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(57) ABSTRACT

An object of the present invention is to reduce the exterior of
a display device while retaining a display screen at a certain
size. A liquid crystal display panel including a TFT substrate
formed with a glass substrate and a color filter substrate is
stored in a frame made of a metal. In order to avoid the direct
contact between the glass substrate and the frame made of a
metal, partofan optical sheet included in a backlight disposed
behind the liquid crystal display panel is extended to lie
between the liquid crystal display panel and the frame, and is
regarded as a spacer. Since the thickness of the optical sheet is
as small as 0.06 mm, the spacer hardly affects the external
dimensions of a display device. Consequently, while a crack
of the glass substrate is prevented, the exterior of the display
device can be reduced.

. 7 2 1 8 16 15 14 13
; | (
\_ ’S_‘ [ /I( | ]
10 22774 ! / / I} /A1
& e &
N N\
s \\\l k

~ 1]
~ ]

A-A



Patent Application Publication Jul. 7,2011 Sheet 1 of 19

FIG.1

US 2011/0164197 A1

< A

{ TS TSI LTSS IS LIS LIIINS SIS S LSS SIS 7
% 4
7 7
[/ 9
A J
N Y] 161
ﬁ N/
A Y
2 N/
% 7/
% % 7
4 aq
% AT
% Y%
% 7
7 /
[/ ]
/ /
% 2
% / Y,
/ /fw’
% 1Y
% 7
% /
% 7
?'Q Qg
N \%
N N/ *

P Y/

B g g B
A | 2

4 -_V g 1

% | il 'Y 5
e —
e /

/-

3 FLLSS TS LSS SIS LS LTSS SIS L TS S S AL S SIS /]
< A




Patent Application Publication Jul. 7,2011 Sheet 2 of 19 US 2011/0164197 A1

, 7 8
B\Sﬁ C f '( ‘l( - : .
10 — /

A ] 4 Vi /

1

10

N

~
™~

FIG.3

7 2 1 8 16 15 14 13

J({

10 - ) | 10

IRIIRR / ] /
(/////( VIOIIITIIIIIIIIITIIINS ///727//////////4V////////// s
/

a6 @ \1

] -

\

1 2



Patent Application Publication Jul. 7,2011 Sheet 3 of 19 US 2011/0164197 A1

FIG.4A FIG.4C

5

//

91

F1G.4B




Patent Application Publication Jul. 7,2011 Sheet 4 of 19 US 2011/0164197 A1

FIG.5

16

161




Patent Application Publication Jul. 7,2011 Sheet 5 of 19 US 2011/0164197 A1

FIG.6A - FIG.6C
16 10 & 0O
)/ N
g}////////////////////////////////////////[// 161
161
N

05

51

1

N

—

[

O,

NN

S e e S S e N e NN NN NN

AY

.

N

FIG.6B

W A P TP P i e e e e




Patent Application Publication Jul. 7,2011 Sheet 6 of 19 US 2011/0164197 A1

FIG.7

1 8 16 15 14 13 151

I iy

—
o
/
L SIS ST,
PRESSSSSS
~
M

)

5_;/ % ’, : 7//




Patent Application Publication Jul. 7,2011 Sheet 7 of 19 US 2011/0164197 A1

FIG.9

—
D
—
(&) ]
—
=N
—
<o
—
(o]
—_

-

»
NN
N

P
[an}
)
/
L
\\\ NN

161
—




Patent Application Publication Jul. 7,2011 Sheet 8 of 19 US 2011/0164197 A1

FIG.T1A

16

el

FIG.11B

15

/

151
L~




Patent Application Publication Jul. 7,2011 Sheet 9 of 19 US 2011/0164197 A1

FIG.12

16

161 /
~~ g

FIG.13

16 15

o ft

151

14 13

j;r/w

P/Jm




Patent Application Publication Jul. 7,2011 Sheet100f19  US 2011/0164197 A1

FIG.14

161
<4 A

77 e e 27T T T 777
NN . | NN ANNNAN, S

161

A SIS,
| A A A AL

e e e e e N A AN NN

[

AR AR AR N A A O NN RN NN

N

]

2

Y

| AASASASSS
| NS SSIL

B

3 —

IIILLTTLLLLIL LSS LSS LIS LL LA SIL SIS LIS, 7777777

< A




Patent Application Publication Jul. 7,2011 Sheet11 0f19  US 2011/0164197 A1

FIG.15

2 1 g 16 15 14 13
3 L[]
6
\ ’S_‘I[ o) 1 1 ]

[ Y7

7 —
CITIIIIS Z /////////1/’1//////!//j///]}’/////zrf////////////// TIIIIS
L L

NN

7

AN §
.

FIG.16

161 16




Patent Application Publication

Jul. 7,2011 Sheet120f19  US 2011/0164197 A1

FIG.17A

161 16

q

FIG.17B

151
Pt




Patent Application Publication Jul. 7,2011 Sheet130f19  US 2011/0164197 A1

FIG.18

161




US 2011/0164197 A1

Jul. 7,2011 Sheet 14 of 19

Patent Application Publication

FIG.19

161

7

)

L

|

—

J

P 7777772272277 2777727172277,

4
/]

////,//////74/////7// J//

/// ///7////1,
AN

/s 71

JANANANN |

NN

/

/

:

.

Lordres ]

|

\

NN,

////////////,//////4//////,47///w//

\

\

4

)

o™

161



Patent Application Publication Jul. 7,2011 Sheet150f19  US 2011/0164197 A1

FIG.20

161 16

g

y2

<

a

161



US 2011/0164197 A1

Jul. 7,2011 Sheet 16 of 19

FIG.21

Patent Application Publication

2 —

1L |

61

161

NN NSNS NN SN N N /////./7/// NN SOSOS S S SIS SNIKNN N
ﬁ 27T - . ) <

N

N7

/“ ]

N

\’

/

/

N

N

N

N

)

N\

/1

\# |

N4 Nl \_
B 71
N - M
N

N 777 777777 ,
A S S S S KSS S S SN S SIKRANSRSIISRSSES

J )

T o



US 2011/0164197 A1

Jul. 7,2011 Sheet 17 0of 19

Patent Application Publication

FIG.22

p—

J

AN NG L TMANLN

[ /2 A AN

NSNS N

IS NSNS

Y

OOV IITITINIIIIrINd

N NS S S S SO S SN NSO SOSSNANNNSSNSNNRINN

161 N

161



Patent Application Publication Jul. 7,2011 Sheet180f19  US 2011/0164197 A1

FIG.23

V7 7 7777777777777 7777777777
% AN MMM [/
A
4 /
6 / /
. n
—R \/
/N N/
A N
4 Y
L/ a1
¥ 485
d L
9 Y
q /
d ¥
4 A 2
V 1A
¢ 4
j g
| /1
LN
161 N/
N N A
g 4
d v
4 %
g 4
4 / . . [/ 1
| | A—"
# L
Y
3 \—-é“' T 4
» ;
Zz

LLZ P77 77777 /3

161
62



Patent Application Publication Jul. 7,2011 Sheet190f19  US2011/0164197 A1

F1G.24

< A

PIITI IS EEIITITITITTLITES IS TIVITIIE ISV IIIIII IS

/L LI LI L LA L L L Y

S

N

AN NN,

AT LR L LR L AL A LU AL LR LM A MM LALLM MM AL AL AL AL L LA AR LS B AR R AR AR AR

HITHHHH L ey

A T L T I T T T I LT I T A LTI T T I T L T TG L LI MM LML LA L LS LU L LR L LR

6 \T // /1
\ \ /, A
C_ | 1
- — 3

Ay

IIIIIES IS ITIIIIIIS TSNS IS S IITIIIIII SIS VS SIS

< A




US 2011/0164197 Al

LIQUID CRYSTAL DISPLAY DEVICE

CLAIM OF PRIORITY

[0001] This application is a Continuation of U.S. patent
application Ser. No. 11/987,960 filed Dec. 6, 2007, which
claims priority from Japanese Application JP 2006-331786
filed on Dec. 8, 2006, the content of which is hereby incor-
porated by reference into this application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, or more particularly, to a technology for reducing
the external dimensions of a compact display device set for
portable cellular phones or the like.

[0004] 2. Description of the Related Art

[0005] As for liquid crystal display devices, there is an
intense demand for reduction in the external dimensions of a
display device set with a certain size of a screen kept intact. A
liquid crystal display device for portable cellular phones or
any other display device whose set should have the external
size thereof made small is especially intensely demanded to
have small external dimensions.

[0006] FIG.241s aplanview of amodule of a conventional
compact liquid crystal display device to be used for portable
cellular phones. In FIG. 24, a liquid crystal display panel
includes a TFT substrate 1in which pixel electrodes, thin-film
transistors (TFTs), data signal lines, and scan lines are
formed, a color filter substrate 2 in which color filters or the
like are formed, an upper sheet polarizer 7 bonded to the color
filter substrate 2, and a lower sheet polarizer 8 that is not
shown and is bonded to the bottom of the TFT substrate 1. The
portions of the substrates to which the sheet polarizers are
bonded may be considered as an effective field in which an
image is formed. The TFT substrate 1 is made larger than the
color filter substrate 2 in order to attach an IC driver 4 which
drives the liquid crystal display panel, and a flexible wiring
substrate, which is used to feed power or signals to the liquid
crystal display panel, to the TFT substrate 1.

[0007] A backlight that irradiates light to the liquid crystal
display panel from behind is disposed under the lower sheet
polarizer 8. The liquid crystal display panel and backlight are
stored in a resin mold 5. The flexible wiring substrate 3
attached to the TFT substrate 1 is folded up to the back of the
resin mold 5 while covering the short-side part of the resin
mold 5. In FIG. 21, the edge of the folded flexible wiring
substrate 3 is seen.

[0008] The resin mold 5 in which the liquid crystal display
panel and backlight are stored, and the flexible wiring sub-
strate are stored in a frame usually made of a metal.

[0009] As a literature in which the foregoing structure is
described, Japanese Patent Application Laid-Open Publica-
tion No. 2005-338497 is taken for instance.

[0010] The demand that the exterior of a display device
should be made smaller with a certain size of a screen kept
intact is getting more and more intense. In FIG. 24, as a means
for further reducing the exterior, it is conceivable to, for
example, decrease the thickness of the flank of the resin mold
5. The resin mold 5 is manufactured by performing injection
molding. A lower limit of thicknesses to be attained through
fabrication based on the injection molding is 0.45 mm. For a
thickness equal to or smaller than 0.45 mm, the injection
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molding cannot be employed. Consequently, there are limi-
tations in reducing the exterior of the conventional structure
shown in FIG. 24.

[0011] If the resin mold 5 interposed between the liquid
crystal display panel and the frame 6 is excluded, the exterior
of the frame 6 can be reduced by a magnitude equivalent to the
thickness of the resin mold 5. However, in this case, the color
filter substrate 2 or TFT substrate 1 that is made of a glass and
the frame 6 that is made of a metal would come into direct
contact with each other. When a metal and a glass come into
contact with each other, there is a risk that the glass may be
cracked. In particular, if minute cracks were formed on an
edge of a glass substrate, it would be quite hazardous.
[0012] Consequently, as long as the foregoing conventional
structure is adopted, an attempt of reducing an exterior con-
fronts limitations. If the exterior were reduced, it would bring
about the risk that the glass substrate of the liquid crystal
display panel may be cracked.

SUMMARY OF THE INVENTION

[0013] The present invention is intended to overcome the
foregoing problem and to provide a construction that ensures
a certain screen size and further reduces the exterior of a
liquid crystal display device. The present invention removes
the lateral part of a mold interposed between a frame and a
liquid crystal display panel, disposes part of an optical sheet,
which is included in a backlight, between a glass substrate
and the frame for fear the glass substrate such as a TFT
substrate or acolor filter substrate may come into contact with
the frame, and thus prevents the glass substrate and the frame
made of a metal from coming into contact with each other.
The thickness of the optical sheet is about 0.05 mm. An
adverse effect of the thickness of the optical sheet on the
external dimensions can be almost ignored compared with a
case where a resinmold is employed. Concrete means will be
described below.

[0014] (1) A liquid crystal display device includes: a liquid
crystal display panel including a TFT substrate in which pixel
electrodes and thin-film transistors (TFTs) each of which
controls a signal to be fed to the pixel electrode are disposed
in the form of a matrix, and a color filter substrate in which
color filters associated with the pixel electrodes are formed; a
backlight including multiple optical sheets and being placed
on the back of the liquid crystal display panel; and a frame
accommodating the liquid crystal display panel and the back-
light. The frame has a lateral internal wall. Part of the optical
sheet included in the backlight is interposed between the
lateral internal wall of the frame and the liquid crystal display
panel.

[0015] (2) In the liquid crystal display device set forth in
paragraph (1), the frame is made of a metal.

[0016] (3) In the liquid crystal display device set forth in
paragraph (1), part of the optical sheet included in the back-
light and interposed between the lateral internal wall of the
frame and the liquid crystal display panel serves as a spacer
for preventing the frame and the liquid crystal display panel
from coming into contact with each other.

[0017] (4) In the liquid crystal display device set forth in
paragraph (1), part of the optical sheet included in the back-
light and interposed between the lateral internal wall of the
frame and the liquid crystal display panel is part of an optical
sheet on the uppermost layer of the backlight.

[0018] (5) In the liquid crystal display device set forth in
paragraph (1), parts of the multiple optical sheets included in
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the backlight are interposed between the lateral internal wall
of the frame and the liquid crystal display panel.

[0019] (6) In the liquid crystal display device set forth in
paragraph (1), parts of the multiple optical sheets included in
the backlight are layered to lie between the lateral internal
wall of the frame and the liquid crystal display panel.

[0020] (7) In the liquid crystal display device set forth in
paragraph (1), parts of the multiple optical sheets included in
the backlight are located in different places between the lat-
eral internal wall of the frame and the liquid crystal display
panel.

[0021] (8) A liquid crystal display device includes: a liquid
crystal display panel including a TFT substrate in which pixel
electrodes and TFTs each of which controls a signal to be fed
to the pixel electrode are disposed in the form of a matrix; a
backlight including multiple optical sheets and being placed
on the back of the liquid crystal display panel; and a frame
accommodating the liquid crystal display panel, the back-
light, and a flexible wiring substrate that is attached to the
TFT substrate and that is extended to the back of the back-
light. The frame has a lateral internal wall. Part of the optical
sheet included in the backlight is interposed between the
lateral internal wall of the frame and the liquid crystal display
panel.

[0022] (9) In the liquid crystal display device set forth in
paragraph (8), part of the optical sheet included in the back-
light and interposed between the lateral internal wall of the
frame and the liquid crystal display panel exists on the long
sides of the liquid crystal display panel.

[0023] (10) In the liquid crystal display device set forth in
paragraph (8), part of the optical sheet included in the back-
light and interposed between the lateral internal wall of the
frame and the liquid crystal display panel exists on a side of
the liquid crystal display panel opposite to the side thereof on
which the flexible wiring substrate is attached.

[0024] (11) A liquid crystal display device includes: a lig-
uid crystal display panel including a TFT substrate in which
pixel electrodes and TFT's that each control a signal to be fed
to the pixel electrode are disposed in the form of a matrix, and
a color filter substrate in which color filters associated with
the pixel electrodes are formed; a backlight including mul-
tiple optical sheets and being placed on the back of the liquid
crystal display panel; and a frame accommodating the liquid
crystal display panel, backlight, and a flexible wiring sub-
strate that is attached to the TFT substrate and that is extended
to the back of the backlight. The frame has a lateral portion
and a lateral internal wall. Part of the lateral portion of the
frame corresponding to part of the TF'T substrate to which the
flexible wiring substrate is attached is notched. Part of the
optical sheet included in the backlight is interposed between
the lateral internal wall of the frame and the liquid crystal
display panel.

[0025] (12) In the liquid crystal display device set forth in
paragraph (11), part of the optical sheet included in the back-
light and interposed between the lateral internal wall of the
frame and the liquid crystal display panel exists on the side of
the liquid crystal display panel on which the flexible wiring
substrate is attached.

[0026] (13) In the liquid crystal display device set forth in
paragraph (11), part of the lateral portion of the frame corre-
sponding to part of the TFT substrate to which the flexible
wiring substrate is attached is notched. The ends of the
notched portion of the lateral portion of the frame are folded
back.
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[0027] (14) A liquid crystal display device includes: a lig-
uid crystal display panel including a TFT substrate in which
pixel electrodes and TFTs each of which controls a signal to
be fed to the pixel electrode are disposed in the form of a
matrix, and a color filter substrate in which color filters asso-
ciated with the pixel electrodes are formed; a backlight
including multiple optical sheets and being placed on the
back of the liquid crystal display panel; and a frame accom-
modating the liquid crystal display panel, backlight, and a
flexible wiring substrate that is attached to the TFT substrate
and that is extended to the back of the backlight. The frame
has a lateral portion and a lateral internal wall. Part of the
lateral portion of the frame corresponding to part of the TFT
substrate to which the flexible wiring substrate is attached is
jutted out. Part of the optical sheet included in the backlight is
interposed between the lateral internal wall of the frame and
the liquid crystal display panel.

[0028] Owing to the foregoing means, the present invention
makes it possible to reduce the exterior of a liquid crystal
display device while ensuring a certain screen size. An advan-
tage provided by each means will be described below.
[0029] According to the means (1) to the means (3), part of
the thin optical sheet employed in the backlight is used as a
spacer between a glass substrate such as the TFT substrate or
color substrate and the frame made of a metal. Consequently,
the glass substrate and frame can be prevented from coming
into direct contact with each other. Moreover, the exterior of
the display device can be reduced. Consequently, while a
screen size and reliability are ensured, the exterior of the
liquid crystal display device can be reduced.

[0030] According to the means (4), inaddition to the advan-
tage provided by the means (1) to means (3), a construction is
simplified because the optical sheet existing on the uppermost
layer of the backlight is used as a spacer.

[0031] According to the means (5), inaddition to the advan-
tage provided by the means (1) to means (3), freedom in
determining the specification for a spacer expands because
parts of the multiple optical sheets are used as a spacer.
[0032] According to the means (6), in addition to the advan-
tage provided by the means (1) to means (3), freedom in
determining the space between the liquid crystal display
panel and the frame expands because parts of the multiple
optical sheets are layered and used as a spacer.

[0033] According to the means (7), inaddition to the advan-
tage provided by the means (1) to means (3), since the mul-
tiple optical sheets are used as a spacer, as long as the shape of
each optical sheet is optimally determined, a material yield or
a yield in machining the material of the optical sheets can be
upgraded.

[0034] According to the means (8) to means (10), on the
side on which the flexible wiring substrate is attached to the
TFT substrate, the flexible wiring substrate is used as a spacer
for preventing the liquid crystal display panel and the frame
from coming into contact with each other. On the other side,
part of the optical sheet is used as a spacer. Consequently, the
contact between the liquid crystal display panel and the frame
can be reliably prevented.

[0035] According to the means (11) to means (13), part of
the lateral portion of the frame corresponding to part of the
liquid crystal display panel to which the flexible wiring sub-
strate is attached is notched. An increase in the dimensions of
the frame derived from the attachment of the flexible wiring
substrate can be suppressed. At the same time, since part of
the optical sheet is used to prevent the TFT substrate and the
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frame from coming into contact with each other, the TFT
substrate can be protected from being cracked.

[0036] According to the means (14), part of the lateral
portion of the frame corresponding to part of theliquid crystal
display panel to which the flexible wiring substrate is attached
1s jutted out. Consequently, an increase in the dimensions of
the entire frame can be suppressed. At the same time, since
part of the optical sheet is used to prevent the FTF substrate
and the frame from coming into contact with each other, the
TFT substrate can be protected from being cracked.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] These and other features, objects and advantages of
the present invention will become more apparent from the
following description when taken in conjunction with the
accompanying drawings wherein:

[0038]
[0039] FIG. 2 is an A-A sectional view of the structure
shown in FIG. 1;

FIG. 1 is a plan view of a first embodiment;

[0040] FIG.3isaB-B sectional view of the structure shown
in FIG. 1;

[0041] FIG. 4A to FIG. 4C show the shape of a resin mold;
[0042] FIG. 5is a plan view of an upper diffuse sheet;
[0043] FIG. 6 shows a combination of the resin mold and an

optical member;

[0044] FIG. 7 is a sectional view showing another form of
the first embodiment;

[0045] FIG. 8 shows another form of the upper diffuse
sheet;
[0046] FIG.9isa sectional view showing still another form

of the first embodiment;

[0047] FIG.10 shows still another form of the upper diffuse
sheet;
[0048] FIG. 11A and FIG. 11B show examples of optical

sheets employed in a second embodiment;

[0049] FIG. 12 shows an example of arrangement of prod-
ucts of an upper diffuse sheet, which is employed in the
second embodiment, in the process of manufacturing;
[0050] FIG. 13 show still another form of the optical sheets
employed in the second embodiment;

[0051] FIG. 14 is a plan view of a third embodiment;
[0052] FIG. 15 is an A-A sectional view of the third
embodiment;

[0053] FIG. 16 shows the shape of an upper diffuse sheet

employed in the third embodiment;

[0054] FIG. 17A and FIG. 17B show another examples of
optical sheets employed in the third embodiment;

[0055] FIG. 18 shows an example of arrangement of prod-
ucts of an upper diffuse sheet, which is employed in the third
embodiment, in the process of manufacture;

[0056]
[0057] FIG. 20 shows the shape of an upper diffuse sheet
employed in the fourth embodiment;

FIG. 19 is a plan view of a fourth embodiment;

[0058] FIG. 21 is a plan view of another form of the fourth
embodiment;
[0059] FIG. 22 is a plan view of still another form of the

fourth embodiment;
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[0060] FIG. 23 is a plan view of still another form of the
fourth embodiment; and

[0061] FIG. 24 is a plan view showing a related art.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS
[0062] The detailed contents of the present invention will

be disclosed below in relation to embodiments.

First Embodiment

[0063] FIG. 1isa plan view showing a first embodiment of
the present invention. FIG. 2 is an A-A sectional view of the
structure shown in FIG. 1, and FIG. 3 is a B-B sectional view
of the structure shown in FIG. 1. In FIG. 1, a color filter
substrate 2 included in a liquid crystal display panel is placed
ona TFT substrate 1. An upper sheet polarizer 7 is bonded to
the top of the color filter substrate 2. The upper sheet polarizer
7 substantially corresponds to an effective screen of the liquid
crystal display panel. The color filter substrate 2, the TFT
substrate 1, the upper sheet polarizer 7, and a lower sheet
polarizer 8§ bonded to the bottom of the TFT substrate 1
constitute the liquid crystal display panel.

[0064] TheTFT substrate 1 is designed to be larger than the
color filter substrate 2 so that an IC driver 4 which drives the
liquid crystal display panel and a flexible wiring substrate
which feeds power and an image signal to the liquid crystal
display panel can be disposed on the TFT substrate 1. In FIG.
1, the IC driver 4 and flexible wiring substrate are attached to
the lower side of the TFT substrate 1.

[0065] The flexible wiring substrate 3 is folded down to the
back of the liquid crystal display panel for the purpose of
saving a space. The liquid crystal display panel and flexible
wiring substrate 3 are stored in a frame 6 made of a metal. A
spacer 161 that is part of an optical sheet is interposed
between the liquid crystal display panel and frame 6, and thus
prevents the glass substrate, which is included in the liquid
crystal display panel, and the frame 6, which is made of a
metal, from coming into contact with each other.

[0066] FIG. 2 is an A-A sectional view of the structure
shown in FIG. 1. As described in conjunction with FIG. 1, the
TFT substrate 1 and color filter substrate 2 are layered. In the
TFT substrate 1, numerous pixels realized with pixel elec-
trodes and TFTs each of which controls a signal sent to a pixel
electrode are disposed in the form of a matrix. A liquid crystal
is sealed between the TFT substrate 1 and color filter substrate
2. The liquid crystal controls pixel by pixel light which is
emitted from the backlight, whereby an image is formed.
Since the liquid crystal cannot control light other than polar-
ized light, the lower sheet polarizer is bonded to the bottom of
the TFT substrate 1 in order to polarize light emanating from
the backlight. Light having been controlled pixel by pixel by
the liquid crystal according to an image signal is polarized
again by the upper sheet polarizer on the top of the color filter
substrate 2, whereby an image is discerned by human eyes. A
red, green, or blue filter is formed at each pixel in the color
filter substrate 2, whereby a color image is formed.

[0067] The liquid crystal display panel is placed on a resin
mold 5 with a light interceptive member 10 between them.
The resin mold 5 does not, unlike the one in the related art,
enclose the liquid crystal display panel. This is intended to
reduce the exterior of the liquid crystal display device. As the
light interceptive member 10, a black double-sided adhesive



US 2011/0164197 Al

tape is generally adopted. Owing to the double-sided adhe-
sive tape, the liquid crystal display panel and the resin mold 5
are secured.

[0068] The flexible wiring substrate 3 attached to the TFT
substrate 1 is folded down to extend on the liquid crystal
display panel and the back of a backlight. Light-emitting
diodes (LEDs) 17 are attached to the flexible wiring substrate
3, and used as a light source of the backlight. Moreover,
wiring or the like over which an image signal or power is fed
from a host to the liquid crystal panel is formed on the flexible
wiring substrate 3.

[0069] The backlight is formed under the liquid crystal
display panel. The backlight is stored in the resin mold 5. In
FIG. 2, light emanating from the LEDs 17 enters the lateral
part of a light guide plate 11. In FIG. 2, only one LED 17 is
seen. In reality, multiple LEDs 17 are disposed on the flank of
the light guide plate 11. The role of the light guide plate 11 is
to direct light, which comes through the flank of the light
guide plate, toward the liquid crystal display panel. The light
guide plate 11 is generally formed with a transparent acrylic
plate.

[0070] A reflective sheet 12 is disposed under the light
guide plate 1. The surface of the reflective sheet 12 on the side
of the light guide plate is a mirror surface, and fills the role of
reflecting light, which propagates downward from the light
guide plate 11, and directing the light toward theliquid crystal
display panel. A lower diffuse sheet 13 is disposed on the light
guide plate 11. Since the light source is realized with the
LEDs 17 and is almost a point light source, light emitted from
the light guide plate 11 toward the liquid crystal display panel
has unevenness in the intensity thereof because of the fact that
the point light source is adopted. The role of the diffuse sheet
1s to bring light from the light guide plate 11 to homogeneous
line. The thickness of the lower diffuse sheet 13 is, for
example, 0.04 mm.

[0071] A lower prism sheet 14 and an upper prism sheet 15
are placed on the lower diffuse sheet 13. The prism sheet is a
sheet having numerous prisms, whose sections extending in
one direction are triangular, formed on one side thereof at
intervals of a fine pitch. The pitch between adjoining prisms
is, for example, 0.05 mm. The prism sheet fills the role of
improving the efficiency of the backlight by focusing light in
the directions of the vertexes of the triangular sections of the
prisms so as to thus direct light emanating from the backlight
toward the liquid crystal display panel.

[0072] The direction in which the prisms are extending on
the lower prism sheet 14 is nearly perpendicular to the direc-
tion in which the prisms are extending on the upper prism
sheet 15. For example, the lower prism sheet 14 directs light,
which propagates rightward or leftward on the screen, toward
the liquid crystal display panel, while the upper prism sheet
15 directs light, which propagates upward or downward on
the screen, toward the liquid crystal display panel. Conse-
quently, light emanating from the backlight is efficiently
directed toward the liquid crystal display panel. As for the
thicknesses of the prism sheets, both the lower prism sheet 14
and upper prism sheet 15 have a thickness of about 0.06 mm.
[0073] An upper diffuse sheet 16 is placed on the upper
prism sheet 15. The major role of the upper diffuse sheet 16 is
to resolve or alleviate moire occurring between the prism
sheets and the liquid crystal display panel. When the prism
sheet is seen on a plane, the vertexes of prisms and their
surroundings are bright but the valleys and their surroundings
are dark. In other words, shades are formed to be striped at
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intervals of a fine pitch. On the other hand, in the TFT sub-
strate 1, image signal lines are formed in an up-and-down
direction at intervals of a specific pitch, and scan signal lines
are formed in a right-and-left direction at intervals of a spe-
cific pitch. The signal lines do not pass backlight. Therefore,
when the screen s seen, bright pixel parts and dark parts of the
signal lines or the like exist at intervals of a fine pitch. Con-
sequently, the prism sheets and the liquid crystal display
panel interfere with each other to cause moire.

[0074] The upper diffuse sheet 16 fills the role of making
the moire inconspicuous by utilizing a hazing effect. By
increasing the haze value of the upper diffuse sheet 16, the
moire gets more inconspicuous. However, the brightness of
the screen is degraded. The upper diffuse sheet 16 is used to
adjust the relationship between the moire and brightness. The
thickness of the upper diffuse sheet 16 is, for example, 0.06
mm. In FIG. 2, there is no gap between the upper diffuse sheet
16 and the lower diffuse sheet. Inreality, the gap may often be
created.

[0075] The mold accommodating the liquid crystal display
panel and the backlight, and the flexible wiring substrate 3
folded down to the back of the backlight are stored in the
frame 6 made of a metal. The portion of the flexible wiring
substrate 3 folded down to the back of the backlight is
clamped between the bottom of the backlight and the frame 6.
The frame 6 is generally made of a stainless steel, and the
thickness thereof is on the order of 0.3 mm.

[0076] FIG. 3isaB-B sectional view of the structure shown
in FIG. 1. The constructions of the liquid crystal display panel
and backlight have been described in conjunction with FIG. 2.
The reflective sheet 12 that is the lower part of the backlight
is fitted into a recess formed in the lower part of the resin mold
5. Consequently, the space for the backlight enclosed by the
resin mold 5, liquid crystal display panel, and reflective sheet
12 1s sealed for fear a foreign matter may enter from outside.
[0077] InFIG. 3, the upper diffuse sheet 16 is extended to
lie between the resin mold 5 and adhesive tape, led to outside
the resin mold 5, and bent upward to serve as a spacer 161
between the frame 6 and the liquid crystal display panel. The
upper diffuse sheet 16 has a thickness of 0.06 mm. The spacer
161 realized by the upper diffuse sheet 16 hardly affects the
exterior. On the other hand, the contact between the glass
substrate included in the liquid crystal display panel and the
frame 6 made of a metal can be reliably prevented by the
spacer 161.

[0078] As shown in FIG. 1, the upper diffuse sheet 16 does
not have the entire perimeter thereof jutted out of the mold
and bentupward. FIG. 4 and FIG. § show a concrete structure.
FIG. 4A is a plan view of the resin mold 5, FIG. 4B is a side
view thereof, and FIG. 4C is the other side view thereof.
Internal recesses 52 shown in FIG. 4A are places to which the
LEDs 17 are inserted. In top recesses 51 of the resin mold 5,
the spacer portions of the upper diffuse sheet 16 are placed.
Since the spacer portions of the upper diffuse sheet 16 exist at
four respective positions, the top recesses 51 of the resin mold
5 are formed at four respective positions.

[0079] FIG. 5 shows the shape of the upper diffuse sheet.
Juts constituting the spacer 161 are formed at four respective
positions on the long sides of the upper diffuse sheet. The
upper diffuse sheet has a thickness 0f 0.06 mm and is made of
an acrylic material. In FIG. 5, the spacer portions of the upper
diffuse sheet 16 are exaggerated for a better understanding. In
reality, the spacer portions are minute juts and only slightly
affect a material yield. Since the spacer portions of the upper
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diffuse sheet 16 are located at four respective positions, the
top recesses 51 of the resin mold 5 are formed at four respec-
tive positions. Since the thickness of the upper diffuse sheet
16 is as small as 0.06 mm, the top recesses 51 of the resin mold
5 shown in FIG. 4C are so shallow as to have a depth of 0.06
mm.

[0080] After the spacer portions of the upper diffuse sheet
16 are placed in the top recesses of the resin mold 5, the entire
top ofthe resin mold 5 is covered with a light interceptive film
realized with a black double-sided adhesive tape. FIG. 6
shows this state. In FIG. 6, the optical sheets included in the
backlight are stored in the resin mold 5. The upper diffuse
sheet 16 exists as the uppermost one of the optical sheets. The
Jut portions of the upper diffuse sheet 16 serving as the spacer
161 are placed in the top recesses 51 of the resin mold 5.
[0081] When the liquid crystal display panel is placed on
the black double-sided adhesive tape, the interior of the back-
light is brought to a closed space by the resin mold 5 and
liquid crystal display panel. After the resin mold 5 accommo-
dating the backlight and the liquid crystal display panel are
assembled, these parts are stored in the frame. At this time, the
spacer portions of the upper diffuse sheet 16 are bent upward
to serve as the spacer 161 between the frame 6 and the glass
substrate included in the liquid crystal display panel. Since
the upper diffuse sheet 16 is so thin as to have a thickness of
0.06 mm, it can be easily bent.

[0082] In the foregoing embodiment, the upper diffuse
sheet 16 alone is used as the spacer 161 between the liquid
crystal display panel and frame 6. In this case, the spacer
between the glass substrate and frame 6 is 0.06 mm thick. In
consideration of a deformation or the like of the frame 6 made
of a metal, the spacer between the glass substrate and frame 6
may sometimes have to be thicker. In this case, multiple
optical sheets are used as the spacer.

[0083] FIG.7isconcerned with acase where both theupper
diffuse sheet 16 and upper prism sheet 15 are used as a spacer.
The outlines of the sheets are identical to those shown in FIG.
5. Both the upper diffuse sheet 16 and upper prism sheet 15
have a thickness of 0.06 mm. The space between the glass
substrate of the liquid crystal display panel and the frame 6 is
0.12 mm wide. Even in this case, compared with a case where
the resin mold 5 is interposed between the glass substrate and
frame 6, the external dimensions are very little affected.
[0084] FIG. 7 shows an example in which the spacer 161
realized by the upper diffuse sheet 16 and a spacer 151 real-
ized by the upper prism sheet are used as a spacer. If neces-
sary, the other sheets may be employed. Assuming that all of
the four optical sheets are used as the spacer, the thickness of
the spacer is the sum total of the thicknesses of the sheets, that
is, 0.22 mm that is the sum of the thicknesses of the lower
diffuse sheet, lower prism sheet, upper prism sheet, and upper
diffuse sheet of 0.04 mm, 0.06 mm, 0.06 mm, and 0.06 mm
respectively. Even in this case, the thickness is equal to or
smaller than a half of the lower limit of the thickness attained
when the resin mold 5 is interposed between the glass sub-
strate and frame 6.

[0085] FIG. 8 shows another example of a case where the
upper diffuse sheet 16 is employed as the spacer 161. In FIG.
8, the shape of the jut portions of the upper diffuse sheet 16
serving as the spacer 161 is modified. Namely, portions N
shown in FIG. 8 are placed in the top recesses 51 of the resin
mold 5, and portions S serve as the spacer 161 between the
glass substrate of the liquid crystal display panel and the
frame 6. The shape shown in FIG. 8 is characterized in that the
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portions N placed on the resin mold 5 are narrow and the
portions serving as the spacer 161 are wide.

[0086] From the viewpoint of the spacer between the glass
substrate of the liquid crystal display panel and the frame 6,
the wider the spacer is, the securer it is. Specifically, even if
the lateral part of the frame 6 undergoes an impact to slightly
deform, the contact between the glass substrate and the frame
6 can be reliably prevented by the spacer 161. For the purpose
of sealing the interior of the resin mold 3, the area of each of
the top recesses of the resin mold 5 should not be very large.
Since the portions N of the jut portions serving as the spacer
are, as shown in F1G. 8, made small, the area of each of the top
recesses 51 of the resinmold can be reduced. Furthermore, as
shown in FIG. 8, if the narrow portions N are bent, the bend-
ing is easy to do. This advantage would be more deeply
recognized especially when portions serving as a spacer are
made very wide or multiple optical sheets are used as the
spacet.

[0087] Intheaforesaid embodiment, as showninFIG. 3 and
others, the TFT substrate 1 of the liquid crystal display panel
is directly placed on the resin mold 5 with the light intercep-
tive member 10 between them. On the other hand, for some
products, the upper sheet polarizer 7 or lower sheet polarizer
8 may be bonded to the color filter substrate 2 or TFT sub-
strate 1 so that it will almost reach the edges of the color filter
substrate 2 or TFT substrate 1. In this case, the lower sheet
polarizer 8 of the liquid crystal display panel is placed on the
top of the resin mold 5 with the light interceptive member 10
between them.

[0088] Even in this case, the present invention can be
applied in the same manner. FIG. 9 shows the situation. FIG.
9 shows another example of the A-A section of the structure
shown in FI1G. 1. FIG. 9 is different from F1G. 3 at a point that
the lower sheet polarizer 8 of the liquid crystal display panel
1s attached to the light interceptive member 10. In FIG. 9, the
spacer portions of the upper diffuse sheet 16 are placed in the
top recesses 51 of the resin mold 5. Incidentally, the lower
sheet polarizer 8 of the liquid crystal display panel is placed
directly on the portion of the resin mold 5, in which the top
recesses 51 are not formed, with the light interceptive mem-
ber 10 between them.

[0089] InFIG. 9, there is a space between the lower sheet
polarizer 8 of the liquid crystal display panel and the upper
diffuse sheet 16. The space is formed due to the thickness of
the light interceptive member 10 and is therefore very small.
In FIG. 9, the upper diffuse sheet 16 alone is used as the
spacer. For a larger thickness of the spacer, multiple optical
sheets are employed as mentioned in relation to the example
shown in FIG. 3 or the like.

[0090] In the foregoing examples, the number of optical
sheets is four. For some products, the upper diffuse sheet 16
may be excluded by applying a material that exerts a diffuse
effect, for example, a diffuse adhesive to the lower sheet
polarizer 8. In this case, other optical sheet is substituted for
the upper diffuse sheet 16. Any of three optical sheets may be
adopted, or multiple sheets or all the three sheets may be used.
[0091] Inthe aforesaid embodiment, the spacer portions of
an optical sheet constituting the spacer 161 are formed in twos
on the long sides of the optical sheet. However, the number of
spacer portions on each long side need not be confined to two.
As shown in FIG. 10, three spacer portions may be formed on
each long side if necessary, or three or more spacer portions
may be formed thereon. Otherwise, only one relatively large
spacer may be formed on each long side. In either case, since
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each optical sheet is thin, the optical sheet can be easily bent
to be used as a spacer. If necessary, each optical sheet may be
shaped like the one shown in FIG. 8. Thus, bending the spacer
portions gets easier.

Second Embodiment

[0092] FIG. 11A shows the shape of an optical sheet to be
used as the spacer 161 in the second embodiment. In the
second embodiment, multiple optical sheets are used to com-
plete a spacer between the glass substrate of the liquid crystal
display panel and the frame 6. FIG. 11A shows a case where
juts serving as the spacer 161 are formed at a left upper
position and a right lower position respectively on the upper
diffuse sheet 16. The spacer 161 shown in FIG. 11A does not
fully fill the role of a spacer. In FIG. 11B, juts serving as a
spacer 151 are formed at a left lower position and a right upper
position respectively on the upper prism sheet 15 to be used as
a spacer. The spacer 161 of the upper diffuse sheet shown in
FIG. 11A and the spacer 151 of the prism sheet 15 shown in
FIG. 11B are used to form a well-balanced spacer between the
glass substrate of the liquid crystal display panel and the
frame 6.

[0093] Themerit ofthe above construction is that a material
vield can be upgraded as shown in FIG. 12. Although juts
serving as a spacer and being formed on an optical sheet are
small, when press working is adopted for the formation, the
material yield is degraded a little. When products of an optical
sheet are delineated and pressed as shown in FIG. 12, the
material yield can be upgraded. FIG. 12 shows an example of
the upper diffuse sheet 16. Needless to say, the same applies
to any other sheet, for example, the upper prism sheet.
[0094] FIG. 13 shows another form of the present embodi-
ment. In FIG. 13, one spacer is formed from each of optical
sheets, that is, the spacer 161 is formed from the upper diffuse
sheet 16, the spacer 151 is formed from the upper prism sheet
15, a spacer 141 is formed from the lower prism sheet 14, and
a spacer 131 is formed from the lower diffuse sheet 13. The
merit of this construction is that when optical sheets are
assembled to complete a backlight, the optical sheets can be
prevented from being left unincorporated. Since the optical
sheets are thin and small, even if any of the optical sheets is
left unincorporated during assembling, the fact is not readily
recognized. After a product is completed, the fact is revealed
to degrade a manufacture yield.

[0095] As shown in FIG. 13, assuming that each sheet has a
jut portion serving as a spacer, when optical sheets or the like
are stored in a resin mold, whether all the optical sheets have
been inserted can be decided by checking if the spacers exist
in the top recesses 51 of the resin mold 5. In this case, the
thicknesses of the sheets may be slightly different from one
another, the difference is on the order of 0.01 mm and poses
no problem in terms of the capability of a spacer.

Third Embodiment

[0096] The first and second embodiments are concerned
with cases where spacer portions of an optical sheet are
formed on the long sides of a liquid crystal display panel. The
present embodiment is concerned with a case where spacer
portions are formed even on a short side of the liquid crystal
display panel. On one of the short sides of the liquid crystal
display panel on which the flexible wiring substrate 3 is
disposed, the flexible wiring substrate 3 fills the role of a
spacer between the liquid crystal display panel and the frame
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6 so as to prevent the glass substrate of the liquid crystal
display panel and the frame 6 made of a metal from coming
into contact with each other. Consequently, in the present
embodiment, spacer portions are formed on the short side of
the liquid crystal display panel opposite to the side thereof on
which the flexible wiring substrate 3 is disposed.

[0097] FIG. 14 is a plan view of the present embodiment,
and is identical to FIG. 1 showing the first embodiment except
that spacer portions included in a spacer 161 are interposed
between the short side of the liquid crystal display panel and
the frame 6. On the short side, the spacer portions included in
the spacer 161 are disposed away from the center of the short
side. This is because a liquid crystal injection hole is formed
at the center of the short side of the liquid crystal display
panel.

[0098] FIG. 15 is an A-A sectional view of the structure
shown in FIG. 14. In FIG. 15, the spacer 161 including jut
portions of the upper diffuse sheet 16 is interposed between
the glass substrate of the liquid crystal display panel and the
frame 6 on the side of the liquid crystal display panel opposite
to the side thereof on which the flexible wiring substrate 3 is
disposed. Similarly to the first embodiment, recesses in which
the jut portions of the upper diffuse sheet 16 are placed are
formed on the top of the resin mold.

[0099] FIG. 16 shows the upper diffuse sheet 16 employed
in the display device shown in FIG. 14. The jut portions
included in the spacer 161 are formed at two positions on the
short side in the same manner as they are on the long sides.
FIG. 16 shows an example in which the upper diffuse sheet 16
serves as the spacer. The spacer is not limited to the upper
diffuse sheet 16 but may be the upper prism sheet or any other
optical sheet. Moreover, as described in relation to the first
embodiment, spacer portions of multiple optical sheets may
be layered in order to increase the space between the liquid
crystal display panel and the frame 6. The space between the
liquid crystal display panel and the frame 6 may have to be
different between the short sides and the long sides. In this
case, the space between the glass substrate and the frame 6
can be varied by changing the number of spacers realized by
optical sheets so that the space will be different between the
long sides and short sides.

[0100] FIG. 17A and FIG. 17B show an example in which
two optical sheets are used to complete a spacer on the short
side. Specifically, FIG. 17A shows one spacer 161 formed on
the short side of the upper diffuse sheet 16, and FIG. 17B
shows one spacer 151 formed on the short side of the upper
prism sheet 15. The upper diffuse sheet 16 and upper prism
sheet 15 are combined to balance a spacer. The construction
features that even when a spacer is formed on the short side of
an optical sheet, the degradation in a material yield in a
longitudinal direction in FIG. 18 can be substantially pre-
vented.

[0101] Moreover, when all optical sheets have spacer por-
tions, the optical sheets can be, as mentioned in relation to the
first embodiment, prevented from being left unincorporated.
As a marker for preventing any optical sheet from being left
unincorporated, a spacer on the long sides and a spacer on the
short side can be, needless to say, used in combination.

Fourth Embodiment

[0102] FIG. 19 shows the fourth embodiment of the present
invention. The flexible wiring substrate 3 is attached to the
short side of the TFT substrate 1 of the liquid crystal display
panel, and is folded down to the back of the backlight. In the
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first to third embodiments, the flexible wiring substrate 3 is
used as a spacer on the short side for preventing the contact
between the liquid crystal display panel and the frame 6.
[0103] However, the flexible wiring substrate 3 has a lami-
nated structure, and is thicker than optical sheets are. When
the flexible wiring substrate 3 is folded down toward the back
of the backlight, a magnitude by which the flexible wiring
substrate 3 juts out is equal to or larger than the thickness of
the flexible wiring substrate 3 because of a bending stress.
The exterior of the frame 6 has to be large enough to absorb
the magnitude of jutting. This is not preferable in terms of
reduction of the exterior of the liquid crystal display device.
[0104] Inthe present embodiment, a portion of the frame 6
corresponding to the position of the flexible wiring substrate
3 is notched. Thus, an increase in the external dimensions
derived from folding down of the flexible wiring substrate 3 to
the back of the backlight can be suppressed. However, in this
case, the short side of the TFT substrate 1 of the liquid crystal
display panel and the short side of the frame 6 come into
contact with each other. For prevention of the contact, the
present invention has, as shown in FIG. 19, a spacer 161
formed with portions of an optical sheet near the corners on
the short side of the frame.

[0105] FIG. 20 shows an example of the shape of the upper
diffuse sheet 16 employed in the present embodiment. In FIG.
20, jut portions constituting a spacer 161 are formed on the
short sides ofthe TFT substrate 1 to which the flexible wiring
substrate 3 is attached. The dimension y1 of the jut portions
extended outward is larger than the jut portions on the other
sides. Optical sheets generally have the same size as the size
of the color filter substrate 2. In this embodiment, the spacer
portions have to extend to reach the edge of the TF'T substrate
1 to which the flexible wiring substrate 3 is attached. Instead
of increasing the dimension y1 of the jut portions, the length
y2 of the diffuse sheet itself may be increased. Whichever of
the dimension y and the length y2 is increased should be
determined from the viewpoint of a material yield.

[0106] Even in this case, needless to say, adjustment of the
space between the liquid crystal display panel and the frame
6 using multiple optical sheets, or usage of multiple optical
sheets to complete a spacer between the liquid crystal display
panel and the frame 6 for the purpose of upgrading a material
yield of each optical sheet, which has been described in
relation to the first embodiment, can be applied to the present
embodiment.

[0107] FIG. 21 shows another form of the present embodi-
ment. In the form shown in FIG. 19, the ends of the notched
portion of the frame 6 are unstable and readily deformed with
external force. For example, if the frame were deformed
inward due to the external force, the ends of the frame made
of a metal would come into contact with the TFT substrate 1
of theliquid crystal display panel. This brings about a fear that
the TFT substrate 1 may be cracked. In FIG. 21, the notched
portion of the frame 6 is provided with hemmed portions 61 in
order to prevent the ends of the notched portion from being
deformed with the external force. The other components are
identical to those shown in FIG. 19.

[0108] FIG. 22 shows another form of the present embodi-
ment. Even in this form, the notched portion of the frame 6 is
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hemmed in order to upgrade the strength of the notched
portion of the frame for the purpose of preventing deforma-
tion. In the example shown in FIG. 22, since the hemmed or
folded ends exist on the periphery of the frame, the ends are
liable to interfere with the outside and are accordingly sus-
ceptible to external force to be imposed on the frame 6. In the
present embodiment, the ends to be formed as the hemmed
portions 61 are folded down to the internal side of the frame
6 in order to decrease the number of occasions on which the
ends interfere with the outside. In the present embodiment,
the number of occasions on which the frame 6 is deformed
can be decreased accordingly. At the same time, the number
of occasions on which the TFT substrate 1 and the frame 6
come into contact with each other can be decreased.

[0109] FIG. 23 shows still another form of the present
embodiment, In this form, the frame 6 is not notched, but the
portion of the frame 6 corresponding to the position of the
flexible wiring substance 3 is jutted out. The space between
the TFT substrate 1 and the frame 6 is sustained by the spacer
161 formed from the upper diffuse sheet 16. According to the
present embodiment, since only a required portion of the
frame 6 is formed as the jut portion 62, the exterior of the
entire display device can be reduced. Moreover, on the short
side of the TFT substrate 1 to which the flexible witing
substrate 3 is attached, the space can be sustained by the
spacer realized by the optical sheet. Consequently, the space
can be set to a small value, and the contact between the TFT
substrate 1 and the frame 6 can be reliably prevented.

What is claimed is:

1. A liquid crystal display device comprising:

a liquid crystal display panel including a TFT substrate in

which pixel electrodes and TFTs each of which controls
a signal to be sent to the pixel electrode are disposed in
the form of a matrix, and a color filter substrate in which
color filters associated with the pixel electrodes are
formed;

abacklight including a plurality of optical sheets and being

placed on the back of the liquid crystal display panel,
and

a frame accommodating the liquid crystal display panel

and the backlight, wherein: the frame has a lateral inter-
nal wall;

part of the optical sheet included in the backlight is inter-

posed between the lateral internal wall of the frame and
the liquid crystal display panel, and

wherein parts of the plurality of optical sheets included in

the backlight are layered to lie between the lateral inter-
nal wall ofthe frame and the liquid crystal display panel.

2. The liquid crystal display device according to claim 1,
wherein parts of the plurality of optical sheets included in the
backlight are layered to lie between the lateral internal wall of
the frame and the liquid crystal display panel.

3. The liquid crystal display device according to claim 1,
wherein parts of the plurality of optical sheets included in the
backlight are located in different places between the lateral
internal wall of the frame and the liquid crystal display panel.
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