US008678635B2

a2 United States Patent (0) Patent No.:  US 8,678,635 B2
Goto et al, 45) Date of Patent: Mar, 25, 2014
(54) SURFACE LIGHT SOURCE DEVICE, LIQUID (58) Field of Classification Search
CRYSTAL DISPLAY DEVICE AND OPTICAL USPC e 362/612, 613, 619, 620
MEMBER See application file for complete search history.
(56) References Cited

(75) Inventors: Masahiro Goto, Kashiwa (JP); Hiroshi
Sekiguchi, Tokyo-to (JP); Hiroshi U.S. PATENT DOCUMENTS
Yamamoto, Kawaguchi (JP)
8,092,068 B2* 1/2012 Parkeretal. .....ccceeue. 362/620

(73) Assignee: Dai Nippon Printing Co., Ltd., 2007/10002568 Al*  1/2007 Leeetal. ... .. 362/331
Shinjuku-Ku (JP) 2009/0086506 Al* 4/2009 Okumura 362/613

(*) Notice:  Subject to any disclaimer, the term of this FOREIGN PATENT DOCUMENTS

patent is extended or adjusted under 35 Jp 2007-227405 Al 9/2007
U.S.C. 154(b) by 225 days. ) )
* cited by examiner

(21)  Appl. No.: 13/228,923 Primary Examiner — Stephen F Husar

(22) Filed: Sep. 9, 2011 Assistant Examiner — James Cranson, Ir.
(74) Attorney, Agent, or Firm — Burr & Brown, PLLC
(65) Prior Publication Data (57) ABSTRACT
US 2012/0113158 Al May 10, 2012 A surface light source device has a light emitting surface and
) . . includes a light guide plate having a light exit surface and a
(30) Foreign Application Priority Data pair of light entrance surfaces. When the angular distribution
of luminance ina plane parallel to a first direction is measured
Sep. 14,2010 (JP) weeorvvvevrccecrrceeen, 2010-205949 on the light emitting surface at varying positions along the
(51) Tnt.Cl first direction, the peak angle 6¢ in the angular distribution of
G0;'G 5 10 (2006.01) luminance at a center position Pc in the first direction lies
GOIF 1/1335 (200 6. 01) between the peak angle 6a in the angular distribution of
F21V 8/00 (200 6.01) luminance at an end position on one side in the first direction
GO2B 6/00 (200 6. 01) and the peak angle 6b in the angular distribution of luminance

(52) US.Cl at an end position on the other side in the first direction.

USPC ............ 362/613;362/612;362/619; 362/620 17 Claims, 18 Drawing Sheets

VIEWER SIDE (LIGHT EXIT SIDE)

18 .-nd 10

\\TOTS

TO 24a,24b

[
p ‘ 33 FIRST DIRECTION
/-/ 24 / J/

28 / 25
7
r~—1
-.— -

SECOND DIRECTION



U.S. Patent Mar. 25,2014  Sheet 1 of 18 US 8,678,635 B2

VIEWER SIDE (LIGHT EXIT SIDE)

14
21
80
o
60
65
50 ,
@@@(@@@@@@
/
30 /J / VA )/ 33 FIRST DIRECTION
28 Y 25
/
e
s~

oy
sl .

SECOND DIRECTION

FIG.1



| (NOILOZ™IA 2AIND LHHDIT) NOILOIHIA LSHId

US 8,678,635 B2

22

Sheet 2 of 18

Mar. 25,2014

¥
(2AQIS ¥3AMIIA) FAIS LIXA LHOIT

U.S. Patent

¢ Ol




U.S. Patent Mar. 25,2014  Sheet 3 of 18 US 8,678,635 B2

LIGHT EXIT SIDE (VIEWER SIDE)

40

42

33
25
SECOND DIRECTION

FIG.3

32 FIRST DIRECTION



US 8,678,635 B2

Sheet 4 of 18

Mar. 25,2014

U.S. Patent

v Ol

NOILO3dIa ANOD3S

(2AIS ¥AMIAIA) 3AIS LIX3 LHDIT



US 8,678,635 B2

Sheet 50f 18

Mar. 25,2014

U.S. Patent

FIRST CIRECTION

FIG.S



US 8,678,635 B2

Sheet 6 of 18

Mar. 25,2014

U.S. Patent

(o) FTONVY
09 ov 0¢ 0 0z- 0¥— 09-
eg
=] — i T T< 0
. I prad
LININOJNOD LHOIT ozoomm\JA,,(V " 7 -
,ﬂ/ _r \\ \\l
X "/ \\
[ /
N/ \
_ / A
| P V7
| / -
m \\ /l(\
X L/
// “ \\
\ = /
ANINOdWOD LHOIT LS¥HId - m
!
m
LHOIT ONILIXF TIVHEIAO !
NOILISOd aNZ 1S¥I4 IHL LV FONVNIANT 40 NOILNGIY1SIa ¥V INONY

OILYYd FJONVNIANT



US 8,678,635 B2

09 ov 0¢ 0 02— oy—
108 °f 20

Sheet 7 of 18

Mar. 25,2014

U.S. Patent

1 ) - 1

/
LNINOJNOD LHDIT N0D3S—~— "

N

— =
-

<
N

[l phable bt Rl
~

LHOIT ONILEXE 71VH3IAO \O/

NOILISOd H3F1N3D FHL 1V JONVNIANT 40 NOILNGIYLSId dVINONY

OlLvd FONVNIANT



US 8,678,635 B2

Sheet § of 18

Mar. 25,2014

U.S. Patent

(,) TTONY
09 ov 0z 0 0Z— op—
q¢9
e —=] ” IO =T
] _ P
.Emzoms_ow,EO: aNoo3s ,,/V,/ m L
/ ,// \m\\\ \\
N
N\
\ / ]
Se \v\ __
~a y |
ININONOO LHOIT L8¥I4 - N\~ 7 N | \
AN /
/// “ \\
LHOIT DONILIX3 T1VHEIA0 /m/ \

OlLyYd FONVYNIANT

NOILISOd dNI ANOD3S IHL LV JONVNIANT 40 NOILNEIMLSIA HYTNONY



U.S. Patent Mar. 25,2014  Sheet 9 of 18 US 8,678,635 B2

LIGHT EXIT SIDE (VIEWER SIDE)

10
11 /
T —~—12
=~14
\1 ] 18
/65 15 <—o S
60 J _/75 —
N f/ 244,240
20 \YAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV/
> 31
e 1 O G N
°f o % o i3 ° o
N7 M s v e e N

FIG.9



US 8,678,635 B2

Sheet 10 of 18

Mar. 25,2014

U.S. Patent

(NOILOIYHIA 3AIND LHOIT) NOILOIMIQ LSHId

OL"9I4

[+

gzg'eye

209'eg9

/™

|

2

|

2 ¥
|

|

B

A
/

o |

(3AIS HIAMITIA) 3AIS LIXF 1HOIT



US 8,678,635 B2

Sheet 11 of 18

Mar. 25,2014

U.S. Patent

LL"O1d

NOILO3dI1d 18dld
(3AIS MIHLO0 FHL) —-— » (3QIS INO)
GZ2'ave Gz'eve

! |
W Ey a1 1a71” y ¢ ean PU—"1, 19 edg



US 8,678,635 B2

Sheet 12 of 18

Mar. 25,2014

U.S. Patent

¢l Ol

(o) FTONV

led ced 0z~ Ov—
0z ////mgx\\m
f i

INANOJINOD
7 aNOD3S

'S
—

|

(

09—

ININOdWOD
LHOIT 1814 -

|
1
|
b
+
!
| 4

4

“— ’

AS

\

Ve
/
L

LIHOIT ONILIXE 7IVHIA0

\

U V) S

:

NOILISOd GN3 LSdid4 FHL LV JONVYNINNT 20 NOILNGIYLSIa ¥VINONY

OlLv¥ 3ONVYNIANT



US 8,678,635 B2

Sheet 13 of 18

Mar. 25,2014

U.S. Patent

el Old

(,) TIONY
09 ov 100 0 220 oz- ov— 09—
0¢ / 20 \
SN _ T _ P 0
-~ . LNINOdWOD! | |
NseL N\ LHOIT aNOD3S] | |
T~ * \ |
////”/z [ “ m
///,, _ _
N | | 7
PN Z
S N N IS I P
INTINOQINOD LHHIT 1SH 14 NS
\|/|V/l\
LHOIT ONILIXE TIVYH3IA0

NOILISOd HALNIOD IHL LV FONVNIANT 40 NOILNGIdLSIA ¥VINONY

OlLYYd 3FONYNINNT



US 8,678,635 B2

Sheet 14 of 18

Mar. 25,2014

U.S. Patent

09

09—

~

ININOAWO0D LHOIT 18¥I4 -7 R~ N\

Ny T

~
(N

.
/ ~
A

ININOJWNOD LHOIT ANOD3S — /(w/

7
/
A

LHOIT HNILIX3 TIVHIAO

NOILISOd NI ANOD3S IHL 1V IONVNIANT 40 NOILNEIYLSIa dVINONY

OlLYd FONVNIANT



GL'Ol1d

US 8,678,635 B2

NOILO3HId LS
(3A)S ¥3HLO IHL) —= = (34IS INO)

Sheet 15 0f 18

Mar. 25,2014

0201 1an

U.S. Patent



US 8,678,635 B2

Sheet 16 of 18

Mar. 25,2014

U.S. Patent

09

O1°9Ol1d

( o) FTONY

09—

™~ IN3N

,/Eo: a

0dW0?
NOO3S

(

LNINOJWOD LHDIT LSHId -~

LHOIT ONILIXE T1VH3A0

(ITdNVYXT dINOD) NOILISOd AN 1SHid FHL LV FJONVNIANNT 40 NOILNGIYLSIa ¥VINONY

OlLVd FONVYNIANT



L1 D14

US 8,678,635 B2

(o) F1ONV
09 Oy 0¢ 0 0¢— Ov—
!
AININOJWOD
IHHIT ANODHS
= ./
o
.m ININOLINOD .
— JHDIT LSHId -~
= S e
wn N ol
=
<>
(g}
v,
[\
=
= LHODIT DONILIE 7IVHIAC ™ 2

OlLvd JONVNIANT

(TdNVYXT ' dN0D) NOILISOd YILINTO FHL LY FONVYNIANT 40 NOILNGIFLSIA YV INONY

U.S. Patent



US 8,678,635 B2

Sheet 18 of 18

Mar. 25,2014

U.S. Patent

09

8L Ol4

(o) FTONV

09—

ANINOdOD
LHOIT LSHIA
/

~N (\V//l
AININOJNQOD LHDIT ANODJAS

LHOIT ONILIX3 T11VH3IAO

(FTdNVXZ 'dINOD) NOILISOd ANF ANOOTS FHL LV FONVYNIANT 40 NOILNGIH1SIa dYINHNY

OlLvd FONVNIANT



US 8,678,635 B2

1

SURFACE LIGHT SOURCE DEVICE, LIQUID
CRYSTAL DISPLAY DEVICE AND OPTICAL
MEMBER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Japanese Patent Appli-
cation No. 2010-205949, filed on Sep. 14, 2010, the disclo-
sure of which is incorporated herein by reference in its
entirety. Further, the disclosure of Japanese Patent Applica-
tion No. 2011-137556, filed on Jun. 21, 2011 is incorporated
herein by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a surface light source
device having a light emitting surface, and a display device
including the surface light source device, and more particu-
larly to a surface light source device and a display device
which can effectively equalize the in-plane distribution of
perceived brightness.

2. Description of the Related Art

A surface light source device having a two-dimensional
light emitting surface is in widespread use as a backlight
which is incorporated, for example, in a liquid crystal display
device and illuminates a liquid, crystal display panel from the
back (see e.g. JP 2007-227405A). Surface light source
devices for liquid crystal display devices are roughly classi-
fied into direct-light type devices which have a light source
disposed right behind an optical member, and edge-light type
devices (also called side-light type devices) which have a
light source disposed lateral to an optical member.

In an edge-light type surface light source device, a light
source is provided lateral to a light guide plate, and light from
the light source enters the light guide plate from the side
surface (light entrance surface) of the light guide plate. The
light that has entered the light guide plate repeatedly reflects
from a pair of the opposing main surfaces and travels in the
light guide plate in a direction (light guide direction) almost
perpendicular to the light entrance surface. The light traveling
in the light guide plate, by the optical action of the light guide
plate, is caused to gradually exit the pair of the main surfaces
as it travels in the light guide plate. In an exemplary light
guide plate, a diffusing component is dispersed in the light
guide plate. By changing the travel direction of light by the
diffusing component, the light is allowed to gradually exit the
light guide plate at varying positions along the light guide
direction.

Such a surface light source device has been required to
secure a high front-direction luminance and enhance the uni-
formity of the in-plane distribution of the front-direction
luminance. Thus, it has been considered ideal for a surface
light source device if the angular distributions of luminance,
measured at varying positions on the light emitting surface of
the surface light source device, are approximately the same
and each have the maximum luminance in the front direction.
A display device is expected to display a bright image in the
front direction by using such a surface light source device.

Nowadays, with the development of LED and the like
which can achieve energy saving and linear lighting, an edge-
light type surface light source device is becoming larger and
has come to be used in combination with a large-sized display
surface. A problem, however, exists in that when a surface
light source device which has ever been considered ideal is
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used, considerable variation can be produced in the in-plane
distribution of brightness perceived by a viewer.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above
situation. It is therefore an object of the present invention to
provide a surface light source device and a display device
which can make the in-plane distribution of perceived bright-
ness more uniform.

The present invention provides a surface light source
device having a light emitting surface, comprising

a light guide plate having a light exit surface and a pair of
side surfaces which oppose to each other in a first direction, at
least one ofthe pair of side surfaces serving as a light entrance
surface,

wherein when the angular distribution of luminance in a
plane parallel to both the front direction and the first direction
is measured on the light emitting surface at varying positions
along the first direction under the following definition: the
front direction is 0°, an angle between the front direction and
adirection inclined from the front direction toward one side in
the first direction is a negative value, and an angle between the
front direction and a direction inclined from the front direc-
tion toward the other side in the first direction is a positive
value, a peak angle 0a that gives the maximum luminance in
the angular distribution of luminance at a first end position, an
end position on the one side in the first direction, on the light
emitting surface, a peak angle 0b that gives the maximum
luminance in the angular distribution of luminance at a sec-
ond end position, an end position on the other side in the first
direction, on the light emitting surface, and a peak angle 6¢c
that gives the maximum luminance in the angular distribution
of luminance at a center position in the first direction on the
light emitting surface, satisfy the following relation:

0h<Bc<0aq,

In a preferred embodiment of the present invention, the
surface light source device further comprises a first light
source disposed so as to face a first light entrance surface,
lying on the one side in the first direction, of the light guide
plate, and a second light source disposed so as to face a second
light entrance surface, lying on the other side in the first
direction, of the light guide plate,

wherein when the angular distribution of luminance in a
plane parallel to both the front direction and the first direction
is measured at the center position on the light emitting surface
under the following definitions: the front direction is 0°, an
angle between the front direction and a direction inclined
from the front direction toward one side in the first direction
is a negative value, and an angle between the front direction
and a direction inclined from the front direction toward the
other side in the first direction is a positive value, a peak angle
0c1 that gives the maximum luminance in the angular distri-
bution of luminance, attributable to a first light component
emitted by the first light source, takes a positive value,

In the surface light source device according to the present
invention, the peak angle 6cl may be not less than 5° and not
more than 15°.

In the surface light source device according to the present
invention, when the angular distribution of luminance in a
plane parallel to both the front direction and the first direction
is measured at the center position on the light emitting surface
under the following definitions: the front direction is 0°, an
angle between the front direction and a direction inclined
from the front direction toward one side in the first direction
is a negative value, and an angle between the front direction
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and a direction inclined from the front direction toward the
other side in the first direction is a positive value, the peak
angle 6¢2 that gives the maximum luminance in the angular
distribution of luminance, attributable to a second light com-
ponent emitted by the second light source, may take a nega-
tive value.

In the surface light source device according to the present
invention, the peak angle 8¢2 may be not less than —-15° and
not more than -5°.

In a preferred embodiment of the present invention, the
surface light source device further comprises a light control
sheet disposed on a light exit side of the light guide plate,

wherein the light control sheet has a sheet-like body por-
tion, and a plurality of unit optical elements arranged on a
light exit-side surface of the body portion along the first
direction and each extending in a direction intersecting the
first direction, the ratio of a height Hb of each unit optical
element to a width Wb of the unit optical element (Hb/Wb) in
a cross-section parallel to both a normal direction of the body
portion and an arrangement direction of the unit optical ele-
ments is not less than 0.55 and not more than 0.85, and

wherein when the angular distribution of luminance in a
plane parallel to both the front direction and the first direction
is measured at a center position in the first direction on the
light exit surface of the light guide plate under the following
definitions: the front direction is 0°, an angle between the
front direction and a direction inclined from the front direc-
tion toward one side in the first direction is a negative value,
and an angle between the front direction and a direction
inclined from the front direction toward the other side in the
first directionis a positive negative, a peak angle that gives the
maximum luminance in the angular distribution of lumi-
nance, attributable to the first light component emitted by the
first light source, on the light exit surface of the light guide
plate is not less than 65° and not more than 75°, and a peak
angle that gives the maximum luminance in the angular dis-
tribution of lTuminance, attributable to the second light com-
ponent emitted by the second light source, on the light exit
surface of the light guide plate is not less than —75° and not
more than -65°.

In a preferred embodiment of the present invention, the
surface light source device further comprises a light control
sheet disposed on a light exit side of the light guide plate,

wherein the light control sheet has a sheet-like body por-
tion, and a plurality of unit optical elements arranged on a
light entrance-side surface of the body portion along the first
direction and each extending in a direction intersecting the
first direction, the ratio of a height He of each unit optical
element to a width Wc of the unit optical element (He/W¢) in
a cross-section parallel to both a normal direction of the body
portion and an arrangement direction of the unit optical ele-
ments is not less than 0.55 and not more than 0.72, and

wherein when the angular distribution of luminance in a
plane parallel to both the front direction and the first direction
is measured at a center position in the first direction on the
light exit surface of the light guide plate under the following
definitions: the front direction is 0°, an angle between the
front direction and a direction inclined from the front direc-
tion toward one side in the first direction is a negative value,
and an angle between the front direction and a direction
inclined from the front direction toward the other side in the
first direction is a positive value, a peak angle that gives the
maximum luminance in the angular distribution of lumi-
nance, attributable to the first light component emitted by the
first light source, on the light exit surface of the light guide
plate is not less than 65° and not more than 80°, and a peak
angle that gives the maximum luminance in the angular dis-
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tribution of luminance, attributable to the second light com-
ponent emitted by the second light source, on the light exit
surface of the light guide plate is not less than =80° and not
more than -65°.

In a preferred embodiment of the present invention, the
surface light source device further comprises a first light
source disposed so as to face the side surface, lying on the one
side in the first direction, of the light guide plate,

wherein when the angular distribution of luminance, attrib-
utable to a first light component emitted by the first light
source, in a plane parallel to both the front direction and the
first direction is measured on the light emitting surface at
varying positions along the first direction under the following
definitions: the front direction is 0°, an angle between the
front direction and a direction inclined from the front direc-
tion toward one side in the first direction is a negative value,
and an angle between the front direction and a direction
inclined from the front direction toward the other side in the
first direction is a positive value, a peak angle 6al that gives
the maximum luminance in the angular distribution of lumi-
nance, attributable to the first light component, at the first end
position on the light emitting surface, a peak angle 6b1 that
gives the maximum luminance in the angular distribution of
luminance, attributable to the first light component, at the
second end position on the light emitting surface, and a peak
angle Oc¢l that gives the maximum luminance in the angular
distribution of luminance, attributable to the first light com-
ponent, at the center position on the light emitting surface,
satisfy the following relation:

051<0cl1<0al.

In a preferred embodiment of the present invention, the
surface light source device further comprises a light control
sheet disposed on a light exit side of the light guide plate,

wherein the light control sheet has a sheet-like body por-
tion, and a plurality of unit optical elements arranged on a
light entrance-side surface of the body portion along the first
direction and each extending in a direction intersecting the
first direction, each unit optical element has a one-side sur-
face lying on one side in the first direction, and an other-side
surface lying on the other side in the first direction,

wherein the inclination angles of the other-side surfaces are
not the same among the unit optical elements, and

wherein the other-side surface of any one unit optical ele-
ment is inclined from the front direction at the same inclina-
tion angle as the other-side surface of another unit optical
element lying on the other side of the one unit optical element
in the first direction, or is inclined from the front direction
more than the other-side surface of another unit optical ele-
ment lying on the other side ofthe one unit optical element in
the first direction.

In a preferred embodiment of the present invention, the
surface light source device further comprises a second light
source disposed so as to face the side surface, lying on the
other side in the first direction, of the light guide plate,

wherein when the angular distribution of luminance, attrib-
utable to a second light component emitted by the second
light source, in a plane parallel to both the front direction and
the first direction is measured on the light emitting surface at
varying positions along the first direction under the following
definitions: the front direction is 0°, an angle between the
front direction and a direction inclined from the front direc-
tion toward one side in the first direction is a negative value,
and an angle between the front direction and a direction
inclined from the front direction toward the other side in the
first direction is a positive value, a peak angle 0a2 that gives
the maximum luminance in the angular distribution of lumi-
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nance, attributable to the second light component, at the first
end position on the light emitting surface, a peak angle 6b2
that gives the maximum luminance in the angular distribution
of luminance, attributable to the second light component, at
the second end position on the light emitting surface, and a
peak angle O¢2 that gives the maximum luminance in the
angular distribution of luminance, attributable to the second
light component, at the center position on the light emitting
surface, satisfy the following relation:

052<0c2<042.

In a preferred embodiment of the present invention, the
surface light source device further comprises a light control
sheet disposed on a light exit side of the light guide plate,

wherein the light control sheet has a sheet-like body por-
tion, and a plurality of unit optical elements arranged on a
light entrance-side surface of the body portion along the first
direction and each extending in a direction intersecting the
first direction, each unit optical element has a one-side sur-
face lying on one side in the first direction, and an other-side
surface lying on the other side in the first direction,

wherein the inclination angles of the one-side surfaces are
not the same among the unit optical elements,

wherein the inclination angles of the other-side surfaces are
not the same among the unit optical elements,

wherein the one-side surface of any one unit optical ele-
ment is inclined from the front direction at the same inclina-
tion angle as the one-side surface of another unit optical
element lying on the one side of the one unit optical element
in the first direction, or is inclined from the front direction
more than the one-side surface of another unit optical element
lying on the one side of the one unit optical element in the first
direction, and

wherein the other-side surface of any one unit optical ele-
ment is inclined from the front direction at the same inclina-
tion angle as the other-side surface of another unit optical
element lying on the other side of the one unit optical element
in the first direction, or is inclined from the front direction
more than the other-side surface of another unit optical ele-
ment lying on the other side of the one unit optical element in
the first direction.

In the surface light source device according to the present
invention, the peak angle 6a and the peak angle 6b may satisfy
the following relations:

Ya=Arctan(10al)=Yi2

La=Arctan(10b1)=Vi2

In the surface light source device according to the present
invention, the maximum luminance PLVa in the angular dis-
tribution of luminance at the first end position on the light
emitting surface and the luminance FLVa in the front direc-
tion in the angular distribution of luminance at the first end
position on the light emitting surface, and the maximum
luminance PLVb in the angular distribution of luminance at
the second end position on the light emitting surface and the
luminance FLVb in the front direction in the angular distri-
bution of luminance at the second end position on the light
emitting surface, may satisfy the following relations:

0.6s(FLVa/PLVa)<1

0.6s(FLVB/PLVB)<1

In the surface light source device according to the present
invention, the light guide plate may has a sheet-like base
portion including a resin matrix and a diffusing component
dispersed in the matrix.
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In the surface light source device according to the present
invention, the light guide plate may have a sheet-like body
portion and a plurality of unit prisms arranged on a light
emitting surface-side surface of the body portion along an
arrangement direction intersecting the first direction and each
extending linearly in a direction intersecting the arrangement
direction.

The present invention also provides a liquid crystal display
device comprising any one of the above-described surface
light source devices, and a liquid crystal display panel dis-
posed on the light exit side of the surface light source device.

In a preferred embodiment of the present invention, the
surface light source device includes a light source having a
plurality of point-like light emitters arranged along the light
entrance surface of the light guide plate, and the liquid crystal
display device further comprises a controller for controlling
the output of the point-like light emitters of the light source,
the controller being configured to adjust the output of each
point-like light emitter according to an image to be displayed.

The present invention makes it possible to effectively
equalize the in-plane distribution of perceived brightness.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating an embodiment of the
present invention, being a perspective view showing the sche-
matic construction of a display device and a surface light
source device;

FIG. 2 is a diagram illustrating the action of the surface
light source device, being a cross-sectional view taken along
the line 1I-1I of FIG. 1;

FIG. 3 is a perspective view of a light guide plate incorpo-
rated into the surface light source device of FIG. 1;

FIG. 4 is a diagram illustrating the action of the light guide
plate, showing the light guide plate in the cross-section along
the line V-1V of FIG. 3;

FIG. 5 is a diagram illustrating the action of the display
device and the surface light source device upon viewing of the
display device of FIG. 1;

FIG. 6 is a graph showing the angular distribution of lumi-
nance at a first end position, one-side end in a first direction
(light guide direction), on the light emitting surface of the
surface light source device of FIGS. 1 and 2;

FIG. 7 is a graph showing the angular distribution of lumi-
nance ata center position, the center inthe first direction (light
guide direction), on the light emitting surface of the surface
light source device of FIGS. 1 and 2;

FIG. 8 is a graph showing the angular distribution of lumi-
nance at a second end position, the other-side end in the first
direction (light guide direction), on the light emitting surface
of the surface light source device of FIGS. 1 and 2;

FIG. 9 is a diagram illustrating a variation of the display
device and the surface light source device, being a cross-
sectional view showing the schematic construction of the
variation;

FIG. 10 is a diagram corresponding to FIG. 2, showing the
surface light source device in the same cross-section as FIG.
9;

FIG. 11 is a diagram illustrating another variation of the
surface light source device in the same cross-section as FIG.
2

FIG. 12 is a graph showing the angular distribution of
luminance at a first end position, one-side end in a first direc-
tion (light guide direction), on the light emitting surface of the
surface light source device of FIG. 11;

FIG. 13 is a graph showing the angular distribution of
luminance at a center position, the center in the first direction
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(light guide direction), on the light emitting surface of the
surface light source device of FIG. 11,

FIG. 14 is a graph showing the angular distribution of
luminance at a second end position, the other-side end in the
first direction (light guide direction), on the light emitting
surface of the surface light source device of FIG. 11;

FIG. 15 is adiagram illustrating yetanother variation of the
surface light source device in the same cross-section as FIG.
2

FIG. 16 is a graph corresponding to FIG. 6, showing a
comparative example of the angular distribution of luminance
on the light emitting surface of a comparative surface light
source device;

FIG. 17 is a graph corresponding to FIG. 7, showing a
comparative example of the angular distribution of luminance
on the light emitting surface of the comparative surface light
source device; and

FIG. 18 is a graph corresponding to FIG. 8, showing a
comparative example of the angular distribution of luminance
on the light emitting surface of the comparative surface light
source device.

DETAILED DESCRIPTION OF THE PREFERRED
INVENTION

Preferred embodiments of the present invention will now
be described with reference to the drawings. In the drawings
attached to the present specification, for the sake of illustra-
tion and easier understanding, scales, horizontal to vertical
dimensional ratios, etc. are exaggeratingly modified from
those of the real things.

FIGS.1 through 8 are diagrams illustrating an embodiment
ofthe present invention. Of these, FIG. 11s a perspective view
showing the schematic construction of a liquid crystal display
device and a surface light source device, and FIG. 2 is a
cross-sectional view illustrating the action of the surface light
source device. FIG. 3 is a perspective view of a light guide
plate included in the surface light source device, and FIG. 4 is
a cross-sectional view showing the light guide plate in the
main cross-section. FIG. 5 is a diagram illustrating the action
of the display device and the surface light source device upon
viewing of the display device. FIGS. 6 through 8 are graphs
showing the angular distributions of luminance, measured at
varying positions on the light emitting surface (the effective
area in the outermost light exit surface) of the surface light
source device of FIG. 1.

As shown in FIG. 1, the display device 10 includes a liquid
crystal display panel 15, a surface light source device 20,
disposed at the rear of the liquid crystal display panel 15, for
illuminating the liquid crystal display panel 15 from the back,
and a controller 18 for controlling the liquid crystal display
panel 15 and the surface light source device 20. The display
device 10 has a display surface (the area surrounded by the
dashed line in FIG. 1) as an effective screen (effective area)
which is not covered e.g. by a chassis or a casing and can
effectively display an image. The liquid crystal display panel
15 is configured to function as a shutter which controls trans-
mission and blocking of light from the surface light source
device 20 for each pixel to display an image on the display
surface 11.

The illustrated liquid crystal display panel 15 includes an
upper polarizing plate 13 disposed on the light exit side, a
lower polarizing plate 14 disposed on the light entrance side,
and a liquid crystal layer 12 disposed between the upper
polarizing plate 13 and the lower polarizing plate 14. The
polarizing plates 14, 13 function to resolve incident light into
two orthogonal polarization components (P wave and S
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wave), and allow transmission of one polarization component
(e.g. P wave) in one direction (direction parallel to the trans-
mission axis) and absorb the other polarization component
(e.g. S wave) in the other direction orthogonal to the one
direction (parallel to the absorption axis).

An electric field can be applied to each pixel area of the
liquid crystal layer 12. The orientation of the liquid crystal
layer 12 changes upon the application of electric field. For
example, a polarization component in a particular direction,
which has passed through the lower polarizing plate 14 dis-
posed on the light entrance side, turns by 90 degrees when it
passes through the liquid crystal layer 12 to which an electric
field is being applied, whereas the polarization component
maintains its polarization direction when it passes through the
liquid crystal layer 12 to which no electric field is being
applied. Thus, transmission through or absorption and block-
ing by the upper polarizing plate 13 disposed on the light exit
side of the lower polarizing plate 14, of the polarization
component which has passed through the lower polarizing
plate 14, can be controlled by application or no application of
an electric field to the liquid crystal layer 12.

In this manner, the liquid crystal display panel (liquid
crystal display panel) 15 can control transmission or blocking
of light from the surface light source device 20 for each pixel.
The details of the liquid crystal display panel 15 are known
from various documents (e.g. “Dictionary of Flat Panel Dis-
play”, edited by T. Uchida and H. Uchiike, 2001, Kogyo
Chosakai Publishing Co., Ltd.), and hence a further detailed
description thereof will be omitted.

The surface light source device 20 will now be described.
The surface light source device 20 has a light emitting surface
(the area surrounded by the dashed line in FIG. 1) 21 which
emits light over the area, and in this embodiment is used as a
device for illuminating the liquid crystal display panel 15
from the back. The light emitting surface 21 herein refers to a
surface which is not covered e.g. by a chassis or casing, and
which can effectively emit light according to purposes, i.e. the
effective area in the outermost light exit surface of the surface
light source device 20. Thus, when the surface light source
device 20 is used as a backlight for illuminating the liquid
crystal display panel 15 from the back as in this embodiment,
the light emitting surface 21 refers to that area in the outer-
most light exit surface of the surface light source device 20
which faces (in the front direction nd) the area of the display
surface 11 of the display device 10.

As shown in FIG. 1, the surface light source device 20 is
configured as an edge-light type surface light source device,
and includes a light guide plate 30, light sources 24a, 24b
disposed lateral to the light guide plate 30, a light control
sheet 60 and a reflective sheet 28, both disposed so as to face
light guide plate 30, and a light diffusion sheet 80 disposed so
as to face the liquid crystal display panel. The light emitting
surface 21 is defined by that area in the light exit surface of the
light diffusion sheet 80 which faces the area of the display
surface 11.

In the illustrated embodiment, as with the display surface
11 of the liquid crystal display device 10 and the light emit-
ting surface 21 of the surface light source device 20, the light
exit surface 31 of the light guide plate 30 is formed in a square
shape. Thus, the light guide plate 30 is a square plate-like
member having a pair of the main surfaces (the light exit
surface 31 and the back surface 32) and four side surfaces
defined between the pair of the main surfaces. Likewise, the
light control sheet 60, the reflective sheet 28 and the light
diffusion sheet 80 are each a square plate-like member. In this
embodiment the light guide plate 30 has a constant cross-
sectional shape at varying positions along a first direction.
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The light guide plate 30 has the light exit surface 31 which
is the main surface on the side of the liquid crystal display
panel 15, the back surface 32 which is the other main surface
opposite to the light exit surface 31, and the side surfaces
extending between the light exit surface 31 and the back
surface 32. Of the side surfaces, the two side surfaces that
oppose each other in the first direction are light entrance
surfaces 33, 34. One of the light entrance surfaces functions
as a first light entrance surface 33 and the other one, opposing
to the first light entrance surface in the first direction, func-
tions as a second light entrance surface 34. As shown in FIG.
1, afirst light source 24a is disposed so as to face the first light
entrance surface 33, and a second light source 245 is disposed
so as to face the second light entrance surface 34. Light that
has entered the light guide plate 30 from one light entrance
surface (e.g. the first light entrance surface 33) is guided in the
light guide plate 30 approximately along the first direction
(light guide direction) connecting the one light entrance sur-
face (e.g. the first light entrance surface 33) and the other light
entrance surface (the second light entrance surface 34) that
opposes the one light guide surface.

The light control sheet 60 is disposed so as to face the light
exit surface 31 of the light guide plate 30, and the reflective
sheet 28 is disposed so as to face the back surface 32 of the
light guide plate 30. The light diffusion sheet 80 is disposed
on the light exit side of the light control sheet 60.

Various types of light emitters, including a fluorescent light
such as a linear cold-cathode fluorescent lamp such as a
fluorescent tube, point-like LEDs (light emitting diodes), an
incandescent bulb, etc., can be used as the first light source
24a and the second light source 24b. In this embodiment the
first light source 24a and the second light source 245 are each
comprised of a large number of point-like light emitters 25, in
particular light emitting diodes (LEDs), arranged side by side
along the longitudinal direction of the corresponding light
entrance surface 33 or 34. FIG. 3 shows the arrangement of
the point-like light emitters 25 constituting the first light
source 24a. The controller 18 can control the output of an
individual point-like light emitter 25, i.e. turn-on and turn-off
of an individual point-like light emitter 25 and/or the lumi-
nance of the light emitter 25, independent of the other point-
like light emitters.

The reflective sheet 28 is a member which reflects light that
has exited the back surface 32 of the light guide plate 30 so
that the light will re-enter the light guide plate 30. The reflec-
tive sheet 28 may be comprised of a white scattering reflec-
tion sheet, a sheet composed of a material having high reflec-
tance, such as a metal, a sheet having a surface film layer of a
high-reflectance material (e.g. a metal film), or the like. The
reflective sheet 28 is provided to reflect light, leaking from the
back surface 32 of the light guide plate 30, back to the light
exit side.

The light diffusion sheet 80 is a sheet-like member having
a light diffusing function, and diffuses to some extent light
whose light axis has been corrected by the light control sheet
60 as described later, thereby adjusting the viewing angle or
making the angular distribution of luminance gentler. A resin
sheet containing a diffusing component dispersed therein can
be used as the light diffusion sheet 80. A light diffusing
function can be imparted to the light diffusing sheet 80, com-
prised of such a resin sheet, e.g. by using a light diffusing
component having a different refractive index from thatof the
base resin, or by using a light diffusing component which is a
high-reflectance material.

The term “light exit side (light outgoing side, light emerg-
ing side)” herein refers to downstream side (viewer side,
upper side e.g. in FIG. 1) in the travel direction of light that
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travels from the light sources 24a, 245 toward a viewer,
passing through the light guide plate 30, the light control
sheet 60, etc., without turning back. The term “light entrance
side (light incident side, light inputting side)” herein refers to
upstream side in the travel direction of light that travels from
the light emitters 25 of the light sources 24a, 24b toward a
viewer, passing through the light guide plate 30, the light
control sheet 60, etc., without turning back.

The terms “sheet”, “film” and “plate” are not used herein to
strictly distinguish them from one another. Thus, the term
“sheet” includes a member which can also be called a film or
plate.

The term “sheet plane (plate plane, film plane)” herein
refers to a plane which coincides with the planar direction of
an objective sheet-like member when taking a perspective and
overall view of the sheet-like member. In this embodiment the
plate plane of the light guide plate 30, the sheet plane of the
light control sheet 60, the sheet plane of the light diffusion
sheet 80, the sheet plane of the reflective sheet 28, the panel
plane of the liquid crystal display panel, the display surface
11 of the display device 10 and the light emitting surface 21 of
the surface light source device 20 are parallel to each other.
The term “front direction” herein refers to the normal direc-
tion nd of the light emitting surface 21 of the surface light
source device 20, and in this embodiment coincides with the
normal direction of the plate plane of the light guide plate 30,
the normal direction of the sheet plane of the light control
sheet 60, the normal direction of the light diffusion sheet 80,
the normal direction of the display surface 11 of the display
device 10, etc. (see e.g. FIG. 2).

The light guide plate 30 will now be described in greater
detail mainly with reference to FIGS. 2 through 4. As well
shown in FIGS. 2 through 4, the light guide plate 30 com-
prises a plate-like base portion 40 and unit prisms 50 formed
on the one-side surface (viewer-facing surface, light exit-side
surface) 41 of the base portion 40. The base portion 40 is a flat
plate-like member having a pair of the parallel main surfaces.
The other-side surface 42 of the base portion 40, which faces
the reflective sheet 28, is the back surface 32 of the light guide
plate 30.

The terms “unit optical element”, “unit shaped element”,
“unit prism” and “unit lens” herein refer to an element which
functions to exert an optical action, such as refraction or
reflection, on light and to thereby change the travel direction
of the light, and are not used herein to strictly distinguish
them from one another.

As shown in FIG. 2, the base portion 40 comprises a matrix
44 and a diffusing component 45 dispersed in the matrix 44.
The diffusing component 45 herein refers to a component
which can exert an optical action, such as refraction or reflec-
tion, on light traveling in the base portion 40 to change the
travel direction of the light. Such a light diffusing effect (light
scattering effect) of the light diffusing component 45 can be
produced by using, as the light diffusing component 45, a
material having a different refractive index from that of the
matrix 44, or a material which can exert a reflective action on
light. The diffusing component 45 having a different refrac-
tive index from that of the matrix 44 may be exemplified by a
metal compound or a porous material having pores, or air
bubbles. In Figures other than FIG. 2, depiction of the diffus-
ing component 45 is omitted.

The unit prisms 50 provided on the one-side surface 41 of
the base portion 40 will now be described. As well shown in
FIG. 3, the unit prisms 50 are arranged side by side on the
one-side surface 41 of the base portion 40 in the arrangement
direction intersecting the first direction and parallel to the
one-side surface 41 of the base portion 40. Each unit prism 50
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extends linearly on the one-side surface 41 of the base portion
40 in a direction intersecting the arrangement direction.

Particularly in this embodiment, the unit prisms 50 are
arranged on the one-side surface 41 ofthe base portion 40 side
by side with no space therebetween in a second direction
(arrangement direction) perpendicular to the first direction.
Thus, the light exit surface 31 of the light guide plate 30 is
constituted by the inclined surfaces 37, 38 of the unit prisms
50. Each unit prism 50 extends in a straight line along the first
direction perpendicular to the arrangement direction. Fach
unit prism 50 has a columnar shape, and has the same cross-
sectional shape along the longitudinal direction. Further, in
this embodiment all the unit prisms 50 have the same con-
struction. Accordingly, the light guide plate 30 of this
embodiment has a constant cross-sectional shape at varying
positions along the first direction.

In the cross-section shown in FIG. 3, i.e. the cross-section
parallel to both the arrangement direction (second direction)
of the unit prisms 50 and the normal direction nd of the
one-side surface 41 of the base portion 40 (plate plane of the
light guide plate 30) (hereinafter also referred to simply as
“main cross-section” of the light guide plate), each unit prism
50 may have a triangular shape whose one side lies on the
one-side surface 41 of the base portion 40, or a triangular
shape whose one side lies on the one-side surface 41 of the
base portion 40 and whose top apex, lying above the base
portion 40, of the triangular shape is chamfered. In the illus-
trated embodiment, the cross-sectional shape of each unit
prism 50 in the main cross-section is a triangular shape in
which the top apex 56, lying above the base portion 40, is
chamfered (see FIG. 4).

In the embodiment shown in FIG. 4, in order to effectively
enhance the front-direction luminance and to impart symme-
try to the angular distribution of luminance in a plane along
the second direction, the cross-sectional shape of each unit
prism 50 in the main cross-section of the light guide plate is
symmetrical with respect to the front direction nd. Thus, the
two base angles 61a, 615 (see FIG. 4) of the cross-sectional
triangular shape in the main cross-section are equal.

The term “triangular shape™ herein includes not only a
triangular shape in the strict sense but also a generally-trian-
gular shape that may reflect limitations in production tech-
nique, a molding error, etc. Similarly, the terms used herein to
specify shapes or geometric conditions, such as “parallel”,
“perpendicular”, “ellipse”, “circle”, etc., should not be bound
to their strict sense, and should be construed to include
equivalents or resemblances from which the same optical
function or effect can be expected.

The light guide plate 30 having the above construction may
have the following dimensions: The width Wa (see FIG. 4) of
each unit prism 50 along the plate plane of the light guide
plate 30 may be not less than 5 um and not more than 500 pm,
and the height Ha of each unit prism 50 from the one-side
surface 41 of the base portion 40 along the normal direction
nd of the plate plane of the light guide plate 30 may be notless
than 1 pm and not more than 250 wm. When the cross-sec-
tional shape of each unit prism 50 is a triangular shape or a
generally-triangular shape having a chamfered top apex, the
apex angle 02 (see FIG. 4) at the top apex 56 may be not less
than 90° and not more than 145°. When the cross-sectional
shape of each unit prism 50 is a generally-triangular shape in
which the top apex 56 is chamfered, the top portion 52 of each
unit prism 50 preferably has, in the main cross-section, a
curved shape having a radius of curvature not more than the
width Wa of the unit prism 50. The thickness of the base
portion 40 may be in the range of 0.5 mm to 6 mm.
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As described above, the cross-sectional shape of the light
guide plate 30 of this embodiment in the main cross-section is
constant at varying positions along the first direction. With
reference to a first light component emitted by the light emit-
ters 25 of the first light source 24a and which has entered the
light guide plate 30, the amount of light exiting the light exit
surface 31 varies at varying positions along the first direction
(light guide direction). In particular, the amount of the exiting
first light component is considerably lower in a region distant
from the first light entrance surface 33 from which the first
light component enters the light guide plate 30. On the other
hand, in a plane parallel to the front direction nd and to the
first direction (light guide direction), i.e. in a plane perpen-
dicular to the main cross-section of the light guide plate, the
angular distributions of luminance of the first light compo-
nent at varying positions along the first direction have
approximately the same distribution profile. An angle
between the front direction nd and a direction inclined from
the front direction nd toward the side of the first light entrance
surface 33 (one side) in the first direction is herein defined as
a negative angle, while an angle between the front direction
nd and a direction inclined from the front direction nd toward
the side of the second light entrance surface 34 (the other side)
in the first direction is defined as a positive angle. By using the
light guide plate 30 having the exemplary shape and dimen-
sions described above, it becomes possible for the angular
distribution of luminance of the first light component to have
a peak angle, which gives the maximum luminance, between
65° and 80°. The angular distribution of luminance can be
made to have a peak angle between 65° and 75° by narrowing
down the above-described ranges of dimensions. The angular
distribution of luminance of the first light component can be
measured when only the light emitters 25 of the first light
source 24a are turned on (lit) while the light emitters 25 ofthe
second light source 245 are turned off.

Similarly, with reference to a second light component emit-
ted by the light emitters 25 of the second light source 245 and
which has entered the light guide plate 30, the amount of light
exiting the light exit surface 31 is not constant at varying
positions along the first direction (light guide direction), and
is considerably lower in a region distant from the second light
entrance surface 34 from which the second light component
enters the light guide plate 30. On the other hand, in a plane
parallel to the front direction nd and to the first direction (light
guide direction), the angular distributions of luminance of the
second light component at varying positions along the first
direction have approximately the same distribution profile.
As described above, an angle between the front direction nd
and a direction inclined from the front direction nd toward the
side of the first light entrance surface 33 (one side) in the first
direction is herein defined as a negative angle, while an angle
between the front direction nd and a direction inclined from
the front direction nd toward the side of the second light
entrance surface 34 (the other side) in the first direction is
defined as a positive angle. By using the light guide plate 30
having the exemplary shape and dimensions described above,
it becomes possible for the angular distribution of Tuminance
of the second light component to have a peak angle, which
gives the maximum luminance, between —-80° and -65°. The
angular distribution of luminance can be made to have a peak
angle between -75° and -65° by narrowing down the above-
described ranges of dimensions. The angular distribution of
luminance of the second light component can be measured
when only the light emitters 25 of the second light source 245
are turned on (lit) while the light emitters 25 of the first light
source 24a are turned off.
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The thus-constructed light guide plate 30 can be produced
e.g. by extrusion or by shaping the unit prisms 50 on a sub-
strate. While a variety of materials can be used for the matrix
44 ofthe base portion 40 of the light guide plate 30 and for the
unit prisms 50, it is preferred to use those materials which are
widely used for optical sheets (optical members) to be incor-
porated into display devices, have excellent mechanical prop-
erties, optical properties, stability and processability, and are
commercially available at low prices. Examples of such mate-
rials include a transparent resin mainly comprising at least
one of acrylate, styrene, polycarbonate, polyethylene tereph-
thalate, acrylonitrile, etc., and a reactive resin (e.g. ionizing
radiation curable resin) such as an epoxy acrylate resin or a
urethane acrylate resin. Particles of a transparent material
such as silica (silicon dioxide), alumina (aluminum oxide), an
acrylic resin or a polycarbonate resin, having an average
particle size of about 0.5 to 100 um, may be used as the
diffusing component 45.

When extrusion is employed to produce the light guide
plate 30, the base portion 40 and the unit prisms 50 on the
one-side surface 41 of the base portion 40 can be formed
integrally. When the light guide plate 30 is produced by
extrusion, the unit prisms 50 may be composed of the same
resin material as the material of the matrix 44 of the base
portion 40, and the same particles as the diffusing component
45 of the base portion 40. The light guide plate 30 may be
produced by co-extrusion. In that case, the base portion 40
may be composed of the matrix 44 of a resin material and the
diffusing component 45 dispersed in the matrix 44, while the
unit prisms 50 may be composed of the same resin material as
the material of the matrix 44 of the base portion 40, and
particles having a different function from the diffusing com-
ponent 45 of the base portion 40, or may be composed solely
of the same resin material as the material of the matrix 44 of
the base portion 40.

The light control sheet 60 will now be described. As shown
in FIGS. 1 and 2, the light control sheet 60 comprises a
sheet-like body portion 65, and unit optical elements 70 pro-
vided on the opposite surface (viewer-facing surface) 654 of
the body portion 65 from the surface 655 that faces the light
guide plate 30, i.e. on the light exit-side surface 65a of the
body portion 65.

As can be seen in FIGS. 1 and 2, the unit optical elements
70 are arranged on the light exit-side surface 65a of the body
portion 65 side by side in a direction parallel to the light
exit-side surface 65a. Each unit optical element 70 extends
linearly on the light exit-side surface 65« of the body portion
65 in a direction intersecting the arrangement direction.

Particularly in this embodiment, the unit optical elements
70 are arranged on the light exit-side surface 654 of the body
portion 65 side by side with no space therebetween along the
arrangement direction. Thus, the light exit surface 60a of the
light control sheet 60 is constituted by the surfaces (light exit
surfaces) 70a of the unit optical elements 70. Each unit opti-
cal element 70 extends in a straight line along a direction
perpendicular to the arrangement direction. Each unit optical
element 70 has a columnar shape, and has the same cross-
sectional shape along the longitudinal direction. Further, in
this embodiment all the unit optical elements 70 have the
same construction.

As shown in FIGS. 1 and 2, the light control sheet 60 is
positioned with respect to the light guide plate 30 such that
when the light control sheet 60 is viewed in the normal direc-
tion (front direction in this embodiment) nd of the body
portion 65, the arrangement direction of the unit optical ele-
ments 70 of the light control sheet 60 is parallel to the first
direction.
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FIG. 2 shows the light control sheet 60 in the cross-section
parallel to both the arrangement direction (parallel to the first
direction in this embodiment) of the unit optical elements 70
and the normal direction nd of the light exit-side surface 65a
of the body portion 65 (hereinafter also referred to simply as
“main cross-section” of the light control sheet). In the cross-
section of FIG. 2, each unit optical element 70 has a curved or
arcuate contour. Thus, the contour of the unit optical elements
70 in the main cross-section of the light control sheet has the
shape of a chain of arcs. Further, in this embodiment, the
contour of each unit optical element 70 in the main cross-
section of the light control sheet is symmetrical with respect
to an axis parallel to the normal direction nd of the body
portion 65.

In the light control sheet 60 having the above construction,
the ratio of the height Hb to the width Wb (Hb/Wb) (see FIG.
2) in each unit optical element 70 in the main cross-section
has a considerable effect on the light condensing properties
and the light diffusing properties of the light control sheet 60.
In this embodiment, the ratio of the height Hb to the width Wb
(Hb/Wb) in each unit optical element 70 is preferably not less
than 0.55 and not more than 0.85 from the viewpoint of
ensuring the below-described optical effects.

The light control sheet 60 may have the following dimen-
sions: The width Wb (see FIG. 2) of each unit optical element
70 may be not less than 20 pm and not more than 200 um. The
height Hb of each unit optical element 70 from the light
exit-side surface 654 of the body portion 65 along the normal
direction nd of the sheet plane of the light control sheet 60
may be not less than 14 pm and not more than 160 pm. The
thickness of the body portion 65 may be in the range of 0.01
mm to 1 mm. The light control sheet 60 can be produced by
using the same material and the same method as described
above with reference to the production of the light guide plate
30.

The operation of the thus-constructed display device 10
will now be described.

As shown in FIG. 2, light emitted by the light emitters 25 of
the light sources 24a, 24b passes through the light entrance
surfaces 33, 34 and enters the light guide plate 30. FIG. 2
illustrates, by way of example, light which comes from the
first light source 24a and enters the light guide plate 30
through the first light entrance surface 33. The following
description illustrates the operations of the surface light
source device 20 and the display device 10 with reference to
the exemplary light. The light guide plate 30 is constructed
symmetrically with respect to a center position Pc in the first
direction. The first light source 24a and the second light
source 245 are constructed symmetrically on opposite sides
of the light guide plate 30 in the first direction. Likewise, the
other components of the surface light source device 20, such
as the light control sheet 60, the light diffusion sheet 80 and
the reflective sheet 28, and the liquid crystal display panel 15
are symmetrically constructed. Because of the constructional
symmetry, the following description holds true for light
which comes from the second light source 245 and enters the
light guide plate 30 through the second light entrance surface
34.

As shown in FIG. 2, lights 1.21, [.22 that have entered the
light guide plate 30 repeat reflection, in particular total reflec-
tion at the light exit surface 31 and the back surface 32 due to
the difference in refractive index between air and the material
of the light guide plate 30, and travels in the first direction
(light guide direction) connecting the light entrance surface
33 and the opposite surface (the other light entrance surface)
34 of the light guide plate 30. The base portion 40 of the light
guide plate 30 contains the diffusing component 45 dispersed
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in the matrix. Therefore, as shown in FIG. 2, the travel direc-
tions of the lights [.21, [.22 traveling in the light guide plate
30 are irregularly changed by the diffusing component 45,
and the lights sometimes enter the light exit surface 31 at an
incident angle which is less than the critical angle for total
reflection. Thus, the lights [.21, [.22 can exit the light exit
surface 31 of'the light guide plate 30. The lights [.21,1.22 that
have exited the light exit surface 31 travel toward the light
control sheet 60 disposed on the light exit side of the light
guide plate 30.

Light traveling in the light guide plate 30 can collide with
the dispersing component 45, dispersed in the light guide
plate 30, in various sections in the light guide plate 30 along
the light guide direction. Accordingly, light traveling in the
light guide plate 30 exits the light exit surface 31 little by
little. Thus, light exits the light exit surface 31 of the light
guide plate 30 at varying positions along the light guide
direction (first direction).

As described previously, with reference to the first light
component emitted by the light emitters 25 of the first light
source 24a and which has entered the light guide plate 30, the
amount of light exiting the light exit surface 31 varies at
varying positions along the first direction (light guide direc-
tion). In particular, the amount of the exiting first light com-
ponent gradually decreases from the end position at the first
light entrance surface 33, from which the first light compo-
nent enters the light guide plate 30, to the center position Pc
along the first direction (light guide direction), though the
change is not large. The amount of the exiting first light
component is considerably lower in a region distant from the
first light entrance surface 33, for example, in a region in the
vicinity of the second light entrance surface 34. Such change
in the amount of the exiting first light component becomes
marked as the light emitting surface 21 of the surface light
source device 20 becomes larger, i.e. as the display surface 11
of the display device 10 becomes larger.

Similarly, with reference to the second light component
emitted by the light emitters 25 of the second light source 245
and which has entered the light guide plate 30, the amount of
light exiting the light exit surface 31 changes along the first
direction (light guide direction). However, the manner of
change in the amount of the exiting second component along
the first direction is symmetrical to the manner of change in
the amount of the exiting first component along the first
direction with respect to the center position Pc. Thus, the
amount of the exiting second light component gradually
decreases from the side (the other side) of the second light
entrance surface 34 to the side (the one side) of the first light
entrance surface 33 along the first direction (light guide direc-
tion). Therefore, the total amount of light exiting the light exit
surface 31 of the light guide plate 30, i.e. the sum of the
amount of the exiting first light component and the amount of
the exiting second light component, can be made approxi-
mately uniform along the first direction. The light guide plate
30, having the opposing light entrance surfaces 33, 34, thus
has an approximately uniform distribution of the amount of
light, exiting the light exit surface 31 of the light guide plate
30, along the first direction (light guide direction).

The amount of light exiting the light guide plate 30 at
varying positions can be measured with acommercially avail-
able illuminometer by bringing a sensor of the illuminometer
into contact with the light exit surface 31 of the light guide
plate 30. The amount of exiting light can be evaluated by the
measured illuminance value.

The light exit surface 31 of the illustrated light guide plate
30 is constituted by the unit prisms 50, and the cross-sectional
shape of each unit prism 50 in the main cross-section is a
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triangular shape or a generally-triangular shape whose top
apex 56 is chamfered. Thus, the light exit surface 31 is con-
stituted by the inclined surfaces 37, 38 which are inclined
with respect to the back surface 32 of the light guide plate 30
(see FIG. 4). Light which totally reflects at the inclined sur-
faces 37, 38 and travels in the light guide plate 30, and light
which passes through the inclined surfaces 37, 38 and exits
the light guide plate 30 are subject to the following actions of
the inclined surfaces 37, 38. The actions exerted on light
which totally reflects at the inclined surfaces 37, 38 and
travels in the light guide plate 30 will be described first.

FIG. 4 shows, in the main cross-section of the light guide
plate 30, the paths of lights 1.41, .42 which travel in the light
guide plate 30 while repeating total reflection at the light exit
surface 31 and the back surface 32. As described above, the
inclined surfaces 37, 38, constituting the light exit surface 31
of the light guide plate 30, are the surfaces of the unit prisms
50 having a triangular cross-sectional shape whose top apex is
chamfered. The two types of surfaces, the inclined surfaces
37, 38, are inclined toward opposite sides (reverse sides) from
the normal direction nd of the one-side surface 41 of the base
portion 40. The two types of oppositely inclined surfaces 37,
38 are arranged alternately along the second direction. As
shown in FIG. 4, the lights .41, 42, traveling in the light guide
plate 30 toward the light exit surface 31 and entering the light
exit surface 31, in most cases enters an inclined surface which
is inclined toward the opposite direction (reverse direction) to
the travel directions of the lights with respect to the normal
direction nd of the one-side surface 41 of the base portion 40
in the main cross-section of the light guide plate.

Consequently, as shown in FIG. 4, the lights [.41, 42 trav-
eling in the light guide plate 30, in most cases when they
totally reflect at the inclined surfaces 37, 38 of the light exit
surface 31, reduce their component along the second direc-
tion, and can even turn toward the opposite side with respect
to the front direction nd in the main cross-section. In this
manner, the inclined surfaces 37, 38, constituting the light
exit surface 31 of the light guide plate 30, prevent light,
emitted radially from a light emitting point, from keeping
spreading out in the second direction. Thus, light which has
been emitted by the light emitters 25 of the light source 24a or
24b in a direction highly inclined with respect to the first
direction and which has entered the light guide plate 30,
comes to travel mainly in the first direction while the move-
ment in the second direction is restricted.

Thus, the movement of light in the second direction is
restricted, whereas the movement of light in the first direction
is promoted. This makes it possible to adjust the distribution
of the amount of light, exiting the light exit surface 31 of the
light guide plate 30, along the second direction by the con-
struction of the light sources 24a, 245 (e.g. the arrangement of
the light emitters 25) or by the outputs of the light emitters
25a. Further, because the movement of light in the first direc-
tion is promoted while the movement of light in the second
direction is restricted, that is, the linearity of movement of
light is enhanced, it becomes possible to prevent a large
amount of light from exiting the light guide plate 30 in the
vicinities of the light entrance surfaces 33, 34, and to induce
light to a central region of the light guide plate 30 in the first
direction (light guide direction). This can effectively increase
brightness at the center of the display surface 11 where a
change in brightness is most perceivable by a viewer.

The optical action of the unit prisms 50 on light which
passes though the light exit surface 31 and exits the light guide
plate 30 will now be described. As shown in FIG. 4, the lights
L41, 142, exiting the light guide plate 30 through the light
exit surface 31, are refracted at the light exit-side surface 51 of
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the unit prisms 50, constituting the light exit surface 31 of the
light guide plate 30. Due to the refraction, the lights [.41, .42,
each traveling in a direction inclined from the front direction
nd in the main cross-section, are bent such that the angle of the
travel direction (exit direction) of each light with respect to
the front direction becomes smaller. Thus, with reference to a
light component along the second direction perpendicular to
the light guide direction, the travel direction of the transmitted
light can be changed toward the front direction nd. The unit
prisms 50 thus exert a light condensing effect on a light
component along the second direction perpendicular to the
light guide direction. In this manner, the exit angle of light
exiting the light guide plate 30 is narrowed down into a
narrow angular range around the front direction in a plane
parallel to the arrangement direction of the unit prisms 50 of
the light guide plate 30.

As described above, the exit angle of light exiting the light
guide plate 30 is narrowed down into a narrow angular range
around the front direction in a plane parallel to the arrange-
ment direction of the unit prisms 50 of the light guide plate 30.
On the other hand, in a plane parallel to the first direction
(light guide direction), light exiting the light guide plate 30
has a relatively large exit angle 83 with respect to the front
direction nd because light travels in the light guide plate 30
mainly in the first direction. More specifically, the exit angle
ofthe first-direction component of light exiting the light guide
plate 30 (angle 83 formed between the first-direction compo-
nent of exiting light and the normal direction nd of the plate
plane of the light guide plate 30 (see FIG. 2)) is likely to fall
within a particular angular range of relatively large angles (for
example, the above-described angular range in which the
maximum luminance exists between 65° and 80° (or 65° and
75°) or the angular range in which the maximum luminance
exists between -80° and -65° (or =75° and -65°) in the light
guide plate having the above-described exemplary shape and
dimensions).

Light that has exited the light guide plate 30 enters the light
control sheet 60. As with the unit prisms 50 of the light guide
plate 30, the unit optical elements 70 of the light control sheet
60 exert a light condensing effect on transmitted light through
its refraction at the light exit surface 70a of the unit optical
elements 70. Light whose travel direction is changed by the
light control sheet 60 is a light component parallel to the main
cross-section of the light control sheet 60, and thus differs
from the light component condensed into the front direction
by the light guide plate 30. In particular, the light guide plate
30 condenses light into a narrow angular range around the
front direction in a plane parallel to the arrangement direction
of the unit prisms 50 of the light guide plate 30, whereas the
light control sheet 60 condenses light in a narrow angular
range around the front direction nd in a plane parallel to the
arrangement direction of the unit optical elements 70 of the
light control sheet 60. Accordingly, the front direction lumi-
nance, which has been enhanced by the light guide plate 30, is
not impaired but can be further enhanced by the optical effect
of the light control sheet 60.

Light that has exited the light control sheet 60 enters the
lower polarizing plate 14 of the liquid crystal display panel
15. The lower polarizing plate 14 allows one polarization
component (P wave in this embodiment) of incident light to
pass therethrough and absorbs the other polarization compo-
nent (S wave in this embodiment). Light that has passed
through the lower polarizing plate 14 selectively passes
through the upper polarizing plate 13 depending on the appli-
cation of an electric field to each pixel. By thus selectively
transmitting light from the surface light source device 20 for
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each pixel by means of the liquid crystal display panel 15, a
viewer can view an image on the liquid crystal display device
10.

As described above, due to the optical action of the light
exit surface 31 of the light guide plate 30, i.e. the light exit-
side surface (prism surface) of the unit prisms 50, light that
has entered the light guide plate 30 travels mainly in the first
direction while the movement in the second direction is
restricted. Thus, light emitted by each of the large number of
light emitters 25 of the light sources 24a, 245 exits the light
exit surface 31 of the light guide plate 30 mainly from a
certain area which lies in a certain range in the second direc-
tion and extends in the first direction. Therefore, the control-
ler 18 may adjust the output of each light emitter 25 according
to an image to be displayed on the display surface 11 of the
display device 10.

For example, when no image is to be displayed, in other
words, a black is to be displayed in a particular area of the
display surface 11 of the display device 10, it is possible to
turn off a point-like light emitter 25 which supplies light to
that area of the light exit surface 31 ofthe light guide plate 30
which corresponds to the particular area of the display surface
10. This can solve the conventional problem of poor contrast
due to incomplete blocking by the display panel 15 of illumi-
nating light from the surface light source device 20. Further,
this can reduce the amount of power, and thus is preferred also
from the viewpoint of energy saving.

In addition to the case of displaying a black, it is possible to
adjust the output of each point-like light emitter 25 according
to an image to be displayed on the display surface 11, thereby
adjusting brightness in various areas of the displayed image
without solely depending on the display panel 15. This also
can enhance the contrast in a displayed image and achieve
energy saving.

By the way, as described previously in the column
“Description of the Related Art”, the conventional edge-light
type surface light source device is designed such that in a
plane parallel to both the front direction and the light guide
direction (first direction), the angular distributions of lumi-
nanceat varying positions in the light guide direction have the
same profile, in particular all have the maximum luminance in
the front direction.

However, as the display surface 11 of the display device 10
becomes larger and, accordingly, the light emitting surface 21
of the surface light source device 20 becomes larger, the
observation angle 0x of a viewer O1 to an image displayed on
the display surface 11 can differ considerably among varying
positions on the display surface 11, as shown in FIG. 5. For
instance, the difference between the observation angle to a
center position Pc on the display surface 11 and the observa-
tion angle to an end position Pel or Pe2 on the display surface
11 can be 10° or more. The observation angle 0x herein refers
to the angle of a viewer’s observation direction toward a point
onthedisplay surface 11 with respect to the front direction nd.

Accordingly, in the case where as in a display device incor-
porating the conventional surface light source device, the
angular distributions of luminance on a display surface at
varying positions in a direction parallel to the light guide
direction are symmetrical with respect to the front direction
and have approximately the same tendency (distribution pro-
file) in a plane parallel to both the front direction and the light
guide direction, there will be a considerable difference
between the perceived brightness of an image displayed atthe
center position Pc, lying at the center of the display surface 11
in the light guide direction, and the perceived brightness of
the image displayed at the end position Pel or Pe2, lying at the
end of the display surface 11 in the light guide direction. In
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other words, while such a surface light source device and
display device has an approximately uniform distribution of
front-direction luminance along the light guide direction, the
brightness actually perceived by a viewer varies considerably
along the light guide direction.

The surface light source device 10 of this embodiment, on
the other hand, is designed such that in a plane parallel to both
the front direction nd and the first direction (light guide direc-
tion), it exhibits angular distributions of luminance as shown
by the solid lines in FIGS. 6 through 8 at varying positions on
the light emitting surface 21. The angular distributions of
luminance shown in FIGS. 6 through 8 are obtained by a
simulation performed on a surface light source device having
the construction shown in FIGS. 1 through 4 and having a
shape and dimensions in the above-described specific ranges.
In the angular distributions shown in FIGS. 6 through 8 as
well as in the below-described angular distributions shown in
FIGS. 12 through 14 and FIGS. 16 through 18, the front
direction nd is defined as 0°, an angle between the front
direction nd and a direction inclined from the front direction
nd toward the side of the first light source 24a (one side) in a
direction parallel to the first direction is defined as a negative
angle, while an angle between the front direction nd and a
direction inclined from the front direction nd toward the side
of the second light source 245 (the other side) in a direction
parallel to the first direction is defined as a positive angle.

FIG. 6 shows the angular distribution of luminance at the
first end position Pel, the end position on the side of the first
light source (one side) in a direction parallel to the first direc-
tion, on the light emitting surface 21. FIG. 8 shows the angu-
lar distribution of luminance at the second end position Pe2,
the end position on the side of the second light source (the
other side) in a direction parallel to the first direction, on the
light emitting surface 21. FIG. 7 shows the angular distribu-
tion of luminance at the center position Pc, the center position
in a direction parallel to the first direction, on the light emit-
ting surface 21. As shown in FIGS. 6 through 8, the peak angle
Ba that gives the maximum luminance in the angular distri-
bution of luminance at the first end position Pel on the light
emitting surface 21, the peak angle 0b that gives the maxi-
mum luminance in the angular distribution of luminance at
the second end position Pe2 on the light emitting surface 21,
and the peak angle B¢ that gives the maximum luminance in
the angular distribution of luminance at the center position Pc
on the light emitting surface 21, satisfy the following formula

(1):

0b<0c<Ba oY)

In the exemplary angular distributions shown in FIGS. 6
through 8, the specific values of the peak angles are as fol-
lows: 8a=7.5°, 0b==7.5°, Bc=0°

Such angular distributions of luminance on the light emit-
ting surface 21 of the surface light source device 20 at the
different positions along the first direction (light guide direc-
tion) are achieved by adjusting with the light control sheet 60
the above-described directionality of exiting light in the light
guide plate 30 of this embodiment, as described below.

As described previously, the light guide plate 30 has the
pair of light entrance surfaces 33, 34 that oppose each other in
the first direction. Light emitted by the first light source 24a
and light emitted by the second light source 245 enter the light
entrance surfaces 33 and 34, respectively. Thus, the lumi-
nance at the light exit surface 31 of the light guide plate 30 is
secured by the first light component emitted by the light
emitters 25 of the first light source 24a and the second light
component emitted by the light emitters 25 of the second light
source 24b. Further, the cross-sectional shape of the light

20

25

40

45

60

65

20

guide plate 30 in the main cross-section is constant along the
first direction (light guide direction).

Therefore, in a plane parallel to the front direction and to
the first direction (light guide direction), i.e. in a plane per-
pendicular to the main cross-section of the light guide plate,
the angular distributions of luminance, attributable to the first
light component, on the light exit surface 31 of the light guide
plate 30 at varying positions along the first direction, which
can be measured when only the light emitters 25 of the first
light source 24a are turned on (lit) while the light emitters 25
of the second light source 244 are turned off, have approxi-
mately the same directionality (distribution profile). An angle
between the front direction and a direction inclined from the
front direction toward the side of the first light source 24a
(one side) in the first direction is defined as a negative angle,
while an angle between the front direction and a direction
inclined from the front direction toward the side of the second
light source 245 (the other side) in the first direction is defined
as a positive angle. By using the light guide plate 30 having
the exemplary shape and dimensions described above, the
angular distribution of luminance of the first light component
can be adjusted to have a peak angle, which gives the maxi-
mum luminance, between 65° and 80°, or between 65° and
75°.

The same holds true for the second light component with
regard to the angular distribution of luminance on the light
exit surface 31 of the light guide plate 30, except for the
symmetry with respect to the center position Pc in the first
direction (light guide direction). Thus, in a plane parallel to
the front direction and to the first direction (light guide direc-
tion), 1.e. in a plane perpendicular to the main cross-section of
the light guide plate, the angular distributions of luminance,
attributable to the second light component, on the light exit
surface 31 of the light guide plate 30 at varying positions
along the first direction, which can be measured when only
the light emitters 25 of the second light source 245 are turned
on (lit) while the light emitters 25 of the first light source 24a
are turned off, have approximately the same directionality
(distribution profile). Further, by using the light guide plate
30 having the exemplary shape and dimensions described
above, the angular distribution of luminance of the second
light component can be adjusted to have a peak angle, which
gives the maximum luminance, between -80° and -65°, or
between -75° and -65°.

With reference to light (the first light component and the
second light component) that has exited the light guide plate
30, the light axis is corrected by the unit optical elements 70
of the light control sheet 60 in order to enhance the front-
direction luminance. The unit optical elements 70 extend
linearly in the second direction perpendicular to the first
direction and are arranged side by sidein the first direction. As
described above, those angular distributions of luminance on
the light exit surface 31 of the light guide plate 30 at varying
positions along the first direction which are attributable to the
first light component, constituting a part of light exiting the
light guide plate 30, have approximately the same profile.
Further, those angular distributions of luminance on the light
exit surface 31 of the light guide plate 30 at varying positions
along the first direction which are attributable to the second
light component, constituting the remaining part of light exit-
ing the light guide plate 30, also have approximately the same
profile. Therefore, the light axis of light exiting the light guide
plate 30 can be almost arbitrarily controlled with the use of
the large number of unit optical elements 70 having the same
shape and a simple structure and by adjusting the shape of
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each unit optical element 70, especially the ratio of the height
Hb to the width Wb (Hb/Wb) (see FIG. 2) in each unit optical
element 70.

Light whose light axis has been corrected by the light
control sheet 60 is diffused by the light diffusion sheet 80 so
that the angular distribution of luminance becomes gentler,
and reaches the light emitting surface 21. In FIGS. 6-8 as well
as in the below-described FIGS. 12-14 and 16-18, the angular
distributions of luminance, attributable to the first light com-
ponent, at the measurement positions are shown by the dotted
line, while the angular distributions of luminance, attributable
to the second light component, at the measurement positions
are shown by the one-dot chain line.

As shown in FIGS. 6 through 8, the first light component,
whose angular distribution of luminance on the light exit
surface 31 of the light guide plate 30 has a peak angle between
65° and 80° (or between 65° and 75°), and the second light
component, whose angular distribution of luminance on the
light exit surface 31 of the light guide plate 30 has a peak
angle between -80° and -65° (or between -75° and -65°),
have been condensed by the light control sheet 60 into the
front direction nd. However, the peak angles in the angular
distributions of luminance, attributable to the first light com-
ponent, on the light emitting surface 21 of the surface light
source device 20 have not been fully amended to the normal
direction nd and take positive values. Further, the peak angles
in the angular distributions of luminance, attributable to the
second light component, on the light emitting surface 21 of
the surface light source device 20 have not been fully
amended to the normal direction nd and take negative values.
For instance, in the angular distribution of luminance of the
first light component at the center position Pc on the light
emitting surface 21 of the surface light source device 20 in a
plane parallel to both the front direction and the first direction,
shown in FIG. 7, the peak angle 6¢1 that gives the maximum
luminance is 12.5°. In the angular distribution of luminance
of the second light component at the center position Pc on the
light emitting surface 21 of the surface light source device 20
in a plane parallel to both the front direction and the first
direction, shown in FIG. 7, the peak angle 0c2 that gives the
maximum luminance is -12.5°.

As shown also in FIGS. 6 through 8, the angular distribu-
tions of luminance, attributable to the first light component,
on the light emitting surface 21 at varying positions along the
first direction have approximately the same profile. On the
other hand, the amount of'the first light component exiting the
light emitting surface 21 gradually decreases along the first
direction from the first end position Pel to the second end
position Pe2 via the center position Pc. The angular distribu-
tions of luminance, attributable to the second light compo-
nent, on the light emitting surface 21 at varying positions
along the first direction also have approximately the same
profile. On the other hand, the amount of the second light
component exiting the light emitting surface 21 gradually
decreases along the first direction from the second end posi-
tion Pe2 to the first end position Pel via the center position Pc.

Thus, the total amount of light exiting the light emitting
surface 21, i.e. the sum of the amount of the exiting first light
component and the amount of the exiting second light com-
ponent, can be made approximately constant at varying posi-
tions along the light guide direction. On the other hand, the
proportion of the first light component in the overall light
exiting the light emitting surface 21 gradually decreases
along the first direction from the first end position Pel to the
second end position Pe2 via the center position Pc. In con-
trast, the proportion of the second light component in the
overall light exiting the light emitting surface 21 gradually
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increases along the first direction from the first end position
Pel to the second end position Pe2 via the center position Pc.
Consequently, the angular distribution of luminance at the
first end position Pel on the light emitting surface 21 has a
profile similar to that of the angular distribution of luminance
which is attributable to the first light component, whereas the
angular distribution of luminance at the second end position
Pe2 on the light emitting surface 21 has a profile similar to
that of the angular distribution of luminance which is attrib-
utable to the second light component.

As shown in FIGS. 6 through 8, the peak angle that gives
the maximum luminance in the angular distribution of lumi-
nance, attributable to the first light component, on the light
emitting surface 21 is larger than the peak angle that gives the
maximum luminance in the angular distribution of lumi-
nance, attributable to the second light component, on the light
emitting surface 21. Accordingly, the peak angle ¢ in the
angular distribution of luminance on the light emitting sur-
face 21 at the center position Pc where the exiting light
contains the first light component and the second light com-
ponent in about equal amount, is smaller than the peak angle
0a in the angular distribution of luminance on the light emit-
ting surface 21 at the first end position Pel where the first light
component is dominant over the second light component, and
is larger than the peak angle 6b in the angular distribution of
luminance on the light emitting surface 21 at the second end
position Pe2 where the second light component is dominant
over the first light component. The above-described formula
(1) is thus satisfied.

Tt has been confirmed by the inventors” studies that the
formula (1) can be satisfied when in the light control sheet 60
having the above construction, the ratio of the height Hb to the
width Wb (Hb/Wb) (see FIG. 2) in each unit optical element
70 is not less than 0.55 and not more than 0.85, and when such
light control sheet 60 is used in combination with the light
guide plate 30 in which in a plane parallel to both the front
direction and the first direction, the peak angle in the angular
distribution of luminance, attributable to the first light com-
ponent, on the light exit surface 31 exists between 65° and
75°, and the peak angle in the angular distribution of lumi-
nance, attributable to the second light component, on the light
exit surface 31 exists between —-75° and -65°.

FIG. 5 shows the display device 10 using the surface light
source device 20 which has the luminance characteristics
shown in FIGS. 6 through 8 and which satisfy the formula (1).
As shown in FIG. 5, in the surface light source device 20
which has the luminance characteristics shown in FIGS. 6
through 8 and which satisfy the formula (1), an image dis-
played at the center position Pc on the display surface 11
appears brightest when the image is viewed in the front direc-
tion.

An image displayed at the first end position Pel on the
display surface 11 appears brightest not at a position which
faces the first end position Pel in the front direction (the
position of O11 in FIG. 5) but at a position shifted from the
position O11 toward the center position Pc side along the first
direction. More specifically, an image displayed at the first
end position Pel on the display surface 11 appears brightest
when the image is viewed in a direction inclined from the
front direction nd by the peak angle 6a shown in FIG. 6.
Therefore, an image displayed at the first end position Pel on
the display surface 11 appears fairly bright when the image is
viewed from a position which faces the center position Pc in
the front direction nd (position of the viewer O1 in FIG. 5).
Thus, a considerable lowering of the perceived brightness of
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an image displayed at the first end position Pel as compared
to the perceived brightness of an image displayed at the center
position Pc can be prevented.

An image displayed at the second end position Pe2 on the
display surface 11 appears brightest not at a position which
faces the first end position Pe2 in the front direction (position
012 in FIG. 5) but at a position shifted from the position 012
toward the center position Pc side along the first direction.
More specifically, an image displayed at the second end posi-
tion Pe2 on the display surface 11 appears brightest when the
image is viewed in a direction inclined from the front direc-
tion nd by the peak angle 6b shown in FIG. 8. Therefore, an
image displayed at the second end position Pe2 on the display
surface 11 appears fairly bright when the image is viewed
from a position which faces the center position Pc in the front
direction nd (position of the viewer O1 in FIG. 5). Thus, a
considerable lowering of the perceived brightness of an
image displayed at the second end position Pe2 as compared
to the perceived brightness of an image displayed at the center
position Pc can be prevented.

For comparison with the above-described angular distribu-
tion of luminance on the light emitting surface 21 of the
surface light source device 20 of this embodiment, FIGS. 16
through 18 show a design of the angular distribution of lumi-
nance in which in a plane parallel to both the front direction
and the first direction, the angular distribution of luminance,
attributable to the first light component, on a light emitting
surface and the angular distribution of luminance, attributable
to the second light component, on the light emitting surface
both have a peak angle in the front direction. Thus, in the
comparative examples shown in FIGS. 16 through 18, the
angular distributions of luminance, attributable to the overall
exiting light, on the light emitting surface of a surface light
source device at varying positions along the first direction
(light guide direction) all have the maximum luminance in the
front direction nd in a plane parallel to both the front direction
and the first direction. Further, in the comparative examples
shown in FIGS. 16 through 18, compared to the luminance
characteristics shown in FIGS. 6 through 8, the half-value
angle, which is an angular range in which the luminance is
more than one-half of the maximum luminance, is signifi-
cantly small. The design of angular distribution of luminance
shown in FIGS. 16 through 18 thus enables enhancement of
the front-direction luminance and equalization of the in-plane
distribution of the front-direction luminance.

However, as will be appreciated from the angular distribu-
tion of the amount of exiting light (angular distribution of
brightness), shown by the two-dot chain line at the first end
position Pel in the display device 10 in FIG. 5, when the
display surface 11 is viewed from a position which faces the
center position Pc in the front direction nd (position of the
viewer O1 in FIG. 5), an image displayed at the end position
Pel or Pe2 on the display surface 11 appears considerably
darker than an image displayed at the center position Pc. The
in-plane variation of perceived brightness is thus large and,
therefore, the quality of an image displayed on the display
surface 11 is low.

As shown by the two-dot chain lines in FIG. 5, when the
viewer O2 views the display surface 11 from a position which
is shifted from a position, facing the center position Pc in the
front direction nd, toward the second end position Pe2 side
along the first direction (light guide direction), the observa-
tion angle to the first end position Pel becomes very large. As
will be appreciated from the angular distributions of the
amount of exiting light (angular distributions of brightness)
on the display surface 11 at the varying positions along the
first direction, shown by the solid lines in FIG. 5, the use of the
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surface light source device 20 having the luminance charac-
teristics shown in FIGS. 6 through 8 enables the viewer to
view the entire image displayed on the entire area of the
display surface 11 though the perceived brightness is some-
what low as a whole. On the other hand, the luminance char-
acteristics shown in FIGS. 16 through 18 may make the
viewer unable to view an image displayed in a partial area,
including the first end position Pel, of the display surface.

In a full high-definition television which is becoming a
standard quality these days, it is recommended for a viewer to
view the display surface 11 from a position which is distant
from the display surface 11 by a distance equal to three times
the length of the long side of the display surface 11 and at
which a viewer having a visual acuity of 1.0 is considered to
be unable to view an image broken into pixels. In general, a
viewer is supposed to view the display surface 11 from a
position distant from the display surface 11 by a distance
equal to 1.5 to 6 times the width of the display surface 11. It
is preferred from this standpoint that an image displayed at
the center position Pc on the display surface 11, an image
displayed at the first end position Pel on the display surface
11 and an image displayed at the second end position Pe2 on
the display surface 11 appear brightest to a viewer at such a
viewing position. It is thus preferred that the peak angle 6a in
the angular distribution of Tuminance at the first end position
Pel on the light emitting surface 21 in a plane parallel to the
front direction and to the first direction, shown in FIG. 5,
satisfy the following formula (2), and the peak angle 8b in the
angular distribution of luminance at the second end position
Pe2 on the light emitting surface 21 in a plane parallel to the
front direction and to the first direction, shown in FIG. 5,
satisfy the following formula (3):

Vs Arctan(10al)=1;12 2
VagAretan(1051)<Viz 3)

Further, it is preferred that in the angular distribution of
luminance of the first light component at the center position
Pc on the light emitting surface 21, shown in FIG. 7, the peak
angle Ocl that gives the maximum luminance be not less than
5° and not more than 15°. If the angle 6¢1 is too large, it is
possible that the angular distribution of luminance of the
overall exiting light at the center position Pc on the light
emitting surface 21 may not have a single peak in the front
direction nd. If the angle 8¢l is too small, the luminance
characteristics resemble those shown in FIGS. 16 to 18, mak-
ing it impossible to effectively equalize the in-plane distribu-
tion of perceived brightness. Similarly, it is preferred that in
the angular distribution of luminance of the second light
component at the center position Pc on the light emitting
surface 21, shown in FIG. 7, the peak angle 6¢2 that gives the
maximum luminance be not less than —15° and not more than
-5°. Ifthe angle B¢2 is too large, the luminance characteristics
resemble those shown in FIGS. 16 to 18, making it impossible
to effectively equalize the in-plane distribution of perceived
brightness. If the angle 0c2 is too small, it is possible that the
angular distribution of luminance of the overall exiting light
at the center position Pc on the light emitting surface 21 may
not have a single peak in the front direction nd.

Further, it is preferred that the maximum luminance PLVa
in the angular distribution of lTuminance at the first end posi-
tion Pel on the light emitting surface 21 and the luminance
FLVa in the front direction nd in the angular distribution of
luminance at the first end position Pel on the light emitting
surface 21, and the maximum luminance PLVb in the angular
distribution of luminance at the second end position Pe2 on
the light emitting surface 21 and the luminance FLVb in the
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front direction nd in the angular distribution of luminance at
the second end position Pe2 on the light emitting surface 21,
satisfy the following formulae (4) and (5):

0.6=(FLVa/PLVa)<1

0.6<(FLVB/PLVD)<1 &)

When the formulae (4) and (5) are not satisfied, an image
displayed at the end positions Pel, Pe2 can appear dark in the
actual use of the display device 10.

According to the embodiment described above, variation
in brightness as perceived by a viewer can be effectively
reduced. Furthermore, the brightness of an image, perceived
by a viewer, can be effectively increased. This enables effi-
cient use of a source light, thus enhancing energy efficiency.

Various changes and modifications may be made to the
above-described embodiment. Some variations will now be
described with reference to the drawings. In the drawings
referred to in the following description, the same symbols are
used for the same members or elements as used in the above-
described embodiment, and a duplicate description thereof
will be omitted.

Though in the above-described embodiment the light con-
trol sheet 60 comprises the body portion 65 and the unit
optical elements 70 provided on the light exit-side surface
65aofthe body portion 65 and projecting toward the light exit
side, the present invention is not limited to such a light control
sheet 60. As shown in FIGS. 9 and 10, the light control sheet
60 may comprise the body portion 65 and unit optical ele-
ments 75 provided on the light entrance-side surface 655 of
the body portion 65 and projecting toward the light entrance
side. Thus, the light control sheet 60 may be constructed as a
total reflection-type light condensing sheet. The example
shown in FIGS. 9 and 10 will now be described.

The light control sheet 60 shown in FIGS. 9 and 10 will be
described first. As can be seen in FIGS. 9 and 10, the unit
optical elements 75 are arranged on the light entrance-side
surface 655 of the body portion 65 side by side in a direction
parallel to the light entrance-side surface 655. Each unit opti-
cal element 75 extends linearly on the light entrance-side
surface 655 of the body portion 65 in a direction intersecting
the arrangement direction.

Particularly in the illustrated example, the unit optical ele-
ments 75 are arranged on the light entrance-side surface 655
of the body portion 65 side by side with no space therebe-
tween along the arrangement direction. Thus, the light
entrance surface 605 of the light control sheet 60, which faces
the light guide plate 30, is constituted by the prism surfaces
(light entrance surfaces) 756 of the unit optical elements 75.
Each unit optical element 75 extends in a straight line along a
direction perpendicular to the arrangement direction. Each
unit optical element 75 has a columnar shape, and has the
same cross-sectional shape along the longitudinal direction.
Further, in the illustrated example all the unit optical elements
75 have the same construction.

As shown in FIGS. 9 and 10, the light control sheet 60 is
positioned with respect to the light guide plate 30 such that
when the light control sheet 60 is viewed in the normal direc-
tion (front direction in this embodiment) nd of the body
portion 65, the arrangement direction of the unit optical ele-
ments 75 of the light control sheet 60 is parallel to the first
direction.

FIG. 10 shows the light control sheet 60 in the cross-section
parallel to both the arrangement direction (parallel to the first
direction in this embodiment) of the unit optical elements 75
and the normal direction nd of the light entrance-side surface
656 of the body portion 65 (the main cross-section ofthe light
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control sheet). Each unit optical element 75 may have a tri-
angular shape whose one side lies on the light entrance-side
surface 656 of the body portion 65, or a triangular shape
whose one side lies on the light entrance-side surface 656 of
the body portion 65 and whose top apex, lying below the body
portion 65, of the triangular shape is chamfered. In the illus-
trated example, the cross-sectional shape of each unit optical
element 75 is a triangular shape projecting from the base
portion 65 (see FIG. 10). Further, in the illustrated example,
the contour of each unit optical element 75 in the main cross-
section of the light control sheet is symmetrical with respect
to an axis parallel to the normal direction nd of the body
portion 65.

In the light control sheet 60 having the above construction,
the ratio of the height Hc to the width Wc (He/Wc) (see FIG.
10) in each unit optical element 75 in the main cross-section
has a considerable effect on the light condensing properties
and the light diffusing properties of the light control sheet 60.
In this embodiment, the ratio of the height He to the width We
(He/We) in each unit optical element 75 is preferably not less
than 0.55 and not more than 0.72. It has been confirmed by the
inventors’ studies that the above-described formula (1) can be
satisfied when in the light control sheet 60 having the con-
struction shown in FIGS. 9 and 10, the ratio of the height He
to the width We (He/We) (see FIG. 10) in each unit optical
element 75 is not less than 0.55 and not more than 0.72, and
when such light control sheet 60 is used in combination with
the light guide plate 30 in which in a plane parallel to both the
front direction and the first direction, the peak angle in the
angular distribution of luminance, attributable to the first light
component, on the light exit surface 31 exists between 65°
and 80°, and the peak angle in the angular distribution of
luminance, attributable to the second light component, on the
light exit surface 31 exists between —80° and -65°. When the
formula (1) is satisfied, the same advantageous effects as
those of the above-described embodiment can be achieved.

The light control sheet 60 may have the following dimen-
sions: The width We (see FIG. 10) of each unit optical ele-
ment 75 along the sheet plane of the light control sheet 60 may
be not less than 10 pm and not more than 500 pm. The height
Hc of each unit optical element 75 from the light entrance-
side surface 65b of the body portion 65 along the normal
direction nd of the sheet plane of the light control sheet 60
may be not less than 6 um and not more than 500 pm. When
the cross-sectional shape of each unit optical element 75 is a
triangular shape or a generally-triangular shape having a
chamfered top apex, the apex angle at the top apex may be not
less than 50° and not more than 65°. The thickness of the body
portion 65 may be in the range 0f 0.01 mm to 1 mm. The light
control sheet 60 can be produced by using the same material
and the same method as described above with reference to the
production of the light guide plate 30.

The light control sheet 60 shown in FIGS. 9 and 10 can
achieve the same advantageous effects as those of the above-
described embodiment by setting the luminance characteris-
tic on the light exit surface in the same manner. Thus, it is
preferred thatin a plane parallel to both the front direction and
the first direction, the peak angle 0a that gives the maximum
luminance in the angular distribution of luminance at the first
end position Pel on the light emitting surface 21 and the peak
angle 6b that gives the maximum luminance in the angular
distribution of luminance at the second end position Pe2 on
the light emitting surface 21 satisfy the above-described for-
mulae (2) and (3), respectively. Further, it is preferred that in
a plane parallel to both the front direction and the first direc-
tion, the peak angle Ocl in the angular distribution of lumi-
nance of the first light component at the center position Pc on
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the light emitting surface 21 be not less than 5° and not more
than 15°, and the peak angle 6¢2 in the angular distribution of
luminance of the second light component at the center posi-
tion Pc on the light emitting surface 21 be not less than —15°
and not more than =5°. Further, it is preferred that the above-
described formulae (4) and (5) be satisfied.

Another variation will now be described. In the above-
described embodiment, in the angular distributions of lumi-
nance, attributable to the first light component emitted by the
first light source 24a, on the light emitting surface 21 at
varying positions along the first direction, the peak angles that
give the maximum luminance are approximately the same.
Similarly, in the angular distributions of luminance, attribut-
able to the second light component emitted by the second
light source 244, on the light emitting surface 21 at varying
positions along the first direction, the peak angles that give the
maximum luminance are approximately the same. In addi-
tion, the peak angle that gives the maximum luminance in the
angular distribution of luminance, attributable to the first light
component, on the light emitting surface 21 differs from the
peak angle that gives the maximum Iuminance in the angular
distribution of luminance, attributable to the second light
component, on the light emitting surface 21. Further, in the
above-described embodiment, with respect to the amount of
light that exits the light emitting surface, the ratio between the
firstlight component and the second light component changes
along the first direction. Such conditions in the above-de-
scribed embodiment can achieve the luminance characteris-
tics represented by the formula (1) and the attendant advan-
tageous effects. However, the luminance characteristics of the
formula (1) can be secured in a manner different from that of
the above-described embodiment.

In the example shown in FIGS. 12 through 14, the peak
angle that gives the maximum luminance in the angular dis-
tribution of luminance, attributable to the first light compo-
nent emitted by the first light source 244, on the light emitting
surface 21 varies at different positions on the light emitting
surface 21 along the first direction. In particular, when the
angular distribution of luminance, attributable to the first light
component emitted by the first light source 24a, is measured
at varying positions on the light emitting surface 21 along the
first directionin a plane parallel to both the front direction and
the first direction, the peak angle Bal that gives the maximum
luminance in the angular distribution of luminance, attribut-
able to the first light component, at the first end position Pel
on the light emitting surface 21, the peak angle 6b1 that gives
the maximum luminance in the angular distribution of lumi-
nance, attributable to the first light component, at the second
end position Pe2 on the light emitting surface 21, and the peak
angle Ocl that gives the maximum luminance in the angular
distribution of luminance, attributable to the first light com-
ponent, at the center position Pc on the light emitting surface
21, satisfy the following formula (6):

0b1<6c1<Bal (6

Similarly, in the example shown in FIGS. 12 through 14,
the peak angle that gives the maximum luminance in the
angular distribution of luminance, attributable to the second
light component emitted by the second light source 245, on
the light emitting surface 21 varies at different positions on
the light emitting surface 21 along the first direction. In par-
ticular, when the angular distribution of luminance, attribut-
able to the second light component emitted by the second
light source 244, is measured at varying positions on the light
emitting surface 21 along the first direction in a plane parallel
to both the front direction and the first direction, the peak
angle 0a2 that gives the maximum luminance in the angular
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distribution of luminance, attributable to the second light
component, at the first end position Pel on the light emitting
surface 21, the peak angle 6b2 that gives the maximum lumi-
nance in the angular distribution of luminance, attributable to
the second light component, at the second end position Pe2 on
the light emitting surface 21, and the peak angle 8¢2 that gives
the maximum luminance in the angular distribution of lumi-
nance, attributable to the second light component, at the cen-
ter position Pc on the light emitting surface 21, satisfy the
following formula (7):

052<6c2<0a2 %)

In the example shown in FIGS. 12 through 14, the above
formula (1) can be satisfied and the above-described advan-
tageous effects can be secured by the combination of such an
angular distribution of luminance attributable to the first light
component and such an angular distribution of luminance
attributable to the second light component.

The angular distributions of luminance shown in FIGS. 12
through 14 can be achieved by using the light control sheet 60
shown in FIG. 11. In the above-described embodiment and in
the variation shown in FIGS. 9 and 10, the unit optical ele-
ments of the light control sheet 60, arranged in the first direc-
tion, all have the same construction. The light control sheet 60
shown in FIG. 11, on the other hand, includes unit optical
elements 77 of different constructions.

As can be seen in FIG. 11, the unit optical elements 77 are
arranged on the light entrance-side surface 655 of the body
portion 65 side by side in a direction parallel to the light
entrance-side surface 65b. Fach unit optical element 77
extends linearly on the light entrance-side surface 655 of the
body portion 65 in a direction intersecting the arrangement
direction. Particularly in the illustrated example, the unit opti-
cal elements 77 are arranged on the light entrance-side sur-
face 6556 of the body portion 65 side by side with no space
therebetween along the arrangement direction. Thus, the light
entrance surface 605 of the light control sheet 60, which faces
the light guide plate 30, is constituted by the prism surfaces
(light entrance surfaces) 775 of the unit optical elements 77.
Each unit optical element 77 extends in a straight line along a
direction perpendicular to the arrangement direction. Each
unit optical element 77 has a columnar shape, and has the
same cross-sectional shape along the longitudinal direction.

As with the example shown in FIGS. 9 and 10, the light
control sheet 60 of FIG. 11 is positioned with respect to the
light guide plate 30 such that when the light control sheet 60
is viewed in the normal direction (front direction in this
embodiment) nd of the body portion 65, the arrangement
direction of the unit optical elements 77 of the light control
sheet 60 is parallel to the first direction.

FIG. 11 shows the light control sheet 60 in the cross-section
parallel to both the arrangement direction (parallel to the first
direction in this example) of the unit optical elements 77 and
the normal direction nd of the light entrance-side surface 655
of the body portion 65 (the main cross-section of the light
control sheet). Each unit optical element 77 has a one-side
surface 7751 lying on one side in the first direction, and the
other-side surface 7762 lying on the other side in the first
direction. Each unit optical element 77 may have a triangular
shape whose one side lies on the light entrance-side surface
655 of the body portion 65, or a triangular shape whose one
side lies on the light entrance-side surface 656 of the body
portion 65 and whose top apex, lying below the body portion
65, of the triangular shape is chamfered.

The unit optical elements 77 exert a deflection function by
allowing light to pass through one surface of each element
and causing the light inside the element to totally reflect at the
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other surface. As shown in FIG. 11, the first light component
from the first light source 24a enters a unit optical element 77
through the one-side surface 7741, and totally reflects at the
other-side surface 7752. On the other hand, the second light
component from the second light source 245 enters a unit
optical element 77 through the other-side surface 7762, and
totally reflects at the one-side surface 7751. Therefore, as
shown in FIG. 11, the light axis (direction in which the high-
est luminosity is exhibited) LD1 of the first light component
in a unit optical element 77 can be adjusted by the inclination
angle of the other-side surface 7742, while the light axis
(direction in which the highest luminosity is exhibited) LD2
of the second light component in a unit optical element 77 can
be adjusted by the inclination angle of the one-side surface
7761.

In the light control sheet 60 shown in FIG. 11, the inclina-
tion angles of the one-side surfaces 7751 are not the same
among the unit optical elements 77 and similarly, the incli-
nation angles of the other-side surfaces 7762 are not the same
among the unit optical elements 77. On the other hand, as
described above, the first light component, exiting the light
exit surface 31 of the light guide plate 30, has such a strong
directionality that it exits in the same direction at varying exit
positions along the first direction and similarly, the second
light component, exiting the light exit surface 31 of the light
guide plate 30, has such a strong directionality that it exits in
the same direction at varying exit positions along the first
direction. Accordingly, the peak angle that gives the maxi-
mum luminance in the angular distribution of luminance,
attributable to the first light component, on the light emitting
surface 21 varies at varying positions along the first direction
and similarly, the peak angle that gives the maximum lumi-
nance in the angular distribution of luminance, attributable to
the second light component, on the light emitting surface 21
varies at varying positions along the first direction.

When the angular distribution of luminance in a plane
parallel to both the front direction and the first direction is
measured at a center position in the first direction on the light
exit surface 31 of the light guide plate 30 under the following
definition: the front direction is 0°; an angle between the front
direction and a direction inclined from the front direction
toward oneside in the firstdirection is a negative angle; and an
angle between the front direction and a direction inclined
from the front direction toward the other side in the first
direction is a positive angle, the peak angle that gives the
maximum luminance in the angular distribution of lumi-
nance, attributable to the first light component emitted by the
first light source 24a, on the light exit surface 31 of the light
guide plate 30 is preferably not less than 65° and not more
than 80°. Similarly, when the angular distribution of lumi-
nance in a plane parallel to both the front direction and the
first direction is measured at a center position in the first
direction on the light exit surface 31 of the light guide plate 30
under the following definition: the front direction is 0°; an
angle between the front direction and a direction inclined
from the front direction toward one side in the first direction
is negative; and an angle between the front direction and a
direction inclined from the front direction toward the other
side in the first direction is positive, the peak angle that gives
the maximum luminance in the angular distribution of lumi-
nance, attributable to the second light component emitted by
the second light source 254, on the light exit surface 31 of the
light guide plate 30 is preferably not less than —80° and not
more than -65°. When the peak angles that give the maximum
luminance are set within the above ranges, the exiting direc-
tion in which the first light component exits the light exit
surface 31 of the light guide plate 30 has a strong direction-
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ality despite the exit position along the first direction, and
similarly the exiting direction in which the second light com-
ponent exits the light exit surface 31 of the light guide plate 30
has a strong directionality despite the exit position along the
second direction. Such a light guide plate 30, when used in
combination with the below-described light control sheet 60
of FIG. 11, can stably satisfy the above-described formulae
(6) and (7).

In the illustrated example, the other-side surface 77562 of
any one unit optical element 77 is inclined from the front
direction at the same inclination angle as the other-side sur-
face 7762 of another unit optical element 77 lying on the other
side of the one unit optical element 77 in the first direction, or
is inclined from the front direction more than the other-side
surface 7762 of another unit optical element 77 lying on the
other side of the one unit optical element 77 in the first
direction. That is to say, as shown in FIG. 11 and the below-
described FIG. 15, the inclination angle 6bx of the other-side
surface 7752 of a unit optical element 77x with respect to the
front direction nd is not less than the inclination angle 6by of
the other-side surface 7752 of another unit optical element
77y, lying on the other side of the unit optical element 77x in
the first direction, with respect to the front direction nd. In
other words, the other-side surface 7762 of any one unit
optical element 77 is not steeper than the other-side surface
7762 of anotherunit optical element 77 lying on the other side
of the one unit optical element 77 in the first direction. The
above-described formula (6) can be satisfied by such a geo-
metric feature. The other-side surface 7752 of a unit optical
element 77 thus gradually tilts downward (tilts on the light
entrance-side surface 655) as the position of the unit optical
element 77 changes from the other side to the one side along
the first direction. Accordingly, the peak angle in the angular
distribution of luminance, attributable to the first light com-
ponent, gradually decreases as the luminance measurement
position changes from the one side to the other side along the
first direction.

Similarly, in the illustrated example, the one-side surface
77b1 of any one unit optical element 77 is inclined from the
front direction at the same inclination angle as the one-side
surface 7751 of another unit optical element 77 lying on the
one side of the one unit optical element 77 in the first direc-
tion, or is inclined from the front direction more than the
one-side surface 7751 of another unit optical element 77 lying
on the one side of the one unit optical element 77 in the first
direction. That is to say, as shown in FIG. 11 and the below-
described F1G. 15, the inclination angle Oay of the one-side
surface 7751 of a unit optical element 77y with respect to the
front direction nd is not less than the inclination angle 0ax of
the one-side surface 7751 of another unit optical element 77x,
lying on the one side of the unit optical element 77y in the first
direction, with respect to the front direction nd. In other
words, the one-side surface 77b1 of any one unit optical
element 77 is not steeper than the one-side surface 7761 of
another unit optical element 77 lying on the one side of the
one unit optical element 77 in the first direction. The above-
described formula (7) can be satisfied by such a geometric
feature. The one-side surface 77b1 of a unit optical element
77 thus gradually tilts downward (tilts on the light entrance-
side surface 656) as the position of the unit optical element 77
changes from the one side to the other side along the first
direction. Accordingly, the peak angle in the angular distri-
bution of luminance, attributable to the second light compo-
nent, gradually decreases as the luminance measurement
position changes from the one side to the other side along the
first direction.
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When the formula (1) is satisfied together with the formu-
lae (6) and (7), not only the above-described advantageous
effects can be achieved, but also the half-value angle can be
made significantly small in the angular distributions of lumi-
nance measured at varying positions on the light emitting
surface 21 along the first direction. Thus, when the observa-
tion angle range tends to be somewhat narrow because of the
large size of the display surface 11 of the display device 10,
the advantageous effects due to the formula (1) can be
achieved while effectively utilizing light from the light
sources 24a, 24b by effectively preventing image light from
exiting in directions which cannot be within the observation
angle range. When the angular distribution of luminance
attributable to the first light component and the angular dis-
tribution of luminance attributable to the second light com-
ponent have similar peak angles at varying positions along the
first direction as shown in FIGS. 12 through 14, light visible
to a viewer, e.g. light which forms an image viewable to a
viewer on the display surface 11, always contains both the
first light component and the second light component at least
in a certain amount of minor component. This can effectively
prevent problems such as color breakup, and can thereby
enhance color reproducibility.

In the variation shown in FIGS. 11 through 14, when the
angular distribution of Tuminance in a plane parallel to both
the front direction and the first direction is measured at the
center position Pc on the light emitting surface 21 under the
following definitions: the front direction is 0°, an angle
between the front direction and a direction inclined from the
front direction toward the one side in the first direction is a
negative angle, and an angle between the front direction and
a direction inclined from the front direction toward the other
side in the first direction is a positive angle, the peak angle 6¢l
that gives the maximum luminance in the angular distribution
of luminance, attributable to the first light component emitted
by the first light source 24a, is preferably not less than —5° and
not more than 5° in order to make the half-value angle in the
angular distribution of luminance fall within a sufficient
range. Similarly, when the angular distribution of Tuminance
in a plane parallel to both the front direction and the first
direction is measured at the center position Pc on the light
emitting surface 21 under the following definitions: the front
direction is 0°, an angle between the front direction and a
direction inclined from the front direction toward the one side
in the first direction is a negative angle, and an angle between
the front direction and a direction inclined from the front
direction toward the other side in the first direction is a posi-
tive angle, the peak angle 0c2 that gives the maximum lumi-
nance in the angular distribution of luminance, attributable to
the second light component emitted by the second light
source 24b, is preferably not less than —5° and not more than
5°.

In the above-described embodiment, the side surfaces of
the light guide plate 30 which oppose each other in the first
direction function as the first light entrance surface 33 and the
second light entrance surface 34, and the first light source 24a
and the second light source 245 are provided beside the first
light entrance surface 33 and the second light entrance surface
34, respectively. However, one ofthe first light source 24a and
the second light source 245 may be omitted. In the example
shown in FIG. 15, one of the side surfaces of the light guide
plate 30 which oppose each other in the first direction serves
as alight entrance surface 33, and the second light source 245
is not provided. On the other hand, the same light control
sheet 60 as that of FIG. 11 is provided in the example shown
in FIG. 15. Accordingly, the above-described formulae (1)
and (6) can be satisfied. The distribution of the amount of the
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first light component along the first direction can be equalized
to some extent by the construction of the light guide plate 30.

In the examples shown in FIGS. 11 and 15, the dimensions,
etc. of the light control sheet may be the same as those of the
variation shown in FIGS. 9 and 10. Also in the variations
shown in FIGS. 11 and 15, the same advantageous effects as
in the above-described embodiment can be achieved by set-
ting the luminance characteristics on the light exit surface in
the same manner. Thus, it is preferred that in a plane parallel
to both the front direction and the first direction, the peak
angle Oa that gives the maximum luminance in the angular
distribution of luminance at the first end position Pel on the
light emitting surface 21 and the peak angle 6b that gives the
maximum luminance in the angular distribution of luminance
atthe second end position Pe2 on the light emitting surface 21
satisfy the above-described formulae (2) and (3), respec-
tively. Further, it is preferred that the above-described formu-
lae (4) and (5) be satisfied.

It is possible to attach the light diffusing sheet 80 to the
light exit-side surface of the light control sheet 60 shown in
FIGS. 9, 10, 11 and 15. It is also possible to impart a light
diffusing function to the light exit surface 60a or the body
portion 65 of the light control sheet 60 shown in FIGS. 9, 10,
11 and 15. A light diffusing function can be imparted to the
light control sheet 60 e.g. by roughening the light exit surface
60a or by dispersing a diffusing component in the body por-
tion 65. The light diffusing sheet 80 may be omitted when a
light diffusing function is imparted to the light control sheet
60. When a reflection-type polarization separation film (e.g.
DBEF manufactured by 3M Company, USA) is incorporated
into the surface light source device 20 as described later, the
polarization separation film may be attached to the light exit
surface 60a of the light control sheet 60 shown in FIGS. 9,10,
11 and 15.

Though in the light control sheet 60 shown in FIGS. 9, 10,
11 and 15, the unit optical elements 77 each have a triangular
cross-sectional shape or a generally-triangular cross-sec-
tional shape having a chamfered top apex, the present inven-
tion is not limited to such unit optical elements. For example,
the one-side surface 7751 and the other-side surface 7752 of
each unit optical element 77 may have a bulging or curved
contour. The same effects as those of the light control sheet 60
of FIGS. 9, 10, 11 and 15 can be expected if such one-side
surfaces 7761 and such other-side surfaces 7752 are inclined
with respect to the front direction in the same manner as
described above.

When the light control sheet 60 shown in FIGS. 9, 10, 11
and 15 is disposed on the outermost light exit side of the
surface light source device 20, the light control sheet 60 may
be integrated with the display panel 15 e.g. by attaching the
light control sheet 60 to the display panel 15 (through adhe-
sion). In this case, a part or the whole of that surface of the
light control sheet 60 which is attached to the display panel 15
constitutes the light emitting surface 21 of the surface light
source device 20.

The construction of the light guide plate 30 has been
described by way of example only and it should be appreci-
ated that modifications may be made thereto. For example,
the unit prisms 50 of the light guide plate 30 may each have a
polygonal cross-sectional shape other than a triangle, or a
cross-sectional shape corresponding to part of an ellipse.

In the above-described embodiment the diffusing compo-
nent 45 is dispersed in the base portion 40 of the light guide
plate 30 so that light that has entered the light guide plate 30
can exit it. However, the present invention is not limited
thereto. For example, instead of or in addition to the use of the
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diffusing component 45, it is possible to configure the back
surface 32 of the light guide plate 30 as an inclined surface.

In the above-described embodiment the light sources 24aq,
245 are comprised of the plurality of point-like light emitters
(LEDs) 25 arranged along the longitudinal direction (second
direction) of the light entrance surfaces 33, 34 of the light
guide plate 30. However, various other types of light emitters
usable in an edge-light type surface light source device, for
example, cold-cathode fluorescent lamps extending parallel
to the longitudinal direction of the light entrance surfaces 33,
34 of'the light guide plate 30, may be used for the light sources
24a, 24b.

The constructions of the surface light source device 20 and
the display device 10 have been described by way of example
only and it should be appreciated that modifications may be
made thereto. For example, thelight diffusing sheet 80 having
the function of diffusing transmitted light may be omitted. It
is possible to additionally provide a reflection-type polariza-
tion separation film or the like having a polarization separa-
tion function that allows transmission of only a particular
polarization component while reflecting the other polariza-
tion component(s).

The above-described modifications, of course, may also be
made in an appropriate combination to the above-described
embodiments.

What is claimed is:

1. A surface light source device having a light emitting
surface, comprising:

a light guide plate having a light exit surface and a pair of

side surfaces which oppose to each other in a first direc-
tion, at least one of the pair of side surfaces serving as a
light entrance surface,

wherein an angular distribution of luminance of the light

emitting surface in a plane parallel to both a front direc-
tion and the first direction satisfies the following rela-
tionship:

0bh<0c<0a

where:

0Oa is a peak angle having a maximum luminance in the
angular distribution of luminance of the light emitting
surface at a first end position on one side of the light
emitting surface in the first direction;

6b is a peak angle having a maximum luminance in the
angular distribution of luminance of the light emitting
surface at a second end position on the other side of the
light emitting surface in the first direction;

Oc is a peak angle having a maximum luminance in the
angular distribution of luminance of the light emitting
surface at a center position of the light emitting surface
in the first direction;

where the front direction is defined as 0°, an angle between
the front direction and a direction inclined from the front
direction toward one side in the first direction is defined
as negative value, and an angle between the front direc-
tion and a direction inclined from the front direction
toward the other side in the first direction is defined as a
positive value.

2. The surface light source device according to claim 1,
further comprising: a first light source disposed so as to face
a first light entrance surface, lying on the one side in the first
direction, of the light guide plate; and a second light source
disposed so as to face a second light entrance surface, lying on
the other side in the first direction, of the light guide plate,

wherein a peak angle 6¢1 having the maximum luminance
in the angular distribution of luminance of the light
emitting surface in a plane parallel to both the front
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direction and the first direction at the center position has
a positive value, which is attributable to a first light
component emitted by the first light source,

when the front direction is defined as 0°, an angle inclined

from the front direction toward one side of the light
emitting surface in the first direction is defined as a
negative value, and an angle inclined from the front
direction toward the other side of the light emitting
surface in the first direction is defined as a positive value.

3. The surface light source device according to claim 2,
wherein the peak angle 6¢1 is not less than 5° and not more
than 15°.

4. The surface light source device according to claim 2,
wherein when the angular distribution of luminance in a plane
parallel to both the front direction and the first direction is
measured at the center position on the light emitting surface
under the following definition: the front direction is 0°; an
angle between the front direction and a direction inclined
from the front direction toward one side in the first direction
is a negative value; and an angle between the front direction
and a direction inclined from the front direction toward the
other side in the first direction is a positive value, a peak angle
6c2 that gives the maximum luminance in the angular distri-
bution of luminance, attributable to a second light component
emitted by the second light source, takes a negative value.

5. The surface light source device according to claim 4,
wherein the peak angle 6¢2 is not less than —15° and not more
than -5°.

6. The surface light source device according to claim 2,
further comprising a light control sheet disposed on a light
exit side of the light guide plate,

wherein the light control sheet has a sheet-like body por-

tion, and a plurality of unit optical elements arranged on
a light exit-side surface of the body portion along the
first direction and each extending in a direction inter-
secting the first direction; the ratio of a height Hb of each
unit optical element to a width Wb of the unit optical
element (Hb/Wb) in a cross-section parallel to both a
normal direction of the body portion and an arrangement
direction of the unit optical elements is not less than 0.55
and not more than 0.85; and

wherein when the angular distribution of luminance in a

plane parallel to both the front direction and the first
direction is measured at a center position in the first
direction on the light exit surface of the light guide plate
under the following definition: the front direction is 0°;
an angle between the front direction and a direction
inclined from the front direction toward one side in the
first direction is a negative value; and an angle between
the front direction and a direction inclined from the front
direction toward the other side in the first direction is a
positive negative, a peak angle that gives the maximum
luminance in the angular distribution of luminance,
attributable to the first light component emitted by the
first light source, on the light exit surface of the light
guide plate is not less than 65° and not more than 75°,
and a peak angle that gives the maximum luminance in
the angular distribution of luminance, attributable to the
second light component emitted by the second light
source, on the light exit surface of the light guide plate is
not less than —75° and not more than —65°.

7. The surface light source device according to claim 2,
further comprising a light control sheet disposed on a light
exit side of the light guide plate,

wherein the light control sheet has a sheet-like body por-

tion, and a plurality of unit optical elements arranged on
a light entrance-side surface of the body portion along
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the first direction and each extending in a direction inter-
secting the first direction; the ratio of a height He of each
unit optical element to a width We of the unit optical
element (He/We) in a cross-section parallel to both a
normal direction of the body portion and an arrangement
direction of the unit optical elements is not less than 0.55
and not more than 0.72; and

wherein when the angular distribution of luminance in a
plane parallel to both the front direction and the first

and a other-side surface lying on the other side in the first
direction;

36

wherein the inclination angles of the other-side surfaces are
not the same among the unit optical elements; and

wherein the other-side surface of any one unit optical ele-
ment is inclined from the front direction at the same
inclination angle as the other-side surface of another unit
optical element lying on the other side of the one unit
optical element in the first direction, or is inclined from
the front direction more than the other-side surface of
another unit optical element lying on the other side ofthe

direction is measured at a center position in the first 10 one unit optical element in the first direction.
direction on the light exit surface of the light guide plate 10. The surface light source device according to claim 8,
under the following definition: the front direction is 0°; further comprising a second light source disposed so as to
an angle between the front direction and a direction face the side surface, lying on the other side in the first
inclined from the front direction toward one side in the direction, of the light guide plate,
first direction is a negative value; and an angle between 15 wherein when the angular distribution of Tuminance, attrib-
the front direction and a direction inclined from the front utable to a second light component emitted by the sec-
direction toward the other side in the first direction is a ond light source, in a plane parallel to both the front
positive value, a peak angle that gives the maximum direction and the first direction is measured on the light
luminance in the angular distribution of luminance, emitting surface at varying positions along the first
attributable to the first light component emitted by the 20 direction under the following definition: the front direc-
first light source, on the light exit surface of the light tion is 0°; an angle between the front direction and a
guide plate is not less than 65° and not more than 80°, direction inclined from the front direction toward one
and a peak angle that gives the maximum luminance in side in the first direction is a negative value; and an angle
the angular distribution of luminance, attributable to the between the front direction and a direction inclined from
second light component emitted by the second light 25 the front direction toward the other side in the first direc-
source, on the light exit surface of the light guide plate is tion is a positive value, a peak angle 8a2 that gives the
not less than —80° and not more than -65°. maximum luminance in the angular distribution of lumi-
8. The surface light source device according to claim 1, nance, attributable to the second light component, at the
further comprising a first light source disposed so as to face first end position on the light emitting surface, a peak
the side surface, lying on the one side in the first direction, of 30 angle 6b2 that gives the maximum luminance in the
the light guide plate, angular distribution of luminance, attributable to the
wherein when the angular distribution of luminance, attrib- second light component, at the second end position on
utable to a first light component emitted by the first light thelight emitting surface, and a peak angle 6¢2 that gives
source, in a plane parallel to both the front direction and the maximum luminance in the angular distribution of
the first direction is measured on the light emitting sur- 35 luminance, attributable to the second light component,
face at varying positions along the first direction under at the center position on the light emitting surface, sat-
the following definition: the front direction is 0°; an isfy the following relation:
angle between the front direction and a direction
inclined from the front direction toward one side in the 062<6c2<6a.
first direction is a negative value; and an angle between 40  11. The surface light source device according to claim 10,
the front direction and a direction inclined from the front further comprising a light control sheet disposed on a light
direction toward the other side in the first direction is a exit side of the light guide plate,
positive value, a peak angle Bal that gives the maximum wherein the light control sheet has a sheet-like body por-
luminance in the angular distribution of luminance, tion, and a plurality of unit optical elements arranged on
attributable to the first light component, at the first end 45 a light entrance-side surface of the body portion along
position on the light emitting surface, a peak angle 6b1 the first direction and each extending in a direction inter-
that gives the maximum luminance in the angular distri- secting the first direction; each unit optical element has
bution of luminance, attributable to the first light com- aone-side surface lying on one side in the first direction,
ponent, at the second end position on the light emitting and a other-side surface lying on the other side in the first
surface, and a peak angle Oc1 that gives the maximum 50 direction;
luminance in the angular distribution of luminance, wherein the inclination angles of the one-side surfaces are
attributable to the first light component, at the center not the same among the unit optical elements;
position on the light emitting surface, satisfy the follow- wherein the inclination angles of the other-side surfaces are
ing relation: not the same among the unit optical elements;
55 wherein the one-side surface of any one unit optical ele-
Bb1<6el <Bal. ment is inclined from the front direction at the same
9. The surface light source device according to claim 8, inclination angle as the one-side surface of another umt
further comprising a light control sheet disposed on a light optical element lying on the one side of the one unit
exit side of the light guide plate, optical element in the first direction, or is inclined from
wherein the light control sheet has a sheet-like body por- 60 the front direction more than the one-side surface of
tion, and a plurality of unit optical elements arranged on another unit optical element lying on the one side of the
a light entrance-side surface of the body portion along one unit optical element in the first direction; and
the first direction and each extending in a direction inter- wherein the other-side surface of any one unit optical ele-
secting the first direction; each unit optical element has ment is inclined from the front direction at the same
aone-side surface lying on one side in the first direction, 65 inclination angle as the other-side surface of another umt

optical element lying on the other side of the one unit
optical element in the first direction, or is inclined from
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the front direction more than the other-side surface of
anotherunit optical element lying on the other side of the
one unit optical element in the first direction.
12. The surface light source device according to claim 1,
wherein the peak angle 6a and the peak angle 6b satisfy the
following relations:

LasArctan(10al)=Viz

Ya=Arctan(10b )=z,

13. The surface light source device according to claim 1,

wherein a maximum luminance PLVa in the angular distri-
bution of luminance at the first end position on the light
emitting surface and a luminance FIVa in the front
direction in the angular distribution of luminance at the
first end position on the light emitting surface, and a
maximum luminance PLVb in the angular distribution of
luminance at the second end position on the light emit-
ting surface and a luminance FLVb in the front direction
in the angular distribution of luminance at the second
end position on the light emitting surface, satisfy the
following relations:

0.6<(FLVa/PLVa)<1

0.6<(FLVB/PLVb)<1.
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14. The surface light source device according to claim 1,

wherein the light guide plate has a sheet-like base portion
including a resin matrix and a diffusing component dispersed
in the matrix.

15. The surface light source device according to claim 1,

wherein the light guide plate has a sheet-like body portion
and a plurality of unit prisms arranged on a light emitting
surface-side surface of the body portion along an
arrangement direction intersecting the first direction and
each extending linearly in a direction intersecting the
arrangement direction.

16. A liquid crystal display device comprising:

the surface light source device according to claim 1; and

aliquid crystal display panel disposed on the light exit side
of the surface light source device.

17.The liquid crystal display device according to claim 16,

wherein the surface light source device includes a light
source having a plurality of point-like light emitters
arranged along the light entrance surface of the light
guide plate; and

wherein the liquid crystal display device further comprises
a controller for controlling the output of the point-like
light emitters of the light source, the controller being
configured to adjust the output of each point-like light
emitter according to an image to be displayed.
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