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Description
BACKLIGHT ASSEMBLY AND LIQUID CRYSTAL DISPLAY

DEVICE HAVING THE SAME

Technical Field
[1] The present invention relates to a backlight assembly and a liquid crystal display

device having the same.
Background Art

[2] A liquid crystal display (LCD) device includes a light source for displaying an
image on an LCD screen. An LCD device may include a backlight assembly. The
backlight assembly generally uses a cold cathode fluorescent lamp (CCFL) as a light
source. Light is generated at the CCFL, passes through a light guide panel (LGP), and
is incident on a liquid crystal panel from right under the LCD device.

[3] Also, the backlight assembly of the LCD device includes an LGP for guiding light
emitted from the CCFL, which is a light source, and a reflection sheet that is disposed
under the LGP to reflect light incident from the LGP to the liquid crystal panel. On the
LGP, a diffusion panel, a prism panel and a protection panel may be stacked to be
assembled in a mold frame in a top down manner. A back cover is disposed in a
lowermost portion of the LCD device. Also, the LCD device includes an inverter for
receiving alternating current (AC) power and variably controlling light intensity.

[4] However, the CCFL has the following disadvantages. It is subject to environmental
regulation, because it contains 2.5 ~ 3.5 mg of mercury per lamp. It needs a wire for a
connection to the inverter. Electric current leakage may occur. Its life ranges from
10,000 hours to 50,000 hours, which is too short for a television. The CCFL is
vulnerable to a vibration and an impact in an aspect of reliability. Also, the CCFL has

poor visibility compared with a related art cathode ray tube (CRT) in an aspect of color

reproduction.
[5] Therefore, it is proposed to use a light emitting device (LED) as a light source of a
backlight assembly in order to overcome the above-described problems of the CCFL.
[6] Fig. 1 is a schematic view illustrating a related art backlight assembly.
[7] Referring to Fig. 1, the related art backlight assembly includes an LED array 21

having at least one LED for emitting light, and a printed circuit board (PCB) 26 formed
under the LED array 21 to switch on the LED. The backlight assembly includes a
reflection sheet 22 formed in a portion of the LED array that excludes a portion where
the LED is formed, and a diffusion sheet 23 formed on the LED array 21 to reduce
non-uniformity of light emitted from the LED array 21. Also, the backlight assembly

includes a prism sheet 24 formed on the diffusion sheet 23 to condense light in
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directions of top/bottom/left/right and increase brightness, and a protection sheet 25 for
protecting the prism sheet 24 and increasing a viewing angle.

The backlight assembly further includes a fixing bottom cover 27. LEDs contained
in the LED array 21 serve as point light sources emitting red light, green light and blue
light, respectively.

The diffusion sheet 23 is disposed with a predetermined distance from the LED
array 21 so that light emitted from the LED array 21 could have a uniform distribution.
The reflection sheet 22 is formed on the PCB 26 to re-reflect light that has not passed
through the diffusion sheet 23 and has been reflected toward the PCB 26.

However, there is a limitation in reducing the thickness of the above-described
related art backlight assembly because of the plurality of optical sheets included
therein.

Also, a backlight assembly having a slim profile, high emission brightness and wide

color gamut is highly required.
Disclosure of Invention

Technical Problem

An embodiment of the present invention provides a backlight assembly having a
slim profile, high emission brightness and wide color gamut, and an LCD having the
same.

Technical Solution

An embodiment of the present invention provides a backlight assembly including at
least one LED light source, a light guide panel for guiding light emitted from the LED
light source, a reflection sheet formed under the light guide panel, a photo-luminescent
diffusion sheet formed on the light guide panel, and a micro lens array film formed on
the photo-luminescent diffusion sheet.

An embodiment of the present invention provides an LCD device including at least
one LED light source, a light guide panel for guiding light emitted from the LED light
source, a reflection sheet formed under the light guide panel, a photo-luminescent
diffusion sheet formed on the light guide panel, a micro lens array film formed on the
photo-luminescent diffusion sheet, and a liquid crystal panel for receiving light that has
passed through the micro lens array film.

Advantageous Effects

According to an embodiment of the present invention, a backlight assembly and an
LCD device having the same can be realized to have a slim profile, uniform white
color purity, high emission brightness and wide color gamut.

According to an embodiment of a backlight assembly and an LCD device having

the same, it is possible to reduce the defect ratio of the process, increase the reliability,
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and decrease manufacturing cost.
Brief Description of the Drawings

Fig. 1 is a schematic view of a related art backlight assembly.

Fig. 2 is a schematic view of a backlight assembly according to an embodiment of
the present invention.

Fig. 3 is a cross-sectional view of a backlight assembly according to an embodiment
of the present invention.

Fig. 4 is a graph of brightness of a backlight assembly as a function of a horizontal
viewing angle according to an embodiment of the present invention.

Fig. 5 is a graph of brightness of a backlight assembly as a function of a vertical
viewing angle according to an embodiment of the present invention.

Mode for the Invention

Hereinafter, embodiments of the present invention will be described in detail with
reference to accompanying drawings.

It will be understood that when a layer, a region, a pattern or a structure is referred
to as being 'on (or under)' a substrate, a layer, a region, a pad or a pattern in the de-
scriptions of the preferred embodiments, the term 'on (or under)' has the meaning of
both 'directly on (or under)' and 'indectly on (or under)'.

Fig. 2 is a schematic view of a backlight assembly according to an embodiment of
the present invention, and Fig. 3 is a cross-sectional view of a backlight assembly
according to an embodiment of the present invention.

Referring to Fig. 2, a backlight assembly 100 according to an embodiment of the
present invention includes a light source 140 which is formed at one side of the
backlight assembly 100 and has at least one blue LED, and an LGP 130 for converting
blue light incident from the light source 140 to a surface light to emit the surface light
perpendicularly. The backlight assembly 100 includes a PLDS (Photo-Luminescent
Diffusion Sheet) 150 which is formed on the LGP 130 to react to the blue light emitted
from the LGP 130 and emit white light. The backlight assembly 100 also includes
MLAF (Micro Lens Array Film) 160 which is formed on the PLDS 150 to condense
the white light, which has passed through the PLDS 150, and emit the condensed white
light.

The light source 140 may include an FPCB 141 and a blue LED mounted on the
FPCB 141. The light source 140 may be formed at both sides or at one side of a frame
120 including the LGP 130. Blue light emitted from the light source 140 is incident on
the LGP 130.

Meanwhile, the light source 140 may be disposed right under the LGP 130 to form
a direct light type backlight assembly.
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Also, a red LED may be used instead of the blue LED. In that case, a phosphor of
the PLDS needs to be changed. That is, a phosphor capable of receiving red light,
which is emitted from the red LED, and emitting white light is required.

The PLDS 150 may include a phosphor for reacting to blue light incident from the
light source 140 to emit white light. Also, the PLDS 150 may include a sheet coated
with phosphors for reacting to blue light to emit white light.

The phosphor may be selected from the group including a YAG based phosphor,
such as an yttrium aluminum garnet phosphor { Y3(Al1-rRGas)5012:Ce}(0<r<1), a
rhenium aluminum garnet based phosphor {(Rel-RSmR)3(Al1-sGas)5012:Ce}(0<r<1,
0<s<1), a rhenium aluminum garnet phosphor {Re3A15012:Ce}, an yttrium aluminum
phosphor { Y1-pP-Q-RGdPCeQSmR }3(All1-sGas)5012}(0<p<0.8, 0.003<q<0.2,
0.0003<r<0.08, 0<s<1), an yttrium aluminum phosphor {Y 1-p-Q-RGdPCeQSmR)3Al5
012}(0<p<0.8, 0.003<q<0.2, 0.0003<r<0.08), and a rhenium aluminum garnet
phosphor {(Rel-RSmRr)3(Al1-sGas)5012}(0<r<1, 0<s<1), a phosphor having
ZnS:Mn or apatite as a major component, and a silicate based phosphor represented by
the formula of SrxSiyO:Eu.

The phosphor may be contained in a plastic of a predetermined thickness, such as
PC, PCABS, PPA, nylon, PET, PBT, and epoxy resin. Also, a coating layer containing
the phosphor may be formed on the plastic.

The phosphor may be a yellow phosphor. The phosphor may be a mixture of a
plurality of phosphors, or multiple layers of a plurality of phosphors.

The LGP 130 converts the blue light, which is incident from the light source 140
disposed at a side thereof, to a surface light and emits the surface light perpendicularly.
A plurality of scattering patterns may be formed on the lower surface of the LGP 130
in order to scatter and reflect upward the incident blue light. A reflection sheet 110 is
formed under the LGP 130. The reflection sheet 110 reflects upward the light incident
thereon from the LGP 130. The LGP 130 may be formed of transparent epoxy or
silicon.

The MLAF 160 includes a plurality of microlenses for condensing white light that
has passed through the PLDS 150. A plurality of microlenses having a lens pitch of
about 100, a lens thickness of 25 ~ 50, a lens height of about 3 [I are arranged in the
MLAF 160 with predetermined spaces from one another.

The MLAF 160 has a function of transmitting and condensing light. The MLAF
160 may be formed of polycarbonate or silicon epoxy. The MLAF 160 may be formed
to have a lens effect caused by refractive index dispersion by diffusing impurities
through the glass substrate in consideration of thermal expansion.

In the LED backlight assembly 100 according to the above described embodiments
of the present invention, the PLDS 150 converts blue light emitted from the light
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source 110 to white light, and diffuses the white light. Also, the MLAF 160 condenses
the white light that has been converted by the PLDS 150. The white light that has been
condensed by the MLAF 160 is incident on a liquid crystal panel(not shown) which is
disposed on the MLAF 160. Thus, a backlight assembly according to the embodiments
of the present invention does not require a related art thick prism sheet, so that the
backlight assembly could have a slim profile.

For example, when an LGP with a thickness of 0.4 mm, an MLAF with a thickness
of 25 ~ 50 [0, a PLDS with a thickness of 80 [, and a reflection sheet with a thickness of
65 [ is used, a thickness of a backlight assembly could be 0.570 ~ 0.595 mm.

Hereinafter, processes of emitting white color at a backlight assembly 100
according to an embodiment of the present invention will now be described.

A backlight assembly 100 according to an embodiment of the present invention
may have such a structure as shown in Figs. 2 and 3. Also, a backlight assembly
according to an embodiment of the present invention may further comprise a PLDS
and an MLAF instead of a reflection sheet, so as to emit light to both directions.

A backlight assembly according to an embodiment of the present invention includes
a reflection sheet 110 that is disposed under the LGP 130, and a PLDS 150 and an
MLAF 160 that is disposed on the LGP 130, so as to obtain a uniform brightness dis-
tribution. A liquid crystal panel (not shown) may be disposed on the MLAF 160, so as
to form LCD. The backlight assembly may include a light blocking tape 170 to prevent
white light from passing through a remaining region except an adhesion region and an
emitting region of the liquid crystal panel.

Blue light emitted from the light source 140 is incident on the LGP 130 (process I).
The blue light incident on the LGP 130 proceeds upward by a plurality of scattering
patterns. Also, light that has been reflected downward by the LGP 130 is re-reflected
upward by the reflection sheet 110 (processes II and III). The light that has passed
thorough the LGP 130 and has been incident on the PLDS 150 is converted to white
light by the PLDS 150. The white light that has been converted by the PLDS 150
passes through the MLAF 160 and is incident on the liquid crystal panel(process IV).
The blue light emitted by the light source 140 may be incident directly on the PLDS
150 through the LGP 130 without passing through the reflection sheet 110.

A backlight assembly 100 according to an embodiment of the present invention
could have a slim profile because it does not require a plurality of related art prism
sheets and diffusion sheets. Also, loss of light transmission efficiency is prevented and
uniformity of white color emission is improved. Therefore, a white light source of
improved uniformity and increased brightness could be obtained.

In addition, according to an embodiment of a backlight assembly 100 of the present

invention, the MLAF 160 that has a plurality of convex lenses corresponding to
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respective pixels of the liquid crystal panel condenses light, so that brightness of the
LCD device could be increased effectively.

Further, the MLAF 160 includes a plurality of microlenses of the same number as
the pixel numbers on the same surface. The microlenses are formed at sites cor-
responding to respective pixel regions. Thereby, chromaticity coordinate distribution
caused by LED deviation may be decreased compared with the related art emitting
method using a white LED. That is, as illustrated in Fig. 4, the MLAF 160 condenses
light at a range of a horizontal viewing angle and emits uniform light to achieve
brightness uniformity at a horizontal viewing angle. Fig. 4 is a graph of brightness of a
backlight assembly as a function of a horizontal viewing angle according to an
embodiment of the present invention. The dashed curve represents brightness of a
backlight assembly using a related art white LED, whereas the dashed dot curve
represents brightness of a backlight assembly using only an MLAF. Also, brightness of
a backlight assembly using both an MLAF and a PLDS is represented by the solid
curve.

Referring to Fig. 5, when only an MLAF 160 is used, brightness curve at a vertical
viewing angle shifts to the direction of a negative viewing angle, so that center
brightness decreases and light condensing effect is reduced compared with the related
art. Fig. 5 is a graph of brightness of a backlight assembly as a function of a vertical
viewing angle according to an embodiment of the present invention. The dashed curve
represents brightness of a backlight assembly using a related art white LED, whereas
the dashed dot curve represents brightness of a backlight assembly using only an
MLAF. Also, brightness of a backlight assembly using both an MLAF and a PLDS is
represented by the solid curve.

According to an embodiment of the present invention, a PLDS 150 is formed under
an MLAF 160. An embodiment of the present invention enable the light emitted from
an LGP 130 to proceed at right angles to the MLAF 160, so that uniform brightness
distribution may be achieved as shown in Fig. 5.

As described above, according to an embodiment of a backlight assembly 100 of
the present invention, it is possible to increase the white light emitting brightness at a
wide viewing angle by uniformly emitting the white light.

Industrial Applicability

According to an embodiment of the present invention, a backlight assembly and an
LCD device having the same can be realized to have a slim profile, uniform white
color purity, high emission brightness and wide color gamut.

According to an embodiment of a backlight assembly and an LCD device having

the same, it is possible to reduce the defect ratio of the process, increase the reliability,
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and decrease manufacturing cost.
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Claims

A backlight assembly comprising:

at least one LED light source;

a light guide panel for guiding light emitted from the LED light source;

a reflection sheet formed under the light guide panel;

a photo-luminescent diffusion sheet formed on the light guide panel; and

a micro lens array film formed on the photo-luminescent diffusion sheet.

The backlight assembly according to claim 1, comprising a flexible printed
circuit board on which the LED light source is mounted.

The backlight assembly according to claim 1, wherein the photo-luminescent
diffusion sheet comprises a phosphor for receiving light emitted from the LED
light source to emit white light.

The backlight assembly according to claim 1, wherein the photo-luminescent
diffusion sheet comprises a phosphor sheet coated with phosphors for receiving
light emitted from the LED light source to emit white light.

The backlight assembly according to claim 1, wherein a plurality of microlenses
are arranged on a light emitting surface of the micro lens array film in order to
condense light incident thereon from the photo-luminescent diffusion sheet.
The backlight assembly according to claim 1, wherein the LED light source is
formed at a lateral side of the light guide panel.

The backlight assembly according to claim 1, wherein the LED light source
emits one of blue light and red light.

The backlight assembly according to claim 1, wherein the photo-luminescent
diffusion sheet comprises a yellow phosphor.

The backlight assembly according to claim 1, wherein the photo-luminescent
diffusion sheet comprises one of a single phosphor formed in a single layer, a
mixture of a plurality of phosphors formed in a single layer, and a plurality of
phosphors formed in multiple layers.

A liquid crystal display device comprising:

at least one LED light source;

a light guide panel for guiding light emitted from the LED light source;

a reflection sheet formed under the light guide panel;

a photo-luminescent diffusion sheet formed on the light guide panel;

a micro lens array film formed on the photo-luminescent diffusion sheet; and
a liquid crystal panel for receiving light that has passed through the micro lens
array film.

The liquid crystal display device according to claim 10, comprising a flexible
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printed circuit board on which the LED light source is mounted.

[12] The liquid crystal display device according to claim 10, wherein the photo-
luminescent diffusion sheet comprises a phosphor for receiving light emitted
from the LED light source to emit white light.

[13] The liquid crystal display device according to claim 10, wherein the photo-
luminescent diffusion sheet comprises a phosphor sheet coated with phosphors
for receiving light emitted from the LED light source to emit white light.

[14] The liquid crystal display device according to claim 10, wherein a plurality of
microlenses are arranged on a light emitting surface of the micro lens array film
in order to condense light incident thereon from the photo-luminescent diffusion
sheet.

[15] The liquid crystal display device according to claim 14, wherein the microlenses
on the light emitting surface of the micro lens array film are formed to
correspond to respective pixel regions of the liquid crystal panel.

[16] The liquid crystal display device according to claim 10, wherein the LED light
source is formed at a lateral side of the light guide panel.

[17] The liquid crystal display device according to claim 10, wherein the LED light
source emits one of blue light and red light.

[18] The liquid crystal display device according to claim 10, wherein the photo-
luminescent diffusion sheet comprises a yellow phosphor.

[19] The liquid crystal display device according to claim 10, wherein the photo-
luminescent diffusion sheet comprises one of a single phosphor formed in a
single layer, a mixture of a plurality of phosphors formed in a single layer, and a

plurality of phosphors formed in multiple layers.
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