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S1
providing a TFT substrate, forming a WOLED layer on the TFT substrate, /
forming a water oxygen barrier layer on the WOLED layer

depositing and patternizing the water oxygen barrier layer to form a )
plurality of transparent spacers, the transparent spacers surrounding to /
form a plurality of red pixel troughs, a plurality of green pixel troughs, and a
plurality of blue pixel troughs on the water oxygen barrier layer

inkjet printing onto the plurality of red pixel troughs, the plurality of
green pixel troughs, and the plurality of blue pixel troughs to form S3
patternized a plurality of red quantum dot units, a plurality of green /
quantum dot units, and a plurality of blue quantum dot units so as to
obtain a color filter layer

forming a light extraction layer on the color filter layer, covering the S4
light extraction layer with a package cover to accomplish manufacturing /
the OLED display device
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OLED DISPLAY DEVICE AND
MANUFACTURING METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to the field of display
techniques, and in particular to an organic light-emitting
diode (OLED) display device and manufacturing method
thereof.

2. The Related Arts

[0002] The active matrix panel display provides the
advantages of thinness, saving-power, no radiation and
many other advantages, and has been widely used. The
organic light-emitting diode (OLED) display technology is
a highly promising panel display technology, as the OLED
has a very excellent display performance, such as, active-
luminous, simple structure, ultra-thin, fast response, wide
viewing angle, low power consumption and ability to
achieve flexible display, and so on, and is known as the
“dream display”. Coupled with lower production equipment
investment than the thin film transistor liquid crystal display
screen (TFT-LCD), the OLED has attracted the major dis-
play manufacturers and has become the mains technology in
the field of the third generation display device. At present,
OLED is on the edge of starting mass production. With the
new technology continuing to emerge, OLED display device
is heralded to hold a breakthrough development.

[0003] To achieve the full color of the OLED display, one
approach is through the RGB sub-pixel to emit light in a
side-by-side structure, another approach is through a tandem
structure of white organic light emitting diode (WOLED)
and color filter (CF) stacked together (tandem WOLED+
CF). In WOLED, the white light-emitting layer is usually
fabricated by mixing the red, blue, and green fluorescent
materials and co-evaporation of the mixture. The while light
is emitted and RGB colors are obtained through CF layer.
Because the WOLED and CF layered stack structure does
not require a precise mask process to achieve high resolution
OLED display, so WOLED display device is widely recog-
nized as the focus of next generation display technology.
[0004] However, in the WOLED and CF tandem structure,
the CF layer usually comprises red, green and blue photo-
resist units, and the red, green and blue photo-resist units of
the CF layer cannot perform good filtering on the white light
from the white light-emitting layer. Therefore, the existing
tandem structure of the OLED display has some shortcom-
ings, such as, the device efficiency in high brightness and
shorter life expectancy, wider half peak width in RGB
emission spectrum, narrow color gamut, and so on.

[0005] The quantum dot (QD) refers to a semiconductor
grain having a particle size of 1-100 nm. Due to the smaller
particle size of QD, less than or close to the exciton Bohr
radius of the corresponding host material, the quantum
confinement effect is generated, and the continuous energy
band structure of the host material is transformed into a
discrete energy level structure. Under the excitation of the
external light source, the electrons will transit and emit the
fluorescent. This special discrete level structure of QD
makes the half-wave width narrow, which can emit a higher
purity monochromatic light, and has a higher luminous
efficiency compared to the traditional display. At the same
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time, due to the QD energy band gap influenced by size,
different wavelengths of light can be stimulated by regulat-
ing the size of QD or the use of different components of the

QD.
SUMMARY OF THE INVENTION

[0006] The object of the present invention is to provide an
OLED display device, able to effectively increase the lumi-
nance and color gamut of the OLED display device and
increase the light-emitting efliciency and life span.

[0007] Another object of the present invention is to pro-
vide a manufacturing method of OLED display device, able
to effectively increase the luminance and color gamut of the
OLED display device and increase the light-emitting effi-
ciency and life span.

[0008] To achieve the above object, the present invention
provides an OLED display device, comprising: a TFT sub-
strate, a WOLED layer disposed on the TFT substrate, a
water oxygen barrier layer disposed on the WOLED layer,
a color filter layer disposed on the water oxygen barrier
layer, a light extraction layer disposed on the color filter
layer, and a package cover disposed on the light extraction
layer;

[0009] wherein the color filter layer comprising a plurality
of transparent spacers, a plurality of red quantum dot units,
a plurality of green quantum dot units and a plurality of blue
quantum dot units; the transparent spacers surrounding to
form a plurality of red pixel troughs, a plurality of green
pixel troughs, and a plurality of blue pixel troughs on the
water oxygen barrier layer; the red quantum dot units, the
green quantum dot units and the blue quantum dot units
respectively formed corresponding to the red pixel troughs,
green pixel troughs and blue pixel troughs.

[0010] According to a preferred embodiment of the pres-
ent invention, the transparent spacer is made of silicon
nitride, silicon oxide, titanium oxide or zinc oxide.

[0011] According to a preferred embodiment of the pres-
ent invention, the light extraction layer is made of titanium
oxide or zinc oxide.

[0012] According to a preferred embodiment of the pres-
ent invention, the water oxygen barrier layer is made of
silicon nitride or silicon oxide.

[0013] According to a preferred embodiment of the pres-
ent invention, the WOLED layer comprises a pixel definition
layer and a plurality of WOLED devices separated by the
pixel definition layer.

[0014] The present invention also provides a manufactur-
ing method of OLED display device, comprising the steps
of:

[0015] Step S1: providing a TFT substrate, forming a
WOLED layer on the TFT substrate, forming a water oxygen
barrier layer on the WOLED layer;

[0016] Step S2: depositing and patternizing the water
oxygen barrier layer to form a plurality of transparent
spacers, the transparent spacers surrounding to form a plu-
rality of red pixel troughs, a plurality of green pixel troughs,
and a plurality of blue pixel troughs on the water oxygen
barrier layer;

[0017] Step S3: providing red quantum dot ink, green
quantum dot ink, and blue quantum dot ink, coating respec-
tively the red quantum dot ink, green quantum dot ink, and
blue quantum dot ink by inkjet printing onto the plurality of
red pixel troughs, the plurality of green pixel troughs, and
the plurality of blue pixel troughs to form patternized a
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plurality of red quantum dot units, a plurality of green
quantum dot units, and a plurality of blue quantum dot units
s0 as to obtain a color filter layer comprising a plurality of
transparent spacets, a plurality of red quantum dot units, a
plurality of green quantum dot units, and a plurality of blue
quantum dot units;

[0018] Step S4: forming a light extraction layer on the
color filter layer, covering the light extraction layer with a
package cover to accomplish manufacturing the OLED
display device.

[0019] According to a preferred embodiment of the pres-
ent invention, in Step S2, the transparent spacer is formed by
physical vapor deposition, chemical vapor deposition,
atomic layer deposition, or vapor deposition; and the trans-
parent spacer is made of silicon nitride, silicon oxide,
titanium oxide or zinc oxide.

[0020] According to a preferred embodiment of the pres-
ent invention, in Step S4, the light extraction layer is formed
by spin coating, physical vapor deposition, chemical vapor
deposition, atomic layer deposition, or vapor deposition; and
the light extraction layer is made of titanium oxide or zinc
oxide.

[0021] According to a preferred embodiment of the pres-
ent invention, in Step S1, the water oxygen barrier layer is
formed by physical vapor deposition. chemical vapor depo-
sition, atomic layer deposition, or vapor deposition; and the
water oxygen barrier layer is made of silicon nitride or
silicon oxide.

[0022] According to a preferred embodiment of the pres-
ent invention, the WOLED layer comprises a pixel definition
layer and a plurality of WOLED devices separated by the
pixel definition layer.

[0023] The present invention also provides an OLED
display device, comprising: a TFT substrate, a WOLED
layer disposed on the TFT substrate, a water oxygen barrier
layer disposed on the WOLED layer, a color filter layer
disposed on the water oxygen barrier layer, a light extraction
layer disposed on the color filter layer, and a package cover
disposed on the light extraction layer;

[0024] wherein the color filter layer comprising a plurality
of transparent spacers, a plurality of red quantum dot units,
a plurality of green quantum dot units and a plurality of blue
quantum dot units; the transparent spacers surrounding to
form a plurality of red pixel troughs, a plurality of green
pixel troughs, and a plurality of blue pixel troughs on the
water oxygen barrier layer; the red quantum dot units, the
green quantum dot units and the blue quantum dot units
respectively formed corresponding to the red pixel troughs,
green pixel troughs and blue pixel troughs;

[0025] wherein the transparent spacer being made of sili-
con nitride, silicon oxide, titanium oxide or zinc oxide;
[0026] wherein the light extraction layer being made of
titanium oxide or zinc oxide;

[0027] wherein the water oxygen barrier layer being made
of silicon nitride or silicon oxide.

[0028] Compared to the known techniques, the present
invention provides the following advantages. The present
invention provides an OLED display device, comprising: a
TFT substrate, a WOLED layer, a water oxygen barrier
layer, a color filter layer, a light extraction layer, and a
package cover arranged in turn from the bottom up, wherein
the color filter layer comprising a plurality of transparent
spacers, a plurality of red quantum dot units, a plurality of
green quantum dot units and a plurality of blue quantum dot
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units. The present invention provides transparent spacers in
the color filter layer to allow the white light emitted from the
WOLED layer to pass through to form a white pixel to
realize the RGBW four-pixel display, to effectively improve
the luminance of the OLED display; moreover, through
introducing quantum dots in the color filter layer, the present
invention greatly improves the color gamut of the OLED
display; through adding the water oxygen bartier layer and
the light extraction layer above the WOLED layer, the
present invention improves the WOLED device life span
and light efficiency. The manufacturing method of OLED
display device of the present invention disposes transparent
spacers in the color filter layer to allow the white light
emitted from the WOLED layer to pass through to form a
white pixel to realize the RGBW four-pixel display. to
effectively improve the luminance of the OLED display;
moreover, through introducing quantum dots in the color
filter layer, the present invention greatly improves the color
gamut of the OLED display; through adding the water
oxygen barrier layer and the light extraction layer above the
WOLED layer, the present invention improves the WOLED
device life span and light efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] To make the technical solution of the embodiments
according to the present invention, a brief description of the
drawings that are necessary for the illustration of the
embodiments will be given as follows. Apparently, the
drawings described below show only example embodiments
of the present invention and for those having ordinary skills
in the art, other drawings may be easily obtained from these
drawings without paying any creative effort. In the draw-
ings:

[0030] FIG. 1 is a schematic view showing a flowchart of
the manufacturing method of OLED display device provided
by an embodiment of the present invention;

[0031] FIG. 2 is a schematic view showing Step 1 of the
manufacturing method of OLED display device provided by
an embodiment of the present invention;

[0032] FIG. 3 is a schematic view showing Step 2 of the
manufacturing method of OLED display device provided by
an embodiment of the present invention;

[0033] FIG. 4 is a schematic view showing Step 3 of the
manufacturing method of OLED display device provided by
an embodiment of the present invention;

[0034] FIG. 5 is a schematic view showing Step 4 of the
manufacturing method of OLED display device and the
structure of the OLED display device provided by an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0035] To further explain the technique means and effect
of the present invention, the following uses preferred
embodiments and drawings for detailed description.

[0036] Referring to FIG. 5, the present invention provides
an OLED display device, comprising: a TFT substrate 10, a
WOLED layer 20 disposed on the TFT substrate 10, a water
oxygen barrier layer 30 disposed on the WOLED layer 20,
a color filter layer 40 disposed on the water oxygen barrier
layer 30, a light extraction layer 50 disposed on the color
filter layer 40, and a package cover 60 disposed on the light
extraction layer 50,
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[0037] wherein the color filter layer 40 comprising a
plurality of transparent spacers 41, a plurality of red quan-
tum dot units 42, a plurality of green quantum dot units 43
and a plurality of blue quantum dot units 44; the transparent
spacers 41 surrounding to form a plurality of red pixel
troughs 412, a plurality of green pixel troughs 413, and a
plurality of blue pixel troughs 414 on the water oxygen
barrier layer 30; the red quantum dot units 42, the green
quantum dot units 43 and the blue quantum dot units 44
respectively formed corresponding to the red pixel troughs
412, green pixel troughs 413 and blue pixel troughs 414.
[0038] Specifically, the preferred material for the trans-
parent spaces 41 is a material with high light transmittance
and good compatibility with the quantum dot ink. Moreover,
the transparent spacer 41 is made of silicon nitride (SiN,),
silicon oxide (Si0,), titanium oxide (TiO,) or zinc oxide
(ZnO).

[0039] Specifically, the preferred material for the light
extraction layer 50 is an inorganic material with better water
oxygen blocking property; moreover, the light extraction
layer 50 is made of titanium oxide (TiO,) or zinc oxide
(Zn0).

[0040] Specifically, the water oxygen barrier layer 30 is
for blocking the erosion of the WOLED layer 20 by the
water oxygen, and the water oxygen barrier layer 30 is made
of silicon nitride or silicon oxide.

[0041] Specifically, the WOLED layer 20 comprises a
pixel definition layer (not shown) and a plurality of WOLED
devices (not shown) separated by the pixel definition layer.
[0042] The OLED display device of the present invention,
through providing transparent spacers 41 in the color filter
layer 40 to allow the white light emitted from the WOLED
layer 20 to pass through to form a white pixel to realize the
RGBW four-pixel display, to effectively improve the lumi-
nance of the OLED display; moreover, through introducing
quantum dots in the color filter layer 40, the present inven-
tion greatly improves the color gamut of the OLED display;
through adding the water oxygen barrier layer 30 and the
light extraction layer 50 above the WOLED layer 20, the
present invention improves the WOLED device life span
and light efficiency.

[0043] Based on the above OLED display device, refer-
ring to FIG. 1, the present invention also provides a manu-
facturing method of OLED display device, comprising the
steps of:

[0044] Step S1: as shown in FIG. 2, providing a TFT
substrate 10, forming a WOLED layer 20 on the TFT
substrate 10, forming a water oxygen barrier layer 30 on the
WOLED layer 20.

[0045] Specifically, the water oxygen barrier layer 30 is
for blocking the erosion of the WOLED layer 20 by the
water oxygen, and the water oxygen barrier layer 30 is made
of silicon nitride or silicon oxide.

[0046] Specifically, in Step S1, the water oxygen barrier
layer 30 is formed by physical vapor deposition (PVD),
chemical vapor deposition (CVD), atomic layer deposition
(ALD), or vapor deposition.

[0047] Specifically, the WOLED layer 20 comprises a
pixel definition layer and a plurality of WOLED devices
separated by the pixel definition layer.

[0048] Step S2: as shown in FIG. 3, depositing and
patternizing the water oxygen barrier layer 30 to form a
plurality of transparent spacers 41, the transparent spacers
41 surrounding to form a plurality of red pixel troughs 412,
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aplurality of green pixel troughs 413, and a plurality of blue
pixel troughs 414 on the water oxygen barrier layer 30.
[0049] Specifically, the preferred material for the trans-
parent spaces 41 is a material with high light transmittance
and good compatibility with the quantum dot ink. Moreover,
the transparent spacer 41 is made of silicon nitride (SiN,),
silicon oxide (8i0,), titanium oxide (TiO,) or zinc oxide
(Zn0O).

[0050] Specifically, in Step S2, the transparent spacer 41 is
formed by physical vapor deposition, chemical vapor depo-
sition, atomic layer deposition, or vapor deposition.

[0051] Step S3: as shown in FIG. 4, providing red quan-
tum dot ink, green quantum dot ink, and blue quantum dot
ink, coating respectively the red quantum dot ink, green
quantum dot ink, and blue quantum dot ink by inkjet printing
onto the plurality of red pixel troughs 412, the plurality of
green pixel troughs 413, and the plurality of blue pixel
troughs 414; then baking and drying to form patternized a
plurality of red quantum dot units 42, a plurality of green
quantum dot units 43, and a plurality of blue quantum dot
units 44 so as to obtain a color filter layer comprising a
plurality of transparent spacers 41, a plurality of red quan-
tum dot units 42, a plurality of green quantum dot units 43,
and a plurality of blue quantum dot units 44.

[0052] Step S4: as shown in FIG. 5, forming a light
extraction layer 50 on the color filter layer 40, covering the
light extraction layer 50 with a package cover 60, packaging
the OLED display device to accomplish manufacturing the
OLED display device.

[0053] Specifically, the preferred material for the light
extraction layer 50 is an inorganic material with better water
oxygen blocking property; moreover, the light extraction
layer 50 is made of titanium oxide (TiO,) or zinc oxide
(Zn0O).

[0054] In Step S4, the light extraction layer 50 is formed
by spin coating, physical vapor deposition, chemical vapor
deposition, atomic layer deposition, or vapor deposition.
[0055] In summary, the present invention provides an
OLED display device, comprising: a TFT substrate, a
WOLED layer, a water oxygen barrier layer, a color filter
layer, a light extraction layer, and a package cover arranged
in turn from the bottom up, wherein the color filter layer
comprising a plurality of transparent spacers, a plurality of
red quantum dot units, a plurality of green quantum dot units
and a plurality of blue quantum dot units. The present
invention provides transparent spacers in the color filter
layer to allow the white light emitted from the WOLED
layer to pass through to form a white pixel to realize the
RGBW four-pixel display, to effectively improve the lumi-
nance of the OLED display; moreover, through introducing
quantum dots in the color filter layer, the present invention
greatly improves the color gamut of the OLED display;
through adding the water oxygen barrier layer and the light
extraction layer above the WOLED layer, the present inven-
tion improves the WOLED device life span and light effi-
ciency. The manufacturing method of OLED display device
of the present invention disposes transparent spacers in the
color filter layer to allow the white light emitted from the
WOLED layer to pass through to form a white pixel to
realize the RGBW four-pixel display, to effectively improve
the luminance of the OLED display; moreover, through
introducing quantum dots in the color filter layer, the present
invention greatly improves the color gamut of the OLED
display; through adding the water oxygen barrier layer and
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the light extraction layer above the WOLED layer, the
present invention improves the WOLED device life span
and light efficiency.

[0056] It should be noted that in the present disclosure the
terms, such as, first, second are only for distinguishing an
entity or operation from another entity or operation, and
does not imply any specific relation or order between the
entities or operations. Also, the terms ‘“‘comptises”,
“include”, and other similar variations, do not exclude the
inclusion of other non-listed elements. Without further
restrictions, the expression “comprises a . . . ” does not
exclude other identical elements from presence besides the
listed elements.

[0057] Embodiments of the present invention have been
described, but not intending to impose any unduly constraint
to the appended claims. Any modification of equivalent
structure or equivalent process made according to the dis-
closure and drawings of the present invention, or any
application thereof, directly or indirectly, to other related
fields of technique, is considered encompassed in the scope
of protection defined by the claims of the present invention.

What is claimed is:

1. An organic light-emitting diode (OLED) display
device, comprising: a thin film transistor (TFT) substrate, a
white organic light-emitting diode (WOLED) layer disposed
on the TFT substrate, a water oxygen barrier layer disposed
on the WOLED layer, a color filter layer disposed on the
water oxygen barrier layer, a light extraction layer disposed
on the color filter layer, and a package cover disposed on the
light extraction layer;

wherein the color filter layer comprising a plurality of
transparent spacers, a plurality of red quantum dot
units, a plurality of green quantum dot units and a
plurality of blue quantum dot units; the transparent
spacers surrounding to form a plurality of red pixel
troughs, a plurality of green pixel troughs, and a
plurality of blue pixel troughs on the water oxygen
barrier layer; the red quantum dot units, the green
quantum dot units and the blue quantum dot units
respectively formed corresponding to the red pixel
troughs, green pixel troughs and blue pixel troughs.

2. The OLED display device as claimed in claim 1,
wherein the transparent spacer is made of silicon nitride,
silicon oxide, titanium oxide or zinc oxide.

3. The OLED display device as claimed in claim 1,
wherein the light extraction layer is made of titanium oxide
or zinc oxide.

4. The OLED display device as claimed in claim 1,
wherein the water oxygen barrier layer is made of silicon
nitride or silicon oxide.

5. A manufacturing method of organic light-emitting
diode (OLED) display device, comprising the steps of:

Step S1: providing a thin film transistor (TFT) substrate,
forming a white organic light-emitting diode
(WOLED) layer on the TFT substrate, forming a water
oxygen barrier layer on the WOLED layer;

Step S2: depositing and patternizing the water oxygen
barrier layer to form a plurality of transparent spacers,
the transparent spacers surrounding to form a plurality
of red pixel troughs, a plurality of green pixel troughs,
and a plurality of blue pixel troughs on the water
oxygen barrier layer;

Step S3: providing red quantum dot ink, green quantum
dot ink, and blue quantum dot ink, coating respectively
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the red quantum dot ink, green quantum dot ink, and
blue quantum dot ink by inkjet printing onto the
plurality of red pixel troughs, the plurality of green
pixel troughs, and the plurality of blue pixel troughs to
form patternized a plurality of red quantum dot units, a
plurality of green quantum dot units, and a plurality of
blue quantum dot units so as to obtain a color filter
layer comprising a plurality of transparent spacers, a
plurality of red quantum dot units, a plurality of green
quantum dot units, and a plurality of blue quantum dot
units;

Step S4: forming a light extraction layer on the color filter
layer, covering the light extraction layer with a package
cover to accomplish manufacturing the OLED display
device.

6. The manufacturing method of OLED display device as
claimed in claim 5, wherein in Step S2, the transparent
spacer is formed by physical vapor deposition, chemical
vapor deposition, atomic layer deposition, or vapor deposi-
tion; and the transparent spacer is made of silicon nitride,
silicon oxide, titanium oxide or zinc oxide.

7. The manufacturing method of OLED display device as
claimed in claim 5, wherein in Step S4, the light extraction
layer is formed by spin coating, physical vapor deposition,
chemical vapor deposition, atomic layer deposition, or vapor
deposition; and the light extraction layer is made of titanium
oxide or zinc oxide.

8. The manufacturing method of OLED display device as
claimed in claim 5, wherein in Step S1, the water oxygen
barrier layer is formed by physical vapor deposition, chemi-
cal vapor deposition, atomic layer deposition, or vapor
deposition; and the water oxygen barrier layer is made of
silicon nitride or silicon oxide.

9. An organic light-emitting diode (OLED) display
device, comprising: a thin film transistor (TFT) substrate, a
white organic light-emitting diode (WOLED) layer disposed
on the TFT substrate, a water oxygen barrier layer disposed
on the WOLED layer, a color filter layer disposed on the
water oxygen barrier layer, a light extraction layer disposed
on the color filter layer, and a package cover disposed on the
light extraction layer;

wherein the color filter layer comprising a plurality of
transparent spacers, a plurality of red quantum dot
units, a plurality of green quantum dot units and a
plurality of blue quantum dot units; the transparent
spacers surrounding to form a plurality of red pixel
troughs, a plurality of green pixel troughs, and a
plurality of blue pixel troughs on the water oxygen
barrier layer; the red quantum dot units, the green
quantum dot units and the blue quantum dot units
respectively formed corresponding to the red pixel
troughs, green pixel troughs and blue pixel troughs;

wherein the transparent spacer being made of silicon
nitride, silicon oxide, titanium oxide or zinc oxide;

wherein the light extraction layer being made of titanium
oxide or zinc oxide;

wherein the water oxygen barrier layer being made of
silicon nitride or silicon oxide.
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