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BACKLIGHT UNIT AND LIQUID CRYSTAL
DISPLAY USING THE SAME

[0001] This application claims the benefit of the Korean
Patent Application No. 10-2005-0049502 filed on Jun. 9,
2005 which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a backlight unit,
and more particularly to a backlight unit for reducing light
loss caused by an intermediate light guide panel and for
reducing sag of the intermediate light guide panel. Further,
the present invention relates to a liquid crystal display
device for increasing display quality by a use of the back-
light unit.

[0004] 2. Description of the Related Art

[0005] Generally, a liquid crystal display device has its
application scope on a broadening trend due to characteris-
tics of lightness, thinness, low driving power consumption,
etc. Accordingly, the liquid crystal display device is used in
office automation equipments, audio/video equipments, etc.
The liquid crystal display device controls the transmitted
amount of light beam in accordance with a signal applied to
a plurality of control switches that are arranged in a matrix
pattern, thereby displaying a desired picture on a screen.

[0006] The liquid crystal display device is not a self-
luminous display device, and requires a separate light source
such as a backlight.

1. Field of the Invention

[0007] The backlight is classified into a direct type and an
edge type in accordance with the location of the light source.
The edge type backlight has the light source installed at the
edge of one side of a liquid crystal display device, and
irradiates an incident light from the light source to a liquid
crystal display panel through a light guide panel and a
plurality of optical sheets. The direct type backlight has a
plurality of light sources disposed below the liquid crystal
display panel, and irradiates the incident light from the light
sources to the liquid crystal display panel through a diffusion
plate and a plurality of optical sheets.

[0008] The light source used in the backlight is classified
into a cold cathode fluorescent lamp CCFL and a light
emitting diode (hereinafter, referred to as ‘LED’). Recently,
the direct type backlight with high color purity is increas-
ingly used on LCD TVs.

[0009] Referring to FIG. 1, a liquid crystal display device
of the related art includes a liquid crystal display panel 11 for
displaying a picture; and a backlight unit 10 for irradiating
light to the liquid crystal display panel 11.

[0010] The liquid crystal display panel 11 includes a
plurality of data lines, a plurality of scan lines crossing the
data lines and liquid crystal cells between upper and lower
substrates arranged in an active matrix pattern. Further, in
the liquid crystal display panel, pixel electrodes and a
common electrode are formed for applying electric field to
each of the liquid crystal cells. Thin film transistors (here-
inafter, referred to as “TFT”) for switching a data voltage
applied to the pixel electrode in response to a scan signal are
formed in the crossing parts of the data lines and the scan
lines. In the liquid crystal display panel, gate drive inte-
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grated circuits (hereinafter, referred to as ‘IC’) are electri-
cally connected to gate drive IC’s through a tape carrier
package (hereinafter, referred to as “TCP’).

[0011] The backlight unit 10 includes a bottom cover 13;
a lower reflection plate 14; an intermediate light guide panel
15; a diffusion plate 16; a plurality of light emitting diodes
17 and a plurality of optical sheets 12.

[0012] The bottom cover 13 includes a bottom surface and
a side surface, and receives the lower reflection plate 14
thereinside. Holes respectively penetrating the light emitting
diodes 17 are formed in the lower reflection plate 14.

[0013] The light emitting diodes 17 includes a red light
emitting diode, a green light emitting diode and a blue light
emitting diode, and generates red, green and blue lights by
emitting light by the current supplied from a light source
drive circuit (not shown).

[0014] The intermediate light guide panel 15 is made from
a transparent plastic material, and is disposed between the
light emitting diodes 17 and the diffusion plate 16. An
intermediate reflection plate 18 corresponding to the light
emitting diode in one-to-one relationship is stuck to a
bottom surface location corresponding to a location right
above the light emitting diode 17 on the intermediate light
guide panel 15. The intermediate reflection plate 18 is called
as a diverter, and reflects the red, green and blue lights which
are directly irradiated from the light emitting diodes 17.

[0015] The red, green and blue lights irradiated from the
light emitting diodes 17 are mixed by the lower reflection
plate 14, the intermediate reflection plate 18 and the inter-
mediate light guide panel 15, and as a result, a white light is
incident to the optical sheets 12 through the diffusion plate
16.

[0016] The diffusion plate 16 is assembled together with
the bottom cover 13 with the intermediate light guide panel
15. The diffusion plate 16 includes a plurality of beads and
disperses the light incident through the intermediate light
guide panel 15 by use of the beads to prevent brightness
difference generated between locations of the light emitting
diodes and in other locations in the display surface of the
liquid crystal display panel 11.

[0017] The optical sheets 12 include a diffusion sheet and
a prism sheet, and act to increase brightness in the front of
the display surface by uniformly irradiating the light inci-
dent from the diffusion plate 16 to the whole liquid crystal
display panel 11 and bending the progress path of the light
in a vertical direction to the display surface.

[0018] The backlight unit 10 of the related art has at least
a following problem. The intermediate light guide panel 15
has supporting points only on, the edge of the liquid crystal
display device However, as the size of the display device
increases, a sag of the intermediate light guide panel 15
becomes more pronounced. When the sag occurs, the gaps
between the intermediate reflection plates 18 and the light
emitting diodes 17 are varied, and as a result, the amount of
the light incident to the liquid crystal display panel 11 is
reduced which lowers the brightness. Also the red, green and
blue lights generated from the light emitting diodes 17 are
not uniformly mixed which decreases the color purity of the
white light irradiated from the liquid crystal display panel
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11. As a result, a color reproduction characteristic of the
liquid crystal display panel 11 deteriorates.

SUMMARY OF THE INVENTION

[0019] Accordingly, it is an object of the present invention
to provide a backlight unit that is adaptive for reducing light
loss caused by an intermediate light guide panel and reduc-
ing a sag of the intermediate light guide panel.

[0020] Tt is another object of the present invention to
provide a liquid crystal display device that is adaptive for
increasing display quality by a use of the backlight unit.

[0021] In order to achieve these and other objects of the
invention, a backlight unit according to an aspect of the
present invention includes a bottom cover where a reflection
plate is formed; a plurality of light emitting diodes installed
inside the bottom cover; a plurality of intermediate light
guide panels installed over the light emitting diodes and
separated from each other; a diffusion plate for diffusing
light from the intermediate light guide panels and the
reflection plate; and a plurality of optical sheets placed over
the diffusion plate.

[0022] The backlight unit further includes a plurality of
light guide panel supporting stands installed between the
reflection plate and the intermediate light guide panels to
support the intermediate light guide panels.

[0023] In the backlight unit, any one of a light reflection
pattern and a light diffuse reflection pattern is formed on a
bottom surface of the intermediate light guide panel facing
the light emitting diodes.

[0024] In the backlight unit, any one of a light reflection
material, a light diffuse reflection material and a light
absorption material is formed on a side surface and a corner
part of the intermediate light guide panel.

[0025] Aliquid crystal display device according to another
aspect of the present invention includes a backlight unit
inclusive of a bottom cover where a reflection plate is
formed; a plurality of light emitting diodes installed inside
the bottom cover; a plurality of intermediate light guide
panels installed on the light emitting diodes and are sepa-
rated from each other; a diffusion plate for diffusing light
from the plurality of intermediate light guide panels and the
reflection plate; and a plurality of optical sheets placed over
the diffusion plate; and a liquid crystal display panel which
displays a picture by modulating the light from the backlight
unit in accordance with an electric field applied to a liquid
crystal layer.

[0026] The liquid crystal display device further includes a
plurality of light guide panel supporting stands installed
between the reflection plate and the intermediate light guide
panels to support the intermediate light guide panels.

[0027] 1In the liquid crystal display device, any one of a
light reflection pattern and a light diffuse reflection pattern
is formed on a bottom surface of the intermediate light guide
panel facing the light emitting diodes.

[0028] In the liquid crystal display device, any one of a
light reflection material, a light diffuse reflection material
and a light absorption material is formed on a side surface
and a corner part of-the intermediate light guide panel.
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[0029] A backlight unit for a display according to a further
aspect of the invention includes a bottom cover; a plurality
light emitting diodes formed over the bottom cover; a lower
reflection plate formed over a lower surface of the bottom
cover, wherein a plurality of holes are formed corresponding
to the plurality of light emitting diodes to allow the plurality
of light emitting diodes to penetrate therethrough; a plurality
of intermediate light guide panels formed over the plurality
of light emitting diodes; and a plurality of light guide
supporting stands formed over the lower reflection plate to
support the plurality of intermediate light guide panels.

[0030] The backlight unit can further include a diffusion
plate formed over the plurality of intermediate light guide
panels for diffusing light from the plurality of light emitting
diodes transmitted through the plurality of intermediate light
guide panels and reflected by the lower reflection plate. A
plurality of beads can be formed on the diffusion plate for
dispersing the light incident on the diffusion plate.

[0031] The plurality of light emitting diodes includes one
or more side emitting diodes in which a majority of light
generated by the diode is emitted through a side of the diode.
For Example, the diodes may have a concave shaped waist.

[0032] A plurality of minute patterns and/or a reflection
plate are can be formed on a surface an intermediate light
guide panel facing the plurality of light emitting-diodes. The
minute patterns and/or the reflection -plate can be formed
from a total reflection material or a diffuse reflection mate-
rial. Also, any combination of the total reflection material,
the diffuse reflection material, and a light absorbing material
can be formed on a side surface the intermediate light guide
panel.

[0033] The light guide panel or panels can be formed
integrally with the light guide supporting stand or stands.
The light guide panel can be in a continuous stripe shape or
formed as a plurality of columns separated by a designated
gap.

[0034] The backlight unit can be a part of the liquid crystal
display device. The liquid crystal device may further include
a diffusion plate over the backlight unit for diffusing light
from the backlight unit; a plurality of optical sheets over the
diffusion plate for irradiating light from the diffusion plate a
liquid crystal display panel; and the liquid crystal display
panel over the plurality of optical sheets.

[0035] The plurality of optical sheets may include a dif-
fusion sheet and a prism sheet.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] These and other objects of the invention will be
apparent from the following detailed description of the
embodiments of the present invention with reference to the
accompanying drawings, in which:

[0037] FIG. 1 is a cross sectional diagram representing a
liquid crystal display device of the related art;

[0038] FIG. 2 is a cross sectional diagram representing a
liquid crystal display device according to an embodiment of
the present invention;

[0039] FIGS. 3A to 3C are plan views representing the
bottom surface of an intermediate light guide panel shown in
FIG. 2;
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[0040] FIG. 4 is a perspective plan view showing a side
surface and a corner part of the intermediate light guide
panel shown in FIG. 2; and

[0041] FIGS. 5 and 6 are perspective plan views repre-
senting a light guide supporting stand shown in FIG. 2.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0042] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0043] With reference to FIGS. 2 to 6, embodiments of the
present invention will be explained as follows.

[0044] Referring to FIG. 2, a liquid crystal display device
according to the embodiment of the present invention
includes a liquid crystal display panel 21 for displaying a
picture, and a backlight unit 20 where an intermediate light
guide panel is divided into a plurality of panels.

[0045] 1In the liquid crystal display panel 21, a plurality of
data lines and a plurality of scan lines are arranged to cross
each other and liquid crystal cells between upper and lower
substrates are arranged in a matrix pattern. Further, pixel
electrodes and a common electrode for applying electric
field to each of the liquid crystal cells are formed in the
liquid crystal display panel 21. TFT’s for switching a data
voltage applied to the pixel electrode in response to a scan
signal are formed in the crossing parts of the data lines and
the scan lines. In the liquid crystal display panel 21, scan
drive integrated circuits are electrically connected to data
driver integrated circuits.

[0046] A fabrication process of the liquid crystal display
panel 21 is divided into a substrate cleaning process, a
substrate patterning process, an alignment film forming/
rubbing process, a substrate bonding/liquid crystal injecting
process, a mounting process, an inspection process, a repair
process, etc. In the substrate cleaning process, impurities
contaminating a substrate surface are removed by a cleaning
solution.

[0047] The substrate patterning process is divided into a
patterning of an upper substrate (color filter substrate) of the
liquid crystal display panel and a patterning of a lower
substrate (TFT array substrate). A color filter, a common
electrode, a black matrix, etc are formed on the upper
substrate. On the lower substrate, signal wire lines such as
data lines and gate lines are formed, a TFT is formed at each
of the crossing parts of the data lines and the gate lines, and
a pixel electrode is formed in a pixel area between the gate
line and the data line connected to a source electrode of the
TFT.

[0048] In the alignment film forming/rubbing process, an
alignment film is spread over each of the upper and lower
substrates and the alignment film is rubbed with a rubbing
cloth, etc.

[0049] In the substrate bonding/liquid crystal injecting
process, the upper substrate and the lower substrate are
bonded by use of a sealant, and a liquid crystal and spacers
are injected through a liquid crystal injection hole, and then
the liquid crystal injection hole is sealed off.

[0050] In the mounting process of the liquid crystal dis-
play panel 21, a TCP mounted with integrated circuits such
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as the gate drive integrated circuit and the data drive
integrated circuit is-connected to a pad part of the substrate.
The drive integrated circuit can be directly mounted on the
substrate by a chip-on-glass COG method other than a tape
automated bonding TAB method using the foregoing TCP.

[0051] The inspection process includes an electrical
inspection carried out after forming the various signal lines
and the pixel electrode on the lower substrate, an electrical
inspection and a macrography carried out after the substrate
bonding/liquid crystal injecting process.

[0052] In the repair process, a restoration is performed for
the substrate which is judged to be repairable by the inspec-
tion process. A module where a backlight unit, a printed
circuit board PCB and a case/sash member are assembled is
a liquid crystal display module, as shown in FIG. 2, together
with the liquid crystal display panel 31 which is completed
by such processes.

[0053] The backlight unit 20 includes a bottom cover 23,
a lower reflection plate 24, a plurality of intermediate light
guide panels 25, a diffusion plate 26, a plurality of light
emitting diodes 27, a plurality of optical sheets 22 and a light
guide panel supporting stand 28.

[0054] The bottom cover 23 includes a bottom surface and
a side surface, and receives the lower reflection plate 24
therewithin. Holes respectively penetrating light emitting
diodes 27 are formed in the lower reflection plate 24.

[0055] The light emitting diodes 27 can be arranged in
multiple rows (two in FIG. 2) each inclusive of a red light
emitting diode, a green light emitting diode and a blue light
emitting diode, and emit light by the current supplied from
a light source drive circuit to generate red, green and blue
lights. The light emitting diode 27 is selected as a side
emitting LED that is sealed with a transparent resin cap of
which the waist part is concave so that a majority of light
(for example, 80%) generated is radiated in a side direction
through the concave waist part and the remaining light is
radiated in an upper direction, thereby increasing the degree
of mixture of the red, green and blue colors.

[0056] The intermediate light guide panels 25 can be
divided into multiple rows so as to correspond to the light
emitting diode rows in one-to-one relationship, and is made
from a transparent plastic material to be disposed between
the light emitting diodes 27 and the diffusion plate 26. The
intermediate light guide panels 25 can be made from a
transparent resin, a plastic material or an optical material
such as a diffusion plate, e.g., PMMA (polymethylmethacry-
late), polycarbonate, methylmethacrylate styrene copoly-
met, etc. On the bottom surface corresponding to a location
right above the light emitting diode 27 in each of the
intermediate light guide panels 25, minute patterns 256 may
be formed, as in FIG. 3A, a reflection plate 25¢ may be
formed, as in FIG. 3B, or no pattern is formed, as shown in
FIG. 3C. The minute patterns 25b or the reflection plate 25¢
can be formed on the lower surface of the intermediate light
guide panels 25 facing the LEDs and can be formed from a
specular reflection (total reflection) material or from a
diffuse reflection material.

[0057] Light might leak out through the divided cross
section, 1.e., the side surface 25a of the intermediate light
guide panels 25 shown in FIG. 4, and corner parts between
the side surfaces 254 which may be undesirable. The uni-
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formity of light might be compromised due to such leaks.
Thus, a reflection plate or diffusion plate material may be
adhered to or coated on the side surfaces 25a including the
corners, or a light absorbing material can be adhered thereto
or coated thereon.

[0058] The light guide plate supporting stand 28 is
installed between the intermediate light guide panel 25 and
the lower reflection plate 24 to support both sides of the
intermediate light guide panel 25 thereby preventing the sag
of the intermediate light guide panel 25 from occurring. The
light guide panel supporting stand 28 can be formed of the
same material as the intermediate light guide panel 25 to be
integral with the intermediate light guide panel 25, and can
be formed separately from the intermediate light guide panel
25. The light guide supporting stand 28 may be made in a
continuous stripe shape 28¢, as shown in FIG. 5, or can be
made in a shape of a plurality of columns 285 which are
separated with a designated gap, as shown in FIG. 6.

[0059] The diffusion plate 26 is assembled with the bottom
cover 23 with the divided intermediate light guide panels 25.
The diffusion plate 26 includes a plurality of beads and
disperses the light from the divided light guide panels 25 by
use of the beads, thereby preventing or minimizing bright-
ness variation generated in the location of the light emitting
diodes 27 and the other location in the display surface of the
liquid crystal display panel 21.

[0060] Optical sheets 22 include a diffusion sheet and a
prism sheet, and the optical sheets 22 irradiate the light from
the diffusion plate 26 to the whole liquid crystal display
panel 21 and bends the progress path of the light in a vertical
direction to the display surface, thereby acting to increase
the brightness in front of the display surface.

[0061] Accordingly, the backlight unit according to the
present invention can prevent the sag of the intermediate
light guide panel by dividing the intermediate light guide
panel and can reduce the light loss generated while being
transmitted through the intermediate light guide panels by
reducing the area of the un-divided intermediate light guide
panel. As a result, the liquid crystal display device according
to the present invention can increase picture quality by
increasing color purity and brightness by use of the back-
light unit.

[0062] Although the present invention has been explained
by the embodiments shown in the drawings described above,
it should be understood to the ordinary skilled person in the
art that the invention is not limited to the embodiments, but
rather that various changes or modifications thereof are
possible without departing from the spirit of the invention.
Accordingly, the scope of the invention shall be determined
only by the appended claims and their equivalents.

What is claimed is:
1. A backlight unit, comprising:

a bottom cover where a reflection plate is formed;

a plurality of light emitting diodes installed inside the
bottom cover;

a plurality of intermediate light guide panels installed
over the light emitting diodes and separated from each
other;
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a diffusion plate for diffusing light from the plurality of
intermediate light guide panels and the reflection plate;
and

a plurality of optical sheets placed over the diffusion plate.
2. The backlight unit according to claim 1, further com-
prising:

a plurality of light guide panel supporting stands installed
between the reflection plate and the intermediate light
guide panels to support the intermediate light guide
panels.

3. The backlight unit according to claim 1, wherein any
one of a light reflection pattern and a light diffuse reflection
pattern is formed on a bottom surface of the intermediate
light guide panel facing the light emitting diodes.

4. The backlight unit according to claim 1, wherein any
one of a light reflection material, a light diffuse reflection
material and a light absorption material is formed on a side
surface and a corner part of the intermediate light guide
panel.

5. A liquid crystal display device, comprising:

a backlight unit inclusive of a bottom cover where a
reflection plate is formed, a plurality of light emitting
diodes installed inside the bottom cover, a plurality of
intermediate light guide panels installed over the light
emitting diodes and separated from each other, a dif-
fusion plate for diffusing light from the plurality of
intermediate light guide panels and the reflection plate,
and a plurality of optical sheets placed over the diffu-
sion plate; and

a liquid crystal display panel which displays a picture by
modulating the light from the backlight unit in accor-
dance with an electric field applied to a liquid crystal
layer.

6. The liquid crystal display device according to claim 5,

further comprising:

a plurality of light guide panel supporting stands installed
between the reflection plate and the intermediate light
guide panels to support the intermediate light guide
panels.

7. The liquid crystal display device according to claim 5,
wherein any one of a light reflection pattern and a light
diffuse reflection pattern is formed on a bottom surface of
the intermediate light guide panel facing the light emitting
diodes.

8. The liquid crystal display device according to claim 5,
wherein any one of a light reflection material, a light diffuse
reflection material and a light absorption material is formed
on a side surface and a corner part of the intermediate light
guide panel.

9. A backlight unit for a display, comprising:

a bottom cover;

a plurality light emitting diodes formed over the bottom
cover;

a lower reflection plate formed over a lower surface of the
bottom cover, wherein a plurality of holes are formed
corresponding to the plurality of light emitting diodes
to allow the plurality of light emitting diodes to pen-
etrate therethrough;

a plurality of intermediate light guide panels formed over
the plurality of light emitting diodes; and
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a plurality of light guide supporting stands formed over
the lower reflection plate to support the plurality of
intermediate light guide panels.

10. The backlight unit according to claim 9, further

comprising:

a diffusion plate formed over the plurality of intermediate
light guide panels for diffusing light from the plurality
of light emitting diodes transmitted through the plural-
ity of intermediate light guide panels and reflected by
the lower reflection plate.

11. The backlight unit according to claim 10, wherein a
plurality of beads are formed on the diffusion plate for
dispersing the light incident on the diffusion plate.

12. The backlight unit according to claim 9, wherein the
plurality of light emitting diodes includes one or more side
emitting diodes in which a majority of light generated by the
side emitting diode is emitted through a side of the diode.

13. The backlight unit according to claim 9, wherein the
plurality of light emitting diodes includes one or more
diodes with a concave shaped waist.

14. The backlight unit according to claim 9, wherein one
or both of a plurality of minute patterns and a reflection plate
are formed on a surface of at least one intermediate light
guide panel facing the plurality of light emitting diodes.

15. The backlight unit according to claim 14, wherein one
or both of the minute patterns and the reflection plate are
formed from a total reflection material or a diffuse reflection
material.
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16. The backlight unit according to claim 9, wherein any
one of a total reflection material, a diffuse reflection mate-
rial, and a light absorbing material are formed on at least one
side surface of at least one intermediate light guide panel.

17. The backlight unit according to claim 9, wherein at
least one light guide panel is formed integrally with at least
one light guide supporting stand.

18. The backlight unit according to claim 9, wherein each
light guide panel is formed in a continuous stripe shape or
as a plurality of columns separated by a designated gap.

19. A liquid crystal display device, comprising:
a backlight unit according to claim 9;

a diffusion plate over the backlight unit for diffusing light
from the backlight unit;

a plurality of optical sheets over the diffusion plate for
irradiating light from the diffusion plate a liquid crystal
display panel; and

the liquid crystal display panel over the plurality of
optical sheets.
20. The liquid crystal display device according to claim
19, wherein the plurality of optical sheets include a diffusion
sheet and a prism sheet.
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