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LIQUID CRYSTAL DISPLAY

RELATED APPLICATIONS

[0001] This application claims priority to Taiwan Applica-
tion Serial Number 101148365, filed Dec. 19, 2012, which
are herein incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a flat panel display
device, and more particularly to a liquid crystal display
(LCD).

BACKGROUND OF THE INVENTION

[0003] Refer to FIG. 1. FIG. 1 is a schematic diagram
showing a conventional liquid crystal display. A liquid crystal
display 100 mainly includes a backlight module 102 and a
liquid crystal display panel 104. The backlight module 102 is
disposed on a rear side of the liquid crystal display panel 104
to provide the liquid crystal display panel 104 with light. The
backlight module 102 typically includes a light guide plate
106 and a plurality of light-emitting diodes (LEDs) 120. The
light-emitting diodes 120 are disposed beside a side surface of
the light guide plate 106. Each light-emitting diode 120
includes a light-emitting diode chip 108 and a phosphor pow-
der layer 110 covering the light-emitting diode chip 108.
[0004] Theliquid crystal display panel 104 mainly includes
a first glass substrate 112, a liquid crystal layer 114, a color
filter 116 and a second glass substrate 118. As shown in FIG.
1, the liquid crystal layer 114, the color filter 116 and the
second glass substrate 118 are stacked on the first glass sub-
strate 112 in sequence.

[0005] 1In the current liquid crystal display 100, the light-
emitting diodes 120 are usually white light light-emitting
diodes. However, the light-emitting diode chips 108 are
manufactured by an epitaxy process. The epitaxy process is
complicated, so that the light-emitting diode chips 108 manu-
factured on the same wafer cannot have identical photoelec-
tric property. For example, the light-emitting diode chips 108
may have different brightness or different wavelengths. In
addition, the light-emitting diodes 120 formed after the light-
emitting diode chips 108 are packaged may have different
wavelengths due to the effect of the phosphor powder layer
110.

[0006] 1In the fabrication of the liquid crystal display 100,
the uniformity of white light of the light-emitting diodes 120
is required strictly. Therefore, after the white light light-
emitting diodes 120 are completed, a part of the white light
light-emitting diodes 120, which do not conform to the color
requirement, are abandoned by manufacturers through a bin-
sorting procedure, thereby increasing the fabrication cost.
[0007] Furthermore, in the current light-emitting diode
120, the phosphor powder layer 110, which is formed by
mixing phosphor powders and glue, usually directly covers
the light-emitting diode chip 108. As a result, the light-emit-
ting diode chip 108 is very close to the phosphor powders in
the phosphor powder layer 110. However, the luminescence
efficiency of the phosphor powders is affected by heat, and the
heat is generated when the current passes through the light-
emitting diode 120, so that the luminescence efficiency of the
phosphor powders is directly affected to lower the lumines-
cence efficiency of the light-emitting diode 120.

[0008] In addition, the chromatic dispersion of the light
emitted by the white light light-emitting diodes 120 is usually
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occurred after the light is transmitted for a certain distance by
the light guide plate 106. Therefore, the color distribution of
the entire emitting-light of the light guide plate 106 is non-
uniform.

[0009] Moreover, the light provided by the backlight mod-
ule 102 is white light, so that it is necessary to use the color
filter 116, which includes color filter regions of three colors,
such as red, green and blue, or color filter regions of four
colors, such as red, green, blue and yellow, to generate the
light of the desired color. However, the color filter region of
each color has a specific absorptivity to the white light. Cur-
rently, the transmittance of the color filter 116 for the white
light emitted by the white light light-emitting diodes 120 is
less than 10%. Therefore, the utilization efficiency of the light
emitted by the light-emitting diodes 120 is poor.

[0010] Refer to FIG. 2. FIG. 2 is a schematic diagram
showing another conventional liquid crystal display. A liquid
crystal display 200 mainly includes a backlight module 202
and a liquid crystal display panel 204. The backlight module
202 is disposed on a rear side of the liquid crystal display
panel 204. The backlight module 202 includes a plurality of
blue light-emitting diodes 206 and a diffusing plate 208. The
diffusing plate 208 is disposed above the blue light-emitting
diodes 206 to uniformly diffuse the blue light emitted by the
blue light-emitting diodes 206.

[0011] Theliquid crystal display panel 204 mainly includes
aphosphor powder layer 210, a first glass substrate 216, a first
electrode 218, a liquid crystal layer 220, a second electrode
222 and a second glass substrate 224 stacked in sequence. The
phosphor powder layer 210 includes a plurality of red phos-
phor powder regions 212, a plurality of green phosphor pow-
der regions 214 and a plurality of opening regions 226. The
red phosphor powder regions 212, the green phosphor powder
regions 214 and the opening regions 226 are staggered
sequentially.

[0012] Thered phosphor powder regions 212 and the green
phosphor powder regions 214 are excited by the blue light
emitted by the blue light-emitting diodes 206 to respectively
emit red light and green light. On the other hand, after the blue
light passes through the opening regions 226, the blue light is
naturally emitted. Accordingly, the liquid crystal display 200
has a RGB color system.

[0013] However, the blue light emitted by the blue light-
emitting diodes 206 is spherically scattered in space. There-
fore, the red light and the green light formed by the excitation
of the blue light are spherically scattered in space. Therefore,
such as shown in dotted line boxes 228 and 230 in FIG. 2, after
passing through the liquid crystal layer 220, the red light and
the green light may illuminate adjacent pixels, such that the
adjacent pixels are contaminated by the red light or the green

light.
SUMMARY OF THE INVENTION

[0014] Therefore, one aspect of the present invention is to
provide a liquid crystal display, which uses blue light-emit-
ting diodes as light sources. Accordingly, a bin yield loss
during packaging caused by using white light-emitting diodes
is eliminated, and a utilization rate of the light-emitting
diodes is increased, thereby reducing a fabrication cost of the
liquid crystal display.

[0015] Another aspect of the present invention is to provide
a liquid crystal display, in which color purity of blue light-
emitting diodes used as light sources is high, and a chromatic
aberration problem is not occurred even the blue light emitted
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by the light-emitting diodes penetrates the entire light guide
plate, so that a color distribution of the whole emitted light of
the light guide plate is very uniform.

[0016] Still another aspect of the present invention is to
provide a liquid crystal display, in which no blue color filter
region is needed, so that a fabrication cost is decreased, and
optical efficiency of blue light of blue pixels is enhanced.

[0017] Further another aspect of the present invention is to
provide a liquid crystal display, in which while passing
through green color filter regions, a conversion ratio from
blue light to green light is increased by adjusting a concen-
tration of green phosphor powders. Therefore, utilization effi-
ciency and color purity of the green light are increased.

[0018] Yet another aspect of the present invention is to
provide a liquid crystal display, in which phosphor powders
do not contact with light-emitting diode chips, so that it can
prevent the reduction of optical conversion efficiency, which
is caused by heat generated while the light-emitting diode
chips are operating.

[0019] Still further another aspect of the present invention
is to provide a liquid crystal display, in which a phosphor
structure is composed of discontinuous phosphor dots rather
than a phosphor powder layer covering a light guide plate.
Therefore, the liquid crystal display has a small usage amount
of phosphor materials and high luminescence efficiency.

[0020] Still yet another aspect of the present invention is to
provide a liquid crystal display, which has higher color
gamut.

[0021] According to the aforementioned aspects, the
present invention provides a liquid crystal display. The liquid
crystal display includes a backlight module and a liquid crys-
tal display panel. The backlight module includes a light guide
plate and a plurality of blue light-emitting diodes. The blue
light-emitting diodes are adjacent to a side surface ofthe light
guide plate to emit blue light toward the light guide plate
through the side surface. The liquid crystal display panel is
disposed above a front surface of the backlight module. The
liquid crystal display panel includes a first transparent sub-
strate, a first electrode, a liquid crystal layer, a phosphor
powder layer, a color filter, a second electrode and a second
transparent substrate. The first transparent substrate is dis-
posed above the light guide plate. The first electrode is dis-
posed on the first transparent substrate. The liquid crystal
layer is disposed on the first electrode. The phosphor powder
layer is disposed on the liquid crystal layer, in which the
phosphor powder layer includes a plurality of green phosphor
powder regions and a plurality of red phosphor powder
regions. The color filter is disposed on the phosphor powder
layer and adjacent to the phosphor powder layer. The color
filter includes a plurality of green color filter regions and a
plurality of red color filter regions respectively and corre-
spondingly located on the green phosphor powder regions
and the red phosphor powder regions. The second electrode is
disposed on the color filter. The second transparent substrate
is disposed on the second electrode.

[0022] According to a preferred embodiment of the present
invention, each of the first transparent substrate and the sec-
ond transparent substrate is a glass substrate.

[0023] According to another preferred embodiment of the
present invention, the phosphor powder layer further includes
a plurality of opening regions, and the opening regions, the
green phosphor powder regions and the red phosphor powder
regions are staggered sequentially.
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[0024] According to still another preferred embodiment of
the present invention, the color filter further includes a plu-
rality of blue color filter regions respectively and correspond-
ingly located on the opening regions.

[0025] According to further another preferred embodiment
of the present invention, the color filter further includes a
plurality of blue light opening regions respectively and cor-
respondingly located on the opening regions.

[0026] According to yet another preferred embodiment of
the present invention, the phosphor powder layer further
includes a plurality of yellow phosphor powder regions and a
plurality of opening regions, and the opening regions, the
green phosphor powder regions, the red phosphor powder
regions and the yellow phosphor powder regions are stag-
gered sequentially. In addition, the color filter further
includes a plurality of yellow color filter regions respectively
and correspondingly located on the yellow phosphor powder
regions.

[0027] According to still further another preferred embodi-
ment of the present invention, the color filter further includes
a plurality of blue color filter regions respectively and corre-
spondingly located on the opening regions.

[0028] According to still yet another preferred embodiment
of the present invention, the color filter further includes a
plurality of blue light opening regions respectively and cor-
respondingly located on the opening regions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The foregoing aspects and many of the attendant
advantages of this invention are more readily appreciated as
the same become better understood by reference to the fol-
lowing detailed description, when taken in conjunction with
the accompanying drawings, wherein:

[0030] FIG. 1 is a schematic diagram showing a conven-
tional liquid crystal display;

[0031] FIG. 2is a schematic diagram showing another con-
ventional liquid crystal display;

[0032] FIG. 3 is a schematic diagram showing a liquid
crystal display in accordance with an embodiment of the
present invention;

[0033] FIG. 4A is a spectrogram of light having passed
through red phosphor powder regions in accordance with an
embodiment of the present invention;

[0034] FIG. 4B is a spectrogram of light having passed
through green phosphor powder regions in accordance with
an embodiment of the present invention;

[0035] FIG. 5is a comparative diagram of color ranges of a
liquid crystal display in accordance with an embodiment of
the present invention and a conventional liquid crystal display
using white light light-emitting diodes;

[0036] FIG. 6 is a schematic diagram showing a liquid
crystal display in accordance with another embodiment ofthe
present invention; and

[0037] FIG. 7 is a comparative diagram of color ranges of a
liquid crystal display in accordance with another embodiment
of the present invention and a conventional liquid crystal
display using white light light-emitting diodes.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0038] In viewing of the aforementioned conditions, the
present application provides a liquid crystal display design to
prevent the aforementioned disadvantages of the conven-
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tional liquid crystal display. Refer to FIG. 3. FIG. 3 is a
schematic diagram showing a liquid crystal display in accor-
dance with an embodiment of the present invention. In the
present embodiment, a liquid crystal display 300a mainly
includes a backlight module 302 and a liquid crystal display
panel 304a. The backlight module 302 mainly includes a
plurality of blue light-emitting diodes 306 and a light guide
plate 308. The light guide plate 308 is a transparent plate
body, which can transmit light. The light guide plate 308
includes a light-entering surface 316, a light-emitting surface
310 and a reflective surface 312. The light-emitting surface
310 and the reflective surface 312 are opposite to each other,
and the light-entering surface 316 is connected to one edge of
the light-emitting surface 310 and one edge of the reflective
surface 312. Many microstructures 314, such as dot struc-
tures, may be set on the reflective surface 312.

[0039] The blue light-emitting diodes 306 are adjacent to a
side surface of the light guide plate 308, i.e. the light-entering
surface 316, and can emit blue light 318 toward the light guide
plate 308 through the light-entering surface 316. The blue
light 318 can go forward within the light guide plate 308 by a
total reflection method. The microstructures 314 on the
reflective surface 312 can destroy the total reflection of the
blue light 318 to reflect the blue light 318 toward the light-
emitting surface 310 and to make the blue light 318 be emitted
outofthe light guide plate 308 from the light-emitting surface
310.

[0040] The liquid crystal display panel 304q is disposed
above a front surface of the backlight module 302, ie. a
light-emitting surface 310 of the light guide plate 308. In one
exemplary embodiment, the liquid crystal display panel 304a
mainly includes a first transparent substrate 322, a first elec-
trode 324, a liquid crystal layer 326, a phosphor powder layer
328a, a color filter 3364, a second electrode 344 and a second
transparent substrate 346. The first transparent substrate 322
is disposed above the light-emitting surface 310 of the light
guide plate 308. The first transparent substrate 322 may be a
glass substrate, for example. The first electrode 324 is stacked
on the first transparent substrate 322. The liquid crystal layer
326 covers the first electrode 324.

[0041] The phosphor powder layer 328a is disposed on the
liquid crystal layer 326. In one exemplary embodiment, the
phosphor powder layer 3284 may include a plurality of green
phosphor powder regions 334 and a plurality of red phosphor
powder regions 332. As shown in FIG. 3, the phosphor pow-
der layer 328a may further include a plurality of opening
regions 330. The opening regions 330 are the regions, which
are not filled with phosphor powders. The opening regions
330, the green phosphor powder regions 334 and the red
phosphor powder regions 332 are staggered sequentially. For
example, following one opening region 330, one green phos-
phor powder region 334 may be firstly arranged, one red
phosphor powder region 332 is then arranged following the
green phosphor powder region 334, and the following
arrangements are proceeded in the same sequence.

[0042] The color filter 3364 is disposed on the phosphor
powder layer 328a and is adjacent to the phosphor powder
layer 328a. In one exemplary embodiment, the color filter
336a may include a plurality of green color filter regions 342
and a plurality of red color filter regions 340. The green color
filter regions 342 are respectively and correspondingly
located on the green phosphor powder regions 334 of the
phosphor powder layer 3284, and the red color filter regions
340 are respectively and correspondingly located on the red
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phosphor powder regions 332. In another word, the sizes and
the positions of the green color filter regions 342 respectively
correspond to the sizes and the positions of the underlying
green phosphor powder regions 334, and the sizes and the
positions of the red color filter regions 340 respectively cor-
respond to the sizes and the positions of the underlying red
phosphor powder regions 332.

[0043] In another exemplary embodiment, the color filter
336a may further include a plurality of blue light opening
regions 338. The blue light opening regions 338 are the
regions, which are not set with filter materials and can he
directly passed through by the blue light. In still another
exemplary embodiment, it may use blue color filter regions to
replace the blue light opening regions 338 in the color filter
336a. The blue color filter regions can filter the blue light in
the incident light passing therethrough. The blue light open-
ing regions 338 or the blue color filter regions are respectively
and correspondingly located on the opening regions 330 of
the phosphor powder layer 328a. In another word, the sizes
and the positions of the blue light opening regions 338 or the
blue color filter regions respectively correspond to the sizes
and the positions of the underlying opening regions 330.
[0044] The second electrode 344 is disposed on the color
filter 336a. The second transparent substrate 346 is disposed
on the second electrode 344. The second transparent substrate
346 may be similarly a glass substrate, for example. In some
exemplary embodiments, according to the optical require-
ments, the liquid crystal display 300a may selectively include
a first polarization plate 320 and a second polarization plate
348. The first polarization plate 320 is disposed between the
first transparent substrate 322 and the backlight module 302.
On the other hand, the second polarization plate 348 is dis-
posed on the second transparent substrate 346.

[0045] 1Inthe liquid crystal display 300a, after being trans-
mitted by the light guide plate 308, the blue light 318 emitted
by the blue light-emitting diodes 306 of the backlight module
302 emits toward the overlying liquid crystal display panel
304a through the light-emitting surface 310. After being
polarized by the first polarization plate 320, the blue light
sequentially passes through the first transparent substrate
322, the first electrode 324 and the liquid crystal layer 326,
and emits toward the phosphor powder layer 328a. The wave-
length of the blue light 318 is shorter, so that the blue light 318
can excite the red powders of the red phosphor powder
regions 332 and the green powders of the green phosphor
powder regions 334 in the phosphor powder layer 328a to
respectively generate red light 356 and green light 354. Onthe
other hand, the blue light 318 directly passes through the
opening regions 330 of the phosphor powder layer 328a.
[0046] The red light 356 and the green light 354 generated
after the blue light 318 passes through the phosphor powder
layer 328a can be respectively filtered by the red filter regions
340 and the green filter regions 342 of the overlying color
filter 3364 to emit the purer red light 356 and the purer green
light 354. The blue light 318 passing through the phosphor
powder layer 328a can directly pass through the blue light
opening regions 338, or can be filtered by the blue color filter
regions to emit the blue light 318. The red light 356, the green
light 354 and the blue light 318 pass through the second
transparent substrate 346 and the second polarization plate
348 to form the desired colors on a display surface of the
liquid crystal display 300a.

[0047] In the liquid crystal display 300q, the phosphor
powder layer 328q is closely adjacent to the color filter 336a,
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and the phosphor powder layer 328a and the color filter 336a
are disposed above the liquid crystal layer 326, so that much
of the red light 356, the green light 354 and the blue light 318
emitted from the phosphor powder layer 328« can respec-
tively and directly emit toward the red color filter regions 340,
the green color filter regions 342 and the blue light opening
regions 338/blue color filter regions of the color filter 336a.
Therefore, the optical utilization efficiency of the liquid crys-
tal display 300a can be greatly enhanced.

[0048] In addition, simultaneously refer to FIG. 3, FIG. 4A
and F1G. 4B. FIG. 4A and FIG. 4B are spectrograms of light
respectively having passed through red phosphor powder
regions and green phosphor powder regions in accordance
with an embodiment of the present invention. In the FIG. 4A
and F1G. 4B, curves 358, 360 and 362 respectively represent
transmittances of lights with various wavelengths to a blue
color filter, a green color filter and a red color filter.

[0049] According to the spectrum curves 364 and 366
shown in FIG. 4A, it is known that after passing through the
red phosphor powder regions 332 of the phosphor powder
layer 328a, much of the blue light 318 excites the red light
356, but there is still little blue light 318 emitted along with
the red light 356. The wavelengths of the light in the spectrum
curve 364 are almost in the range, which can penetrate the red
color filter, and the wavelengths of the light in the spectrum
curve 366 are almost in the range, which has very poor trans-
mittance to the red color filter, so that after passing through
the red filter regions 340 of the color filter 3364, it can gen-
erate the red light 356 with higher color purity.

[0050] In addition, according to the spectrum curves 368
and 370 shown in FIG. 4B, it is known that after passing
through the green phosphor powder regions 334, much of the
blue light 318 excites the green light 354, but there is still little
blue light 318 emitted along with the green light 354. The
wavelengths of the light in the spectrum curve 368 are almost
in the range, which can penetrate the green color filter, and the
wavelengths of the light in the spectrum curve 370 are almost
in the range, which has very poor transmittance to the green
color filter, so that after passing through the green filter
regions 342 of the color filter 3364, it can generate the green
light 354 with higher color purity.

[0051] Refer to FIG, 5. FIG, 5 is a comparative diagram of
color ranges of a liquid crystal display in accordance with an
embodiment of the present invention and a conventional lig-
uid crystal display using white light light-emitting diodes.
According to FIG. 5, it is known that a color range 372, which
the liquid crystal display 300a can show, is obviously larger
than a color range 374, which the conventional liquid crystal
display using the white light light-emitting diodes can show.
Therefore, the color gamut of the liquid crystal display 3004
is obviously superior to that of the conventional liquid crystal
display using white light light-emitting diodes. Refer to FIG.
6. FIG. 6 1s a schematic diagram showing a liquid crystal
display in accordance with another embodiment of the
present invention. In the present embodiment, a structure of a
liquid crystal display 3005 is substantially similar to that of
the liquid crystal display 300 in the aforementioned embodi-
ment. The main differences between the liquid crystal dis-
plays 3005 and 3004 are that the phosphor powder layer 3285
of a liquid crystal display panel 3045 further includes a plu-
rality of yellow phosphor powder regions 350, and the color
filter 3365 further includes a plurality of yellow color filter
regions 352.
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[0052] As shown in FIG. 6, in the liquid crystal display
3045, the opening regions 330, the green phosphor powder
regions 334, the red phosphor powder regions 332 and the
yellow phosphor powder regions 350 are staggered sequen-
tially. For example, following one opening region 330, one
green phosphor powder region 334 may he firstly arranged,
one red phosphor powder region 332 is next arranged follow-
ing the green phosphor powder region 334 yellow phosphor
powder region 350 is then arranged following the red phos-
phor powder region 332, and the following arrangements are
proceeded in the same sequence.

[0053] The color filter 3364 is similarly disposed on the
phosphor powder layer 3285 and is adjacent to the phosphor
powder layer 3285. In the color filter 3365, the green color
filter regions 342 are respectively and correspondingly
located on the green phosphor powder regions 334 of the
phosphor powder layer 328, the red color filter regions 340
are respectively and correspondingly located on the red phos-
phor powder regions 332, the yellow color filter regions 352
are respectively and correspondingly located on the yellow
phosphor powder regions 350, and the blue light opening
regions 338 or blue color filter regions are respectively and
correspondingly located on the opening regions 330. In
another word, the sizes and the positions of the green color
filter regions 342, the red color filter regions 340, the yellow
color filter regions 352, and the blue light opening regions 338
or blue color filter regions respectively correspond to the sizes
and the positions of the underlying green phosphor powder
regions 334, the red phosphor powder regions 332, the yellow
phosphor powder regions 350 and the opening regions 330.
[0054] In the liquid crystal display 3004, the yellow pow-
ders have high energy conversion efficiency when the yellow
powders are excited by the blue light 318, so that the bright-
ness of the liquid crystal display 3004 with the RGBY color
system is higher than that of the liquid crystal display 300a
with the RGB color system.

[0055] Refer to FIG. 7. FIG. 7 is a comparative diagram of
color ranges of a liquid crystal display in accordance with
another embodiment of the present invention and a conven-
tional liquid, crystal display using white light light-emitting
diodes. According to FIG. 5 and FIG. 7, it is known that a
color range 376, which the liquid crystal display 3005 can
show, is obviously larger than the color range 374, which the
conventional liquid crystal display using, the white light
light-emitting diodes can show, and the color range 376 is also
larger than the color range 372. Therefore, the color gamut of
the liquid crystal display 30056 is obviously superior to that of
the conventional liquid crystal display using white light light-
emitting diodes, and is also slightly superior to that of the
liquid crystal display 300a.

[0056] According to the aforementioned embodiments of
the present invention, it is known that the liquid crystal dis-
play of the present invention uses blue light-emitting diodes
as light sources, so that a bin yield loss during packaging
caused by using white light-emitting diodes is eliminated, and
a utilization rate of the light-emitting diodes is increased,
thereby reducing a fabrication cost of the liquid crystal dis-
play.

[0057] According to the aforementioned embodiments of
the present invention, it is known that color purity of blue
light-emitting diodes used as light sources in theliquid crystal
display of the present invention is high, and a chromatic
aberration problem is not occurred even the blue light emitted
by the light-emitting diodes penetrates the entire light guide
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plate, so that a color distribution of the whole emitted light of
the light guide plate is very uniform.
[0058] According to the aforementioned embodiments of
the present invention, it is known that the liquid crystal dis-
play of the present invention does not need any blue color
filter region, so that a fabrication cost is decreased, and optical
efficiency of blue light of blue pixels is enhanced.
[0059] According to the aforementioned embodiments of
the present invention, it is known that in the liquid crystal
display of the present invention, while passing through green
color filter regions, a conversion ratio from blue light to green
light is increased by adjusting a concentration of green phos-
phor powders. Therefore, utilization efficiency and color
purity of the green light are increased.
[0060] According to the aforementioned embodiments of
the present invention, it is known that the light sources of the
liquid crystal display of the present invention are not white
light light-emitting diodes, so that phosphor powders do not
contact with light-emitting diode chips, thereby can prevent
the reaction of optical conversion efficiency, which is caused
by heat generated while the light-emitting diode chips are
operating.
[0061] According to the aforementioned embodiments of
the present invention, it is known that a phosphor structure of
the liquid crystal display of the present invention is composed
of discontinuous phosphor dots rather than a phosphor pow-
der layer covering a light guide plate. Therefore, the liquid
crystal display has a small usage amount of phosphor mate-
rials and high luminescence efficiency.
[0062] According to the aforementioned embodiments of
the present invention, it is known that the liquid crystal dis-
play of the present invention can prevent the optical contami-
nation between the different colored lights of the adjacent
pixels from occurring, so that the liquid, crystal display has
higher color gamut.
[0063] As is understood by a person skilled in the art, the
foregoing preferred embodiments of the present invention are
illustrative of the present invention rather than limiting of the
present invention. It is intended to cover various modifica-
tions and similar arrangements included within the spirit and
scope of the appended claims, the scope of which should be
accorded the broadest interpretation so as to encompass all
such modifications and similar structure.
What is claimed is:
1. A liquid crystal display, including:
a backlight module including:
a light guide plate; and
a plurality of blue light-emitting diodes adjacent to a
side surface of the light guide plate to emit blue light
toward the light guide plate through the side surface;
and
aliquid crystal display panel disposed above a front surface
of the backlight module, wherein the liquid crystal dis-
play panel includes:
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a first transparent substrate disposed above the light
guide plate;

a first electrode disposed on the first transparent sub-
strate,

a liquid crystal layer disposed on the first electrode;

a phosphor powder layer disposed on the liquid crystal
layer, wherein the phosphor powder layer includes a
plurality of green phosphor powder regions and a
plurality of red phosphor powder regions;

a color filter disposed on the phosphor powder layer and
adjacent to the phosphor powder layer, wherein the
color filter includes a plurality of green color filter
regions and a plurality of red color filter regions
respectively and correspondingly located on the green
phosphor powder regions and the red phosphor pow-
der regions;

a second electrode disposed on the color filter; and

a second transparent substrate disposed on the second
electrode.

2. The liquid crystal display according to claim 1, wherein
each of the first transparent substrate and the second trans-
parent substrate is a glass substrate.

3. The liquid crystal display according to claim 1, wherein
the phosphor powder layer further includes a plurality of
opening regions, and the opening regions, the green phosphor
powder regions and the red phosphor powder regions are
staggered sequentially.

4. The liquid crystal display according to claim 3, wherein
the color filter further includes a plurality of blue color filter
regions respectively and correspondingly located on the
opening regions.

5. The liquid crystal display according to claim 3, wherein
the color filter further includes a plurality of blue light open-
ing regions respectively and correspondingly located on the
opening regions.

6. The liquid crystal display according to claim 1, wherein

the phosphor powder layer further includes a plurality of

yellow phosphor powder regions and a plurality of open-
ing regions, and the opening regions, the green phosphor
powder regions, the red phosphor powder regions and
the yellow phosphor powder regions are staggered
sequentially; and

the color filter further includes a plurality of yellow color

filter regions respectively and correspondingly located

on the yellow phosphor powder regions.

7. The liquid crystal display according to claim 6, wherein
the color filter further includes a plurality of blue color filter
regions respectively and correspondingly located on the
opening regions.

8. The liquid crystal display according to claim 6, wherein
the color filter further includes a plurality of blue light open-
ing regions respectively and correspondingly located on the
opening regions.
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