US 20170193897A1

12) Patent Application Publication (o) Pub. No.: US 2017/0193897 Al

a9y United States

ZHANG et al. (43) Pub, Date: Jul, 6, 2017
(54) ELECTROLUMINESCENT DEVICE, HOIL 51/52 (2006.01)
MANUFACTURING METHOD AND DRIVING HOIL 51/00 (2006.01)
METHOD THEREOF, AND DISPLAY DEVICE HOIL 27/32 (2006.01)
o ) (52) US. CL
(71)  Applicants:BOE TECHNOLOGY GROUP CO., CPC ... GO9G 3/3208 (2013.01); HOIL 51/0096

LTD., Beijing (CN); ORDOS
YUANSHENG
OPTOELECTRONICS CO., LTD.,
Ordos, Inner Mongolia (CN)

(72) Inventors: Xiaojin ZHANG, Beijing (CN); Xiang
FENG, Beijing (CN); Dini XIE,
Beijing (CN)

(21) Appl. No.:  15/321,892

(22) PCTFiled:  Apr. 14, 2016

(86) PCT No.: PCT/CN2016/079258
§ 371 (o)D),
(2) Date: Dec. 23, 2016

(30) Foreign Application Priority Data

Jun. 26,2015 (CN) coeevveneeccne 201510369486.0
Publication Classification

(51) Imt.CL
G09G 3/3208 (2006.01)
HOIL 51/56 (2006.01)

(2013.01); HOIL 27/3206 (2013.01); HOIL
51/5206 (2013.01); HOIL 51/5221 (2013.01);
HOIL 51/56 (2013.01); HOIL 2251/5315
(2013.01); HOIL 51/5088 (2013.01)

(57) ABSTRACT

The present invention provides an electroluminescent
device, a manufacturing method and driving method thereof,
and a display device. The electroluminescent device com-
prises a transparent substrate, and a first light emitting unit
and a second light emitting unit disposed at both sides of the
transparent substrate respectively, wherein the first light
emitting unit and the second light emitting unit have the
same light output direction and are connected to two control
circuit respectively. In the present invention, a parallel
device structure is adopted to achieve independent control of
two light emitting units in a single electroluminescent
device, not only the color temperature is adjustable, but also
the light emitting efliciency of the device can be increased.
Also the transparent substrate can be fabricated using poly-
mers having a refractive index adapted to the light emitting
material, thereby reducing the optical waveguide loss in the
device and realizing display of flexible device.
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ELECTROLUMINESCENT DEVICE,
MANUFACTURING METHOD AND DRIVING
METHOD THEREOF, AND DISPLAY DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to the field of display
technology, in particular to an electroluminescent device, a
manufacturing method and driving method thereof, and a
display device.

BACKGROUND OF THE INVENTION

[0002] An existing electroluminescent device includes
laminated type and series type. The above two types of
device have the following defects due to limitation in the
device structure:

[0003] Laminated type devices tend to have exciplex
quenching at the layer interface, and as the brightness of the
device increases, the color temperature variation becomes
uncontrollable. The series type devices can hardly avoid
extra power consumption caused by poor contact of the light
emitting layers, and cannot achieve adjustment of white
light color temperature.

[0004] Therefore, it has very important significance and
application value in both display and lighting fields to
realize controllable color and efficient light output in a same
device structure.

SUMMARY OF THE INVENTION

[0005] An object of the present invention is to provide an
electroluminescent device, a manufacturing method and
driving method thereof, and a display device, which can
overcome the problems of uncontrollable color temperature
and low lighting efficiency in existing electroluminescent
devices.

[0006] In order to solve the above technical problems, as
a first aspect of the invention, an electroluminescent device
is provided, which comprises:

[0007] a transparent substrate;

[0008] a first light emitting unit and a second light emit-
ting unit disposed at both sides of the transparent substrate
respectively, wherein the first light emitting unit and the
second light emitting unit have the same light output direc-
tion and are connected to two control circuits respectively.
[0009] Preferably, the first light emitting unit is a bottom
emitting type light emitting and the second luminous unit is
a top emitting type light emitting unit.

[0010] Preferably, the first light emitting unit comprises a
first transparent anode, a first light emitting layer and a total
reflection cathode sequentially arranged from one side close
to the transparent substrate to the other side away from the
transparent substrate; the second light emitting unit com-
prises a second transparent anode, a second light emitting
layer and a transparent cathode sequentially arranged from
one side close to the transparent substrate to the other side
away from the transparent substrate.

[0011] Preferably, the first transparent anode and the sec-
ond transparent anode are electrically connected to each
other.

[0012] Preferably, a refractive index of the transparent
substrate ranges from 1.7 to 2.

[0013] Preferably, the first light emitting layer is a long
wavelength organic light emitting material layer, which is
capable of emitting light with a wavelength of 561-760 nm;
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and the second light emitting layer is a short wavelength
organic light emitting material layer, which is capable of
emitting light with a wavelength of 380-560 nm.

[0014] Preferably, the first light emitting layer is a yellow
organic light emitting material layer, and the second light
emitting layer is a blue organic light emitting material layer.
[0015] Preferably, the first light emitting unit further com-
prises a first hole injection layer and a first hole transport
layer arranged between the first transparent anode and the
first light emitting layer, and a first electron injection layer
and a first electron transport layer arranged between the total
reflection cathode and the first light emitting layer.

[0016] The second light emitting unit further comprises a
second hole injection layer and a second hole transport layer
arranged between the second transparent anode and the
second light emitting layer, and a second electron injection
layer and a second electron transport layer arranged between
the transparent cathode and the second light emitting layer.
[0017] Preferably, the first electron injection layer and the
first electron transport layer together form a first electronic
auxiliary layer, and the second electron injection layer and
the second electron transport layer together form a second
electronic auxiliary layer.

[0018] As a second aspect of the present invention, a
manufacturing method of an electroluminescent device is
provided, and comprises the following steps:

[0019] providing a transparent substrate;

[0020] fabricating a first light emitting unit and a second
light emitting unit on both sides of the transparent substrate
respectively, wherein the first light emitting unit and the
second light emitting unit having the same light output
direction and are connected to two control circuits respec-
tively.

[0021] Preferably, a material of the transparent substrate
includes polyimide or a composite material of polyimide/
titanium dioxide, and a thickness of the transparent substrate
is 100-1000 pm.

[0022] Preferably, the step of fabricating the first light
emitting unit includes:

[0023] forming a first transparent anode, a first light emit-
ting layer and a total reflection cathode sequentially on one
side of the transparent substrate.

[0024] Preferably, a material of the first transparent anode
includes indium tin oxide. A thickness of the first transparent
anode is 80-160 nm.

[0025] Preferably, the first light emitting layer is a yellow
organic light emitting material layer made of a yellow
fluorescent material or a yellow phosphorescent material,
and a thickness of the first light emitting layer ranges from
20 to 50 nm.

[0026] Preferably, the total reflection cathode is a metal
cathode made of any one or arbitrary alloy of magnesium,
silver and aluminum, and a thickness of the total reflection
cathode ranges from 80 to 200 nm.

[0027] Preferably, the manufacturing method further com-
prises:
[0028] a step between forming the first transparent anode

and forming the first light emitting layer:

[0029] forming a first hole injection layer and a first hole
transport layer; and

[0030] astep between forming the first light emitting layer
and forming the total reflection cathode:

[0031] forming a first electron transport layer and a first
electron injection layer.
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[0032] Preferably, a material for forming the first hole
injection layer includes any one of copper phthalocyanine,
zinc phthalocyanine, 2,3,6,7,10,11-Hexacvano-1,4,5,8,9,12-
hexaazatriphenylene and 2,3,5,6-Tetrafluoro-7,7',8,8'-tetra-
cyanoquinodimethane, and a thickness of the first hole
injection layer ranges from 5 to 40 nm.

[0033] Preferably, a material for forming the first hole
transport layer includes N,N'-di(1-naphthyl)-N,N'-diphenyl-
1,1'-biphenyl-4,4'-diamine  or  2,2'7,7'-Tetrakis(diphe-
nylamino)-9,9'-spirobifluorene, and a thickness of the first
hole transport layer ranges from 10 to 100 nm.

[0034] Preferably, the first electron injection layer and the
first electron transport layer together form the first electronic
auxiliary layer, a material from which the first electronic
auxiliary layer is made includes: Alg3:Li or BPhen:Cs, and
a thickness of the first electronic auxiliary layer ranges from
10 1o 100 nm.

[0035] Preferably, the step of forming the second light
emitting unit includes:

[0036] forming a second transparent anode, a second light
emitting layer and a transparent cathode sequentially on the
other side of the transparent substrate.

[0037] Preferably, a material for forming the second trans-
parent anode comprises indium tin oxide, and a thickness of
the second transparent anode ranges from 80 to 160 nm.
[0038] Preferably, the second light emitting layer is a blue
organic light emitting material layer made of a blue fluo-
rescent material or a blue phosphorescent material, the
thickness of the second light emitting layer ranges from 20
to 50 nm.

[0039] Preferably, the transparent cathode is made of any
one of lithium fluoride, aluminum, indium tin oxide and
lithium, or a composite material of lithium/indium tin oxide.
[0040] When the transparent cathode is made of lithium
fluoride, a thickness of the transparent cathode ranges from
0.5 to 1 nm;

[0041] when the transparent cathode is made of aluminum,
the thickness of the transparent cathode ranges from 1 to 3
nm;

[0042] when the transparent cathode is made of lithium,
the thickness of the transparent cathode ranges from 0.5 to
1.5 nm; and

[0043] when the transparent cathode is made of indium tin
oxide or the composite material of lithium/indium tin oxide,
the thickness of the transparent cathode ranges from 2.0 to
50 nm.

[0044] Preferably, the manufacturing method further com-
prises:
[0045] a step between forming the second transparent

anode and forming the second light emitting layer:

[0046] forming a second hole injection layer and a second
hole transport layer; and

[0047] a step between forming the second light emitting
layer and forming the transparent cathode:

[0048] forming a second electron transport layer and a
second electron injection layer.

[0049] Preferably, a material for forming the second hole
injection layer includes any one zinc of copper phthalocya-
nine, phthalocyanine, 2,3,6,7,10,11-Hexacyano-1,4,5,8,9,
12-hexaazatriphenylene and 3,5,6-Tetrafluoro-7,7',8,8'-tet-
racyanoquinodimethane, and a thickness of the second hole
injection layer ranges from 5 to 40 nm.

[0050] Preferably, a material for forming the second hole
transport layer includes N,N'-di(naphthyl)-N,N'-diphenyl-1,

Jul. 6, 2017

I'-biphenyl-4,4'-diamine ~ or  2,2'7,7'-Tetrakis(diphe-
nylamino)-9,9'-spirobifluorene, and a thickness of the sec-
ond hole transport layer ranges from 10 to 100 nm.

[0051] Preferably, the second electron injection layer and
the second electron transport layer together form the second
electronic auxiliary layer, a material from which the second
electronic auxiliary layer is made includes: Alq3:Li or
BPhen:Cs, and a thickness of the second electronic auxiliary
layer ranges from 10 to 100 nm.

[0052] As a third aspect of the present invention, a display
device is provided. The display device comprises a plurality
of pixel units, each pixel unit is provided with an electrolu-
minescent device discussed above, each pixel unit is further
provided with two control circuits independent to each other,
the two control circuits in one pixel unit are configured for
controlling the first light emitting device and the second
light emitting device to emit light, respectively.

[0053] As a fourth aspect of the present invention, a
driving method of the electroluminescent device mentioned
above is provided. The driving method comprises:

[0054] driving the first light emitting device to emit light
through a first control circuit;

[0055] driving the second light emitting device to emit
light through a second control circuit;

[0056] wherein the first control circuit and the second
control circuit are independent to each other.

[0057] Preferably, the first light emitting unit comprises a
first transparent anode, a first light emitting layer and a total
reflection cathode sequentially arranged from one side close
to the transparent substrate to the other side away from the
transparent substrate; the second light emitting unit com-
prises a second transparent anode, a second light emitting
layer and a transparent cathode sequentially arranged from
one side close to the transparent substrate to the other side
away from the transparent substrate.

[0058] In the driving method, a voltage output to the first
transparent anode from the first control circuit is equal to a
voltage output to the second transparent anode from the
second control circuit, so that the first transparent anode and
the second transparent anode have the same potential.

[0059] According to the present invention, a parallel
device structure is adopted to achieve independent control of
two light emitting units in a single electroluminescent
device, so that each light emitting unit can be optimized and
tuned individually. Thereby not only the color temperature is
adjustable, but also the light emitting efficiency of the device
can be increased. In addition, according to the present
invention, the transparent substrate can be fabricated using
polymers having a refractive index adapted to the light
emitting material, thereby reducing the optical waveguide
loss in the device and realizing display of flexible device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0060] The drawings are used to provide further under-
standing of the present invention, constitute a part of the
specification, and are used to explain the present invention
together with the detailed embodiment, but not limit the
present invention.

[0061] FIG. 1 is a schematic view of a structure of an
electroluminescent device provided in an embodiment of the
present invention.
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REFERENCE NUMERALS

[0062] 10—transparent substrate; 1—first light emitting
unit; 2—second light emitting unit; 11—first transparent
anode; 12—total reflection cathode; 13—first light emitting
layer; 14—first hole injection layer; 15—first hole transport
layer; 16—first electron injection layer; 17—first electron
transport layer; 18—first control circuit; 21—second trans-
parent anode 22—transparent cathode; 23—second light
emitting layer; 24—second hole injection layer 25—second
hole transport layer; 26—second electron injection layer;
27—second electron transport layer; 28—second control
circuit.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0063] Hereinafter embodiment of the present invention
will be described with reference to the accompanying draw-
ings. It should be understood that the embodiments
described herein are intended to illustrate and explain the
present invention, rather than limit the present invention.
[0064] The present invention provides an electrolumines-
cent device as shown in FIG. 1, which comprises a trans-
parent substrate 10, and a first light emitting unit 1 and a
second light emitting unit 2 disposed at both sides of the
transparent substrate 10 respectively, and the first light
emitting unit 1 and the second light emitting unit 2. have the
same light output direction and are connected to two control
circuits respectively.

[0065] For example, in FIG. 1, the first light emitting unit
1 and the second light emitting unit 2 are controlled respec-
tively by a first control circuit 18 and a second control circuit
28 independent to each other. The light output direction is
the direction along which the light transmits through the
transparent substrate 10, as indicated by the hollow arrow in
FIG. 1. Depending on the specific structure of the first light
emitting unit 1 and the second light emitting unit 2, the light
incidence direction may be opposite to that shown in FIG. 1,
the details of which are omitted here.

[0066] According to the present invention, a parallel
device structure is adopted to achieve independent control of
two light emitting units in a single electroluminescent
device. For a white electroluminescent device, light emitted
by the two light emitting units superimposes to generate
white light. According to the present invention, the two light
emitting units are optimized and tuned respectively, so that
not only the color temperature of the white light is adjust-
able, but also the light emitting efficiency of the device can
be increased.

[0067] Here the optimization and tuning refer to selecting
the material for the respective layers in the light emitting
unit and configuring the properties thereof, so that the light
emitted by the two light emitting units is mixed in color, and
tuning the output brightness and color coordinate distribu-
tion properties of the two light emitting units by independent
driving, so that the color temperature of the output light is
adjustable.

[0068] The specific direction along which the transparent
substrate 10, the first light emitting unit 1 and the second
light emitting unit 2 are stacked is not limited in the present
invention. In FIG. 1, for example, the transparent substrate
10, the first light emitting unit 1 and the second light
emitting unit 2 are arranged in parallel with each other, and
are arranged in vertical direction.
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[0069] As one embodiment of the invention, the first light
emitting unit 1 is a bottom emitting type light emitting unit,
and the second light emitting unit 2 is a top emitting type
light emitting unit, wherein the light propagates along the
direction indicated by the hollow arrow in FIG. 1. Also, in
the present invention the first light emitting unit 1 may be set
as a top emitting type light emitting unit, and the second
light emitting unit 2 may be set as a bottom emitting type
light emitting unit, so that the light output direction of the
electroluminescent device is changed. Taking a white elec-
troluminescent device as an example, the only requirement
is that the light emitted by first light emitting unit 1 and the
second light emitting unit 2 can superimpose with each other
to generate white light.

[0070] Furthermore, the first light emitting unit 1 com-
prises a first transparent anode 11, a first light emitting layer
13 and a total reflection cathode 12 sequentially arranged
from one side close to the transparent substrate 10 to the
other side away from the transparent substrate 10, so as to
provide a bottom emitting type light emitting structure.
[0071] The second light emitting unit 2 comprises a sec-
ond transparent anode 21, a second light emitting layer 23
and a transparent cathode 22 sequentially arranged from one
side close to the transparent substrate 10 to the other side
away from the transparent substrate 10, so as to provide a top
emitting type light emitting structure.

[0072] Note that, the second light emitting unit 2 is
actually a double-sided light-transmissive structure, this
design is to make light emitted from the first light emitting
unit 1 pass through the second light emitting unit 2, and
superimpose with light emitted by the second light emitting
unit 2, so that the light emitted by the two light emitting units
is simultaneously output from the transparent cathode 22 of
the second light emitting unit 2, thereby white light is
achieved.

[0073] As shown in FIG. 1, the first control circuit 18 is
electrically connected to the first transparent anode 11 and
the total reflection cathode 12, so as to control the first light
emitting unit 1 to emit light; the second control circuit 28 is
electrically connected to the second transparent anode 21
and the transparent cathode 22, so as to control the second
light emitting unit 2 to emit light.

[0074] In the present invention, the first control circuit 18
and the second control circuit 28 control the first light
emitting unit 1 and the second light emitting unit 2 to emit
light in turn, so as to reduce power consumption; alterna-
tively, the first control circuit 18 and the second control
circuit 28 control the first light emitting unit I and the second
light emitting unit 2 to emit light simultaneously so as to
provide an enhanced brightness.

[0075] When the first light emitting unit 1 and the second
light emitting unit 2 emit light simultaneously, in order to
prevent the capacitive effects from being formed between
the transparent substrate 10 and the transparent anodes at
both sides of the transparent substrate 10, preferably, the first
transparent anode 11 and the second transparent anode 21
are electrically connected to each other, so that a same
potential is kept on the first transparent anode 11 and the
second transparent anode 21.

[0076] Further, in order to reduce the optical waveguide
loss in the transparent substrate 10, in the present invention,
the transparent substrate 10 may be fabricated using poly-
mers having a refractive index adapted to the light emitting
material of the two light emitting units. After experiments,
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the refractive index of the transparent substrate 10 prefer-
ably ranges from 1.7 to 2, thereby reducing the optical
waveguide loss in the device and increasing light emitting
efficiency of the device.

[0077] Preferably, the material for fabricating the trans-
parent substrate 10 includes polyimide or polyimide/tita-
nium dioxide composite material, and the thickness of the
transparent substrate 10 1s 100-1000 pm.

[0078] In the present invention, the transparent substrate
10 may be made of a flexible material, so that the electrolu-
minescent device of the present invention has the properties
of flexible display. For example, polyimide, as a flexible
material, can be used to fabricate the transparent substrate
10, so that a flexible electroluminescent device can be
realized.

[0079] The material for the first light emitting layer 13 and
the second light emitting layer 23 is not specifically limited.
Both inorganic light emitting material and organic light
emitting material can be adopted for the first light emitting
layer 13 and/or the second light emitting layer 23.

[0080] Specifically, in order to provide a wide range of
adjustable color temperature for the electroluminescent
device, the first light emitting layer 13 can be a long wave
organic light emitting material layer capable of emitting
light at a wavelength of 561-760 nm (i.e. covering the red
and yellow light spectrum); the second light emitting layer
23 can be a short wave organic light emitting material layer
capable of emitting light at a wavelength of 380-7560 nm
(i.e. covering the blue and green light spectrum). Thus when
light emitted from the first light emitting layer 13 and the
second light emitting layer 23 are superimposed, a wide
range of adjustable color temperature can be provided for
the electroluminescent device.

[0081] Taking a white electroluminescent device as an
example, typically, white light can be generated by supet-
imposing blue light with yellow light. In this case, the first
light emitting layer 13 can be a yellow organic light emitting
material layer made of a yellow fluorescent material or a
yellow phosphorescent material (e.g. CPB:(bt)Ir(acac)). The
first light emitting layer 13 can be prepared by evaporation
and the like, and has a thickness of 20-50 nm.

[0082] Accordingly, the second light emitting layer 23
may be a blue light organic light emitting material layer
made of a blue fluorescent material or a blue phosphorescent
material (e.g. CPB:FIrpic). The second light emitting layer
23 can be prepared by evaporation and the like, and has a
thickness of 20-50 nm.

[0083] If the electroluminescent light emitting device is
not required to produce a white light, light emitting materials
of other colors can be also adopted for the first light emitting
layer 13 and the second light emitting layer 23. For example,
the second light emitting layer 23 may be a green light
organic light emitting material layer made of CPB:Ir(ppy);,
the details of which are omitted here.

[0084] Preferably, the material for fabricating the first
transparent anode 11 and/or the second transparent anode 21
includes indium tin oxide (ITO). The first transparent anode
11 and/or the second transparent anode 21 can be prepared
by magnetical sputtering. The thickness of the first trans-
parent anode 11 and/or the second transparent anode 21 is
80-160 nm, preferably 100 nm.

[0085] Preferably, the total reflection cathode 12 is a metal
cathode made of any one or arbitrary alloy of magnesium,
silver and aluminum (e.g. Mg:Ag or Al), which can be
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prepared by evaporation and the like. The thickness of the
total reflection cathode 12 ranges from 80 to 200 nm.
[0086] Preferably, the transparent cathode 22 is made of
any one of lithium fluoride (LiF), aluminum (Al), indium tin
oxide (ITO) and lithium (Li), or a composite of lithium/
indium tin oxide (Li/ITO), wherein

[0087] when the transparent cathode 22 is made of lithium
fluoride, the thickness of the transparent cathode 22 ranges
from 0.5 to 1 nm, preferably 0.5 nm;

[0088] when the transparent cathode 22 is made of alu-
minum, the thickness of the transparent cathode 22 ranges
from 1 to 3 nm;

[0089] when the transparent cathode 22 is made of
lithium, the thickness of the transparent cathode 22 ranges
from 0.5 to 1.5 nm, preferably 1 nm;

[0090] when the transparent cathode 22 is made of indium
tin oxide or a composite material of lithium/indium tin
oxide, the thickness of the transparent cathode 22 ranges
from 20 to 50 nm.

[0091] Note that, in order to improve the light emitting
efficiency and brightness of the electroluminescent light
emitting device, the transmittance of the transparent cathode
22 should preferably reach 80%-90%.

[0092] As shown in FIG. 1, the first light emitting unit 1
further comprises a first hole injection layer 14 and a first
hole transport layer 15 arranged between the first transparent
anode 11 and the first light emitting layer 13, and a first
electron injection layer 16 and a first electron transport layer
17 arranged between the total reflection cathode 12 and the
first light emitting layer 13.

[0093] The second light emitting unit 2 further comprises
a second hole injection layer 24 and a second hole transport
layer 25 arranged between the second transparent anode 21
and the second light emitting layer 23, and a second electron
injection layer 26 and a second electron transport layer 27
arranged between the transparent cathode 22 and the second
light emitting layer 23.

[0094] The first hole injection layer 14 is configured for
modifying the first transparent anode 11, thereby improving
the efliciency of hole injection and modifying the defects on
the surface of the first transparent anode 11. Similarly, the
second hole injection layer 24 is configured for modifying
the second transparent anode 21, thereby improving the
efficiency of hole injection and modifying the defects on the
surface of the second transparent anode 21.

[0095] Preferably, a material for forming the first hole
injection layer 14 and/or the second hole injection layer 24
includes any one of copper phthalocyanine (CuPc), zinc
phthalocyanine (ZnPc), 2,3,6.7,10,11-Hexacyano-1,4,5.8,9,
12-hexaazatriphenylene (HAT-CN) and 2,3,5,6-Tetrafluoro-
7,7',8.8'-tetracyanoquinodimethane (a-NPD:F,-TCNQ). The
thickness of the first hole injection layer 14 is set in a range
of 5-40 nm, and the thickness of the second hole injection
layer 24 is set in a range of 5-40 nm.

[0096] The first hole transport layer 15 is an energy level
matching layer which can promote the holes being trans-
ferred into the first light emitting layer 13. Similarly, the
second hole transport layer 25 is an energy level matching
layer which can promote the holes being transferred into the
second light emitting layer 23.

[0097] Preferably, a material for forming the first hole
transport layer 15 and/or the second hole transport layer 25
includes any one of N,N' -di(1-naphthyl)-N,N'-diphenyl-1,
1'-biphenyl-4,4'-diamine (NPB) or 2,2',7,7'-Tetrakis(diphe-
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nylamino)-9,9'-spirobifluorene (Spiro-TAD). The thickness
of the first hole transport layer 15 and/or the second hole
transport layer 25 is set in a range of 10-100 nm.

[0098] In the present invention, the first electron injection
layer 16 and the first electron transport layer 17 together
form a first electronic auxiliary layer, the second electron
injection layer 26 and the second electron transport layer 27
together form a second electronic auxiliary layer. The first
electronic auxiliary layer and the second electronic auxiliary
layer have the function of reducing the interface barrier to
the electron in transmission.

[0099] Preferably, a material from which the first elec-
tronic auxiliary layer and/or the second electronic auxiliary
layer are made includes: Alg3:Li or BPhen:Cs. The thick-
ness of the first electronic auxiliary layer and/or the second
electronic auxiliary layer ranges from 10 to 100 nm.
[0100] The present invention also provides a manufactur-
ing method of an electroluminescent device, which com-
prises the following steps:

[0101] providing a transparent substrate;

[0102] fabricating the first light emitting unit and the
second light emitting unit on both sides of the transparent
substrate respectively, wherein the first light emitting unit
and the second light emitting unit having the same lighting
direction and are connected to two control circuits respec-
tively.

[0103] According to the present invention, a parallel
device structure is adopted to achieve independent control of
two light emitting units in a single electroluminescent light
emitting device, so that each light emitting unit can be
optimized and tuned individually. Thereby not only the color
temperature is adjustable, but also the light emitting effi-
ciency of the device can be increased. In addition, according
to the present invention, the transparent substrate can be
fabricated using polymers having a refractive index adapted
to the light emitting material, thereby reducing the optical
waveguide loss in the device and realizing display of a
flexible device.

[0104] Preferably, a material for fabricating the transpar-
ent substrate includes polyimide or a composite material of
polyimide/titanium dioxide, and the thickness of the trans-
parent substrate is 100-1000 pm.

[0105] Preferably, the step of fabricating the first light
emitting unit includes:

[0106] forming a first transparent anode, a first light emit-
ting layer and a total reflection cathode sequentially on one
side of the transparent substrate.

[0107] Preferably, a material for fabricating the first trans-
parent anode includes indium tin oxide. A thickness of the
first transparent anode is 80-160 nm.

[0108] Preferably, the first light emitting layer is a yellow
light organic light emitting material layer made of yellow
fluorescent material or yellow phosphorescent material, the
thickness of the first light emitting layer ranges from 20 to
50 nm.

[0109] Preferably, the total reflection cathode is a metal
cathode made of any one or arbitrary alloy of magnesium,
silver and aluminum, and a thickness of the total reflection
cathode ranges from 80 to 200 nm.

[0110] Preferably, the manufacturing method further com-
prises:
[0111] a step between forming the first transparent anode

and forming the first light emitting layer:
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[0112] forming a first hole injection layer and a first hole
transport layer; and

[0113] a step between forming the first light emitting layer
and forming the total reflection cathode:

[0114] forming a first electron transport layer and a first
electron injection layer.

[0115] Preferably, a material for forming the first hole
injection layer includes any one of copper phthalocyanine,
zinc phthalocyanine, 2,3,6,7,10,11-Hexacyano-1,4,5,8,9,12-
hexaazatriphenylene and 2,3.5,6-Tetrafluoro-7,7',8,8'-tetra-
cyanoquinodimethane, and a thickness of the first hole
injection layer ranges from 5 to 40 nm.

[0116] Preferably, a material for forming the first hole
transport layer includes N,N'-di(1-naphthyl)-N,N'-diphenyl-
1,1-biphenyl-4.4-diamine  or  2,2'7.7'-Tetrakis(diphe-
nylamino)-9,9'-spirobifluorene, and a thickness of the first
hole transport layer ranges from 10 to 100 nm.

[0117] Preferably, the first electron injection layer and the
first electron transport layer together form a first electronic
auxiliary layer, the material from which the first electronic
auxiliary layer is made includes: Alg3:Li or BPhen:Cs, a
thickness of the first electronic auxiliary layer ranges from
10 to 100 nm.

[0118] Preferably, the step of forming the second light
emitting unit includes:

[0119] forming a second transparent anode, a second light
emitting layer and a transparent cathode sequentially on the
other side of the transparent substrate.

[0120] Preferably, a material for forming the second trans-
parent anode comprises indium tin oxide, and a thickness of
the second transparent anode ranges from 80 to 160 nm.
[0121] Preferably, the second light emitting layer is a blue
organic light emitting material layer made of a blue fluo-
rescent material or a blue phosphorescent material, and a
thickness of the second light emitting layer ranges from 20
to 50 nm.

[0122] Preferably, the transparent cathode is made of any
one of lithium fluoride, aluminum, indium tin oxide and
lithium, or a composite material of lithium/indium tin oxide.
[0123] When the transparent cathode is made of lithium
fluoride, a thickness of the transparent cathode ranges from
0.5 to 1 nm,

[0124] when the transparent cathode is made of aluminum,
the thickness of the transparent cathode ranges from 1 to 3
nm;

[0125] when the transparent cathode is made of lithium,
the thickness of the transparent cathode ranges from 0.5 to
1.5 nm;

[0126] when the transparent cathode is made of indium tin
oxide or a composite material of lithium/indium tin oxide,
the thickness of the transparent cathode ranges from 20 to 50
nm.

[0127] Preferably, the manufacturing method further com-
prises:

[0128] a step between forming the second transparent
anode and forming the second light emitting layer:

[0129] forming a second hole injection layer and a second
hole transport layer; and

[0130] a step between forming the second light emitting
layer and forming the transparent cathode:

[0131] forming a second electron transport layer and a
second electron injection layer.

[0132] Preferably, a material for forming the second hole
injection layer includes any one of copper phthalocyanine,
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zinc phthalocyanine, 2,3,6,7,10,11-Hexacyvano-1,4,5,8,9,12-
hexaazatriphenylene and 2,3,5,6-Tetrafluoro-7,7',8,8'-tetra-
cyanoquinodimethane, and a thickness of the second hole
injection layer ranges from 5 to 40 nm.

[0133] Preferably, a material for forming the second hole
transport layer includes N,N'-di(1-naphthyl)-N,N'-diphenyl-
1,1'-biphenyl-4,4'-diamine ~ or  2,2'7,7'-Tetrakis(diphe-
nylamino)-9,9'-spirobifluorene, and a thickness of the sec-
ond hole transport layer ranges from 10 to 100 nm.

[0134] Preferably, the second electron injection layer and
the second electron transport layer together form the second
electronic auxiliary layer, a material from which the second
electronic auxiliary layer is made includes: Alg3:Li or
BPhen:Cs, a thickness of the second electronic auxiliary
layer ranges from 10 to 100 nm.

[0135] The present invention also provides a display
device. The display device comprises a plurality of pixel
units, each pixel unit is provided with an electroluminescent
device discussed above.

[0136] Each pixel unit is further provided with two control
circuits independent to each other, the two control circuits in
one pixel unit are configured for respectively controlling the
first light emitting device 1 and the second light emitting
device 2 to emit light. As shown in FIG. 1, the two control
circuits include the first control circuit 18 for controlling the
first light emitting circuit 1 and the second control circuit 28
for controlling the second light emitting circuit 2.

[0137] Taking a white electroluminescent device as an
example, the fabrication procedure of an electroluminescent
device according to the present invention will be described.
[0138] Firstly, ITO thin films having a thickness of about
100 nm are prepared through magnetical sputtering on both
side of the transparent substrate 10 (with a thickness of
100-1000 pm) made of a polymer material, so as to form the
first transparent anode 11 and the second transparent anode
21. In order to reduce the optical waveguide loss of the
device and take the refractive index of the ITO and the light
emitting material into consideration, the transparent sub-
strate 10 used in the present invention should have a
refractive index ranging from 1.7 to 2, and have good
thermal stability, and the material can be selected from PI or
a composite material of PI/TiO2.

[0139] The step of preparing the bottom emitting type
light emitting unit comprises:

[0140] preparing a first hole injection layer 14 on the
outside of the first transparent anode 11, the first hole
injection layer 14 has functions of improving hole injection
efficiency and modifying defects in the ITO layer, wherein
the first hole injection layer 14 can be made of a material
such as CuPc, ZnPc, HAT-CN, a-NPD:F,,-TCNQ, by evapo-
ration or a coating method, and a thickness thereof is set in
a range of 5-40 nm;

[0141] preparing a first hole transport layer 15 on the
outside of the first hole injection layer 14, the first hole
transport layer 15 has a function to promote holes being
transferred into the light emitting layer, wherein the first hole
transport layer 15 can be made of a material such as NPB,
Spiro-TAD, and a thickness thereof is set in a range of
10-100 nm;

[0142] preparing a first light emitting layer 13 on the
outside of the first hole transport layer 15, the first light
emitting layer 13 can be made of a yellow organic light
emitting material such as CPB:(bt)Ir(acac), and a thickness
thereof is set in a range of 20-50 nm;
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[0143] preparing a first electronic auxiliary layer (a com-
bination of the first electron injection layer 16 and the first
electron transport layer 17) on the outside of the first light
emitting layer 13 to reduce the interface harrier to the
electron in transmission, wherein the first electronic auxil-
iary layer can be made of a material such as Alg3:Li,
BPhen:Cs, and has a conductivity of preferably 107> S/cm,
and a thickness set in a range of 10-100 nm;

[0144] preparing a total reflection cathode 12 on the
outside of the first electronic auxiliary layer, the total reflec-
tion cathode 12 can be formed by evaporation using Mg:Ag
or Al, and has a thickness set in a range of 80-200 nm.
[0145] The step of preparing the top emitting type light
emitting unit comprises:

[0146] preparing a second hole injection layer 24 on the
outside of the second transparent anode 22, the second hole
injection layer 24 has functions of improving hole injection
efficiency and modifying defects in the ITO layer, wherein
the second hole injection layer 24 can be made of a material
such as CuPc, ZnPc, HAT-CN, a-NPD:F,-TCNQ, by evapo-
ration or coating method, and a thickness thereof is set in a
range of 5-40 nm;

[0147] preparing a second hole transport layer 25 on the
outside of the second hole injection layer 24, the second hole
transport layer 25 has a function to promote holes being
transferred into the light emitting layer, wherein the second
hole transport layer 25 can be made of a material such as
NPB, Spiro-TAD, and a thickness thereof is set in a range of
10-100 nm;

[0148] preparing a second light emitting layer 23 on the
outside of the second hole transport layer 25, the second
light emitting layer 23 can be made of a blue organic light
emitting material such as CBP:Flrpic through evaporation,
and a thickness thereof is set in a range of 20-50 nm;
[0149] preparing a second electronic auxiliary layer (a
combination of the second electron injection layer 26 and
the second electron transport layer 27) on the outside of the
second light emitting layer 23 to reduce the interface barrier
to the electron in transmission, wherein the second elec-
tronic auxiliary layer can be made of a material such as
Alg3:Li, BPhen:Cs, and has a conductivity of preferably
207> S/cm, and a thickness set in a range of 10-100 nm;
[0150] preparing a transparent cathode 22 on the outside
of the second electronic auxiliary layer, the transparent
cathode 22 can be made of LiF (preferably having a thick-
ness of 0.5 nm), Al (preferably having a thickness of 1-3
nm), ITO (preferably having a thickness of 20-50 nm) or a
composite material of Li/ITO (preferably having a thickness
of 20-50 nm), and a transmittance of the transparent cathode
22 should preferably reach 80%-90%.

[0151] The electroluminescent device fabricated with the
above method cooperates with the first control circuit 18 and
the second control circuit 28 independent to each other and
provides outside to achieve white light output with high
luminous efficiency and adjustable color temperature.
[0152] The present invention also provides a driving
method of the electroluminescent light emitting device men-
tioned above. The driving method comprises:

[0153] driving the first light emitting device to emit light
through a first control circuit;

[0154] driving the second light emitting device to emit
light through a second control circuit;

[0155] wherein the first control circuit and the second
control circuit are independent to each other.
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[0156] Preferably, the first light emitting unit comprises a
first transparent anode, a first light emitting layer and a total
reflection cathode sequentially arranged from one side close
to the transparent substrate to the other side away from the
transparent substrate; the second light emitting unit com-
prises a second transparent anode, a second light emitting
layer and a transparent cathode sequentially arranged from
one side close to the transparent substrate to the other side
away from the transparent substrate.

[0157] In order to prevent the capacitive effects from
being formed between the transparent substrate and the
transparent anodes at both sides of the transparent substrate,
in the driving method:

[0158] a voltage output to the first transparent anode from
the first control circuit is equal to a voltage output to the
second transparent anode from the second control circuit, so
that the first transparent anode and the second transparent
anode have the same potential.

[0159] It should be understood that above embodiments
are only exemplary embodiments for illustrating the prin-
ciple of the present invention; however, the present inven-
tion is not limited thereto. Various variations and improve-
ments can be made by persons skilled in the art without
departing from the spirit and essence of the present inven-
tion, and these variations and improvements should also be
considered to be within the protection scope of the present
invention.

1-30. (canceled)

31. An electroluminescent device, comprising:

a transparent substrate;

a first light emitting unit and a second light emitting unit
disposed at both sides of the transparent substrate,
respectively, wherein the first light emitting unit and the
second light emitting unit have the same light output
direction and are connected to two control circuits,
respectively.

32. The electroluminescent device according to claim 31,
wherein the first light emitting unit is a bottom emitting type
light emitting unit, and the second light emitting unit is a top
emitting type light emitting unit.

33. The electroluminescent device according to claim 32,
wherein the first light emitting unit comprises a first trans-
parent anode, a first light emitting layer and a total reflection
cathode sequentially arranged from one side close to the
transparent substrate to the other side away from the trans-
parent substrate; the second light emitting unit comprises a
second transparent anode, a second light emitting layer and
a transparent cathode sequentially arranged from one side
close to the transparent substrate to the other side away from
the transparent substrate.

34. The electroluminescent device according to claim 33,
wherein the first transparent anode and the second transpar-
ent anode are electrically connected to each other.

35. The electroluminescent device according to claim 31,
wherein a refractive index of the transparent substrate ranges
from 1.7 to 2.

36. The electroluminescent device according to claim 33,
wherein the first light emitting layer is a long wavelength
organic light emitting material layer, which is capable of
emitting light with a wavelength of 561-760 nm; and the
second light emitting layer is a short wavelength organic
light emitting material layer, which is capable of emitting
light with a wavelength of 380-560 nm.
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37. The electroluminescent device according to claim 36,
wherein the first light emitting layer is a yellow organic light
emitting material layer, and the second light emitting layer
is a blue organic light emitting material layer.

38. The electroluminescent device according to claim 33,
wherein the first light emitting unit further comprises a first
hole injection layer and a first hole transport layer arranged
between the first transparent anode and the first light emit-
ting layer, and a first electron injection layer and a first
electron transport layer arranged between the total reflection
cathode and the first light emitting layer; and

the second light emitting unit further comprises a second

hole injection layer and a second hole transport layer
arranged between the second transparent anode and the
second light emitting layer, and a second electron
injection layer and a second electron transport layer
arranged between the transparent cathode and the sec-
ond light emitting layer.

39. A manufacturing method of an electroluminescent
device comprising:

providing a transparent substrate;

fabricating a first light emitting unit and a second light

emitting unit on both sides of the transparent substrate,
respectively, wherein the first light emitting unit and the
second light emitting unit having the same light output
direction and are connected to two control circuits,
respectively.

40. The manufacturing method according to claim 39,
wherein the step of fabricating the first light emitting unit
includes:

forming a first transparent anode, a first light emitting

layer and a total reflection cathode sequentially on one
side of the transparent substrate.

41. The manufacturing method according to claim 40,
wherein a material of the first transparent anode includes
indium tin oxide, and a thickness of the first transparent
anode is 80-160 nm.

42. The manufacturing method according to claim 40,
wherein the first light emitting layer is a yellow organic light
emitting material layer made of a yellow fluorescent mate-
rial or a yellow phosphorescent material, and a thickness of
the first light emitting layer ranges from 20 to 50 nm.

43. The manufacturing method according to claim 40,
wherein the total reflection cathode is a metal cathode made
of any one or arbitrary alloy of magnesium, silver and
aluminum, and a thickness of the total reflection cathode
ranges from 80 to 200 nm.

44. The manufacturing method according to claim 40,
wherein the manufacturing method further comprises:

a step between forming the first transparent anode and

forming the first light emitting layer:

forming a first hole injection layer and a first hole trans-

port layer; and

a step between forming the first light emitting layer and

forming the total reflection cathode:

forming a first electron transport layer and a first electron

injection layer.

45. The manufacturing method according to claim 44,
wherein a material for forming the first hole injection layer
includes any one of copper phthalocyanine, zinc phthalo-
cyanine, 2,3,6,7,10,11-Hexacyano-1,4,5,8,9,12-hexaazatri-
phenylene and 2,3,5,6-Tetrafluoro-7,7',8,8'-tetracyanoqui-
nodimethane, and a thickness of the first hole injection layer
ranges from 5 to 40 nm.



US 2017/0193897 A1l

46. The manufacturing method according to claim 44,
wherein a material for forming the first hole transport layer
includes N,N'-di(1-naphthyl)-N,N'- diphenyl-1,1'-biphenyl-
4,4'-diamine or 2,2',7,7'-Tetrakis(diphenylamino )-9,9'-spiro-
bifluorene, and a thickness of the first hole transport layer
ranges from 10 to 100 nm.

47. The manufacturing method according to claim 44,
wherein the first electron injection layer and the first electron
transport layer together form a first electronic auxiliary
layer, a material from which the first electronic auxiliary
layer is made includes: Alg3:Li or BPhen:Cs, and a thick-
ness of the first electronic auxiliary layer ranges from 10 to
100 nm.

48. The manufacturing method according to claim 40,
wherein the transparent cathode is made of any one of
lithium fluoride, aluminum, indium tin oxide and lithium, or
a composite material of lithium/indium tin oxide;

when the transparent cathode is made of lithium fluoride,
a thickness of the transparent cathode ranges from 0.5
to 1 nm;

when the transparent cathode is made of aluminum, the
thickness of the transparent cathode ranges from 1 to 3
nmy

when the transparent cathode is made of lithium, the
thickness of the transparent cathode ranges from 0.5 to
1.5 nm; and
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when the transparent cathode is made of indium tin oxide
or the composite material of lithium/indium tin oxide,
the thickness of the transparent cathode ranges from 20
to 50 nm.

49. A driving method of the electroluminescent device
according to claim 41, comprising:

driving the first light emitting device to emit light through

a first control circuit;

driving the second light emitting device to emit light

through a second control circuit;

wherein the first control circuit and the second control

circuit are independent to each other.

50. The driving method according to claim 49, wherein
the first light emitting unit comprises a first transparent
anode, a first light emitting layer and a total reflection
cathode sequentially arranged from one side close to the
transparent substrate to the other side away from the trans-
parent substrate; the second light emitting unit comprises a
second transparent anode, a second light emitting layer and
a transparent cathode sequentially arranged from one side
close to the transparent substrate to the other side away from
the transparent substrate; and

a voltage output to the first transparent anode from the

first control circuit is equal to a voltage output to the
second transparent anode from the second control cir-
cuit, so that the first transparent anode and the second
transparent anode have the same potential.

* ok %k
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