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(57) ABSTRACT

An electroluminescent display device and a fabricating
method thereof are provided. The device has a TFT layer, a
first functional layer, an electroluminescent layer, a second
functional layer, and a functional bar disposed sequentially.
The device uses Seebeck effect of constituent material of
p-type Bi,Te, of the functional bar to absorb heat of the TFT
layer for converting the heat into electric energy, thereby
effectively reducing heat of the TFT layer, reducing aging of
circuit and organic material, and improving life of the
electroluminescent display device. A work function of
p-type Bi,Te, material of the functional bar is 5.3 eV. An
electroluminescent material has a HOMO energy level rang-
ing from 5 to 6 eV. Under a driving of a thermoelectromotive
force, majority carriers (holes) in the constituent material of
p-type Bi,Te,, are injected into the electroluminescent layer
to improve a carrier concentration therein, thereby improv-
ing emission luminance of the electroluminescent display
device.
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ELECTROLUMINESCENT DISPLAY DEVICE
AND METHOD OF FABRICATING SAME

FIELD OF DISCLOSURE

[0001] The present disclosure relates to displays, and more
particularly to an electroluminescent display device and a
method of fabricating the same.

BACKGROUND OF DISCLOSURE

[0002] Active-matrix organic light-emitting diode (AMO-
LED) display panels originate from organic light-emitting
diode (OLED) display technology, which has absolute
advantages such as flexibility, self-illumination, small panel
thickness, and short reaction time, so as to make AMOLED
become the most potential display panel to replace TFT-
LCD displays.

[0003] AMOLEDs are electroluminescent devices. A
working principle is that the display panel is driven by an
external electric field, and holes are injected from an ITO
anode into an electroluminescent layer, and electrons are
injected from a metal cathode into the electroluminescent
layer. When electrons and holes meet at the electrolumines-
cent layer, they are combined with a certain probability to
form excitons (electron-hole pairs) in an excited state under
an effect of Coulomb force, and the excited state is unstable
in a normal environment. Excited state excitons recombine
and transfer energy to the luminescent material, causing it to
transition from a ground state level to the excited state. The
excited state energy generates photons through a radiation
relaxation process, so as to release light energy.

[0004] As a typical electroluminescent device, AMOLED
displays inevitably generate heat during operation. In addi-
tion, AMOLED displays rely on current driving, where their
luminous flux is inversely proportional to lifetime and their
brightness is proportional to current density. In order to
obtain high brightness, it is necessary to design a compli-
cated TFT circuit control current, which inevitably generates
high heat, thereby accelerating the aging of the driving
circuit and the luminescent layer material, and reducing the
service life of the device. Therefore, effective control of the
operating temperature of the AMOLED is an important issue
to improve performance of the entire display.

[0005] To solve this problem, a layer of graphene heat
conduction layer can be added between the metal cathode
and an AMOLED illuminant, and the heat generated by the
AMOLED is transferred to the metal cathode by an ultra-
high thermal conductivity of the graphene, because a spe-
cific heat of the metal is low, and has a very high good heat
dissipation effect. The method has a certain effect on the heat
dissipation of the AMOLED light emission, but for an upper
light-emitting AMOLED device, the addition of the gra-
phene also affects an effective light extraction percentage of
the light-emitting layer to some extent.

[0006] Therefore, there is a need to find a new type of
electroluminescent display device to solve the above prob-
lems.

SUMMARY OF DISCLOSURE

[0007] An object of the present disclosure is to provide an
electroluminescence display device and a method of fabri-
cating the same, which can solve the problems of high
temperature and low device lifetime of the current AMO-
LED display device.
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[0008] To solve the above problems, the present disclosure
provides an electroluminescent display device including a
thin film transistor (TFT) layer, a first functional layer, an
electroluminescent layer, a functional bar, and a second
functional layer disposed in sequence. The first functional
layer is disposed on the TFT layer. The electroluminescent
layer is disposed on the first functional layer. The functional
bar is disposed in the first functional layer and the electrolu-
minescent layer, wherein the functional bar consists of a
p-type Bi,Te; material. The second functional layer is dis-
posed on the electroluminescent layer.

[0009] Further, a top portion of the functional bar extends
upwardly to a location of 0.4-0.6 times of a thickness of the
electroluminescent layer.

[0010] Further, the first functional layer comprises a ITO
anode, a hole injection layer disposed on the ITO anode, and
ahole transporting layer disposed on the hole injection layer,
all of which are disposed in sequence. The ITO anode is
disposed on the TFT layer.

[0011] Further, a bottom portion of the functional bar
contacts with a surface of the ITO anode.

[0012] Further, a number of the functional bar is two or
more than two, wherein the functional bars form an array
and are uniformly disposed in the first functional layer and
the electroluminescent layer.

[0013] Further, the electroluminescent layer consists of an
electroluminescent material, the electroluminescent material
has a HOMO energy level ranging from 5 to 6 €V, and a
work function of the p-type Bi, Te, material of the functional
bar is 5.3 eV.

[0014] Further, the second functional layer comprises an
electron transporting layer, an electron injection layer, and a
metal cathode. The electron transporting layer is disposed on
the electroluminescent layer. The electron injection layer is
disposed on the electron transporting layer. The metal cath-
ode is disposed on the electron injection layer.

[0015] The present disclosure further provides a method of
fabricating an electroluminescent display device, compris-
ing: a step S1 of providing a TFT layer; a step S2 of
disposing a first functional layer on the TFT layer; a step S3
of disposing an electroluminescent layer on the first func-
tional layer; a step S4 of disposing a template on the first
functional layer, depositing a p-type Bi,Te; material
between the template and the electroluminescent layer, and
removing the template by etching to obtain a functional bar;
and a step S5 of disposing a second functional layer on the
electroluminescent layer.

[0016] Further, the template is a porous alumina film.
[0017] Further, the depositing comprises one of a chemical
deposition and a physical vapor deposition.

[0018] An electroluminescent display device relating to
the present disclosure has a functional bar consisting of a
p-type Bi,Te, material. In one aspect, the device uses
Seebeck effect of the functional bar to absorb heat of the
TFT layer for converting the heat into electric energy,
thereby effectively reducing heat of the TFT layer, reducing
aging of circuit and organic material, and improving life of
the electroluminescent display device. In another aspect, a
work function of p-type Bi,Te; material of the functional bar
is 5.3 eV. An electroluminescent material has a HOMO
energy level ranging from 5 to 6 eV. Under a driving of a
thermoelectromotive force, majority carriers (holes) in a
constituent material of p-type Bi,Te; also are injected into
the electroluminescent layer to improve a carrier concentra-
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tion in the electroluminescent layer, so as to improve emis-
sion luminance of the electroluminescent display device.

DESCRIPTION OF DRAWINGS

[0019] The disclosure is further explained below in con-
Junction with the drawings and embodiments.

[0020] FIG. 1 is a schematic structural diagram of an
electroluminescent display device according to an embodi-
ment of the present disclosure,

[0021] FIG. 2 is a schematic diagram of the electrolumi-
nescent display device shown in FIG. 1, which relates to a
Seebeck effect and a hole injection of a functional bar.
[0022] FIG. 3 is a flow chart of fabricating an electrolu-
minescence display device.

[0023] Components in the figure are identified as follows:
1: TFT layer 3: electroluminescent layer
5: functional bar
21: ITO anode 22: hole injection layer

41: electron transporting layer
43: metal cathode

23: hole transporting laver
42: electron injection layer
51: hole

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0024] The following description of the embodiments with
reference to the appended drawings is used for illustrating
specific embodiments which may be used for carrying out
the present disclosure. The directional terms described by
the present disclosure, such as upper, lower, front, back, left,
right, top, bottom, etc., are only directions by referring to the
accompanying drawings. Thus, the used directional terms
are used to describe and understand the present disclosure,
but the present disclosure is not limited.

[0025] As shown in FIG. 1, an electroluminescent display
device includes a TFT layer 1, a first functional layer, an
electroluminescent layer 3, a second functional layer, and a
functional bar 5 disposed sequentially. The first functional
layer is disposed on the TFT layer 1. The electroluminescent
layer 3 is disposed on the first functional layer. The second
functional layer is disposed on the electroluminescent layer
3.

[0026] The first functional layer comprises a ITO anode
21, a hole injection layer 22, and a hole transporting layer
23. The ITO anode 21 is disposed on the TFT layer 1. The
hole injection layer 22 is disposed on the ITO anode 21. The
hole transporting layer 23 is disposed on the hole injection
layer 22. The ITO anode 21 consists of indium tin oxide
(ITO), and the ITO anode 2 made of ITO has good light
transmittance. The hole transporting layer 23 controls trans-
porting of holes, thereby controlling the recombination of
the holes with electrons in the electroluminescent layer 3, so
as to improve a luminous efficiency.

[0027] The electroluminescent layer 3 consists of an elec-
troluminescent material, and the electroluminescent material
has a HOMO energy level ranging from 5 to 6 eV, wherein
the electroluminescent layer 3 can be fabricated by one of
vapor deposition, printing, homogeneous deposition, and
gas phase synthesis, but is not limited thereto.

[0028] The second functional layer comprises an electron
transporting layer 41, an electron injection layer 42, and a
metal cathode 43. The electron transporting layer 41 is
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disposed on the electroluminescent layer 3. The electron
injection layer 42 is disposed on the electron transporting
layer 41. The metal cathode 43 is disposed on the electron
injection layer 42. The electron transport layer 41 controls
transporting of electrons, thereby controlling recombination
of electrons with holes in the electroluminescent layer 3,
thereby improving the luminous efficiency.

[0029] The functional bar 5 consists of a p-type Bi,Te,
material, and a work function of the p-type Bi,Te; material
is 5.3 eV. A bottom portion of the functional bar 5 is disposed
in the first functional layer, and a top portion of the func-
tional bar 5 extends upwardly into an interior of the elec-
troluminescent layer 3. Specifically, a bottom portion of the
functional bar 5 contacts with a surface of the ITO anode 21.
The top portion of the functional bar 5 extends upwardly to
a location of 0.4-0.6 times of a thickness of the electrolu-
minescent layer 3. Preferably, the top portion of the func-
tional bar 5 extends upwardly to a location of 0.5 times of
the thickness of the electroluminescent layer 3, but is not
limited thereto. This allows carrier holes 51 inside the
functional bar 5 to enter the electroluminescent layer 3 more
uniformly, and the luminous efliciency is more effectively
improved.

[0030] A number of the functional bar 5 is plural, and the
functional bars 5 form an array uniformly disposed inside
the first functional layer and the electroluminescent layer 3.
The more the number of functional bars, the more heat
absorbed by the functional bar 5 under the Seebeck effect,
thereby more effectively reducing aging of a circuit and an
organic material, and improving a life of the electrolumi-
nescent display device. The specific quantity can be deter-
mined according to actual needs and is not limited.

[0031] In operation, as shown in FIG. 2, the TFT layer is
energized and heated, and heat is transferred up to the
electroluminescent layer 3, thereby forming a temperature
difference between the TFT layer and the electroluminescent
layer 3. The functional bar 5 generates a Seebeck effect
under temperature stimulation, and then begins to absorb
high temperature heat and convert the absorbed heat into
electrical energy.

[0032] 1In one aspect, this heat absorption and electrical
energy conversion reduce temperature and thus reduce the
aging of the circuit and the organic material, and improves
the life of the electroluminescent display device. In another
aspect, it forms a thermoelectromotive force between the
TFT layer 1 and the electroluminescent layer 3. Due to a
driving of the thermoelectromotive force, the holes 51 in the
functional rod 5 are also moved from a high temperature end
to a low temperature end, and injected into the electrolumi-
nescent layer 3, thereby increasing a carrier concentration in
the electroluminescent layer 3, so as to improve luminance
of AMOLED.

[0033] Further, the P-type Bi,Te; material of the func-
tional bar 5 has a work function of 5.3 €V, and the elec-
troluminescent material used in the electroluminescent layer
3 has a HOMO energy level of 5-6 eV. Both the work
functions match each other to ensure that carrier holes 51
inside the functional bar 5 can be injected into the electrolu-
minescent layer 3. When the HOMO level of the electrolu-
minescent material is greater than 6 eV, the holes 51 inside
the functional bar 5 cannot be injected into the electrolumi-
nescent layer 3. When the HOMO level of the electrolumi-
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nescent material is less than 5 eV, the holes 51 inside the
functional bar 5 are also incapable of being injected into the
electroluminescent layer 3.

[0034] An electroluminescent display device relating to
the present disclosure has a functional bar consisting of a
p-type Bi,Te, material. In one aspect, the device uses
Seebeck effect of the functional bar to absorb heat of the
TFT layer for converting the heat into electric energy,
thereby effectively reducing heat of the TFT layer, reducing
aging of circuit and organic material, and improving life of
the electroluminescent display device. In another aspect, a
work function of p-type Bi,Te; material of the functional bar
is 5.3 eV. An electroluminescent material has a HOMO
energy level ranging from 5 to 6 eV. Under a driving of a
thermoelectromotive force, majority carriers (holes) in a
constituent material of p-type Bi,Te; also are injected into
the electroluminescent layer to improve a carrier concentra-
tion in the electroluminescent layer, so as to improve emis-
sion luminance of the electroluminescent display device.
[0035] As shown in FIG. 3, a method of fabricating an
electroluminescent display device, comprising: a step S1 of
providing a TFT layer 1; a step S2 of disposing a first
functional layer on the TFT layer 1; a step S3 of disposing
an electroluminescent layer 3 on the first functional layer; a
step S4 of disposing a porous alumina film (AAO) as a
template on the first functional layer, depositing a p-type
Bi,Te, material between the template and the electrolumi-
nescent layer 3 by using a chemical deposition method or a
physical vapor deposition method, and removing the tem-
plate by etching, so as to finally obtain a functional bar 5
with a standardized shape and size; and a step S5 of
disposing a second functional layer on the electrolumines-
cent layer 3.

[0036] The above are only the preferred embodiments of
the present disclosure, and are not intended to limit the
present disclosure. Any modifications, equivalents, and
improvements made within the spirit and scope of the
present disclosure are included in the scope of the present
disclosure.

1. An electroluminescent display device, comprising:

a TFT layer;

a first functional layer disposed on the TFT layer;

an electroluminescent layer disposed on the first func-
tional layer;

a functional bar disposed in the first functional layer and
the electroluminescent layer, wherein the functional bar
consists of a p-type Bi,Te; material; and

a second functional layer disposed on the electrolumines-
cent layer.

2. The electroluminescent display device according to
claim 1, wherein a top portion of the functional bar extends
upwardly to a location of 0.4-0.6 times of a thickness of the
electroluminescent layer.
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3. The electroluminescent display device according to
claim 1, wherein the first functional layer comprises:

a ITO anode disposed on the TFT layer;
a hole injection layer disposed on the ITO anode; and

a hole transporting layer disposed on the hole injection
layer.

4. The electroluminescent display device according to
claim 3, wherein a bottom portion of the functional bar
contacts with a surface of the ITO anode.

5. The electroluminescent display device according to
claim 1, wherein a number of the functional bar is two or
more than two, wherein the functional bars form an array
and are uniformly disposed in the first functional layer and
the electroluminescent layer.

6. The electroluminescent display device according to
claim 1, wherein the electroluminescent layer consists of an
electroluminescent material, the electroluminescent material
has a HOMO energy level ranging from 5 to 6 eV, and a
work function of the p-type Bi, Te, material of the functional
bar is 5.3 eV.

7. The electroluminescent display device according to
claim 1, wherein the second functional layer comprises:

an electron transporting layer disposed on the electrolu-

minescent layer;

an electron injection layer disposed on the electron trans-

porting layer; and

a metal cathode disposed on the electron injection layer.

8. A method of fabricating an electroluminescent display
device, comprising:

a step S1 of providing a TFT layer;

a step S2 of disposing a first functional layer on the TFT

layer;

a step S3 of disposing an electroluminescent layer on the

first functional layer;

a step S4 of disposing a template on the first functional
layer, depositing a p-type Bi,Te, material between the
template and the electroluminescent layer, and remov-
ing the template by etching to obtain a functional bar;
and

a step S5 of disposing a second functional layer on the

electroluminescent layer.

9. The method of fabricating the electroluminescent dis-
play device according to claim 8, wherein the template is a
porous alumina film.

10. The method of fabricating the electroluminescent
display device according to claim 8, wherein the depositing
comprises one of a chemical deposition and a physical vapor
deposition.
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