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7) ABSTRACT

An organic light emitting diode (OLED) display panel
includes a thin film transistor (TFT) array substrate; an
OLED light-emitting layer; an encapsulation layer; an
inducing layer disposed on a light-emitting side of the
OLED light-emitting layer; a micro lens array film disposed
over the inducing layer; and an organic hydrophobic layer
disposed between the inducing layer and the micro lens
array film. By providing the organic hydrophobic layer with
strong hydrophobic performance, a surface with a large
water contact angle is provided for a subsequent formation
of the micro lens array film, thereby improving an optical
coupling ratio of the micro lens, and improving luminous
efficiency of the OLED light emitting layer.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY PANEL AND MANUFACTURING
METHOD THEREOF

FIELD OF DISCLOSURE

[0001] The present disclosure relates to the field of display
technologies, and more particularly to an organic light
emitting diode (OLED) display device and a manufacturing
method thereof.

BACKGROUND

[0002] OLED devices have advantages of being light
weight, wide viewing angles, fast response times, low tem-
perature resistance, high luminous efficiency, etc., and have
received extensive attention in the display field. Especially,
OLEDs can be made into flexible displays on flexible
substrates, making OLEDs having a broader application
prospect. However, light-emitting efficiency of OLED
devices is still low, so how to effectively improve the
light-emitting efficiency of OLED devices is still a difficult
challenge.

[0003] Related researches have shown that doping an
appropriate amount of small-sized transparent particles in
the light penetrating film layer can improve light-emitting
efficiency of the film layer. A micro lens technology cur-
rently under study is based on this theory. The current micro
lens process is mainly realized by using ink jet printing (1JP)
technology. However, materials commonly used in the IJP
process contain polar functional groups such as a carbonyl
group, so that a polarity of the ink is large. Therefore, if the
micro lens process is printed on a surface of the film having
a small water contact angle, the resulting micro lens film has
low luminous efficiency.

SUMMARY OF THE DISCLOSURE

[0004] The present disclosure provides an OLED display
panel, which can solve a problem of low luminous efficiency
of an existing OLED display panel.

[0005] In order to solve the above problem, the technical
solution provided by the present disclosure is as follows:
[0006] The present disclosure provides an organic light
emitting diode (OLED) display panel, including: a thin film
transistor (TFT) array substrate; an OLED light-emitting
layer disposed on the TFT array substrate; an encapsulation
layer disposed over the OLED light-emitting layer; an
inducing layer disposed on a light-emitting side of the
OLED light-emitting layer; a micro lens array film disposed
over the inducing layer; and an organic hydrophobic layer
disposed between the inducing layer and the micro lens
array film, where the organic hydrophobic layer is prepared
by atomic layer deposition.

[0007] In at least one embodiment of the present disclo-
sure, the OLED light-emitting layer comprises sub-pixels
disposed on the TFT array substrate arranged in an array.
[0008] In at least one embodiment of the present disclo-
sure, the inducing layer is disposed between the TFT array
substrate and the sub-pixels.

[0009] In at least one embodiment of the present disclo-
sure, the inducing layer is disposed between the sub-pixels
and the encapsulation layer.

[0010] In at least one embodiment of the present disclo-
sure, the organic hydrophobic layer is disposed on a surface
of the inducing layer, and molecular structure of the organic
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hydrophobic layer is arranged in a direction perpendicular to
the TFT array substrate, and an outer molecule of the organic
hydrophobic layer is a hydrophobic group.

[0011] The present disclosure also provides a manufactur-
ing method of an organic light emitting diode (OLED)
display panel, including:

[0012] S10, providing a thin film transistor (TFT) array
substrate, and forming an OLED light-emitting layer on the
TFT array substrate;

[0013] S20, forming an inducing layer on the OLED
light-emitting layer;

[0014] S30, forming an organic hydrophobic layer on a
surface of the inducing layer by atomic layer deposition;
[0015] S40, forming a micro lens array film on a surface
of the organic hydrophobic layer; and

[0016] S50, forming an encapsulation layer on the micro
lens array film.
[0017] In at least one embodiment of the present disclo-

sure, the S30 comprises:

[0018] depositing at least two precursor compounds alter-
nately on the surface of the inducing layer to obtain a
polymer grown perpendicular to the TFT array substrate;
and

[0019] controlling an outer molecule of the polymer to be
a hydrophobic group to form the organic hydrophobic layer.
[0020] In at least one embodiment of the present disclo-
sure, the S40 comprises:

[0021] forming an array of pre-polymer droplets on the
surface of the organic hydrophobic layer by ink jet printing;
and

[0022] curing the pre-polymer droplets to obtain the micro
lens array film.
[0023] In at least one embodiment of the present disclo-

sure, the inducing layer is made from amino thiol com-
pounds.

[0024] The present disclosure also provides an organic
light emitting diode (OLED) display panel, including: a thin
film transistor (TFT) array substrate; an OLED light-emit-
ting layer disposed on the TFT array substrate; an encapsu-
lation layer disposed over the OLED light-emitting layer; an
inducing layer disposed on a light-emitting side of the
OLED light-emitting layer; a micro lens array film disposed
over the inducing layer; and an organic hydrophobic layer
disposed between the inducing layer and the micro lens
array film.

[0025] In at least one embodiment of the present disclo-
sure, the OLED light-emitting layer comprises sub-pixels
disposed on the TFT array substrate arranged in an array.
[0026] In at least one embodiment of the present disclo-
sure, the inducing layer is disposed between the TFT array
substrate and the sub-pixels.

[0027] In at least one embodiment of the present disclo-
sure, the inducing layer is disposed between the sub-pixels
and the encapsulation layer.

[0028] In at least one embodiment of the present disclo-
sure, the organic hydrophobic layer is disposed on a surface
of the inducing layer, and molecular structure of the organic
hydrophobic layer is arranged in a direction perpendicular to
the TFT array substrate, and an outer molecule of the organic
hydrophobic layer is a hydrophobic group.

[0029] The advantages of the present disclosure are: by
providing an organic hydrophobic layer with strong hydro-
phobic performance in an OLED light-emitting region, it
can provide a film surface with a larger contact angle for a
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subsequent formation of the micro lens array film, thereby
improving an optical coupling ratio of the micro lens, and
increasing luminous efficiency of the OLED light-emitting
layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] In order to more clearly describe the technical
solutions of the embodiments of the present disclosure,
accompanying drawings to be used in the detailed descrip-
tion of the disclosure will be briefly described hereinbelow.
Obviously, the accompanying drawings described hereinbe-
low only illustrate some of the embodiments of the present
disclosure, and those of ordinary skill in the art can also
obtain other accompanying drawings therefrom without the
need of making inventive efforts.

[0031] FIG.1is a schematic diagram of an OLED display
device of a first embodiment of the present disclosure.
[0032] FIG. 2 is a flowchart of manufacturing method of
an OLED display device of the present disclosure.

[0033] FIG. 3 to FIG. 6 are schematic diagrams showing
a manufacturing process of the OLED display device of the
present disclosure.

[0034] FIG. 7 is a schematic diagram showing a molecular
arrangement direction of an organic hydrophobic layer of
the present disclosure.

DETAILED DESCRIPTION

[0035] The following embodiments refer to the accompa-
nying drawings for exemplifying specific implementable
embodiments of the present disclosure. Moreover, direc-
tional terms described by the present disclosure, such as
upper, lower, front, back, left, right, inner, outer. side, etc.,
are only directions by referring to the accompanying draw-
ings, and thus the used directional terms are used to describe
and understand the present disclosure, but the present dis-
closure is not limited thereto. In the drawings, the same
reference symbol represents the same or similar compo-
nents.

[0036] The invention is directed to an existing OLED
display panel. Since a micro lens structure is arranged on an
OLED device, the micro lens is usually prepared by using
ink jet printing technology, and ink droplets have a relatively
large polarity and are printed on a surface of the film with
a small contact angle. The surface of the film is easily
wetted, which causes the luminous efliciency of the obtained
micro lens film to be low, thereby decreasing the luminous
efficiency of the OLED device. This embodiment can solve
the drawback.

[0037] Asshown in FIG. 1, the present disclosure provides
an OLED display panel 10, including: a thin film transistor
(TFT) array substrate 11; an OLED light-emitting layer 12
disposed on the TFT array substrate 11; an inducing layer 13
disposed on a light-emitting side of the OLED light-emitting
layer 12; a micro lens array film 15 disposed over the
inducing layer 13; an organic hydrophobic layer 14 disposed
between the inducing layer 13 and the micro lens array film
15; and an encapsulation layer 16 disposed over the OLED
light-emitting layer.

[0038] In this embodiment, the OLED light-emitting layer
12 is a top light emitting structure, and the inducing layer is
disposed between the OLED light-emitting layer 12 and the
encapsulation layer 16.
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[0039] A pixel defining layer is disposed on the TFT array
substrate 11. The pixel defining layer is provided with a
plurality of via holes for accommodating a partial structure
of the OLED light-emitting layer 12.

[0040] The OLED light-emitting layer 12 includes a plu-
rality of R, G, and B sub-pixels disposed in an array, and the
sub-pixels are disposed in via holes of the pixel defining
layer.

[0041] The micro lens array film 15 includes a plurality of
micro lenses arranged in an array, and the micro lenses are
disposed corresponding to the sub-pixels to increase the
luminous efficiency of the OLED.

[0042] The inducing layer 13 is disposed on surfaces the
sub-pixels, and the inducing layer 13 covers the sub-pixels.
The organic hydrophobic layer 14 is disposed on a surface
of the inducing layer 13, and the micro lens array film 15 is
disposed on a surface of the organic hydrophobic layer.
[0043] Generally, the micro lenses are formed by ink jet
printing technology, and the printed ink material usually
contains a carbonyl group, which has a large polarity, so it
needs to be prepared on a hydrophobic surface.

[0044] The organic hydrophobic layer 14 provided by the
present disclosure is formed by atomic layer deposition, and
the inducing layer 13 can control a molecular structure of the
hydrophobic film layer deposited on the surface thereof to be
aligned in a direction perpendicular to the TFT array sub-
strate 11. Also, by controlling the material of the last
deposited precursor, the outer molecule of the organic
hydrophobic layer 14 is a hydrophobic group.

[0045] An ink jet printing technique is used to print a very
thin film growth inducing material in the corresponding
sub-pixel region, which is then cured to become the inducing
layer 13. The material of the inducing layer 13 is selected
from amino thiol compounds. In the present embodiment,
11-aminoundecane-1-thiol hydrochloride was used as a
material for forming the inducing layer 13.

[0046] Ifa hydrophobic film layer is directly deposited on
the OLED light-emitting layer 12, and the hydrophobic film
layer is grown in a plane or randomly stacked, the position
of the hydrophobic group cannot be controlled, and the
hydrophobic performance of the hydrophobic film layer is
not ideal, such that the luminous efficiency of the micro
lenses formed on the surface of the hydrophobic film layer
is not satisfactory. By providing the inducing layer 13, the
hydrophobic film layer grown on the surface thereof can be
grown in a certain direction, thereby controlling the position
of the hydrophilic group or the hydrophobic group in the
molecular structure, and controlling the group outside the
molecular structure to be hydrophobic, so that the hydro-
phobic properties of the film is enhanced.

[0047] Two or more precursor compounds are alternately
deposited on the surface of the inducing layer 13 repeatedly,
the polarities of the precursor compounds may be different,
but at least one precursor compound is a hydrophobic
compound. The deposited precursor compound is attached
to the surface of the inducing layer 13 to cause polymer-
ization and obtain a layer of molecular structure having a
directional alignment, thereby controlling the functional
group outside the film layer is a hydrophobic functional
group.

[0048] The first precursor used in the atomic layer depo-
sition is an amino compound, and the second precursor is an
aldehyde-based compound. Specifically, the first precursor
is aniline, and the second precursor is terephthalaldehyde.
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The surface of the inducing layer 13 is alternately deposited
aniline and terephthalaldehyde. The deposition of a prede-
termined thickness of the outer layer of the film layer is
controlled a hydrophobic group, that is, the aniline is depos-
ited for the last time, and the inducing layer 13 in which the
molecular structure is aligned perpendicular to the TFT array
substrate 11 is obtained. Deposition with a benzene ring-
containing precursor compound provides a rigid support for
the molecular structure of the film.

[0049] A sub-pixel region may correspond to a plurality of
micro lenses. The micro lens is spherical. The micro lens 15
is formed by an ink jet printing method. Generally, the
material used in the micro lens manufactured by ink jet
printing has a large polarity. It is necessary to print on the
surface of the film with a large water contact angle to prepare
a micro lens with good performance. The surface of the
organic hydrophobic layer 14 has strong hydrophobicity, and
the surface has a large water contact angle, which is favor-
able for printing the micro lens material on the surface
thereof. The printed ink droplets are cured to form micro
lenses distributed in an array.

[0050] The encapsulation layer 16 is disposed on the
surface of the micro lens array film 15. The encapsulation
layer 16 covers the OLED light-emitting layer 12. The
encapsulation layer is used to prevent water and oxygen
from corroding the OLED device. The encapsulation layer
may form a multi-layer package structure by disposing an
organic layer and an inorganic layer layer-by-layer.

[0051] In other embodiments, the OLED light-emitting
layer can be a bottom light emitting structure. The inducing
layer is disposed between the OLED light-emitting layer and
the TFT array substrate. Specifically, the inducing layer is
disposed on the TFT array substrate. The organic hydropho-
bic layer is disposed on a side of the inducing layer facing
away from the TFT array substrate. The micro lens film is
disposed on a side surface of the organic hydrophobic layer
facing away from the TFT array substrate.

[0052] As shown in FIG. 2 to FIG. 6, the present disclo-
sure further provides a manufacturing method of an OLED
display panel according to the first embodiment, which
includes:

[0053] S10, providing a TFT array substrate 11, and form-
ing an OLED light-emitting layer 12 on the TFT array
substrate 11;

[0054] S20, forming an inducing layer 13 on the OLED
light-emitting layer 12;

[0055] S30, forming an organic hydrophobic layer 14 on a
surface of the inducing layer 13 by atomic layer deposition;
[0056] S40, forming a micro lens array film 15 on a
surface of the organic hydrophobic layer 14; and

[0057] S50, forming an encapsulation layer 16 on the
micro lens array film.

[0058] Specifically, the TFT array substrate 11 includes an
active layer, a source, a drain, a gate, a gate insulating layer,
a pixel defining layer, and the like, and the pixel defining
layer is provided with a plurality of via holes.

[0059] The OLED light-emitting layer 12 is formed in the
via holes. The OLED light-emitting layer 12 is a top
emission type structure, including an anode formed by
vacuum evaporation, a hole injection layer, a hole transport
layer, a luminescent material layer, an electron transporting
layer, an electron injecting layer, and a cathode, where the
anode is made from a material having high reflectivity and
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a high work function, and the cathode is made from a
material having high transmission and low work function.
[0060] A growth inducing material is printed on the sur-
face of the cathode by ink jet printing technology, and after
curing, the inducing layer 13 is formed. The inducing layer
13 is made from amino thiol compounds, and in particularly
to 11-aminoundecane-1-thiol hydrochloride.

[0061] The organic hydrophobic layer 14 is formed on the
surface of the inducing layer 13 by atomic layer deposition.
At least two precursor compounds are alternately deposited
on the surface of the inducing layer 13 repeatedly. After
polymerization, a polymer having a molecular structure
perpendicular to the TFT array substrate is formed

[0062] As shown in FIG. 7, due to the action of the
inducing layer 13, the precursor has a strong directivity upon
deposition. The molecular chains of all molecules after
deposition are vertically aligned with respect to the TFT
array substrate. Specifically, aniline may be used as the first
precursor, and terephthalaldehyde is the second precursor.
The polymer is formed by alternately depositing on the
surface of the inducing layer 13 in the form of a pulse. Since
the aldehyde group in terephthalaldehyde is a hydrophilic
group which cannot be arranged on the outer side of the
polymer, the last deposited precursor compound is aniline.
The benzene ring in aniline is a hydrophobic group, which
is arranged on the outer side of the polymer, making the
polymer highly hydrophobic.

[0063] The pre-polymer droplets distributed in an array
are printed on the surface of the organic hydrophobic layer
14 by an ink jet printing technology, and the pre-polymer
droplets are further subjected to a curing treatment to obtain
the micro lens array film 15.

[0064] The above descriptions are merely preferable
embodiments of the present disclosure, and are not intended
to limit the scope of the present disclosure. Any modification
or replacement made by those skilled in the art without
departing from the spirit and principle of the present dis-
closure should fall within the protection scope of the present
disclosure. Therefore, the protection scope of the present
disclosure is subject to the appended claims.

1. An organic light emitting diode (OLED) display panel,
comptrising:

a thin film transistor (TFT) array substrate;

an OLED light-emitting layer disposed on the TFT array

substrate;

an encapsulation layer disposed over the OLED light-

emitting layer;

an inducing layer disposed on a light-emitting side of the

OLED light-emitting layer;

a micro lens array film disposed over the inducing layer;

and

an organic hydrophobic layer disposed between the induc-

ing layer and the micro lens array film.

2. The OLED display panel as claimed in claim 1, wherein
the OLED light-emitting layer comprises sub-pixels dis-
posed on the TFT array substrate arranged in an array.

3. The OLED display panel as claimed in claim 2, wherein
the inducing layer is disposed between the TFT array
substrate and the sub-pixels.

4. The OLED display panel as claimed in claim 2, wherein
the inducing layer is disposed between the sub-pixels and
the encapsulation layer.

5. The OLED display panel as claimed in claim 3, wherein
the organic hydrophobic layer is disposed on a surface of the
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inducing layer, and molecular structure of the organic hydro-
phobic layer is arranged in a direction perpendicular to the
TFT array substrate, and an outer molecule of the organic
hydrophobic layer is a hydrophobic group.

6. A manufacturing method of an organic light emitting

diode (OLED) display panel, comprising:

S10, providing a thin film transistor (TFT) array substrate,
and forming an OLED light-emitting layer on the TFT
array substrate;

S20, forming an inducing layer on the OLED light-
emitting layer;

S30, forming an organic hydrophobic layer on a surface of
the inducing layer by atomic layer deposition;

S40, forming a micro lens array film on a surface of the
organic hydrophobic layer; and

S50, forming an encapsulation layer on the micro lens
array film.

7. The manufacturing method as claimed in claim 6,

wherein the S30 comprises:

depositing at least two precursor compounds alternately
on the surface of the inducing layer to obtain a polymer
grown perpendicular to the TFT array substrate; and

controlling an outer molecule of the polymer to be a
hydrophobic group to form the organic hydrophobic
layer.

8. The manufacturing method as claimed in claim 6,

wherein the S40 comprises:

forming an array of pre-polymer droplets on the surface of
the organic hydrophobic layer by ink jet printing; and

curing the pre-polymer droplets to obtain the micro lens
array film.
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9. The manufacturing method as claimed in claim 6,
wherein the inducing layer is made from amino thiol com-
pounds.

10. An organic light emitting diode (OLED) display
panel, comprising:

a thin film transistor (TFT) array substrate;

an OLED light-emitting layer disposed on the TFT array

substrate;

an encapsulation layer disposed over the OLED light-

emitting layer;

an inducing layer disposed on a light-emitting side of the

OLED light-emitting layer;

a micro lens array film disposed over the inducing layer;

and

an organic hydrophobic layer disposed between the induc-

ing layer and the micro lens array film.

11. The OLED display panel as claimed in claim 10,
wherein the OLED light-emitting layer comprises sub-pixels
disposed on the TFT array substrate arranged in an array.

12. The OLED display panel as claimed in claim 11,
wherein the inducing layer is disposed between the TFT
array substrate and the sub-pixels.

13. The OLED display panel as claimed in claim 11,
wherein the inducing layer is disposed between the sub-
pixels and the encapsulation layer.

14. The OLED display panel as claimed in claim 12,
wherein the organic hydrophobic layer is disposed on a
surface of the inducing layer, and molecular structure of the
organic hydrophobic layer is arranged in a direction perpen-
dicular to the TFT array substrate, and an outer molecule of
the organic hydrophobic layer is a hydrophobic group.
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