US 20130021560A1
a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2013/0021560 A1

Wang et al. 43) Pub. Date: Jan. 24, 2013
(54) LIQUID CRYSTAL DISPLAY (52) US.CL ... 349/69; 349/70; 977/774; 977/832
(75) Inventors: Ying-Li Wang, Taichung City (TW);

Chien Shen, Yilan County (TW)

(73) Assignee: AU OPTRONICS CORPORATION,
Hsinchu (TW)
(21) Appl. No.: 13/407,691
(22) Filed: Feb. 28, 2012
(30) Foreign Application Priority Data
Jul. 21,2011 (TW) e 100125807

Publication Classification

(51) Int.CL

(57) ABSTRACT

Aliquid crystal display including a backlight unit and a liquid
crystal display panel is provided. The backlight unit includes
an exciting light source and quantum dot remote phosphor.
Spectrum of the backlight unit has relative maximum bright-
ness peaks BL1, BL2 and BL3 between 445 nm to 455 nm,
between 528 nm to 538 nm, and between 618 nm to 628 nm,
respectively. The liquid crystal display panel is disposed
above the backlight unit and has a red color filter, a green
color filter, a blue color filter and a yellow color filter, wherein
areas of the red color filter, the green color filter, the blue color
filter and the yellow color filter are Ay, Ags, Ag, Ay, respec-
tively. The areas Az, A, Ag, Ay satisfy the following rela-

GO2F 1/13357 (2006.01) tionship: 0.75<A /A ;<0.85; 0.3<A/A,<0.4; and 0.95<A ,/
B82Y 20/00 (2011.01) A,<1.05.
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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 100125807, filed on Jul. 21, 2011.
The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
this specification.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The application relates to a liquid crystal display
(LCD). More particularly, the application relates to an LCD
that is characterized by favorable color saturation.

[0004] 2. Description of Related Art

[0005] The LCD featuring advantages that include small
and compact size, high definition, low power consumption,
and no radiation has gradually replaced the conventional
cathode ray tube (CRT) display and become the mainstream
product in the market of the displays. However, in compari-
son with the CRT display, the LCD often requires a backlight
unit for displaying images. The common backlight units in
the LCDs include cold-cathode fluorescent lamp (CCFL)
backlight units and light emitting diode (LED) backlight
units.

[0006] Since a white LED is characterized by low heat
generation, low power consumption, long service life, fast
response speed, compactness, and is suitable for planar pack-
age, the evolution of the white LED is regarded as a “white
illumination revolution”. Besides, the white LED has been
gradually applied in backlight modules of portable displays
and televisions due to its advantages of low power consump-
tion, small size, and fast response speed.

[0007] Inthe commonly used white LED, a blue LED chip
is often employed together with yttrium aluminum garnet
(YAG), and the blue LED is easy to be packaged and has
compact size. Recently, quantum dot remote phosphor has
been increasingly applied to the LED. The quantum dot
remote phosphor is a quasi-zero-dimensional nano material
that is constituted by several or dozens of atoms. In the quan-
tum dot remote phosphor, the movement of electrons within
the three-dimensional space is confined, and thus the photo-
electric properties of the quantum dot remote phosphor are
rather different from the photoelectric properties of the bulk-
type phosphor. For instance, quantum dot remote phosphor
which has different size but is irradiated by the same exciting
light source emits secondary light with different wavelengths.
If the quantum dot remote phosphor with different size is
mixed, and the well-mixed quantum dot remote phosphor is
irradiated by the same exciting light, the secondary light with
different wavelengths can be simultaneously generated.

[0008] Compared to the conventional organic phosphor, the
quantum dot remote phosphor has favorable light emission
efficiency. Hence, when the quantum dot remote phosphor is
applied to the backlight unit of the LCD, it is expected that
color saturation (NTSC %) of the LCD can be improved.
Although the quantum dot remote phosphor can enhance
color saturation of the LCD, the chromatic coordinate of the
white dot often shifts. As a result, it is rather imperative to
resolve the issue of the shifted chromatic coordinate of the
white dot caused by the quantum dot remote phosphor.
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SUMMARY OF THE INVENTION

[0009] The application is directed to an LCD that has favor-
able color saturation and satisfactory white color display
performance.

[0010] Inthis application, an LCD that includes a backlight
unit and an LCD panel is provided. The backlight unit
includes an exciting light source and quantum dot remote
phosphor. A spectrum of the backlight unit has relative maxi-
mum brightness peaks BL1, BL2, and BL3 when wave-
lengths of light range from 445 nm to 455 nm, from 528 nm
to 538 nm, and from 618 nm to 628 nm, respectively, and the
relative maximum brightness peak BL1 is higher than the
relative maximum brightness peak BL2. The LCD panel is
located above the backlight unit and has a red filter layer, a
green filter layer, a blue filter layer, and a yellow filter layer.
Areas of the red, green, blue, and yellow filter layers are Az,
Ag, Ay, and Ay, respectively, and the areas Az, A, Ag, and
A satisfy following conditions:

0.75<A4/4;<0.85;
0.3<4,/4,<0.4; and

0.95<4/dy<1.05.

[0011] According to an embodiment in the application, the
red, green, blue, and yellow filter layers satisfy following
conditions:

[0012] When the backlight unit irradiates the red filter
layer, R is defined as an x coordinate of a red light filtered by
the red filter layer in a CIE 1931 chromaticity coordinate
diagram, R, is defined as an y coordinate of the red light
filtered by the red filter layer in the CIE 1931 chromaticity
coordinate diagram, 0.665<R<0.675, and 0.305<R,<0.315.
[0013] When the backlight unit irradiates the green filter
layer, G, is defined as an x coordinate of a green light filtered
by the green filter layer in the CIE 1931 chromaticity coordi-
nate diagram, G, is defined as an y coordinate of the green
light filtered by the green filter layer in the CIE 1931 chro-

maticity coordinate diagram, 0.235<(G,<0.245, and
0.690<G,<0.700.
[0014] When the backlight unit irradiates the blue filter

layer, B, is defined as an x coordinate of a blue light filtered by
the blue filter layer in the CIE 1931 chromaticity coordinate
diagram, B, is defined as an y coordinate of the blue light
filtered by the blue filter layer in the CIE 1931 chromaticity
coordinate diagram, 0.150<B,<0.160, and 0.060<B,<0.070.
[0015] When the backlight unit irradiates the yellow filter
layer, Y, is defined as an x coordinate of a yellow light filtered
by the yellow filter layer in the CIE 1931 chromaticity coor-
dinate diagram, Y, is defined as an y coordinate of the yellow
light filtered by the yellow filter layer in the CIE 1931 chro-
maticity coordinate diagram, 0.430<Y <0.440, and
0.530<Y,<0.540.

[0016] According to an embodiment in the application, the
relative maximum brightness peak BL1 is higher than the
relative maximum brightness peak BL3.

[0017] According to an embodiment in the application,
BL1:BL2:BL3=1:0.63:0.657.

[0018] According to an embodiment in the application,
when the backlight unit irradiates the LCD panel, a chromatic
coordinate of a white dot on the LCD panel is (W,, W),
0.275<W,<0.285, and 0.285<W <0.295.

[0019] According to an embodiment in the application,
AgAsAzA=1:13:3:1.
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[0020] According to an embodiment in the application, the
backlight unit includes a direct-type backlight unit or an
edge-type backlight unit.

[0021] According to an embodiment in the application, the
exciting light source includes an LED chip package. The LED
chip package includes a carrier, an LED chip, and a molding
compound. The LED chip emits exciting light. Besides, the
LED chip is configured on the carrier and electrically con-
nected to the carrier. The molding compound encapsulates a
portion of the carrier and the LED chip. The quantum dot
remote phosphor is distributed in the molding compound and
located on a transmission path of the exciting light.

[0022] According to an embodiment in the application, the
exciting light source includes an LED chip package. The LED
chip package includes a carrier, an LED chip, and a molding
compound. The LED chip emits exciting light, and the LED
chip is configured on the carrier and electrically connected to
the carrier. The quantum dot remote phosphor covers the LED
chip andis located on a transmission path of the exciting light.
The molding compound encapsulates a portion of the carrier
and the LED chip.

[0023] Inthis application, the ratio of areas occupied by the
red, green, blue, and yellow filter layers is controlled to
resolve the issue of the shifted chromatic coordinate of the
white dot caused by the quantum dot remote phosphor.
Accordingly, the LCD of this application is characterized by
favorable color saturation and satisfactory white color display
performance.

[0024] To make the above and other features and advan-
tages of the application more comprehensible, several
embodiments accompanied with figures are detailed as fol-
lows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings are included to pro-
vide further understanding, and are incorporated in and con-
stitute a part of this specification. The drawings illustrate
exemplary embodiments and, together with the description,
serve to explain the principles of the disclosure.

[0026] FIG. 1 is a schematic view illustrating an LCD
according to an embodiment of the invention.

[0027] FIG. 2 illustrates a spectrum of the backlight unit
depicted in FIG. 1.

[0028] FIG. 3A and FIG. 3B illustrate the combination of
quantum dot remote phosphor and two different exciting light
sources.

[0029] FIG. 4 illustrates a spectrum of the backlight unit
according to an experimental example.

DESCRIPTION OF EMBODIMENTS

[0030] FIG. 1 is a schematic view illustrating an LCD
according to an embodiment of the invention. FIG. 2 illus-
trates a spectrum of the backlight unit depicted in FIG. 1. With
reference to FIG. 1 and FIG. 2, the LCD 100 of this embodi-
ment includes a backlight unit 110 and an LCD panel 120.
The backlight unit 110 includes an exciting light source 112
and quantum dot remote phosphor 114. A spectrum of the
backlight unit 110 has relative maximum brightness peaks
BL1, BL2, and BL3 when wavelengths of light range from
445 nm to 455 nm, from 528 nm to 538 nm, and from 618 nm
to 628 nm, respectively, and the relative maximum brightness
peak BL1 is higher than the relative maximum brightness
peak BL2. The LCD panel 120 is configured above the back-
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light unit 110 and has a red filter layer 120R, a green filter
layer 120G, a blue filter layer 120B, and a yellow filter layer
120Y. Areas of the red, green, blue, and yellow filter layers
120R, 120G, 120B,and 120Y are Az, A, Az, and A, respec-
tively, and the areas A, As, A, and A ;- satisfy the following
inequalities (1)~(3):

0.75<4x/45<0.85 (€]
0.3<4p/45<0.4 @
0.95<4/43<1.05 ®)
[0031] Inthis application, the ratio of areas occupied by the

red filter layer 120R, the green filter layer 120G, the blue filter
layer 120B, and the yellow filter layer 120Y can be consid-
ered as the ratio of areas occupied by red, green, blue, and
yellow sub-pixels. According to an embodiment, the ratio of
the areas occupied by the red filter layer 120R, the green filter
layer 120G, the blue filter layer 120B, and the yellow filter
layer 120Y can be Ag: A5 Az Ay, and Az A AL A=1:1.3:
3:1. That is to say, in a single display pixel, the ratio of the
areas occupied by the red, green, blue, and yellow sub-pixels
18 AgiAGALA L as well, and AgpA S ALA=1:1.3:3:1, as
indicated in FIG. 2.

[0032] In this embodiment, the chromatic coordinates of
the red light filtered by the red filter layer 120R, the green
light filtered by the green filter layer 120G, the blue light
filtered by the blue filter layer 120B, and the yellow light
filtered by the yellow filter layer 120Y should satisfy the
following exemplary conditions. When the backlight unit 110
irradiates the red filter layer 120R, R, is defined as an x
coordinate of the red light filtered by the red filter layer 120R
in a CIE 1931 chromaticity coordinate diagram, R, is defined
as any coordinate of the red light filtered by the red filter layer
120R in the CIE 1931 chromaticity coordinate diagram,
0.665<R,<0.675, and 0.305<R <0.315. When the backlight
unit 110 irradiates the green filter layer 120G, G, is defined as
an x coordinate of the green light filtered by the green filter
layer 120G in the CIE 1931 chromaticity coordinate diagram,
G, is defined as an y coordinate of the green light filtered by
the green filter layer 120G in the CIE 1931 chromaticity
coordinate diagram, 0.235<G,<0.245, and 0.690<G,<0.700.
When the backlight unit 110 irradiates the blue filter layer
120B, B, is defined as an x coordinate of the blue light filtered
by the blue filter layer 120B in the CIE 1931 chromaticity
coordinate diagram, B, is defined as an y coordinate of the
blue light filtered by the blue filter layer 120B in the CIE 1931
chromaticity coordinate diagram, 0.150<B,<0.160, and
0.060<B,<0.070. When the backlight unit 110 irradiates the
yellow filter layer 1207, Y, is defined as an x coordinate of the
yellow light filtered by the yellow filter layer 120Y in the CIE
1931 chromaticity coordinate diagram, Y, is defined as an y
coordinate of the yellow light filtered by the yellow filter layer
120Y in the CIE 1931 chromaticity coordinate diagram,
0.430<Y<0.440, and 0.530<Y,<0.540.

[0033] According to an embodiment in the application, R,
is approximately 0.667, R, is approximately 0.310, G, is
approximately 0.239, G, is approximately 0.692, B, is
approximately 0.155, B, is approximately 0.063, Y, is
approximately 0.434, and'Y, is approximately 0.535.

[0034] In this embodiment, the relative maximum bright-
ness peak BL1 is higher than the relative maximum bright-
ness peak BL2, and the relative maximum brightness peak
BL1 is also higher than the relative maximum brightness peak
BL3. According to an embodiment in the application, the



US 2013/0021560 A1

ratio of the relative maximum brightness peaks BL1, BL2,
and BL3 is represented by the following equation: BL1:BL2:
BL3=1:0.63:0.657.

[0035] When the backlight unit 110 of this embodiment
irradiates the LCD panel 120, a chromatic coordinate of a
white dot on the LCD panel 120 is (W,, W ), 0.275<W _<0.
285, and 0.285<W,<0.295. In an embodiment of the applica-
tion, W, is approximately 0.283, and W, is approximately
0.291. The color saturation (NTSC %) of the LCD panel 120
is approximately 95.3%.

[0036] As indicated in FIG. 1, the backlight unit 110 of this
embodiment is an edge-type backlight unit, for instance, and
the backlight unit 110 not only includes the exciting light
source 112 and the quantum dot remote phosphor 114 but also
includes a light guide plate (LGP) 116. Note that the backlight
unit 110 of this embodiment can also be a direct-type back-
light unit and also includes the exciting light source 112 and
the quantum dot remote phosphor 114. However, the exciting
light source 112 and the quantum dot remote phosphor 114 of

Jan. 24,2013

[0039] Inthis application, the ratio of areas occupied by the
red, green, blue, and yellow filter layers is controlled to
resolve the issue of the shifted chromatic coordinate of the
white dot caused by the quantum dot remote phosphor.
Accordingly, the LCD of this application is characterized by
favorable color saturation and satisfactory white color display
performance.

Experimental Example

[0040] When the spectrum of the backlight unit is as shown
in FIG. 2 (i.e,, BL1:BL2:BL3=1:0.63:0.657), the values of
R, R, RY, G, G, GY,B,,B,BY,Y,Y, and YY comply
with the values shown in the left columns of Table 1. Besides,
when Az As Az A,=1:1.3:3:1, the chromatic coordinate of
the white dot on the LCD panel is (0.283,0.291), and the color
saturation (NTSC %) of the LCD panel is approximately
95.3%. RY, GY, BY, and YY respectively denote the lumi-
nance of the red, green, blue, and yellow filter layers irradi-
ated by the above-mentioned backlight unit.

TABLE 1

4 Wx Wy WY %

0.667 0.310 0.7310.239 0.692 2.44|0.155 0.063 0.72]0.434 0.535 2.56|0.283 0.291 6.45| 95.3

the direct-type backlight unit 110 are directly configured
below the LCD panel 120 to provide the required light for
displaying images.

[0037] FIG. 3A and FIG. 3B illustrate the combination of
quantum dot remote phosphor and two different exciting light
sources. With reference to FIG. 3 A, the exciting light source
112 of this embodiment is an LED chip package, for instance,
and the LED chip package includes a carrier 112a, an LED

[0041] When the spectrum of the backlight unit is as shown
inFIG.4 (i.e., BL1<BL2 and BL1<BL3), the values of R , R,
RY, G,, G,, GY, B,, B,, BY,Y,,Y,, and YY comply with the
values shown in the left columns of Table 2. Besides, when
AgAgAgA=1:13:3:1, the chromatic coordinate of the
white dot on the LCD panel is (0.341, 0.352), and the color
saturation (NTSC %) of the LCD panel is approximately
86.9%.

TABLE 2

NTSC
1 wx wy wy| %

0.672 0316 0.84(0.265 0.673 2.30]0.158 0.091 0.63]0.467 0.506 2.60[0.341 0.352 6.37| 86.9

chip 1125, and a molding compound 112¢. The LED chip
1125 is suitable for emitting exciting light L. Besides, the
LED chip 11254 is configured on the carrier 112a and electri-
cally connected to the carrier 112a. The molding compound
112¢ encapsulates a portion of the carrier 112a and the LED
chip 1126. The quantum dot remote phosphor 114 is ran-
domly and evenly distributed in the molding compound 112¢
and located on a transmission path of the exciting light L.

[0038] With reference to FIG. 3B, the exciting light source
112 in another embodiment in the application is an LED chip
package as well, and the LED chip package includes a carrier
112a, an LED chip 1124, and a molding compound 112¢. The
LED chip 1125 is suitable for emitting exciting light L, and
the LED chip 1125 is configured on the carrier 112a and
electrically connected to the carrier 112a. The quantum dot
remote phosphor 114 covers the LED chip 1125 and is located
on a transmission path of the exciting light L. The molding
compound 112¢ encapsulates a portion of the carrier 112a
and the LED chip 11254

[0042] Asindicated in Table 1 and Table 2, the spectrum of
the backlight unit in this application poses certain impact on
the chromatic coordinate of the white dot. After the proper
spectrum of the backlight unit is determined, the issue of the
shifted chromatic coordinate of the white dot can be effec-
tively resolved by controlling theratio (i.e., Az:A ;A4 A ) of
the areas occupied by the red, green, blue, and yellow filter
layers.

[0043] Although the application has been disclosed by the
above embodiments, they are not intended to limit the appli-
cation. Those skilled in the art may make some modifications
and alterations without departing from the spirit and scope of
the application. Therefore, the protection range of the appli-
cation falls in the appended claims.

What is claimed is:

1. A liquid crystal display comprising:

a backlight unit comprising an exciting light source and
quantum dot remote phosphor, wherein a spectrum of
the backlight unit has relative maximum brightness
peaks BL1, BL2, and BL3 when wavelengths of light
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range from between 445 inn to 455 nm, from 528 nm to
538 nm, and from 618 nm to 628 nm, respectively, and
the relative maximum brightness peak BL1 is higher
than the relative maximum brightness peak BL2; and

a liquid crystal display panel located above the backlight
unit and having a red filter layer, a green filter layer, a
blue filter layer, and a yellow filter layer, wherein areas
of the red, green, blue, and yellow filter layers are A,
Ag, Ay, and A, respectively, and the areas Az, A, Ay,
and A , satisfy following conditions:

0.75<AR/d ;<0.85;
0.3<A4x/45<0.4; and

0.95<Az/d<1.05.

2. The liquid crystal display as recited in claim 1, wherein
the red, green, blue, and yellow filter layers satisfy following
conditions:
when the backlight unit irradiates the red filter layer, R, is
defined as an x coordinate of a red light filtered by the red
filter layer in a CIE 1931 chromaticity coordinate dia-
gram, R, is defined as an y coordinate of the red light
filtered by the red filter layer in the CIE 1931 chroma-
ticity coordinate diagram, 0.665<R <0.675, and
0.305<R,<0.315;
when the backlight unit irradiates the green filter layer, G,
is defined as an x coordinate of a green light filtered by
the green filter layer in the CIE 1931 chromaticity coor-
dinate diagram, G,, is defined as an y coordinate of the
green light filtered by the green filter layer in the CIE
1931 chromaticity coordinate diagram, 0.235<G,<0.
245, and 0.690<G,<0.700;

when the backlight unit irradiates the blue filter layer, B, is
defined as an x coordinate of a blue light filtered by the
blue filter layer in the CIE 1931 chromaticity coordinate
diagram, B, is defined as an y coordinate of the blue light
filtered by the blue filter layer in the CIE 1931 chroma-
ticity coordinate diagram, 0.150<B,<0.160, and
0.060<B,<0.070; and

when the backlight unit irradiates the yellow filter layer, Y,

is defined as an x coordinate of a yellow light filtered by
the yellow filter layer in the CIE 1931 chromaticity
coordinate diagram, Y, is defined as an y coordinate of
the yellow light filtered by the yellow filter layer in the

Jan. 24,2013

CIE 1931 chromaticity coordinate
0.430<Y,<0.440, and 0.530<Y,<0.540.

3. The liquid crystal display as recited in claim 1, wherein
the relative maximum brightness peak BL1 is higher than the
relative maximum brightness peak BL3.

4. The liquid crystal display as recited in claim 1, wherein
BL1:BL2:BL3=1:0.63:0.657.

5. The liquid crystal display as recited in claim 1, wherein
a chromatic coordinate of a white dot on the liquid crystal
display panel is (W, W), 0.275<W,<0.285, and
0.285<W_<0.295 when the backlight unit irradiates the liquid
crystal display panel.

6. The liquid crystal display as recited in claim 1, wherein
AgAsAzA~1:13:3:1.

7. The liquid crystal display as recited in claim 1, wherein
the backlight unit comprises a direct-type backlight unit or an
edge-type backlight unit.

8. The liquid crystal display as recited in claim 1, wherein
the exciting light source comprises a light emitting diode chip
package, and the light emitting diode chip package com-
prises:

a carrier;

a light emitting diode chip emitting exciting light, the light
emitting diode chip being configured on the carrier and
electrically connected to the carrier; and

a molding compound encapsulating a portion of the carrier
and the light emitting diode chip, wherein the quantum
dot remote phosphor is distributed in the molding com-
pound and located on a transmission path of the exciting
light.

9. The liquid crystal display as recited in claim 1, wherein
the exciting light source comprises a light emitting diode chip
package, and the light emitting diode chip package com-
prises:

a carrier;

a light emitting diode chip emitting exciting light, the light
emitting diode chip being configured on the carrier and
electrically connected to the carrier, wherein the quan-
tum dot remote phosphor covers the light emitting diode
chip and located on a transmission path of the exciting
light; and

a molding compound encapsulating a portion of the carrier
and the light emitting diode chip.

diagram,

* * #* ok %
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