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(57) ABSTRACT

An edge-light type backlight unit reduces the color uneven-
ness on the display screen caused by the arrangement of
point-shaped light sources (e.g., LEDs) 1n a point-shaped
light source unit comprising a set of point-shaped light
sources aligned. The backlight unit includes at least one
point-shaped light source unit having point-shaped light
sources arranged in a single direction 1n a predetermined
order, the light sources emitting monochromatic light of dii-
terent colors. The unit further comprises a first optical filter
for limiting or controlling transmission of the monochromatic
light emitted from one of the light sources disposed at one end
of the light source unit, and a second optical filter for limiting
or controlling transmission of the monochromatic light emat-
ted from another of the light sources disposed at the other end
thereof. The first and second filters are selectively formed on
a first or second light guide plate or a diffusing plate.

64 Claims, 7 Drawing Sheets

BACKLIGHT UNIT
1A DIFFUSING PLATE

— ()5

e

!
A LIGHT

LIGHT EXITING SURFACE 14b

GUIDE PLATE
14

LIGHT INCIDENT
SURFAGE 143

LED UNIT 11

OPTICAL 213

LIGHT EXITING SURFACE 12bJ

C ;

)

13
REFLECTOR

e 11 12
21b” 1ST LIGHT
OPTICAL GUIDE PLATE

FILTER 12a
LIGHT INCIDENT SURFACE

13a

REFLECTIVE
SURFAGCE



U.S. Patent Apr. 2,2013 Sheet 1 of 7 US RE44,118 E

F1G. TA
PRIOR ART

106b 106 101106 103 101

PN

\
AR

106 106a 105 104 102 101a

FIG. 1B
PRIOR ART

110a 110a 110a
101b 106b 103 | 101

AN

106 105 104 102 106a 1014



U.S. Patent Apr. 2,2013 Sheet 2 of 7 US RE44,118 E

FIG. 2

BACKLIGHT UNIT
_1 DIFFUSING PLATE

2ND LIGHT
GUIDE PLATE

LIGHT EXITING SURFACE 14b

OPTICAL FILTER

OPTICAL FILTER BASE

20a

LIGHT INCIDENT SURFACE 14a

‘//9

LED UNIT 11

2

12b 1ST LIGHT
LIGHT EXITING SURFACE GUIDE PLATE
12a
LIGHT INCIDENT SURFACGE
13a
REFLECTIVE
SURFACE
13

REFLECTOR



U.S. Patent Apr. 2, 2013 Sheet 3 of 7 US RE44,118 E

FIG. 3

BACKLIGHT UNIT
1

o DIFFUSING
PLATE
15
LIGHT EXITING

SURFACE SURFACE
"
y\\\\\\\\\\\\\\\\\\\\\\\\W

REFLECTOR 14

3 777777 gk
ND LIGHT
12b 12a

112 GUIDE PLATE

11b
LIGHT EXITING
SURFACE LIGHT 7 LED  BASE
\____’/
13a 12 SURFACE
REFLECTIVE 1ST LIGHT 1

SURFACE GUIDE PLATE LED UNIT



U.S. Patent Apr. 2,2013 Sheet 4 of 7 US RE44,118 E

F1G. 4

BACKLIGHT UNIT

1A DIFFUSING PLATE
(_j 15
OND LIGHT
GUIDE PLATE
LIGHT EXITING SURFACE 14b 14

BASE

11a
/\m:. LED
2N

1ST LIGHT
OPTICAL GUIDE PLATE

FILTER 12a
LIGHT INCIDENT SURFACE

. 13a
REFLECTIVE
SURFACE

13
REFLECTOR

LIGHT INCIDENT
SURFACE 144

LED UNIT 11

FILTER

LIGHT EXITING SURFACE 12b




U.S. Patent Apr. 2, 2013 Sheet 5 of 7 US RE44,118 E

FIG. 5

BACKUGHT UNIT

1B DIFFUSING PLATE
(_J 15
LIGHT EXITING SURFACE
14b
IND LIGHT
GUIDE PLATE
OPTICAL (4
FILTER
OPTICAL 99, [/\/
FILTER

LIGHT INCIDENT
SURFACE 144

LED UNIT 11

LIGHT EXITING SURFACE 12b 1ST LIGHT
GUIDE PLATE
12a

LIGHT INCIDENT SURFACE
13a

REFLECTIVE

SURFACE

13

REFLECTOR



U.S. Patent Apr. 2, 2013 Sheet 6 of 7 US RE44,118 E

FIG. 6

BACKLIGHT UNIT

1c
DIFFUSING PLATE
\(_/ 15
OPTICAL
FILTER
OPTICAL 23a 23b
FILTER

2ND LIGHT
GUIDE PLATE

LIGHT EXITING SURFACE 14b 14

~~

BASE
11a

LIGHT INCIDENT
SURFACE
1424

000000000000 0D |
GBGR G B s+ (R

/ * * o o o o

LED UNIT 11
f\ﬂb LED
12

LIGHT EXITING SURFACE 12b 1ST LIGHT
GUIDE PLATE
12a
LIGHT INCIDENT SURFACE

S 133
REFLECTIVE
SURFACGCE

13

REFLECTOR



US RE44,118 E

Sheet 7 of 7

Apr. 2,2013

U.S. Patent

J1Vd1SHNS
141 Q9

J1VH1SENS
40 0L

1IN LHOIMOVE |

43714V 10d $9

41Vid SSVID | O
AvddY 141 zg

d3dAV1 LNJANDITY g9

MIAYT TVLSAHO-AINOI 08
HIAV1 LNIWNDIY §/

340410414 31I50dd0O ¢y

d411l4 40100 ¢/
41Vid SSVID |/

d3ZI4vV10d G/

N ]
b Vv Vv

///////////////////////////

P A LV L S A A

IR R R

___
1

0%
40IAd4Qd dO'1

. Jl4

N\

C1ANVd dO'1

06



US RE44,118 E

1

BACKLIGHT UNIT AND LIQUID-CRYSTAL
DISPLAY DEVICE USING THE SAMEL

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a backlight unit and a
Liquid-Crystal Display (LCD) device and more particularly,
to a backlight unit with point-shaped light sources such as
Light-Emitting Diodes (LEDs), which 1s preferably appli-
cable to LCD devices, and a LCD device using the backlight
unit.

2. Description of the Related Art
In recent years, the LCD device has been extensively used
as high-resolution displays. Generally, the LCD device com-
prises a substrate on which switching elements such as Thin-
Film Transistors (1FTs) are arranged, which will be termed a
“TFT substrate” below; an opposite substrate on which a
color filter, a black matrix or the like are formed; and a
liguid-crystal layer intervening between the TFT substrate
and the opposite substrate. By changing the alignment direc-
tion of the liquid-crystal molecules 1n the liquid-crystal layer
with the electric field generated between the pixel electrodes
on the TF'T substrate and the common electrode on the oppo-
site substrate or between the common and pixel electrodes on
the TFT substrate, the amount of transmitting light in the
respective pixels 1s controlled to display images on the screen
of the LCD device. The assembly comprising the TEFT sub-
strate, the opposite substrate, and the intervening liquid-crys-
tal layer between these two substrates 1s termed the liquid-
crystal display panel or LCD panel.

With the transmissive and semi-transmissive type LCD
devices, a backlight unit 1s mcorporated as a planer light
source, because the liquid crystal per se does not emait light.
The light emitted from one surface of the backlight unit, 1.e.,
backlight, 1s designed 1n such a way as to be 1rradiated to the
LCD panel. The backlight unit 1s divided 1nto two types, t

he
“direct type” and the “edge-light type”. With the “direct type”
backlight unit, linear or point-shaped light sources are
arranged directly underneath the LCD panel with a predeter-
mined layout. On the other hand, with the “edge-light type”,
a linear light source or sources or point-shaped light sources
1s/are arranged along an edge or edges of a light guide plate
disposed right under the LCD panel.

With the conventional backlight units, a cold-cathode fluo-
rescent lamp has been popularly used as a linear light source.
However, a cold-cathode fluorescent lamp contains mercury
(Hg) and thus, there 1s a problem that 1t gives bad effects to the
environment largely. Moreover, since a cold-cathode fluores-
cent lamp necessitates high voltage for emitting light, there 1s
another problem that it 1s likely to generate noises. Accord-
ingly, recently, there has been a growth in the use of LEDs as
a point-shaped light source.

Where LEDs are used as the light source mnstead of cold-
cathode fluorescent lamps, obtainable luminance by a white
LED for emitting white light or by a set of three LEDs for
respectively emitting red, green, and blue monochromatic
light 1s insufficient. Therefore, it 1s popular that a plurality of
white LEDs or a set of plural red, green, and blue LEDs 1s
linearly arranged to form a linear light source. Such the com-
bination of LEDs as explained here 1s termed a “LED unit”
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below. This 1s because there 1s an advantage that the LED unit
can be treated 1n designing in a similar way to the cold-
cathode fluorescent lamp and therefore, the know-how and
the like obtained for the cold-cathode fluorescent lamp may
be applied to the LED unit.

With the direct type backlight unit, however, the obtainable
luminance on the diffusing plate provided for diffusing the
output light emitted from the light source varies dependent
upon the location. Specifically, the obtainable luminance on
the diffusing plate 1n the region immediately above the LED
unit 1s higher than that in the remaining region. Thus, the
luminance distribution on the display screen 1s likely to be
uneven. Since this leads to unevenness in color and/or lumi-
nance, there 1s the need to adjust the said luminance distribu-
tion.

Moreover, with the LED unit formed by combining LEDs
cach emitting red, green, or blue monochromatic light, there
1s the need to mix the red, green, and blue light to generate
white light. (Such the need 1s trivial for the LED unit formed
by aligning white LEDs alone.) Therefore, 1t 1s essential to
increase the distance between the LEDs and the diffusing
plate to some extent. This means that the backlight unit and
the LCD device incorporating the same will be large-sized.

To solve these two problems, 1.e., “the non-uniformity of
the luminance distribution” and “the enlargement in size”,
conventionally, various improvements have been made.
Examples of these improvements are shown in FIGS. 1A and
1B. Both of the prior-art backlight units shown in FIGS. 1A
and 1B are of the direct type, which are disclosed 1n the patent
document 1 (Japanese Non-Examined Patent Publication No.
2004-311353 published 1n 2004). (See claim 1, paragraphs
0010-0026 and 0046-0049, and FIGS. 1-3 and 11.)

With the prior-art backlight unit of FIG. 1A, plate-shaped
reflectors are respectively formed on the mner bottom face
101a and the 1nner side face of a housing 101. The reflector
formed on the bottom face 101a 1s termed the first reflector
102. The opening 101b of the housing 101, which 1s opposite
to the bottom face 101a, 1s closed or blocked by a diffusion
plate 103 for transmitting and diffusing the light.

As the point-shaped light sources 104, a plurality of LEDs
cach emitting red (R), green (G), or blue (B) monochromatic
light 1s combined together. The LEDs 104 are mounted on
cach of the point-shaped light source substrates 105 along 1ts
longitudinal direction, which 1s perpendicular to the paper.
Here, the count of the substrates 105 1s three, which are
aligned at predetermined intervals. The arrangement of the
LEDs 104 mounted on each of the substrates 105 1s made by
repetition of a specific order, for example, G, B, G, R, G, and
B. Each substrate 105 1s fixed on the outside of the bottom
face 101a of the housing 101, and the LEDs 104 mounted on
the said substrate 105 are exposed from the bottom face 101a
to the 1nside of the housing 101 through 1ts bottom wall.

Rectangular plate-shaped second reflectors 106, the count
of which 1s three, are provided 1n the housing 101 1n such a
way as to be superposed on the respective substrates 105.
Each of the second reflectors 106 has a reflective surface 106a
opposite to the corresponding first reflector 102. The reverse
of the reflective surface 106a 1s a regular reflection surface
106b. The second reflectors 106 are fixed on the nner side
face of the housing 101 1n such a way as to be approximately
parallel to the first reflectors 102. A gap 1s formed between the
side face of the housing 101 and the second reflector 106
adjacent thereto, and another gap 1s formed between the
adjoining second reflectors 106. Thus, the light emitted from
the point-shaped light sources 104 can reach the side of the
diffusing plate 103 by way of these gaps.
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With the prior-art backlight unit having the above-de-
scribed configuration of FIG. 1A, the R, G, and B monochro-
matic light beams emitted from the LEDs or point-shaped
light sources 104 are directly reflected by the first reflector
102 and then, reflected by the reflective surfaces 106a of the
second reflectors 106. Alternately, these light beams are
reflected by the retlective surfaces 106a of the second reflec-
tors 106, and retlected by the first reflector 102 and thereafter,
reflected again by the reflective surfaces 106a. In this way,
these monochromatic light beams are repeatedly reflected
and propagated between the first retlector 102 and the second
reflectors 106 and as a result, they are mixed together and
uniformized to white light. The white light thus generated
will reach the diffusing plate 103 by way of the gaps between
the side face of the housing 101 and the second reflectors 106
and the gaps between the adjoining second reflectors 106.

The light incident on the diffusing plate 103 1s divided 1nto
a component that penetrates through the inside of the diffus-
ing plate 103 and another component that is reflected by the
particles 1n the diffusing plate 103 toward the side of the
point-shaped light sources 104. The reflected component of
the said light 1s retlected by the first reflector 102 or the
regular retlection surfaces 106b of the second retlectors 106
and 1s incident again on the plate 103. The outgoing light from
the diffusing plate 103 will radiate from 1ts surface 1n all
directions uniformly.

As explained above, the R, GG, and B monochromatic light
emitted from the LEDs 104 are repeatedly reflected and
propagated 1n the space between the first reflector 102 and the
second reflectors 106 and therefore, sufficient distances for
mixture to white light are obtained. As a result, the color
unevenness of the LCD device can be prevented from occur-
ring without enlargement 1n size.

In addition, conventionally, the luminance 1n the region
immediately above the LEDs (i.e., the point-shaped light
sources) 104 1s higher than that in the remaining or surround-
ing region thereof and thus, the luminance distribution on the
display screen 1s likely to be uneven. Unlike this, with the
prior-art backlight unit of FI1G. 1A, because the second reflec-
tors 106 are provided between the LEDs 104 and the first
reflector 102, such the luminance unevenness can be sup-
pressed.

The prior-art backlight unit shown 1n FIG. 1B has the same
configuration as the prior-art backlight unit shown in F1G. 1A
except that patterned light-shielding layers 110a are selec-
tively printed on a surface (i.e., the mner surface 1n FIG. 1B)
of the diffusing plate 103. Each of the light-shielding layers
110a has a diffuse reflection function of incident light. Each
of the light-shielding layers 110a 1s located in the area to
which the light 1s irradiated through the gaps between the side
tace of the housing 101 and the second reflector 106 adjacent
thereto and the gaps formed between the adjoining second
reflectors 106. The light-shielding layers 110a are formed by
vacuum evaporation or silk printing of aluminum (Al). The
s1ze, density and gradation of the ink dots and/or the depos-
ited patterns constituting the layers 110a are adjusted to real-
1ze¢ uniform luminance distribution.

With the prior-art backlight umit of FIG. 1B, the light pass-
ing through the gaps between the side face of the housing 101
and the second reflector 106 adjacent thereto and the gaps
between the adjoining second reflectors 106 reaches the light-
shielding layers 110a and 1s diffuse-retlected by the layers
110a and then, turther diffused 1n the housing 101. Thus, the
luminance unevenness and color unevenness are more likely
to be suppressed than the prior-art backlight unit of FIG. 1A.

Moreover, although not shown, still another prior-art direct
type backlight unit 1s disclosed in the patent document 2
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(Japanese Non-Examined Patent Publication No. 2003-
117023 published 1n 2005). (See claim 1, paragraphs 0129-

0131 and 0143-0147/7, and FIGS. 17 and 24.) This backlight
umt comprises a similar structure to the patterned light-
shielding layers 110a of the prior-art backlight umt of FIG.
1B.

With the structure shown 1n FIGS. 17 and 24 of the patent
document 2, a plurality of LED units are arranged at intervals
on the mner bottom surface of a housing. Each of the LED
units comprises LEDs aligned regularly. A diffusing plate 1s
fixed at the mouth of the housing located on the opposite side
to the bottom surface. A diffusing light guide plate 1s provided
between the bottom surface and the diffusing plate. Patterned
light-controlling dots are formed on a surface of the diffusing
light guide plate. Each of the light-controlling dots 1s placed
in a one-on-one relationship with an opposing one of the
LEDs. These dots are formed by printing with ink.

Each of the light-controlling dots reflects the incident light
due to the retlection property of the ink. At the same time,
cach of the dots diffuse-reflects the incident light efficiently
due to the shielding property of the light-shielding agent
added to the ink and the diffusion property of the diffusing
agent added thereto. Accordingly, generation of high-lumi-
nance regions termed the lamp 1mages 1s prevented, in other
words, luminance unevenness 1s suppressed, which results in
equalized luminance.

Moreover, because of the light-controlling dots, the light
penetrating through the diffusing light guide plate exhibits
high color mixing property. Therefore, the color unevenness
of the resultant light 1s suppressed significantly.

With any of the above-described prior-art direct type back-
light units, luminance unevenness and color unevenness can
be suppressed without enlargement in size. However, as long

a set of LEDs (1.e., poimnt-shaped light sources) emitting
red, green, and blue monochromatic light 1s used in combi-
nation, it 1s inevitable that color unevenness 1s left on the
display screen 1n accordance with the placement order of the
LEDs 1n the set. For example, 1f a red LED emitting red light
1s placed at one end of the LED unit, color mixture 1s difficult
to occur with respect to the red LED. This 1s because a green
or blue LED 1s not placed adjacent to the said red LED on one
side thereof. Therefore, the corresponding position on the
display screen to the said red LED contains some redness
compared with the other positions.

The above problem of color unevenness for the direct type
backlight unit will occur 1n the edge-light type backlight unat.
In particular, this phenomenon 1s more likely to occur if the
edge-light type backlight unit comprises a single LED unait
formed by a set of red, green and blue LEDs aligned 1n a
single direction. This 1s because the light emitted from the
respective LEDs of plural LED units 1s unable to be mixed
together.

Furthermore, since all the above-described prior-art back-
light units are of the direct type, the patterned light-shielding
layers and the patterned light-controlling dots used therein
are not easily applied to the edge-light type backlight units.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention 1s to pro-
vide an edge-light type backlight unit that reduces the color
unevenness on the display screen caused by the arrangement
of point-shaped light sources 1n a point-shaped light source
umit comprising a set of the aligned point-shaped light
sources, and a LCD device using the backlight unit.
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The above object together with others not specifically men-
tioned will become clear to those skilled in the art from the
following description.

According to a first aspect of the present invention, an
edge-light type backlight unit 1s provided, which comprises:

at least one point-shaped light source umt having point-
shaped light sources arranged 1n a single direction 1n a pre-
determined order, the light sources emitting monochromatic
light of different colors;

a first light guide plate, which has a light incident surface
and a light exiting surface, for receiving monochrome light
emitted from the respective light sources of the light source
unit at the light incident surface and guiding the said light to
the light exiting surface;

a reflector for retlecting the light exiting from the light
exiting surface of the first light guide plate;

a second light guide plate, which has a light incident sur-
face and a light exiting surface, for recerving the light
reflected by the reflector at the light incident surface of the
second light guide plate and guiding the said light to the light
exiting surface of the second light guide plate;

a diffusing plate for recerving the light exiting from the
light exating surface of the second light guide plate, diffusing
the said light, and emitting the said light diffused;

a first optical filter for limiting or controlling transmission
of the monochromatic light emitted from one of the light
sources disposed at one end of the light source unit; and

a second optical filter for limiting or controlling transmis-
s1on of the monochromatic light emitted from another of the
light sources disposed at the other end of the light source unit;

wherein the first optical filter and the second optical filter
are selectively formed on one of the first light guide plate, the
second light guide plate, and the diffusing plate.

With the backlight umit according to the first aspect of the
present invention, at least one point-shaped light source unit
having point-shaped light sources arranged 1n a single direc-
tion 1n a predetermined order 1s provided, where the point-
shaped light sources emit monochromatic light of different
colors. Thus, 11 the first optical filter and the second optical
filter are not provided, it 1s inevitable that color unevenness 1s
left on the display screen 1n accordance with the placement
order of the point-shaped light sources in the light source unat.

However, the first optical filter and the second optical filter
are selectively formed on one of the first light guide plate, the
second light guide plate, and the diffusing plate. The first
optical filter limits or controls transmission of the monochro-
matic light emitted from one of the light sources disposed at
one end of the light source unit. The second optical filter
limits or controls transmission of the monochromatic light
emitted from another of the light sources disposed at the other
end of the light source unit.

Theretfore, the effect given by the monochromatic light

emitted from the light sources disposed at each end of the
light source unit 1s limited or controlled effectively.
In this way, with the backlight unit according to the first
aspect ol the present invention, by selectively providing the
first and second optical filters on one of the first light guide
plate, the second light guide plate, and the diffusing plate,
penetration or transmission of the colored light causing the
color unevenness (which 1s due to the arrangement or
sequence of the point-shaped light sources) 1s limited or con-
trolled, thereby decreasing the said color unevenness. As a
result, the color unevenness on the display screen can be
reduced effectively with a very simple structure.

In a preferred embodiment of the backlight unit according,
to the first aspect of the present invention, the first and second
optical filters are located on the light exiting surface of the
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first light guide plate. In this embodiment, 1t 1s preferred that
the first and second optical filters are respectively located at or
near two ends of the light exiting surface of the first light
guide plate, respectively.

In another preferred embodiment of the backlight unit
according to the first aspect of the present invention, the first
and second optical filters are located on the light imncident
surface of the second light guide plate. In this embodiment, it
1s preferred that the first and second optical filters are respec-

tively located at or near two ends of the light incident surface
of the second light guide plate.

In still another preferred embodiment of the backlight unit
according to the first aspect of the present invention, the first
and second optical filters are located on the light exiting
surface of the second light guide plate. In this embodiment, it
1s preferred that the first and second optical filters are respec-
tively located at or near two ends of the light exiting surface of
the second light guide plate.

In a further preferred embodiment of the backlight unit
according to the first aspect of the present invention, the first
and second optical filters are located on one surface of the
diffusing plate. In this embodiment, 1t 1s preferred that the first
and second optical filters are respectively located at or near
two ends of the surface of the diffusing plate.

In a still further preferred embodiment of the backlight unit
according to the first aspect of the present invention, the count
of the light source unit 1s unity. In this embodiment, the
advantage of the invention 1s exhibited remarkably. Specifi-
cally, 11 the count of the point-shaped light source unit 1s two
or more, the color deviation caused by the monochromatic
light from the point-shaped light sources located at each end
of the respective light source units can be relaxed by ditfer-
entiating the arrangement or sequence of the point-shaped
light sources 1n the light source units and placing them adja-
cently. However, 11 the count of the point-shaped light source
unit 1s unity, such the measure 1s impossible to be realized.
The effect by the said color deviation will appear conspicu-
ously. With the backlight unit according to the first aspect of
the present invention, however, the said color deviation can be
clfectively relaxed even i1 the count of the point-shaped light
source unit 1s unity.

According to a second aspect of the present invention, a
LCD device 1s provided, which comprises:

the backlight device according to the first aspect of the
invention; and

a liquid-crystal display panel to which the light emaitted
from the backlight unit 1s to be irradiated.

With the LCD device according to the second aspect of the
present invention, since the backlight unit according to the
first aspect of the invention 1s included, the color unevenness
on the display screen can be effectively reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the present invention may be readily carried
into etfect, 1t will now be described with reference to the
accompanying drawings.

FIG. 1A 1s a schematic partial cross-sectional view show-
ing the configuration of a prior-art direct type backlight unait.

FIG. 1B 1s a schematic partial cross-sectional view show-
ing the configuration of another prior-art direct type backlight
unit.

FIG. 2 1s a schematic perspective exploded view showing
the configuration of the main part of an edge-light type back-
light umit according to a first embodiment of the present
ivention.
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FIG. 3 1s a schematic cross-sectional view showing the
configuration of the main part of the backlight unit according

to the first embodiment of FIG. 2.

FIG. 4 15 a schematic perspective exploded view showing
the configuration of the main part of an edge-light type back-
light unit according to a second embodiment of the present
invention.

FIG. 5 15 a schematic perspective exploded view showing
the configuration of the main part of an edge-light type back-
light unit according to a third embodiment of the present
invention.

FIG. 6 1s a schematic perspective exploded view showing
the configuration of the main part of an edge-light type back-
light unit according to a fourth embodiment of the present
ivention.

FIG. 7 1s a schematic cross-sectional view showing the
configuration of the main part of a LCD device according to
a fifth embodiment of the present invention, which comprises
the backlight unit according to the first embodiment of the
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will be
described in detail below while referring to the drawings
attached.

First Embodiment

FIGS. 2 and 3 schematically show the configuration of a
backlightunit 1 according to a first embodiment of the present
invention.

As shown in FIGS. 2 and 3, the backlight unit 1 according,
to the first embodiment, which 1s of the edge-light type,
comprises a LED unit 11 into which a plurality of LEDs 11b
are incorporated as point-shaped light sources. The unit 1
turther comprises a rectangular first light guide plate 12, an
approximately hemicylindrical reflector 13, a rectangular
second light guide plate 14, and a rectangular diffusing plate
15. These optical members are fixed by a housing or frame
(not shown) to have the configuration shown in FIG. 3.

Each of the LEDs 11b of the LED unit 11 emuts red, green,
or blue monochromatic light. These LEDs 11b are aligned
and fixed on a base 11a at equal 1ntervals 1n a predetermined
order or sequence. The base 11a 1s formed by a belt-shaped
rigid plate. For example, the LEDs 11b are aligned {from one
end of the base 11a (1.e., the LED row) to the other end thereof
in the order of GG, B, GG, R, G, B, . . ., R. This means that the
LED 11a emitting green (G) light 1s located at one end of the
base 11a (at the left end 1n FIG. 2), and the LED 11a emitting,
red (R) light 1s located at the other end of the base 11a (at the
right end 1 FIG. 2).

The LED umt 11 1s fixed near the light incident surface 12a
of the first light guide plate 12 to have a predetermined gap
therebetween. The light incident surface (or the light incident
end face) 12a 1s formed on one of the two longer side faces of
the plate 12. The LED umit 11 1s extended parallel to the light
incident surface 12a. Thus, the LEDs 11b are aligned along
the light incident surface 12a 1n the above-described order.
The red, green or blue monochromatic light emitted from
cach of the LEDs 11b enters the 1nside of the first light guide
plate 12 by way of the light incident surface 12a. Then, the
red, green and blue light from the LEDs 11b propagates
through the 1nside of the first light guide plate 12, and exits
from the light exiting surface (or the light exiting end face)
12b ofthe plate 12 to the outside. The light exiting surface 12b
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1s formed on the other of the two longer side faces of the plate
12, which 1s opposite to the light incident surface 12a.

Approprate processing has been applied to the other sur-
faces of the first light guide plate 12 than the light incident and
exiting surfaces 12a and 12b by a known method 1n such a
way that the light propagating 1n the plate 12 1s retlected.
Thus, the light that has entered the inside of the plate 12
through the light incident surface 12a 1s retlected repeatedly
due to total internal reflection on the reflection-processed
surfaces of the plate 12, and propagates toward the light
exiting surface 12b, outgoing or exiting through the light
exiting surface 12b.

The second light guide plate 14 and the first light guide
plate 12 are arranged and fixed in parallel to each other to have
a minute gap therebetween. In FIG. 3, the second light guide
plate 14 1s located over the first light guide plate 12. The first
and second light guide plates 12 and 14 are located 1n such a
way that the light exiting surface 12b of the first light guide
plate 12 and the light incident surface (or the light incident
end face) 14a of the second light guide plate 14 are super-
posed (aligned) on each other. The light incident surface 14a
of the second light guide plate 14 1s formed on one of the two
longer side faces thereof. Since the second light guide plate
14 1s larger than the first light guide plate 12, the first light
guide plate 12 1s entirely covered with the second light guide
plate 14.

Theretlector 13 1s fixed near the light exiting surface 12b of
the first light guide plate 12 and the light incident surface 14a
of the second light guide plate 14 1n such a way as to extend
along these two surfaces 12b and 14a. As shown in FIG. 3, an
approximately hemicylindrical reflective surface 13a of the
reflector 13, which i1s located inside the reflector 13, 1s
opposed to the surfaces faces 12b and 14a. The reflective
surface 13a retlects the light emitted from the light exiting
surface 12b of the first light guide plate 12 and make the said
light enter the second light guide plate 14 by way of 1ts light
incident surface 14a.

Similar to the first light guide plate 12, appropriate pro-
cessing has been applied to the other surfaces of the second
light guide plate 14 than the light incident surface 14a and the
planar light exiting surface 14b by a known method in such a
way that the light propagating 1n the plate 14 1s reflected.
Thus, the light that has entered the inside of the plate 14
through the light incident surface 14a 1s reflected repeatedly
due to total internal reflection on the reflection-processed
surfaces of the plate 14, and propagates 1n the plate 14, out-
going from the light exiting surface 14b toward the diffusing
plate 15 (upward 1n FIG. 3).

The diffusing plate 15, which 1s located on the opposite
side to the first light guide plate 12 with respect to the second
light guide plate 14, 1s parallel to the second light guide plate
14 to be apart from the plate 14 at a predetermined distance.
One surface of the diffusing plate 135 1s opposed to the light
exiting surface 14b of the second light guide plate 14. The
light emitted from the light exiting surface 14b of the plate 14
to enter the diffusing plate 15 1s diffused 1n the plate 15 and
then, 1s 1rradiated to a LCD panel (not shown) 1n the form of
collimated light.

On the light incident surface 14a of the second light guide
plate 14, as clearly shown 1n FIG. 2, an optical filter 20a and
an optical filter 20b are selectively formed to limit or control
the color unevenness occurring on the display screen of a
LCD device. The filter 20a 1s located at or near one end (the
left-side end 1n FI1G. 3) of the light incident surface 14a, and
the filter 20b 1s located at or near the other end (the right-side
end in FIG. 3) thereof. The filter 20a limits or controls the
transmission of the light radiated from the LED 11b at or near
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one end (the left-side end in FIG. 2) of the LED unit 11. On the
other hand, the filter 20b limits or controls the transmission of
the light radiated from the LED 11b at or near the other end
(1.e., the right-side end 1 FIG. 2) of the LED unit 11. Each of
the filters 20a and 20b has a predetermined width along the
light incident surface 14a. The width of the filter 20a may be
the same as or different from that of the filter 20b. The filters
20a and 20b are apart from each other at a predetermined
distance.

The reason why the optical filters 20a and 20b are provided
on the light incident surface 14a of the second light guide
plate 14 1s as follows. Specifically, the backlight unit 1
according to the first embodiment comprises the LED unit 11
having the LEDs 11b arranged 1n a single direction (1.¢., along,
the elongated base 11a 1n FIG. 2) 1n the predetermined order
or sequence, where each of the LEDs 11b emits monochro-
matic light ofred, green or blue. The green LED 11b 1s located
atone end (1.e., the left-side end in FIG. 2) of the LED unit 11
and the red LED 11b 1s located at the other end (i.e., the
right-side end) thereof. Therefore, green and red colors are
likely to be excessive or stronger 1n the neighborhoods of each
end (1.e., the left- and right-side ends) of the LED umt 11,
respectively. In other words, color deviation will take place in
these neighborhoods. As a result, color unevenness will occur
on the display screen due to the said color deviation. How-
ever, with the backlight unit 1 of the first embodiment, the
filters 20a and 20b operate to cancel the color deviation and
thus, the color unevenness on the screen 1s restrained or
climinated.

The formation method of the filters 20a and 20b 1s not
limited. Any method may be used for this purpose. For
example, an ink that limits or controls the transmission of
light of a desired color may be printed on the light incident
surface 14a of the second light guide plate 14 to form a
predetermined pattern or patterns. Alternately, a patterned
colored sheet or sheets or the like that limits or controls the
transmission of light of a desired color may be adhered on the
light incident surface 14a, or a material for the colored sheet
(s) may be selectively coated onthe surface 14a. Here, each of
the filters 20a and 20b 1s formed by a set of dots. However, the
shape or pattern of the filters 20a and 20b 1s not limited to this.
The filters 20a and 20b may have any other shape or pattern
such as linear (or, strip-shaped) and planar ones. In short, 1t 1s
suificient for the filters 20a and 20b that the transmission of
light of a desired color 1s limited or controlled in the regions
where the filter 20a and 20b are formed, respectively.

To find what color of light 1s to be limited or controlled and
how much the light needs to be limited or controlled, for
example, the following method 1s preferably used. Specifi-
cally, all the LEDs 11b of the LED unit 11 are activated by
driving the LED unit 11 1n the state where the optical filters
20a and 20b are not formed, thereby emitting light from all
the LEDs 11b. Then, the light radiated from the diffusing
plate 15 (1.e., backlight) due to the light from the LEDs 11b 1s
irradiated to the LCD panel. During that time, color uneven-
ness occurring on the display screen 1s examined or
researched. As a result, 1t 1s known what color of light 1s
excessive and how much the color exceeds 1n the neighbor-
hood of each end of the screen. The color of light thus found
ought to retlect the color of light emitted from the LED 11b
located at each end of the LED unit 11. Thereatter, an appro-
priate light-transmission limiting or controlling material that
brings the transmission amount of light of the excessive color
near zero as much as possible is selectively applied to each of
the required regions on the light incident surface 14a of the
second light guide plate 14, thereby forming the optical filters

20a and 20b.
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Next, the operation of the backlight unit 1 having the
above-described configuration 1s explained below.

When the power of the backlight unit 1 1s turned on, red,
green, or blue monochromatic light 1s emitted from each of
the LEDs 11b of the LED unit 11 toward the light incident
surface 12a of the first light guide plate 12. The red, green and
blue monochromatic light thus emitted enters the inside of the
first light guide plate 12 by way of the light incident surface
12a. Then, the said light 1s reflected repeatedly in the plate 12
due to total internal retlection and propagates to the light
exiting surface 12b, exiting from the said face 12b. The said
red, green and blue light 1s somewhat mixed together 1n the
plate 12; however, such the color mixture 1s msuificient and
the effect by the arrangement (order) of the LEDs 11b
remains. Specifically, green color 1s somewhat excessive or
stronger 1n the neighborhood of one end (1.¢., the left-side end
in FI1G. 2) of the light exiting surface 12 and at the same time,
red color 1s somewhat excessive or stronger 1n the neighbor-
hood of the other end (1.e., the right-side end 1n FIG. 2)
thereol. In the remaining region (in the central part in FI1G. 2)
other than the neighborhoods of these two ends of the light
exiting surface 12, the said red, green and blue light 1s con-
siderably mixed together and as a result, it will be near white
light.

The light emitted from the light exiting surface 12 of the
first light guide plate 12 1s reflected by the reflective surface
13a of the retlector 13 to enter the inside of the second light
guide plate 14 through the light incident surface 14a thereof.
At that time, due to the optical filter 20a that limits or controls
the transmission of green light and the optical filter 20b that
limits or controls the transmission of red light, which are
formed respectively at or near the two ends of the light 1nci-
dent surface 14a, the amounts of the transmitted green and red
light are reduced. This means that the amounts of the green
and red light incident on the surface 14a are respectively
decreased by the filters 20a and 20b in the neighborhoods of
the two ends of the surface 14a. Accordingly, 1n the second
light guide plate 14, the color deviation of the outgoing or
exiting light from the first light guide plate 12 1s limited or
controlled.

The light that has entered the inside of the second light
guide plate 14 1s reflected repeatedly due to total internal
reflection and propagates in the 1nside of the plate 14. During
that time, the red, green and blue light 1s further mixed
together to be an approximately uniform white light. There-
alter, the approximately uniform white light thus generated
exits upward from the planar light exiting surface 14b of the
plate 14 toward the diffusing plate 15, as shown 1n FIG. 3.
With the backlight unit 1 according to the first embodiment of
the imnvention shown 1n FIGS. 2 and 3, as explained above, the
LED unit 11 with the LEDs 11b emitting red, green and blue
light 1s provided. The green LED 11b 1s located at or near one
end (1.e., the left-side end 1n FIG. 2) of the LED unit 11, and
the red LED 11b 1s located at or near the other end (1.e., the
right-side end 1n FI1G. 2) thereof. All the LEDs 11b of the unit
11 are aligned along the light incident surface 12a of the first
light guide plate 12. For this reason, 11 the optical filters 20a
and 20b are not provided, green color will be excessive or
stronger 1n one side of the display screen and at the same time,
red color will be excessive or stronger 1n the other side thereof
compared with the remaining region (i.e., the central part) of
the screen 1n accordance with the placement order of the
LEDs11binthe LEDunit11. As aresult, color unevenness or
color deviation will occur on the screen.

However, the backlight unit 1 comprises the filter 20a that
limits or controls the transmission of the green light at or near
the left-side end of the light incident surface 14a of the second




US RE44,118 E

11

light guide plate 14 and the filter 20b that limits or controls the
transmission of the red light at or near the right-side end

thereol. Therefore, the effect by the green light emitted from

the green LED 11b at the left-side end of the LED unit 11 and
the red light emitted from the red LED 11b at the right-side
end thereof can be limited or restrained effectively with a very
simple structure. Accordingly, the color unevenness on the
display screen can be reduced.

Moreover, since the backlight unit 1 1s of the edge type, the
s1ze ol the unit 1 1s not enlarged for color mixture, which 1s
unlike the direct type backlight unit.

In addition, by combining the backlight unit 1 according to
the first embodiment with a known LCD panel, a LCD device
having less color unevenness can be fabricated.

Second Embodiment

FIG. 4 schematically shows the configuration of a back-
light unit 1A according to a second embodiment of the present
invention.

The backlight unit 1A of the second embodiment has the
same configuration as the backlight unit 1 of the first embodi-
ment of FIGS. 2 and 3 except that optical filters 21a and 21b
are selectively formed on the light exiting surface 12b of the
first light guide plate 12, instead of the optical filters 20a and
20b formed on the light incident surface 14a of the second
light guide plate 14 in the first embodiment. Therefore, expla-
nation about the same configuration as the backlight unit 1
according to the first embodiment 1s omitted here by attaching
the same reference numerals as those of the first embodiment
to the same or corresponding elements.

In this way, like the backlight unit 1 according to the first
embodiment, the backlight unit 1A according to the second
embodiment comprises the LED unit 11 with the LEDs 11b
emitting red, green and blue light 1s provided. The green LED
11b 1s located at the left-side end of the LED unit 11 and the
red LED 11b 1s located at the rnight-side end thereof. All the
LEDs 11b of the umt 11 are aligned along the light incident
surface 12a of the first light guide plate 12. For this reason, 11
the filters 21a and 21b are not provided, green and red colors
will be excessive or stronger 1n or near each side of the display
screen compared with the remaining region (1.e., the central

part) of the screen 1n accordance with the placement order of
the LEDs 11b 1n the unit 11. As a result, color unevenness or
color deviation will occur on the screen.

However, with the backlight unit 1A, the filter 21a that
limits or controls the transmission of the green light 1s selec-
tively formed at or near the left-side end of the light exiting,
surface 12b of the first light guide plate 12 while the filter 21b
that limits or controls the transmission of the red light 1s
selectively formed at or near the night-side end thereotf. Each
of the filters 21a and 21b has a predetermined width along the
light exiting surface 12b. Therefore, the effect by the green
and red light emitted from the green and red LEDs 11b at each
end of the LED unit 11 can be limited or restrained effectively.
Accordingly, the color unevenness on the display screen can
be reduced with a very simple structure.

In addition, by combining the backlight unit 1A according
to the second embodiment with a known LCD panel, a LCD
device having less color unevenness can be fabricated.

Third F

Embodiment

FIG. 5 schematically shows the configuration of a back-
light unit 1B according to a third embodiment of the present
invention.
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The backlight unit 1B has the same configuration as the
backlight unit 1 according to the first embodiment of FIGS. 2
and 3 except that optical filters 22a and 22b are selectively
formed on the planar light exiting surface 14b of the second
light guide plate 14, instead of the optical filters 20a and 20b
formed on the light incident surface 14a of the second light
guide plate 14 in the first embodiment. Therefore, explanation
about the same configuration as the backlight unit 1B accord-
ing to the third embodiment 1s omitted here by attaching the
same reference numerals as those of the first embodiment to
the same or corresponding elements.

With the backlight unit 1B, as shown 1n FIG. §, the filter
22a that limaits or controls the transmission of the green light
1s selectively formed at or near the left-side end of the light
exiting surface 14b of the second light guide plate 14, and the
filter 22b that limits or controls the transmission of the red
light1s selectively formed at or near the right-side end thereof.
The filter 22a 1s extended along the left-side end (1.e., the
left-side shorter edge) of the surface 14b to have a predeter-
mined width. The filter 22b 1s extended along the right-side
end (1.e., the right-side shorter edge) of the surface 14b to
have a predetermined width. The filters 22a and 22b are apart
from each other at a predetermined distance. Therefore, the
elfect by the green and red light emitted from the green and
red LEDs 11b at each end of the LED unit 11 can be limited
or restrained effectively. Accordingly, the color unevenness
on the display screen can be reduced with a very simple
structure.

In addition, by combining the backlight unit 1B according
to the third embodiment with a known LCD panel, a LCD
device having less color unevenness can be fabricated.

Fourth Embodiment

FIG. 6 schematically shows the configuration of a back-
light unit 1C according to a fourth embodiment of the present
invention.

The backlight unit 1C has the same configuration as the
backlight unit 1 according to the first embodiment of FIGS. 2
and 3 except that optical filters 23a and 23b are selectively
formed on one surface (1.e., an incident or exiting surface) of
the diffusing plate 15 instead of the optical filters 20a and 20b
formed on the light incident surface 14a of the second light
guide plate 14 in the first embodiment. Therefore, explanation
about the same configuration as the backlight unit 1 according
to the first embodiment 1s omitted here by attaching the same
reference numerals as those of the first embodiment to the
same or corresponding elements.

With the backlight unit 1C, as shown 1n FIG. 6, the filter
23a that limaits or controls the transmission of the green light
1s selectively formed at or near the leit-side end of the surface
of the diffusing plate 15, and the filter 23b that limits or
controls the transmission of the red light 1s selectively formed
at the right-side end thereot. The filter 23a 1s extended along
the left-side end (1.¢., the left-side shorter edge) of the surface
of the plate 15 to have a predetermined width. The filter 23b
1s extended along the right-side end (1.e., the right-side shorter
edge) of the surface of the plate 15 to have a predetermined
width. The filters 23a and 23b are apart from each other at a
predetermined distance. Therefore, the effect by the green
and red light emitted from the green and red LEDs 11b at each
end of the LED unit 11 can be limited or restrained effectively.
Accordingly, the color unevenness on the display screen can
be reduced with a very simple structure.
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In addition, by combining the backlight unit 1C according
to the fourth embodiment with a known LCD panel, a LCD

device having less color unevenness can be fabricated.

Fitth Embodiment

FIG. 7 schematically shows the configuration of a LCD
device 50 according to a fifth embodiment of the present
invention. The LCD device 50 comprises a LCD panel 90 and
the above-described backlight unit 1 according to the first
embodiment.

The LCD panel 90 may have any one of the known con-
figurations. Here, as shown 1n FIG. 7, the panel 90 comprises
a'TFT substrate 60, a CF (color filter) or opposite substrate 70,
and a liquid-crystal layer 80 sandwiched by these two sub-
strates 60 and 70.

The TFT substrate 60 comprises a glass plate 61, a TFT
array 62 formed on the mner surface of the plate 61, an
alignment layer 63 formed on the TFT array 62, and a polar-
1zer 64 formed on the outer surface of the plate 61. The TFT
array 62 includes pixel electrodes (not shown) arranged 1n a
matrix array.

The CF substrate 70 comprises a glass plate 71, a color
filter 72 formed on the inner surface of the plate 71, an
opposite or common electrode 73 formed on the color filter
72, an alignment layer 74 formed on the opposite electrode
73, and a polarizer 75 formed on the outer surface of the plate
71.

Voltages are applied across the pixel electrodes in the TET
array 62 and the opposite electrode 73 with respect to the
respective pixels. By switching the applied voltages using the
TFTsinthe TFT array 62, desired images are displayed on the
screen.

With the LCD device 50 according to the fifth embodiment,
since the backlight unit 1 according to the first embodiment 1s
used, the color unevenness on the display screen can be effec-
tively reduced.

The backlight unit 1 according to the first embodiment may
be replaced with the backlight umit 1A, 1B, or 1C according to
the second, third, or fourth embodiment described above.

VARIATIONS

The above-described first to fifth embodiments are pre-
ferred examples of the present invention. Therefore, 1t 1s
needless to say that the present invention i1s not limited to
these embodiments. Any other modification 1s applicable to
the embodiments.

For example, 1n the above-described embodiments of the
invention, the optical filters are selectively formed on the light
exiting surface of the first light guide plate, the light incident
surface or the light exiting surface of the second light guide
plate, or the surface of the diffusing plate. However, two or
more of these embodiments may be combined together
according to the necessity. Specifically, the optical filters may
be formed on the light incident surface of the second light
guide plate and one surface of the diffusing plate, respec-
tively. Alternately, the optical filters may be formed on the
light exiting surface of the first light gmide plate and one
surface of the diffusing plate, respectively. Any other combi-
nation 1s applicable to the invention.

Moreover, 1n the above-described embodiments of the
invention, the optical filters are selectively formed at or near
cach end of the light exiting surface of the first light guide
plate, the light incident or exiting surface of the second light
guide plate, or one surface of the diffusing plate. However, the
invention 1s not limited to this. According to the color uneven-
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ness or deviation appearing 1n any area or areas other than the
ends of the display screen, the optical filter or filters may be
selectively formed on the light exiting surface of the first light
guide plate, the light incident or exiting surface of the second
light guide plate, or the diffusing plate.

In addition, a single LED unit is used for the backlight unit
in the above-described embodiments of the mvention. How-
ever, two or more LED units may be used 1in combination for
the backlight unat.

Although parallel flat light guide plates are used for the first
and second light guide plates 1n the above-described embodi-
ments of the invention, any other type of the light guide plate,
such as a wedge-shaped light guide plate, may be used for this
purpose.

While the preferred forms of the present invention have
been described, 1t 1s to be understood that modifications will
be apparent to those skilled 1n the art without departing from
the spirit of the invention. The scope of the present invention,

therefore, 1s to be determined solely by the following claims.

What 1s claimed 1s:

1. A backlight unit comprising:

at least one point-shaped light source unit having point-
shaped light sources arranged in a single direction 1n a
predetermined order, the light sources emitting mono-
chromatic light of different colors;

a first light guide plate, which has a light incident surface
and a light exiting surface, for recerving monochrome
light emitted from respective light sources of the light
source unit at the light incident surface and guiding said
light to the light exiting surface;

a reflector for reflecting the light exiting from the light
exiting surface of the first light guide plate;

a second light gmide plate, which has a light incident sur-
face and a light exiting surface, for receiving the light
reflected by the reflector at the light incident surface of
the second light guide plate and guiding said light to the

light exiting surface of the second light guide plate;

a diffusing plate for recerving the light exiting from the
light exiting surface of the second light guide plate,
diffusing said light, and emitting said light diffused;

a first optical filter for limiting or controlling transmission
of the monochromatic light emitted from one of the light
sources disposed at one end of the light source unit; and

a second optical filter for limiting or controlling transmis-
sion of the monochromatic light emitted from another of
the light sources disposed at the other end of the light
source unit,

wherein the first optical filter and the second optical filter
are selectively formed on one of the first light guide
plate, the second light guide plate, and the diffusing
plate, and

wherein a base of said point-shaped light source unit 1s
parallel to said light incident surface of the first light
guide plate.

2. A backlight unit comprising;:

at least one pomnt-shaped light source unit having point-
shaped light sources arranged 1n a single direction in a
predetermined order, the light sources emitting mono-
chromatic light of different colors;

a first light guide plate, which has a light incident surface
and a light exiting surface, for recerving monochrome
light emitted from respective light sources of the light
source unit at the light incident surface and guiding said
light to the light exiting surface;

a reflector for reflecting the light exiting from the light
exiting surface of the first light guide plate;
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a second light guide plate, which has a light incident sur-
face and a light exiting surface, for recerving the light
reflected by the reflector at the light incident surface of
the second light guide plate and guiding said light to the

light exiting surface of the second light guide plate;

a diffusing plate for recewving the light exiting from the

light exiting surface of the second light guide plate,

diffusing said light, and emitting said light diffused;

a first optical filter for limiting or controlling transmission
of the monochromatic light emitted from one of the light
sources disposed at one end of the light source unit; and

a second optical filter for limiting or controlling transmis-
sion of the monochromatic light emitted from another of
the light sources disposed at the other end of the light
source unit,

wherein the first optical filter and the second optical filter
are selectively formed on one of the first light guide
plate, the second light guide plate, and the diffusing
plate, and

wherein the first optical filter and the second optical filter
are located on the light exiting surface of the first light
guide plate.

3. The backlight unit according to claim 2, wherein the first
optical filter and the second optical filter are respectively
located at or near two ends of the light exiting surface of the
first light guide plate, respectively.

4. A backlight unit comprising:

at least one point-shaped light source unit having point-
shaped light sources arranged 1n a single direction 1n a
predetermined order, the light sources emitting mono-
chromatic light of different colors;

a first light guide plate, which has a light incident surface
and a light exiting surface, for recerving monochrome
light emitted from respective light sources of the light
source unit at the light incident surface and gmiding said
light to the light exiting surface;

a reflector for reflecting the light exiting from the light
exiting surface of the first light guide plate;

a second light guide plate, which has a light incident sur-
face and a light exiting surface, for recerving the light
reflected by the reflector at the light incident surface of
the second light guide plate and guiding said light to the

light exiting surface of the second light guide plate;

a diffusing plate for receiving the light exiting from the

light exiting surface of the second light guide plate,

diffusing said light, and emitting said light diffused;

a {irst optical filter for limiting or controlling transmission
of the monochromatic light emitted from one of the light
sources disposed at one end of the light source unit; and

a second optical filter for limiting or controlling transmis-
s1on of the monochromatic light emitted from another of
the light sources disposed at the other end of the light
source unit,

wherein the first optical filter and the second optical filter
are selectively formed on one of the first light guide
plate, the second light guide plate, and the diffusing
plate, and

wherein the first optical filter and the second optical filter
are located on the light incident surface of the second
light guide plate.

5. The backlight unit according to claim 4, wherein the first
optical filter and the second optical filter are respectively
located at or near two ends of the light incident surface of the
second light guide plate.

6. The backlight unit according to claim 1, wherein the first
optical filter and the second optical filter are located on the
light exiting surface of the second light guide plate.
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7. The backlight unit according to claim 6, wherein the first
optical filter and the second optical filter are respectively
located at or near two ends of the light exiting surface of the
second light guide plate.

8. The backlight unit according to claim 7, wherein the first
optical filter and the second optical filter extend along the
ends of the light exiting surface of the second light guide
plate, respectively.

9. The backlight unit according to claim 1, wherein the first
optical filter and the second optical filter are located on one
surface of the diffusing plate.

10. The backlight umit according to claim 9, wherein the
first optical filter and the second optical filter are respectively
located at or near two ends of the surface of the diffusing
plate.

11. The backlight unit according to claim 10, wherein the
first optical filter and the second optical filter extend along the
ends of the surface of the diffusing plate, respectively.

12. The backlight umit according to claim 1, wherein the
light source unit comprises a single Light Emitting Diode
(LCD) umnat.

13. A liquid-crystal display device comprising;:

the backlight unit according to claim 1; and

a liquid-crystal display panel to which the light emaitted
from the backlight unit 1s to be 1rradiated.

14. The backlight unit according to claim 1, wherein the

backlight unit comprises an edge-light type unit.

15. The backlight unit according to claim 1, wherein the
first optical filter and the second optical filter are selectively
formed on one of the first light guide plate or said light
incident surface of the second light guide plate.

16. The backlight unit according to claim 1, wherein said
point-shaped light sources comprise a different light color at
cach side of the point-shaped light source unit.

17. The backlight unit according to claim 13, wherein the
first optical filter and the second optical filter are located on
the light exiting surface of the first light guide plate.

18. The backlight unit according to claim 13, wherein the
first optical filter and the second optical filter are selectively
formed on one of the first light guide plate or said light
incident surface of the second light guide plate.

19. A backlight unit comprising:

at least one point-shaped light source unit having point-
shaped light sources arranged in a single direction 1n a
predetermined order, the light sources emitting mono-
chromatic light of different colors;

a first light guide plate, which has a light incident surface
and a light exiting surface, for recerving monochrome
light emitted from respective light sources of the light
source unit at the light incident surface and guiding said
light to the light exiting surface;

a retlector for reflecting the light exiting from the light
exiting surface of the first light guide plate;

a second light guide plate, which has a light incident sur-
face and a light exiting surface, for receiving the light
reflected by the reflector at the light incident surface of
the second light guide plate and guiding said light to the

light exiting surface of the second light guide plate;
a diffusing plate for recerving the light exiting from the
light exiting surface of the second light guide plate,

diffusing said light, and emitting said light diffused;

a first optical filter for limiting or controlling transmission
of the monochromatic light emitted from one of the light
sources disposed at one end of the light source unit; and
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a second optical filter for limiting or controlling transmis-

sion of the monochromatic light emitted from another of

the light sources disposed at the other end of the light
source unit,

wherein the first optical filter and the second optical filter

are selectively formed on one of the first light guide plate
or said light incident surface of the second light guide
plate.

20. The backlight unit according to claim 19, wherein the

backlight unit comprises an edge-light type umt, and

wherein a base of said point-shaped light source unit 1s
parallel to said light incident surface of the first light
guide plate.

21. A backlight unit comprising:

a first light guide plate;

a second light guide plate;

a diffusing plate;

a first optical filter for controlling transmission of mono-

chromatic light emitted from one of a set of point-shaped

light sources disposed at one end of a point-shaped light
source unit; and
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33. The backlight unit of claim 32, whevrein the first optical

filter and the second optical filter are vespectively located at

or near two ends of the light exiting surface of the first light

guide plate.
34. The backlight unit of claim 21, wherein the set of

point-shaped light sources comprises a diffevent light color at

respective sides of the point-shaped light source unit.

35. A backlight unit comprising.

a first light guide plate;

a first optical filter configured to limit or control transmis-
sion of monochromatic light emitted from one of a set of
light sources disposed at one end of a light source unit;
and

a second optical filter configured to limit or control trans-
mission of monochromatic light emitted from another of
the set of light sources disposed at another end of the
light source unit,

wherein the first optical filter and the second optical filter
are located on a light exiting surface of the first light
guide plate.

36. The backlight unit of claim 35, whevein the first optical

a second optical filter for comntrolling transmission of  filter and the second optical filter are respectively located at

monochromatic light emitted from another of the set of
point-shaped light sources disposed at another end of

the point-shaped light source unit, whevein the first opti-
cal filter and the second optical filter ave selectively

Jormed on one of the first light guide plate, the second

light guide plate, or the diffusing plate,

wherein a base of the point-shaped light source unit is
substantially parallel to a light incident surface of the
first light guide plate.

22. The backlight unit of claim 21, wherein the first optical
filter and the second optical filter ave respectively located on
a light exiting surface of the second light guide plate.

23. The backlight unit of claim 22, wherein the first optical
filter and the second optical filter ave respectively located at
or near two ends of the light exiting surface of the second light
guide plate.

24. The backlight unit of claim 23, wherein the first optical
filter and the second optical filter respectively extend along
the two ends of the light exiting surface of the second light
guide plate.

25. The backlight unit of claim 21, wherein the first optical

filter and the second optical filter are located on a surface of

the diffusing plate.

26. The backlight unit of claim 25, wherein the first optical
filter and the second optical filter ave respectively located at
or near two ends of the surface of the diffusing plate.

27. The backlight unit of claim 26, wherein the first optical
filter and the second optical filter extend respectively along
the two ends of the surface of the diffusing plate.

28. The backlight unit of claim 21, wherein the point-
shaped light source unit comprises a light emitting diode unit.

29. The backlight unit of claim 21, further comprising a
liquid-crystal display panel configured to veceive irradiated
light from the set of point-shaped light sources.

30. The backlight unit of claim 21, wherein the backlight
unit comprises an edge-type unit wherein the point-shaped
light source unit is arranged along an edge of the first light
guide plate.

31. The backlight unit of claim 21, wherein the first optical
filter and the second optical filter are selectively formed on

one of the first light guide plate or a light incident surface of

the second light guide plate.

32. The backlight unit of claim 21, wherein the first optical
filter and the second optical filter ave located on a light exiting
surface of the first light guide plate.

25

30

35

40

45

50

55

60

65

or near two ends of the light exiting surface of the first light
guide plate.

37. The backlight unit of claim 335, wherein the light source
unit comprises a light emitting diode unit.

38. The backlight unit of claim 35, further comprising a
liguid-crystal display panel configured to receive light emit-
ted from the set of point-shaped light sources.

39. The backlight unit of claim 35, wherein the backlight
unit comprises an edge-type unit whevein the light source unit
is arranged alone, an edge of the first light guide plate.

40. The backlight unit of claim 35, wherein the set of light
sources comprising a set of point-shaped light sources.

41. A backlight unit comprising.

a first light guide plate;

a second light guide plate;

a first optical filter configured to control transmission of
monochromatic light emitted from one of a set of light
sources disposed at one end of a light source unit; and

a second optical filter configured to control transmission of
monochromatic light emitted from another of the set of
light sources disposed at another end of the light source
unit,

wherein the first optical filter and the second optical filter
are located on a light incident surface of the second light
guide plate.

42. The backlight unit of claim 41, whevein the first optical

filter and the second optical filter are respectively located at

or near two ends of the light incident surface of the second
light guide plate.

43. The backlight unit of claim 41, wherein the light source
unit comprises a light emitting diode unit.

44. The backlight unit of claim 41, further comprising a
liguid-crystal display panel to which light emitted from the set
of point-shaped light sources is to be irradiated.

45. The backlight unit of claim 41, wherein the backlight
unit comprises an edge-tvpe unit wherein the light source unit
is arranged along an edge of the first light guide plate.

46. The backlight unit of claim 41, wherein the set of light
sources comprises a set of point-shaped light sources.

47. A backlight unit comprising.

a first light guide plate;

a second light guide plate;

a first optical filter configured to limit transmission of

monochromatic light emitted from one of a set of light
sources disposed at one end of a light source unit; and
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a second optical filter configured to limit transmission of
monochromatic light emitted from another of the set of

light sources disposed at another end of the light source
unit,

wherein the first optical filter and the second optical filter

are selectively formed on one of the first light guide plate
or alight incident surface of the second light guide plate.

48. The backlight unit of claim 47, wherein the backlight
unit comprises an edge-type unit, and

wherein a base of the light source unit is substantially

parallel to a light incident surface of the first light guide
plate.

49. The backlight unit of claim 47, wherein the light source
unit comprises a single light emitting diode unit.

50. The backlight unit of claim 47, further comprising a
liguid-crystal display panel to which light emitted from the set
of light sources is to be irradiated.

51. The backlight unit of claim 47, wherein the backlight
unit comprises an edge-type unit wherein the light source unit
is arranged along an edge of the first light guide plate.

52. The backlight unit of claim 47, wherein the first optical
filter and the second optical filter ave located on a light exiting
surface of the first light guide plate.

53. The backlight unit of claim 52, wherein the first optical
filter and the second optical filter arve respectively located at
or near two ends of the light exiting surface of the first light

guide plate.
54. The backlight unit of claim 47, wherein the set of light

sources comprises a diffevent light color at respective sides of

the light source unit.

55. A method comprising:

veceiving, at a light incident surface of a first light guide
plate, first light emitted from a first light source disposed
on a first end of a light source unit having a base that is
substantially parallel to the light incident surface of the
fivst light guide plate;

receiving, at the light incident surface of the first light
guide plate, second light emitted from a second light
source disposed on a second end of the light source unit,

guiding, by a second light guide plate, the first light and the
second light to a diffusing plate;

controlling transmission of the first light by a first optical
filter formed on one of the first light guide plate, the
second light guide plate, or the diffusing plate; and

controlling transmission of the second light by a second
optical filter formed on one of the first light guide plate,
the second light guide plate, or the diffusing plate.

56. The method of claim 55, wherein:

the controlling transmission of the first light includes con-
trolling transmission of the first light by the first optical
filter located on a light exiting surface of the second light
guide plate; and

the controlling transmission of the second light includes
controlling transmission of the second light by the sec-

ond optical filter located on the light exiting surface of

the second light guide plate.
57. The method of claim 55, wherein.:

20

the controlling transmission of the first light includes con-
trolling transmission of the first light by the first optical
filter located on a first end of a surface of the diffusing
plate; and

5 the controlling transmission of the second light includes
controlling transmission of the second light by the sec-
ond optical filter located on a second end of the surface

of the diffusing plate.
58. The method of claim 55, wherein the veceiving the first
light and the receiving the second light includes veceiving the

" first light and the second light from a light emitting diode unit.
59. The method of claim 55, wherein.:

the controlling transmission of the first light includes con-
trolling transmission of the first light by the first optical
filter located on a first end of a light exiting surface of the
15 first light guide plate; and
the controlling transmission of the second light includes
controlling transmission of the second light by the sec-
ond optical filter located on a second end of the light
exiting surface of the first light guide plate.
20 60. The method of claim 53, wherein.
the controlling transmission of the first light includes con-
trolling transmission of the first light by the first optical
filter located on a light incident surface of the second
light guide plate; and
25 the controlling transmission of the second light includes
controlling transmission of the second light by the sec-
ond optical filter located on the light incident surface of
the second light guide plate.

61. The method of claim 55, further comprising guiding the

30 first light and the second light to a light exiting surface of the
fivst light guide plate.

62. The method of claim 61, further comprising reflecting
the first light and the second light from the light exiting
surface of the first light guide plate to a light incident surface

35 of the second light guide plate.

63. The method of claim 59, whevein the veceiving first light
and the receiving the second light includes receiving the first
light and the second light emitted from a first point-shaped
light source and a second point-shaped light source, respec-

40 tively.
64. A system comprising.
means for receiving first light and second light from a first
end and a second end, vespectively, of a light source unit
having a base that is substantially parallel to a light
45 incident surface of the means for veceiving the first light
and the second light,

means for guiding the first light and the second light to a

diffusing plate;

means for limiting or controlling transmission of the first

50 light, and

means for limiting ov controlling transmission of the sec-

ond light,

wherein the means for limiting ov controlling transmission

of the first light and the means for limiting ov controlling

55 transmission of the second light ave formed on one of the
means for receiving the first light and the second light,
the means for guiding, or the diffusing plate.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : RE44,118 E Page 1 of 1
APPLICATION NO. . 13/245678

DATED . April 2, 2013

INVENTOR(S) : Nishigaki

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specitication:

In Column 7, Line 50, delete “LED 11a” and insert - - LED 11b - -, therefor.
In Column 7, Line 51, delete “LED 11a” and nsert - - LED 11b - -, therefor.

In Column 10, Line 17, delete “light exiting surface 12” and
insert - - light exiting surface 12b - -, theretor.

In Column 10, Lines 21-22, delete “light exiting surface 12,” and
insert - - light exiting surface 12b, - -, therefor.

In Column 10, Line 25, delete “light exiting surface 12" and
insert - - light exiting surface 12b - -, therefor.

In Column 10, Lines 49-64, delete “With the backlight unit 1 according to the first
embodiment of the invention shown in FIGS. 2 and 3, as explained above, the LED unit 11
with the LEDs 11b emitting red, green and blue light 1s provided. The green LED 11b 1s
located at or near one end (i.e., the left-side end in FIG. 2) of the LED unit 11, and the red
LED 11b 1s located at or near the other end (1.¢., the nght-side end in FI1G. 2) thereof. All the
LEDs 11b of the unit 11 are aligned along the light incident surface 12a of the first light guide
plate 12. For this reason, if the optical filters 20a and 20b are not provided, green color will be
excessive or stronger in one side of the display screen and at the same time, red color will be
excessive or stronger in the other side thereot compared with the remaining region (1.e., the
central part) of the screen in accordance with the placement order of the LEDs 11b in the LED
unit 11. As a result, color unevenness or color deviation will occur on the screen.” and insert
the same at line 49 as a new paragraph, therefor.

In the Claims:

In Column 16, Lines 21-22, in Claim 12, delete “Light Emitting Diode (LCD)” and
insert - - Light Emitting Diode (LED) - -, theretor.

In Column 18, Line 32, in Claim 39, delete “alone,” and insert - - along - -, theretor.

Signed and Sealed this
Seventeenth Day of September, 2013

Teresa Stanek Rea
Deputy Director of the United States Patent and Trademark Olffice
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