where none of the 
plurality of light emitting devices are arranged. 

0065. A method of manufacturing the second light guide 
plate according to the present invention, in which the second 
light guide plate has a light incidence Surface, guides light 
emitted from a plurality of light emitting devices arranged in 
a row at predetermined intervals in a longitudinal direction 
of the light incidence Surface for Surface emission, and is 
wedge-shaped so that a thickness thereof gradually 
decreases in a direction of guiding the guided light, is 
characterized in that the light guide plate is injection-molded 
by charging a molten material for filling a cavity of an 
injection molding die through a gate disposed at a position 
of the light incidence surface where none of the plurality of 
light emitting devices are arranged. 

ADVANTAGES OF THE INVENTION 

0066. According to a first aspect of the present invention, 
in a liquid crystal display apparatus, a liquid crystal display 
device can be illuminated, particularly, with a reduced parts 
count, and satisfying a required light distribution perfor 
aCC. 

0067. According to a second aspect of the present inven 
tion, a diffuser can be manufactured. Particularly, a diffuser 
in which the diffusion layer and the light distribution layer 
are integrally formed can be manufactured with a simple 
method, using multi-layer extrusion molding and rolling. 

0068 According to a third aspect of the present inven 
tion, a diffuser can be manufactured. Particularly, a diffuser 
in which the light focusing layer, the diffusion layer, and the 
light distribution layer are integrally formed can be manu 
factured with a simple method, using multi-layered extru 
sion molding and rolling. 
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0069. According to a fourth aspect of the present inven 
tion, a diffuser can be manufactured. Particularly, a diffuser 
in which the diffusion layer and the light distribution layer 
are integrally formed can be manufactured with a simple 
method using a 2P molding method. 
0070 According to a fifth aspect of the present invention, 
a liquid crystal display apparatus can be provided. Particu 
larly, a liquid crystal display apparatus can be provided, 
which has a backlight capable of illuminating a liquid crystal 
display device, with a reduced parts count, and satisfying a 
required light distribution performance. 
0071 According to a sixth aspect of the present inven 
tion, in a liquid crystal display apparatus, a liquid crystal 
display device can be illuminated, particularly, with a 
reduced parts count, and in a manner increasing utilization 
efficiency of emitted light. 
0072 According to a seventh aspect of the present inven 
tion, a liquid crystal display apparatus can be provided. 
Particularly, a liquid crystal display apparatus is provided, 
which has a backlight capable of illuminating a liquid crystal 
display device, with a reduced parts count, and in a manner 
increasing utilization efficiency of emitted light. 
0073. Furthermore, according to a light guide plate and a 
method of manufacturing the light guide plate, which con 
stitute an eighth aspect of the present invention, a gate 
through which a molten material is charged to fill a cavity of 
an injection molding die during injection molding of the 
light guide plate is disposed at a position of a light incidence 
Surface where none of a plurality of light emitting devices 
are arranged. As a result, an unevenness of transfer between 
left and right sides with respect to a light incidence direction 
can be suppressed. Furthermore, since there is no longer 
required to perform a process of cutting a gate formation 
formed by the gate and polishing the cut Surface, manufac 
turing time can be reduced, thus enabling low-cost manu 
facture and facilitating mass production. 
0074 Furthermore, a backlight having such a light guide 
plate, which constitutes a ninth aspect of the present inven 
tion, allows its manufacturing time to be reduced, thus 
enabling low-cost manufacture and facilitating mass pro 
duction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0075 FIG. 1A. It is a diagram for explaining the con 
figuration of a backlight using a conventional light guide. 
0.076 FIG. 1B It is a diagram for explaining the con 
figuration of the backlight using the conventional light 
guide. 
0.077 FIG. 1C. It is a diagram for explaining the con 
figuration of the backlight using the conventional light 
guide. 
0078 FIG. 2. It is a diagram for explaining a light guide 
plate manufactured by providing a gate on a side Surface 
thereof, shown as a conventional art. 
0079 FIG. 3) It is a diagram for explaining a light guide 
plate manufactured by providing a gate on a light incidence 
Surface thereof, shown as a conventional art. 
0080 FIG. 4) It is a diagram for explaining a light guide 
plate manufactured by providing a gate on an anti-light 
incidence Surface thereof, shown as a conventional art. 
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0081 FIG. 5. It is a diagram for explaining the con 
figuration of a conventional backlight using fluorescent 
tubes. 

0082 FIG. 6. It is a diagram for explaining light enter 
ing a BEF via an air layer. 
0083 FIG. 7. It is a diagram for explaining a first 
configuration example of a backlight to which the present 
invention is applied. 
0084 FIG. 8. It is a diagram for explaining light dis 
tribution performance of a diffuser to which the present 
invention is applied. 

0085 FIG. 9. It is a flowchart for explaining a diffuser 
manufacturing process 1. 

0086 FIG. 10. It is a diagram for explaining the diffuser 
manufacturing process 1. 

0087 FIG. 11. It is a diagram for explaining the diffuser 
manufacturing process 1. 

0088 FIG. 12. It is a flowchart for explaining a diffuser 
manufacturing process 2. 

0089 FIG. 13. It is a diagram for explaining the diffuser 
manufacturing process 2. 

0090 FIG. 14. It is a diagram for explaining the diffuser 
manufacturing process 2. 

0091 FIG. 15. It is a diagram for explaining a second 
configuration example of a backlight to which the present 
invention is applied. 

0092 FIG. 16. It is a flowchart for explaining a diffuser 
manufacturing process 3. 

0093 FIG. 17. It is a diagram for explaining the diffuser 
manufacturing process 3. 

0094 FIG. 18) It is a diagram for explaining the diffuser 
manufacturing process 3. 

0.095 FIG. 19. It is a flowchart for explaining a diffuser 
manufacturing process 4. 

0096 FIG. 20. It is a diagram showing an example light 
distributor usable in place of a light distributor of FIG. 15. 
0097 FIG. 21. It is a diagram for explaining a third 
configuration example of a backlight to which the present 
invention is applied. 
0098 FIG. 22. It is a diagram for explaining a light 
guide plate shown as the best mode for carrying out the 
present invention. 

0099 FIG. 23. It is a diagram showing another example 
of the same light guide plate. 

0.100 FIG. 24. It is a diagram showing the appearance 
of the same light guide plate including a runner. 

0101 FIG. 25. It is a diagram for explaining the con 
figuration of a backlight unit incorporating the same light 
guide plate. 

0102 FIG. 26. It is a diagram for explaining the same 
light guide plate specifically manufactured. 



US 2006/0268568 A1 

0103 FIG. 27. It is a diagram showing a luminance 
measurement result as to the same light guide plate specifi 
cally manufactured. 
0104 FIG. 28. It is a diagram for explaining a light 
guide plate specifically manufactured by providing a gate on 
a side surface thereof. 

0105 FIG. 29. It is a diagram showing a luminance 
measurement result as to the light guide plate specifically 
manufactured by providing a gate on a side Surface thereof. 

DESCRIPTION OF REFERENCE SYMBOLS 

0106 122 LCD panel, 131 fluorescent tube, 133 rear 
frame, 134 reflection sheet, 161 backlight, 171 diffuser, 181 
light distribution layer, 182 diffusion layer, 191 diffusion 
element, 201 first resin, 202 second resin, 205 first cylinder, 
206 second cylinder, 207 surface roll, 221 die, 251 back 
light, 261 diffuser, 271 light incidence control layer, 281 
third cylinder, 301 diffuser, 311 light incidence control layer, 
321 light incidence control section, 351 backlight, 361 
diffuser, 401 light guide plate, 411 light incidence surface, 
411a, 411b, 411c, 411d positions, 415 gate formation, 420 
light source section, 421, 421a, 421b, 421c. 421d light 
emitting diodes, 422a, 422b, 422c, 422d light emergence 
surface, 423 substrate, 471 backlight unit 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Embodiment 1 
0107 A first embodiment of the present invention will be 
described below with reference to the drawings. 
0108 Backlights come in a type wherein a light source 
such as a cold cathode fluorescent light (CCFL) or a light 
emission diode (LED) is arranged along and in proximity to 
a side Surface of a light guide plate formed from a trans 
parent synthetic resin plate for guiding light, and a type 
wherein light sources such as a plurality of cold cathode 
fluorescent lights are arrayed in parallel with each other. A 
diffuser for diffusing light for uniform emission onto the 
liquid crystal display device is interposed, in the former, 
between the light guide plate and the liquid crystal display 
device, and, in the latter, between the plurality of cold 
cathode fluorescent lights and the liquid crystal display 
device. 

0109. In Embodiment 1, a description will be given of a 
case where light sources such as a plurality of cold cathode 
fluorescent lights are arrayed in parallel with each other 
immediately below the liquid crystal display device. 

0110 FIG. 7 is a sectional view for explaining a first 
configuration example of a liquid crystal display apparatus 
having a backlight to which the present invention is applied. 

0111 Note that the same reference symbols are given to 
parts corresponding to those in the conventional case, and 
descriptions thereof are omitted as appropriate. 

0112 That is, a backlight 161 to which the present 
invention is applied has a configuration similar to that of the 
backlight 121 described with reference to FIG. 5, except 
that the backlight 161 includes a diffuser 171, instead of the 
diffuser 132, diffusion sheet 135, and BEF 136. 
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0113. The diffuser 171 is provided with a diffusion layer 
182 including diffusion elements 191, on a side which light 
emitted from fluorescent tubes 131 enters. A lower surface 
(the fluorescent tube 131 side) of the diffusion layer 182 is 
smoothly shaped. The other side of the diffusion layer 182 
which is on a side of an LCD panel 122, i.e., a side from 
which much of the emitted light exits is provided with a light 
distribution layer 181 formed from a prismatic surface. The 
prismatic Surface has an array of So many V-shaped stripe 
grooves having a saw-tooth cross sectional shape or an array 
of asperities each having a semi-cylindrical cross sectional 
structure (e.g., Stripe grooves or asperities are formed in 
parallel with each other in array). Specifically, the prismatic 
shape of the light distribution layer 181 may be an array of 
triangular, sinusoidal, semi-circular, elliptic cross-sections. 
Moreover, the prismatic shape of the light distribution layer 
181 may be an arrangement wherein a plurality of triangular, 
sinusoidal, semi-circular, elliptic, pyramidal, semi-spherical 
units are disposed in X and Y directions which are orthogo 
nal to each other. 

0114 Part of the light having entered the diffusion layer 
182 enters the surfaces of the diffusion elements 191, and is 
partially reflected due to a difference in refractive index 
between a resin for forming a portion of the diffusion layer 
182 excluding the diffusion elements 191 and a resin for 
forming the diffusion elements 191. Part of the light enters 
the diffusion elements 191 at a predetermined refractive 
index, and exits from the diffusion elements 191 at the 
predetermined refractive index. That is, the light having 
entered the diffusion layer 182 is diffused by the diffusion 
elements 191. 

0115 And the light having been diffused in the diffusion 
layer 182 is controlled by the light distribution layer 181 
such that the light is distributed toward the LCD panel 122. 
0116. Of the diffuser 171, the light distribution layer 181 
and the portion of the diffusion layer 182 excluding the 
diffusion elements 191 are formed from the same resin. Only 
the diffusion elements 191 are formed from a different resin. 
Therefore, neither reflection nor refraction occurs between 
the light distribution layer 181 and the diffusion layer 182. 
Moreover, it is preferable that the ratio of a refractive index 
of the resin for forming the light distribution layer 181 and 
the portion of the diffusion layer 182 excluding the diffusion 
elements 191 to a refractive index of the resin for forming 
the diffusion elements 191 take a larger value, since light 
diffusing effects by the diffusion elements 191 are thereby 
enhanced. 

0.117) It is preferable to use resins having refractive 
indices ranging from 1.2 to 1.7 for both a first resin for 
forming the light distribution layer 181 and the portion of the 
diffusion layer 182 excluding the diffusion elements 191, 
and a second resin for forming the diffusion elements 191. 
0118 Specifically, as the first resin for forming the light 
distribution layer 181 and the portion of the diffusion layer 
182 excluding the diffusion elements 191 and the second 
resin for forming the diffusion elements 191, different ones 
of resins may be used, respectively, which include, e.g., PC 
(PolyCarbonates) having refractive indices ranging from 
1.58 to 1.59, PMMA (PolyMethylMethAcrylates) having 
refractive indices ranging from 1.49 to 1.50, or MS (Meth 
acrylic Styrene resins) having refractive indices ranging 
from 1.56 to 1.58. 
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0119). In the conventional case described with reference 
to FIGS. 5 and 6, due to the difference in the refractive 
index between the air layer and the BEF 136, the incidence 
angle of light before controlling light distribution is limited. 
By contrast, unlike the conventional case described with 
reference to FIGS. 5 and 6, in the diffuser 171 to which the 
present invention is applied, no air layer is interposed 
between a light diffusion portion and a light focusing por 
tion. That is, in the backlight 161 to which the present 
invention is applied, diffused light is distributed through no 
air layer. As a result, as shown in FIG. 8, light reaching the 
light distribution layer 181 remains at an angle of diffusion 
as diffused by the diffusion elements 191. 
0120) Therefore, light distribution performance required 
of the light distribution layer 181 does differ from that of the 
conventional BEF 136 receiving diffused light through the 
air layer. The prismatic shape of the light distribution layer 
181 is optimized by the diffusion efficiency by the diffusion 
layer 182, the refractive index of the resin for forming the 
light distribution layer 181, and the light distribution per 
formance required as the backlight 161. 
0121 By having such a configuration, a backlight can be 
provided, which can realize the required light distribution 
performance without use of a diffusion sheet and the like, 
other than the diffusion layer 182. 
0122) While the case where the fluorescent tubes 131 are 
used as the light sources has been described here, it goes 
without saying that LEDs (light emitting diodes) or the like 
may alternatively be used. 
0123 Referring next to a flowchart of FIG.9, and FIGS. 
10 and 11, a diffuser manufacturing process 1 will be 
described, which is an example of a process of manufactur 
ing the diffuser 171. 
0.124. In step S1, the first resin for forming the light 
distribution layer 181 and the portion of the diffusion layer 
182 excluding the diffusion elements 191, and dots of the 
second resin for forming the diffusion elements 191 are 
prepared. 

0125. In step S2, the dots of the second resin are mixed 
into the first resin in order to form the diffusion layer 182. 
From the dots of the second resin mixed into the first resin, 
the diffusion elements 191 of the diffusion layer 182 are 
formed. 

0126. In step S3, the first resin is charged into a first 
cylinder, and the first resin mixed with the second resin is 
charged into a second cylinder, in order to execute multi 
layer extrusion molding. That is, as shown in FIG. 10, a first 
resin 201 is charged into a first cylinder 205, and the first 
resin 201 into which a second resin 202 is mixed is charged 
into a second cylinder 206. 
0127. In step S4, multi-layer extrusion molding is 
executed by a multi-layer extrusion molding machine. 
0128 Multi-layer extrusion molding is, in principle, a 
method of fabricating elongated articles by feeding a resin 
material into a heating cylinder (barrel) using a screw or a 
plunger for heating and fluidization, to have the material 
pass through a front-end die (a die having a cavity whose 
geometry is identical with a cross section of the material 
passing therethrough) to shape the material, and then to cool 
and solidify the material using water or air. Molded articles 
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having various cross sections, such as films, sheets, pipes, 
profiles, can be fabricated using dies of different geometries. 
0129. It is supposed here that the die has a geometry for 
molding sheets. And, as shown in FIG. 10, since the first 
resin 201 is charged into the first cylinder 205, and the 
second resin 202-mixed first resin 201 is charged into the 
second cylinder 206, a two-layered sheet is molded, which 
has the diffusion layer 182 and a layer (of the first resin 201 
with no prismatic Surface formed) for producing the light 
distribution layer 181. 
0130. In step S5, as shown in FIG. 11, of the sheet 
produced by the multi-layer extrusion molding machine, a 
side of the first resin (a side of a surface roll 207 in FIG. 11) 
extruded from the first cylinder is molded into a prismatic 
shape by surface rolling, whereby the light distribution layer 
181 contiguous to the diffusion layer 182 is formed. The 
process of manufacturing the diffuser 171 having no air layer 
between the light distribution layer 181 and the diffusion 
layer 182 is thereby terminated. 
0131 Referring next to a flowchart of FIG. 12, and 
FIGS. 13 and 14, a diffuser manufacturing process 2 will be 
described, which is an example different from the process of 
manufacturing the diffuser 171 described with reference to 
the flowchart of FIG. 9, and FIGS. 10 and 11. 
0.132. In step S21, a first resin for forming the light 
distribution layer 181 and the portion of the diffusion layer 
182 excluding the diffusion elements 191, and dots of a 
second resin for forming the diffusion elements 191 are 
prepared. 

0133. In step S22, a UV curing agent is mixed into a 
portion of the first resin 201 for forming the light distribution 
layer 181. Note that this step is omitted if the first resin is a 
UV curing resin. 
0.134. In step S23, the dots of the second resin 202 are 
mixed into the first resin 201 in order to form the diffusion 
layer 182. From the dots of the second resin 202 mixed into 
the first resin 201, the diffusion elements 191 of the diffusion 
layer 182 are formed. 
0.135) In step S24, the second resin 202-mixed first resin 
201 is shaped into a sheet, by, e.g., an extrusion molding 
method, a calendar molding method, or the like. From the 
resin sheet thus molded, the diffusion layer 182 is formed. 
0136. In step S25, the first resin 201, into which a UV 
curing agent is mixed or which is a UV curing resin, is 
applied to the sheet-shaped, second resin 202-mixed first 
resin 201. 

0.137 In step S26, the first resin 201, into which a UV 
curing agent is mixed or which is a UV curing resin, is 
molded into a prismatic shape defined by a die 221 using a 
2P molding method, whereby the light distribution layer 181 
is formed. The process of manufacturing the diffuser 171 
having no air layer between the light distribution layer 181 
and the diffusion layer 182 is thereby terminated. 
0.138. The 2P molding method is a system in which by 
using a low-viscosity UV curing resin, the geometry of a die 
is transferred onto the resin for duplication. Specifically, the 
UV curing resin is applied between an electroforming die 
(stamper) and a Substrate glass, and the resin is UV-cured by 
radiation of ultraviolet rays for molding into a desired shape. 
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0.139. The diffuser 171 included in the backlight 161 of 
FIG. 7 is manufactured by any of the manufacturing pro 
cesses described with reference to FIGS. 9 to 14. 

0140 FIG. 15 is a sectional view for explaining a second 
configuration example of a liquid crystal display apparatus 
having a backlight to which the present invention is applied. 

0141 Note that the same reference symbols are given to 
parts corresponding to those in the case of the first configu 
ration example described with reference to FIG. 7, and 
descriptions thereof are omitted as appropriate. 

0142. That is, a backlight 251 in the second configuration 
example to which the present invention is applied has a 
configuration similar to that of the backlight 161 described 
with reference to FIG. 7, except that the backlight 251 has 
a diffuser 261, instead of the diffuser 171. 

0143. The diffuser 261 is provided with a light incidence 
control layer 271 including a prismatic Surface on a side of 
fluorescent tubes 131, in addition to a light distribution layer 
181 and a diffusion layer 182 similar to those of the diffuser 
171. The prismatic surface has so many V-shaped stripe 
grooves having a saw-tooth cross sectional shape or asperi 
ties each having a semi-cylindrical cross sectional structure 
arrayed in parallel with each other. The light incidence 
control layer 271 is formed from the same resin (the first 
resin 201 in FIG. 10, 11 or 13) as the light distribution layer 
181 and the portion of the diffusion layer 182 excluding the 
diffusion elements 191, with only the diffusion elements 
being formed from a different resin. Therefore, neither 
reflection nor refraction occurs between the light incidence 
control layer 271 and the diffusion layer 182. Moreover, the 
prismatic shape of the light incidence control layer 271 may 
be identical with or different from that of the light distribu 
tion layer 181. 

0144. The prismatic shape of the light incidence control 
layer 271 is so configured as to allow light emitted from the 
fluorescent tubes 131 or light emitted from the fluorescent 
tubes 131 and then reflected by a reflection sheet 134 to be 
guided to the diffusion layer 182 efficiently. The proportion 
of light entering the light incidence control layer 271 to light 
reaching the light incidence control layer 271 is determined 
by the ratio of the refractive index of the air to that of the 
resin for forming the light incidence control layer 271, 
assuming that the light enters at a random incidence angle. 
By forming the prism on the light incidence control layer 
271, it becomes possible to enhance the proportion, to light 
reaching part of the Surface of the light incidence control 
layer 271 but being reflected by the light incidence control 
layer 271 without entering the light incidence control layer 
271, of light re-entering other parts of the surface of the light 
incidence control layer 271. 
0145 Thus, the diffuser 261 in the second configuration 
example can reduce the ratio of light not reaching the 
diffusion layer 182, i.e., lost light to light emitted by the 
fluorescent tubes 131, as a result of the light incidence 
control layer 271, compared with the diffuser 171 in the first 
configuration example. Thus, the diffusion of light, light 
distribution control, and light focusing control can be real 
ized with a single diffuser. 
0146 By having such a configuration, the backlight 251 
can realize the required light distribution performance and 
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also Suppress loss of light produced by the fluorescent tubes 
131, without use of a diffusion sheet and the like, other than 
the diffusion layer 182. 
0147 Referring next to a flowchart of FIG. 16, and 
FIGS. 17 and 18, a diffuser manufacturing process 3 will be 
described, which is an example of the process of manufac 
turing the diffuser 261. 
0.148. In step S41, the first resin 201 for forming the light 
distribution layer 181, the light incidence control layer 271, 
and the portion of the diffusion layer 182 excluding the 
diffusion elements 191, and dots of the second resin 202 for 
forming the diffusion elements 191 are prepared. 
0149. In step S42, the dots of the second resin 202 are 
mixed into the first resin 201 in order to form the diffusion 
layer 182. From the dots of the second resin 202 mixed into 
the first resin 201, the diffusion elements 191 of the diffusion 
layer 182 are formed. 
0150. In step S43, the first resin 201 is charged into the 
first and third cylinders and the first resin 201 mixed with the 
second resin 202 is charged into the second cylinder, in order 
to execute multi-layer extrusion molding. That is, in the 
process of manufacturing the diffuser 261, three cylinders 
are used. As shown in FIG. 17, the first resin 201 is charged 
into the first cylinder, the second resin 202-mixed first resin 
201 is charged into the second cylinder, and further the first 
resin 201 is charged into the third cylinder. The third 
cylinder and the first cylinder are opposed to each other 
across the second cylinder. 
0151. In step S44, the multi-layer extrusion molding is 
executed by the multi-layer extrusion molding machine. 
Here, since the first resin 201 is charged into the first 
cylinder, the second resin 202-mixed first resin 201 is 
charged into the second cylinder, and the first resin 201 is 
charged into the third cylinder, a three-layered sheet is 
molded, which includes a layer (of the first resin 201 with no 
prism molded) for producing the light distribution layer 181, 
the diffusion layer 182, and a layer (of the first resin 201 with 
no prism molded) for producing the light incidence control 
layer 271. 

0152. In step S45, similarly to the case described with 
reference to FIG. 11, of the sheet produced by the multi 
layer extrusion molding machine, a side of the first resin 
extruded from the first cylinder is molded into a prismatic 
shape by surface rolling using the surface roll 207, whereby 
the light distribution layer 181 contiguous to the diffusion 
layer 182 is formed. 
0153. In step S46, as shown in FIG. 18, of the sheet 
produced by the multi-layer extrusion molding machine, a 
side (in other words, a surface different from the light 
distribution layer 181 molded in step S45) of the first resin 
201 extruded by the third cylinder is molded into a prismatic 
shape by surface rolling using the surface roll 207, the light 
incidence control layer 271 contiguous to the diffusion layer 
182 is formed. The process of manufacturing the diffuser 
261 having no air layer between any adjacent ones of the 
light distribution layer 181, diffusion layer 182, and light 
incidence control layer 271 is thereby terminated. 
0154) Referring next to a flowchart of FIG. 19, a diffuser 
manufacturing process 4 will be described, which is an 
example of the process of manufacturing the diffuser 261 
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different from the diffuser manufacturing process 3 
described with reference to FIG. 16. 

0.155) In step S61, the first resin 201 for forming the light 
distribution layer 181, the light incidence control layer 271, 
and the portion of the diffusion layer 182 excluding the 
diffusion elements 191, and dots of the second resin 202 for 
forming the diffusion elements 181 are prepared. 
0156. In step S62, a UV curing agent is mixed into a 
portion of the first resin 201 for forming the light distribution 
layer 181 and the light incidence control layer 271. Note that 
if the first resin is a UV curing resin, this step is omitted. 
0157. In step S63, the dots of the second resin 202 are 
mixed into the first resin 201 in order to form the diffusion 
layer 182. From the dots of the second resin 202 mixed into 
the first resin 201, the diffusion elements 191 of the diffusion 
layer 182 are formed. 
0158. In step S64, the second resin-mixed first resin 201 

is shaped into a sheet by, e.g., the extrusion molding method, 
the calendar molding method, or the like. From the resin 
sheet thus molded, the diffusion layer 182 is formed. 
0159. In step S65, the first resin 201, into which a UV 
cuing agent is mixed or which is a UV curing resin, is 
applied to one of the Surfaces of the sheet-shaped, second 
resin 202-mixed first resin 201. 

0160. In step S66, the first resin 201, into which a UV 
curing agent is mixed or which is a UV curing resin, is 
molded into a prismatic shape by the 2P molding method, 
whereby the light distribution layer 181 is formed. 
0161 In step S67, the first resin 201, into which a UV 
curing agent is mixed or which is a UV curing resin, is 
applied to a Surface of the sheet-shaped, second resin 
202-mixed first resin 201 (diffusion layer 182), which is 
different from a surface (i.e., the light distribution layer 181) 
on which the prism has been molded by the processing of 
step S66. 

0162. In step S68, the first resin 201, into which a UV 
curing agent is mixed or which is a UV curing resin, is 
molded into a prismatic shape by the 2P molding method, 
whereby the light incidence control layer 271 is formed. The 
process of manufacturing the diffuser 261 having no air layer 
between any adjacent ones of the light distribution layer 181, 
diffusion layer 182, and light incidence control layer 271 is 
thereby terminated. 
0163 Through the manufacturing process described with 
reference to FIG. 16 or 19, the diffuser 261 included in the 
backlight 251 of FIG. 15 is manufactured. 
0164. Alternatively, a diffuser 301 such as shown in FIG. 
20 may be used, instead of the diffuser 261 of FIG. 15. 
0165. The diffuser 301 includes a light distribution layer 
181 and a diffusion layer 182, similar to those in the diffuser 
261, and also includes a light incidence control layer 311 
having a different prismatic shape, instead of the light 
incidence control layer 271. 
0166 The prism of the light incidence control layer 311 
which is on a side of the fluorescent tubes 131 includes a 
light incidence control section 321 (two light incidence 
control sections 321, namely, light incidence control sec 
tions 321-1 and 321-2, are shown in FIG. 20). Its shape is 
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defined by the distance between itself and any of the 
fluorescent tubes 131-1 to 131-n which is closest to itself. 

0.167 If the light incidence surface to which light is 
emitted from the fluorescent tubes 131 is flat as in the 
diffuser 171 of FIG. 7, or if the prism for focusing light 
emitted from the fluorescent tubes 131 has a consistent 
pattern as in the light incidence control layer 271 provided 
in the diffuser 261 of FIG. 15, a distribution of incidence 
angles of the light emitted from the fluorescent tubes 131 to 
the diffuser 171 or 261 varies on the flat Surface of the LCD 
panel 122, depending on the position, whether it is imme 
diately above any of the fluorescent tubes 131-1 to 131-n or 
it is between any adjacent ones of the fluorescent tubes 
131-1 to 131-n. As a result, an unevenness of lightness may 
likely occur. 

0.168. In the conventional backlight, the lightness on the 
flat surface of the LCD panel is designed to be uniform by 
dropping the lightness of portions which are light. By 
contrast, in the diffuser 301, it is designed such that more 
light can enter the diffuser 301 at positions where the 
lightness drops, i.e., at the positions between any adjacent 
ones of the fluorescent tubes 131-1 to 131-n. 

0169. That is, in the diffuser 301, by forming a prism on 
a surface of the light incidence control layer 311 which is on 
a side of the fluorescent tubes 131, the luminance of light 
emitted onto the LCD panel 122 can be enhanced. In 
addition, by optimizing the shape of the prism on the basis 
of the arrangement of the fluorescent tubes 131-1 to 131-n, 
an unevenness of altitude of the backlight can be improved. 

0170 FIG. 21 is a sectional view for explaining a third 
configuration example of the liquid crystal display apparatus 
having a backlight to which the present invention is applied. 

0171 Note that the same reference symbols are given to 
parts corresponding to those in the case of the first configu 
ration example described with reference to FIG. 7, and 
descriptions thereof are omitted as appropriate. 

0172 That is, a backlight 351 according to the third 
configuration example to which the present invention is 
applied has a configuration similar to that of the backlight 
161 described with reference to FIG. 7, expect that the 
backlight 351 includes a diffuser 361, instead of the diffuser 
171. 

0173 The diffuser 361 has a configuration similar to that 
of the diffuser 301 described with reference to FIG. 20, 
except that the diffusion layer 182 is omitted. That is, the 
diffuser361 includes a light distribution layer 181 and a light 
incidence control section 311. Moreover, neither reflection 
nor refraction of light occurs between the light incidence 
control section 311 and the light distribution layer 181. By 
omitting the diffusion layer 182 from the diffuser 361, the 
light transmittance of the diffuser 361 increases, compared 
with the diffuser 171, diffuser 261, or diffuser 301. In the 
case of such a configuration, uniformity of light emitted onto 
the LCD panel 122 by the backlight 351 is determined by 
combinations of light distribution performance of the light 
distribution layer 181 and light focusing performance of the 
light incidence control section 311. Thus, by optimizing the 
shape of the prism of each of the light distribution layer 181 
and the light incidence control section 311, it becomes 
possible to obtain a desired performance. 
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0174 By providing such a configuration, the required 
light distribution performance can be realized without use of 
a diffusion sheet and the like, other than the diffusion layer 
182. Furthermore, the light transmittance is increased, and 
thus a high-luminance backlight can be provided, which can 
utilize light emitted from the fluorescent tubes 131 effi 
ciently. 

0175. As described above, in the backlight to which the 
present invention is applied, a high-performance diffuser 
having a diffusion function and a light distribution function 
can be formed integrally, and thus the number of parts 
forming the backlight is reduced, enabling a parts cost 
reduction. Furthermore, in the conventional backlight, its 
parts are assembled such that an air layer is formed between 
adjacent ones of the diffuser, diffusion sheet, and lens sheet, 
and thus high assembling accuracy has been required, to 
elevate the assembly cost of the backlight. However, in the 
backlight to which the present invention is applied, a high 
performance diffuser having a diffusion function and a light 
distribution function can be manufactured integrally using a 
simple method, and thus it becomes possible to implement 
an assembly cost reduction. 
0176 Note that in the foregoing backlight to which the 
present invention is applied, the examples in which the 
reflection sheet 134 is provided on the rear frame 133 have 
been described. However, it goes without saying that the 
present invention is applicable to a case where the reflection 
sheet 134 is disposed at other positions than that exemplified 
in FIG. 7 or the like, and to a case where no reflection sheet 
134 is provided. 
Embodiment 2 
0177 Next, the best mode for carrying out a light guide 
plate according to the present invention, and a method of 
manufacturing the light guide plate and a backlight accord 
ing to the present invention, will be described in detail with 
reference to the drawings. 
0178 Likewise in the case of Embodiment 1 mentioned 
above, backlights come in a type wherein light sources Such 
as a plurality of cold cathode fluorescent lights are arrayed 
in parallel with each other immediately below a liquid 
crystal display device, and a type wherein a light source Such 
as a cold cathode fluorescent light (CCFL) or a light emis 
sion diode (LED) is arranged along and in proximity to a 
side Surface of a light guide plate formed from a transparent 
synthetic resin plate for guiding light. In Embodiment 2, a 
case where a light Source Such as a light emitting diode is 
disposed along and in proximity to a side Surface of a light 
guide plate formed from a transparent synthetic resin plate 
for guiding light will be described. 
0179 A light guide plate 401 is shown in FIG.22 as the 
best mode for carrying out Embodiment 2 of the present 
invention. The light guide plate 401 is used for, e.g., a 
backlight unit, which is a backlight of a liquid crystal display 
apparatus. Materials used for the light guide plate 401 
include acrylic resins, and additionally, transparent thermo 
plastic resins, such as methacrylic resins, styrene resins, 
polycarbonate resins. 
0180. The light guide plate 401 is injection-molded 
using, e.g., a highly transparent acrylic resin as a material. 
The light guide plate 401 reflects light incident on a light 
incidence surface 411 at a light reflection surface 412, which 
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is one of main Surfaces of the light guide plate 401, in 
multiple directions, to cause the reflected light to exit from 
a light emergence Surface 413 as uniform light. The light 
reflection Surface 412 is provided with fine asperities, e.g., 
a prismatic pattern, a dot pattern, or the like, and thus the 
light reflection surface 412 is processed such that the light 
having entered the light guide plate 401 and being then 
guided therethrough is raised toward the light emergence 
surface 413 efficiently. This prismatic pattern or dot pattern 
on the light reflection surface 412 is formed with an injection 
molding die. 

0181. The light guide plate 401 is wedge-shaped such 
that a thickness thereof gradually decreases as viewed in a 
direction of guiding the light incident on the light incidence 
surface 411. However, the present invention may alterna 
tively be applicable to light guide plates having other 
configurations than Such a wedge-like configuration. 

0182. As a light source of the light guide plate 401, a light 
Source section 420 is used, which has light emitting diodes 
(LEDs) 421a, 421b, 421c. 421d arrayed in a row at prede 
termined intervals on a substrate 423 shown in FIG. 22. All 
the light emitting diodes 421a, 421b, 421c. 421d emit light 
in the same direction, and their light emergence Surfaces are 
denoted by 422a, 422b, 422c. 422d, respectively. Note that 
in the following description, the light emitting diodes 421 a. 
421b, 421c. 421d may also be collectively called the light 
emitting diodes 421, and their light emergence Surfaces 
422a, 422b, 422c. 422d may also be collectively called the 
light emergence Surfaces 422. The light emitting diodes 421 
may be, e.g., chip type light emitting diodes. 

0183 The pitch at which the light emitting diodes 421 are 
arrayed on the substrate 423 is determined by the size of the 
light guide plate 401 and the number of light emitting diodes 
421 used. For example, the light emitting diodes 421 are 
arrayed at, e.g., 14 mm or 6 mm intervals on the Substrate 
423. Note that the present invention is not limited to the 
pitch for arraying the light emitting diodes 421. Thus, the 
present invention functions effectively irrespective of what 
pitch the light emitting diodes 421 are arrayed at on the 
substrate 423. 

0.184 This light source section 420 is disposed with 
respect to the light guide plate 401 such that the light 
emergence surfaces 422 of the light emitting diodes 421 on 
the light source section 420 come in intimate contact with 
the light incidence surface 411 of the light guide plate 401. 
For example, a double-sided adhesive tape is stuck along a 
“x' marked region on the substrate 423 of the light source 
section 420 shown in FIG. 22, for adhesion to a location of 
the light guide plate 401 which is toward the light reflection 
surface 412 where reflection of light is not affected, whereby 
the light source section 420 can be attached to the light guide 
plate 401. 
0185. Moreover, the light guide plate 401 and the light 
source section 420 may alternatively be configured such that 
the light incidence surface 411 of the light guide plate 401 
is brought into intimate contact with the light emergence 
Surfaces 422 of the light emitting diodes 422, when accom 
modated inside a frame of the backlight unit. 
0186. In FIG. 22, positions 411a, 411b, 411c, 411d each 
enclosed by a dotted line on the light incidence surface 411 
of the light guide plate 401 indicate the positions at which 
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the light emergence Surfaces 422 of the light emitting diodes 
421 come in intimate contact with the light incidence Surface 
411 when the light guide plate 401 is attached to the light 
Source section 420 as mentioned above. 

0187. A gate formation 415 remains between the posi 
tions 411b and 411c on the light incidence surface 411 of the 
light guide plate 401. The gate formation 415 is formed by 
a resin having hardened at the gate of the injection molding 
die, when the light guide plate 401 is injection-molded. 
0188 Since the gate formation 415 remaining on the light 
guide plate 401 is a sheer scrap, it is usually cut off, and 
ground if necessary, so as not to be left on the molded article 
if possible, when the injection-molded article is separated 
from the runner. 

0189 The gate formation 415 formed on the light inci 
dence surface 411 of the light guide plate 401 is accommo 
dated between the light emitting diodes 421b and 421C when 
the light source 420 is attached to the light guide plate 401, 
and thus is of no hindrance. In addition, the gate formation 
415 does not exist in a direction in which the light emitting 
diodes 421 emit light, and thus there is no likelihood that the 
function of the light guide plate 401 for guiding the incident 
light for surface emission will be impaired whatsoever. 
0190. As described with reference to the prior art, if the 
gate of an injection molding die is to be positioned on the 
light incidence Surface of a light guide plate to be molded, 
it has been required that the gate cutting process for cutting 
a gate formation formed by the gate be succeeded by the 
polishing process. 

0191) However, by determining the position of the gate of 
the injection molding die such that the gate formation 415 is 
formed at a position where the light emitting diodes 421 are 
not arranged, on the light incidence Surface 411 of the light 
guide plate 401, only the gate cutting process for cutting the 
gate formation 415 may have to be performed. Furthermore, 
this gate cutting process may not demand accuracy such that 
the gate formation is cut off at a position extremely close to 
the light guide plate 401, but may suffice to leave the gate 
formation 415 on the light incidence surface 411 as a stump 
as thick as a light emitting diode 412 as viewed in the light 
emergence direction, e.g., as thick as about 1 mm. 
0192 The injection molding die used for injection-mold 
ing the light guide plate 401 includes a cavity for forming 
the light guide plate 401 such as shown in FIG. 22, and a 
gate for forming the gate formation 415. As mentioned 
above, the gate of the injection molding die is provided at a 
position of the light incidence surface 411 where the light 
emitting diodes 421 are not arranged, when the light Source 
section 420 is attached to the injection-molded light guide 
plate 401. 

0193 Moreover, it is desirable to set the gate of the 
injection molding die in the middle of the light incidence 
surface 411 of the light guide plate 401 to be formed, such 
that a molten material for filling the cavity spreads out into 
the entire cavity uniformly. 

0194 In the example shown in FIG. 22, in which there is 
an even number of light emitting diodes 421 of the light 
Source section 420, fortunately, there is an empty space in 
the middle of the light incidence surface 411 of the light 
guide plate 401 with no light emitting diodes 421 arranged. 
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Therefore, the injection molding die is fabricated such that 
the gate is set between the positions 411b and 411c where the 
light emitting diodes 421b, 421C are to be arranged. 
0.195 A case of an odd number of light emitting diodes in 
a light source section is shown in FIG. 23. As shown in FIG. 
23, a light source section 440 has three light emitting diodes 
441a, 441b, 441c arranged at predetermined intervals on a 
substrate 443. Positions 431a, 431b, 431c shown on a light 
incidence Surface 431 of a wedge-shaped light guide plate 
430 similar to the light guide plate 401 indicate the positions 
at which the light emitting diodes 441a, 441b, 441c are 
arranged when light emergence Surfaces 442 of the light 
emitting diodes are attached to the light incidence Surface 
431 of the light guide plate 430 in intimate contact with each 
other. 

0196. Since the light emitting diode 441b is arranged in 
the middle of the light incidence surface 431, the gate cannot 
be placed here. Therefore, the gate of the injection molding 
die is to be provided at Such a position as to have a gate 
formation 435a or 435b formed by the gate when a molten 
material is charged to fill the cavity, i.e., either between the 
positions 431b and 431a or between the positions 431b and 
431c. As a result, the molten material for filling the injection 
molding die can spread out into the cavity Substantially 
uniformly. 
0.197 An internal surface of the cavity of the injection 
molding die which is to form the light reflection surface 412 
of the light guide plate 401 is provided with fine asperities 
So as to form a prismatic pattern, a dot pattern, or the like for 
raising light guided through the light guide plate 401 toward 
the light emergence surface 413 efficiently as mentioned 
above. By having the shape of these asperities transferred 
onto the molten material charged and the molten material is 
then hardened, various patterns are to be formed on the light 
reflection surface 412. 

0198 When the light guide plate 401 is actually formed 
by the injection molding die, a runner portion 416 is also 
formed in addition to the gate formation 415, as shown in 
FIG. 24. The runner portion 416 is formed by a runner when 
the molten material, e.g., a molten acrylic resin is Supplied 
to the injection molding die from a molten material Supply 
ing Source, and is also a scrap similar to the gate formation 
415. While only one light guide plate 401 with the gate 
formation 415 and the runner portion 416 is shown in FIG. 
24, a plurality of light guide plates 401 are actually formed 
at the same time. 

0199 The molten material supplied from the molten 
material Supplying Source is gradually charged into the 
cavity of the injection molding die through the runner and 
the gate. When the molten material, e.g., a molten acrylic 
resin is charged into the cavity, control is performed to set 
pressure and temperature to appropriate values. 

0200 When the charging of the molten material into the 
cavity is terminated and the molten material in the cavity is 
cooled, the injection molding die is removed, and then the 
gate cutting process is performed at a position indicated by 
an arrow A shown in FIG. 24, whereby the light guide plate 
401 having the gate formation 415 is separated from the 
runner portion 416. 
0201 As mentioned above, the gate formation 415 nei 
ther is of a hindrance nor affects guiding of light at all, when 
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the light emitting diodes 421 are attached. Thus, the light 
guide plate 401 having the gate formation 415 is to be used 
as a backlight unit of a liquid crystal display apparatus as it 
is. 

0202) A backlight unit 471 including the above-men 
tioned light guide plate 401 and light source section 420 is 
shown in FIG. 25. In the backlight unit 471, the light source 
section 420 is disposed on a side of the light incidence 
surface 411 of the light guide plate 401, and furthermore a 
reflection sheet 481 is disposed on a side of the light 
reflection surface 412 of the light guide plate 401, and a 
diffusion sheet 482, a first prism sheet 483, a second prism 
sheet 484 are sequentially stacked one upon another on a 
side of the light emergence surface 413 of the light guide 
plate 401. The thus disposed light guide plate 401, light 
source 20, reflection sheet 481, diffusion sheet 482, first 
prism sheet 483, second prism sheet 484 are assembled 
together within frames 485, 486 serving as a housing of the 
backlight 471, with the reflection sheet 481 being on a side 
of the frame 486, in a manner having no play. 
0203. It goes without saying that the diffusers described 
in the above-mentioned Embodiment 1 to which the present 
invention is applied may alternatively be used instead of the 
diffusion sheet 482, first prism sheet 483, second prism sheet 
484, or in addition to these parts. 
0204 Such a backlight 471 allows light emitted from the 
light emitting diodes 421 of the light source section 420 to 
enter the light incidence surface 411 of the light guide plate 
401, for guiding through the light guide plate 401, and to 
reflect the light at the light reflection surface 412 and the 
reflection sheet 481, whereby to cause the light to exit from 
the light emergence Surface 413. The light emergent from 
the light emergence surface 413 is diffused as uniform light 
by the diffusion sheet 482. Then, by the first and second 
prism sheets 483, 484, horizontal and vertical components of 
the light are focused in a direction of the normal, i.e., in a 
direction perpendicular to the light incidence direction of the 
light from the light emitting diodes 421. The light emergent 
from the second prism sheet exits from an opening 485A of 
the frame 485, for emission onto, e.g., a liquid crystal 
display apparatus. 

0205 Even where the light guide plate 430 and the light 
source 440 shown in FIG. 23 are used, other configurations 
and the path of light of a backlight are exactly the same as 
those of the backlight unit 471, and thus description thereof 
are omitted. 

0206. Then, preparing a wedge-shaped light guide plate 
which is injection-molded using an injection molding die 
having a gate provided at a position of the light incidence 
Surface where no light emitting diodes are arranged, and a 
wedge-shaped light guide plate which is injection-molded 
using an injection molding die having a gate provided on a 
side Surface parallelling the direction of guiding light inci 
dent on the light incidence surface, their luminances were 
measured. Note that a molten acrylic resin is to be used as 
the molten material in both cases. 

0207 First, the wedge-shaped light guide plate fabricated 
using the injection molding die having the gate provided on 
the light incidence surface will be described. As shown in 
FIG. 26, a light guide plate 501 is so shaped that a width 
from a light incidence surface 551 to an anti-light incidence 
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surface 552 is 30 mm, that a width from a side surface 553 
to a side surface 554 is 35 mm, that the light incidence 
surface 551 has dimensions of 25 mmx1 mm, and that the 
anti-light incidence surface 552 has dimensions of 35 
mmx0.3 mm. 

0208. A light source section 560 for emitting light onto 
this light guide plate 501 includes four chip type light 
emitting diodes, i.e., light emitting diodes 561a, 561b, 561c. 
561d, on a substrate 563. Each of the light emitting diodes 
has dimensions of 1 mmx2 mmx1 mm. 

0209 The light source section 560 is joined to a light 
reflection surface 557 side of the light guide plate 501 by a 
double-sided adhesive tape stuck along a 'x' marked region 
on the substrate 563. At this time, light emergence surfaces 
562a, 562b, 562c, 562d of the light emitting diodes are 
attached to the light incidence surface 551 of the light guide 
plate 501 so as to come in intimate contact therewith. 
0210 Between positions 551b and 551c of the light 
incidence surface 551 of the light guide plate 501 remains a 
gate formation 555 formed by the gate of the injection 
molding die. Since the distance between the positions 551b 
and 551c is about 3 mm and the thickness of the light 
incidence surface 551 is 1 mm, an area in which the gate 
formation 555 is in contact with the light incidence surface 
551 is of a size smaller than these dimensions. 

0211 Moreover, the gate formation 555 is truncated to a 
height of 1 mm which equals the dimension of each light 
emitting diode as viewed in the light emergence direction, 
i.e., 1 mm. 

0212 Aluminance measurement result of light emergent 
from a light emergence surface 556 is shown in FIG. 27. 
which was obtained when light emitted from the light source 
section 560 attached as mentioned above was caused to enter 
the light incidence surface 551 of the light guide plate 501 
shown in FIG. 26. In FIG. 27, each of contours joined 
indicates the same luminance level, from which it is seen 
that substantially concentric ellipses are formed by these 
contours. Therefore, it is considered that the light guide plate 
501 is injection-molded satisfactorily with no unevenness of 
transfer. 

0213 Next, the wedge-shaped light guide plate fabricated 
by the injection molding die with the gate provided on a side 
surface will be described. As shown in FIG. 28, a light guide 
plate 570 has exactly the same size as the light guide plate 
501 shown in FIG. 26. That is, a width from a light 
incidence surface 571 to an anti-light incidence surface 572 
is 30 mm, and a width from a side surface 573 to a side 
surface 574 is 35 mm. Moreover, the light incidence surface 
571 has dimensions of 25 mmx1 mm, and the anti-light 
incidence surface 572 has dimensions of 35 mmx0.3 mm. 

0214) The light guide plate 570 differs from the light 
guide plate 501 in terms of appearance in the following two 
points: the light guide plate 570 has no gate formation on its 
light incidence surface 571, but has a gate cut mark 573A 
indicating that the gate has been cut from that position, on 
the side Surface 573. 

0215. The light source section 560 described with refer 
ence to FIG. 26 is attached to this light guide plate 570 such 
that the light emergence surfaces 562a, 562b, 562c. 562d of 
the light emitting diodes come in intimate contact with the 
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light incidence surface 571, using a double-sided adhesive 
tape, in exactly the same manner as in the case of the light 
guide plate 501. 
0216 A luminance measurement result of light reflected 
by a light reflection surface 575 and then emergent from the 
light emergence surface 556 is shown in FIG. 29, which was 
obtained when light emitted from the light source section 
560 attached as mentioned above was caused to enter the 
light incidence surface 571 of the light guide plate 571 
shown in FIG. 28. 

0217. As shown in FIG. 29, contours joined do not form 
concentric ellipses, from which it is seen that luminances are 
erratic in a region X which is enclosed by a solid line and 
shaded. The region X coincides with the gate position. Since 
the molten resin is charged under an extremely high pressure 
at this position, the degree of transfer is not uniform between 
left and right sides with respect to the light incidence 
direction. That is, it is considered that an unevenness of 
transfer has occurred, causing also luminance variations. 
0218. As is seen from the above results, the light guide 
plate 501 injection-molded by the injection molding die 
having the gate between the positions 551b and 551c of the 
light incidence surface 551 is free from an unevenness of 
transfer and thus exhibits Superior luminance characteristics, 
even with the gate formation 555 left on the light incidence 
Surface 551. 

1. A backlight characterized by comprising 
a light Source for emitting light, and 
a diffuser disposed between the light source and the liquid 

crystal display device, 
wherein said diffuser includes a diffusion layer for dif 

fusing the light emitted from the light source, and a 
light distribution layer integrally formed with the dif 
fusion layer and disposed more toward the liquid 
crystal display device than the diffusion layer, for 
distributing the light diffused by the diffusion layer 
toward the liquid crystal display device, 

wherein said diffusion layer includes a diffusion element, 
and 

wherein a first resin forming the light distribution layer, 
and the portion of the diffusion layer excluding said 
diffusion element is different from a second resin 
forming said diffusion element. 

2. The backlight as described in claim 1, characterized in 
that: 

said light distribution layer has a prismatic Surface on a 
Surface thereof facing toward the liquid crystal display 
device. 

3. (canceled) 
4. The backlight as described in claim 1, characterized in 

that: 

said first resin and said second resin are resin materials 
having refractive index ranging from 1.2 to 1.7. 

5. (canceled) 
6. The backlight as described in claim 1, characterized in 

that: 

said diffuser further comprises a light focusing layer for 
focusing the light emitted from the light source, formed 
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integrally with the diffusion layer, and disposed more 
toward the light source than the diffusion layer. 

7. The backlight as described in claim 6, characterized in 
that: 

said focusing layer has a prismatic shape on a surface 
thereof facing to said light Source. 

8. (canceled) 
9. The backlight as described in claim 6, characterized in 

that: 

said focusing layer is composed of said first resin. 
10. (canceled) 
11. (canceled) 
12. A method for manufacturing a diffuser of a backlight 

provided for a liquid crystal display device for illuminating 
thereof, said method characterized by comprising: 

a first charging step of charging a first resin into a first 
cylinder, 

a second charging step of charging the first resin into 
which a second resin different from the first resin is 
mixed, into a second cylinder; 

a first molding step of molding a two-layered sheet 
including the first resin and the first resin into which the 
second resin is mixed, by multi-layer extrusion mold 
ing, using the first cylinder into which the first resin is 
charged by the first charging step and the second 
cylinder into which the first resin into which the second 
resin is mixed is charged by the second charging step; 
and 

a second molding step of molding a surface of the first 
resin of the sheet molded by the first molding step, into 
a prismatic shape by Surface rolling. 

13. A method for manufacturing a diffuser of a backlight 
provided for a liquid crystal display device for illuminating 
thereof, said method characterized by comprising: 

a first charging step of charging a first resin into a first 
cylinder, 

a second charging step of charging the first resin into 
which a second resin different from the first resin is 
mixed, into a second cylinder; 

a third charging step of charging the first resin into a third 
cylinder, 

a first molding step of molding a three-layered sheet by 
multi-layer extrusion molding, using the first cylinder 
into which the first resin is charged by the first charging 
step, the second cylinder into which the first resin into 
which the second resin is mixed is charged by the 
second charging step, and the third cylinder into which 
the first resin is charged by the third charging step, 
wherein the three-layered sheet is formed from the first 
resin, the first resin into which the second resin is 
mixed, and the first resin, with both exposed layers 
thereof being formed from the first resin: 

a second molding step of molding a surface of one of the 
first resin-formed layers of the sheet molded by the first 
molding step into a prismatic shape by Surface rolling; 
and 
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a third molding step of molding a surface of other one of 
the first resin-formed layers of the sheet molded by the 
first molding step into a prismatic shape by Surface 
rolling. 

14. A method for manufacturing a diffuser of a backlight 
provided for a liquid crystal display device for illuminating 
thereof, said method characterized by comprising: 

a mixing step of mixing a second resin into a first resin; 
a first molding step of molding the first resin into which 

the second resin is mixed by the mixing step, into a 
sheet; and 

a second molding step of molding a prism-shaped first 
resin by using a 2P molding method in contact and 
integral with one of surfaces of the sheet molded by the 
first molding step. 

15. The method for manufacturing a diffuser as described 
in claim 14, characterized by further comprising: 

a third molding step of molding a prism-shaped first resin 
by using a 2P molding method in contact and integral 
with other one of surfaces of the sheet molded by the 
first molding step. 

16. A liquid crystal display apparatus characterized by 
comprising: 

a liquid crystal display device; and 
a backlight for illuminating the liquid crystal display 

device, 
wherein said backlight includes a light source for emitting 

light, and a diffuser disposed between the light source 
and the liquid crystal display device, 

wherein said diffuser includes a diffusion layer for dif 
fusing the light emitted from the light source, and a 
light distribution layer integrally formed with the dif 
fusion layer and disposed more toward the liquid 
crystal display device than the diffusion layer, for 
distributing the light diffused by the diffusion layer 
toward the liquid crystal display devices, 

wherein said diffusion layer includes a diffusion element, 
and 

wherein a first resin forming the light distribution layer, 
and the portion of the diffusion layer excluding said 
diffusion element is different from a second resin 
forming said diffusion element. 

17. The liquid crystal display apparatus as described in 
claim 16, characterized in that: 

said diffuser further comprises a light focusing layer for 
focusing the light emitted from the light source, formed 
integrally with the diffusion layer, and disposed more 
toward the light source than the diffusion layer. 

18. A backlight provided for a liquid crystal display 
device for illuminating thereof, characterized by compris 
1ng: 

a light Source for emitting light; and 
a diffuser disposed between the light source and the liquid 

crystal display device, 
wherein said diffuser includes a light focusing layer for 

focusing the light emitted from the light Source, and a 
light distribution layer integrally formed with the dif 
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fusion layer and disposed more toward the liquid 
crystal display device than the light focusing layer, for 
distributing the light focused by the light focusing layer 
toward the liquid crystal display device, and 

wherein said focusing layer has a prismatic shape on a 
Surface thereof facing to said light Source, said pris 
matic shape being composed of a plurality of different 
shaped prism defined by the distance from said light 
SOUC. 

19. The backlight as described in claim 18, characterized 
in that: 

said light distribution layer has a prismatic Surface on a 
Surface thereof facing toward the liquid crystal display 
device. 

20. (canceled) 
21. A liquid crystal display apparatus characterized by 

comprising: 
a liquid crystal display device; and 
a backlight for illuminating the liquid crystal display 

device, 
wherein said backlight includes a light source for emitting 

light, and a diffuser disposed between the light source 
and the liquid crystal display device, 

wherein said diffuser includes a light focusing layer for 
focusing the light emitted from the light Source, and a 
light distribution layer integrally formed with the light 
focusing layer and disposed more toward the liquid 
crystal display device than the light focusing layer, for 
distributing the light focused by the light focusing layer 
toward the liquid crystal display device, and 

wherein said focusing layer has a prismatic shape on a 
Surface thereof facing to said light Source, said pris 
matic shape being composed of a plurality of different 
shaped prism defined by the distance from said light 
SOUC. 

22. A light guide plate having a light incidence Surface, for 
guiding light emitted from a plurality of light emitting 
devices arranged in a row at predetermined intervals in a 
longitudinal direction of the light incidence surface for 
Surface emission, characterized in that: 

a gate through which a molten material is charged to fill 
a cavity of an injection molding die during injection 
molding of the light guide plate is disposed at a position 
of the light incidence surface where none of the plu 
rality of light emitting devices are arranged. 

23. A light guide plate having a light incidence Surface, for 
guiding light emitted from a plurality of light emitting 
devices arranged in a row at predetermined intervals in a 
longitudinal direction of the light incidence surface for 
Surface emission, and being wedge-shaped with a thickness 
thereof gradually decreasing in a direction of guiding the 
guided light, characterized in that: 

a gate through which a molten material is charged to fill 
a cavity of an injection molding die during injection 
molding of the light guide plate is arranged at a position 
of the light incidence surface where none of the plu 
rality of light emitting devices are arranged. 

24. The light guide plate as described in claim 23, 
characterized in that: 
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if a plurality of light emitting devices having an even 
number are arranged in a row at predetermined inter 
vals in a longitudinal direction of the light incidence 
Surface for Surface emission, said gate is arranged at a 
position between two of the light emitting devices 
located near the center of the longitudinal direction of 
the light incidence surface, where none of the plurality 
of light emitting devices are arranged. 

25. The light guide plate as described in claim 23, 
characterized in that: 

if a plurality of light emitting devices having an odd 
number are arranged in a row at predetermined inter 
vals in a longitudinal direction of the light incidence 
Surface for Surface emission, said gate is arranged at a 
position between a light emitting device located at the 
center of the longitudinal direction of the light inci 
dence Surface, and one of light emitting devices adja 
cent to said light emitting device located at the center, 
where none of the plurality of light emitting devices are 
arranged. 

26. The light guide plate as described in claim 23, 
characterized in that: 

said plurality of light emitting devices are light emitting 
diodes (LEDs). 

27. A backlight characterized by comprising: 

a light guide plate for guiding light incident on a light 
incidence Surface for Surface emission from a light 
emergence Surface; 

a light source having a plurality of light emitting devices 
arranged in a row at predetermined intervals in a 
longitudinal direction of the light incidence Surface of 
the light guide plate; 

a reflection sheet disposed on a side of a light reflection 
Surface of the light guide plate; 

a sheet member formed from a diffusion sheet and a prism 
sheet disposed so as to be stacked on a side of the light 
emergence Surface of the light guide plate; and 

a frame for holding the light source, the reflection sheet, 
and the sheet member on the light guide plate, 

wherein the light guide plate has a gate, through which a 
molten material is charged to fill a cavity of an injection 
molding die during injection molding of the light guide 
plate, disposed at a position of the light incidence 
surface where none of the plurality of light emitting 
devices are arranged. 

28. A backlight characterized by comprising: 

a light guide plate for guiding light incident on a light 
incidence Surface for Surface emission from a light 
emergence Surface, and being wedge-shaped so that a 
thickness of the light guide plate gradually decreases in 
a direction of guiding the guided light; 

a light source having a plurality of light emitting devices 
arranged in a row at predetermined intervals in a 
longitudinal direction of the light incidence Surface of 
the light guide plate; 

a reflection sheet disposed on a side of a light reflection 
Surface of the light guide plate; 

16 
Nov.30, 2006 

a sheet member formed from a diffusion sheet and a prism 
sheet disposed so as to be stacked on a side of the light 
emergence Surface of the light guide plate; and 

a frame for holding the light source, the reflection sheet, 
and the sheet member on the light guide plate, 

wherein the light guide plate has a gate, through which a 
molten material is charged to fill a cavity of an injection 
molding die during injection molding of the light guide 
plate, disposed at a position of the light incidence 
surface where none of the plurality of light emitting 
devices are arranged. 

29. The backlight as described in claim 28, characterized 
in that: 

if the plurality of light emitting devices of the light source, 
having an even number are arranged in a row at 
predetermined intervals in a longitudinal direction of 
the light incidence surface for Surface emission, the 
light guide plate has the gate arranged at a position 
between two of the light emitting devices located near 
the center of the longitudinal direction of the light 
incidence surface, where none of the plurality of light 
emitting devices are arranged. 

30. The backlight as described in claim 28, characterized 
in that: 

if the plurality of light emitting devices of the light source, 
having an odd number are arranged in a row at prede 
termined intervals in a longitudinal direction of the 
light incidence Surface for Surface emission, the light 
guide plate has the gate arranged at a position between 
a light emitting device located at the center of the 
longitudinal direction of the light incidence Surface, 
and one of light emitting devices adjacent to the light 
emitting device located at the center, where none of the 
plurality of light emitting devices are arranged. 

31. The backlight as described in claim 28, characterized 
in that: 

said plurality of light emitting devices of the light source 
are light emitting diodes (LEDs). 

32. A method for manufacturing a light guide plate having 
a light incidence Surface, for guiding light emitted from a 
plurality of light emitting devices arranged in a row at 
predetermined intervals in a longitudinal direction of the 
light incidence Surface for Surface emission, characterized in 
that: 

the light guide plate is injection-molded by charging a 
molten material for filling a cavity of an injection 
molding die through a gate disposed at a position of the 
light incidence surface where none of the plurality of 
light emitting devices are arranged. 

33. A method for manufacturing a light guide plate having 
a light incidence Surface, for guiding light emitted from a 
plurality of light emitting devices arranged in a row at 
predetermined intervals in a longitudinal direction of the 
light incidence Surface for Surface emission, and being 
wedge-shaped with a thickness thereof gradually decreasing 
in a direction of guiding the guided light, characterized in 
that: 

the light guide plate is injection-molded by charging a 
molten material for filling a cavity of an injection 
molding die through a gate disposed at a position of the 
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light incidence surface where none of the plurality of 35. The method for manufacturing a light guide plate as 
light emitting devices are arranged. described in claim 33, characterized in that: 

34. The method for manufacturing a light guide plate as if a plurality of light emitting devices having an odd 
described in claim 33, characterized in that: number are arranged in a row at predetermined inter 

if a plurality of light emitting devices having an even vals in a longitudinal direction of the light incidence 
number are arranged in a row at predetermined inter- Surface for Surface emission, 
vals in a longitudinal direction of the light incidence the light guide plate is injection-molded by charging a 
Surface for Surface emission, molten material for filling a cavity of an injection 

molding die through the gate arranged at a position 
between a light emitting device located at the center of 
the longitudinal direction of the light incidence Surface, 
and one of light emitting devices adjacent to said light 
emitting device located at the center, where none of the 
plurality of light emitting devices are arranged. 

the light guide plate is injection-molded by charging a 
molten material for filling a cavity of an injection 
molding die through the gate arranged at a position 
between two of the light emitting devices located near 
the center of the longitudinal direction of the light 
incidence surface, where none of the plurality of light 
emitting devices are arranged. k . . . . 


