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(57) ABSTRACT

An OLED display device includes a substrate, an OLED
layer located on the substrate, and a quantum dot package
layer covering the OLED layer. The quantum dot package
layer includes a quantum dot material. Blue light or white
light emitting from the OLED layer excites the quantum dot
material of the quantum dot package layer to emit light for
color displaying with high color gamut.
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OLED DISPLAY DEVICE HAVING WHITE
OLEDS EMITTING WHITE LIGHT TO
EXCITE QUANTUM DOTS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a divisional application of co-pending U.S.
patent application Ser. No. 15/119,381, filed on Aug. 16,
2016, which is a national stage of PCT Application No.
PCT/CN2016/086730, filed on Jun. 22, 2016, claiming
foreign priority of Chinese Patent Application No.
201610388274.1, filed on Jun. 1, 2016.

FIELD OF THE INVENTION

[0002] The present invention relates to a display technol-
ogy field, and more particularly to an OLED display device.

BACKGROUND OF THE INVENTION

[0003] The Organic Light Emitting Diodes (OLED) dis-
play device possesses many outstanding properties of self-
illumination, low driving voltage, high luminescence effi-
ciency, short response time, high clarity and contrast, near
180° view angle, wide range of working temperature, appli-
cability of flexible display and large scale full color display.
The OLED is considered as the most potential display
device.

[0004] The OLED display element is a self-emitting type
display device, and generally comprises a pixel electrode
and a common electrode respectively employed as being the
anode and the cathode, and an organic light emitting layer
positioned between the pixel electrode and the common
electrode. As the proper voltages are applied to the anode
and the cathode, the organic light emitting layer emits light.
The organic light emitting layer comprises a Hole Injection
Layer positioned on the anode, a Hole Transporting Layer
positioned on the Hole Injection Layer, a light emitting layer
positioned on the Hole Transporting Layer, an Electron
Transport Layer positioned on the light emitting layer and an
Electron Injection Layer positioned on the Electron Trans-
port Layer. The lighting principle is that under certain
voltage driving, the Electron and the Hole are respectively
injected into the Electron Injection Layer and Hole Electron
Injection Layer from the cathode and the anode. The Elec-
tron and the Hole respectively migrate from the Electron
Transporting Layer and Hole Transporting Layer to the
Emitting layer and bump into each other in the Emitting
layer to form an exciton to excite the emitting molecule. The
latter can illuminate after the radiative relaxation.

[0005] According to the different emissions of the lights,
the OLED elements can be categorized to be the Top
emission OLED and the Bottom emission OLED. The light
emitted by the Top emission OLED is emitted from the top
electrode. In comparison with the Bottom emission OLED
which the light emitted thereby is emitted from the substrate
at the bottom, the Top emission OLED has higher aperture
ratio and light emitting efficiency. Because the OLED ele-
ment can be easily influence by the external environments,
such as water vapor and oxygen and thus the usage lifetime
is shortened, there will be package structure provided out-
side the metal electrode of the top in general after the
manufacture of the OLED element is accomplished.
[0006] The Quantumdots (QDs) light emitting material is
a new technology applied in the display technology field.

Dec. 20, 2018

The Quantumdots light emitting material obeys the quantum
size effect, and the properties change along with the size
change of the quantum dots. As being stimulated by the light
or the electricity, the quantum dots emit the colored light.
The color of the light is related with the property. Thus, the
emitted light can be controlled by changing the size thereof.
The Quantumdots light emitting material possesses advan-
tages of luminescence spectrum concentration and high
color purity. While the Quantumdots light emitting material
is employed in the display technology field, the gamut of the
traditional display can be tremendously promoted to
enhance the color reduction ability of the display, and it has
become a popular development in the industry.

SUMMARY OF THE INVENTION

[0007] An objective of the present invention is to provide
an OLED display device, having a simple structure, high
display color gamut and high product competitiveness.
[0008] For realizing the aforesaid objective, the present
invention first provides an OLED display device, compris-
ing a substrate, an OLED layer located on the substrate, and
a quantum dot package layer being located on the substrate
and the OLED layer and covering the OLED layer; wherein
[0009] the OLED layer comprises a plurality of red
OLEDs, green OLEDs and blue OLEDs, which are aligned
in array;

[0010] the quantum dot package layer comprises quantum
dot material, and the quantum dot material is distributed in
regions of the quantum dot package layer correspondingly
above the blue OLEDs;

[0011] tops of the blue OLEDs emit blue light to excite the
quantum dot material in the quantum dot package layer to
emit light.

[0012] The substrate is a TFT array substrate.

[0013] The quantum dot package layer comprises a plu-
rality of organic layers and inorganic layers, which alter-
nately stack up; the quantum dot material is uniformly
distributed in regions of at least one organic layer corre-
spondingly above the blue OLEDs to construct units includ-
ing quantum dots;

[0014] the OLED display device is a flexible display
device, further comprising a barrier film located on the
quantum dot package layer.

[0015] The quantum dot package layer comprises a layer
of organic insulation layer; the quantum dot material is
uniformly distributed in regions of the organic insulation
layer correspondingly above the blue OLEDs to construct
units including quantum dots;

[0016] the OLED display device further comprises pack-
age glue material located on the quantum dot package layer,
and a packager cover plate located on the package glue
material.

[0017] The units including quantum dots in the quantum
dot package layer is manufactured and formed by Ink-Jet
Printing.

[0018] The present invention further provides an OLED
display device, comprising a substrate, an OLED layer
located on the substrate, a quantum dot package layer being
located on the substrate and the OLED layer and covering
the OLED layer, and a color filter located on the quantum
dot package layer; wherein

[0019] wherein the OLED layer comprises a plurality of
white light OLEDs, which are aligned in array;
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[0020] the quantum dot package layer comprises quantum
dot material, and the quantum dot material is distributed in
regions of the quantum dot package layer correspondingly
above the OLED layer;

[0021] the white light OLEDs emits white light from tops
thereof to excite the quantum dot material in the quantum
dot package layer to emit light.

[0022] The substrate is a TFT array substrate.

[0023] The quantum dot package layer comprises a plu-
rality of organic layers and inorganic layers, which alter-
nately stack up; the quantum dot material is uniformly
distributed in regions of at least one organic layer corre-
spondingly above the blue OLEDs to construct units includ-
ing quantum dots;

[0024] the OLED display device is a flexible display
device, further comprising a barrier film located on the color
filter.

[0025] The quantum dot package layer comprises a layer
of organic insulation layer; the quantum dot material is
uniformly distributed in the organic insulation layer to
construct units including quantum dots;

[0026] the OLED display device further comprises pack-
age glue material located on the color filter, and a packager
cover plate located on the package glue material.

[0027] The units including quantum dots in the quantum
dot package layer is manufactured and formed by Ink-Jet
Printing.

[0028] The present invention further provides an OLED
display device, comprising a substrate, an OLED layer
located on the substrate, and a quantum dot package layer
being located on the substrate and the OLED layer and
covering the OLED layer; wherein

[0029] the OLED layer comprises a plurality of red
OLED:s, green OLEDs and blue OLEDs, which are aligned
in array;

[0030] the quantum dot package layer comprises quantum
dot material, and the quantum dot material is distributed in
regions of the quantum dot package layer correspondingly
above the blue OLED:s;

[0031] tops of the blue OLEDs emit blue light to excite the
quantum dot material in the quantum dot package layer to
emit light;

[0032]

[0033] wherein the quantum dot package layer comprises
a plurality of organic layers and inorganic layers, which
alternately stack up; the quantum dot material is uniformly
distributed in regions of at least one organic layer corre-
spondingly above the blue OLEDs to construct units includ-
ing quantum dots;

[0034] the OLED display device is a flexible display
device, further comprising a barrier film located on the
quantum dot package layer.

[0035] The benefits of the present invention are: the pres-
ent invention provides an OLED display device, comprising
a substrate, an OLED layer located on the substrate, and a
quantum dot package layer covering the OLED layer, and
the quantum dot package layer comprises quantum dot
material; the blue light or the white light emitted by the
OLED layer excites the quantum dot material of the quan-
tum dot package layer to emit light to achieve the color
display of the high color gamut while not adding additional
structures, and the product competitiveness is high.

wherein the substrate is a TFT array substrate;
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BRIEF DESCRIPTION OF THE DRAWINGS

[0036] In order to better understand the characteristics and
technical aspect of the invention, please refer to the follow-
ing detailed description of the present invention is concerned
with the diagrams, however, provide reference to the accom-
panying drawings and description only and is not intended
to be limiting of the invention.

[0037] In drawings,

[0038] FIG. 1 is a structure diagram of the first embodi-
ment according to the OLED display device of the present
invention;

[0039] FIG. 2 is a diagram of optical paths of realizing
color display in the first embodiment according to the OLED
display device of the present invention;

[0040] FIG. 3isa structure diagram of the second embodi-
ment according to the OLED display device of the present
invention;

[0041] FIG. 4 is a diagram of optical paths of realizing
color display in the second embodiment according to the
OLED display device of the present invention;

[0042] FIG. 5 is a structure diagram of the third embodi-
ment according to the OLED display device of the present
invention;

[0043] FIG. 6 is a diagram of optical paths of realizing
color display in the third embodiment according to the
OLED display device of the present invention;

[0044] FIG. 7 is a structure diagram of the fourth embodi-
ment according to the OLED display device of the present
invention;

[0045] FIG. 8 is a diagram of optical paths of realizing
color display in the fourth embodiment according to the
OLED display device of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0046] For better explaining the technical solution and the
effect of the present invention, the present invention will be
further described in detail with the accompanying drawings
and the specific embodiments.

[0047] Please refer to FIG. 1, which is a structure diagram
of the first embodiment according to the OLED display
device of the present invention. The OLED display device of
this embodiment is a flexible OLED display device, com-
prising a substrate 1, an OLED layer 2 located on the
substrate 1, a quantum dot package layer 3 being located on
the substrate 1 and the OLED layer 2 and covering the
OLED layer 2, and a barrier film 5 located on the quantum
dot package layer 3.

[0048] Specifically, the OLED layer 2 comprises a plural-
ity of red OLEDs 21, green OLEDs 22 and blue OLEDs 23,
which are aligned in array.

[0049] Specifically, the quantum dot package layer 3 com-
prises quantum dot material 40, and the quantum dot mate-
rial 40 is distributed in regions of the quantum dot package
layer 3 correspondingly above the blue OLEDs 23.

[0050] Specifically, as shown in FIG. 2, tops of the blue
OLEDs 23 emit blue light to excite the quantum dot material
40 in the quantum dot package layer 3 to emit light, and thus
to effectively raise the color gamut of the OLED display
device and to promote the product competitiveness.

[0051] Specifically, the substrate 1 is a TFT array sub-
strate, and the TFT thereon respectively drive the red
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OLED:s 21, the green OLEDs 22 and the blue OLEDs 23 of
the OLED layer 2 to emit red, green, blue lights.

[0052] Specifically, the quantum dot package layer 3 com-
prises a plurality of organic layers 31 and inorganic layers
32, which alternately stack up; the quantum dot material 40
is uniformly distributed in regions of at least one organic
layer 31 correspondingly above the blue OLEDs 23 to
construct units including quantum dots; wherein material of
the inorganic layers 32 is silicon nitride (SiNx), which is
formed by Chemical Vapor Deposition (CVD); material of
the organic layers 31 is polymer, which is formed by spin
coating or Ink-Jet Printing (IJP).

[0053] Specifically, the units including quantum dots in
the quantum dot package layer 3 is manufactured and
formed by Ink-Jet Printing. The specific manufacture pro-
cess is: doping the quantum dot material 40 in the polymer
of the organic layers 31, and then forming units including
quantum dots in the quantum dot package layer 3 corre-
spondingly above the blue OLEDs 23 by Ink-Jet Printing,
and thus to uniformly distribute the quantum dot material 40
in regions of the organic layer 31 correspondingly above the
blue OLEDs 23; because the quantum dot material 40 can be
uniformly and efficiently distributed dispersed in the spray
solvent, the manufacture process is simple, and meanwhile,
will not cause the pollution to other materials.

[0054] Please refer to FIG. 3, which is a structure diagram
of the second embodiment according to the OLED display
device of the present invention. In comparison with the
aforesaid first embodiment, the OLED display device of the
embodiment is employed in the large scale OLED display
device, comprising a substrate 1, an OLED layer 2 located
on the substrate 1, a quantum dot package layer 3' being
located on the substrate 1 and the OLED layer 2 and
covering the OLED layer 2, and package glue material 6
located on the quantum dot package layer 3', and a packager
cover plate 7 located on the package glue material 6; the
quantum dot package layer 3' comprises quantum dot mate-
rial 40, and the quantum dot material 40 is distributed in the
region of the quantum dot package layer 3' correspondingly
above the blue OLED 23.

[0055] Specifically, the quantum dot package layer 3'is a
single layer structure, comprising a layer of organic insula-
tion layer, and the organic insulation layer is organic insu-
lation material, and as shown in FIG. 4, the quantum dot
material 40 is uniformly distributed in regions of the organic
insulation layer correspondingly above the blue OLEDs 23,
and thus to construct units including quantum dots.

[0056] Furthermore, the units including quantum dots in
the quantum dot package layer 3' is manufactured and
formed by Ink-Jet Printing. The reset is the same as the first
embodiment, and the repeated description is omitted here.

[0057] Please refer to FIG. 5, is a structure diagram of the
third embodiment according to the OLED display device of
the present invention. The OLED display device of this
embodiment is a flexible OLED display device, and also a
white light OLED display device. The OLED display device
specifically comprises: a substrate 1, an OLED layer 2'
located on the substrate 1, a quantum dot package layer 3"
being located on the substrate 1 and the OLED layer 2' and
covering the OLED layer 2', a color filter 4 located on the
quantum dot package layer 3" and a barrier film 5 located on
the color filter 4.

[0058] Specifically, the OLED layer 2' comprises a plu-
rality of white light OLEDs 21', which are aligned in array.
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[0059] Specifically, the quantum dot package layer 3"
comprises quantum dot material 40, and the quantum dot
material 40 is distributed in regions of the quantum dot
package layer 3" correspondingly above the OLED layer 2'.

[0060] Specifically, the color filter 4 comprises red, green,
blue light resist units 41, 42, 43 which are alternately
aligned.

[0061] Specifically, as shown in FIG. 6, the white light
OLEDs 21' emits white light from tops thereof to excite the
quantum dot material 40 in the quantum dot package layer
3" to emit light. Then, the excited light passes through the
red, green, blue light resist units 41, 42, 43 of the color filter
4 to respectively emit the red, green, blue light, and thus to
achieve the color display. Meanwhile, the color gamut of the
OLED display device can be effectively raised to promote
the product competitiveness.

[0062] Specifically, the substrate 1 is a TFT array sub-
strate, and the TFTs thereon drive the white light OLED 21'
of the OLED layer 2' to emit white light.

[0063] Specifically, the quantum dot package layer 3"
comprises a plurality of organic layers 31 and inorganic
layers 32, which alternately stack up; the quantum dot
material 40 is uniformly distributed in regions of at least one
organic layer 31 correspondingly above the blue OLEDs to
construct units including quantum dots; wherein material of
the inorganic layers 32 is silicon nitride, and formed by
chemical vapor deposition; material of the organic layers 31
is polymer, which is formed by spin coating or Ink-Jet
Printing.

[0064] Specifically, the units including quantum dots in
the quantum dot package layer 3" is manufactured and
formed by Ink-Jet Printing. The specific manufacture pro-
cess is: doping the quantum dot material 40 in the polymer
of the organic layers 31, and then forming units including
quantum dots in the organic layers 31 by Ink-Jet Printing;
because the quantum dot material 40 can be uniformly and
efficiently distributed dispersed in the spray solvent, the
manufacture process is simple, and meanwhile, will not
cause the pollution to other materials.

[0065] Please refer to FIG. 7, is a structure diagram of the
fourth embodiment according to the OLED display device of
the present invention. In comparison with the aforesaid first
embodiment, the OLED display device of the embodiment
is employed in the large scale OLED display device, com-
prising a substrate 1, an OLED layer 2' located on the
substrate 1, a quantum dot package layer 3" being located on
the substrate 1 and the OLED layer 2' and covering the
OLED layer 2, a color filter 4 located on the quantum dot
package layer 3" and package glue material 6 located on the
color filter 4, and a packager cover plate 7 located on the
package glue material 6. Specifically, the quantum dot
package layer 3™ comprises quantum dot material 40, and
the quantum dot material 40 is distributed in regions of the
quantum dot package layer 3" correspondingly above the
OLED layer 2'.

[0066] Specifically, the quantum dot package layer 3™ is a
single layer structure, comprising a layer of organic insula-
tion layer, and the organic insulation layer is organic insu-
lation material, and as shown in FIG. 8, the quantum dot
material 40 is uniformly distributed in the organic insulation
layer, and thus to construct units including quantum dots.
[0067] Furthermore, the units including quantum dots in
the quantum dot package layer 3" is manufactured and
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formed by Ink-Jet Printing. The reset is the same as the third
embodiment, and the repeated description is omitted here.
[0068] In conclusion the OLED display device of the
present invention comprises a substrate, an OLED layer
located on the substrate, and a quantum dot package layer
covering the OLED layer, and the quantum dot package
layer comprises quantum dot material; the blue light or the
white light emitted by the OLED layer excites the quantum
dot material of the quantum dot package layer to emit light
to achieve the color display of the high color gamut while
not adding additional structures, and the product competi-
tiveness is high.

[0069] Above are only specific embodiments of the pres-
ent invention, the scope of the present invention is not
limited to this, and to any persons who are skilled in the art,
change or replacement which is easily derived should be
covered by the protected scope of the invention. Thus, the
protected scope of the invention should go by the subject
claims.

What is claimed is:

1. An Organic Light Emitting Diode (OLED) display
device, comprising a substrate, an OLED layer located on
the substrate, a quantum dot package layer located on the
substrate and the OLED layer and covering the OLED layer,
and a color filter located on the quantum dot package layer;

wherein the OLED layer comprises a plurality of white

light OLEDs, which are arranged in an array;

the quantum dot package layer comprises a quantum dot

material, which is distributed in a region of the quan-
tum dot package layer located above and corresponding
to the OLED layer; and
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the white light OLEDs emit white light from tops thereof
to excite the quantum dot material in the quantum dot
package layer to emit light.

2. The OLED display device according to claim 1,
wherein the substrate is a thin film transistor (TFT) array
substrate.

3. The OLED display device according to claim 1,
wherein the quantum dot package layer comprises a plurality
of organic layers and inorganic layers, which alternately
stack up; and the quantum dot material is uniformly distrib-
uted in a region of at least one of the plurality of organic
layers to form units including quantum dots; and

wherein the OLED display device is a flexible display
device and further comprises a barrier film located on
the color filter.

4. The OLED display device according to claim 1,
wherein the quantum dot package layer comprises an
organic insulation layer; and the quantum dot material is
uniformly distributed in the organic insulation layer to form
units including quantum dots; and

wherein the OLED display device further comprises a
package glue material located on the color filter, and a
packager cover plate located on the package glue
material.

5. The OLED display device according to claim 4,
wherein the units including quantum dots in the quantum dot
package layer are manufactured and formed through ink-jet
printing.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A
RHEA
IPCH %S
CPCH¥S

L 5E

H 2T SR
S\ EREERE

BEGF)

BEERKBARUBAEF SN HA®OIWOLEDE REE

US20180366675A1 NI (»&E)B

US16/122886

RYIHHEEXBEARBRLF

RYITHEEXBRERERLT.

RYHPEEXBRERAFRAT.

CHEN LIXUAN

CHEN, LIXUAN

HO1L51/50 HO1L27/32 HO1L51/56 HO1L51/52

patsnap

2018-12-20

2018-09-06

HO1L51/502 HO1L2251/5369 HO1L27/32 HO1L51/56 HO1L51/52 HO1L27/322 HO1L51/5253

201610388274.1 2016-06-01 CN
15/119381 2016-08-16 US

US10374185

Espacenet USPTO

OLED&i%%E@?EEW zijﬁﬂ:EﬁJ:E@OLEDFZ: , AR EZOLEDEH ///////////////////////f

EFRHER. EFRBREQEETFRIMB. MOLEDERSTHENXH
BABAEFRHRENEFIMBURSHATEASCENERER \

#,



https://share-analytics.zhihuiya.com/view/ab88b9a2-db52-4be9-975a-e24aabdf0a65
https://worldwide.espacenet.com/patent/search/family/056832441/publication/US2018366675A1?q=US2018366675A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180366675%22.PGNR.&OS=DN/20180366675&RS=DN/20180366675

