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(57) ABSTRACT

The present application provides a flexible display apparatus
and a white light organic electroluminescent device includ-
ing an anode, a first blue light emitting unit, a second yellow
light emitting unit, a third blue light emitting unit, and a
cathode successively laminated and disposed, wherein the
second yellow light emitting unit including a red light
emitting layer. The flexible display apparatus and a white
light organic electroluminescent device provided by the
application enhances the luminous intensity of the red light
band in the three-laminated layer white light organic elec-
troluminescent device by adding a red light emitting layer,
and optimizes the spectrum of the white OLED device, when
used as a display device it can reduce power consumption of
the display apparatus.
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1
FLEXIBLE DISPLAY APPARATUS AND ITS
WHITE LIGHT ORGANIC
ELECTROLUMINESCENT DEVICE

FIELD OF THE INVENTION

The present application relates to an optical technology
field, and more particularly to a flexible display apparatus
and its white light organic electroluminescent device.

BACKGROUND OF THE INVENTION

Since the organic electroluminescent diode, OLED has
the excellent features of self-luminous, no need of backlight,
high contrast, thin thickness, wide viewing angle, fast
response, can be used for flexible panel, can be used in a
wide temperature range, construction and process is rela-
tively simple at the same time, is considered as the new
application technology in the next generation of flat display
apparatus.

The OLED device structure is constructed by an anode
(ITO), a cathode, and an organic functional layer sand-
wiched between them. The organic functional layers include
HIL (hole injection layer), HTL (hole transport layer), EML
(light emitting layer), ETL (electron transport layer) and
other layers.

The red light component is not sufficient in the existing
three-laminated layers of the white light device OLED
device, the power consumption of the display apparatus is
larger because of the low efficiency of red light by using the
white light OLED plus color filter as a display apparatus or
aTV.

SUMMARY OF THE INVENTION

The present application provides a flexible display appa-
ratus and its white light organic electroluminescent device to
solve the larger power consumption of the display apparatus
caused by the low efficiency of red light by using the white
light OLED plus color filter as a display apparatus or a TV
in the conventional technology. In order to solve the above-
mentioned technical problems, a technical aspect of the
present application is to provide a white light organic
electroluminescent device, the white light organic electrolu-
minescent device includes: an anode, a first blue light
emitting unit, a second yellow light emitting unit, a third
blue light emitting unit, and a cathode successively lami-
nated and disposed, wherein the second yellow light emit-
ting unit including a red light emitting layer, and the material
used for the red light emitting layer is TCTA: 3% Ir(piq)3,
the thickness of the red light emitting layer is less than or
equal to 5 nm.

In order to solve the above-mentioned technical problems,
another technical aspect of the present application is to
provide a white light organic electroluminescent device,
wherein the white light organic electroluminescent device
includes: an anode, a first blue light emitting unit, a second
yellow light emitting unit, a third blue light emitting unit,
and a cathode successively laminated and disposed, wherein
the second yellow light emitting unit including a red light
emitting layer.

In order to solve the above-mentioned technical problems,
another technical aspect of the present application is to
provide a flexible display apparatus, wherein the flexible
display apparatus is using a white light organic electrolu-
minescent device as a light emitting source.
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The advantages of the present application is, comparing to
the conventional technology, the flexible display apparatus
and the white light organic electroluminescent device pro-
vided by the application are characterized by adding a red
light emitting layer and enhancing the light-emitting inten-
sity of the red light band in the three-laminated white light
organic electroluminescent device, optimized the spectrum
of the white OLED device, reducing the display power
consumption when used as a display device.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to more clearly illustrate the embodiments of the
present application or prior art, the following FIGS. will be
described in the embodiments are briefly introduced. It is
obvious that the drawings are merely some embodiments of
the present application, those of ordinary skill in this field
can obtain other FIGS. according to these FIGS. without
paying the premise.

FIG. 1 is a simplified schematic diagram of a white light
organic electroluminescent device according to an embodi-
ment of the present application; and

FIG. 2 is a simplified schematic view of a flexible display
apparatus according to an embodiment of the present appli-
cation.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Embodiments of the present application are described in
detail with the technical matters, structural features,
achieved objects, and effects with reference to the accom-
panying drawings as follows. It is clear that the described
embodiments are part of embodiments of the present appli-
cation, but not all embodiments. Based on the embodiments
of the present application, all other embodiments to those of
ordinary skill in the premise of no creative efforts acquired
should be considered within the scope of protection of the
present application.

Specifically, the terminologies in the embodiments of the
present application are merely for describing the purpose of
the certain embodiment, but not to limit the invention.

In the drawings, the thickness of the layers and regions is
exaggerated in order to clarify the device. The same refer-
ence numerals denote the same elements throughout the
drawings.

It will also be understood that when an element is referred
to as being “over” or “upper” on another element, it can be
disposed directly on the other element, or an intermediate
element can also be present.

Referring to FIG. 1, a white light organic electrolumines-
cent device is provided as an embodiment of the present
application, the white light organic electroluminescent
device includes an anode 101, a first blue light emitting umt
100, a second yellow light emitting unit 200, a third blue
light emitting unit 300, and a cathode 118 successively
laminated and disposed, wherein the second yellow light
emitting unit 200 includes a red light emitting layer 109.
Wherein the adapted material of the anode 101 is indium tin
oxide, ITO, and having a thickness of 70 nm. The adapted
material of the cathode 118 is aluminum, Al, and having a
thickness of 100 nm.

In the embodiment of the present application, the material
used for the red light emitting layer 109 includes TCTA: 3%
Ir(piq)3, the thickness of the red light emitting layer 109 is
less than or equal to 5 nm, wherein Ir(piq)3 is doped in
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TCTA, and the mass percentage is 3%. TCTA is 4,4',4"-Tris
(carbazol-9-yl)-triphenylamine; Ir(piq)3 is Tris (1-phenyl-
isoquinoline) iridium (I11).

In the embodiment of the present application, the first blue
light emitting unit 100 includes a first hole injection layer
102, afirst hole transport layer 103, a first blue light emitting
layer 104, a first electron transport layer 105, a first N-type
charge generation layer 106 successively laminated and
disposed.

Wherein the material of the first hole injection layer 102
is molybdenum trioxide, MoQj;, having a thickness of 1 nm;

The material of the first hole transport layer 103 is f-NPB
(N,N'-diphenyl-N,N'-Di(2-naphthyl)-1,1'-biphenyl-4,4'-di-
amine), having the thickness of 160 nm;

The material of the first blue light emitting layer 104 is
MADN: 3% DSA-ph and having a thickness of 25 nm,
wherein MADN 1is 2-Methyl-9,10-bis(naphthalen-2-y1)an-
thracene; 9,10-Di(2-naphthyl)-2-methylanthracene; DSA-
ph is 1-4-di-[4-(N, N-diphenyl)amino]styryl-benzene);

The material of the first electron transport layer 105 is
BmPyPb (1,3-bis[3,5-di(pyridin-3-yl)phenyl]benzene), and
having a thickness of 10 nm;

The material of the first N-type charge generation layer
106 is BmPyPb:4% Li and having a thickness of 10 nm.

In the embodiment of the present application, the second
yellow light emitting unit 200 successively laminated and
disposed on the first N-type charge generation layer 106
includes a second p-type charge generation layer 107, a
second hole transport layer 108, a second yellow light
emitting layer 110, a second electron transport layer 111, a
second N-type charge generation layer 112, and the red light
emitting layer 109 are located above the second hole trans-
port layer 108.

Wherein the material of the second P-type charge gen-
eration layer 107 is HATCN (2,3,6,7,10,11-Hexacyano-1,4,
5,8,9,12-hexaazatriphenylene), and having a thickness of 10
nm;

The material of the second hole transport layer 108 is
[-NPB and having a thickness of 30 nm;

The material of the second yellow light emitting layer 110
is DCZPPY:Ir(BT)2(acac), and having a thickness of 30 nm,
wherein the DCZPPY is 2,6-bis((9H-carbazol-9-y1)-3,1-
phenylene)pyridine; Ir(BT)2(acac) is Bis(2-phenyl-benzo-
thiazole)(acetylacetonate)

The material of the second electron transport layer 111 is
BmPyPb (1,3-bis[3,5-di(pyridin-3-yl)phenyl]benzene), and
having a thickness of 20 nm;

The material of the second N-type charge generation layer
112 is BmPyPb: 4% Li, and having a thickness of 20 nm.

In the embodiment of the present application, the third
blue light emitting unit 300 successively laminated and
disposed on the second N-type charge generation layer 112
includes a third P-type charge generation layer 113, a third
hole transport layer 114, a third blue light emitting layer 115,
a third electron transport layer 116, and a third electron
injection layer 117.

Wherein the material of the third P-type charge generation
layer 113 is HATCN (2,3,6,7,10,11-Hexacyano-1,4,5,8,9,
12-hexaazatriphenylene), and having a thickness of 10 nm;

The material of the third hole transport layer 114 is
[-NPB, and having a thickness of 95 nm;

The material of the third blue light emitting unit 300 is
MADN: 3% DSA-ph, and having a thickness of 25 nm;

The material of the third electron transport layer 116 is
BmPyPb, and having a thickness of 20 nm;

The material of the third electron injecting layer 117 is
LiF (lithium fluoride), and having a thickness of 1 nm.
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Combined referring to FIG. 2, the embodiment of the
present application also provides a flexible display apparatus
10, the flexible display apparatus 10 is using the above-
described white light organic electroluminescent device as a
light emitting source.

In view of the above, it will be readily understood by
those skilled in the art that the flexible display apparatus and
the white light organic electroluminescent device provided
by the present application can enhance the luminous inten-
sity of the red light band in the three-laminated layer white
light organic electroluminescent device by adding a red light
emitting layer, and optimizes the spectrum of the white
OLED device, when used as a display device it can reduce
power consumption of the display apparatus.

Above are embodiments of the present application, which
does not limit the scope of the present application. Any
modifications, equivalent replacements or improvements
within the spirit and principles of the embodiment described
above should be covered by the protected scope of the
invention.

What is claimed is:

1. A white light organic electroluminescent device,
wherein the white light organic electroluminescent device
comprises: an anode, a first blue light emitting unit, a second
yellow light emitting unit, a third blue light emitting unit,
and a cathode successively laminated and disposed, wherein
the second yellow light emitting unit comprising a red light
emitting layer; wherein the material used for the red light
emitting layer is TCTA: 3% Ir(piq)3.

2. The white light organic electroluminescent device
according to claim 1, wherein the thickness of the red light
emitting layer is less than or equal to 5 nm.

3. The white light organic electroluminescent device
according to claim 1, wherein the first blue light emitting
unit comprises: a first hole injection layer, a first hole
transport layer, a first blue light emitting layer, a first
electron transport layer, a first N-type charge generation
layer successively laminated and disposed on the anode.

4. The white light organic electroluminescent device
according to claim 3, wherein the second yellow light
emitting unit comprises: a second p-type charge generation
layer, a second hole transport layer, a second yellow light
emitting layer, a second electron transport layer, a second
N-type charge generation layer successively laminated and
disposed on the first N-type charge generation layer, and the
red light emitting layer is located above the second hole
transport layer.

5. The white light organic electroluminescent device
according to claim 4, wherein the third blue light emitting
unit comprises: a third P-type charge generation layer, a
third hole transport layer, a third blue light emitting layer, a
third electron transport layer, and a third electron injection
layer successively laminated and disposed on the second
N-type charge generation layer.

6. The white light organic electroluminescent device
according to claim 5, wherein the material of the third P-type
charge generation layer is HATCN, and having a thickness
of 10 nm;

the material of the third hole transport layer is f-NPB, and

having a thickness of 95 nm;

the material of the third blue light emitting unit is MADN:

3% DSA-ph, and having a thickness of 25 nm;
the material of the third electron transport layer is
BmPyPb, and having a thickness of 20 nm; and

the material of the third electron injecting layer is LiF, and

having a thickness of 1 nm.
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7. The white light organic electroluminescent device
according to claim 4, wherein the material of the second
P-type charge generation layer is HATCN, and having a
thickness of 10 nm;

the material of the second hole transport layer is §-NPB,

and having a thickness of 30 nm;

the material of the second yellow light emitting layer is
DCZPPY:Ir(BT)2(acac), and having a thickness of 30
nm;

the material of the second electron transport layer is

BmPyPb, and having a thickness of 20 nm; and

the material of the second N-type charge generation layer

is BmPyPb: 4% Li, and having a thickness of 20 nm.

8. The white light organic electroluminescent device
according to claim 3, wherein the material of the first hole
injection layer is MoO?3, and having a thickness of 1 nm;

the material of the first hole transport layer is §-NPB, and

having the thickness of 160 nm;
the material of the first blue light emitting layer is MADN:
3% DSA-ph, and having a thickness of 25 nm;

the material of the first electron transport layer is
BmPyPb, and having a thickness of 10 nm; and

the material of the first N-type charge generation layer is
BmPyPb:4% Li, and having a thickness of 10 nm.

9. A flexible display apparatus, wherein the flexible dis-
play apparatus is using a white light organic electrolumi-
nescent device as a light emitting source, the white light
organic electroluminescent device comprises: an anode, a
first blue light emitting unit, a second yellow light emitting
unit, a third blue light emitting unit, and a cathode succes-
sively laminated and disposed, wherein the second yellow
light emitting unit comprising a red light emitting layer;
wherein the material used for the red light emitting layer is
TCTA: 3% Ir(piq)3.

10. The white light organic electroluminescent device
according to claim 9, wherein the thickness of the red light
emitting layer is less than or equal to 5 nm.

11. The white light organic electroluminescent device
according to claim 9, wherein the first blue light emitting
unit comprises: a first hole injection layer, a first hole
transport layer, a first blue light emitting layer, a first
electron transport layer, a first N-type charge generation
layer successively laminated and disposed on the anode.

12. The white light organic electroluminescent device
according to claim 11, wherein the second yellow light
emitting unit comprises: a second p-type charge generation
layer, a second hole transport layer, a second yellow light
emitting layer, a second electron transport layer, a second
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N-type charge generation layer successively laminated and
disposed on the first N-type charge generation layer, and the
red light emitting layer is located above the second hole
transport layer.

13. The white light organic electroluminescent device
according to claim 12, wherein the third blue light emitting
unit comprises: a third P-type charge generation layer, a
third hole transport layer, a third blue light emitting layer, a
third electron transport layer, and a third electron injection
layer successively laminated and disposed on the second
N-type charge generation layer.

14. The white light organic electroluminescent device
according to claim 13, wherein the material of the third
P-type charge generation layer is HATCN, and having a
thickness of 10 nm;

the material of the third hole transport layer is f-NPB, and

having a thickness of 95 nm;

the material of the third blue light emitting unit is MADN:

3% DSA-ph, and having a thickness of 25 nm;
the material of the third electron transport layer is
BmPyPb, and having a thickness of 20 nm; and

the material of the third electron injecting layer is LiF, and

having a thickness of 1 nm.

15. The white light organic electroluminescent device
according to claim 12, wherein the material of the second
P-type charge generation layer is HATCN, and having a
thickness of 10 nm;

the material of the second hole transport layer is §-NPB,

and having a thickness of 30 nm;

the material of the second yellow light emitting layer is

DCZPPY:Ir(BT)2(acac), and having a thickness of 30
nm;

the material of the second electron transport layer is

BmPyPb, and having a thickness of 20 nm; and

the material of the second N-type charge generation layer

is BmPyPb: 4% Li, and having a thickness of 20 nm.

16. The white light organic electroluminescent device
according to claim 11, wherein the material of the first hole
injection layer is MoO3, and having a thickness of 1 nm;

the material of the first hole transport layer is f-NPB, and

having the thickness of 160 nm;
the material of the first blue light emitting layer is MADN:
3% DSA-ph, and having a thickness of 25 nm;

the material of the first electron transport layer is
BmPyPb, and having a thickness of 10 nm; and

the material of the first N-type charge generation layer is
BmPyPb:4% Li, and having a thickness of 10 nm.
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