US 20100245708A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2010/0245708 A1

BABA et al. 43) Pub. Date: Sep. 30, 2010
(54) LIQUID CRYSTAL DISPLAY DEVICE Publication Classification
. . (51) Imnt.CL
(75) Inventors: Masashi BABA, Chiba (JP); Ikuko GO2F 1/1333 (2006.01)
Imajo, Mobara (JP) (52) UsS. CLe oo 349/58
Correspondence Address: 67 ABSTRACT
ANTONELLI, TERRY, STOUT & KRAUS, LLP Provided is a liquid crystal display device including a frame
1300 NORTH SEVENTEENTH STREET, SUITE  for accommodating light emitting diode substrates, the frame
1800 including: a first surface opposed to the light emitting diode
ARLINGTON, VA 22209-3873 (US) substrates; a second surface that erects from the first surface
around the light emitting diode substrates; and a third surface
(73) Assignee: Hitachi Displays, Ltd. on an opposite side to the first surface; a connector attached to
each of the light emitting diode substrates; a circuit board
. disposed on the third surface of the frame; and at least one
(1) Appl.No:: 12/730,463 cable for electrically connecting the connector with the cir-
) cuit board. The at least one cable extends from the connector
(22) Filed: Mar. 24, 2010 in adirection approaching the circuit board on the first surface
so as to detour around the light emitting diode substrates,
(30) Foreign Application Priority Data passes through the frame from the first surface to the third
surface, and is electrically connected to the circuit board on
Mar. 27,2009  (JP) coeeeiceiiieee 2009-078065 the third surface.
14
a8 46 ?4 128 4}8 4JG 3?
A\ \l { { /
Lood
A R — U

52

<

OO0 000000000 O0O0OOCO0O0O0DO0O0O0O00O0OCO0Oo
O 000000000 O0O0fo00000O00O0CO0O0O0
O 000000000 O0O0lOCOO0OODOQOQOO0OC0C OO0 O
O 00 000 0000000000000 0C0 000
OO0 0000 0CO0ODO0OO0OO0C|IIO0O0O0O0O0O0O0O0CO0O0O0
OO0 0000000000000 00O0O0O0O0O0oO0
OO0 00000 0OCOO0OC0IIOOO0OODO0DOCOO0OO0O0O0OO0
O 0000000000 0OOOOO OO OO0 OO0 o
OO0 0000 C OO0 OO0 ojjo o

OO0 000000000 00000000 00 000
OO0 000000000 O0O0CO00O0O0O0O0O0O0O0O0

OO0 0000C0CO0OO0OO0O0 0000000000000 O0

OO0 0000 CO0OO0OO0O0 0l)loo0

|
|




Patent Application Publication  Sep. 30,2010 Sheet 1 of 6 US 2010/0245708 A1

18— £ 32
nt frrr
o) (o |

66 42 22 38




Patent Application Publication  Sep. 30,2010 Sheet 2 of 6 US 2010/0245708 A1

FIG.2

0000000000000 00O
0000000000000 00O0
0000000000000 00O
0000000000000 000
0000000000000 00O0
000000000000 OO00O
0000000000000 00O0
0000000000000 00O0
0000000000000 00O0
0000000000000 00O0
0000000000000000)| |||+ %
0000000000000000| ||| —30
0000000000000000L1| 1
©0000000000000006 N ,,
0000000000000 00O0
0000000000000 00O0| ||l36
0000000000000 00O0
0000000000000 000
0000000000000 00O0
00000000DO00O0000O0
0000000000000 0O0O0
7 ||| |o000000000000000| |||
I 000000000000000O0 I
0000000000000 DOO0O0




Patent Application Publication  Sep. 30,2010 Sheet 3 of 6 US 2010/0245708 A1

00

FARY Y|
i S

FIG.3

38
2

28

24

40




Patent Application Publication  Sep. 30,2010 Sheet 4 of 6 US 2010/0245708 A1

FIG.4

m 3(4 3(3 4)6 4}6 331
\ A \I { { /
b bl b e

52
56

<~

OO0 00000000 O0OOC|lOOOOO0ODO0OOOO O
LO 0O 0O 0O 0000000000000 0DO00O0O0O0O
0O 000000000 O0OO0|lOOODOCCOOOOOOO0 O
O 0O0O0O0O0OO0ODO0OD0ODOCOOOOOOCOOCOOOOOO
OO0 0000000 OCOCOC|loOOOODODODOODODOOO
OO0 000000000 O0O|lO0OOOCO0ODOOCOOOO
O 000000000 OUC/|looooooooooo o0
00 0DO0OO0O0ODOCOODOOO|lOCOO0OO0OOOOOO O
lOOOOODOO0OD0OD0ODOCOOI0O0OO0OD0D0O0DO0O0OO0CO0OO0OO0O0
%0 O 0O 0000000 O0OO0O|OOODO0OO0ODOCOO0OO0O0O0O0
0 000000000 O0OOC|loO0OODODODOOOOO O
O 00O O0O0OO0OOCCOOOOCO|OOOCOBOOOOOTO O
LO O O0OO0OCO0OO0OO0CO0OO0OO0O0OI0O0O0O0O0O0O0O0O0O0O0O0
FO OO 0OO0OO0OO0O0OO0O0OO|OOOOOO0OO0O0OO0O
OO0 0000000 O0COOQIooO0oOO0OODODODODOO0OCO

5(3 OO0 C 00000000000 00000000 O0

34 34 34 34



Patent Application Publication  Sep. 30,2010 Sheet 5 of 6 US 2010/0245708 A1

(
9
¢
G
q
SN
q
0 cg
o (
(
%”—\C_ﬂ\_ﬁ o
C
qi—s
P —{ )
q E““”‘ ©
¢

jo
90
Q20
52




Patent Application Publication  Sep. 30,2010 Sheet 6 of 6 US 2010/0245708 A1

FIG.6

52
56 54 50

44

~— 36

£~ 22




US 2010/0245708 A1

LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2009-78065 filed on Mar. 27, 2009, the
content of which is hereby incorporated 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.

[0004] 2. Description of the Related Art

[0005] It has been known to use light emitting diodes as

light sources for a backlight of a liquid crystal display device.
For example, in a structure disclosed in each of JP 2007-
305584 A (related U.S. application: US 2007/0258266) and
JP 2007-311561 A (related U.S. application: US 2009/
0109655), a plurality of light emitting diodes are mounted on
each of a plurality of light emitting diode substrates. A con-
nector is attached to the each of the plurality of light emitting
diode substrates, and a cable is provided for establishing
connection with a drive circuit. As the plurality of light emit-
ting diode substrates are accommodated in a frame, it is
concerned how to arrange the cables.

[0006] When the cables are arranged on a rear surface (sur-
face opposite to a surface on which the light emitting diode
substrates are arranged) of the frame, space for other parts to
be arranged may be reduced. Further, in a case where the
frame has an attachment portion for attachment with other
parts, arrangement of the cables on the rear surface hinders
the attachment.

SUMMARY OF THE INVENTION

[0007] The present invention has an object to arrange a
cable without hindering arrangement of other parts or attach-
ment with other parts, and therefore employs the following
means.

[0008] (1) A liquid crystal display device according to the
present invention includes: a liquid crystal display panel; a
plurality of light emitting diode substrates each having a
plurality of light emitting diodes mounted thereon; a frame
for accommodating the plurality of light emitting diode sub-
strates, the frame including: a first surface opposed to the
plurality of light emitting diode substrates; a second surface
that erects from the first surface around the plurality of light
emitting diode substrates; and a third surface on an opposite
side to the first surface; a connector attached to each of the
plurality of light emitting diode substrates; a circuit board
disposed on the third surface of the frame; and at least one
cable for electrically connecting the connector with the cir-
cuit board, in which the at least one cable extends from the
connector in a direction approaching the circuit board on the
first surface so as to detour around the plurality of light
emitting diode substrates, passes through the frame from the
first surface to the third surface, and is electrically connected
to the circuit board on the third surface. According to the
present invention, at least one cable is arranged on the first
surface, and hence the cable does not hinder arrangement of
other parts or attachment with other parts.

[0009] (2) In the liquid crystal display device according to
item (1), the plurality of light emitting diode substrates may
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be arranged so as to avoid an end portion of the first surface,
and the at least one cable may be arranged so as to run on the
end portion of the first surface.

[0010] (3) The liquid crystal display device according to
item (2) may further include a reflection sheet that is disposed
on the plurality of light emitting diode substrates and has a
plurality of holes formed therein, each of the plurality of light
emitting diodes being disposed inside each of the plurality of
holes, and the reflection sheet may have a shape that extends
so as to cover above the at least one cable and go over the
second surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] In the accompanying drawings:

[0012] FIG. 1is a cross sectional view illustrating a part of
aliquid crystal display device according to an embodiment of
the present invention;

[0013] FIG. 2 is aplan view illustrating a backlight of FIG.
1 in a state where a diffusion plate is removed;

[0014] FIG. 3 is an enlarged view of a cross section taken
along the line in the backlight of FIG. 2;

[0015] FIG. 4 is a plan view illustrating the backlight of
FIG. 2 in a state where a reflection sheet is removed;

[0016] FIG. 5 is an enlarged view of a cross section taken
along the line V-V in the backlight of FIG. 4; and

[0017] FIG. 6 is a view illustrating a bottom surface of the
backlight of FIG. 4.

DETAILED DESCRIPTION OF THE INVENTION

[0018] Hereinafter, an embodiment ofthe present invention
is described with reference to the accompanying drawings.
[0019] FIG. 1is a cross sectional view illustrating a part of
a liquid crystal display device according to the embodiment
of the present invention. The liquid crystal display device
includes a liquid crystal display panel 10.

[0020] Theliquid crystal display panel 10 includes a pair of
substrates 12. Liquid crystal 14 is held between the substrates
12. One of the substrates 12 is a thin film transistor (TFT)
substrate (or array substrate) including a thin film transistor, a
pixel electrode, wiring, and the like. The other one of the
substrates 12 is a color filter substrate. The liquid crystal
display panel 10 may be driven by any mode such as in-plane
switching (IPS) mode, twisted nematic (TN) mode, or verti-
cal alignment (VA) mode. An electrode and wiring according
to the adopted driving mode are formed. A flexible printed
wiring board 16 is attached to the liquid crystal display panel
10. The flexible printed wiring board 16 is electrically con-
nected to a circuit board 20 on which an integrated circuit chip
18 is mounted. The integrated circuit chip 18 has a built-in
driver circuit of the liquid crystal display panel 10.

[0021] The liquid crystal display device includes a back-
light 22. The backlight 22 includes a plurality of light emit-
ting diodes 24 as light sources. A diffusion plate 26 is
arranged above the light emitting diodes 24 with a space
therebetween. Light emitted from the light emitting diodes 24
is diffused by the diffusion plate 26, to thereby reduce bright-
ness unevenness.

[0022] FIG. 2is a plan view illustrating the backlight 22 of
FIG. 1 in a state where the diffusion plate 26 is removed. FIG.
3 is an enlarged view of a cross section taken along the line in
the backlight 22 of FIG. 2. The backlight 22 includes a reflec-
tion sheet 28. A plurality of holes 30 are formed in the reflec-
tion sheet 28, and the plurality of light emitting diodes 24 are
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inserted through the plurality of holes 30, respectively. The
light emitted from the light emitting diodes 24 is reflected by
the reflection sheet 28.

[0023] FIG. 4is a plan view illustrating the backlight 22 of
FIG. 2 in a state where the reflection sheet 28 is removed. FIG.
5 is an enlarged view of a cross section taken along the line
V-V in the backlight 22 of FIG. 4. The backlight 22 includes
a plurality of light emitting diode substrates 32. The plurality
oflight emitting diode substrates 32 are arranged in a plurality
of rows and a plurality of columns. Each of the light emitting
diode substrates 32 has a rectangular flat shape. Two light
emitting diode substrates 32 are arranged such that short sides
thereof are opposed to each other. Further, the plurality of
light emitting diode substrates 32 are arranged such that long
sides of adjacent ones are opposed to each other.

[0024] The plurality of light emitting diodes 24 are
mounted on each of the plurality of light emitting diode
substrates 32. Brightness of the light emitting diodes 24
mounted on one light emitting diode substrate 32 is adjusted
to be different from that of another light emitting diode sub-
strate 32. Conversely, a voltage different for each light emit-
ting diode substrate 32 may be applied according to differ-
ence in characteristics of the light emitting diodes 24 of each
light emitting diode substrate 32, to thereby make uniform the
brightness of the light emitting diodes 24 of all the light
emitting diode substrates 32. The reflection sheet 28 (see FIG.
2) is disposed on the plurality of light emitting diode sub-
strates 32.

[0025] A connector 34 is attached to each of the light emit-
ting diode substrates 32. The connector 34 is electrically
connected to the plurality of light emitting diodes 24 mounted
on the corresponding light emitting diode substrate 32. In the
example of FIG. 4, the connector 34 is attached to one end
portion of the rectangular light emitting diode substrate 32 in
its longitudinal direction. Further, with regard to the two light
emitting diode substrates 32 having the short sides opposed to
each other, the connectors 34 are attached to respective end
portions thereof that are most distant from each other in the
longitudinal direction.

[0026] The backlight 22 includes a frame 36. The frame 36
accommodates the plurality of light emitting diode substrates
32.The frame 36 has a first surface 38 opposed to the plurality
oflight emitting diode substrates 32. The light emitting diode
substrates 32 are bonded to the first surface 38. The first
surface 38 has a rectangular shape, and long sides of the first
surface 38 are parallel to the long sides of the light emitting
diode substrates 32. The plurality of light emitting diode
substrates 32 are arranged so as to avoid an end portion
(peripheral end portion) of the first surface 38.

[0027] That is, the end portion of the first surface 38 is
exposed around the plurality of light emitting diode sub-
strates 32 even after the plurality of light emitting diode
substrates 32 are bonded to the first surface 38.

[0028] The frame 36 has a second surface 40 that erects
from the first surface 38 around the plurality of light emitting
diode substrates 32. The second surface 40 may extend per-
pendicularly or obliquely with respect to the first surface 38.
The reflection sheet 28 has a shape that extends from above
the first surface 38 to go over the second surface 40.

[0029] FIG. 6 is a view illustrating a bottom surface of the
backlight 22 of FIG. 4. The frame 36 has a third surface 42 on
the opposite side to the first surface 38. The third surface 42
also has a rectangular shape, and long sides of the third
surface 42 are parallel to the long sides of the first surface 38.
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The frame 36 has through holes 44 that pass through the first
surface 38 and the third surface 42. The through holes 44 are
located at the end portions of the first surface 38 and the third
surface 42. The through holes 44 are located so as not to be
covered by the light emitting diode substrates 32.

[0030] The through holes 44 include first through holes 46
and second through holes 48. The first through holes 46 are
located at the end portion of the first surface 38 or the third
surface 42 on the side of a short side thereof. The second
through holes 48 are located at the end portion of the first
surface 38 or the third surface 42 on the side of a long side
thereof. The first through holes 46 are formed next to the
connectors 34 that are each attached to one (in FIG. 4, upper
one) of the two light emitting diode substrates 32 having the
short sides opposed to each other, whereas the first through
holes 46 are not formed next to the connectors 34 that are each
attached to another one (in FIG. 4, lower one) of the two light
emitting diode substrates 32. Further, the second through
holes 48 are formed to be located closer to the first through
holes 46 with respect to the midpoint of the long sides of the
first surface 38 or the third surface 42. The second through
holes 48 are formed next to the one (in FIG. 4, upper one) of
the two light emitting diode substrates 32 having the short
sides opposed to each other, whereas the second through
holes 48 are not formed next to the another one (in FIG. 4,
lower one) of the two light emitting diode substrates 32.
[0031] A circuit board 50 is disposed on the third surface 42
of the frame 36 so as not to block the through holes 44.
Electronic parts (not shown) for controlling the light emitting
diodes 24 are mounted on the circuit board 50. The circuit
board 50 is located to be closer to the through holes 44 with
respect to the center of the first surface 38 or the third surface
42.

[0032] The backlight 22 includes cables 52 for electrically
connecting the connectors 34 with the circuit board 50. It
should be noted that the reflection sheet 28 is disposed so as
to cover above the cables 52. The cables 52 include first cables
54 and second cables 56.

[0033] The first cable 54 extends from the connector 34
next to which the first through hole 46 is formed. The first
cable 54 passes through the frame 36 from the first surface 38
side to the third surface 42 side via the first through hole 46
closest thereto, and is electrically connected to the circuit
board 50 on the third surface 42.

[0034] The second cable 56 extends from the connector 34
in a direction approaching the circuit board 50 on the first
surface 38 so as to detour around the plurality of light emitting
diode substrates 32. Specifically, the second cable 56 that
extends from the connector 34 next to which the first through
hole 46 is not formed is arranged so as to run on the end
portion of the first surface 38. The second cable 56 passes
through the frame 36 from the first surface 38 side to the third
surface 42 side via the second through hole 48, and is elec-
trically connected to the circuit board S0 on the third surface
42 similarly to the first cable 54.

[0035] According to this embodiment, at least one cable 52
is arranged on the first surface 38, and hence the cable does
not hinder arrangement of other parts or attachment with
other parts.

[0036] The present invention is not limited to the above-
mentioned embodiment, and may be variously modified. For
example, the structure of the embodiment described above
may bereplaced by a structure that is substantially the same as
that of the embodiment, a structure that provides the same
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action and effect as those of the embodiment, or a structure
that may achieve the same object as that of the embodiment.
[0037] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.
What is claimed is:
1. A liquid crystal display device, comprising:
a liquid crystal display panel;
a plurality of light emitting diode substrates each having a
plurality of light emitting diodes mounted thereon;
a frame for accommodating the plurality of light emitting
diode substrates, the frame including:
a first surface opposed to the plurality of light emitting
diode substrates;
a second surface that erects from the first surface around
the plurality of light emitting diode substrates; and
a third surface on an opposite side to the first surface;
a connector attached to each of the plurality of light emit-
ting diode substrates;
a circuit board disposed on the third surface of the frame;
and
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at least one cable for electrically connecting the connector

with the circuit board,

wherein the at least one cable extends from the connector in

a direction approaching the circuit board on the first
surface so as to detour around the plurality of light
emitting diode substrates, passes through the frame from
the first surface to the third surface, and is electrically
connected to the circuit board on the third surface.

2. The liquid crystal display device according to claim 1,
wherein:

the plurality of light emitting diode substrates are arranged

s0 as to avoid an end portion of the first surface; and
the at least one cable is arranged so as to run on the end
portion of the first surface.

3. The liquid crystal display device according to claim 2,
further comprising a reflection sheet that is disposed on the
plurality of light emitting diode substrates and has a plurality
of'holes formed therein, each of the plurality of light emitting
diodes being disposed inside each of the plurality of holes,

wherein the reflection sheet has a shape that extends so as

to cover above the at least one cable and go over the
second surface.
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