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LIQUID CRYSTAL DISPLAY DEVICE
HAVING IMPROVED LIGHT GUIDE PLATE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority from Korean Patent
Application No. 2006-0121533 filed in the Korean Patent
Office on Dec. 4, 2006, the entire content of which is incor-
porated by reference herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (“LLCD”) device and, in particular, to a backlight assem-
bly having an improved light guide plate and a manufacturing
method therefore.

[0004] 2. Description of the Related Art

[0005] AnLCD device has a structure in which liquid crys-
tal cells are arranged between two transparent substrates in
the form of a matrix, and a backlight assembly for providing
light to the LCD panel.

[0006] A conventional backlight assembly includes a plu-
rality of lamps, lamp housing for protecting the lamps, a light
guide plate for guiding the light emitted from the lamps to the
LCD panel, a reflection sheet arranged behind the light guide
plate, and a plurality of optical sheets stacked on the light
guide plate. Typically, the thickness of the backlight assembly
occupies 50% to 95% of the total thickness ofthe LCD device
of which the thickness of the light guide plate occupies 50%
to 80%. Accordingly, the larger the thickness of the light
guide plate becomes, the more difficult it is to manufacture a
thin LCD device. Moreover, the dot and prism patterns for
improving light efficiency formed on the rear surface of the
light guide plate use a printing process that requires consid-
erable manufacturing time, which results in a decrease in
productivity.

SUMMARY OF THE INVENTION

[0007] The present invention, according to one aspect, pro-
vides a thin and lightweight LCD device having an easily
manufactured light guide plate.

[0008] In accordance with an aspect of the present inven-
tion, a backlight assembly for a liquid crystal display device
having a liquid crystal panel includes a light source for pro-
viding light to the liquid crystal display panel, a light guide
plate including at least two thin layers for guiding the light
from the light source to the liquid crystal display panel; and a
plurality of optical sheets sequentially stacked over the rear
surface of the liquid crystal panel, wherein the light guide
plate includes a first thin layer formed of an optical film and
asecond thin layer stacked on the first thin layer and having a
dot pattern.

[0009] The light guide plate includes a prism pattern
formed in a shape selected a group consisting of a V shape, a
saw tooth shape and a triangular shape on a light incident
portion of the light guide plate facing the light source.
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[0010] The prism pattern is formed with a length deter-
mined by the following formula:

N-1
PL> x100%
N

[0011] wherein PL denotes the length of the prism pattern
and N is the number of LED lamps.

[0012] The optical film comprises polycarbonate (PC),
polyethylene terephthalate (PET), or the like.

[0013] The light guide plate is formed with a thickness in
the range of about 20 um to about 600 um.

[0014] The dot pattern includes a plurality of dots whose
diameters become larger as being distanced away from the
light source. The dot pattern may include a plurality of dots
whose diameters are in the range of about 20 um to about 200
wm and where adjacent dots of the dot pattern are separated
from each other by a distance in the range of about 100 pm to
about 120 pm.

[0015] In accordance with another aspect of the present
invention, there is provided a liquid crystal display including
a liquid crystal display panel; a number of light sources pro-
viding light to the liquid crystal display panel; a light guide
plate including at least two thin layers for guiding the light
emitted by the light source to the liquid crystal display panel;
aplurality of optical sheets sequentially stacked over the rear
surface of the liquid crystal display panel; a bottom chassis
accommodating the liquid crystal display panel, the light
sources, the light guide plate, and the optical sheets; and a top
chassis surrounding edges of the liquid crystal display panel
and covering the lateral sides of the bottom chassis, wherein
light guide plate includes a first thin layer formed of an optical
film and a second thin layer stacked on the first thin layer and
layer having a dot pattern.

[0016] Thelight guide plate includes a prism patiern having
a shape selected from a group consisting of a V shape, a saw
tooth shape, and a triangular shape formed on a light incident
surface of the light guide plate facing the light sources.
[0017] The prism pattern may be formed having a length
determined by the following formula:

PL>

*100%,

where PL denotes the length of the prism pattern and N is the
number of LED lamps.

[0018] The prism pattern is formed facing the LED lamps
and facing the area between the spaced apart LED lamps.
[0019] The optical film comprises polycarbonate (PC),
polyethylene terephthalate (PET), or the like.

[0020] The second thin layer is formed of an ultraviolet-
curing resin.
[0021] The light guide plate is formed with a thickness in

the range of about 20 um to about 600 um.

[0022] The dot pattern includes a plurality of dots whose
diameters become larger as being distanced away from the
light sources. Moreover, the dot pattern includes a plurality of
dots whose diameters are in the range of about 20 um to about
200 pm and that are spaced apart from each other at a distance
in the range of about 100 um to about 120 um.

[0023] In accordance with a further aspect of the present
invention, a method of manufacturing a light guide plate fora
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liquid crystal display comprises: preparing a first thin layer
wound around a first roller base; coating an ultraviolet-curing
resin on the first thin layer; pressurizing or embossing the top
of the ultraviolet-curing resin with a rotating mold having a
groove and a protrusion; forming a second thin layer having a
dot pattern in the area corresponding to the groove as the
rotating mold comes in contact with the top of the ultraviolet-
curing resin; curing the second thin layer having the dot
pattern; and winding the light guide plate formed with the first
and second thin layers around a second roller.

[0024] Preferably, the optical film comprises polycarbon-
ate (PC), polvethylene terephthalate (PET), or the like.
[0025] Moreover, thedot pattern includes a plurality of dots
whose diameters are in the range of about 20 pm to about 200
pm.

[0026] The dots are formed with a distance in the range of
about 100 pm to about 120 pm.

[0027] Furthermore, the light guide plate has a thickness in
the range of about 20 um to about 600 pm.

[0028] In addition, the dot pattern includes a plurality of
dots whose diameters become larger as being distanced away
from the light sources.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other objects, features and advan-
tages of the present invention will be more apparent from the
following detailed description in conjunction with the accom-
panying drawings, in which:

[0030] FIG. 1 is an exploded perspective view showing an
LCD device according to an exemplary embodiment of the
present invention;

[0031] FIG. 2 is a perspective view showing a light guide
plate according to an exemplary embodiment of the present
invention;

[0032] FIG. 3 is a top plan view and a cross-sectional view
enlarging a portion of the light guide plate shown in FIG. 2;
[0033] FIG.4isatop plan view showing a second thin layer
ofalight guide plate according to another exemplary embodi-
ment of the present invention;

[0034] FIG.5isa partial perspective view of the light guide
plate and LED lamps of FIG. 2 for illustrating a light incident
portion of the light guide plate according to the present inven-
tion;

[0035] FIGS. 6 and 7 are partial perspective views illustrat-
ing light incident portions of light guide plates according to
other exemplary embodiments of the present invention;
[0036] FIG. 8 is a cross sectional view showing a light
guide plate according to another embodiment of the present
invention;

[0037] FIGS.9A to 9C are cross sectional views illustrating
a process for manufacturing the light guide plate shown in
FIG. 2;

[0038] FIG. 10 is a cross sectional view illustrating a pro-
cess for forming the second thin layer shown in F1G. 4; and
[0039] FIGS. 11A to 11C are cross sectional views illus-
trating a process for manufacturing the light guide plate
shown in FIG. 8.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0040] FIG. 1 is an exploded perspective view showing an
LCD device according to an exemplary embodiment of the
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present invention, and FIG. 2 is a perspective view showing a
light guide plate according to an exemplary embodiment of
the present invention.

[0041] Referring to FIG. 1, the LCD device includes an
LCD panel 120 for displaying a picture in accordance with
applied image signals, a backlight assembly 170 for provid-
ing light to the LCD panel 120, a mold frame 110 for accom-
modating the LCD panel 120 and the backlight assembly 170,
a top chassis 100, and a bottom chassis 200.

[0042] The LCD panel 120 includes a thin film transistor
(“TFT”) substrate 124 and a color filter substrate 122 facing
the TFT substrate 124. Liquid crystal is injected between the
TFT substrate 124 and the color filter substrate 122 and
thereby the LCD panel 120 displays a picture by adjusting the
light transmissivity of the liquid crystal using TFTs arranged
in the form of a matrix as switching elements. The color filter
substrate 122 includes a color filter including red, green, and
blue color filter segments corresponding to respective sub-
pixel regions such that a picture can be displayed by the light
passing through the color filter.

[0043] The top chassis 100 is configured to cover edges of
the top surface of the LCD panel 120 and its up/down/left/
right sides are to cover the lateral sides of the mold frame 110
and the bottom chassis 200.

[0044] The mold frame 110 accommodates the LCD panel
120 and the backlight assembly 170 to prevent the movements
and to absorb an impact applied from the outside to the LCD
panel 120 and the backlight assembly 170. Preferably, the
mold frame 110 is made of a synthetic resin or plastic material
for insulating the driving circuit.

[0045] The backlight assembly 170 including light emit-
ting diode (“LED”) lamps 180, a reflection sheet 190, a light
guide plate 160, a diffusing sheet 178, a prism sheet 174, and
a protecting sheet 172 provides light to the LCD panel 120.

[0046] The LED lamps 180 arranged at regular intervals
provide light to the light guide plate 160. Such an LED lamp
180 is a PN junction semiconductor diode that emits photons
when forward biased. The light-emission occurs when minor-
ity carriers recombine with carriers of the opposite type in the
diode’s band gap. The LED lamp 180 may be a typical LED,
a high brightness LED, or the like. The typical LED emits
light of uniform brightness without a voltage drop when
current is applied, whereas, the high brightness LED emits
light of high brightness and causes a voltage drop while
emitting the light.

[0047] Two to three diffusing sheets 178 and prism sheets
174 may be appropriately combined with each other to diffuse
or collect the light emitted from the light gnide plate 160 and
to improve brightness and viewing angle. The protection
sheet 172 is provided on the diffusing sheet 178 or the prism
sheet 174 to protect the sheets against and scratches and to
prevent the sheets from being moved while transporting the
backlight assembly 170.

[0048] The reflection sheet 190 reflects the light emitted to
the bottom of the light guide plate 160 back to the light guide
plate 160. For this purpose, the reflection sheet 190 is formed
by coating a preform with a highly reflective material. The
preform used may be aluminum (Al), polyethylene tereph-
thalate (PET), etc. and the reflective material may be silver
(Ag), titanium (T1), etc.

[0049] The light guide plate 160 formed with at least two
thin layers 162 and 164 diffuses the light emitted from the
LED lamps 180 onto the whole surface of the light guide plate
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160, uniformly. The thin layers 162 and 164 will be referred
to as first and second thin layers, for the sake of convenience,
but more layers may be used.

[0050] Referring to FIG. 3, the first thin layer 162 is formed
of an optical film, and the second thin layer 164 is stacked on
the rear surface of the first thin film 162. The optical film
comprises polycarbonate (PC), polyethylene terephthalate
(PET), orthe like. As the first thinlayer 162 is formed with the
optical film, the thickness of the light guide plate 160 can be
reduced and it is thus possible to manufacture a thin light
guide plate 160. As shown in the figure, it is possible to form
the light guide plate 160 including the two thin layers 162 and
164 very thin, with a thickness FH in the range of about 20 um
to about 600 pm.

[0051] The second thin layer 164 includes a dot pattern
having a plurality of dots in a polygonal, semi-oval, or semi-
circular shape so as to change the angle of light incident upon
the LCD panel 120, and diffuse it, thus improving the bright-
ness and viewing angle. The second thin layer 164 is made of
an ultraviolet-curing resin using an imprinting process.
Advantageously, the distance PP between the centers of adja-
cent circles of the dot patternis about 100 to about 120 um and
the circles of the dot pattern 166 may each have a diameter D
in the range of about 20 um to about 200 pm.

[0052] FIG.4isatop planview showing a second thin layer
164 of a light guide plate 160 according to another embodi-
ment of the present invention. As shown in the figure, the dot
pattern may be formed such that the diameters of the circles
on thesecond thin layer 164 become gradually larger from the
area adjacent to the LED lamps 180 toward the opposite side
thereby more uniformly diffusing the light over the area
where no LED lamp present.

[0053] FIG.S5isa partial perspective view of the light guide
plate and LED lamps of FIG. 2 for illustrating a light incident
portion of the light guide plate according to the present inven-
tion. As shown in the figure, the light incident portion L of the
light guide plate 160 has a prism pattern 168 formed in a V
shape. saw tooth, or triangular shape, so as to efficiently
diffuse the light emitted from the LED lamps 180. The LED
lamps 180 are arranged to be spaced apart from each other at
regular intervals and to face the light incident portion L of the
light guide plate 160. Moreover, the prism pattern 168 is
formed at the area LL corresponding to the LED lamps 180
and as well as at the area corresponding to the gap G between
the LED lamps 180 which may be spaced apart from each
other. In other words, the length PL of the prism pattern 168
formed on the light incident portion L of the light guide plate
160 is determined by the following formula:

N-1
PL> « 100%
N

wherein N denotes the number of LED lamps.

[0054] For example, if the first to fifth LED lamps 180 are
arranged facing the light incident portion L of the light guide
plate 160, the length PL of the prism pattern 168 should be
over 80% of the total length of the light incident portion L in
accordance with formula 1. That is, the prism pattern 168 is
formed from the area corresponding to the first LED lamp 180
to the area corresponding to the fifth LED lamp 180.

[0055] FIGS. 6 and 7 are partial perspective views illustrat-
ing light incident portions of light guide plates according to
other embodiments of the present invention. As shown in FIG.
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6, if the first to fourth LED lamps 180 are formed, the length
PL of the prism pattern 168 should be over 75% of the total
length of the light inlet part L in accordance with formula 1.
Moreover, as shown in F1G. 7, if the first to third LED lamps
180 are formed, the length PL of the prism pattern 168 should
be over 66% of the total length of the light inlet part L in
accordance with formula 1. Accordingly, the formation pro-
cess of the prism pattern 168 in accordance with the present
invention can be simplified compared with the conventional
prism pattern that should be formed at every area correspond-
ing to the LED lamps.

[0056] FIG. 8 is a cross sectional view showing a light
guide plate according to another embodiment of the present
invention.

[0057] Referring to FIG. 8, the light guide plate 160
includes first to third thin layers 162, 218 and 228. The second
thin layer 218 is formed on the front surface of the first thin
layer 162, and the third thin layer 228 is arranged on the rear
surface of the first thin layer 162. The first thin layer 162 is
formed of an optical film. The second and third thin layers 218
and 228 include a dot pattern having a plurality of dots in a
polygonal, semi-oval, or semicircular shape so as to change
the light incident angle toward the LCD panel 120 and diffuse
the light to improve brightness and viewing angle. Accord-
ingly, detailed descriptions of the first to third thin layers 162,
218 and 228 having the same structure as that of the first
embodiment of the present invention will be omitted.

[0058] FIGS.9A to9C are cross sectional views illustrating
aprocess for manufacturing the light guide plate according to
the present invention.

[0059] As shown in FIG. 9A, a first thin layer 162 is wound
around a first base roller 150. The first thin layer 162 is formed
of an optical film comprising polycarbonate (PC), polyethyl-
ene terephthalate (PET), or the like. The first thin layer 162 is
transferred to a resin coating apparatus. As shown in FIG. 95
, the resin coating apparatus 152 coats the surface of the first
thin layer 162 with an ultraviolet-curing resin 140.

[0060] Subsequently, a rotating imprint mold 155 having a
groove 156 and a protrusion 154 is arranged on the ultravio-
let-curing resin 140 as shown in FIG. 9C. The rotating imprint
mold 155 rotates in a predetermined direction to bring the
surface of the protrusion 154 into contact with the ultraviolet-
curing resin 140, thus embossing the ultraviolet-curing resin
140.

[0061] Accordingly, as a portion of the ultraviolet-curing
resin 140 is moved into the groove 156 of the rotating imprint
mold 155, a second thin layer 164 to which the dot pattern 166
is transferred by the groove 156 of the rotating imprint mold
155 is formed. The dots of the dot pattern 166 may be formed
to have diameters in the range 0f 20 um to 200 wm and with the
distance between adjacent dots in the range of about 100 pm
to about 120 um. The second thinlayer 164 formed on the first
thin layer 162 is then cured by ultraviolet radiation. Next, the
first and second thin layers 162 and 164 are wound sequen-
tially around a second base roller 158.

[0062] FIG. 10 is a cross sectional view illustrating a pro-
cess for forming a second thin layer according to another
exemplary embodiment of the present invention. As shown in
the figure, a rotating imprint mold 230 including a plurality of
grooves 232 having different sizes is used to form the dot
pattern 236 having a plurality of dots with a variety of diam-
eters on the second thin layer 238. That is, the dots of the dot
pattern 236 formed on the second thin layer 238 have diam-
eters that become larger, gradually.
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[0063] The dot pattern on the second thin layer 238 may be
varied by modifying the imprint mold 230 to ensure an effi-
cient manufacturing process.

[0064] FIGS. 11A to 11C are cross sectional views illus-
trating a process for manufacturing a light guide plate accord-
ing to a further exemplary embodiment of the present inven-
tion.

[0065] First, as shown in FIG. 11A, a first thin layer 162 is
wound around a first base roller 150. The first thin layer is
formed of an optical film comprising polycarbonate, polyeth-
vylene terephthalate (PET), or the like. The first thin layer 162
is transferred to first and second resin coating apparatuses 250
and 252 as shown in FIG. 11B. The first and second resin
coating apparatuses 250 and 252 coat the front and rear sur-
faces of the first thin layer 162 with first and second ultravio-
let-curing resins 254 and 256.

[0066] Subsequently, a first rotating imprint mold 210 hav-
ing a groove 212 and a protrusion 214 is arranged on the top
of the first ultraviolet-curing resin 254, and a second rotating
imprint mold 220 having a groove 222 and a protrusion 224 is
arranged on the top of the second ultraviolet-curing resin 256
as shown in FIG. 11C. Such first and second rotating imprint
molds 210 and 220 rotate in a predetermined direction to
bring the surfaces of the protrusions 214 and 224 of the first
and second rotating imprint molds 210 and 220 into contact
with the first and second ultraviolet-curing resins 254 and
256, thus embossing the first and second ultraviolet-curing
resin 254 and 256. Accordingly, as portions of the first and
second ultraviolet-curing resin 254 and 256 are moved into
the grooves 212 and 222 of the rotating imprint molds 210 and
220, the second and third thin layer 218 and 228 are formed
with dot patterns 216 and 226 transferred by the grooves 212
and 222. Here, it is possible to form the dot pattern 166 with
a diameter in the range of 20 pm to 200 pm and with the
distance between the dots adjacent to each other in the range
of about 100 um to about 120 um. The second and third thin
layer 218 and 228 formed on the first thin layer 162 are then
cured by ultraviolet radiation. Next, the second and third thin
layers 218 and 228 formed on the front and rear surfaces of the
first thin layer 162 are wound around the second base roller
158.

[0067] As described above in detail, the light guide plate is
formed having a first thin layer formed of an optical film and
a second thin layer having a dot pattern formed on the rear
surface of the first thin layer using an imprint mold. With the
use of the optical film as the first thin layer, it is possible to
reduce the total thickness of the light guide plate, and thereby
to manufacture the LCD device in a thin and lightweight
design. Moreover, the manufacturing method of the light
guide plate in accordance with the present invention can
simplify the manufacturing process, reduce the manufactur-
ing time and thereby improve the productivity by conveying
the light guide plate using a roll-to-roll process and by form-
ing the dot pattern on the second thin layer using a rotating
imprint mold.

[0068] Furthermore, the present invention can improve the
light efficiency of the LCD device by forming the prism
pattern in a V shape all over the light incident portion of the
light guide plate, not limited to the areas facing the light
sources.

[0069] Although exemplary embodiments of the present
invention have been described in detail hereinabove, it should
be clearly understood that many variations and/or modifica-
tions of the basic inventive concepts herein taught which may
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appear to those skilled in the present art will still fall within
the spirit and scope of the present invention, as defined in the
appended claims.

What is claimed is:

1. A backlight assembly for a liquid crystal display having
a liquid crystal panel, comprising:

a light source for providing light to the liquid crystal dis-

play panel,

a light guide plate including at least two thin layers for
guiding the light from the light source to the liquid
crystal display panel; and

a plurality of optical sheets sequentially stacked over the
rear surface of the liquid crystal panel,

wherein the light guide plate includes a first thin layer
formed of an optical film and a second thin layer stacked
on the first thin layer and having a dot pattern.

2. The backlight assembly of claim 1, wherein the light
guide includes a prism pattern formed in a shape selected
from a group consisting of a V shape, a saw tooth shape, and
atriangular shape on a light incident portion of the light guide
plate facing the light source.

3. The backlight assembly of claim 2, wherein the prism
pattern is formed with a length determined by the following
formula, and the prism pattern is formed at the area facing the
LED lamps and at the area facing the gap between the spaced-
apart LED lamps:

PL>

*100%,

wherein PL denotes the length of the prism pattern and N is
the number of LED lamps.

4. The backlight assembly of claim 3, wherein the optical
film comprises polycarbonate (PC), polyethylene terephtha-
late (PET), or the like.

5. The backlight assembly of claim 3, wherein the light
guide plate is formed with a thickness in the range of about 20
um to about 600 pm.

6. The backlight assembly of claim 1, wherein the dot
pattern includes a plurality of dots whose diameters become
larger as being distanced away from the light source.

7. The backlight assembly of claim 1, wherein the dot
pattern includes a plurality of dots whose diameters are in the
range of about 20 pm to about 200 pm,

wherein the distance between adjacent dots of the dot pat-
tern is in the range of about 100 um to about 120 pum.

8. A liquid crystal display comprising:

a liquid crystal display panel;

one or more light sources providing light to the liquid
crystal display panel;

a light guide plate including at least two thin layers and
guiding the light emitted by the light source to the liquid
crystal display panel,

a plurality of optical sheets sequentially stacked on the rear
surface of the liquid crystal display panel;

abottom chassis accommodating the liquid crystal display
panel, the light sources, the light guide plate, and the
optical sheets; and

atop chassis surrounding edges of the liquid crystal display
panel and covering the lateral sides of the bottom chas-
sis,
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wherein the light guide plate includes a first thin layer
formed of an optical film and a second thin layer stacked
on the first thin layer and having a dot pattern.

9. The liquid crystal display of claim 8, wherein the light
guide includes a prism pattern having a shape selected from a
group consisting of V shape, a saw tooth shape, and a trian-
gular shape on a light incident portion of the light guide plate
facing the light sources.

10. The liquid crystal display of claim 9, wherein the prism
pattern is formed with a length determined by the following
formula, and the prism pattern is formed in the area facing the
LED lamps and in the area facing the gap between the LED
lamps spaced apart from each other:

N
PL >
N

+100%,

wherein PL denotes the length of the prism pattern and N is
the number of LED lamps.

11. The liquid crystal display of claim 8, wherein the sec-
ond thin layer is formed of an ultraviolet-curing resin.

12. The liquid crystal display of claim 8, wherein the light
guide plate has a thickness in the range of about 20 pm to
about 600 pm.

13. The liquid crystal display of claim 8, wherein the dot
pattern includes a plurality of dots whose diameters become
larger as being distanced away from the light sources.

14. The liquid crystal display of claim 8, wherein the dot
pattern includes a plurality of dots whose diameters are in the
range of about 20 pm to about 200 pm.
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15. A method of manufacturing a light guide plate for a
liquid crystal display comprising:

preparing a first thin layer wound around a first roller base;

coating an ultraviolet-curing resin on the first thin layer;
embossing the top of the ultraviolet-curing resin with a
rotating mold having a groove and a protrusion;

forming a second thin layer having a dot pattern formed at
thearea corresponding to the groove as the rotating mold
comes in contact with the top of the ultraviolet-curing
resin;

curing the second thin layer having the dot pattern; and

winding the light guide plate formed with the first and

second thin layers around a second roller.

16. The method of claim 15, wherein the optical film com-
prises polycarbonate (PC}, polyethylene terephthalate (PET),
or the like.

17. The method of claim 15, wherein the dot pattern
includes a plurality of dots whose diameters are in the range
of about 20 um to about 200 um.

18. The method of claim 17, wherein the distance between
adjacent dots of the dot pattern is in the range of about 100 pm
to about 120 um.

19. The method of claim 15, wherein the light guide plate
is formed with a thickness in the range ofabout 20 um to about
600 pm.

20. The method of claim 15, wherein the dot pattern
includes a plurality of dots whose diameters become larger
with distance from the light sources.
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