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ABSTRACT

The present disclosure provides an OLED display device and
its manufacturing method. The OLED display device
includes an anode layer, a cathode layer, and a pixel-defined
layer and a light-emitting layer both arranged between the
anode layer and the cathode layer. The pixel-defined layer is
provided with an opening, and the light-emitting layer is
arranged in the opening. An insulating layer having a refrac-
tive index greater than that of the pixel-defined layer is
arranged between the light-emitting layer and the pixel-de-
fined layer.
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY DEVICE AND ITS
MANUFACTURING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present applicationis the U.S. national phase of
PCT Application No. PCT/CN2014/087858 filed on Sep. 30,
2014, which claims a priority of the Chinese patent applica-
tion No. 201410247203.0 filed on Jun. 5, 2014, which are
incorporated herein by references in their entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of display
manufacturing, in particular to an organic light-emitting
diode (OLED) display device and its manufacturing method.

BACKGROUND

[0003] Along with the development of display technolo-
gies, flat-panel display device has become a mainstream of
the display devices due to such features as being light and
thin. Among various flat-panel display devices, OLED dis-
play devices and active matrix/organic light-emitting diode
(AMOLED) display devices have been widely used nowa-
days.

[0004] For the OLED display device, a light beam from a
light-emitting layer is transmitted to the outside through vari-
ous layers in the OLED display device. The light beam is
refracted when it passes from one medium into another
medium. FIG. 1 is a partial, schematic view showing the
OELD element. The OLED display device includes a sub-
strate 101, and an electrode 102 and a pixel-defined layer 103
arranged on the substrate 101. The pixel-defined layer 103 is
provided with a plurality of openings at the substrate 101, so
as to expose the electrode 102 and form a predetermined
pattern. A light-emitting layer 105 is arranged at each open-
ing. However, when the light beam from the light-emitting
layer 105 reaches the pixel-defined layer 103, total reflection
will occur at an interface between the pixel-defined layer 103
and air due to a significant difference between refractive
indices of the pixel-defined layer 103 and air. As a result, the
light beam 1s constrained within the pixel-defined layer 103
and cannot be used for display.

[0005] Hence, there is a remarkable light loss inside the
OLED display device, when the light beam passes from one
medium to another medium. To be specific, the light loss at an
interface between ITO and glass occupies about 50%, and the
light loss at an interface between the glass and air occupies
about 30%. In this regard, even if the internal quantum effi-
ciency is up to 100%, the light output efficiency is merely
20%. How to increase the light output efficiency has become
acritical factor for improving the external quantum efficiency
of the OLED.

[0006] The light loss also occurs in an AMOLED display
device with a top-emission structure when the light beam is
transmitted through the interface between different media.

SUMMARY

[0007] An object of the present disclosure is to provide an
organic light-emitting diode (OLED) display device and its
manufacturing method, so as to improve the light output
efficiency of the OLED display device.
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[0008] 1In one aspect, the present disclosure provides in
embodiments an OLED display device, including an anode
layer, a cathode layer, and a pixel-defined layer and a light-
emitting layer both arranged between the anode layer and the
cathode layer. The pixel-defined layer is provided with an
opening, and the light-emitting layer is arranged in the open-
ing. An insulating layer having a refractive index greater than
that of the pixel-defined layer is arranged between the light-
emitting layer and the pixel-defined layer.

[0009] Alternatively, the pixel-defined layer is made of
polyimide (PI), polymethyl methacrylate (PMMA) or phe-
nolic resin, and the insulating layer is made of T1,0, TiO, or
ZnSe.

[0010] Alternatively, the insulating layer is of a curved, arc
structure at the opening.

[0011] Alternatively, an angle between the curved, arc
structure and a plane where the anode layer is located is 20° to
45°.

[0012] Alternatively, the insulating layer is of a thickness of
10 nm to 1000 nm.

[0013] Alternatively, a surface of the insulating layer adja-
cent to the light-emitting layer is provided with a plurality of
microplanes oblique to each other at different angles and
configured to refract a light beam entering the insulating
layer, so as to totally reflect the refracted light beam at an
interface between the insulating layer and the pixel-defined
layer.

[0014] Alternatively, the OLED display device further
includes a thin film transistor (TFT) array substrate arranged
ataside of the anode layer away from the light-emitting layer.
[0015] Alternatively, the OLED display device further
includes a color filter substrate arranged at a side of the
cathode layer away from the light-emitting layer.

[0016] In another aspect, the present disclosure provides in
embodiments a method for manufacturing an organic light-
emitting diode (OLED) display device, including steps of
forming an anode layer and a pixel-defined layer sequentially,
and forming an insulating layer on the pixel-defined layer.
[0017] Alternatively, the step of forming the insulating
layer on the pixel-defined layer includes:

[0018] forming a film layer made of a material identical to
that of the insulating layer on the pixel-defined layer by
evaporation or magnetron sputtering; and

[0019] forming an aperture at the film layer at a position
corresponding to the opening of the pixel-defined layer by a
patterning process, so as to expose the anode layer, thereby to
form the insulating layer.

[0020] The present disclosure at least has the following
advantageous effect. The insulating layer having a refractive
index greater than that of the pixel-defined layer is arranged
between the light-emitting layer and the pixel-defined layer,
so as to enable the light beam from the light-emitting layer
and transmitted toward the pixel-defined layer to be totally
reflected at the interface between the insulating layer and the
pixel-defined layer, thereby to improve the light output effi-
ciency of the OLED display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a partial, schematic view showing an
OLED display device in the related art;

[0022] FIG. 2 is a partial, schematic view showing an
OLED display device according to the first embodiment of
the present disclosure;
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[0023] FIG. 3 is a schematic view showing the principle of
total reflection;
[0024] FIG. 4 is a partial, schematic view showing the

OLED display device according to the second embodiment of
the present disclosure; and

[0025] FIGS. 5a-5d are flow charts of a method for manu-
facturing the OLED display device according to the first
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0026] The present disclosure will be described hereinafter
in conjunction with the drawings.

[0027] As shown in FIG. 2, which is a partial, schematic
view showing an OLED display device according to the first
embodiment of the present disclosure, the OLED display
device includes a substrate 1, and an anode layer 2 and a
pixel-defined layer 3 both arranged on the substrate 1. The
pixel-defined layer 3 is provided with an opening 4, so as to
expose a portion of the anode layer 2. The light-emitting layer
5 is arranged in the opening. In addition, although not shown
in FIG. 2, it should be appreciated that a transparent cathode
layer is arranged above the opening 4 and parallel to the anode
layer 2 with the light-emitting layer arranged therebetween,
and an organic material of the light-emitting layer 5 emits
light under the effect of a voltage difference between the
anode layer 2 and the cathode layer.

[0028] Referring again to FIG. 2, an insulating layer 6
having a refractive index greater than that of the pixel-defined
layer 3 is arranged between the light-emitting layer 5 and the
pixel-defined layer 3.

[0029] Theinsulating layer 6 covers the pixel-defined layer
3, so that a light beam from the light-emitting layer 5 and
transmitted toward the pixel-defined layer 3 is totally
reflected at an interface between the insulating layer 6 and the
pixel-defined layer 3. To be specific, the light beam having an
incident angle greater than an angle of total reflection is
totally reflected at the interface between the insulating layer 6
and the pixel-defined layer 3 toward the cathode layer, and the
light beam having an incident angle less than the angle of total
reflection is refracted into the pixel-defined layer 3. However,
when the light beams transmitted inside the pixel-defined
layer 3 are transmitted to the interface between the pixel-
defined layer 3 and the insulating layer 6 after being reflected
once or repeatedly, as shown in FIG. 2, no total reflection
occurs inside the pixel-defined layer 3 because the light
beams are transmitted from an optically thinner medium to an
optically denser medium (the pixel-defined layer 3 is of a
refractive index less than that of the insulating layer 6), and a
majority of the light beams are transmitted to the cathode
layer. As compared with the related art, the light output effi-
ciency of the OLED display device in embodiments of the
present disclosure is improved remarkably.

[0030] Itshouldbeappreciated that,as showninFIG. 3, the
light beam passes from an optically denser medium A to an
optically thinner medium B, and an incident angle o of the
light beam entering an interface between two media is
increased in such a manner that a refractive angle of the light
beam when refracted by the optically thinner medium B is
90°. At this time, when the incident angle o continues to be
increased, there is no refracted light beam entering the opti-
cally thinner medium B, and the entire light beam is reflected
at the interface, i.e., the total reflection occurs. This critical
incident angle a at which the total reflection occurs is just the
angle of total reflection.
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[0031] 1t should be appreciated that, the light-emitting
layer 5 and the pixel-defined layer 3 are both made of an
organic material and their refractive indices are not greatly
different from each other, so generally there is no total reflec-
tion occurring between the light-emitting layer 5 and the
pixel-defined layer 3. According to the embodiments of the
present disclosure, by providing the insulating layer 6
between the light-emitting layer 5 and the pixel-defined layer
3, it is able to achieve the total reflection at the interface
between the insulating layer 6 and the pixel-defined layer 3,
thereby to project a portion of the light beams reaching the
pixel-defined layer 3 toward the cathode layer in a totally
reflective manner.

[0032] Theoptically denser medium is of a refractive index
greater than that of the optically thinner medium, so accord-
ing to the OLED display device in embodiments of the
present disclosure, it is able to, through the insulating layer 6,
totally reflect the light beam entering the interface between
the pixel-defined layer 3 and the insulating layer 6 and having
an incident angle greater than or equal to that of the angle of
total reflection toward the cathode layer for display; and
refract the light beam having an incident angle less than the
angle of total reflection at the interface toward the pixel-
defined layer 3. However, the light beams transmitted inside
the pixel-defined layer 3 is reflected once or repeatedly, so a
portion of the light beams may be transmitted to the interface
between the pixel-defined layer 3 and the insulating layer 6
finally after the reflection. As shown in FIG. 2, because the
pixel-defined layer 3 is of a refractive index less than that of
the insulating layer 6, when the light beams are transmitted
from the optically thinner medium to the optically denser
medium, they are not totally reflected in the pixel-defined
layer 3, by which a portion of the light beams may be trans-
mitted toward the cathode layer.

[0033] Basedupon the above, the angle of total reflection at
which the light beam is totally reflected at the interface
between the insulating layer 6 and the pixel-defined layer 3 is
relevant to the materials of the insulating layer 6 and the
pixel-defined layer 3. The angle of total reflection a=arcsin
(a/b), wherein a represents a smaller one of the refractive
indices of the media A and B, and b represents a larger one of
the refractive indices of the media A and B. In this embodi-
ment, alternatively, the pixel-defined layer 3 is made of PI,
PMMA or phenolic resin, and the insulating layer 6 is made of
Ti,0;, TiO, or ZnSe which has a refractive index greater than
that of the material of the pixel-defined layer.

[0034] Further, referring to FIG. 2, the insulating layer 6 is
of a curved, arc structure at the opening 4, so that a surface of
the insulating layer 6 adjacent to the light-emitting layer 5 and
a surface thereof adjacent to the pixel-defined layer 3 (i.e., an
interface between the insulating layer 6 and the pixel-defined
layer 3) are each of a curved, arc shape. In this way, it is able
to totally reflect a majority of the light beams, which are
transmitted from the light-emitting layer 5 and entered the
insulating layer 6, at the interface between the insulating layer
6 and the pixel-defined layer 3, thereby to further improve the
light output efficiency of the OLED display device.

[0035] Alternatively, the surface of the insulating layer 6
adjacent to the light-emitting layer 5 is of certain roughness,
so as to form a plurality of microplanes oblique to each other
at different angles. The oblique angle of the microplane at
each position may be set in accordance with an incident angle
of the light beam from the light-emitting layer 5 at the posi-
tion. Through these microplanes, when the light beam from
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the light-emitting layer 5 reaches the surface of the insulating
layer 6, it is refracted at an angle greater than or equal to that
of the angle of total reflection, so as to achieve the total
reflection in the insulating layer 6, thereby to further improve
the light output efficiency of the OLED display device.

[0036] An available radian of the pixel-defined layer 3 is
20° to 50°, and the angle of total reflection at an interface
between glass and air is 42° to 44°. When the radian of the
pixel-defined layer 3 is greater than 45°, the light beam enter-
ing the layer 3 is totally reflected. Alternatively, an angle
between the curved, arc structure of the insulating layer 6 and
aplane where the anode layer 2 is located is 20° to 45°, which
is less than the angle of total reflection at the interface
between glass and air.

[0037] In addition, in embodiments of the present disclo-
sure, the insulating layer 6 is of a thickness of 10 nm to 1000
nm, and the pixel-defined layer 3 is of a thickness of 1 um to
3 pum.

[0038] Inthe first embodiment, the anode layer 2 is usually
made of TTO (indium tin oxide), and the cathode layeris made
of a transparent metallic material.

[0039] According to the OLED display device in the first
embodiment, the insulating layer 6 having a refractive index
greater than that of the pixel-defined layer 3 is arranged
between the light-emitting layer 5 and the pixel-defined layer
3. As aresult, it is able to totally reflect the light beam from the
light-emitting layer 5 and transmitted to the pixel-defined
layer 3 at the interface between the insulating layer 6 and the
pixel-defined layer 3, thereby to improve the light output
efficiency of the OLED display device.

[0040] The first embodiment relates to a passive OLED
display device, the structure of which is known in the art and
thus is not particularly defined herein.

[0041] Also, the OLED display device may be an
AMOLED display device, which includes a TFT array sub-
strate arranged at a side of the anode layer away from the
light-emitting layer. FIG. 4 is a partial, schematic view show-
ing the OLED display device according to the second
embodiment of the present disclosure.

[0042] As shown in FIG. 4, the OLED display device in the
second embodiment includes: a substrate 1001, which is usu-
ally made of glass; a buffer layer 1002 arranged on the sub-
strate 1001; an active layer 1003 and a gate insulating layer
1004 arranged on the buffer layer 1002; a gate electrode 1005
arranged on the gate insulating layer 1004; an insulating layer
arranged on the gate electrode 1005; source and drain elec-
trodes 1007 arranged at both sides of the gate electrode 1005
and connected to the active layer 1003 through a via-hole in
the gate insulating layer 1006; a passivation layer 1008
arranged on the insulating layer 1006, an planarization layer
1009 arranged on the passivation layer 1008; a pixel electrode
1010 arranged on the planarization layer 1009; and a pixel-
defined layer 1011 arranged on the pixel electrode 1010 and
provided with an opening so as to expose a portion of the pixel
electrode 1010, the exposed portion of the pixel electrode
1010 forming a pixel unit of the display device.

[0043] In addition, the pixel electrode 1010 forms the
anode layer of the AMOLED display device, and a light-
emitting layer 1013 is formed at the opening above the pixel
electrode 1010. It should be appreciated that, a cathode layer
is arranged on the light-emitting layer 1013, so as to coopet-
ate with the pixel electrode 1010 to enable the organic mate-
rial of the light-emitting layer 1013 to emit light. Further,
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when the AMOLED display device is of a top-emission struc-
ture, the cathode layer is covered with a transparent packag-
ing cover.

[0044] Same with the first embodiment, in the second
embodiment, an insulating layer 1012 having a refractive
index greater than that of the pixel-defined layer 1011 is
arranged between the pixel-defined layer 1011 and the light-
emitting layer 1013, and covers the pixel-defined layer 1011,
so as to enable a light beam from the light-emitting layer 1013
and transmitted toward the pixel-defined layer 1011 to be
totally reflected at an interface between the insulating layer
1012 and the pixel-defined layer 1011. To be specific, the light
beam having an incident angle greater than an angle of total
reflection is totally reflected at the interface between the
insulating layer 1012 and the pixel-defined layer 1011 toward
the cathode layer, and the light beam having an incident angle
less than the angle of total reflection is refracted into the
pixel-defined layer 1011. However, when the light beams
transmitted inside the pixel-defined layer 1011 are transmit-
ted to the interface between the pixel-defined layer 1011 and
the insulating layer 1012 after being reflected once or repeat-
edly, as shown in FIG. 2, no total reflection occurs inside the
pixel-defined layer 1011 because the light beams are trans-
mitted from an optically thinner medium to an optically
denser medium (the pixel-defined layer 1011 is of a refractive
index less than that of the insulating layer 1012), and a major-
ity of the light beams are transmitted to the cathode layer. As
compared with the related art, the light output efficiency of
the OLED display device in the second embodiment of the
present disclosure is improved remarkably.

[0045] Alternatively, the pixel-defined layer 1011 is made
of PI, PMMA or phenolic resin, and the insulating layer 1012
is made of Ti,0,, TiO, or ZnSe which has a refractive index
greater than that of the pixel-defined layer. The anode layer
1010 is usually made of ITO, and the cathode layer is made of
a metal or an alloy having certain transmittance.

[0046] Further, same with the first embodiment, as shown
in FIG. 4, the insulating layer 1012 in the second embodiment
is of a curved, arc structure at the opening, and a surface of the
insulating layer 1012 adjacent to the light-emitting layer 1013
is of certain roughness, so as to form a plurality of
microplanes oblique to each other at different angles. As a
result, a majority of the light beams from the light-emitting
layer 1013 and transmitted toward the insulating layer 1012 is
totally reflected at the interface between the insulating layer
1012 and the pixel-defined layer 1011, so as to further
improve the light output efficiency of the OLED display
device.

[0047] Alternatively, an angle between the curved, arc
structure of the insulating layer 1012 and a plane where the
pixel electrode is located is 20° to 45°, the insulating layer
1012 is of a thickness of 10 nm to 1000 nm, and the pixel-
defined layer 1011 is of a thickness of 1 pm to 3 pm.

[0048] The structure of the AMOLED display device is
known in the art, and thus will not be particularly defined
herein.

[0049] In the first and second embodiments, the OLED
display device may further include a color filter substrate
arranged at a side of the cathode layer away from the light-
emitting layer. When a white light beam is emitted from the
light-emitting layer, a color image is displayed by means of
the color filter substrate.

[0050] Inaddition, it should be appreciated that, apart from
the light-emitting layer, such functional layers as a hole injec-
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tion layer, a hole transmission layer, an electron transmission
layer and an electroninjection layer may be arranged between
the anode layer and the cathode layer.
[0051] Further, although with the above-mentioned
description, the present disclosure is not limited to the OLED
display device with a top-emission structure, and instead, it
may also be applied to the OLED display device with a
bottom-emission structure. The structure of the OLED dis-
play device with the bottom-emission structure is known in
the art, and thus will not be particularly defined herein.
[0052] The present disclosure provides in embodiments a
method for manufacturing the above-mentioned OLED dis-
play device, including steps of forming the anode layer and
the pixel-defined layer sequentially, and forming the insulat-
ing layer on the pixel-defined layer.
[0053] Referring to FIGS. 5a-5d in conjunction with FIG.
2, the method for manufacturing the OLED display device in
the first embodiment includes the following steps.
[0054] Step 1: forming the anode layer 2 on the substrate 1
by a first patterning process.
[0055] Step 2: forming the pixel-defined layer 3 on the
anode layer 2 by a second patterning process, and providing
the pixel-defined layer 3 with an opening at a position corre-
sponding to the anode layer 2 so as to expose the anode layer
2. An outer surface of the pixel-defined layer 3 is of a curved,
arc structure, and an angle between the curved, arc structure
and the anode layer 2 is 20° to 45°. In addition, the pixel-
defined layer 3 at the opening may be further irradiated by UV
light, so as to improve its slope angle.
[0056] Step 3: forming a film layer made of a material
identical to that of the insulating layer on the entire pixel-
defined layer 3 by evaporation or magnetron sputtering, and
providing the film layer with a desired pattern by a third
patterning process, i.¢., forming an aperture corresponding to
the pixel-defined layer 3, so as to form the insulating layer 6.
[0057] Step 4: treating a surface of the insulating layer 6 by
a dry-etching process, so as to improve its surface roughness,
thereby to further improve the light output efficiency.
[0058] Step S: forming functional layers, such as a light-
emitting layer, a hole injection layer, a hole transmission
layer, an electron transmission layer and an electron injection
layer, between the cathode layer and the anode layer by
evaporation or ink-jetting.
[0059] 1t should be appreciated that, the first, second and
third patterning processes mentioned above may each include
exposing, developing and etching steps.
[0060] The method for manufacturing the OLED display
device according to the second embodiment may be identical
to the above-mentioned method for manufacturing the OLED
display device according to the first embodiment. In addition,
the methods for forming such structures as the pixel electrode
and the TFTs therebelow are known in the art and meanwhile
are not a focus for improvement, thus they will not be par-
ticularly defined herein.
[0061] The above are merely the preferred embodiments of
the present disclosure. It is to be noted that, a person skilled in
the art may make further modifications and improvements
without departing from the spirit of the present disclosure,
and these modifications and improvements shall also fall
within the scope of the present disclosure.

What is claimed is:

1. An organic light-emitting diode (OLED) display device,
comprising an anode layer, a cathode layer, and a pixel-
defined layer and a light-emitting layer both arranged
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between the anode layer and the cathode layer, wherein the
pixel-defined layer is provided with an opening, the light-
emitting layer is arranged in the opening, and an insulating
layer having a refractive index greater than that of the pixel-
defined layer is arranged between the light-emitting layer and
the pixel-defined layer.

2. The OLED display device according to claim 1, wherein
the pixel-defined layer is made of polyimide (PI), polymethyl
methacrylate (PMMA) or phenolic resin, and the insulating
layer is made of Ti, O, TiO, or ZnSe.

3. The OLED display device according to claim 1, wherein
the insulating layer is of a curved, arc structure at the opening.

4. The OLED display device according to claim 3, wherein
an angle between the curved, arc structure and a plane where
the anode layer is located is 20° to 45°.

5. The OLED display device according to claim 1, wherein
the insulating layer is of a thickness of 10 nm to 1000 nm.

6. The OLED display device according to claim 3, wherein
a surface of the insulating layer adjacent to the light-emitting
layer is provided with a plurality of microplanes oblique to
each other at different angles and configured to refract a light
beam entering the insulating layer, so as to totally reflect the
refracted light beam at an interface between the insulating
layer and the pixel-defined layer.

7. The OLED display device according to claim 1, further
comprising a thin film transistor (TFT) array substrate
arranged at a side of the anode layer away from the light-
emitting layer.

8. The OLED display device according to claim 1 or 7,
further comprising a color filter substrate arranged at a side of
the cathode layer away from the light-emitting layer.

9. A method for manufacturing the organic light-emitting
diode (OLED) display device according to claim 1, compris-
ing steps of forming an anode layer and a pixel-defined layer
sequentially, and forming an insulating layer on the pixel-
defined layer.

10. The method according to claim 9, wherein the step of
forming the insulating layer on the pixel-defined layer com-
prises:

forming a film layer made of a material identical to that of

the insulating layer on the pixel-defined layer by evapo-
ration or magnetron sputtering; and

forming an aperture at the film layer at a position corre-

sponding to the opening of the pixel-defined layer by a
patterning process, so as to expose the anode layer,
thereby to form the insulating layer.

11. The method according to claim 9, wherein the high-
refractive insulating layer is of a curved, arc structure at the
opening.

12. The method according to claim 9, wherein an angle
between the curved, arc structure and a plane where the anode
layer is located is 20° to 45°.

13. The method according to claim 9, wherein the insulat-
ing layer is of a thickness of 10 nm to 1000 nm.

14. The method according to claim 11, wherein the step of
forming the insulating layer on the pixel-defined layer com-
prises:

treating a surface of the insulating layer by a dry-etching

process, so as to form a plurality of microplanes oblique
to each other at different angles.

15. The method according to claim 9, wherein the pixel-
defined layer is made of polyimide (PI), polymethyl meth-
acrylate (PMMA) or phenolic resin, and the insulating layer is
made of Ti,05, TiO, or ZnSe.
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16. The OLED display device according to claim 7, further
comptising a color filter substrate arranged at a side of the
cathode layer away from the light-emitting layer.

17. The method according to claim 10, wherein the insu-
lating layer is of a curved, arc structure at the opening.

18. The method according to claim 10, wherein an angle
between the curved, arc structure and a plane where the anode
layer is located is 20° to 45°.

19. The method according to claim 10, wherein the insu-
lating layer is of a thickness of 10 nm to 1000 nm.
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