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(7) ABSTRACT

An organic electroluminescent device is provided. The
organic electroluminescent device includes a transparent
electrode layer; a reflective electrode layer; and an organic
functional layer between the transparent electrode layer and
the reflective electrode layer. The organic functional layer
includes an emitting-material layer for emitting light; and
further includes a first medium functional layer between the
emitting-material layer and the reflective electrode layer and
a second medium functional layer between the first medium
functional layer and the reflective electrode layer. The first
medium functional layer is optically denser than the second
medium functional layer; and the first medium functional
layer and the second medium functional layer are configured
to cause at least a part of the light emitted undergoing a total
reflection at the interface between the first medium func-
tional layer and the second medium functional layer.
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ORGANIC ELECTROLUMINESCENT
DEVICE, ARRAY SUBSTRATE AND DISPLAY
APPARATUS

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims priority of Chinese Patent
Application No. 201410737404.9, filed on Dec. 4, 2014, the
entire contents of which are incorporated by reference
herein.

FIELD OF THE INVENTION

[0002] The present invention generally relates to the field
of organic electroluminescence technology and, more par-
ticularly, to an organic electroluminescent device, an array
substrate and a display apparatus.

BACKGROUND

[0003] Organic Light Emitting Diode (OLED) is an
organic thin film electroluminescent device, and it has the
advantages of simple fabrication process, low cost. high
light-emitting efficiency, easy to form a flexible structure
and so on. Thus, the OLED-based display technology has
become an important display technology.

[0004] As shown in FIG. 1, an organic emitting-material
diode includes a cathode layer 2, an anode layer 1 and an
organic functional layer sandwiched in between the cathode
layer 2 and the anode layer 1. The organic functional layer
includes an emitting-material layer (EML) 3, an electron
injection layer (EIL) 5 and an electron transport layer (ETL)
7 formed between the emitting-material layer 3 and the
cathode layer 2, and a hole transport layer (HTL) 4 and a
hole injection layer (HIL) 6 formed between the organic
emitting-material layer 3 and the anode layer 1.

[0005] The light-emitting mechanism for the above OLED
is: when a voltage is applied between the anode layer 1 and
the cathode layer 2, driven by the external voltage, the holes
injected from the anode layer 1 enter the emitting-material
layer 3 through the hole transport layer 4 and the hole
injection layer 6, and the electrons injected from the cathode
layer 2 enter the emitting-material layer 3 through the
electron transport layer 5 and the electron injection layer 7.
After entering the emitting-material layer 3, the holes and
the electrons are recombined to form excitons in the com-
bination area. And the light-emitting phenomenon happen
during exciton’s radioactive transition is defined as elec-
troluminescence.

[0006] Since the light is emitted by the emitting-material
layer in random directions, some of the light may be emitted
to the opposite direction of the light emission direction of the
organic electroluminescent device. In existing technologies,
this part of light is simply reflected by the reflective cathode
layer 2. Since this part of light travels through other film
layers before reaching the reflective cathode layer 2, the
light intensity is reduced or attenuated by the other layers,
thereby lowering the light-emitting efficiency of the organic
electroluminescent device.

[0007] The disclosed devices are directed to at least par-
tially solve one or more problems set forth above and other
problems, such as how to increase the light-emitting effi-
ciency of the organic electroluminescent device.
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BRIEF SUMMARY OF THE DISCLOSURE

[0008] According to disclosed embodiments of the present
invention, total reflection is introduced in the disclosed
organic electroluminescent device through the arrangement
of a dense medium functional layer and a thin medium
functional layer, greatly increases the reflectivity of the
device, thereby directly improving the light-emitting effi-
ciency of the organic electroluminescent device, enhancing
the device’s performance. Moreover, because there is less
light reaching and being reflected by the reflective electrode,
the reflective surface of the reflective electrode is protected,
further improving the stability of the device.

[0009] One aspect of the present invention provides an
organic electroluminescent device. The organic electrolumi-
nescent device includes a transparent electrode layer; a
reflective electrode layer; and an organic functional layer
between the transparent electrode layer and the reflective
electrode layer. The organic functional layer includes an
emitting-material layer for emitting light; and further
includes a first medium functional layer between the emit-
ting-material layer and the reflective electrode layer and a
second medium functional layer between the first medium
functional layer and the reflective electrode layer. The first
medium functional layer is optically denser than the second
medium functional layer; and the first medium functional
layer and the second medium functional layer are configured
to cause at least a part of the light emitted undergoing a total
reflection at the interface between the first medium func-
tional layer and the second medium functional layer.
[0010] Optionally, a refractive index difference between
the first medium functional layer and the second medium
functional layer is greater than or equal to approximately
0.03.

[0011] Optionally, the transparent electrode layer is a
cathode layer and the reflective electrode layer is an anode
layer.

[0012] Optionally, the first medium functional layer is a
hole transport layer and the second medium functional layer
is a hole injection layer.

[0013] Optionally, the organic functional layer further
includes an electron blocking layer formed between the
emitting-material layer and the hole transparent layer; and at
least certain part of the light emitted by the emitting-material
layer undergoes total reflection at the interface between the
hole transport layer after traveling through the electron
blocking layer.

[0014] Optionally, a refractive index difference between
the electron blocking layer and the hole transport layer is
greater than or equal to approximately 0.03.

[0015] Optionally, the organic functional layer further
includes an electron injection layer and an electron transport
layer formed between the transparent electrode layer and the
emitting-material layer; and the electron injection layer is
formed between the transparent electrode layer and the
electron transport layer.

[0016] Optionally, the transparent electrode layer is an
anode layer and the reflective electrode layer is a cathode
layer.

[0017] Optionally, the first medium functional layer is an
electron transport layer and the second medium functional
layer is an electron injection layer.

[0018] Optionally, the organic functional layer further
comprises a hole blocking layer formed between the emit-
ting-material layer and the electron transport layer; and at
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least certain part of the light emitted by the emitting-material
layer undergoes total reflection at the interface between the
electron transport layer and the hole blocking laver after
traveling through the hole blocking layer.

[0019] Optionally, a refractive index difference between
the hole blocking layer and the electron transport layer is
greater than or equal to approximately 0.03.

[0020] Optionally, the organic functional layer further
includes a hole injection layer and a hole transport layer
formed between the transparent electrode layer and the
emitting-material layer; and the hole injection layer is
formed between the transparent electrode layer and the hole
transport layer.

[0021] Another aspect of the present invention provides an
array substrate and a display apparatus. The array substrate
includes the above organic electroluminescent device, and
the display includes the array substrate.

[0022] Other aspects of the present disclosure can be
understood by those skilled in the art in light of the descrip-
tion, the claims, and the drawings of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 illustrates a schematic structure diagram of
an existing organic electroluminescent device;

[0024] FIG. 2 illustrates a schematic structure diagram of
an embodiment of the organic electroluminescent device
according to the present invention;

[0025] FIG. 3 illustrates a schematic structure diagram of
another embodiment of the organic electroluminescent
device according to the present invention;

[0026] FIG. 4 illustrates a schematic structure diagram of
another embodiment of the organic electroluminescent
device according to the present invention; and

[0027] FIG. 5 illustrates a schematic structure diagram of
another embodiment of the organic electroluminescent
device according to the present invention; and

[0028] FIG. 6 illustrates a block diagram of an exemplary
display apparatus.

DETAILED DESCRIPTION

[0029] In order for those skilled in the art to better
understand the technical solutions of the present invention,
the followings together with accompanying drawings
describe in detail the present invention with specific embodi-
ments.

[0030] FIG. 6 illustrates an exemplary display apparatus
incorporating certain disclosed embodiments. The display
apparatus may be any appropriate device or component with
certain display function, such as an LCD panel, an LCD TV,
a monitor, a cell phone or smartphone, a computer, a tablet,
or a navigation system, etc. As shown in FIG. 6, the display
apparatus includes a controller 602, driver circuitry 604,
memory 606, peripherals 608, and a display panel 610.
Certain devices may be omitted and other devices may be
included.

[0031] The controller 602 may include any appropriate
processor or processors, such as a general-purpose micro-
processor, digital signal processor, and/or graphic processor.
Further, the controller 602 can include multiple cores for
multi-thread or parallel processing. The memory 606 may
include any appropriate memory modules, such as read-only
memory (ROM), random access memory (RAM), flash
memory modules, and erasable and rewritable memory, and
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other storage media such as CD-ROM, U-disk, and hard
disk, etc. The memory 606 may store computer programs for
implementing various processes, when executed by the
controller 602.

[0032] Peripherals 608 may include any interface devices
for providing various signal interfaces, such as USB, HDMI,
VGA, DVI, etc. Further, peripherals 608 may include any
input and output (I/O) devices, such as keyboard, mouse,
and/or remote controller devices. Peripherals 608 may also
include any appropriate communication module for estab-
lishing connections through wired or wireless communica-
tion networks.

[0033] The driver circuitry 604 may include any appro-
priate driving circuits to drive the display panel 610. The
display panel 610 may include any appropriate flat panel
display, such as an LCD panel, an LED-LCD panel, a
plasma panel, an OLED panel, etc. During operation, the
display 610 may be provided with image signals by the
controller 602 and the driver circuitry 604 for display.
[0034] In certain embodiments, the display panel 610 may
include an OLED panel. The OLED panel 610 may include
a substrate and an array of organic electroluminescent
devices may be formed on the substrate. The substrate may
also be called the array substrate.

[0035] According to disclosed embodiments of the present
invention, the organic electroluminescent device includes a
transparent electrode layer, a reflective electrode layer, and
an organic functional layer formed between the transparent
electrode layer and the reflective electrode layer.

[0036] Further, the organic functional layer includes an
emitting-material layer, and an optically denser medium
functional layer and an optically less dense medium func-
tional layer formed between the emitting-material layer and
the reflective electrode layer. The optically less dense
medium functional layer is formed between the optically
denser medium functional layer and the reflective electrode
layer. Throughout the description, the following labels are
used consistently: anode layer 100, cathode layer 200,
emitting-material layer 300, hole transport layer 400, elec-
tron transport layer 500, hole injection layer 600, electron
injection layer 700, electron blocking layer 800 and hole
blocking layer 900.

[0037] When light is emitted by the emitting-material
layer, the light is emitted in random directions. Some of the
light may be emitted towards the transparent electrode layer
and directly exits from the light emission surface of the
device. However, some of the light may be emitted to
directions different from the light emission direction, which
can travel through the transparent electrode layer and exit
from the light emission surface of the disclosed device after
being reflected by the reflective electrode layer.

[0038] In general, there are some other organic functional
layers formed between the emitting-material layer and the
reflective electrode layer. These organic functional layers
may attenuate the light intensity when the light travels
through those organic functional layers to reach the reflec-
tive electrode layer before being reflected, resulting in lower
light-emitting efficiency.

[0039] According to present invention, an optically denser
medium (or dense medium) functional layer and an optically
less dense medium (or thin medium) functional layer are
sequentially placed between the emitting-material layer and
the reflective electrode layer. The refractive index of the thin
medium is lower than that of the dense medium. When light
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travels from the dense medium to the thin medium in an
incident angle greater than or equal to a critical angle, a total
reflection may occur at the interface between the dense
medium and the thin medium.

[0040] When the light is emitted by the emitting-material
layer towards the reflective electrode layer, the light may
travel through sequentially the dense medium functional
layer and the thin medium layer, and a total reflection may
happen to some of the light at the interface between the
dense medium functional layer and the thin medium func-
tional layer.

[0041] The totally reflected light does not enter the thin
medium layer, instead the reflected light can travel through
the transparent electrode layer and exit from the light
emission surface of the device. Thus, the light-emitting
efficiency of the device is improved. Meanwhile, because of
the part reflected light, less light reaches the reflective
surface of the reflective electrode layer, and the reflective
electrode is better protected.

[0042] In certain embodiments, a refractive index differ-
ence between the dense medium functional layer and the
thin medium functional layer is greater than or equal to
approximately 0.03. Under this configuration, total refection
may happen with respect to desired amount of light when the
emitted light enters the thin medium functional layer from
the dense medium functional layer, greatly improving the
light-emitting efficiency of the organic electroluminescent
device and, at the same time, better protecting the reflective
electrode.

[0043] FIG. 2 illustrates a schematic structure diagram of
an exemplary embodiment of an organic electroluminescent
device according to the present invention. As shown in FIG.
2, the organic electroluminescent device includes a trans-
parent electrode layer, a reflective electrode layer, and an
organic functional layer formed between the transparent
electrode layer and the reflective electrode layer.

[0044] The organic functional layer includes an emitting-
material layer 300, a dense medium functional layer, and a
thin medium functional layer. The dense medium functional
layer and the thin medium functional layer are formed
between the emitting-material layer 300 and the reflective
electrode layer. Further, the transparent electrode layer is a
cathode layer 200, the reflective electrode layer is an anode
layer 100, the dense medium functional layer is a hole
transport layer 400, and the thin medium functional layer is
a hole injection layer 600.

[0045] It should be noted that, because light is emitted
from the emitting-material layer 300 in random directions,
for illustrative purposes, the directions in which the light
emitted from the emitting-material layer 300 are generally
divided into two emitting directions, one direction towards
the cathode layer 200, and the other direction towards the
anode layer 100. The light emitted towards the cathode layer
200 may travel through the transparent cathode layer 200
and directly exits from the light emission surface of the
device, and the light emitted towards the anode layer 100
may be reflected by the reflective anode layer 100 and then
exits from the device.

[0046] Because the hole transport layer 400 and the hole
injection layer 600 are formed between the emitting-material
layer 300 and the anode layer 100, further description can be
based on the analysis of the light emitted towards the anode
layer 100.
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[0047] When the light emitted by the emitting-material
layer 300 towards the anode layer 100 enters the hole
transport layer 400, the incident angles of the emitted light
are different. At least part of the emitted light with the
incident angle greater than or equal to the critical angle
occur total reflection at the interface between the hole
transport layer 400 and the hole injection layer 600, chang-
ing the travel direction towards the transparent cathode layer
200 and exiting from the light emission surface of the
device. The rest of this part of the emitted light, after
traveling through the hole injection layer 600, is further
reflected by the reflective anode layer 100 and exits from the
cathode layer 200.

[0048] During the light-emitting process, at least certain
part of the light undergoes the total refection and travels
back towards the cathode layer 200, so the light intensity of
this part of light is not attenuated or affected by the rest of
the organic functional layers. Thus, the organic electrolu-
minescent device can have better light-emitting efficiency
comparing with existing organic electroluminescent devices
and, at the same time, the anode layer 100 is also being
protected.

[0049] Further, a refractive index difference between the
hole transport layer 400 and the hole injection layer 600 is
greater than or equal to approximately 0.03, so more light
may undergo total reflection when the light enters the hole
injection layer 600 from the hole transport layer 400, further
improving the light-emitting efficiency of the organic elec-
troluminescent device.

[0050] It should be noted that the material for the hole
transport layer 400 is a dense medium and the material for
the hole injection layer 600 is a thin medium. The hole
transport layer 400 and the hole injection layer 600 may be
made of any appropriate optical materials.

[0051] FIG. 3 illustrates a schematic structure diagram of
another embodiment of an organic electroluminescent
device according to the present invention. As shown in FIG.
3, the organic electroluminescent device is based on the
device structure illustrated in FIG. 1 and further includes an
electron blocking layer 800 formed between the hole trans-
port layer 400 and the light emitting layer 300. At least
certain part of the light emitted by the emitting-material
layer 300 undergoes total reflection at the interface between
the hole transport layer 400 and the electron blocking layer
800 after traveling through the electron blocking layer 8§00.
[0052] When light emitted by the emitting-material layer
300 towards the anode layer 100 enters the hole transport
layer 400 after traveling through the electron blocking layer
800, the incident angles of the light are different. At least a
first part of the light has the incident angle greater than or
equal to the critical angle. The first part of light undergoes
total reflection at the interface between the hole transport
layer 400 and the electron blocking layer 800, changing the
travel direction towards the cathode layer 200 and exiting
from the light emission surface of the device.

[0053] The rest of the emitted light towards the anode
layer 100 enters the hole transport layer 400. When such
light enters the hole injection layer 600 after traveling
through the hole transport layer 400, at least a second part
of the light may have the incident angle greater than or equal
to the critical angle and undergoes total reflection at the
interface between the hole injection layer 600 and the hole
transport layer 400, changing the travel direction towards
the cathode layer 200.
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[0054] Since a considerable part of the light (the first part
and the second part) undergoes total reflection at the two
interfaces among the light emitted towards the anode layer
100, there is significantly less light left to reach the anode
layer 100 and to be reflected back by the anode layer 100.
Thus, the disclosed embodiments further reduce the light
intensity attenuvation, further improving the light-emitting
efficiency and, at the same time, providing further protection
of the anode layer 100.

[0055] Further, a refractive index difference between the
electron blocking layer 800 and the hole transport layer 400
is greater than or equal to approximately 0.03 and, under
such configuration, more light emitted towards the anode
layer 100 may undergo total reflection at the interface
between the hole transport layer 400 and the electron
blocking layer 800. Therefore, the light-emitting efliciency
is greatly improved. The electron blocking layer 800 and the
hole transport layer 400 may be made of any appropriate
materials.

[0056] In order to better recombine the electron carriers
and the hole carriers in the disclosed organic electrolumi-
nescent device to improve the light-emitting efficiency, the
organic functional layer may further include an electron
injection layer 700 and an electron transport layer 500
formed between the transparent electrode layer and the
emitting-material layer 300. The electron injection layer 700
may be disposed between the transparent electrode layer and
the electron transport layer 500.

[0057] Further, the organic functional layer may include a
hole blocking layer (not shown in the drawings) formed
between the electron transport layer 500 and the emitting-
material layer 300, which may also improve the recombi-
nation of the electron carriers and the hole carriers.

[0058] In addition, as a connection layer to a positive
voltage of the organic electroluminescent device, the anode
layer 100 has the characteristics of desired conductivity,
high visible light reflectivity and a high work function. In
general, the anode layer 100 may be made of an inorganic
metal oxide such as Indium Tin Oxide (ITO), Zinc Oxide
(Zn0), etc., or an organic conductive polymer such as
PEDOT:PSS, PANI, etc., or a metal material with a high
work function such as gold, copper, silver, platinum, etc.

[0059] As a connection layer to a negative voltage, the
cathode layer 200 has the characteristics of desired conduc-
tivity and a low work function. The cathode layer 200 may
generally be made of a metal material with a low work
function such as Lithium, Magnesium, Calcium, Strontium,
Aluminum, Indium, etc., or an alloy of a metal material with
a low function value and copper, gold or silver.

[0060] FIG. 4 illustrates a schematic structure diagram of
another exemplary embodiment of an organic electrolumi-
nescent device according to the present invention. As shown
in FIG. 4, the organic electroluminescent device includes a
transparent electrode layer, a reflective electrode layer, and
an organic functional layer formed between the transparent
electrode layer and the reflective electrode layer.

[0061] The organic functional layer includes an emitting-
material layer 300, and a dense medium functional layer and
a thin medium functional layer formed between the emit-
ting-material layer 300 and the reflective electrode layer.
[0062] Further, the transparent electrode layer is an anode
layer 100, the reflective electrode layer is a cathode layer
200, the dense medium functional layer is an electron
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transport layer 500 and the thin medium functional layer is
an electron injection layer 700.

[0063] It should be noted that, because the light is emitted
by the emitting-material layer 300 in random directions, for
descriptive purposes, the light emitted by the emitting-
material layer 300 can be generally divided into two emit-
ting directions, one towards the anode layer 100, and one
towards the cathode layer 200. The light emitted towards the
anode layer 100 may travel through the transparent anode
layer 100 and exits directly from the light emission surface
of the disclosed device, and the light emitted towards the
cathode layer 200 may be reflected by the reflective cathode
layer 200 and then exits from the device.

[0064] Because the electron transparent layer 500 and the
electron injection layer 700 are formed between the reflec-
tive layer and the anode layer 100, the analysis of the light
emitting towards the cathode layer 200 will be provided.
[0065] When light emitted by the emitting-material layer
300 towards the cathode layer 200 enters the electron
transport layer 500, the incident angles of the light are
different. At least part of the emitted light with the incident
angle greater than or equal to the critical angle undergoes
total reflection at the interface between at the interface
between the electron transport layer 500 and the electron
injection layer 700, changing the travel direction towards the
transparent anode layer 100 and exiting from the light
emission surface of the device. The rest of the emitted light,
after traveling through the electron injection layer 700, is
reflected by the reflective cathode layer 200 and exits from
the anode layer 100.

[0066] During this process, at least certain part of the
emitted light undergoes the total refection and travels back
towards the anode layer 100, so the light intensity of this part
of light is not attenuated or affected by the rest of the organic
functional layers. Thus, the disclosed organic electrolumi-
nescent device according to the present invention has better
light-emitting efficiency comparing with existing organic
electroluminescent devices and, at the same time, the cath-
ode layer 200 is also being protected.

[0067] Further, a refractive index difference between the
electron transport layer 500 and the electron injection layer
700 is greater than or equal to approximately 0.03, so more
light may undergo total reflection after the light enters the
electron transport layer 500. Thus, the disclosed embodi-
ments further improve the light-emitting efficiency of the
disclosed organic electroluminescent device.

[0068] It should be noted that the material for the electron
transport layer 500 is a dense medium and the material for
electron injection layer 700 is a thin medium. Any appro-
priate materials may be used.

[0069] FIG. 5 illustrates a schematic structure diagram of
another embodiment of an organic electroluminescent
device according to the present invention. As shown in FIG.
5, the organic electroluminescent device is based on the
device structure illustrated in FIG. 4, and further includes a
hole blocking layer 900 formed between the electron trans-
port layer 500 and the light emitting layer 300.

[0070] Similarly, at least certain part of the light emitted
by the emitting-material layer 300 undergoes total reflection
at the interface between the hole blocking layer 900 and the
electron transport layer 500 after traveling through the hole
blocking layer 900.

[0071] More specifically, when light emitted by the emit-
ting-material layer 300 towards the cathode layer 200 enters
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the electron transport layer 500 after traveling through the
hole blocking layer 900, the incident angles of the light are
different. At least certain part of the light may have the
incident angles greater than or equal to the critical angle.
This part of light undergoes total reflection at the interface
between the electron transport layer 500 and the hole
blocking layer 900, changing the travel direction towards the
anode layer 100 and exiting from the light emission surface
of the device.

[0072] Since a considerable part of the light undergoes
total reflection at the two boundaries among all the light
emitted towards the cathode layer 200, there is much less
light left to reach the cathode layer 200 and to be reflected
back by the cathode layer 200. Thus, the disclosed embodi-
ments further reduce the light intensity attenuation, improv-
ing the light-emitting efficiency and at the same time pro-
viding certain protection to the cathode layer 200.

[0073] Further, a refractive index difference between the
hole blocking layer 900 and the electron transport layer 500
is greater than or equal to approximately 0.03. Those skilled
in the art may choose the materials for the hole blocking
layer 900 and the electron transport layer 500 where their
refractive index difference is greater than or equal to
approximately 0.03, such that more light emitted towards the
cathode layer 200 may undergo total reflection at the inter-
face between the hole blocking layer 900 and the electron
transport layer 500, exiting from the anode layer 100.
Therefore, the light-emitting efliciency can be greatly
improved.

[0074] In order to better recombine the hole carriers and
the electron carriers in the disclosed organic electrolumi-
nescent device to improve the light-emitting efliciency, the
organic functional layer may further include a block injec-
tion layer 600 and a block transport layer 400 formed
between the transparent electrode layer and the emitting-
material layer 300. The hole injection layer 600 is placed
between the transparent electrode layer and the hole trans-
port layer 400.

[0075] Further, the organic functional layer may also
include an electron blocking layer (not shown in the draw-
ings) between the hole transport layer 400 and the emitting-
material layer 300, which may also improve the recombi-
nation of the electron carriers and the hole carriers.

[0076] In addition, according to the disclosed embodi-
ment, as a connection layer to a positive voltage of the
organic electroluminescent device, the anode layer 100 has
the characteristics of good conductivity, high visible light
transmittance and high work function value. In general, the
anode layer 100 may be made of an inorganic metal oxide
such as Indium Tin Oxide (ITO), Zinc Oxide (ZnO), etc., or
an organic conductive polymer such as PEDOT:PSS, PANI,
etc., or a metal material with high work function value such
as gold, copper, silver, platinum, etc.

[0077] As a connection layer to a negative voltage, the
cathode layer 200 has the characteristics of good conduc-
tivity, good reflectivity and low work function value. The
cathode layer 200 may generally be made of a metal material
with low work function value such as Lithium, Magnesium,
Calcium, Strontium, Aluminum, Indium, etc., or an alloy
composed of metal materials with low function value and
copper, gold or silver.

[0078] It should be noted that the arrow direction shown in
FIG. 2-5 is the light emission direction of the disclosed
organic electroluminescent device.
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[0079] By using the disclosed devices and methaods, total
reflection is introduced in the disclosed organic electrolu-
minescent device through the arrangement of a dense
medium functional layer and a thin medium functional layer,
greatly increases the reflectivity of the device, thereby
directly improving the light-emitting efficiency of the
organic electroluminescent device, enhancing the device’s
performance. Moreover, since there is less light reaching and
being reflected by the reflective electrode, the reflective
surface of the reflective electrode is protected, which further
improves the stability of the device. Other applications can
also be implemented.

[0080] It should be noted that the above descriptions
merely illustrate exemplary embodiments of the present
invention. However, the present invention is not limited
thereto. Without departing from the spirit and scope of the
present invention, various changes and modifications made
are also within the protection scope of the present invention.

1-14. (canceled)

15. An organic electroluminescent device, comprising:

a transparent electrode layer;

a reflective electrode layer; and

an organic functional layer between the transparent elec-

trode layer and the reflective electrode layer, wherein:

the organic functional layer includes an emitting-ma-
terial layer for emitting light; and further includes a
first medium functional layer between the emitting-
material layer and the reflective electrode layer and
a second medium functional layer between the first
medium functional layer and the reflective electrode
layer; the first medium functional layer is optically
denser than the second medium functional layer; and

the first medium functional layer and the second
medium functional layer are configured to cause at
least a part of the light emitted undergoing a total
reflection at the interface between the first medium
functional layer and the second medium functional
layer.

16. The organic electroluminescent device according to
claim 15, wherein a refractive index difference between the
first medium functional layer and the second medium func-
tional layer is greater than or equal to approximately 0.03.

17. The organic electroluminescent device according to
claim 16, wherein the transparent electrode layer is a cath-
ode layer and the reflective electrode layer is an anode layer.

18. The organic electroluminescent device according to
claim 17, wherein the first medium functional layer is a hole
transport layer and the second medium functional layer is a
hole injection layer.

19. The organic electroluminescent device according to
claim 18, wherein:

the organic functional layer further comprises an electron

blocking layer formed between the emitting-material
layer and the hole transparent layer; and

at least certain part of the light emitted by the emitting-

material layer undergoes total reflection at the interface
between the hole transport layer after traveling through
the electron blocking layer.

20. The organic electroluminescent device according to
claim 19, wherein a refractive index difference between the
electron blocking layer and the hole transport layer is greater
than or equal to approximately 0.03.

21. The organic electroluminescent device according to
claim 17, wherein:
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the organic functional layer further comprises an electron
injection layer and an electron transport layer formed
between the transparent electrode layer and the emit-
ting-material layer; and

the electron injection layer is formed between the trans-

parent electrode layer and the electron transport layer.

22. The organic electroluminescent device according to
claim 16, wherein the transparent electrode layer is an anode
layer and the reflective electrode layer is a cathode layer.

23. The organic electroluminescent device according to
claim 22, wherein the first medium functional layer is an
electron transport layer and the second medium functional
layer is an electron injection layer.

24. The organic electroluminescent device according to
claim 23, wherein:

the organic functional layer further comprises a hole

blocking layer formed between the emitting-material
layer and the electron transport layer; and

at least certain part of the light emitted by the emitting-

material layer undergoes total reflection at the interface
between the electron transport layer and the hole block-
ing layer after traveling through the hole blocking
layer.

25. The organic electroluminescent device according to
claim 24, wherein a refractive index difference between the
hole blocking layer and the electron transport layer is greater
than or equal to approximately 0.03.

26. The organic electroluminescent device according to
claim 22, wherein:

the organic functional layer further comprises a hole

injection layer and a hole transport layer formed
between the transparent electrode layer and the emit-
ting-material layer; and

the hole injection layer is formed between the transparent

electrode layer and the hole transport layer.

27. A display apparatus, comprising:

an array substrate containing a plurality of organic elec-

troluminescent devices, wherein each organic elec-

troluminescent device includes:

a transparent electrode layer;

a reflective electrode layer; and

an organic functional layer between the transparent
electrode layer and the reflective electrode layer,
wherein:
the organic functional layer includes an emitting-

material layer for emitting light; and further
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includes a first medium functional layer between
the emitting-material layer and the reflective elec-
trode layer and a second medium functional layer
between the first medium functional layer and the
reflective electrode layer; the first medium func-
tional layer is optically denser than the second
medium functional layer; and

the first medium functional layer and the second
medium functional layer are configured to cause at
least a part of the light emitted undergoing a total
reflection at the interface between the first medium
functional layer and the second medium func-
tional layer.

28. The display apparatus according to claim 27, wherein
a refractive index difference between the first medium
functional layer and the second medium functional layer is
greater than or equal to approximately 0.03.

29. The display apparatus according to claim 28, wherein
the transparent electrode layer is a cathode layer and the
reflective electrode layer is an anode layer.

30. The display apparatus according to claim 29, wherein
the first medium functional layer is a hole transport layer and
the second medium functional layer is a hole injection layer.

31. The display apparatus according to claim 30, wherein:

the organic functional layer further comprises an electron

blocking layer formed between the emitting-material
layer and the hole transparent layer; and

at least certain part of the light emitted by the emitting-

material layer undergoes total reflection at the interface
between the hole transport layer after traveling through
the electron blocking layer.

32. The display apparatus according to claim 29, wherein:

the organic functional layer further comprises an electron

injection layer and an electron transport layer formed
between the transparent electrode layer and the emit-
ting-material layer; and

the electron injection layer is formed between the trans-

parent electrode layer and the electron transport layer.

33. The display apparatus according to claim 28, wherein
the transparent electrode layer is an anode layer and the
reflective electrode layer is a cathode layer.

34. The display apparatus according to claim 33, wherein
the first medium functional layer is an electron transport
layer and the second medium functional layer is an electron
injection layer.
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