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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. P2005-0109704 filed on Nov. 16,
2005 that is hereby incorporated by reference.

BACKGROUND
[0002]

[0003] A backlight unit that is increases brightness and
increases uniformity of the brightness is provided.

[0004]

[0005] Conventianally, there has been an increased trend
in using liquid crystal display devices because of the appeal-
ing characteristics, such as lightness, thinness, low driving
power consumption, etc. The liquid crystal display device
has been used in office automation equipment, audio/video
equipment, etc. The liquid crystal display device controls the
transmitted amount of a light beam in accordance with a
signal applied to a plurality of control switches that are
arranged in a matrix shape, thereby displaying a desired
picture on a screen.

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

[0007] Thebacklight unit is classified as a direct type or an
edge type in accordance with the location of a light source.
The edge type backlight has a 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 right under the liquid
crystal display device 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] FIG. 1 represents one example of a backlight unit
adopting LED (light emitting diode).

1. Field

2. Related Art

[0009] Referring to FIG. 1, a backlight unit of the related
art includes a plurality of LED’s 11 acting as point light
source; and a light guide panel which converts light from the
LED’s 11 into a surface light to irradiate to a liquid crystal
display panel.

[0010] The backlight unit, as shown in FIG. 1, has bright-
ness that appears higher where the lights incident from the
LED’s 11 to a light guide panel 12 cross than in other parts
of the guide. A bright spot occurs where the light from the
different LED’s 11 cross in the light guide panel 12. The
bright spot appears in the shape of a ring, circle or ellipse,
and is known as a “hot spot” in accordance with the shape.
Due to this phenomenon, in the backlight unit and the liquid
crystal display device of the related art, the brightness of the
display picture is non-uniform because part of the guide
panel 12 appears to be brighter in the display picture. FIG.
2 is a result of measuring the brightness on the light guide
panel in the backlight unit as in FIG. 1. In FIG. 2, the
brightest part, which is labeled the “HOT SPOT,” corre-
sponds to the part 13, in FIG. 1, where the light from the
different LED’s 11 cross paths in the light guide panel 11.
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SUMMARY OF THE INVENTION

[0011] Accordingly, it is an object of the present invention
to provide a backlight unit that is adaptive for increasing
brightness and increasing uniformity of the brightness.

[0012] A backlight unit includes a plurality of point light
sources. A light guide panel includes a first surface that
receives incident light from the point light sources. A second
surface is included where the lights from the point light
sources cross. Prism patterns form on the first surface.

[0013] In the backlight unit, a plurality of minute protru-
sion patterns are formed in the second surface.

[0014] A backlight unit includes a plurality of point light
sources. A light guide panel includes a first surface that
receives incident light from the point light sources. A second
surface has a predetermined area where the lights from the
point light sources cross and prism patterns are formed on
the first surface. The second surface is formed between the
first surface and the point light sources.

[0015] In the backlight unit, the second surface has a
plurality of minute protrusion patterns disposed in high
density on an area adjacent to the point light sources and
disposed in low density on the predetermined area.

[0016] The backlight unit includes a plurality of optical
sheets including at least one diffusion sheet and at least one
prism sheet to control the light from the light guide panel. A
reflection sheet is also included that reflects the light inci-
dent from lower and side surfaces of the light guide panel to
the light guide panel.

[0017] The backlight unit includes a plurality of optical
sheets including at least one diffusion sheet and at least one
prism sheet to control the light from the light guide panel. A
reflection sheet reflects the light incident from lower and
side surfaces of the light guide panel to the light guide panel.

[0018] A liquid crystal display device according to still
another aspect includes a backlight unit inclusive of a
plurality of point light sources and a light guide panel that
converts a light from the point light source into a surface
light. A liquid crystal display panel modulates the light
irradiated from the backlight unit by applying an electric
field to a liquid crystal, thereby displaying a picture. The
light guide panel includes a plurality of point light sources
and a light guide panel inlcudes a first surface that receives
incident light from the point light sources, and a second
surface where the lights from the point light sources cross
and prism patterns formed on the first surface.

[0019] In the liquid crystal display device, a plurality of
minute protrusion patterns are formed in the second surface.

[0020] A liquid crystal display device according to still
another embodiment includes a backlight unit inclusive of a
plurality of point light sources and a light guide panel that
converts a light from the point light source into a surface
light. A liquid crystal display panel modulates the light
irradiated from the backlight unit by applying an electric
field to a liquid crystal, thereby displaying a picture. The
light guide panel includes a plurality of point light sources
and a light guide panel that includes a first surface that
receives incident light from the point light sources, and a
second surface that has a predetermined area where the
lights from the point light sources cross and prism patterns
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are formed on the first surface. The second surface is formed
between the first surface and the point light sources.

[0021] In the liquid crystal display device, the second
surface has a plurality of minute protrusion patterns dis-
posed in high density on an area adjacent to the point light
sources and disposed in low density on the predetermined
area.

[0022] In the liquid crystal display device, the backlight
unit includes a plurality of optical sheets that have at least
one diffusion sheet and at least one prism sheet and control
the light from the light guide panel. A reflection sheet
reflects the light incident from lower and side surfaces of the
light guide panel to the light guide panel.

[0023] In the liquid crystal display device, the backlight
unit includes a plurality of optical sheets that include at least
one diffusion sheet and at least one prism sheet to control the
light from the light guide panel. A reflection sheet reflects
the light incident from lower and side surfaces of the light
guide panel to the light guide panel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The embodiments that are illustrated in the Draw-
ings are meant for exemplary purposes only. Other embodi-
ments will become obvious to those skilled in the art. In the
Drawings:

[0025] FIG.11is a diagram representing a light guide panel
and light emitting diodes in a backlight unit of the related
art;

[0026] FIG. 2is an experimental result diagram represent-

ing a bright spot where lights cross in the backlight unit of
FIG. 1;

[0027] FIG. 3 is a perspective plan view representing a
liquid crystal display device and a backlight unit;

[0028] FIGS. 4 and 5 are diagrams representing prism
patterns in the light guide panel shown in FIG. 3;

[0029] FIGS. 6 and 7 are diagrams representing a back-
light unit according to another embodiment;

[0030] FIGS. 8 and 9 are diagrams representing a back-
light unit according to another embodiment; and

[0031] FIGS. 10 and 11 are diagrams representing a back-
light unit according to another embodiment.

DESCRIPTION

[0032] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings.

[0033] Referring to FIGS. 3 to &, a liquid crystal display
device includes a liquid crystal display panel 20; and a
backlight unit that irradiates light to the liquid crystal
display panel 20.

[0034] A liquid crystal (not shown) is injected between an
upper substrate 21 and a lower substrate 22 of the liquid
crystal display panel 20. Elements, such as a color filter, a
common electrode, a back matrix are formed in the upper
substrate 21 of the liquid crystal display panel 20. Signal
wire lines, such as a data line and a gate line, are formed in
the lower substrate 22 of the liquid crystal display panel 20,

May 17, 2007

and a thin film transistor (“TFT”) is formed at a crossing part
of the data line and the gate line. The TFT switches a data
signal, which is to be transmitted to a liquid crystal cell from
the data line, in response to a scan signal (gate pulse) from
the gate line. A pixel electrode is formed at a pixel area
defined between the data line and the gate line.

[0035] The backlight unit 30 includes a plurality of LED’s
31 acting as point light source; a light guide panel 32 where
prism patterns 32A are formed on an upper surface; optical
sheets 33 disposed between the light guide panel 32 and a
liquid crystal display panel 20; and a reflection sheet 34
which faces a lower surface of the light guide panel 32.

[0036] The light guide panel 32 converts the light from the
LED’s 31 into a surface light to irradiate to the optical sheets
33. The prism patterns 32A, formed in the light guide panel
32, refract the light progressing to the optical sheets 33 from
the light guide panel 32. The light is refracted in a vertical
direction to the surfaces of the optical sheets 33 to increase
brightness and light efficiency. Part of the patterns are
removed in a part 32B, where the light from the LED’s 31
cross. This is done to lower the amount of the light exiting
from the part 32B and thus no coupling or hot spot phe-
nomenon appears. For example. brightness non-uniformity
on the light guide panel 32 is reduced because the light
progressing to the optical sheets 33 becomes relatively less
in the part 32B where there is no prism pattern.

[0037] The optical sheets 33 convert the progress path of
the light exiting from the light gnide panel 32 and the prism
patterns 32A. After the conversion the light is vertical to the
liquid crystal display panel 20. The optical sheets then
diffuse the light. Thus, the efliciency of the light irradiated
to the liquid crystal display panel 20 is increased and the
uniformity of light is increased. The optical sheets 33
include one or more prism sheets and one or more diffusion
sheets.

[0038] The reflection sheet 34 faces the rear and side
surfaces of the light guide panel 32 to reflect the light
incident from the rear and side surfaces of the light guide
panel 32 and thus prevents light leakage and increases light
efficiency.

[0039] According to the first embodiment the brightness
non-uniformity is reduced in comparison to the related art.
However, the brightness non-uniformity still exists in part
because the light non-uniformly refracts by the prism pat-
terns 32A in the liquid crystal display device Accordingly, a
backlight unit according to a second embodiment removes
all the prism patterns in the upper surface of the light guide
panel near the LED’s as in FIGS. 6 and 7.

[0040] Referring to FIGS. 6 and 7. the backlight unit
according to the second embodiment includes a light guide
panel 42 where there is a non-pattern part 44 where prism
patterns 42A are removed in the upper surface near the
LED’s 31.

[0041] The non-pattern part 44 of the light guide panel 42
is a fixed area inclusive of a part 42B where the light from
the LED’s 31 cross. It is possible to prevent the light from
being non-uniformly refracted by the prism patterns 42A in
the part 42B where the lights cross and the vicinity thereof
because all the prism patterns 42A are removed. Accord-
ingly, the backlight unit according to the second embodi-
ment lowers the brightness in the part 42B where the light
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crosses and thus enables the brightness uniformity to
increase in light guide panel 42.

[0042] FIGS. 8 and 9 represent a backlight unit according
to a third embodiment of the present invention.

[0043] Referring to FIGS. 8 and 9, the backlight unit
includes a light guide panel 52 where all prism patterns 52A
are removed in the upper surface near LED’s 31 and minute
protrusion patterns 58A, 58B are formed instead. The
minute protrusion pattern is called a sand pattern.

[0044] The sand patterns 58A, 58B are minute uneven
patterns that are formed to be partially different in density in
the upper surface of the light guide panel 52 by a sanding
treatment. The sand patterns 58A, 58B refract the light
incident from the LED’s 31 to optical sheets 33. Light
progress is increased to the optical sheets 33 as the density
of the minute protrusion patterns 58A, 58B gets higher. The
minute protrusion patterns 58A are disposed in high density
on the light guide panel 52 in a first area 54 before the part
52B where the lights from the LED’s 31 cross. However, the
minute protrusion patterns 58A are disposed in low density
on the light guide panel 52 in a second area 56 that is
inclusive of the part 52B where the lights from the LED’s 31
cross. Therefore, according to this embodiment, the amount
of the light progressing to the optical sheets 33 is decreased
in a fixed area inclusive of the part 52B where the lights
cross in the light guide panel 52 when compared with the
other part. However, the amount of the light progressing to
the optical sheets 33 is increased in other part.

[0045] FIGS. 10 and 11 represent a backlight unit accord-
ing to a fourth embodiment.

[0046] Referring to FIGS. 10 and 11, the backlight unit
includes a light guide panel 62 where minute protrusion
patterns 64 are formed in a fixed area that is inclusive of a
part 62B where the lights cross.

[0047] In the light guide panel 62 according to the
embodiment, the minute protrusion patterns 64 are formed
on an upper surface of the fixed area inclusive of the part
62B where the lights cross. However, the prism patterns 62A
are formed on most of the other upper surface. The amount
of light is reduced in the part 62B where the lights cross by
the minute protrusion patterns 64 of low density. The density
of the patterns 64 are adjusted so that the brightness uni-
formity of the part 62B where the lights cross conforms to
the brightness uniformity of the remaining other part.

[0048] As described above, the backlight unit forms prism
patterns on the light guide panel, but removes the prism
pattern partially. For example, the prism patterns are
removed in the part of the upper surface of the light guide
panel corresponding to the part where the lights cross or
does a haze treatment by lowering the density of the minute
protrusion patterns. Thus, it possible to reduce the brightness
that is excessively high in the part where the lights cross. As
a result, the backlight unit and the liquid crystal display
device using the same forms the prism pattern on the light
guide panel. Thus, the brightness of the light guide panel is
uniform as well the brightness of the light guide panel.

[0049] Although embodiments have been shown in the
drawings and 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
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or modifications thereof are possible without departing from
the spirit of the invention. Accordingly, the scope shall be
determined only by the appended claims and their equiva-
lents.

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

a plurality of point light sources; and

a light guide panel including a first surface receiving
incident light from the point light sources, a second
surface where the lights from the point light sources
cross and prism patterns formed on the first surface.

2. The backlight unit according to claim 1, wherein a

plurality of minute protrusion patterns are formed in the
second surface.

3. A backlight unit, comprising:

a plurality of point light sources; and

a light guide panel including a first surface receiving
incident light from the point light sources, a second
surface having a predetermined area where the lights
from the point light sources cross and prism patterns
formed on the first surface, wherein the second surface
is formed between the first surface and the point light
sources.

4. The backlight unit according to claim 3, wherein the
second surface has a plurality of minute protrusion patterns
disposed in high density on an area adjacent to the point light
sources and disposed in low density on the predetermined
area.

5. The backlight unit according to claim 1, further com-
prising:

a plurality of optical sheets including at least one diffusion
sheet and at least one prism sheet to diffuse the light
from the light guide panel; and

a reflection sheet reflecting the light incident from lower
and side surfaces of the light guide panel to the light
guide panel.

6. The backlight unit according to claim 3, further com-

prising:

a plurality of optical sheets including at least one diffusion
sheet and at least one prism sheet to diffuse the light
from the light guide panel; and

a reflection sheet reflecting the light incident from lower
and side surfaces of the light guide panel to the light
guide panel.

7. A liquid crystal display device, comprising:

a backlight unit inclusive of a plurality of point light
sources and a light guide panel for converting a light
from the point light source into a surface light; and

a liquid crystal display panel modulating the light irradi-
ated from the backlight umt by controlling an electric
field applied to a liquid crystal, thereby displaying a
picture, and

wherein the light guide panel including a first surface
receiving incident light from the point light sources, a
second surface where the lights from the point light
sources cross and prism patterns formed on the first
surface.



US 2007/0109464 A1

8. The liquid crystal display device according to claim 7,
wherein a plurality of minute protrusion patterns are formed
in the second surface.

9. A liquid crystal display device, comprising:

a backlight unit inclusive of a plurality of point light
sources and a light guide panel for converting a light
from the point light source into a surface light; and

a liquid crystal display panel modulating the light irradi-
ated from the backlight unit by controlling an electric
field applied to a liquid crystal, thereby displaying a
picture, and

wherein the light guide panel including a first surface
receiving incident light from the point light sources, a
second surface having a predetermined area where the
lights from the point light sources cross and prism
patterns formed on the first surface, wherein the second
surface is formed between the first surface and the point

light sources.
10. The liquid crystal display device according to claim 9,
wherein the second surface having a plurality of minute
protrusion patterns is disposed in high density on an area
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adjacent to the point light sources and disposed in low
density on the predetermined area.

11. The liquid crystal display device according to claim 7,
wherein the backlight unit includes:

a plurality of optical sheets that have at least one diffusion
sheet and at least one prism sheet and diffuse the light
from the light guide panel; and

a reflection sheet that reflects the light incident from lower
and side surfaces of the light guide panel to the light
guide panel.

12. The liquid crystal display device according to claim 9,

wherein the backlight unit includes:

a plurality of optical sheets including at least one diffusion
sheet and at least one prism sheet to diffuse the light
from the light guide panel; and

a reflection sheet reflecting the light incident from the
lower and side surfaces of the light guide panel to the
light guide panel.
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