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(57) ABSTRACT

The present invention provides a structure of a high color
gamut liquid crystal display module, which includes a back-
light module (1) and a liquid crystal display panel (3)
arranged above the backlight module (1). The backlight mod-
ule (1) includes an LED light source (17) and the LED light
source (17) is an LED light source having a wavelength below
460 nm. The liquid crystal display panel (3) includes a TFT
substrate (31), a CF substrate (33) arranged above the TFT
substrate (31), aliquid crystal layer (35) arranged between the
TFT substrate (31) and the CF substrate (33), and a fluores-
cent powder layer (5) arranged on a lower surface of the TFT
substrate (31). The CF substrate (33) includes red, green, and
blue sub-pixel units that are arranged in a matrix. The fluo-
rescent powder layer (5) includes at least two of red, green,
and blue fluorescent powder units (51, 53, 55), which are

(51) Imnt.CL arranged to respectively correspond to the blue, green, or blue
GO2F 1/1335 (2006.01) sub-pixel units. The structure effectively increases color
F21V 8/00 (2006.01) gamut of a liquid crystal display module and provides the
GO2F 1/1362 (2006.01) liquid crystal display module with high color saturation.
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STRUCTURE OF HIGH COLOR GAMUT
LIQUID CRYSTAL DISPLAY MODULE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to the field of liquid
crystal displaying, and in particular to a structure of a high
color gamut liquid crystal display module.

[0003] 2. The Related Arts

[0004] Liquid crystal displays (LCDs) have a variety of
advantages, such as thin device body, low power consump-
tion, and being free of radiation, and are thus of wide appli-
cations, such as liquid crystal televisions, mobile phones,
personal digital assistants (PDAs), digital cameras, computer
monitors, and notebook computer screens.

[0005] Most of the liquid crystal displays that are available
in the market are backlighting liquid crystal displays, which
generally comprise an enclosure, a liquid crystal panel
arranged in the enclosure, and a backlight module mounted in
the enclosure.

[0006] The liquid crystal panel is structurally made up of a
color filter (CF) substrate, a thin-film transistor (TFT) array
substrate, and a liquid crystal layer arranged between the two
substrates, of which the principle of operation is to control the
rotation of the liquid crystal molecules of the liquid crystal
layer by application of a driving voltage to the two glass
substrates in order to refract out the light emitting from the
backlight module to generate an image.

[0007] The backlight modules can be classified in two
types, namely a side-edge backlight module and a direct
backlight module, according to the site where light gets inci-
dent. The direct backlight module comprises a light source,
such as a cold cathode fluorescent lamp (CCFL) or a light-
emitting diode (LED), which is arranged at the backside of
the liquid crystal panel to directly form a planar light source
supplied to the liquid crystal panel. The side-edge backlight
module comprises an LED light bar, serving as a backlight
source, which is arranged at an edge of a backplane to be
located rearward of one side of the liquid crystal panel. The
LED light bar emits light that enters a light guide plate (LGP)
through a light incident face at one side of the light guide plate
and is projected out of a light emergence face of the light
guide plate, after being reflected and diffused, to pass through
an optic film assembly so as to form a planar light source for
the liquid crystal panel.

[0008] Recently, due to the rapid development of the
organic light emitting display (OLED) technology, the LCDs
are facing a variety of challenges. Compared to the OLEDs,
the LDCs show weakness in various aspects, including device
thinning, surface curving, and color saturation. To achieve
high color saturation of the LCDs and provide the liquid
crystal display modules with high color gamut, such purposes
are achieved in the known techniques by adjusting the CF or
adopting high color saturation LED backlight source (such as
LEDs that comprise red and green fluorescent powders or
LEDs that comprise multiple color chips.

[0009] Theoretically, one way to achieve high color satu-
ration is to expand the triangular area defined by the color
points of the pure colors of the three primary colors, namely
red (R), green (G), and blue (B), as large as possible ina CIE
(the International Commission on Illumination) chromaticity
diagram in order to obtain an enlarged NTSC (National Tele-
vision System Committee) area. Referring to FIG. 9, the
NTSC color saturation of currently common liquid crystal
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display modules is 72%. To enlarge the area defined by the R,
G, and B color points of a liquid crystal display module, one
way is to increase the thickness of the CF in order to reduce
the half peak widths of the R, G, and B spectrums and another
way is to optimize the wavelengths of the R, G, and B spec-
trums by adjusting the light source so as to make the R
wavelength that corresponds to the peak longer, the G wave-
length closer to 520 nm, and the B wavelength shorter and
simultaneously reduce the half peak widths of the R, G, and B
spectrums. Referring to FIG. 1, the half peak widths of R, G,
and B of the CF spectrums of the commonly used liquid
crystal display modules are relatively wide and overlapping
occurs among the colors. Referring to FIG. 2, when light
emitting from a white LED passes through the backlight
module to be projected out of the CF, the spectrums of the
pure colors of the three primary colors, R, G, and B, obtained
with the liquid crystal display module are generally not ideal
and are affected by the characteristic of the CF so as to show
a tailing phenomenon of the spectrums of the three primary
colors, R, G, and B, leading to increased half peak widths,
reduced color purities, and inward contraction of the corre-
sponding color points in the CIE diagram, making it opposite
to the expectation of high color saturation.

SUMMARY OF THE INVENTION

[0010] An object of the present invention is to provide a
structure of a high color gamut liquid crystal display module,
which reduces color overlapping of the three primary colors
of R, G, and B resulting from the half peak widths of the CF
spectrums, effectively increases the color gamut of a liquid
crystal display module, provides the liquid crystal display
module with high color saturation, has a simple structure, and
can be easily achieved.

[0011] To achieve the above object, the present invention
provides a structure of a high color gamut liquid crystal
display module, which comprises a backlight module and a
liquid crystal display panel arranged above the backlight
module. The backlight module comprises a light-emitting
diode (LED) light source. The LED light source is an LED
light source having a wavelength below 460 nm. The liquid
crystal display panel comprises a thin-film transistor (TFT)
substrate, a color filter (CF) substrate arranged above the TFT
substrate, a liquid crystal layer arranged between the TFT
substrate and the CF substrate, and a fluorescent powder layer
arranged on a lower surface of the TFT substrate. The CF
substrate comprises red, green, and blue sub-pixel units
arranged in a matrix. The fluorescent powder layer comprises
at least two of red, green, and blue fluorescent powder units
arranged to correspond to red, green, or blue sub-pixel units.

[0012] Thered, green, and blue sub-pixel units respectively
comprise red, green, and blue color resist units. The fluores-
cent powder layer comprises the red, green, and blue fluores-
cent powder units. The red, green, and blue fluorescent pow-
der units are arranged to respectively correspond to the red,
green, and blue color resist units.

[0013] The LED light source is a blue LED light source.
The red and green sub-pixel units respectively comprise the
red and green color resist units. The fluorescent powder layer
comprises the red and green fluorescent powder units. The red
and green fluorescent powder units are arranged to respec-
tively correspond to the red and green color resist units.

[0014]
unit.

The blue sub-pixel unit comprises a blue color resist
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[0015] The fluorescent powder layer further comprises a
carrier. The red, green, or blue fluorescent powder units are
arranged on the carrier. The carrier is attached to a lower
surface of the TFT substrate.

[0016] The carrier comprises a transparent film or a glass
plate. The transparent film is made of a material of polyeth-
vlene terephthalate, polypropylene, or polymethyl methacry-
late.

[0017] The fluorescent powder layer is directly attached to
the lower surface of the TFT substrate.

[0018] Thered, green, or blue fluorescent powder units are
formed of nitride fluorescent powders, sulfide fluorescent
powders, or quantum dot fluorescent powders.

[0019] The structure of the high color gamut liquid crystal
display module further comprises a protective layer. The pro-
tective layer covers the red, green, or blue fluorescent power
units. The protective layer is made of a material of silicon
rubber.

[0020] The backlight module further comprises a light
guide plate, an optical film assembly arranged on an upper
surface of the light guide plate, and a bottom reflector plate
arranged on a lower surface of the light guide plate. The LED
light source is arranged at one side of the light guide plate.
[0021] The efficacy of the present invention is that the
present invention provides a structure of a high color gamut
liquid crystal display module, which comprises an LED light
source having a wavelength below 460 nm and a fluorescent
powder layer arranged on a lower surface of a TFT substrate
with the fluorescent powder units of various colors that con-
stitute the fluorescent powder layer made in a size in the order
of a pixel so as to reduce the color overlapping of the three
primary colors of R, G, and B resulting from the half peak
widths of the CF spectrums, effectively increase the color
gamut of the liquid crystal display module, provide the liquid
crystal display module with high color saturation, have a
simple structure, and be easily achieved.

[0022] For better understanding of the features and techni-
cal contents of the present invention, reference will be made
to the following detailed description of the present invention
and the attached drawings. However, the drawings are pro-
vided for the purposes of reference and illustration and are not
intended to impose limitations to the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The technical solution, as well as other beneficial
advantages, of the present invention will be apparent from the
following detailed description of embodiments of the present
invention, with reference to the attached drawing.

In the drawing:

[0024] FIG. 1 shows CF spectrums of a conventional com-
monly used liquid crystal display module and light spectrum
of a white LED;

[0025] FIG. 2 shows light spectrums of the pure color
points of the three primary colors of R, G, and B of a conven-
tional commonly used liquid crystal display module;

[0026] FIG. 3 is a schematic view showing the structure of
ahigh color gamut liquid crystal display module according to
a first embodiment of the present invention;

[0027] FIG. 4 is a schematic view showing the structure of
ahigh color gamut liquid crystal display module according to
a second embodiment of the present invention;

[0028] FIG. 5 is a schematic view showing the structure of
ahigh color gamut liquid crystal display module according to
a third embodiment of the present invention;
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[0029] FIG. 6 is a schematic view showing the structure of
ahigh color gamut liquid crystal display module according to
a fourth embodiment of the present invention;

[0030] FIG. 7 shows CF spectrums of the structure of the
high color gamut liquid crystal display module according to
the present invention and light spectrum of a blue LED
[0031] FIG. 8 shows light spectrums of the pure color
points of the three primary colors of R, G, and B of the
structure of the high color gamut liquid crystal display mod-
ule according to the present invention; and

[0032] FIG. 9 is a CIE diagram showing comparison
between the structure of the high color gamut liquid crystal
display module according to the present invention and a con-
ventional commonly used liquid crystal display module.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0033] To further expound the technical solution adopted in
the present invention and the advantages thereof, a detailed
description is given to a preferred embodiment of the present
invention and the attached drawings.

[0034] Referring to FIG. 3, which is a schematic view
showing the structure of a high color gamut liquid crystal
display module according to a first embodiment of the present
invention, the structure of the high color gamut liquid crystal
display module comprises a backlight module 1 and a liquid
crystal display panel 3 arranged above the backlight module
1. The backlight module 1 comprises a light guide plate 11, an
optical film assembly 13 arranged on an upper surface of the
light guide plate 11, a bottom reflector plate 15 arranged on a
lower surface of the light guide plate 11, and a light-emitting
diode (LED) light source 17 arranged at one side of the light
guide plate 11. The liquid crystal display panel 3 comprises a
thin-film transistor (TFT) substrate 31, a color filter (CF)
substrate 33 arranged above the TFT substrate 31, a liquid
crystal layer 35 arranged between the TFT substrate 31 and
the CF substrate 33, and a fluorescent powder layer 5 arranged
on a lower surface of the TFT substrate 31.

[0035] The LED light source 17 is an LED light source
having a wavelength below 460 nm, such as a blue LED light
source, an ultraviolet LED light source, or LED light sources
of other colors. In the first embodiment, the LED light source
17 is an ultraviolet LED light source or an LED light source of
other colots.

[0036] The CF substrate 33 comprises red, green, and blue
sub-pixel units that are arranged in a matrix. The red, green,
and blue sub-pixel units respectively comprise red, green, and
blue color resist units 331, 333, 335. The fluorescent powder
layer 5 comprises red, green, and blue fluorescent powder
units 51, 53, 55 that are arranged in a matrix. The red, green,
and blue fluorescent powder units 51, 53,55 are made in a size
in the order of a pixel and are arranged to respectively corre-
spond to the red, green, and blue color resist units 331, 333,
335. In the first embodiment, the fluorescent powder layer 5
further comprises a carrier 57, and the red, green, and blue
fluorescent powder units 51, 53, 55 are arranged on the carrier
57. The carrier 57 is attached to the lower surface of the TFT
substrate 31. Specifically, the carrier 57 is a transparent film
or a glass plate. Further, the transparent film is made of a
material of polyethylene terephthalate (PET), polypropylene
(PP), or polymethyl methacrylate (PMMA).

[0037] The red, green, and blue fluorescent powder units
51, 53, 55 can be made of nitride fluorescent powders, sulfide
fluorescent powders, or quantum dot fluorescent powders. In
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the first embodiment, the red, green, and blue fluorescent
powder units 51, 53, 55 are made of nitride fluorescent pow-
ders.

[0038] Referring to FIG. 4, which is a schematic view
showing the structure of a high color gamut liquid crystal
display module according to a second embodiment of the
present invention, in the second embodiment, the LED light
source 17 is a blue LED light source; the CF substrate 33
comprises red, green, and blue sub-pixel units that are
arranged in a matrix, the red, green, and blue sub-pixel units
respectively comprising red, green, and blue color resist units
331, 333, 335, and the fluorescent powder layer 5 comprises
only red and green fluorescent powder units 51, 53 that are
arranged in a matrix, the red and green 51, 53 being made in
a size in the order of a pixel and arranged to respectively
correspond to the red and green color resist units 331, 333.
[0039] In the second embodiment, the fluorescent powder
layer 5 is directly attached to the lower surface of the TFT
substrate without having the fluorescent powder layer 5
formed on a carrier.

[0040] Theremainingis the sameas that of the firstembodi-
ment and repeated description will be omitted here.

[0041] Referring to FIG. 5, a schematic view is given to
show the structure of a high color gamut liquid crystal display
module according to a third embodiment of the present inven-
tion. The third embodiment is basically similar to the second
embodiment and uses a blue LED light source as the LED
light source 17, of which the light emitting therefrom is blue
light itself, so that the blue CF color resist unit 335 can be
omitted and a blank unit can be used to replace the blue CF
color resist unit 335 to allow for direct projection of the blue
light.

[0042] The remaining is the same as that of the second
embodiment and repeated description will be omitted here.
[0043] Referring to FIG. 6, a schematic view is given to
show the structure of a high color gamut liquid crystal display
module according to a fourth embodiment of the present
invention. The fourth embodiment is different from the sec-
ond embodiment in that the red and green fluorescent powder
units 51, 53 are formed of sulfide fluorescent powders or
quantum dot fluorescent powders. To prevent the red and
green fluorescent powder units 51, 53 from rapid deteriora-
tion due to contact with moisture or oxygen, a protective layer
7 is additionally provided. The protective layer 7 covers and
protects the red and green fluorescent powder units 51, 53
from contact with moisture and oxygen.

[0044] The remaining is the same as that of the second
embodiment and repeated description will be omitted here.
[0045] Referring to FIGS. 7, 8, and 9, the structure of the
high color gamut liquid crystal display module according to
the present invention, when compared to a conventional com-
monly used liquid crystal display module, can reduce color
overlapping of the three primary colors of R, G, and B result-
ing from half peak widths of the CF spectrums so as to
significantly decrease the overlapping area of the three pri-
mary colors of R, G, and B, allowing the pure color points of
the three primary colors of R, G, and B to outward expand so
that under the condition of using fluorescent powders of the
same specifications, the color saturation is increased from
83.6% to 95%, providing the liquid crystal display module
with a relatively high color gamut.

[0046] In summary, the present invention provides a struc-
ture of a high color gamut liquid crystal display module,
which comprises an LED light source having a wavelength
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below 460 nm and a fluorescent powder layer arranged on a
lower surface of a TFT substrate with the fluorescent powder
units of various colors that constitute the fluorescent powder
layer made in a size in the order of a pixel so as to reduce the
color overlapping of the three primary colors of R, G, and B
resulting from the half peak widths of the CF spectrums,
effectively increase the color gamut of the liquid crystal dis-
play module, provide the liquid crystal display module with
high color saturation, have a simple structure, and be easily
achieved.

[0047] Based on the description given above, those having
ordinary skills of the art may easily contemplate various
changes and modifications of the technical solution and tech-
nical ideas of the present invention and all these changes and
modifications are considered within the protection scope of
right for the present invention.

What is claimed is:

1. A structure of a high color gamut liquid crystal display
module, comprising a backlight module and a liquid crystal
display panel arranged above the backlight module, the back-
light module comprising a light-emitting diode (LED) light
source, the LED light source being an LED light source
having a wavelength below 460 nm, the liquid crystal display
panel comprising a thin-film transistor (TFT) substrate, a
color filter (CF) substrate arranged above the TFT substrate,
aliquid crystal layer arranged between the TFT substrate and
the CF substrate, and a fluorescent powder layer arranged on
a lower surface of the TFT substrate, the CF substrate com-
prising red, green, and blue sub-pixel units arranged in a
matrix, the fluorescent powder layer comprising at least two
of red, green, and blue fluorescent powder units arranged to
correspond to red, green, or blue sub-pixel units.

2. The structure of the high color gamut liquid crystal
display module as claimed in claim 1, wherein the red, green,
and blue sub-pixel units respectively comprise red, green, and
blue color resist units, the fluorescent powder layer compris-
ing the red, green, and blue fluorescent powder units, the red,
green, and blue fluorescent powder units being arranged to
respectively correspond to the red, green, and blue color resist
units.

3. The structure of the high color gamut liquid crystal
display module as claimed in claim 1, wherein the LED light
source is a blue LED light source, the red and green sub-pixel
units respectively comprising the red and green color resist
units, the fluorescent powder layer comprising the red and
green fluorescent powder units, the red and green fluorescent
powder units being arranged to respectively correspond to the
red and green color resist units.

4. The structure of the high color gamut liquid crystal
display module as claimed in claim 3, wherein the blue sub-
pixel unit comprises a blue color resist unit.

5. The structure of the high color gamut liquid crystal
display module as claimed in claim 1, wherein the fluorescent
powder layer further comprises a carrier, the red, green, or
blue fluorescent powder units being arranged on the carrier,
the carrier being attached to a lower surface of the TFT
substrate.

6. The structure of the high color gamut liquid crystal
display module as claimed in claim 5, wherein the carrier
comprises a transparent film or a glass plate, the transparent
film being made of a material of polyethylene terephthalate,
polypropylene, or polymethyl methacrylate.
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7. The structure of the high color gamut liquid crystal
display module as claimed in claim 1, wherein the fluorescent
powder layer is directly attached to the lower surface of the
TFT substrate.

8. The structure of the high color gamut liquid crystal
display module as claimed in claim 1, wherein the red, green,
or blue fluorescent powder units are formed of nitride fluo-
rescent powders, sulfide fluorescent powders, or quantum dot
fluorescent powders.

9. The structure of the high color gamut liquid crystal
display module as claimed in claim 8 further comprising a
protective layer, the protective layer covering the red, green,
or blue fluorescent power units, the protective layer being
made of a material of silicon rubber.

10. The structure of the high color gamut liquid crystal
display module as claimed in claim 1, wherein the backlight
module further comprises a light guide plate, an optical film
assembly arranged on an upper surface of the light guide
plate, and a bottom reflector plate arranged on a lower surface
of the light guide plate, the LED light source being arranged
at one side of the light guide plate.

11. A structure of a high color gamut liquid crystal display
module, comprising a backlight module and a liquid crystal
display panel arranged above the backlight module, the back-
light module comprising a light-emitting diode (LED) light
source, the LED light source being an LED light source
having a wavelength below 460 nm, the liquid crystal display
panel comprising a thin-film transistor (TFT) substrate, a
color filter (CF) substrate arranged above the TFT substrate,
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aliquid crystal layer arranged between the TFT substrate and
the CF substrate, and a fluorescent powder layer arranged on
a lower surface of the TFT substrate, the CF substrate com-
prising red, green, and blue sub-pixel units arranged in a
matrix;
the red, green, and blue sub-pixel units respectively com-
prising red, green, and blue color resist units, the fluo-
rescent powder layer comprising the red, green, and blue
fluorescent powder units, the red, green, and blue fluo-
rescent powder units being arranged to respectively cor-
respond to the red, green, and blue color resist units;
the fluorescent powder layer further comprising a cartier,
the red, green, or blue fluorescent powder units being
arranged on the carrier, the carrier being attached to a
lower surface of the TFT substrate;
wherein the carrier comprises a transparent film or a glass
plate, the transparent film being made of a material of
polyethylene terephthalate, polypropylene, or polym-
ethyl methacrylate;
wherein the red, green, or blue fluorescent powder units are
formed of nitride fluorescent powders; and
wherein the backlight module further comprises a light
guide plate, an optical film assembly arranged on an
upper surface of the light guide plate, and a bottom
reflector plate arranged on a lower surface of the light
guide plate, the LED light source being arranged at one
side of the light guide plate.
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