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ELECTROLUMINESCENT DEVICE AND
DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefits of Chinese
Patent Application No. 201510341205.0 filed on Jun. 18,
2015 in the State Intellectual Property Office of China,
whole disclosures of which is incorporated herein by refer-
ence.

TECHNICAL FIELD

[0002] At least one embodiment of the present disclosure
relates to an electroluminescent device and a display appa-
ratus.

BACKGROUND

[0003] An electroluminescent device typically comprises
an anode, an electroluminescent layer, and a cathode, which
are sequentially provided. Herein, the electroluminescent
layer may be an inorganic electroluminescent layer or an
organic electroluminescent layer. After applying a voltage to
the electrodes, luminescent centers in the electroluminescent
layer are led to light emission. When used for display
function, a luminescent device is typically plate-like, and
color changes are observed by using one side of the plate as
a light-outgoing side.

SUMMARY

[0004] At least one embodiment of the present disclosure
provides an electroluminescent device, wherein said elec-
troluminescent device comprises: a transparent anode, an
electroluminescent layer, and a transparent cathode, which
are sequentially provided on a substrate; and a reflective
layer is provided on one of the side of said transparent anode
away from said electroluminescent layer or the side of said
transparent cathode away from said electroluminescent
layer.

[0005] In the technical solution described above, by pro-
viding a reflective layer on the outer side of a transparent
electrode, rather than using an electrode itself as a reflective
layer, the general problem of plasma effect, which is gen-
erated due to that the metal reflective electrode is too close
to the light-emitting layer, is eliminated.

[0006] In some embodiments, an encapsulating layer, a
reflective layer, and an encapsulating cover plate are sequen-
tially provided on the side of the transparent cathode away
from said electroluminescent layer. This structure is advan-
tageous to the production and assembly of electrolumines-
cent devices.

[0007] Insome embodiments, when said reflective layer is
provided on the side of said transparent anode away from
said electroluminescent layer, said reflective layer is pro-
vided on said substrate.

[0008] In some embodiments, said electroluminescent
layer is an organic electroluminescent layer, said reflective
layer is a metal reflective layer or an alloy reflective layer.
In the device of the present disclosure, even if a metal or
alloy reflective layer is still used as a reflective layer, the
distance between the metal or alloy reflective layer and the
light-emitting layer is increased, and the plasma effect on the
surface of the metal reflective layer 1s weakened, such that
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the consumption of optical energy by the metal reflective
layer is effectively reduced and the light-emission efficiency
of the device is improved.

[0009] Optionally, said metal reflective layer is an alumi-
num layer, a magnesium layer, or a silver layer. The metal
reflective layer is produced by using various materials.
Optionally, the alloy reflective layer is formed by two or
more metals selected from magnesium, silver, niobium, and
aluminum, preferably a niobium-aluminum alloy layer.
[0010] Optionally, said transparent cathode is a cathode
produced from a transparent metal oxide. It has good con-
ductivity.

[0011] Optionally, said transparent cathode is a cathode
produced from an indium zinc oxide material. It has good
conductivity.

[0012] Optionally, said encapsulating layer is an encapsu-
lating adhesive layer, and said encapsulating adhesive layer
has a refractive index between 1.5 and 2.0. It has good light
transmittance.

[0013] Optionally, said encapsulating adhesive layer has a
refractive index of 1.9. It has good light transmittance.
[0014] Optionally, said anode on the substrate is an indium
tin oxide electrode, and said indium tin oxide electrode has
a surface resistance less than 30€2/mm?®.

[0015] At least one embodiment of the present disclosure
provides a display apparatus comprising said electrolumi-
nescent device described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a structural schematic diagram of a
bottom emission type organic electroluminescent device in
related art;

[0017] FIG. 2 is a structural schematic diagram of an
electroluminescent device provided in at least one embodi-
ment of the present disclosure;

[0018] FIG. 3 is a structural schematic diagram of an
electroluminescent device provided in at least one embodi-
ment of the present disclosure;

[0019] FIG. 4 is a schematic diagram of current density-
voltage curve variations of an electroluminescent device in
the related art and an electroluminescent device provided in
some embodiments of the present disclosure;

[0020] FIG. 5 is a diagram of current density-luminance
curve variations of an organic electroluminescent device in
the related art and an organic electroluminescent device
provided in some embodiments of the present disclosure;
and

[0021] FIG. 6 is a current density-current efficiency curve
of an organic electroluminescent device in the related art and
an organic electroluminescent device provided in some
embodiments of the present disclosure.

DETAILED DESCRIPTION

[0022] In order to solve the problem of the plasma effect
generated by the metal reflective electrode, some embodi-
ments of the present disclosure provides an electrolumines-
cent device. In the technical solution of some embodiments
of the present disclosure, a reflective layer is provided on the
side of a transparent anode or a transparent cathode away
from a light-emitting layer. The configuration of the present
disclosure has the advantage that the functions of an elec-
trode and reflection are achieved by the use of two layers
respectively. The reflective layer may be a metal reflective



US 2016/0372712 Al

layer or a non-metal reflective layer. When the reflective
layer is a non-metal layer, the plasma effect does not exist.
Even if common metal reflective layers are used for reasons
of cost, etc., since the distance between the metal reflective
layer and the light-emitting layer is relatively large, the
plasma effect on the surface thereof is greatly weakened, and
the consumption of optical energy by the cathode is effec-
tively reduced, such that the light-emission efficiency of the
device is improved. For the convenience of understanding
the technical solution of the present disclosure, detailed
descriptions are made to the technical solution of the present
disclosure in conjunction with figures and specific
Examples.

[0023] Organic electroluminescent devices are exempli-
fied. As shown in FIG. 1, FIG. 1 shows a structural sche-
matic diagram of a bottom emission type organic electrolu-
minescent device in the related art, which comprises a
substrate 6 and an encapsulating cover plate 1 which are
cell-assembled, and a transparent anode 5, an organic func-
tional layer 4, a metal reflective cathode 3, and an encap-
sulating layer 2, which are sequentially laminated between
the substrate 6 and the encapsulating cover plate 1 along the
direction from the substrate 6 to the encapsulating cover
plate 1. The substrate 6 is the light-outgoing side. In this
configuration, in order to achieve non-transparent display
and simplify the structure of the device, the cathode is
provided as a metal electrode having the function of reflec-
tion, simply referred to as a metal reflective cathode. How-
ever, the metal reflective cathode is relatively close to the
light-emitting layer, and thus rays emitted from the light-
emitting layer will generate a plasma effect on the surface of
the metal reflective cathode nearby and consumes a certain
amount of optical energy, which reduces the light-emission
efficiency of the organic electroluminescent device. This is
particularly disadvantageous in high-quality display.
[0024] As for top emission type organic electrolumines-
cent devices, transparent materials are used as light-emis-
sion cathodes, and anodes are typically provided as metal
reflective anodes. Again, metal reflective anodes are rela-
tively close to light-emitting layers, and will generate dis-
advantageous plasma effects on surfaces.

[0025] As for electroluminescent devices having inorganic
electroluminescent layers, the same problem still exists.
[0026] As shown in FIG. 2, FIG. 2 shows a structural
schematic diagram of an electroluminescent device provided
in at least one embodiment of the present disclosure.
[0027] One or more embodiments of the present disclosure
provide an electroluminescent device, which comprises: a
substrate 70, a transparent anode 60 provided on the sub-
strate 70, an electroluminescent layer 50 provided on the
transparent anode 60, and a transparent cathode 40 provided
on the electroluminescent layer 50, and further comprises an
encapsulating layer 30 provided on the transparent cathode
40 and an encapsulating cover plate 10 provided on the
encapsulating layer 30, wherein, a reflective layer 20 is
provided on the face of the encapsulating cover plate 10
toward the encapsulating layer 30.

[0028] Inthe technical solution described above, the trans-
parent cathode 40 is used as a cathode, and the reflective
layer 20 is provided on the encapsulating cover plate 10 on
the outer side of the encapsulating layer 30. When the
reflective layer 20 is metal, the distance between the metal
reflective layer 20 and the light-emitting layer is increased,
and the plasma effect on the surface of the metal reflective
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layer 20 is weakened, such that the consumption of optical
energy by the metal reflective layer 20 is effectively reduced
and the light-emission efficiency of the device is improved.
When the reflective layer 20 is not a metal reflective layer,
the plasma effect does not exist, and the light-emission
efficiency of the device is also improved.

[0029] As shown in FIG. 3, FIG. 3 shows a structural
schematic diagram of an electroluminescent device provided
in another Example of the present disclosure.

[0030] The electroluminescent device of this Example
comprises: a substrate 70, and a reflective layer 20, a
transparent anode 60, an electroluminescent layer 50, a
transparent cathode 40, and an encapsulating cover plate 10,
which are sequentially provided on the substrate 70. When
the reflective layer 20 is metal, the distance between the
metal reflective layer 20 and the light-emitting layer is
increased, and the plasma effect on the surface of the metal
reflective layer 20 is weakened, such that the consumption
of optical energy by the metal reflective layer 20 is effec-
tively reduced and the light-emission efficiency of the device
is improved. When the reflective layer 20 is not a metal
reflective layer, the plasma effect does not exist, and the
light-emission efficiency of the device is also improved.

[0031] In order to eliminate or weaken the problem of the
plasma effect on the surface of the metal reflective electrode
close to the electroluminescent layer, the structure of the
present disclosure does not use any metal reflective elec-
trode, but provides the reflective layer on the outer side of
the electrode. This requires that the electrode on the same
side as the reflective layer is substantially transparent. Of
course, it is also required that the electrode on the light-
outgoing side is substantially transparent. Therefore, the
anode and the cathode of the present disclosure are substan-
tially transparent.

[0032] An encapsulating layer and an encapsulating cover
plate may be provided on the outer side of the cathode. In
this case, a reflective layer may be provided between the
encapsulating layer and the encapsulating cover plate and is
further away from the electroluminescent layer, and the
reflective layer is not in contact with the cathode. Preferably,
the reflective layer may be previously formed on the encap-
sulating cover plate, which facilitates production and instal-
lation.

[0033] When on the anode side, the reflective layer may be
directly formed on the substrate, and the anode is subse-
quently formed on the reflective layer.

[0034] The electroluminescent layer in the electrolumi-
nescent device of the present disclosure may be an organic
electroluminescent layer or an inorganic electroluminescent
layer. The organic electroluminescent layer is preferable.

[0035] The reflective layer of the present disclosure may
be a metal reflective layer or other reflective layers. In view
of cost, the metal reflective layer is preferable. A niobium-
aluminum alloy layer, an aluminum layer, a magnesium
layer, or a silver layer is more preferable.

[0036] Preferable transparent anodes comprise indium tin
oxide. Preferable transparent cathode materials comprise
indium zinc oxide.

[0037] For the convenience of more profoundly under-
standing the structure and the effect of Examples of the
present disclosure, detailed descriptions are made to them in
conjunction with figures and specific Examples.
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[0038] In some embodiments, the electroluminescent
device of the present disclosure is a bottom emission type
organic electroluminescent blue ray device.

[0039] With continued reference to FIG. 2, the organic
electroluminescent device provided in this Example is a
bottom emission organic electroluminescent device. It can
be seen from FIG. 2 that the entire organic electrolumines-
cent device comprises a substrate 70 and an encapsulating
cover plate 10, and an anode 60, an organic functional layer
50, a transparent cathode 40, an encapsulating layer 30, and
a metal reflective layer 20 are sequentially provided between
the substrate 70 and the encapsulating cover plate 10.
[0040] In a particular provision, the substrate 70 therein is
a glass substrate 70. When the transparent anode 60 is
adhered to the glass substrate 70, an indium tin oxide
(ITO)thin film is first formed on the glass substrate 70, an
ITO pattern electrode (i.e., an anode 60) is formed through
photolithography thereafter, and then the glass substrate is
sequentially washed in deionized water, acetone, and abso-
lute ethanol in an ultrasonic environment. After the washing
is completed, the glass substrate is dried with N, and is
subjected to the treatment of O, plasma. In a particular
provision of the transparent anode 60, the transparent anode
60 has a thickness of about 150 nm, and the indium tin oxide
electrode has a surface resistance less than 30Q/mm?>,
[0041] A treated substrate is subsequently placed in a
vapor deposition chamber, and an organic functional layer
50 is formed on the transparent anode 60 in a manner of
vacuum thermal vapor deposition after the degree of vacuum
is reduced to less than 5x107* Pa. Herein, the organic
functional layer 50 of this Example comprises: a hole
injection layer, a hole transport layer, an organic light-
emitting layer, an electron transport layer, and an electron
injection layer, which are sequentially provided by lamina-
tion along the direction from the substrate 70 to the encap-
sulating cover plate 10. Herein, the organic light-emitting
layer is a blue light-emitting layer. In a particular produc-
tion, a hole injection layer LG101 having a thickness of 5
nm, a hole transport layer, which is N,N'-diphenyl-N,N'-(1-
naphthyl)-1,1'-biphenyl-4,4'-diamine (NPB), having a thick-
ness of 40 nm, a blue light-emitting layer MAND:DSA-Ph
(3%) having a thickness of 30 nm, an electron transport
layer, which is diphenylo-phenanthroline (Bphen) having a
thickness of 35 nm, and an electron buffering layer LiF
having a thickness of 1 nm are sequentially deposited on the
surface of the anode 60; an open mask is used in each layer
and the evaporation rate is 0.1 nm/s; and The device has a
light-emitting area of 3 mmx3 mm. In a particular produc-
tion, the host material to be doped in the blue light-emitting
layer provided in this Example is MAND (2-methyl-9,10-
bis(naphthalen-2-yl)anthracene) and the dopant in the blue
light-emitting layer is DSA-Ph (1-4-bis-[4-(N,N-dipheny])
amino|styryl-benzene).

[0042] After the organic functional layer 50 is formed, a
transparent cathode 40 is provided on the organic functional
layer 50. The transparent cathode 40 provided in this
Example may be produced by using various materials.
Preferably, a cathode produced from transparent metal oxide
is used as the transparent cathode 40. As a preferable
technical solution, the cathode provided in this Example is
a cathode produced from an indium zinc oxide (IZO)
material. Indium zinc oxide has good conductive character-
istics and light transmittance. Particularly, in production, the
device after the organic functional layer 50 is formed is
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transferred to a magnetron sputtering system for the pro-
duction of IZO (130 nm). In the process of vapor deposition,
a cathode sputtering mask is used, and the evaporation rate
is 0.5 nnmy/s.

[0043] Finally, the device is encapsulated in a N, glove
box, an encapsulating cover plate 10 having a metal reflec-
tive layer 20 with an encapsulating adhesive layer attached
is laminated with a substrate 70 having a transparent anode
60, an organic functional layer 50, and a transparent cathode
40, followed by ultraviolet radiation, such that the encap-
sulating layer 30 is cured. Particularly, herein, the encapsu-
lating adhesive layer is used as the encapsulating layer 30,
and the encapsulating adhesive layer has a refractive index
between 1.5-2.0, for example, any refractive index between
1.5-2.0, suchas 1.5,1.6,1.7, 1.8, 1.9, 2.0, etc. Preferably, the
encapsulating adhesive layer has a refractive index of 1.9. In
addition, with respect to the metal reflective layer 20 therein,
various metal materials may be used to produce the reflec-
tive layer. Particularly, for example, the metal reflective
layer 20 is a metal material having good reflective proper-
ties, such as an aluminum layer, a magnesium layer, a silver
layer, or the like, for reflection. In a particular provision, the
metal reflective layer 20 is coated or plated onto the encap-
sulating cover plate 10. In this Example, an Al layer plated
on the encapsulating cover plate is used.

[0044] It can be seen from the above description that, by
comparing the position where the metal reflective layer 20 is
provided to organic electroluminescent devices using metal
reflective cathodes provided in the related art, the distance
from the luminescent device is increased, and the plasma
effect on the surface of the metal reflective layer 20 is
weakened, such that the consumption of optical energy by
the metal reflective layer 20 is effectively reduced and the
light-emission efficiency of the device is improved.

[0045] In order to further exhibit the effect of the organic
electroluminescent device provided in this Example, the
properties of the organic electroluminescent device provided
in this Example and those of an organic electroluminescent
device in the related art are compared, wherein the organic
electroluminescent device as shown in FIG. 1 provided in
the background art is used as the structure of the organic
electroluminescent device in the related art. FIG. 4, FIG. 5,
and FIG. 6 are referred together, wherein FIG. 4 is a
schematic diagram of current density-voltage curve varia-
tions of an organic electroluminescent device in the related
art and an organic electroluminescent device provided in
some embodiments of the present disclosure; FIG. 5 is a
diagram of current density-luminance curve variations of an
organic electroluminescent device in the related art and an
organic electroluminescent device provided in some
embodiments of the present disclosure; and FIG. 6 is a
current density-current efficiency curve of an organic elec-
troluminescent device in the related art and an organic
electroluminescent device provided in some embodiments
of the present disclosure.

[0046] Particularly, FIG. 4 is a diagram of current density-
voltage curve variations of the device at different current
densities. It can be seen from the figures that, with respect
to the organic electroluminescent device in the related art
wherein metal Al 1s used as a metal reflective cathode, the
device of this Example, in which a transparent cathode 40 is
combined with an encapsulating cover plate 10 having a
metal reflective layer 20, has a slightly higher voltage at the
same current density. This is because the work function of
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the transparent cathode 40 formed from IZO is not com-
pletely matched to the electron injection layer.

[0047] FIG. 5 is a diagram of current density-luminance
curve variations of the device at different current densities.
At the same current density, the device provided in the
Example of the present disclosure has a higher luminance
than that of the device having a conventional structure. In
addition, it can be seen from FIG. 6 (a diagram of current
density-current efficiency curve variations) that the device
using the structure provided in the Example of the present
disclosure has a higher light-emission efficiency than that of
a conventional device structure, and the current efficiency is
increased from 6.59 c¢d/A to 7.59 cd/A, i.e., by an increment
of up to 10%.

[0048] Therefore, by comparing this Example and the
related art, the structure used, wherein a transparent cathode
40 is combined with an encapsulating cover plate 10 having
a metal reflective layer 20, may effectively alleviate the
surface plasma effect of metal cathodes in the related art,
reduce the consumption of optical energy, and improve light
output of the device, thereby improving the light-emission
efficiency of the device.

[0049] In the related art, however, the light emitted from
a luminescent center is toward all directions, and thus the
electrode on the non-light-outgoing side is typically pro-
duced as a reflective one in order to increase the luminance
obtained from the light-outgoing side. Metals are typically
used as reflective electrodes due to both good conductivities
and good light reflectivities.

[0050] The present disclosure further provides a display
apparatus, comprising the electroluminescent device as
described above, such as an organic electroluminescent
device. The display apparatus includes any apparatuses for
display, such as televisions, computers, cell phones, digital
cameras, ATMs, game consoles, electronic advertising
boards, smart wearable devices, medical devices, etc.

[0051] Understandably, the person skilled in the art may
perform various modifications and variations on the present
disclosure without deviating from the spirit and the scope of
the present disclosure. Thus, if these modifications and
variations of the present disclosure are within the scope of
the claims of the present disclosure and equivalent tech-
niques thereof, the present disclosure also intends to encom-
pass these modifications and variations.
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What is claimed is:

1. An electroluminescent device, comprising: a transpar-
ent anode, an electroluminescent layer, and a transparent
cathode, which are sequentially provided on a substrate; and

a reflective layer is provided on one of the side of the

transparent anode away from the electroluminescent
layer or the side of the transparent cathode away from
the electroluminescent layer.

2. The electroluminescent device according to claim 1,
wherein an encapsulating layer, a reflective layer, and an
encapsulating cover plate are sequentially provided on the
side of the transparent cathode away from the electrolumi-
nescent layer.

3. The electroluminescent device according to claim 1,
wherein when the reflective layer is provided on the side of
the transparent anode away from the electroluminescent
layer, the reflective layer is provided on the substrate.

4. The electroluminescent device according to claim 1,
wherein the reflective layer is a metal reflective layer or an
alloy reflective layer.

5. The electroluminescent device according to claim 4,
wherein the metal reflective layer is an aluminum layer, a
magnesium layer, or a silver layer; and

the alloy reflective layer is a niobium-aluminum alloy

layer.

6. The electroluminescent device according to claim 1,
wherein the transparent cathode is a cathode produced from
a transparent metal oxide.

7. The electroluminescent device according to claim 6,
wherein the transparent cathode is a cathode produced from
an indium zinc oxide material.

8. The electroluminescent device according to claim 1,
wherein the encapsulating layer is an encapsulating adhesive
layer, the encapsulating adhesive layer has a refractive index
in a range of 1.5-2.0.

9. The electroluminescent device according to claim §,
wherein the encapsulating adhesive layer has a refractive
index of 1.9.

10. The electroluminescent device according to claim 1,
wherein the anode is an indium tin oxide electrode, and the
indium tin oxide electrode has a surface resistance less than
30Q/mm’.

11. The electroluminescent device according to claim 1,
wherein the electroluminescent layer is an organic electrolu-
minescent layer.

12. A display apparatus, comprising the electrolumines-
cent device according to claim 1.
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