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(57) ABSTRACT

A LCD panel is provided. The LCD panel includes a front
substrate, a plurality of first phosphor composites, a plurality
of second phosphor composites, a black matrix, a transparent
electrode, a TFT array substrate and a liquid crystal layer. The
liquid crystal layer is sandwiched between the front substrate
and the TFT array substrate. The first phosphor composites,
the second phosphor composites, the black matrix and the

(TW) transparent electrode are disposed on the front substrate. The
black matrix divides the front substrate into three windows
(21) Appl.No.: 12/099,166 including first windows, second windows and third windows
periodically, wherein the first phosphor composites are dis-
(22) Filed: Apr. 8,2008 posed on the first windows, and the second phosphor com-
posites are disposed on the second windows. The first phos-
(30) Foreign Application Priority Data phor composites and the second phosphor composites are
capable of converting the primary light shinning towards the
Apr.9,2007  (TW) oo, 96112245  LCD panel into different colors respectively.
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LCD PANEL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 96112245, filed on Apr. 9, 2007.
The entirety the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
specification.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention is related to a display panel.
More particularly. the present invention relates to a liquid
crystal display (LCD) panel.

[0004] 2. Description of Related Art

[0005] Liquid crystal display (LCD) device is commonly
used in the image presentation daily and uses liquid crystal to
control the passage of light. The mainstream of the modern
LCD device is thin-film transistor (TFT) LCD device which is
driven by the TFTs in the pixel structures to operate.

[0006] FIG.11isa schematic cross-sectional view of a con-
ventional TFT-LCD device. Referring to FIG. 1, the TFT-
LCD device 100 includes a LCD panel 200 and a backlight
module 110. The LCD panel 200 includes a TFT array sub-
strate 210, a liquid crystal layer 220, and a color filter array
substrate 230, wherein the liquid crystal layer 220 is sand-
wiched between the color filter array substrate 230 and the
TFT array substrate 210.

[0007] The color filter array substrate 230 has a substrate
232, a transparent electrode 234, a plurality of color filters
2367, 236g, 2365, and a black matrix 238. The color of the
light passing through the color filters 2367 236g, and 2365 are
red, green, and blue separately. The substrate 232 is fitted with
color filters 236% 236g and 2365 separated by the black
matrix 238. The transparent electrode 234 covers the color
filters 2367 236b, 2365 and the black matrix 238.

[0008] The backlight module 110 provides a white light T.1
towards the LCD panel 200, and the white light L1 pass
through the TFT array substrate 210 and the color filter array
substrate 230 in sequence. The white light L1 may be gener-
ated from a cold cathode fluorescent lamp (CCFL) or a white
light emitting diode (LED). The TFT array substrate 210 has
aplurality of TFTs 2127, 212g, 2125, a plurality of sub-pixel
electrodes 2147 214g, 214b and a substrate 216, and the
sub-pixel electrodes 214, 214g, 2145 are fabricated on the
substrate 216.

[0009] TheTFTs 212~ and the sub-pixel electrodes 214~ are
opposite to the color filters 236~ The TFTs 212g and the
sub-pixel electrodes 214g are opposite to the color filters
236g. The TFTs 2125 and the sub-pixel electrodes 2145 are
opposite to the color filters 2365. In other words, the color
filters 236 correspond to the TFTs 2127 and the sub-pixel
electrodes 2147 The color filters 236g correspond to the TF Ts
212g and the sub-pixel electrodes 214g. The color filters 2365
correspond to the TFTs 2125 and the sub-pixel electrodes
214b.

[0010] When voltage is applied to one of the TFTs, such as
TFT 2127, 212g and 2125, the liquid crystal of the liquid
crystal layer 220 corresponding to the said TFT is bent, and
the white light L1 is allowed to pass through the correspond-
ing sub-pixel electrodes, such as sub-pixel electrodes 214,
214b, 214¢. For example, when voltage is applied to the TFT
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212, the liquid crystal over the TFT 2127 is bent, so that the
white light L1 is allowed to pass through the sub-pixel elec-
trode 214

[0011] Three color filters 2367 236g, 2365, and three sub-
pixel electrodes 214y, 214g, 214b are defined a pixel P1 (as
shown in FIG. 1). Therefore, each pixel P1 is divided into
three color filters 2367, 2365, 236g, and each color filter 2367,
236b, or 236¢ only allows one of the three colors (red/green/
blue for example) of the white light L1 to pass through.

[0012] Each sub-pixel electrode, for example sub-pixel
electrode 2147, 214g, and 2145, can be controlled indepen-
dently to yield thousands or millions of possible colors for
each pixel P1. Since each color filter, like color filters 2367,
236b, and 236g, only passes through one color component
(red/green/blue) of the white light L1, only % of the white
light L1 is utilized. Thus the luminance efficiency of the color
filter 2367, 2364, 236g is low, approximately 33% or lower.

SUMMARY OF THE INVENTION

[0013] Accordingly, the present invention is directed to a
LCD panel, so as to increase the luminance of the LCD
device.

[0014] The present invention provides a LCD panel com-
prising a front substrate, a plurality of first phosphor compos-
ites, a plurality of second phosphor composites, a transparent
electrode, a black matrix, a TFT array substrate and a liquid
crystal layer. The first phosphor composites, the second phos-
phor composites, the black matrix and the transparent elec-
trode are disposed on the front substrate. The black matrix
divides the front substrate into three windows comprising first
windows, second windows and third windows periodically.
The first phosphor composites are disposed on the first win-
dows, and the second phosphor composites are disposed on
the second windows. The TFT array substrate comprises a
back substrate, a plurality of TFTs and a plurality of sub-pixel
electrodes. The TFTs and the sub-pixel electrodes are dis-
posed on the back substrate, and the sub-pixel electrodes are
opposite to the windows defined by the black matrix. The first
phosphor composites and the second phosphor composites
are capable of converting a primary light shinning towards the
LCD panel into different colors respectively. The liquid crys-
tal layer is sandwiched between the front substrate and the
TFT array substrate.

[0015] The present invention provides a LCD panel com-
prising a front substrate, a transparent electrode, a black
matrix, a TFT array substrate, a liquid crystal layer, a plurality
of first phosphor composites, and a plurality of second phos-
phor composites. The black matrix and the transparent elec-
trode are disposed on the front substrate. The black matrix
divides the front substrate into three windows comprising first
windows, second windows and third windows periodically.
The TFT array substrate comprises a back substrate, a plural-
ity of TFTs and a plurality of sub-pixel electrodes. The TFTs
and the sub-pixel electrodes are disposed on the back sub-
strate, and the sub-pixel electrodes are opposite to the win-
dows of the front substrate defined by the black matrix. The
liquid crystal layer is sandwiched between the front substrate
and the TFT array substrate. The first phosphor composites
and the second phosphor composites are placed under the
back substrate. The first phosphor composites are opposite to
the first windows, and the second phosphor composites are
opposite to the second windows. The first phosphor compos-
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ites and the second phosphor composites are capable of con-
verting a primary light shinning towards the LCD panel into
different colors respectively.

[0016] Basedon the above, the commonly used color filters
(CF) for a LCD panel is replaced by a plurality of phosphor
composites, such as first phosphor composites and second
phosphor composites. These phosphor composites are
capable of converting the color of the said primary light into
different colors. Since the light utilization rate is much higher,
high luminance of the LCD panel can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated in and constitute a portion of this specification. The
drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0018] FIG. 1 is a schematic cross-sectional view of a con-
ventional TFT-LCD device.

[0019] FIG. 2is a schematic cross-sectional view of a LCD
panel according to a first embodiment of the present inven-
tion.

[0020] FIG. 3 is a schematic cross-sectional view of a LCD
panel according to a second embodiment of the present inven-
tion.

[0021] FIG. 41is a schematic cross-sectional view of a LCD
panel according to a third embodiment of the present inven-
tion.

[0022] FIG. 5is a schematic cross-sectional view of a LCD
panel according to a fourth embodiment of the present inven-
tion.

DESCRIPTION OF EMBODIMENTS

[0023] FIG. 2 is a schematic cross-sectional view of a LCD
panel according to a first embodiment of the present inven-
tion. Referring to FIG. 2, a LCD panel 300 includes a front
substrate 310, a plurality of first phosphor composites 3207, a
plurality of second phosphor composites 320g, a transparent
electrode 320, a black matrix 330, a TFT array substrate 340,
and a liquid crystal layer 350, wherein the liquid crystal layer
350 is sandwiched between the front substrate 310 and the
TFT array substrate 340.

[0024] The first phosphor composites 3207, the second
phosphor composites 320g, the black matrix 330 and the
transparent electrode 320 are disposed on the front substrate
310. For example, the phosphor composites 3207 and 320g,
the black matrix 330 and the transparent electrode 320 may be
disposed on the surface 310a of the front substrate 310, and
the transparent electrode 320 may cover the first phosphor
composites 3207, the second phosphor composites 320g, the
black matrix 330 and part of the front substrate 310.

[0025] Theblack matrix 330 divides the front substrate 310
into three windows including first windows W1, second win-
dows W2 and third windows W3 periodically. The first phos-
phor composites 3207 are disposed on the first windows W1,
and the second phosphor composites 320g are disposed on the
second windows W2. A transparent filler 320¢ may be dis-
posed on the third windows W3 for planarization. It means
that the window 3205 is transparent.

[0026] On the surface 310q of the front substrate 310, the
black matrix 330, the first phosphor composites 3207 and the
second phosphor composites 320g along with the transparent
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windows 32056 are formed at intervals of a pixel P2 and
repeated periodically on the front substrate 310.

[0027] A primary light L2 shines towards the LCD panel
300. For example, the primary light [.2 may be from a back-
light module (not shown) which the LCD panel 300 is adapted
to installing with, and the primary light [.2 may be derived
from light emitting diodes (LED), laser diode, or fluorescent
lamp. Otherwise, the first phosphor composites 3207 and the
second phosphor composites 320g are capable of converting
the primary light L.2 shinning towards the LCD panel 300 into
different colors respectively, and the primary light L2 can
pass through transparent window 3206,

[0028] Thephosphor composites, such as the first phosphor
composites 3207 and the second phosphor composites 320g,
can be a mixture of phosphors and fillers. For example, the
fillers can be a transparent photo-resist, a gel, an elastomer, a
silicone, or an epoxy resin. The phosphors such as SrS:Eu**,
or Eu doped silicates for red emission; SrGa,S,:Eu**, or Eu
doped silicates for green emission can be used.

[0029] The primary light L2 may be a blue light with wave-
length ranging from 400 nm to 490 nm, which the windows
3204 allow to pass through. The first phosphor composites
3207 are capable of converting the primary light .2 into a red
light, and the second phosphor composites 320g are capable
of converting the primary light L2 into a green light. For
example, the red light converted has wavelength ranging from
590 nm to 700 nm, and the green light converted has wave-
length ranging from 490 nm to 590 nm. Hence, these phos-
phor composites 3207, 320g and the transparent window 3205
realize three sub-pixels of different colors without color fil-
ters.

[0030] Since the primary light [.2 either passes through the
transparent window 3205, or is converted into different color
lights, like red light or green light, by phosphor composites
3207 and 320g with high efficiencies, the primary light L.2 is
essentially fully utilized, causing high luminance efficiency
when compared with conventional color filtering processes.
Since three color lights (red, green, and blue light) are either
from the light source, for example light emitting diode, or
emitted from the phosphor composites 3207 and 320g, the
spectral purity makes it possible to achieve better color
gamut.

[0031] The TFT array substrate 340 comprising a back
substrate 342, a plurality of TFTs 344 and a plurality of
sub-pixel electrodes 346. The TFTs 344 and the sub-pixel
electrodes 346 are disposed on the back substrate 342, and the
sub-pixel electrodes 346 are opposite to the windows W1, W2
and W3 of the front substrate 310 defined by the black matrix
330. In other words, each of the sub-pixel electrodes 346 is
corresponding to one of the phosphor composites 3207, 320g,
and one of the transparent windows 3205.

[0032] In the embodiment, the LCD panel 300 further
includes a filter 360, and the filter 360 is above the phosphor
composites 3207 320g in a viewing direction V of the LCD
panel 300, as shown in FIG. 2. For example, the filter 360 may
be sandwiched by the first phosphor composites 3207 the
second phosphor composites 320g, and the front substrate
310. In another embodiment without drawn, the filter 360
may be on the top surface 3105 of the front substrate 310.
[0033] The filter 360 can be a primary light blocking filter.
The portion of the primary light L2 that is not completely
converted into the desired color light can be filtered by the
filter 360. Furthermore, the filter 360 can also be a band pass
filter or multiple band pass filter. Such filter serves several
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purposes. The portion of the primary light .2 that is not
completely converted into the desired color lights can be
filtered by the filter 360, and the spectral widths of the con-
verted lights passing through the filter can also be further
narrowed to improve the color purities. Tt is noted that the
transparent window 3205 is designed to let the primary light
L2 pass through, and there is no filter 360 on the transparent
window 3205.

[0034] It is emphasized that the filter 360 is a selective
component of the embodiment, so that the filter 360 in FIG. 2
is merely used to illustrate, but not intended to limit the
present invention.

[0035] FIG. 3 is a schematic cross-sectional view of a LCD
panel according to a second embodiment of the present inven-
tion. Referring to FIG. 3, a LCD panel 400 includes the front
substrate 310, a transparent electrode 420, a plurality of first
phosphor composites 4207 a plurality of second phosphor
composites 420g, a plurality of third phosphor composites
420, the black matrix 330, the TFT array substrate 340, and
the liquid crystal layer 350.

[0036] The first phosphor composites 4207 the second
phosphor composites 420g, the third phosphor composites
42054, the black matrix 330 and the transparent electrode 420
are disposed on the front substrate 310. For example, the
black matrix 330, the phosphor composites 4207, 420g, 4205
and the transparent electrode 420 may be disposed on the
surface 310a of the front substrate 310, and the transparent
electrode 420 may cover the first phosphor composites 420z,
the second phosphor composites 420g, the third phosphor
composites 4205, and the black matrix 330.

[0037] Theblack matrix 330 divides the front substrate 310
into three windows including first windows W1, second win-
dows W2 and third windows W3 periodically. The first phos-
phor composites 4207 are disposed on the first windows W1,
the second phosphor composites 420g are disposed on the
second windows W2, and the third phosphor composites 4205
are disposed on the third windows W3.

[0038] On the surface 310a of the front substrate 310, the
black matrix 330 and phosphor composites 4207 420g and
4205 are formed at intervals of a pixel P3, and repeated
periodically on the front substrate 310. That is to say, the first
phosphor composites 4207, the second phosphor composites
420g and the third phosphor composites 4205 are periodically
arranged.

[0039] A primary light .3 shines towards the LCD panel
400. For example, the primary light [.3 may be from a back-
light module (not shown) which the LCD panel 400 is adapted
to installing with, and the primary light L3 may be derived
from light emitting diodes, laser diode, or fluorescent lamp.
Otherwise, the first phosphor composites 4207, the second
phosphor composites 420g, and the third phosphor compos-
ites 4206 are capable of converting the primary light .3
shinning towards the LCD panel 400 into different colors
respectively.

[0040] The phosphor composites, such as the first phosphor
composites 4207, the second phosphor composites 420g and
the third phosphor composites 4205, can be a mixture of
phosphors and fillers. For example, the fillers can be a trans-
parent photo-resist, a gel, an elastomer, a silicone, or an epoxy
resin. Phosphors such as SrS:Eu**, or Sr,SisNg:Eu®*, or
Gd,0,S:Ev’*, or Eu doped silicates for red emission;
SrGa,S,:Eu**, or SrAl,O,:Eu**, or Eu doped silicates for
green emission; St5(PO,)C1:Eu*, or BaMgAl, 0, ,:Eu* for
blue emission can be used.
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[0041] Theprimary light L3 may bea light with wavelength
ranging from 300 nm to 490 nm. The first phosphor compos-
ites 4207 are capable of converting the primary light .3 into a
red light which has wavelength ranging from 590 nm to 700
nm. The second phosphor composites 420g are capable of
converting the primary light [.3 into a green light which has
wavelength ranging from 490 nm to 590 nm. The third phos-
phor composite 4205 are capable of converting the primary
light L3 into a blue light which has wavelength ranging from
400 nm to 490 nm.

[0042] These phosphor composites 4207, 420g and 4205
realize three sub-pixels of different colors without color fil-
ters. Since the primary light L3 is converted into different
color lights, like red light, green light or blue light, by phos-
phor composites 4207, 420g and 4205 with high efficiencies,
the primary light L3 is essentially fully utilized, causing high
luminance efficiency when compared with conventional
color filtering processes. Since three color lights (red, green,
and blue light) are emitted from these phosphor composites
4207, 420g, and 4205, the spectral purity makes it possible to
achieve better color gamut also.

[0043] The TFT array substrate 340 comprising a back
substrate 342, a plurality of TFTs 344 and a plurality of
sub-pixel electrodes 346. The TFTs 344 and the sub-pixel
electrodes 346 are disposed on the back substrate 342, and the
sub-pixel electrodes 346 are opposite to the windows W1, W2
and W3 of the front substrate 310 defined by the black matrix
330. In other words, each of the sub-pixel electrodes 346 is
corresponding to one of the phosphor composites 4207, 420g,
and 4205,

[0044] In the second embodiment, the LCD panel 400 fur-
ther includes a filter 460, and the filter 460 is above phosphor
composites 4207, 420g and 4205 in a viewing direction V of
the LCD panel 400, as shown in FIG. 3. For example, the filter
460 may be sandwiched by the first phosphor composites
4207, the second phosphor composites 420g, the third phos-
phor composites 4205 and the front substrate 310. In another
embodiment without drawn, the filter 460 may be on the top
surface 3105 of the front substrate 310.

[0045] The filter 460 can be a primary light blocking filter.
The portion of the primary light L3 that is not completely
converted into the desired color light can be filtered by the
filter 460. Furthermore, the filter 460 can also be a band pass
filter or multiple band pass filter. Such filter serves several
purposes. The portion of the primary light L3 that is not
completely converted into the desired color light can be fil-
tered by the filter 460, and the spectral widths ofthe converted
lights passing through the filter can also be further narrowed
to improve the color purities.

[0046] It is emphasized that the filter 460 is a selective
component of the embodiment, so that the filter 460 in FIG. 3
is merely used to illustrate, but not intended to limit the
present invention.

[0047] FIG. 4is a schematic cross-sectional view of a LCD
panel according to a third embodiment of the present inven-
tion. Referring to FIG. 4, a LCD panel 500 includes the front
substrate 310, a transparent electrode 520, the black matrix
330, the TFT array substrate 340, the liquid crystal layer 350,
a plurality of first phosphor composites 5807 and a plurality
of second phosphor composites 580g.

[0048] Theblack matrix 330 divides the front substrate 310
into three windows including first windows W1, second win-
dows W2 and third windows W3 periodically, wherein the
black matrix 330 and the transparent electrode 520 are dis-
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posed on the front substrate 310. On the surface 310a of the
front substrate 310, the black matrix 330 are formed at intet-
vals of a pixel P4, and repeated periodically on the front
substrate 310. The TFT array substrate 340 comprising a back
substrate 342, and the TFTs 344 and the sub-pixel electrodes
346 are disposed on the back substrate 342. The sub-pixel
electrodes 346 are opposite to the windows W1, W2 and W3
of the front substrate 310 defined by the black matrix 330.
[0049] The first phosphor composites 580~ are opposite to
the first windows W1, and the second phosphor composites
580g are opposite to the second windows W2, wherein the
first phosphor composites 5807 and the second phosphor
composites 580g are placed under the back substrate 342 of
the TFT array substrate 340. For example, the LCD panel 500
further includes a transparent substrate 570 disposed under
the TFT array substrate 340, wherein the first phosphor com-
posites 5807 and the second phosphor composites 580g are
disposed on.

[0050] In another embodiment without drawn, the first
phosphor composites 5807 and the second phosphor compos-
ites 580g may be disposed on the back of the TFT array
substrate 340, and corresponding to the windows W1 and W2.
These phosphor composites 5807 and 580¢ along with a clear
window 5806 are formed at intervals of the pixel P4 and
repeated periodically. That is to say, the first phosphor com-
posites 5807 and the second phosphor composites 580g are
periodically arranged.

[0051] The phosphor composites 5807 580g are capable of
converting a primary light L4 shinning towards the LCD
panel 500 into different colors respectively. The primary light
L4 may be from a backlight module (not shown) which the
LCD panel 500 is adapted to installing with, and the primary
light 1.4 may be derived from light emitting diodes, laser
diode, or fluorescent lamp.

[0052] The primary light 1.4 may be a blue light, which can
pass through the clear window 5805, with wavelength rang-
ing from 400 nm to 490 nm. The phosphor composites 580~
are capable of converting the primary light .4 into a red light
with wavelength ranging from 590 nm to 700 nm. The second
phosphor composites 580g are capable of converting the pri-
mary light [ 4 into a green light with wavelength ranging from
490 nm to 590 nm. Then, these phosphor composites 5807,
580g and the clear window 5805 realize three sub-pixels of
different colors without color filters.

[0053] Since the primary light [.4 either passes through the
clear window 5805, or is converted into different color lights,
like red light or green light, by phosphor composites 5807 and
580g with high efficiencies, the primary light 4 is essentially
fully utilized, causing high luminance efficiency when com-
pared with conventional color filtering processes. Since three
color lights (red, green, and blue light) are either from the
light source, for example light emitting diode (LED), or emit-
ted from the phosphor composites 5807 and 580g, the spectral
purity makes it possible to achieve better color gamut.
[0054] One may also notice that, in the first embodiment
(referring FIG. 2), the primary light L2 is switched on-off by
the liquid crystal of the liquid crystal layer 350 and then
converts its color by the phosphor composite 3207 and 320g.
While in the third embodiment, the primary light .4 converts
it color and then is switched on-off by the liquid crystal of the
liquid crystal layer 350.

[0055] Inthe third embodiment, the LCD panel 500 further
includes a filter 590. The filter 590 is above the phosphor
composites 5807 and 580g in a viewing direction V of the

Oct. 9, 2008

LCD panel 500. For example, the filter 590 may be between
the phosphor composites 5807, 580g and the back substrate
342. In the embodiment as FIG. 4 shown, the filter 590 can be
disposed on a transparent substrate 570 which the LCD panel
500 further includes. The filter 590 can also be added on the
TFT array substrate 340, or on the front substrate 310. The
clear window 5805 is designed to let the primary light 1.4 pass
through; there is no filter above.

[0056] The filter 590 can be a primary light blocking filter.
The portion of the primary light L4 that is not completely
converted into the desired color light can be filtered by the
filter 590. Furthermore, the filter 590 can also be a band pass
filter or multiple band pass filter. Such filter serves several
purposes. The portion of the primary light L4 that is not
completely converted into the desired color lights can be
filtered by the filter 590, and the spectral widths of the con-
verted lights passing through the filter 590 can also be further
narrowed to improve the color purities.

[0057] Itis emphasized that the filter 590 and the transpar-
ent substrate 570 are selective components of the embodi-
ment, 5o that the filter 590 and the transparent substrate 570 in
FIG. 4 are merely used to illustrate, but not intended to limit
the present invention.

[0058] FIG. 51is a schematic cross-sectional view of a LCD
panel according to a fourth embodiment of the present inven-
tion. Referring to FIG. 5, the LCD panel 600 includes the
front substrate 310, the transparent electrode 520, the black
matrix 330, the TFT array substrate 340, the liquid crystal
layer 350, and a plurality of first phosphor composites 6807, a
plurality of second phosphor composites 680g, a plurality of
third phosphor composites 6804.

[0059] Theblack matrix 330 divides the front substrate 310
into three windows including first windows W1, second win-
dows W2 and third windows W3 periodically, wherein the
black matrix 330 and the transparent electrode 520 are dis-
posed on the front substrate 310. On the surface 310a of the
front substrate 310, the black matrix 330 are formed at intet-
vals of a pixel P5, and repeated periodically on the front
substrate 310. The TFT array substrate 340 comprising a back
substrate 342, and the TFTs 344 and the sub-pixel electrodes
346 are disposed on the back substrate 342. The sub-pixel
electrodes 346 are opposite to the windows W1, W2 and W3
of the front substrate 310 defined by the black matrix 330.

[0060] The first phosphor composites 680~ are opposite to
the first windows W1, the second phosphor composites 680g
are opposite to the second windows W2, and the third phos-
phor composites 6805 are opposite to the third windows W3.
The first phosphor composites 6807 the second phosphor
composites 680g and the third phosphor composites 6805 are
placed under the back substrate 342 of the TF T array substrate
340. For example, the LCD panel 600 further includes the
transparent substrate 570 disposed under the TFT array sub-
strate 340, wherein the first phosphor composites 6807, the
second phosphor composites 580g and the third phosphor
composites 6805 are disposed on.

[0061] In another embodiment without drawn, the first
phosphor composites 6807 the second phosphor composites
680g and the third phosphor composites 6805 may be dis-
posed on the back of the TFT array substrate 340, and corre-
sponding to the windows W1, W2 and W3. These phosphor
composites 6807 680g and 6804 are formed at intervals of a
pixel P5, and repeated periodically. That is to say, the first
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phosphor composites 6807, the second phosphor composites
680g and the third phosphor composites 6805 are periodically
arranged.

[0062] The phosphor composites 6807, 680g and 6805 are
capable of converting a primary light L5 shinning towards the
LCD panel 600 into different colors respectively. The primary
light L5 may be from a backlight module (not shown) which
the LCD panel 600 is adapted to installing with, and the
primary light L5 may be derived from light emitting diodes,
laser diode, or fluorescent lamp.

[0063] Theprimary light L5 may bea light with wavelength
ranging from 300 nm to 490 nm. The phosphor composites
6807 are capable of converting the primary light L5 into a red
light with wavelength ranging from 590 nm to 700 nm. The
phosphor composites 680g are capable of converting the pri-
mary light into a green light with wavelength ranging from
490 nm to 590 nm. The phosphor composites 6805 are
capable of converting the primary light into a blue light with
wavelength ranging from 400 nm to 490 nm. Then, these
phosphor composites 6807 680g and 6805 realize three sub-
pixels of different colors without color filters.

[0064] Since the primary light L5 is converted into different
color lights, like red light or green light or blue light, by
phosphor composites 6807, 680g and 6805 with high efficien-
cies, the primary light L5 is essentially fully utilized, causing
high luminance efficiency when compared with conventional
color filtering processes. Since three color lights (red, green,
and blue light) are emitted from the phosphor composites
6807, 680g and 6805, the spectral purity makes it possible to
achieve better color gamut.

[0065] In the fourth embodiment, the LCD panel 600 fur-
ther includes a filter 690. The filter 690 is disposed above the
phosphor composites 6807 and 680g and 6805 in a viewing
direction V of the LCD panel 600. For example, the filter 690
may be between the phosphor composites 6807, 680g, 6805
and the back substrate 342. In the embodiment as FIG. 5
shown, the filter 690 can be disposed on the transparent sub-
strate 570 which the LCD panel 600 further includes. The
filter 690 can also be added on the TFT array substrate 340, or
on the front substrate 310.

[0066] The filter 690 can be a primary light blocking filter.
The portion of the primary light L5 that is not completely
converted into the desired color light can be filtered by the
filter 690. Furthermore, the filter 690 can also be a band pass
filter or multiple band pass filter. Such filter selves several
purposes. The portion of the primary light L5 that is not
completely converted into the desired color light can be fil-
tered by the filter 690, and the spectral widths of the converted
lights passing through the filter 690 can also be further nar-
rowed to improve the color purities.

[0067] It is emphasized that the filter 690 and the transpar-
ent substrate 570 are selective components of the embodi-
ment, so that the filter 690 and the transparent substrate 570 in
FIG. 5 are merely used to illustrate, but not intended to limit
the present invention.

[0068] Based onthe above, the LCD panel according to the
present invention has phosphor composites which are capable
of changing the primary light into different color lights for
full color display. The conventional color filter can thus be
removed, and the LCD panel has higher luminance, better
color gamut and lower cost.

[0069] In other words, the commonly used color filters for
a LCD panel is replaced by a plurality of phosphor compos-
ites, such as first phosphor composites, second phosphor

Oct. 9, 2008

composites and third phosphor composites, and the sub-pixel
color light is obtained by converting, rather than filtering, and
the light utilization rate is much higher.

[0070] Otherwise, by properly choosing the phosphor com-
posites and the corresponding primary light, higher lumi-
nance can be achieved. Such high luminance efficiency is
only limited by the conversion efficiency of phosphor com-
posites used. Furthermore, the spectrum ofthe converted light
is pure and distinct, rendering a higher color gamut.

[0071] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the present invention without departing from the scope
or spirit of the invention. In view of the foregoing, it is
intended that the present invention cover modifications and
variations of this invention provided they fall within the scope
of the following claims and their equivalents.

What is claimed is:

1. A LCD panel, comprising:

a front substrate;

a plurality of first phosphor composites;

a plurality of second phosphor composites, wherein the
first phosphor composites and the second phosphor
composites are capable of converting a primary light
shinning towards the LCD panel into different colors
respectively;

a transparent electrode;

a black matrix, dividing the front substrate into three win-
dows comprising first windows, second windows and
third windows periodically, wherein the first phosphor
composites are disposed on the first windows, and the
second phosphor composites are disposed on the second
windows, wherein the first phosphor composites, the
second phosphor composites, the black matrix and the
transparent electrode are disposed on the front substrate;

a TFT array substrate, comprising a back substrate, a plu-
rality of TFTs and a plurality of sub-pixel electrodes,
wherein the TFTs and the sub-pixel electrodes are dis-
posed on the back substrate, and the sub-pixel electrodes
are opposite to the windows; and

a liquid crystal layer, sandwiched between the front sub-
strate and the TFT array substrate.

2. The LCD panel of claim 1, wherein the wavelength of the
primary light is ranging from 400 nm to 490 nm, the first
phosphor composites are capable of converting the primary
light into a light with wavelength ranging from 590 nm to 700
nm, and the second phosphor composites are capable of con-
verting the primary light into a light with wavelength ranging
from 490 nm to 590 nm.

3. The LCD panel of claim 1, wherein the primary light is
derived from light emitting diodes, or laser diode, or fluores-
cent lamp.

4. The LCD panel of claim 1, further comprising a plurality
of third phosphor composites, wherein the third phosphor
composites are disposed on the third windows.

5. The LCD panel of claim 4, wherein the wavelength of the
primary light is ranging from 300 nm to 490 nm, the first
phosphor composites are capable of converting the primary
light into a light with wavelength ranging from 590 nm to 700
nm, the second phosphor composites are capable of convert-
ing the primary light into a light with wavelength ranging
from 490 nm to 590 nm, and the third phosphor composites
are capable of converting the primary light into a light with
wavelength ranging from 400 nm to 490 nm.
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6. The LCD panel of claim 1, further comprising a filter,
wherein the filter is above the phosphor composites in a
viewing direction of the LCD panel.

7. The LCD panel of claim 6, wherein the filter is sand-
wiched between the phosphor composites and the front sub-
strate.

8. The LCD panel of claim 6, wherein the filter is a primary
light blocking filter.

9. The LCD panel of claim 6, wherein the filter is a band
pass filter or multiple band pass filter through which the
spectral widths of the converted lights by the phosphor com-
posites can be reduced.

10. A LCD panel, comprising:

a front substrate;

a transparent electrode;

a black matrix, dividing the front substrate into three win-
dows comprising first windows, second windows and
third windows periodically, wherein the black matrix
and the transparent electrode are disposed on the front
substrate;

a TFT array substrate, comprising a back substrate, a plu-
rality of TFTs and a plurality of sub-pixel electrodes,
wherein the TFTs and the sub-pixel electrodes are dis-
posedon the back substrate, and the sub-pixel electrodes
are opposite to the windows of the front substrate
defined by the black matrix;

a liquid crystal layer, sandwiched between the front sub-
strate and the TFT array substrate;

a plurality of first phosphor composites; and

a plurality of second phosphor composites, wherein the
first phosphor composites are opposite to the first win-
dows, and the second phosphor composites are opposite
to the second windows, wherein the first phosphor com-
posites and the second phosphor composites are placed
under the back substrate, and the first phosphor compos-
ites and the second phosphor composites are capable of
converting a primary light into different colors respec-
tively.

11. The LCD panel of claim 10, wherein the first phosphor
composites and the second phosphor composites are disposed
on the back substrate.

12. The LCD panel of claim 10, further comprising a trans-
parent substrate disposed under the TFT array substrate,
wherein the first phosphor composites and the second phos-
phor composites are disposed on.

13. The LCD panel of claim 10, wherein the wavelength of
the primary light is ranging from 400 nm to 490 nm, the first
phosphor composites are capable of converting the primary
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light into a light with wavelength ranging from 590 nmto 700
nm, and the second phosphor composites are capable of con-
verting the primary light into a light with wavelength ranging
from 490 nm to 590 nm.

14. The LCD panel of claim 10, wherein the primary light
is derived from light emitting diodes, or laser diode. or fluo-
rescent lamp.

15. The LCD panel of claim 10, further comprising a plu-
rality of third phosphor composites, wherein the third phos-
phor composites are opposite to the third windows, wherein
the first phosphor composites and the second phosphor com-
posites and the third phosphor composites are placed under
the back substrate, and the first phosphor composites and the
second phosphor composites and the third phosphor compos-
ites are capable of converting the primary light into different
colors respectively.

16. The LCD panel of claim 15, wherein the first phosphor
composites and the second phosphor composites and the third
phosphor composites are disposed on the back substrate.

17.The LCD panel of claim 15, further comprising a trans-
parent substrate disposed under the TFT array substrate,
wherein the first phosphor composites and the second phos-
phor composites and the third phosphor composites are dis-
posed on.

18. The LCD panel of claim 15, wherein the wavelength of
the primary light is ranging from 300 nm to 490 nm, the first
phosphor composites are capable of converting the primary
light into a light with wavelength ranging from 590 nm to 700
nm, the second phosphor composites are capable of convert-
ing the primary light into a light with wavelength ranging
from 490 nm to 590 nm, and the third phosphor composites
are capable of converting the primary light into a light with
wavelength ranging from 400 nm to 490 nm.

19. The LCD panel of claim 10, further comprising a filter,
wherein the filter is above the phosphor composites in a
viewing direction of the LCD panel.

20. The LCD panel of claim 19, wherein the filter is
between the phosphor composites and the back substrate.

21. The LCD panel of claim 19, wherein the filter is dis-
posed on a transparent substrate.

22. The LCD panel of claim 19, wherein the filter is a
primary light blocking filter.

23. The LCD panel of claim 19, wherein the filter is a band
pass filter or multiple band pass filter through which the
spectral widths of the converted lights by the phosphor com-
posites can be reduced.
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