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(57) ABSTRACT

A backlight assembly for a liquid crystal display device
includes a bottom frame having an inner surface, printed
circuit boards on the inner surface, and a plurality of light
emitting diodes in rectangular-shaped clusters on each of the
printed circuit boards, each of the light emitting diode
clusters includes four light emitting diodes.
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BACKLIGHT ASSEMBLY FOR LIQUID CRYSTAL
DISPLAY DEVICE AND LIQUID CRYSTAL
DISPLAY DEVICE USING THE SAME

[0001] The present application claims the benefit of
Korean Patent Application No. Korean Patent Application
No. P2005-046273 filed in Korea on May 31, 2005 and
P2005-0109218 filed in Korea on Nov. 15, 2005, which are
both hereby incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a backlight assem-
bly, and more particularly, to a backlight assembly for a
liquid crystal display device and a liquid crystal display
device using the same. Although the present invention is
suitable for a wide scope of applications, it is particularly
suitable for an arrangement in which light emitting diodes
(LEDs) are used as light sources in a backlight assembly.

[0004] 2. Discussion of the Related Art

[0005] 1In general, a display device portrays information as
visual images. As communication technology has devel-
oped, a need for compact display devices has developed.
Such display device can be classified as either a self-
emitting type or a non-emitting type. A liquid crystal display
(LCD) device is representative of a non-emitting type dis-
play device.

[0006] Since the LCD device is not a self-emitting type of
display device, the LCD device requires an external light
source. Accordingly, a backlight assembly, having a fluo-
rescent lamp, is disposed on a rear surface of the LCD
device. The backlight assembly radiates light into the liquid
crystal panel of the LCD device, so that the LCD device can
display visual images. The backlight assembly includes a
light source, such as a cold cathode fluorescent lamp
(CCFL), an extemal electrode fluorescent lamp (EEFL),
and/or LEDs. Among these light sources, LEDs have the
characteristics of small size, low power consumption and
stability. Accordingly, LEDs are becoming widely used as
light sources in backlights for LCD devices.

[0007] FIG. 1 is an exploded perspective view of an LCD
device using LEDs as a light source according to the related
art. As shown in FIG. 1, the LCD device includes a liquid
crystal panel 10, a backlight assembly 20, a main frame 40,
a bottom frame 50 and a top frame 60. The liquid crystal
panel 10 includes first and second substrates (not shown),
facing each other with a liquid crystal layer (not shown)
interposed between the first and second substrates, and a
printed circuit board (PCB) 16 adjacent to the edge of the
liquid crystal panel 10. The main frame 40 surrounds the
sides of the liquid crystal panel 10 and the backlight assem-
bly 20. The bottom frame 50 covers a rear surface of the
backlight assembly 20 and can be attached to the main frame
40. The top frame 60 surrounds an edge of the liquid crystal
panel 10 and can be attached to the main frame 40.

[0008] The backlight assembly 20 includes metal core
printed circuit boards (MCPCBs) 22, LEDs 24, a reflecting
sheet 26, a transparent window 30 and optical sheets 32. The
MCPCBs 22 are disposed spaced apart from each other on
an inner surface of the bottom frame 50. A plurality of LEDs
24 are disposed on each of the MCPCBs 22. The reflecting
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sheet 26 has through-holes 28 corresponding to the LEDs
24, respectively. The reflecting sheet 26 has a white or silver
color. The reflecting sheet 26 covers the MCPCBs 22 and the
inner surface of the bottom frame 50 such that the LEDs 24
protrude through the through-holes 28, respectively. The
transparent window 30 has diverters 31 respectively corre-
sponding to the LEDs 24. The optical sheets 32 can include
a prism sheet, a diffusion sheet and other types of optical
sheets. The transparent window 30 and the optical sheets 32
are sequentially disposed over the reflecting sheet 26.

[0009] FIG. 2 is a schematic view illustrating a sequential
arrangement of LED strings of green, red, blue and green
LEDs according to the related art. As shown in FIG. 2, a
plurality of LED strings 24 are arranged on each of the
MCPCBs 22, The MCPCBs 22 are arranged spaced apart
from each other by a distance of about 60 mm on the inner
surface of the bottom frame (50 of FIG. 1). Each of the LED
strings 24 includes four LEDs in which the first and fourth
LEDs are green LEDs 24a and 244, the second LED is a red
LED 24b and the third LED is a blue LED 24c. The plurality
of LED strings 24 on each of the MCPCBs 22 emit light into
the liquid crystal panel (10 of FIG. 1) and have a length 1,
of about 40 mm. However, when the four LEDs 24a, 245,
24¢ and 24b having green, red, blue and green colors,
respectively, are used as an LED string in a backlight
assembly (20 of FIG. 1), the brightness of the red LED 245
having a red color is not sufficient for proper color rendering
on the liquid crystal panel (10 of FIG. 1).

[0010] FIG. 3 is a schematic view illustrating a sequential
arrangement of LED strings of red, green, blue, green and
red LEDs according to the related art. As shown in FIG. 3,
a plurality of LED strings 25 sequentially arranged on the
MCPCBs 22 are used as a light source of the backlight
assembly (20 of FIG. 1) to resolve the insufficient brightness
of the red LED 25b. Each LED string has five LEDs in
which the second and fourth LEDs are green LEDs 254 and
254, the first and fifth LEDs are red LEDs 255 and 25e, and
the third is a blue LED 25¢. A plurality of LED strings 25
are arranged on each of the MCPCBs 22. The MCPCBs 22
are arranged spaced apart from each other on the inner
surface of the bottom frame (50 of FIG. 1).

[0011] FIG. 4 is a schematic perspective view illustrating
LED strings using the method of field sequential control
according to the related art. As shown in FIG. 4, a white
light is produced by strobing a plurality of LED strings 25
at the same time and mixing the red, green, blue, green and
red colors. The plurality of LED strings 25 may be strobed
at the same time using a field sequential control (FSC).
When the FSC is used, moving images are displayed on the
liquid crystal panel (10 of FIG. 1) without image blur.

[0012] When the plurality of LED strings 24 or 25 having
four or five LEDs are arranged on the MCPCB, the distance
between adjacent LEDs on the MCPCB is close. The LEDs
have an elliptical shape so as to mix and produce white light.
The LCD device according to the related art has problems.
For example, the close spacing concentrates heat buildup
amongst the LEDs. Heat emitted from each of the LEDs
decreases the life span of the LEDs if the heat is not
dissipated away from the LEDs. Thus, an LCD device
according to the related art using LEDs as a light source can
have a short life span. Each of the LED strings 24 or 25 on
the MCPCBs 22 can not be sectionally strobed to increase
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contrast because a combination of LED strings are needed to
create white light. Since sectional control of the LED strings
on the MCPCBs is not possible, the LCD device using LEDs
as a light source according to the related art may have a low
contrast.

SUMMARY OF THE INVENTION

[0013] Accordingly, the present invention is directed to a
backlight assembly for a liquid crystal display device and a
liquid crystal display device using the same that substan-
tially obviate one or more of the problems due to limitations
and disadvantages of the related art.

[0014] An object of the present invention is to provide a
backlight assembly for a liquid crystal display device and a
liquid crystal display device using the same for increasing
brightness.

[0015] Another object of the present invention is to pro-
vide a backlight assembly for a liquid crystal display device
and a liquid crystal display device using the same for
increasing contrast.

[0016] An object of the present invention is to provide a
backlight assembly for a liquid crystal display device and a
liquid crystal display device using the same for preventing
a life span decrease.

[0017] Additional features and advantages of the inven-
tion 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. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0018] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, a backlight assem-
bly for a liquid crystal display device includes a bottom
frame having an inner surface, printed circuit boards on the
inner surface, and a plurality of light emitting diodes in
rectangular-shaped clusters on each of the printed circuit
boards, each of the light emitting diode clusters includes
four light emitting diodes.

[0019] In another aspect of the present invention, a back-
light assembly for a liquid crystal display device includes a
bottom frame having an inner surface, a printed circuit board
on the inner surface, and a plurality of light emitting diode
clusters on the printed circuit board, each of the plurality of
light emitting diode clusters includes five light emitting
diodes in which four light emitting diodes of the five light
emitting diodes are arranged in a rectangular shape and one
light emitting diode of the five light emitting diodes is at a
center of the rectangular shape.

[0020] In another aspect of the present invention, a liquid
crystal display device has a backlight assembly including: a
bottom frame having an inner surface; a printed circuit board
on the inner surface; a plurality of light emitting diodes in
rectangular-shaped clusters on each of the printed circuit
boards, each of the plurality of light emitting diode clusters
includes four light emitting diodes; a reflecting sheet having
through-holes corresponding to the light emitting diodes, the
reflecting sheet covering the printed circuit board and the
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inner surface of the bottom frame; a transparent window on
the reflecting sheet, the transparent window having diverters
corresponding to the four light emitting diodes of each of the
light emitting diode clusters; and a plurality of optical sheets
on the transparent window, and a liquid crystal panel on the
plurality of optical sheets, a main frame surrounding the
backlight assembly and the liquid crystal panel, and a top
frame surrounding a front edge of the liquid crystal panel.

[0021] In another aspect of the present invention, a liquid
crystal display device has a backlight assembly including: a
bottom frame having an inner surface; a printed circuit board
on the inner surface; a plurality of light emitting diodes in
rectangular-shaped clusters on each of the printed circuit
boards, each of the plurality of light emitting diode clusters
includes five light emitting diodes arranged in a rectangular
shape and one light emitting diode of the five light emitting
diodes is at a center of the rectangular shape; a reflecting
sheet having through-holes corresponding to the light emit-
ting diodes, the reflecting sheet covering the printed circuit
board and the inner surface of the bottom frame; a trans-
parent window on the reflecting sheet, the transparent win-
dow having a plurality of diverters corresponding to the five
light emitting diodes of each of the light emitting diode
clusters; and a plurality of optical sheets on the transparent
window, and a liquid crystal panel on the plurality of optical
sheets, a main frame surrounding the backlight assembly
and the liquid crystal panel, and a top frame surrounding a
front edge of the liquid crystal panel.

[0022] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] 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 embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0024] FIG. 1 is an exploded perspective view of an LCD
device according to the related art using LEDs as a light
source.

[0025] FIG. 2 is a schematic view illustrating a sequential
arrangement of LED strings of green, red, blue and green
LEDs according to the related art.

[0026] FIG. 3 is a schematic view illustrating a sequential
arrangement of LED strings of red, green, blue, green and
red LEDs according to the related art.

[0027] FIG. 4 is a schematic perspective view illustrating
LED strings using the method of field sequential control
according to the related art.

[0028] FIG. 5 is an exploded perspective view of an LCD
device using LED:s as a light source in a backlight according
to a first exemplary embodiment of the present invention.

[0029] FIG. 6 is a schematic perspective view of an
arrangement of the LED clusters according to the first
exemplary embodiment of the present invention.

[0030] FIG. 7 is an exploded perspective view of an LCD
device using LED:s as a light source in a backlight according
to a second exemplary embodiment of the present invention.
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[0031] FIG. 8 is a schematic perspective view of an
arrangement of the LED clusters according to the second
exemplary embodiment of the present invention.

[0032] FIG. 9 is a schematic perspective view of an
arrangement of the LED clusters according to a third exem-
plary embodiment of the present invention.

[0033] FIG. 10 is a schematic perspective view of an
arrangement of the LED clusters according to a fourth
exemplary embodiment of the present invention.

[0034] FIG. 11 a schematic perspective view of an
arrangement of the LED clusters according to a fifth exem-
plary embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0035] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings.

[0036] FIG. 5 is an exploded perspective view of an LCD
device using LEDs as a light source in a backlight according
to a first exemplary embodiment of the present invention. As
shown in FIG. 5, the LCD device includes a liquid crystal
panel 110, a backlight assembly 120, a main frame 140, a
bottom frame 150 and a top frame 160. The liquid crystal
panel 110 includes first and second substrates facing each
other (not shown), a liquid crystal layer (not shown) inter-
posed between the first and second substrates, and a PCB
116 adjacent to the edge of the liquid crystal panel 110. The
main frame 140 surrounds the sides of the liquid crystal
panel 110 and the backlight assembly 120. The bottom frame
150 covers a rear surface of the backlight assembly 120 and
can be attached to the main frame 140. The top frame 160
surrounds an edge of the liquid crystal panel 110 and can be
attached to the main frame 140.

[0037] The backlight assembly 120 includes metal core
printed circuit boards (MCPCBs) 122, LED clusters 127, a
reflecting sheet 126, a transparent window 130 and optical
sheets 132. The MCPCBs 122 are arranged separated from
each other on an inner surface of the bottom frame 150. A
plurality of LED clusters 127 are disposed on each of the
MCPCBs 122. The LED clusters 127 include four LEDs 124
having green, blue and red colors. The four LEDs 124 of the
LED clusters 127 are arranged in a rectangular shape, such
as a diamond shape. The reflecting sheet 126 has through-
holes 128 corresponding to the four LEDs 124, respectively.
The reflecting sheet 126 can be white or silver in color. The
reflecting sheet 126 covers the MCPCBs 122 and the inner
surface of the bottom frame 150, so that the four LEDs 124
of each of the LED clusters 127 protrude through the
through-holes 128. The transparent window 130 has divert-
ers 131 corresponding to the four LEDs 124 of each of the
LED clusters 127. The optical sheets 132 can include a prism
sheet, a diffusion sheet and other types of optical sheets.
Accordingly, light, which is directly emitted from each of
the four LEDs 124 or reflected on the reflecting sheet 126,
is dispersed by the plurality of diverters 131 of the trans-
parent window 130 and provided through the optical sheets
132 such that planar light is provided into the liquid crystal
panel 110 to display high quality images.

[0038] FIG. 6 is a schematic perspective view of an
arrangement of the LED clusters according to the first
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exemplary embodiment of the present invention. As shown
in FIG. 6, a plurality of LED clusters 127 are arranged on
each of the first, the second and the third MCPCBs 1224,
1225 and 122¢, respectively. Each of the plurality of LED
clusters 127 includes the four LEDs, which are two green
LEDs 124a and 124¢, a blue LED 1245 and a red LED 1244.
The four LEDs 124a, 1245, 124¢ and 1244 are arranged in
a diamond shape. Each of the four LEDs 124a, 1245, 124c
and 124d are separated from each other so that each of the
four LEDs 124a, 1245, 124¢ and 124d is not affected by a
heat emitted from other LEDs. When the LEDs 124 are
top-emitting LEDs, the LED clusters 127 are arranged at a
length 1, of about 20-50 mm in both the horizontal and the
vertical directions. When the LEDs 124 are side-emitting
LEDs, the LED clusters 127 are arranged at a length 1, of
about 40-200 mm in both the horizontal and the vertical
directions. A whiter light is produced by mixing light
emitted from the LED cluster 127 having the four LEDs
124a, 124b, 124c¢ and 124d arranged in a diamond pattern.
Since the green LED has a lower lumen efficiency than the
blue LED or the red LED, each LED cluster 127 has two
green LEDs 124q and 124¢, ablue LED 1245 and ared LED
1244 so that the green, blue and red colors have the same
brightness, respectively.

[0039] As mentioned above, a plurality of LED clusters
127 are arranged on each of the MCPCBs 1224, 1226 and
122¢, respectively. Each of the LED clusters 127 have a
diamond pattern. In two adjacent MCPCBs, for example the
first and second MCPCBs 1224 and 1225, a relative arrange-
ment of the red LED 124d and the blue LED 1245 in the
opposing LED clusters 127 are opposite with respect to each
other. In other words, each LED cluster 127 of the first and
third MCPCBs 122a¢ and 122c¢ has an arrangement in a
clockwise direction of green LED 124a, blue LED 1245,
green LED 124¢ and red LED 124d while the LED clusters
127 of the second MCPCB 1225 have an arrangement in the
clockwise direction of green LED 124a, red LED 124d,
green LED 124c¢ and blue LED 1245b. This arrangement
prevents the red LEDs from being arranged in a row. If the
red LEDs were arranged in a row, a red line would appear
on the liquid crystal panel (110 of FIG. 5).

[0040] Because the LED clusters have a rectangular shape,
each of the of LED clusters 122 produce white light. In other
words, a single LED cluster 122 can produce white light.
Thus, the LED clusters 122 can be sectionally strobed to
produce white light. Accordingly, the brightness of the liquid
crystal panel (110 of FIG. 5) can be sectionally controlled.
In addition, contrast can increase by turning OFF LED
clusters behind regions of the liquid crystal panel displaying
dark images and turning ON LED clusters in regions of the
liquid crystal panel displaying bright images.

[0041] The distance between two adjacent LEDs 124
within an LED cluster 127A is greater than the distance
between two adjacent LEDs in the related art LED cluster.
Further, the distance between two adjacent LED clusters on
a MCPCB 122 is at least twice as much as the distance
between two adjacent LEDs 124 within an LED cluster 127.
Because an LED in the backlight assembly according to the
first embodiment of present invention is at greater distance
away from other LEDs than the distance between adjacent
LED:s in the related art, the problem of the life span of an
LED being decreased by heat emitted from other LEDs is
resolved.
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[0042] FIG. 7 is an exploded perspective view of an LCD
device using LEDs as a light source in a backlight according
to a second exemplary embodiment of the present invention,
and FIG. 8 is a schematic perspective view of an arrange-
ment of the LED clusters according to the second exemplary
embodiment of the present invention. As shown in FIG. 7,
the LCD device includes a liquid crystal panel 210, a
backlight assembly 220, a main frame 240, a bottom frame
250 and a top frame 260. The backlight assembly 220
includes MCPCBs 222, LED clusters 227, a reflecting sheet
226, a transparent window 230 and optical sheets 232.

[0043] The MCPCBs 222 are disposed spaced apart from
each other on an inner surface of the bottom frame 250. A
plurality of LED clusters 227 are disposed on each of the
MCPCBs 222. Each of the LED clusters 227 include five
LEDs 224. The reflecting sheet 226 has a through-holes 228
corresponding to the five LEDs 224 of each of the LED
clusters 227. The reflecting sheet 226 can be white or silver
in color. The reflecting sheet 226 covers the MCPCBs 222
and the inner surface of the bottom frame 250 so that the five
LEDs 224 of each of the LED clusters 227 protrude through
the through-holes 228. The transparent window 230 has
diverters 231 corresponding to the five LEDs 224 of each of
the LED clusters 227. The plurality of optical sheets 232 can
include a prism sheet, a diffusion sheet and other types of
optical sheets.

[0044] As shown in FIG. 8, a plurality of rectangular-
shaped LED clusters 227 are arranged on each of the
MCPCBs 222. Fach of the LED clusters 227 include two
green LEDs 224a and 224c, a blue LED 224b, a red LED
224d and a white LED 224e. The four colored LEDs 224a,
224b, 224¢ and 224d are arranged in a rectangular shape,
such as a square shaped, and the white LED 224e is disposed
at a center of the rectangular shape. The two green LEDs 224
and 224c¢ are opposite to each other. The LEDs 224q, 2245,
224c, 2244 and 224e are separated from each other, so that
each of the LEDs is not affected by heat emitted from
another LED. The white LED 224e is disposed at the center
of the rectangular shape and light from the other four LEDs
mixes to produce white light. When the LEDs 224 are
top-emitting LEDs, the LED clusters 227 are arranged at a
length 1; of about 20-50 mm in both the horizontal and the
vertical directions. When the LEDs 224 are side-emitting
LEDs, the LED clusters 227 are arranged at a length 1, of
about 40-200 mm in both the horizontal and the vertical
directions. The plurality of LED clusters 227 are arranged on
each of the MCPCBs 222 such that a distance between two
adjacent LED clusters is as at least twice the distance
between two adjacent LEDs within each LED cluster.

[0045] FIG. 9 is an exploded perspective view of an LCD
device using LED:s as a light source in a backlight according
to a third exemplary embodiment of the present invention.
As shown in FIG. 9, a plurality of rectangular-shaped LED
clusters 327 are arranged on each of the MCPCBs 322. Each
of the rectangular-shaped LED clusters 327 include five
LEDs in which two LEDS are green LEDs 324a and 324c,
two LEDs are red LEDs 3245 and 3244 and one LED is a
blue LED 324e. The two green LEDs 324a and 324¢ and the
two red LEDs 324b and 324d are arranged in a rectangular
shape. such as a square shape, and the two green LEDs 324a
and 324c¢ are opposite to each other. The blue LED 324e is
disposed at a center of the rectangular shape. The LEDs 324
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of the LED clusters 327 are arranged to be separated from
each other enough so that the affect of heat emitted from
other LEDs is decreased.

[0046] A color temperature of light displayed on the liquid
crystal panel (210 of FIG. 7) rises, due to the above
arrangement. The color temperature of light is an index that
represents how hot the light is. For example, light of orange
color has a relatively low color temperature and light of blue
color has a relatively high color temperature. As the color
temperature of light into the liquid crystal panel increases,
the light from the liquid crystal panel increases in brightness.
As mentioned above, when a LED cluster including two
green LEDs, a blue LED and a red LED is used for a light
source, the brightness of the red LED is low such that the
temperature of light becomes low. By adding a second red
LED as described above, the brightness of the red color is
increased to prevent the temperature of the light from
becoming low.

[0047] FIG. 10 is a schematic perspective view of an
arrangement of the LED clusters according to the fourth
exemplary embodiment of the present invention. A plurality
of rectangular-shaped LED clusters 427 are alternately
arranged with a plurality of additional LEDs 424fon each of
a plurality of MCPCBs 422. The rectangular-shaped LED
clusters 427 include five LEDs in which two of the LED are
green LEDs 424a and 424¢, two of the LEDs are red LEDs
424b and 424d and one of the LEDs is a blue LED 424e. The
plurality of additional LEDs 424/ can be one of red, green,
blue and white color LEDs. The two green LEDs 424 and
424¢ and the two red LEDs 424b and 4244 are arranged in
a rectangular shape, such as a square shape, with the two
green LEDs 424a and 424¢ opposite from each other. The
blue LED 424e is disposed at a center of the square shape.
By disposing the additional LED 424f between the LED
clusters, the light emitted from the backlight assembly (220
of FIG. 7) has a high color temperature and the liquid crystal
panel (210 of FIG. 7) displays bright images. When the
LEDs 424 are top-emitting LEDs, the LED clusters 427 are
arranged at a length 1, of about 20-50 mm in both the
horizontal and the the vertical directions. When the LEDs
424 are side-emitting LEDs, the LED clusters 427 are
arranged at a length 1, of about 40-200 mm in both the
horizontal and the vertical directions. Further, the LEDs 424
of the LED clusters 427 are arranged to be separated from
each other enough so that the affect of heat emitted from
other LEDs is decreased.

[0048] FIG. 11 is a schematic view illustrating an arrange-
ment of the LEDs on the each MCPCB. As shown in FIG.
11, a plurality of rectangular-shaped clusters 527 and an
additional LED 524f are arranged on an MCPCB 522. The
plurality of rectangular-shaped LED clusters 527 are
arranged in rows on the MCPCB 522, and each row includes
the additional LEDs 524f. Each of the additional LEDs 524f
is disposed between adjacent rectangular-shaped LED clus-
ters 527. The plurality of LED clusters 527 includes five
LEDs, which are two green LEDs 5244 and 524c¢, two red
LEDs 5245 and 5244 and a blue LED 524e. The plurality of
additional LEDs 524f can be one of red, green, blue and
white color LEDs. The two green LEDs 524a and 524¢ and
the two red LEDs 524b and 524d are arranged in a rectan-
gular shape, such as square shape, and the two green LEDs
524a and 524c¢ are opposite to each other. The blue LED
524¢ is disposed at a center of the square shape. The
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backlight assembly (220 of FIG. 7) including the LEDs of
the above mentioned arrangement emits light having a high
color temperature, and the liquid crystal panel (210 of FIG.
7) displays bright images. When the LEDs 524 are top-
emitting [.EDs, the LED clusters 527 are arranged at a
length 1, of about 20-50 mm in both the horizontal and the
vertical directions. When the LEDs 524 are side-emitting
LEDs, the LED clusters 5227 are arranged at a length 1, of
about 40-200 mm in both the horizontal and the vertical
directions. Further, the LEDs 524 of the LED clusters 527
are arranged to be separated from each other enough so that
the affect of heat emitted from other LEDs is decreased.

[0049] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
substrate for the liquid crystal display device and the method
of fabricating the same of the present invention without
departing from the sprit or scope of the invention. Thus, it
is intended that the present invention covers the modifica-
tions and variations of this invention provided they come
within the scope of the appended claims and their equiva-
lents.

What is claimed is:
1. A backlight assembly for a liquid crystal display device,
comprising:

a bottom frame having an inner surface;
printed circuit boards on the inner surface; and

a plurality of light emitting diodes in rectangular-shaped
clusters on each of the printed circuit boards, each of
the light emitting diode clusters include four light
emitting diodes.

2. The backlight assembly according to claim 1, further

comprising:

a reflecting sheet having through-holes corresponding to
each of the light emitting diodes, the reflecting sheet
covering the printed circuit boards and the inner surface
of the bottom frame.

a transparent window on the reflecting sheet, the trans-
parent window having diverters corresponding to the
four light emitting diodes of each light emitting diode
cluster; and

a plurality of optical sheets on the transparent window.

3. The backlight assembly according to claim 1, wherein
the four light emitting diodes are two green light emitting
diodes, a red light emitting diode and a blue light emitting
diode.

4. The backlight assembly according to claim 3, wherein
the two green light emitting diodes are opposite to each other
in each of the plurality of light emitting diode clusters.

5. The backlight assembly according to claim 3, wherein
four light emitting diodes on an Nth row printed circuit
board have an arrangement in which a blue light emitting
diode is on a first side of the cluster and a red light emitting
diode is on a second side of the cluster, while another four
light emitting diodes on a (N-1)th row printed circuit board
have an arrangement in which a red light emitting diode is
on the first side of the cluster and a blue light emitting diode
is on the second side of the cluster.

6. The backlight assembly according to claim 3, wherein
four light emitting diodes on an Nth row printed circuit
board have an arrangement in which a blue light emitting
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diode is on a first side of the cluster and a red light emitting
diode is on a second side of the cluster, while another four
light emitting diodes on a (N-1)th row printed circuit board
have an arrangement in which a blue light emitting diode is
on the first side of the cluster and a red light emitting diode
is on the second side of the cluster.

7. The backlight assembly according to claim 1, wherein
a first distance between two adjacent light emitting diode
clusters is more than twice a second distance between two
adjacent light emitting diodes within the light emitting diode
clusters.

8. The backlight assembly according to claim 1, wherein
the light emitting diodes are top-emitting light emitting
diodes and the light emitting diode clusters are arranged at
a length of about 20-50 mm in one of the horizontal and the
vertical directions.

9. The backlight assembly according to claim 1, wherein
the light emitting diodes are side-emitting light emitting
diodes and the light emitting diode clusters are arranged at
a length of about 40-200 mm in one of the horizontal and the
vertical directions.

10. A backlight assembly for a liquid crystal display
device, comprising:

a bottom frame having an inner surface;
a printed circuit board on the inner surface; and

a plurality of light emitting diode clusters on the printed
circuit board, each of the plurality of light emitting
diode clusters includes five light emitting diodes in
which four light emitting diodes of the five light
emitting diodes are arranged in a rectangular shape and
one light emitting diode of the five light emitting diodes
is at a center of the rectangular shape.

11. The backlight assembly according to claim 10, further

comprising:

a reflecting sheet having through-holes corresponding to
the light emitting diodes, the reflecting sheet covering
the printed circuit board and the inner surface of the
bottom frame;

a transparent window on the reflecting sheet, the trans-
parent window having a plurality of diverters corre-
sponding to the five light emitting diodes of each of the
light emitting diode clusters; and

a plurality of optical sheets on the transparent window.

12. The backlight assembly according to claim 10,
wherein the five light emitting diodes include two green
light emitting diodes, a red light emitting diode, a blue light
emitting diode and a white light emitting diode.

13. The backlight assembly according to claim 12,
wherein the two green light emitting diodes, the red light
emitting diode and the blue light emitting diode form the
rectangular shape.

14. The backlight assembly according to claim 13,
wherein the two green light emitting diodes are opposite to
each other.

15. The backlight assembly according to claim 10,
wherein the plurality of light emitting diode clusters is
arranged in a row on the printed circuit board.

16. The backlight assembly according to claim 10,
wherein the five light emitting diodes include two green
light emitting diodes, two red light emitting diodes and a
blue light emitting diode.
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17. The backlight assembly according to claim 16,
wherein the two green light emitting diodes and the two red
light emitting diodes form the rectangular shape.

18. The backlight assembly according to claim 17,
wherein the two green light emitting diodes are opposite to
each other.

19. The backlight assembly according to claim 18, further
comprising an additional light emitting diode disposed
between two adjacent light emitting diode clusters on the
printed circuit board.

20. The backlight assembly according to claim 19,
wherein the additional light emitting diode includes one of
red, green, blue and white light emitting diodes.

21. The backlight assembly according to claim 16, further
comprising:

another printed circuit board having another plurality of
light emitting diode clusters; and

additional light emitting diodes disposed between two
adjacent light emitting diode clusters on each of the
printed circuit boards.

22. The backlight assembly according to claim 21,
wherein the two green light emitting diodes are opposite to
each other.

23. The backlight assembly according to claim 20,
wherein the plurality of light emitting diode clusters is
arranged in rows on each of the printed circuit boards.

24. The backlight assembly according to claim 10,
wherein a first distance between two adjacent light emitting
diode clusters of the plurality of light emitting diode clusters
is more than twice a second distance between two adjacent
light emitting diodes within each of the light emitting diode
clusters.

25. The backlight assembly according to claim 10,
wherein the light emitting diodes are top-emitting light
emitting diodes and each of the plurality of light emitting
diode clusters are arranged at a length of about 20-50 mm in
one of the horizontal and the vertical directions.

26. The backlight assembly according to claim 10,
wherein the light emitting diodes are side-emitting light
emitting diodes and each of the plurality light emitting diode
clusters are arranged at a length of about 40-200 mm in one
of the horizontal and the vertical directions.

27. A liquid crystal display device, comprising:

a backlight assembly including:
a bottom frame having an inner surface;
a printed circuit board on the inner surface;

a plurality of light emitting diodes in rectangular-
shaped clusters on each of the printed circuit boards,
each of the plurality of light emitting diode clusters
includes four light emitting diodes;

a reflecting sheet having through-holes corresponding
to the light emitting diodes, the reflecting sheet
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covering the printed circuit board and the inner
surface of the bottom frame;

a transparent window on the reflecting sheet, the trans-
parent window having diverters corresponding to the
four light emitting diodes of each of the light emit-
ting diode clusters; and

a plurality of optical sheets on the transparent window;
and

a liquid crystal panel on the plurality of optical sheets;

a main frame surrounding the backlight assembly and the
liquid crystal panel; and

a top frame surrounding a front edge of the liquid crystal
panel.
28. A liquid crystal display device, comprising:

a backlight assembly including:
a bottom frame having an inner surface;
a printed circuit board on the inner surface;

a plurality of light emitting diodes in rectangular-
shaped clusters on each of the printed circuit boards,
each of the plurality of light emitting diode clusters
includes five light emitting diodes arranged in a
rectangular shape and one light emitting diode of the
five light emitting diodes is at a center of the rect-
angular shape;

a reflecting sheet having through-holes corresponding
to the light emitting diodes, the reflecting sheet
covering the printed circuit board and the inner
surface of the bottom frame;

a transparent window on the reflecting sheet, the trans-
parent window having a plurality of diverters corre-
sponding to the five light emitting diodes of each of
the light emitting diode clusters; and

a plurality of optical sheets on the transparent window;
and

a liquid crystal panel on the plurality of optical sheets;

a main frame surrounding the backlight assembly and the
liquid crystal panel; and

a top frame surrounding a front edge of the liquid crystal
panel.
29. The liquid crystal display device according to claim
28, further comprising:

an additional light emitting diode disposed between two
adjacent light emitting diode clusters on the printed
circuit board.
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