US 20140111735A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2014/0111735 Al

CHO et al.

(43) Pub. Date:

Apr. 24,2014

(54)

(71)

(72)

LIQUID CRYSTAL DISPLAY APPARATUS

Applicant: SAMSUNG DISPLAY CO., LTD.,
Yongin-city (KR)

Inventors: Joo Woan CHO, Asan-si (KR);
Sangheon YE, Cheonan-si (KR)

(73) Assignee: Samsung Display Co., Ltd., Yongin-city
(KR)
(21) Appl. No.: 13/835,531
(22) Filed: Mar. 15,2013
(30 Foreign Application Priority Data
Oct. 23,2012 (KR) cocoececcccicne, 10-2012-0118023

121
122
1231
1241

120

(1)

(52)

(7)

Publication Classification

Int. CL.

GO2F 1/1335 (2006.01)

U.S. Cl.

CPC .o, GO2F 1/133608 (2013.01)

USPC v 349/58; 29/592.1
ABSTRACT

A liquid crystal display apparatus includes a display panel
that displays an image, a backlight unit that provides a light to
the display panel, and a frame that accommodates the display
panel and the backlight unit. The backlight unit includes a
light source that emits the light, a diffusion plate that diffuses
the light from the light source, an optical sheet that condenses
the diffused light and provides the condensed light to the
display panel, and a clip that couples the diffusion plate and
the optical sheet.
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Fig. 3A
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Fig. 4
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Fig. 5
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Fig. 7A
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LIQUID CRYSTAL DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application priority from and the benefit of
Korean Patent Application No. 10-2012-0118023, filed on
Oct. 23, 2012, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND
[0002] 1. Field of the Invention
[0003] Exemplary embodiments of the present invention

relate to a liquid crystal display.

[0004] More particularly, the present invention relates to a
liquid crystal display apparatus capable of preventing an opti-
cal sheet from being wrinkled.

[0005] 2. Description of the Background

[0006] Inrecent years, various display apparatuses, such as
a liquid crystal display apparatus, an organic light emitting
diode display apparatus, an electrowetting display apparatus,
aplasma display panel apparatus, and an electrophoretic dis-
play apparatus have been developed.

[0007] Among them, the liquid crystal display apparatus
typically includes a display panel including two substrates
and a liquid crystal layer disposed between the two substrates
and a backlight unit providing light to the display panel. The
liquid crystal display apparatus is manufactured to have a flat
shape. but in recent years the liquid crystal display apparatus
has been developed to have a curved shape.

[0008] The backlight unit can be classified into an edge
illumination type and a direct illumination type. The edge
illumination type backlight unit includes a light source emit-
ting the light, a diffusion plate diffusing the light from the
light source, and an optical sheet disposed on the diffusion
plate. Different from the diffusion plate having rigidity, the
optical sheet is a very thin and easily bent. That is, the optical
sheet is easily deformed by external impacts. When the opti-
cal sheet is formed of a resin material, the optical sheet is
easily expanded or contracted by heat. As a result, the optical
sheet may become wrinkled.

[0009] Therefore, there is a need for an approach to solve
the above problems.

SUMMARY

[0010] These and other needs are addressed by the present
invention, in which exemplary embodiments provide a liquid
crystal display apparatus capable of preventing an optical
sheet from being wrinkled, bent, expanded, or contracted.
[0011] Additional features of the invention will be set forth
in the description which follows, and in part will be apparent
from the description, or may be learned by practice of the
invention.

[0012] Still other aspects, features, and advantages of the
present invention are readily apparent from the following
detailed description, simply by illustrating a number of par-
ticular embodiments and implementations, including the best
mode contemplated for carrying out the present invention.
The present invention is also capable of other and different
embodiments, and its several details can be modified in vari-
ous obvious respects, all without departing from the spirit and
scope of the present invention. Accordingly, the drawing and
description are to be regarded as illustrative in nature, and not
as restrictive.
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[0013] Exemplary embodiments of the present invention
disclose a display apparatus. The display apparatus includes a
display panel to display an image. The display apparatus also
includes a backlight unit to provide a light to the display
panel. The display apparatus includes a frame to accommo-
date the display panel and the backlight unit. The backlight
unit includes a light source. The backlight unit also includes
adiffusion plate to diffuse the light from the light source. The
backlight unit also includes an optical sheet to condense the
diffused light and to provide the condensed light to the dis-
play panel. The backlight unit includes a clip to couple the
diffusion plate and the optical sheet.

[0014] Exemplary embodiments of the present invention
disclose a method. The methods includes disposing a display
panel, a backlight unit, and a frame, the frame accommodat-
ing the display panel and the backlight unit, wherein the
backlight unit comprises a light source, a diffusion plate, an
optical sheet, and a clip. The method also includes forming a
plurality of protrusions to a top portion or a bottom surface of
the diffusion plate in an outward direction, the diffusion plate
having a structural rigidity. The method includes forming the
optical sheet having a plurality of engaging holes and the
engaging holes are disposed adjacent to an end portion of the
optical sheet, wherein the protrusions are formed respectively
correspond to the engaging holes and are disposed on upper
side surface and the lower side surface ofthe diffusion plate to
be spaced apart from each other, and wherein the engaging
holes are disposed on the top portion and a bottom portion of
the optical sheet to be spaced apart from each other. The
method includes disposing a clip to couple the diffusion plate
and the optical sheet.

[0015] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate exemplary embodiments of the invention, and
together with the description serve to explain the principles of
the invention.

[0017] FIG. 1is a perspective view showing a liquid crystal
display apparatus according to exemplary embodiments of
the present invention.

[0018] FIG. 2A is an enlarged perspective view showing a
fixing clip shown in FIG. 1.

[0019] FIG. 2B is a cross-sectional view taken along a line
I1-11" shown in FIG. 2A.

[0020] FIG. 3A is a perspective view showing the fixing
clip coupled with a diffusion plate and an optical sheet.
[0021] FIG. 3B is a cross-sectional view taken along a line
12-12' shown in FIG. 3A.

[0022] FIG. 4 is a perspective view showing a plurality of
fixing clips shown in FIG. 1, which are coupled with a diffu-
sion plate and an optical sheet.

[0023] FIG. 5 is a perspective view showing a display
panel, a backlight unit, and a bottom plate shown in FIG. 1,
which are coupled to a first frame.

[0024] FIG. 6A is a perspective view showing a fixing clip
of a liquid crystal display apparatus according to exemplary
embodiments of the present invention.
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[0025] FIG. 6B is a cross-sectional view taken along a line
111-I11" shown in FIG. 6A.

[0026] FIG. 7A is a perspective view showing the fixing
clipshownin FIG. 6 A, which is coupled with a diffusion plate
and an optical sheet.

[0027] FIG. 7B is a cross-sectional view taken along a line
112-112' shown in FIG. 7A.

[0028] FIG. 8 is a perspective view showing a display
panel, a backlight unit, and a bottom plate coupled with a first
frame according to exemplary embodiments of the present
invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0029] An apparatus, method, and software for manufac-
turing a liquid crystal display (LCD) capable of preventing an
optical sheet from being wrinkled, bent, expanded, or con-
tracted are described. In the following description, for the
purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of the
present invention. It is apparent, however, to one skilled in the
art that the present invention may be practiced without these
specific details or with an equivalent arrangement. In other
instances, well-known structures and devices are shown in
block diagram form in order to avoid unnecessarily obscuring
the present invention.

[0030] Hereinafter, exemplary embodiments of the present
invention will be explained in detail with reference to the
accompanying drawings.

[0031] FIG.1isa perspective view showing aliquid crystal
display apparatus according to exemplary embodiments of
the present invention.

[0032] FIG. 1 shows the liquid crystal display apparatus
having a curved shape, but the liquid crystal display apparatus
should not be limited to the curved shape. That is, the liquid
crystal display apparatus may be a flat panel display appara-
tus.

[0033] Referring to FIG. 1, the liquid crystal display appa-
ratus 100 may include a display panel 110, a driver 120, a
backlight unit BLU, a bottom plate 170, a clip 180, and
frames FR1 to FR4.

[0034] Thedisplay panel 110 may have a curved shape or a
flat shape. The display panel 110 may be manufactured to
have a flat shape, but the display panel 110 can be a curved
shape by the other members, e.g., frames having the curved
shape. In this example, the display panel 110 has flexibility. In
another example, the display panel 110 may be manufactured
to have the curved shape from the beginning of the process.
The display panel 110 having the curved shape has the flat
shape in a first direction X1 and has a predetermined curva-
ture in a second direction X2 crossing the first direction X1.
Accordingly, left and right end portions of the display panel
110 are substantially in parallel to each other, and upper and
lower end portions of the display panel 110 are substantially
in parallel to each other and have the curved shape in the
second direction X2 crossing the first direction X1.

[0035] The display panel 110 may include a first substrate
111 on which a plurality of pixels (not shown) are disposed, a
second substrate 112 on which a common electrode (not
shown) may be disposed, and a liquid crystal layer 113 may
be interposed between the first substrate 111 and the second
substrate 112. The first substrate 111 and the second sub-
strates 112 face each other.
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[0036] The first substrate 111 may include a plurality of
pixel electrodes (not shown) respectively corresponding to
the pixels and a plurality of thin film transistors (not shown)
each connected to a corresponding pixel electrode of the pixel
electrodes. Thin film transistors receive data voltages in
response to gate signals and provide the data voltages to the
pixel electrodes. When the data voltages are applied to the
pixel electrodes and the common electrode is applied with a
common voltage, an arrangement of liquid crystal molecules
of the liquid crystal layer 113 is changed. According to the
change of the arrangement of the liquid crystal molecules, a
transmittance of the light provided from the backlight unit
BLU to the liquid crystal layer 113 is controlled, thereby
displaying a desired image.

[0037] The driver 120 may include a gate driver 121, a
plurality of source driver chips 122, a plurality of flexible
printed circuit boards 123 respectively corresponding to the
source driver chips 122, and a driving circuit board 124. The
source driver chips 122 form a data driver.

[0038] The gate driver 121 may be mounted on a left end
portion of the display panel 110 in an amorphous silicon TEFT
gate driver circuit (ASG) form. The gate driver 121 generates
the gate signals in response to a gate control signal provided
from a timing controller (not shown) mounted on the driving
circuit board 124. The gate signals are sequentially applied to
the pixels in the unit of row.

[0039] The source driver chips 122 may be mounted on the
flexible printed circuit boards 123, respectively, and con-
nected between the driving circuit board 123 and a lower
portion of the first substrate 111 of the display panel 110. For
example, the source driver chips 122 may be mounted on the
flexible printed circuit boards 123 in a tape carrier package
(TCP) method. However, the source driver chips 122 may be
mounted on the lower portion of the first substrate 111 of the
display panel 110 in a chip-on-glass (COG) method.

[0040] The source driver chips 122 receive image signals
and a data control signal from the timing controller mounted
on the driving circuit board 124. The source driver chips 122
generate analog data voltages corresponding to the image
signals in response to the data control signal. The data volt-
ages are applied to the pixels.

[0041] The backlight unit BLU may be disposed at a rear
side of the display panel 110 to provide the light to the display
panel 110. As described above, the transmittance of the light
provided to the display panel 110 is controlled so at to display
the desired image.

[0042] The backlight unit BLU may include an optical
sheet 130, a diffusion plate 140, a reflective sheet 150, a light
source board 160, and a light source LS. The light source LS
may include a plurality of light source units LSU to emit the
light.

[0043] Theoptical sheet 130 ofthe backlight unit BLU may
be disposed at the rear side of the display panel 110.

[0044] Insome examples, the optical sheet 130 may include
a plurality of first engaging holes 131 formed there through
and the engaging holes 131 may be disposed adjacent to end
portions of the optical sheet 130. The first engaging holes 131
of the optical sheet 130 may be disposed at upper and lower
portions of the optical sheet 130 and may be arranged in a row
direction of the optical sheet 130 when viewed in a plan view.
For example, the first engaging holes 131 of the optical sheet
130 may be spaced apart from each other at regular intervals
in each of the upper and lower portions of the optical sheet
130. The first engaging holes 131 may be formed through
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predetermined portions in each of the upper and lower por-
tions of the optical sheet 130 when viewed in a plan view.
[0045] A number of the first engaging holes 131 formed
through the upper portion of the optical sheet 130 may be
equal to a number of the first engaging holes 131 formed
through the lower portion of the optical sheet 130. FIG. 1
shows three first engaging holes 131 formed through the
upper portion of the optical sheet 130. For example, three
engaging holes 131 may also be formed through the lower
portion of the optical sheet 130. In addition, the number of the
first engaging holes 131 should not be limited to three. Fur-
ther, the upper and lower portions of the optical sheet 130 can
have different numbers of first engaging holes 131.

[0046] The optical sheet 130 may be thinner than the dif-
fusion plate 140, thus is susceptible to being bent. That is, the
optical sheet 130 is easily deformed by external forces. For
instance, the optical sheet 130 is expanded or contracted by
heat. Accordingly, the optical sheet 130 is bent in the curved
shape as the display panel 110.

[0047] Although not shown in FIG. 1, the optical sheet 130
may include a diffusion sheet, a prism sheet disposed on the
diffusion sheet, and a protective sheet disposed on the prism
sheet. The diffusion sheet diffuses the light exiting from the
diffusion plate 140. The prism sheet condenses the light dif-
fused by the diffusion sheet to allow the light to travel in a
direction substantially vertical to the display panel 110. The
light exiting from the prism sheet is vertically incident into
the display panel 110. The protective sheet protects the prism
sheet from external impacts.

[0048] The diffusion plate 140 may be disposed at the rear
side of the optical sheet 130. The diffusion plate 140 may
include a diffusion agent dispersed therein or coated thereon.
The diffusion plate 140 has rigidity, and thus the diffusion
plate 140 is not easily bent. The diffusion plate 140 may be
formed to have the curved shape as the display panel 110.
[0049] The diffusion plate 140 may include a plurality of
protrusions 141 outwardly protruded from a side surface ver-
tical to a boundary of a plane surface thereof. The plane
surface of the diffusion plate 140 may be a front surface
facing the optical sheet 130 or a rear surface facing the light
source units LSU. The protrusions 141 are disposed on an
upper side surface and a lower side surface of the diffusion
plate 140. For example, the protrusions 141 may be spaced
apart from each other at regular intervals on each of the upper
and lower surfaces of the diffusion plate 140. The protrusions
141 correspond to the first engaging holes 131, respectively.
[0050] A number of the protrusions 141 disposed on the
upper side surface of the diffusion plate 140 may be equal to
a number of the protrusions 141 disposed on the lower side
surface of the diffusion plate 140. In FIG. 1, three protrusions
141 formed on the upper side surface of the diffusion plate
140 are exemplarily shown, but three protrusions 141 may be
formed on the lower side surface of the diffusion plate 140. In
addition, the number of the protrusions 141 should not be
limited to three. Further, the number of the protrusions 141
disposed on the upper side surface of the diffusion plate 140
may differ from the number of the protrusions 141 disposed
on the lower side surface of the diffusion plate 140. The
protrusions 141 may be inserted into fixing clips FC, respec-
tively. The diffusion plate 140 diffuses the light provided
from the light source units LSU.

[0051] The reflective sheet 150 may be disposed at the rear
surface of the diffusion plate 140. The reflective sheet 150 is
provided with a plurality ofholes H formed therethrough. The
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light source board may be disposed at the rear side of the
reflective sheet 150. The light source units LSU may be
disposed on the light source board 160. The light source units
LSU may be inserted into the holes H, respectively. The light
source units LSU are configured to include light emitting
diodes, but they should not be limited to the light emitting
diodes. That is, the light source units LSU may be configured
to include fluorescent lamps. The light source units LSU may
be arranged in a matrix form. The reflective sheet 150 reflects
the light provided from the light source units LSU to allow the
light to travel to the diffusion plate 140.

[0052] The bottom plate 170 may be disposed at the rear
side of the light source board 160. The bottom plate 170
accommodates the backlight umt BLU in cooperation with
the frames FR1 to FR4. The reflective sheet 150, the light
source board 160, and the bottom plate 170 have the curved
shape as the display panel 110.

[0053] According to exemplary embodiments, the back-
light unit BLU may be a direct illumination type backlight
unit in which the light source units LSU may be disposed
under the display panel 110 to provide the light to the display
panel 110, but it should not be limited thereto or thereby. That
is, the backlight unit BLU may be an edge illumination type
backlight unit in which the light source units LSU may be
disposed at a side portion of the display panel 110 to provide
the light to the display panel 110.

[0054] The clip 180 couples the diffusion plate 140 to the
optical sheet 130. The clip 180 may include the fixing clips
FC. The fixing clips FC correspond to the protrusions 141 of
the diffusion plate 140, respectively. In addition, the fixing
clips FC correspond to the first engaging holes 131 of the
optical sheet 130, respectively. In F1G. 1, three fixing clips FC
disposed at the upper portion of the backlight unit BLU are
exemplarily shown, but three fixing clips FC may also be
disposed at the lower portion of the backlight unit BLU. In
addition, the number of the fixing clips FC should not be
limited to three.

[0055] Each of the fixing clips FC may be coupled to a
corresponding protrusion of the protrusions 141 and a corre-
sponding first engaging hole of the first engaging holes 131.
The diffusion plate 140 may be coupled to the fixing clips FC
and the optical sheet 130 may be coupled to the fixing clip FC
coupled to the diffusion plate 140. Accordingly, the optical
sheet 130 may be fixed by the fixing clips FC. The fixing clips
FC will be described in detail with reference to FIGS. 2A and
2B. The connection between the fixing clips FC, the diffusion
plate 140, and the optical sheet 130 will be described in detail
with reference to FIGS. 3A and 3B.

[0056] The frames FR1 to FR4 accommodate the display
panel 110 and the backlight unit BLU therein. For instance,
the frames FR1 to FR4 are extended along end portions of the
display panel 110, the backlight unit BLU, and the bottom
plate 170 to cover the end portions of the display panel 110,
the backlight unit BLU, and the bottom plate 170.

[0057] The frames FR1 to FR4 may include a first frame
FR1, a second frame FR2, a third frame FR3, and a fourth
frame FR4. The first frame FR1 may be disposed at the upper
portions of the display panel 110, the backlight unit BLU, and
the bottom plate 170 to cover a predetermined area of the
upper portions of the display panel 110, the backlight unit
BLU, and the bottom plate 170. The second frame FR2 may
be disposed at the lower portions of the display panel 110, the
backlight unit BLU, and the bottom plate 170 to cover a
predetermined area of the lower portions of the display panel
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110, the backlight unit BLU, and the bottom plate 170. The
third frame FR3 may be disposed at left portions of the dis-
play panel 110, the backlight unit BLU, and the bottom plate
170 to cover a predetermined area of the left portions of the
display panel 110, the backlight unit BLU, and the bottom
plate 170. The fourth frame FR4 may be disposed at right
portions of the display panel 110, the backlight unit BLU, and
the bottom plate 170 to cover a predetermined area ofthe right
portions ofthe display panel 110, the backlight unit BLU, and
the bottom plate 170.

[0058] Each of the first frame FR1 to the fourth frame FR4
may include afirstrail RA1, a second rail RA2, and a third rail
RA3, which are extended to correspond to the end portions of
the display panel 110, the backlight unit BLU, and the bottom
plate 170, and a surface of each of the first to fourth frames
FR1 to FR4 is inwardly recessed therefrom, which is adjacent
to the display panel 110, the backlight unit BLU, and the
bottom plate 170. A predetermined area of the end portion of
the display panel 110 may be inserted into the first rail RAT.
A predetermined area of the end portions of the optical sheet
130 and the diffusion plate 140, which are coupled to each
other by the fixing clips FC, may be inserted into the second
rail RA2. A predetermined area of the end portion of the
bottom plate 170 may be inserted into the third rail RA3. The
light source board 160 on which the reflective sheet 150 and
the light source units LSU are formed may be disposed
between the diffusion plate 140 and the bottom plate 170.

[0059] The first frame FR1 and the second frame FR2 are
extended in the second direction X2 and have the same cur-
vature as that of the display panel 110. That is, the first and
second frames FR1 and FR2 may be formed to have the same
curved shape as the display panel 110, the backlight umt
BLU, and the bottom plate 170. Thus, the firstrails RA1 to the
third rail RA3 of the first frame FR1 and the second frame
FR2 have the curved shape and are extended in the second
direction X2. The first frame FR1 and the second frame FR2
have a length shorter than a length of the upper and lower
portions ofthe display panel 110, the backlight unit BLU, and
the bottom plate 170 in the second direction X2. Both ends of
each of the first rail RA1 to the third rail RA3 of the first frame
FR1 and the second frame FR2 may be opened.

[0060] The predetermined area of the upper portion of the
display panel 110 is inserted into the first rail RA1 of the first
frame FR1. Although not shown in figures, the display panel
110 may include a display area in which the image is dis-
played and a non-display area, in which the image is not
displayed, disposed adjacent to the display area. That is, the
non-display area is disposed adjacent to the upper, lower, left,
and right portions of the display area. The non-display area of
the upper portion of the display panel 110 may be inserted
into the first rail RAL.

[0061] The predetermined area of the lower portions of the
source driver chips 122, the flexible printed circuit boards
123, the driving circuit substrate 124, and the display panel
110 may be inserted into the first rail RA1 of the second frame
FR2. The non-display area of the lower portions of the display
panel 110 may be inserted into the first rail RA1 of the second
frame FR2.

[0062] The predetermined area of the upper portions of the
optical sheet 130 and the diffusion plate 140, which are
coupled to the fixing clips FC, may be inserted into the second
railRA2 of the first frame FR 1. The predetermined area of the
lower portions of the optical sheet 130 and the diffusion plate
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140, which are coupled to the fixing clips FC, may be inserted
into the second rail RA2 of the second frame FR2.

[0063] The optical sheet 130 is expanded and contacted in
accordance with the temperature thereof. In order to secure a
space in which the optical sheet 130 is expanded, the upper
portions of the optical sheet 130 and the diffusion plate 140
coupled to each other by the fixing clips FC do not make
contact with an upper surface inside the second rail RA2 of
the first frame FR 1. For example, the optical sheet 130 and the
diffusion plate 140 coupled to each other by the fixing clips
FC may be inserted into the second rail RA2 of the first frame
FR1 to allow the predetermined area of the upper portions of
the optical sheet 130 and the diffusion plate 140 to be spaced
apart from the upper surface inside the second rail RA2 of the
first frame FR1 by a predetermined distance. In addition, the
lower portions of the optical sheet 130 and the diffusion plate
140 coupled to each other by the fixing clips FC do not make
contact with a lower surface inside the second rail RA2 of the
second frame FR2. For example, the optical sheet 130 and the
diffusion plate 140 coupled to each other by the fixing clips
FC may be inserted into the second rail RA2 of the second
frame FR2 to allow the predetermined area of the lower
portions of the optical sheet 130 and the diffusion plate 140 to
be spaced apart from the lower surface inside the second rail
RA2 of the second frame FR2 by a predetermined distance.
[0064] In some examples, a predetermined area of the
upper portion of the bottom plate 170 may be inserted into the
third rail RA3 of the first frame FR 1, and a predetermined area
of the lower portion of the bottom plate 170 may be inserted
into the third rail RA3 of the second frame FR2.

[0065] The third frame FR 3 and the fourth frame FR4 are
extended substantially in parallel to the first direction X1.
That 1s, the third frame FR 3 and the fourth frame FR4 do not
have the curved shape. The third frame FR 3 and the fourth
frame FR4 have a length longer than a length of each of the
left and right portions of the display panel 110, the backlight
unit BLU, and the bottom plate 170 in the first direction X1.
[0066] A predetermined area of the left portions of the
driving circuit board 124 and the display panel 110 may be
inserted into the first rail RA1 of the third frame FR3. A gate
driving circuit is disposed in the non-display area of the left
portion of the display panel 110, and the non-display area of
the left portion of the display panel 110 may be inserted into
the first rail RA1 of the third frame FR3.

[0067] A predetermined area of the right portion of the
display panel 110 may be inserted into the first rail RA1 of the
fourth frame FR4. The non-display area of the right portion of
the display panel 110 may be inserted into the first rail RA1 of
the fourth frame FR4.

[0068] A predetermined area of the left portions of the
optical sheet 130 and the diffusion plate 140 may be inserted
into the second rail RA2 of the third frame FR3. A predeter-
mined area of the right portions of the optical sheet 130 and
the diffusion plate 140 may be inserted into the second rail
RA2 of the fourth frame FR4. The optical sheet 130 is
expanded and contacted by the temperature thereof. In order
to secure the space in which the optical sheet 130 is expanded,
the left portions of the optical sheet 130 and the diffusion
plate 140 do not make contact with a left surface inside the
second rail RA2 of the third frame FR3 so as to allow the
predetermined area of the left portions of the optical sheet 130
and the diffusion plate 140 to be spaced apart from the left
surface inside the second rail RA2 of the third frame FR3 by
apredetermined distance. In addition, the right portions ofthe
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optical sheet 130 and the diffusion plate 140 do not make
contact with a right surface inside the second rail RA2 of the
fourth frame FR4 so as to allow the predetermined area of the
right portions of the optical sheet 130 and the diffusion plate
140to be spaced apart from the right surface inside the second
rail RA2 of the fourth frame FR4 by a predetermined dis-
tance.

[0069] A predetermined area of the left portion of the bot-
tom plate 170 is inserted into the third rail RA3 of the third
frame FR3 and a predetermined area of the right portion of the
bottom plate 170 is inserted into the third rail RA3 of the
fourth frame FR4.

[0070] The optical sheet 130 may be expanded by the heat
generated when the liquid crystal display apparatus 100 is
operated. Therefore, when the optical sheet 130 is not fixed,
the optical sheet 130 is sagged or wrinkled. As described
above, however, the fixing clips FC are coupled to the diffu-
sion plate 140 having rigidity and the optical sheet 130 is
coupled to the fixing clips FC. Thus, the optical sheet 130 may
be fixed by the fixing clips FC.

[0071] Consequently, the liquid crystal display apparatus
100 may prevent the optical sheet 130 from being wrinkled.
[0072] According to the present exemplary embodiments,
the first frame FR1 and the second frame FR2 have the curved
shape. but they should not be limited thereto or thereby. That
is, the third frame FR 3 and the fourth frame FR4 may have the
curved shape. In addition, the length of the first frame FR1
and the second frame FR2 in the second direction X2 is
shorter than that of the upper portion and the lower portion of
the display panel 110, but it should not be limited thereto or
thereby. That is, the length of the third frame FR 3 and the
fourth frame FR4 may be shorter than that of the upper por-
tion and the lower portion of the display panel 110.

[0073] FIG.2A is anenlarged perspective view showing the
fixing clip shown in FIG. 1 and FIG. 2B is a cross-sectional
view taken along a line I11-11' shown in FIG. 2A.

[0074] According to the present exemplary embodiments,
the fixing clips FC have the same structure and function, and
thus for the convenience of explanation, only one fixing clip
has been exemplarily shown in FIGS. 2A and 2B for an
illustration purpose. In detail, FIGS. 2A and 2B show the
fixing clip coupled to the upper portion of the diffusion plate.
[0075] Referring to FIGS. 2A and 2B, the fixing clip FC
includes a diffusion plate fixing part 10 coupled to the corre-
sponding protrusion 141 and a sheet fixing part 20 extended
from the diffusion plate fixing part 10 and inserted into the
corresponding first engaging hole 131.

[0076] For example, the diffusion plate fixing part 10 may
include a first diffusion plate fixing portion 11, a second
engaging hole 12, and a pair of second diffusion plate fixing
portions 13.

[0077] Thefirst diffusion plate fixing portion 11 is extended
in the same direction in which the upper portion of the diffu-
sion plate 140 is extended and makes contact with the upper
side surface of the diffusion plate 140. The second engaging
hole 12 is formed through a center portion of the first diffu-
sion plate fixing portion 11 and has the same shape as an
upper surface of the corresponding protrusion 141. The sec-
ond diffusion plate fixing portions 12 are extended in a direc-
tion vertical to the first diffusion plate fixing portion 10 from
both end portions of the first diffusion plate fixing portion 10,
which face each other.

[0078] The sheet fixing part 20 may include a first sheet
fixing portion 21 and a second sheet fixing portion 22. The
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first sheet fixing portion 21 is extended in a direction parallel
to the first diffusion plate fixing portion 11 and vertical to the
second diffusion plate fixing portions 13 from a plane surface
ofany one of the second diffusion plate fixing portions 13. For
instance, the first sheet fixing portion 21 is extended from the
plane surface of the second diffusion plate fixing portion 13
positioned at a left side to be parallel to the first diffusion plate
fixing portion 11 and vertical to the second diffusion fixing
portion 13 as shown in FIGS. 2A and 2B.

[0079] The second sheet fixing portion 22 is extended in a
direction vertical to the first sheet fixing portion 21 from an
end portion of the first sheet fixing portion 21 toward the first
diffusion plate fixing portion 11.

[0080] FIG. 3A is a perspective view showing the fixing
clip coupled with a diffusion plate and an optical sheet and
FIG. 3B is a cross-sectional view taken along a line 12-12'
shown in FIG. 3A.

[0081] Referring to FIGS. 3A and 3B, the diffusion plate
140 is coupled to the diffusion fixing part 10 of the fixing clip
FC. In detail, the corresponding protrusion 141 is inserted
into the second engaging hole 12. The protrusion 141 has a
height greater than a depth of the second engaging hole 12,
but it should not be limited thereto or thereby. That is, the
height of the protrusion 141 may be equal to or smaller than
the depth of the second engaging hole 12 by way of configu-
rations.

[0082] The height of the protrusion 141 is defined by a
distance between the upper surface of the protrusion 141 and
the upper side surface of the diffusion plate 140 on which the
protrusion 141 is formed. The depth of the second engaging
hole 12 is defined by a distance between upper and lower
surfaces of the first diffusion plate fixing portion 11 through
which the second engaging hole 12 is formed. When the
height of the protrusion 141 is greater than the depth of the
second engaging hole 12, the protrusion 141 inserted into the
second engaging hole 12 is projected out through the second
engaging hole 12. An inner side surface of the first diffusion
plate fixing portion 11 makes contact with the upper side
surface of the diffusion plate 140.

[0083] Inner side surfaces of the second diffusion plate
fixing portions 13, which face each other, respectively contact
an upper plane surface of the diffusion plate 140, which is
defined as a front surface facing the optical sheet 130, and a
lower plane surface of the diffusion plate 140, which is
defined as a rear surface facing the light sources LS.

[0084] The optical sheet 130 is coupled to the sheet fixing
part 20 of the fixing clip FC. For example, the second sheet
fixing portion 22 of the fixing clip FC1is inserted into the first
engaging hole 131 of the optical sheet 130. The optical sheet
130 moves downwardly, and thus the first sheet fixing portion
21 makes contact with a portion of the optical sheet 130,
which defines the first engaging hole 131 of the optical sheet
130. That is, the upper side surface defining the first engaging
hole 131 makes contact with the upper side surface of the first
sheet fixing portion 21. In addition, an inner side surface of
the second sheet fixing portion 22 and an outer side surface of
the second diffusion plate fixing portion 13, which face each
other, make contact with the upper plane surface and the
lower plane surface of the optical sheet 130 between the first
engaging hole 131 and the upper portion of the optical sheet
130. The upper plane surface of the optical sheet 130 may be
defined as a front surface facing the display panel 110 and the
lower plane surface of the optical sheet 130 may be defined as
a rear surface facing the diffusion plate 140.
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[0085] Although not shown in figures, in some examples,
the other protrusions 141 of the diffusion plate 140 are
coupled to the diffusion plate fixing parts 10 of the corre-
sponding fixing clips FC, respectively, and the other first
engaging holes 131 are coupled to the sheet fixing parts 20 of
the corresponding fixing clips FC, respectively.

[0086] Thefixing clips FC are coupled to the diffusion plate
140 having rigidity and the optical sheet 130 is coupled to the
fixing clips FC. As described above, since the optical sheet
130 may be fixed by the fixing clips FC, the liquid crystal
display apparatus 100 may prevent the optical sheet 130 from
being wrinkled.

[0087] FIG.41isa perspective view showing the fixing clips
shown in FIG. 1, which are coupled to the diffusion plate and
the optical sheet.

[0088] Referring to FIG. 4, for example, the upper and
lower portions of the diffusion plate 140 are coupled to the
fixing clips FC and the upper and lower portions of the optical
sheet 130 are coupled to the fixing clips FC. The coupling
configuration of the optical sheet 130, the diffusion plate 140,
and the fixing clips FC is the same as the above-mentioned
description and the same description may be omitted to avoid
unnecessarily obscuring the present invention.

[0089] The predetermined area of the upper portion of the
optical sheet 130 and the diffusion plate 140, which are
coupled to the fixing clips FC, is inserted into the second rail
RA2 of the first frame FR1. The predetermined area of the
lower portion of the optical sheet 130 and the diffusion plate
140, which are coupled to the fixing clips FC, is inserted into
the second rail RA2 of the second frame FR2. Thus, the first
frame FR1 and the second frame FR2 cover the upper portion
and the lower portion of the optical sheet 130 and the diffu-
sion plate 140, respectively.

[0090] FIG. 5 is a perspective view showing the display
panel, the backlight unit, and the bottom plate shown in FIG.
1, which may be coupled to the first frame.

[0091] The predetermined area of the upper portion of the
display panel 110 is inserted into the first rail RA1 of the first
frame FR1. The predetermined area of the upper portions of
the optical sheet 130 and the diffusion plate 140, which are
coupled to the fixing clips FC, is inserted into the second rail
RA2 of the first frame FR1. The predetermined area of the
upper portion of the bottom plate 170 is inserted into the third
rail RA3 of the first frame FR1. The light sources LS, the
reflective sheet 150, and the light source board 160 are dis-
posed between the diffusion plate 140 and the bottom plate
170. Due to the structure, the fixing clips FC are coupled to
the diffusion plate 140 having the rigidity and the optical
sheet 130 is coupled to the fixing clips FC. Further, in some
exemplary embodiments, as shown in FIG. 5, the fixing clips
FC may contact the first frame FR1 at, for example, the
second diffusion plate fixing portions 13 and the second sheet
fixing portions 22. Moreover, although not shown in FIG. 5,
the protrusions 141 may also contact the first frame FRI.
Similar configurations would apply to the fixing clips FC in
the second frame FR2.

[0092] Consequently, the optical sheet 130 may be fixed by
the fixing clips FC, and thus the liquid crystal display appa-
ratus 100 may prevent the optical sheet 130 from being
wrinkled.

[0093] FIG. 6A is a perspective view showing a fixing clip
of a liquid crystal display apparatus according to exemplary
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embodiments of the present disclosure and FIG. 6B is a
cross-sectional view taken along a line I11-111' shown in FIG.
6A.

[0094] In the present exemplary embodiments, the liquid
crystal display apparatus has the same structure and function
as those of the liquid crystal display device shown in FIG. 1
except for the fixing clip and the first frame. Therefore, in
FIGS. 6A and 6B, the same reference numerals denote the
same elements in FIGS. 1 to 5, and thus detailed descriptions
of the same elements will be omitted to avoid unnecessarily
obscuring the present invention. The fixing clip will be
described in detail with reference to FIGS. 6 A and 6B, and the
first frame will be described in detail with reference to FIG. 8.

[0095] Referring to FIGS. 6A and 6B, the fixing clip FC
includes a diffusion plate fixing part 10 and a sheet fixing part
20 extended from the diffusion plate fixing part 10. The
diffusion plate fixing part 10 has the same structure as that of
the diffusion plate fixing part 10 shown in FIGS. 2A and 2B,
and thus detailed description of the diffusion plate fixing part
10 will be omitted in order to avoid unnecessarily obscuring
the present invention.

[0096] The sheet fixing part 20 is extended in a direction
parallel to the first diffusion plate fixing portion 11 and ver-
tical to the second diffusion plate fixing portions 13 from a
plane surface of any one of the second diffusion plate fixing
portions 13. For instance, the sheet fixing part 20 is extended
from the plane surface of the second diffusion plate fixing
portion 13 positioned at the left side to be parallel to the first
diffusion plate fixing portion 11 and vertical to the second
diffusion fixing portion 13 as shown in FIGS. 6 A and 6B.
[0097] FIG. 7A is a perspective view showing the fixing
clip shown in FIG. 6A, which is coupled with the diffusion
plate and the optical sheet and FIG. 7B is a cross-sectional
view taken along a line 112-112' shown in FIG. 7A.

[0098] Referring to FIGS. 7A and 7B, the diffusion plate
140 is coupled to the diffusion plate fixing part 10 of the fixing
clip FC. The coupling configuration between the diffusion
plate 140 and the diffusion plate fixing part 10 of the fixing
clip FC is the same as that between the diffusion plate 140 and
the diffusion plate fixing part 10 of the fixing clip FC shown
in FIGS. 3A and 3B, and thus detailed description of the
coupling configuration between the diffusion plate 140 and
the diffusion plate fixing part 10 of the fixing clip FC will be
omitted to avoid unnecessarily obscuring the present inven-
tion.

[0099] The optical sheet 130 is coupled to the sheet fixing
part 20 of the fixing clip FC. For example, the sheet fixing part
20 of the fixing clip FC is inserted into the first engaging hole
131 of the optical sheet 130.

[0100] FIG. 8 is a perspective view showing a display
panel, a backlight unit, and a bottom plate coupled with a first
frame according to exemplary embodiments of the present
disclosure.

[0101] Referring to FIG. 8, a first frame FR1 includes a first
rail RA1, asecond rail RA2, a third rail RA3, and a fourth rail
RA4. The first rail RA1 to the third rail RA3 of the first frame
FR1 have the same structure as that of the first rail RA1 to the
third rail RA3 of the first frame FR1 shown in FIG. 5.
[0102] Thefourthrail RA4 is formed by inwardly recessing
an inner side surface of the second rail RA2 to a direction
vertical to a direction in which the second rail RA2 is
recessed. The fourth rail RA4 may have the curved shape as
that of the second rail RA2.
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[0103] The predetermined area of the upper portion of the
display panel 110 is inserted into the first rail RA1 of the first
frame FR1. The predetermined area of the optical sheet 130
and the diffusion plate 140, which are coupled to the fixing
clip FC, is inserted into the first frame FR1. The sheet fixing
part 20 of the fixing clip FC is inserted into the fourth rail RA4
of the first frame FRI1.

[0104] The predetermined area of the upper portion of the
bottom plate 170 is inserted into the third rail RA3 of the first
frame FR1. Thereflective sheet 150 and the light source board
160 on which the light source unit LSU is formed are disposed
between the diffusion plate 140 and the bottom plate 170.
[0105] Although not shown in FIG. 8, a second frame FR2
include the first rail RA1, the second rail RA2, the third rail
RA3, and the fourth rail RA4. The fourth rail RA4 of the
second frame FR2 is formed by inwardly recessing an inner
side surface of the second rail RA2 of the second frame FR2
to a direction vertical to a direction in which the second rail
RA2 of the second frame FR2 is recessed. In addition, the
sheet fixing part 20 of the fixing clip FC is inserted into the
fourth rail RA4 of the second frame FR2. Due to the structure,
the fixing clips FC are coupled to the diffusion plate 140
having the rigidity and the optical sheet 130 is coupled to the
fixing clips FC. Further, in some exemplary embodiments, as
shown in FIG. 8, the fixing clips FC may contact the first
frame FR1 at, for example, the second diffusion plate fixing
portions 13 and the second sheet fixing part 20. Moreover,
although not shown in FIG. 8, the protrusions 141 may also
contact the first frame FR1. Similar configurations would
apply to the fixing clips FC in the second frame FR2.

[0106] Consequently, since the optical sheet 130 may be
fixed by the fixing clips FC, the liquid crystal display appa-
ratus 100 may prevent the optical sheet 130 from being
wrinkled.

[0107] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display apparatus comprising:

a display panel to display an image;

abacklight unit to provide a light to the display panel; and

a frame to accommodate the display panel and the back-

light unit, the backlight unit comprising:

a light source;

adiffusion plate to diffuse the light from the light source;

an optical sheet to condense the diffused light and to
provide the condensed light to the display panel; and

a clip to couple the diffusion plate and the optical sheet.

2. The liquid crystal display apparatus of claim 1, wherein
the diffusion plate has rigidity and comprises a plurality of
protrusions protruded from a side surface thereof vertical to a
plane surface of the diffusion plate.

3. The liquid crystal display apparatus of claim 2, wherein
the optical sheet comprises a plurality of first engaging holes
formed therethrough and the first engaging holes are disposed
adjacent to an end portion of the optical sheet.

4. The liquid crystal display apparatus of claim 3, wherein
the protrusions respectively correspond to the first engaging
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holes and are disposed on upper side surface and the lower
side surface of the diffusion plate to be spaced apart from each
other.

5. The liquid crystal display apparatus of claim 3, wherein
the first engaging holes are disposed on the upper portion and
the lower portion of a plane surface of the optical sheet to be
spaced apart from each other.

6. The liquid crystal display apparatus of claim 3, wherein
the clip comprises a plurality of fixing clips, and each of the
fixing clips comprises:

a diffusion plate fixing part into which a corresponding

protrusion of the protrusions is inserted; and

a sheet fixing part extended from the diffusion plate fixing
part and inserted into a corresponding first engaging
hole of the first engaging holes.

7. The liquid crystal display apparatus of claim 6, wherein

the diffusion plate fixing part comprises:

a first diffusion plate fixing portion extended in a same
direction as the side surface of the diffusion plate and
making contact with the upper side surface of the diffu-
sion plate;

asecond engaging hole formed through a center portion of
the first diffusion plate fixing portion and having a same
shape as an upper surface of the corresponding protru-
sion of the protrusions; and

a pair of second diffusion plate fixing portions respectively
extended from end portions of the first diffusion plate
fixing portions, which face each other, to a direction
vertical to the first diffusion plate fixing portion, and
inner side surfaces of the second diffusion plate fixing
portions, which face each other, make respectively con-
tact with an upper plane surface of the diffusion plate,
which is defined as a front surface facing the optical
sheet, and a lower plane surface of the diffusion plate,
which is defined as a lower plane facing the light source.

8. The liquid crystal display apparatus of claim 6, wherein
the sheet fixing part comprises:

a first sheet fixing portion extended in a direction parallel to
the first diffusion plate fixing portion and vertical to the
second diffusion plate fixing portions from a plane sur-
face of any one of the second diffusion plate fixing
portions; and

a second sheet fixing portion extended in a direction verti-
cal to the first sheet fixing portion from an end portion of
the first sheet fixing portion toward the first diffusion
plate fixing portion.

9. The liquid crystal display apparatus of claim 8, wherein
the first and second sheet fixing portions are inserted into the
corresponding first engaging hole, an upper surface defining
the corresponding first engaging hole makes contact with an
upper surface of the first sheet fixing portion, and an inner side
surface of the second sheet fixing portion and an outer side
surface of the second diffusion plate fixing portion, which
face each other, make respectively contact with an upper
plane surface of the optical sheet, which is defined as a front
surface facing the display panel, and a lower plane surface of
the optical sheet, which is defined as a rear surface facing the
diffusion plate.

10. The liquid crystal display apparatus of claim 6, further
comprising:

areflective sheet to reflect the light from the light source to
the diffusion plate; and

abottom plate disposed at a rear side of the reflective sheet.
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11. The liquid crystal display apparatus of claim 10,
wherein the frame comprises:

a first frame disposed on an upper portion of the display
panel, the backlight unit, and the bottom plate to cover a
predetermined area of the upper portion of the display
panel, the backlight unit, and the bottom plate;

a second frame disposed on a lower portion of the display
panel, the backlight unit, and the bottom plate to cover a
predetermined area of the lower portion of the display
panel, the backlight unit, and the bottom plate;

athird frame disposed on a left portion of the display panel,
the backlight unit, and the bottom plate to cover a pre-
determined area of the left portion of the display panel,
the backlight unit, and the bottom plate; and

a fourth frame disposed on a right portion of the display
panel, the backlight unit, and the bottom plate to cover a
predetermined area of the right portion of the display
panel, the backlight unit, and the bottom plate.

12. The liquid crystal display apparatus of claim 11,
wherein each of the first frame, the second frame, the third
frame, and the fourth frame comprises first rail, second rail,
and third rail formed by inwardly recessing an inner side
surface of the first rail, the second rail, and the third rail,
which is adjacent to the display panel, the backlight unit, and
the bottom plate, and extended to correspond to the end por-
tions of the display panel, the backlight unit, and the bottom
plate.

13. The liquid crystal display apparatus of claim 12,
wherein the predetermined area of the end portion of the
display panel is inserted into the first rail, the predetermined
area of the end portion of the optical sheet and the diffusion
plate is inserted into the second rail, the predetermined area of
the end portion of the bottom plate is inserted into the third
rail, and the reflective sheet and the light source are disposed
between the diffusion plate and the bottom plate.

14. The liquid crystal display apparatus of claim 12,
wherein the fixing clips are used to couple an upper portion of
the diffusion plate and an upper portion of the optical sheet
and a lower portion of the diffusion plate and a lower portion
of the optical sheet, a predetermined area of the upper portion
of the diffusion plate and the optical sheet is inserted into the
second rail of the first frame, and a predetermined area of the
lower portion of the diffusion plate and the optical sheet is
inserted into the second rail of the second frame.

15. The liquid crystal display apparatus of claim 12,
wherein both ends of each of the first rail, the second rail, the
third rail of the first frame and the second frame are opened,
and a length between the both ends of each of the first frame
and the second frame in the direction in which the first frame
and the second frame are extended is shorter than a length of
each of the upper portion and the lower portion of the display
panel, the backlight unit, and the bottom plate.

16. The liquid crystal display apparatus of claim 12,
wherein both ends of each of the first rail, the second rail, the
third rail of the third frame and the fourth frame are blocked,
and a length between the both ends of each of the third frame
and the fourth frame in the direction in which the third frame
and the fourth frame are extended is longer than a length of
each of the left portion and right portion of the display panel,
the backlight unit, and the bottom plate.

17. The liquid crystal display apparatus of claim 12,
wherein each of the first frame and the second frame further
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comprises a fourth rail formed by inwardly recessing an inner
side surface of the second rail to a direction vertical to a
direction in which the second rail is recessed.

18. The liquid crystal display apparatus of claim 17,

wherein the diffusion plate fixing part comprises:

a first diffusion plate fixing portion extended in a same
direction as the side surface of the diffusion plate and
making contact with the upper side surface of the diffu-
sion plate;

a second engaging hole formed through a center portion of
the first diffusion plate fixing portion and having a same
shape as an upper surface of the corresponding protru-
sion of the protrusions; and

a pair of second diffusion plate fixing portions respectively
extended from end portions of the first diffusion plate
fixing portions. which face each other, to a direction
vertical to the first diffusion plate fixing portion, and the
sheet fixing part is extended in a direction parallel to the
first diffusion plate fixing portion and vertical to the
second diffusion plate fixing portions from a plane sur-
face of any one of the second diffusion plate fixing
portions and inserted into the corresponding first engag-
ing hole.

19. The liquid crystal display apparatus of claim 18,

wherein the sheet fixing part is inserted into the fourth rail.

20. The liquid crystal display apparatus of claim 1, wherein

the display panel and the backlight unit have a curved shape,
and a pair of frames facing each other among the frames has
a curved shape corresponding to the curved shape of the
display panel and the backlight unit.

21. The liquid crystal display apparatus of claim 1, wherein

the optical sheet comprises:

a diffusion sheet to diffuse the light exiting from the diffu-
sion plate;

a prism sheet disposed on the diffusion sheet to condense
the light diffused by the diffusion sheet to allow the light
to travel in a direction substantially vertical to the dis-
play panel; and

aprotective sheet disposed on the prism sheet to protect the
prism sheet.

22. A method comprising:

disposing a display panel, a backlight unit, and a frame, the
frame accommodating the display panel and the back-
light unit, wherein the backlight unit comprises a light
source, a diffusion plate, an optical sheet, and a clip;

forming a plurality of protrusions to a top portion or a
bottom surface of the diffusion plate in an outward direc-
tion, the diffusion plate having a structural rigidity;

forming the optical sheet having a plurality of engaging
holes disposed adjacent to an end portion of the optical
sheet, wherein the protrusions are formed correspond to
the respective engaging holes and are disposed on upper
side surface and the lower side surface of the diffusion
plate to be spaced apart from each other, and wherein the
engaging holes are disposed on the top portion and a
bottom portion of the optical sheet to be spaced apart
from each other; and

disposing a clip to couple the diffusion plate and the optical
sheet.
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