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(57) ABSTRACT

An organic light emitting diode (OLED) display and a
method of manufacturing thereof are provided. The OLED
display panel includes a substrate; a thin film transistor
(TFT) layer on the substrate; a pixel defining layer above the
TFT layer, the pixel defining layer having a via hole; a light
emitting unit located in the via hole of the pixel defining
layer, the light emitting unit includes an anode located at a
bottom of the via hole, an organic light emitting material
above the anode, a cathode located above the organic light
emitting material, and a first reflective metal layer between
the organic light emitting material and the pixel defining
layer.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND METHOD OF
MANUFACTURING THEREOF

BACKGROUND OF INVENTION

Field of Invention

[0001] The present invention relates to the field of display
technologies, and in particular, to an organic light emitting
diode (OLED) display and a method of manufacturing
thereof.

Description of Prior Art

[0002] In a top emitting organic light emitting diode
(OLED) display, each of the light emitting units includes an
anode above a thin film transistor layer, an organic light
emitting material above the anode, and a cathode over the
light emitting material. Each adjacent light emitting unit is
isolated from each other by an insulating layer, which is
referred to as a pixel defining layer. The pixel defining layer
is formed by depositing the insulating layer over the thin
film transistor, and patterning the insulating layer by pho-
tolithography to form a plurality of through holes for manu-
facturing the light emitting units. In this way, each of the
light emitting units is surrounded by an insulating material
to achieve electrical insulation from adjacent light emitting
units.

[0003] In prior art, a material forming the pixel defining
layer is usually silicon oxide or silicon nitride, and the
transmittance of the two materials to visible light is about
70%. When OLED emits light upward, a part of the light is
obliquely passed through the pixel defining layer, which
reduces luminous efliciency of an OLED device and seri-
ously affects the luminescent properties of the OLED.

SUMMARY OF INVENTION

[0004] The present invention provides an organic light
emitting diode (OLED) display and a manufacturing method
thereof, which solve the technical problem that light is
absorbed by the pixel defining layer and affects the luminous
efficiency of the OLED display.

[0005] In a first aspect, the present invention provides an
OLED display panel comprising:

[0006] a substrate;
[0007] a thin film transistor (TFT) layer on the substrate;
[0008] a pixel defining layer above the TFT layer, the pixel

defining layer having a via hole;

[0009] a light emitting unit located in the via hole of the
pixel defining layer, the light emitting unit comprises an
anode located at a bottom of the via hole, an organic light
emitting material above the anode, a cathode located above
the organic light emitting material, and a first reflective
metal layer between the organic light emitting material and
the pixel defining layer;

[0010] wherein the via hole of the pixel defining layer has
a rectangular cross section in a direction parallel to the
substrate, and an inverted trapezoid cross section perpen-
dicular to the direction of the substrate; wherein, the inverted
trapezoid is an isosceles trapezoid, and an angle between the
waist of the inverted trapezoid and the vertical direction is
greater than or equal to 5°.
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[0011] Wherein, the anode of the light emitting unit is a
laminated structure of a first transparent conductive layer/a
second reflective metal layer/a second transparent conduc-
tive layer.

[0012] Wherein, a material of the first reflective metal
layer and the second reflective metal layer is silver.

[0013] In a second aspect, the present invention provides
an organic light emitting diode (OLED) display panel com-
prising:

[0014] a substrate;
[0015] a thin film transistor (TFT) layer on the substrate;
[0016] apixel defining layer above the TFT layer, the pixel

defining layer having a via hole;

[0017] a light emitting unit located in the via hole of the
pixel defining layer, the light emitting unit comprises an
anode located at a bottom of the via hole, an organic light
emitting material above the anode, a cathode located above
the organic light emitting material, and a first reflective
metal layer between the organic light emitting material and
the pixel defining layer.

[0018] Wherein, the anode of the light emitting unit is a
laminated structure of a first transparent conductive layer/a
second reflective metal layer/a second transparent conduc-
tive layer.

[0019] Wherein, a material of the first reflective metal
layer and the second reflective metal layer is silver.

[0020] Wherein, the via hole of the pixel defining layer has
a rectangular cross section in a direction parallel to the
substrate, and an inverted trapezoid cross section perpen-
dicular to the direction of the substrate; wherein, the inverted
trapezoid is an isosceles trapezoid, and an angle between the
waist of the inverted trapezoid and the vertical direction is
greater than or equal to 5°.

[0021] In a third aspect, the present invention provides a
method of manufacturing an organic light emitting diode
(OLED) display panel comprising the steps of:

[0022] providing a substrate;

[0023] forming a thin film transistor (TFT) layer on the
substrate;

[0024] forming a patterned pixel defining layer over the

TFT layer, the pixel defining layer having a via hole;
[0025] forming a light emitting unit in the via hole of the
pixel defining layer; wherein

[0026] the light emitting unit comprises an anode located
at a bottom of the via hole, an organic light emitting material
above the anode, a cathode located above the organic light
emitting material, and a first reflective metal layer between
the organic light emitting material and the pixel defining
layer.

[0027] Wherein, a method of forming a patterned pixel
definition layer over the TFT layer comprises the steps of:

[0028] depositing an insulating material layer over the thin
film transistor;

[0029] coating a photoresist over the insulating material
layer;

[0030] developing the photoresist with a set mask to

remove the photoresist over a region where the via hole is to
be formed,;

[0031] removing the insulating material layer not covered
by the photoresist by etching, forming a via hole penetrating
the insulating material layer, exposing the thin film transistor
layer underlying the insulating material layer.
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[0032] Wherein, a method of etching the insulating mate-
rial layer is dry etching, comprising ion milling etching,
plasma etching, and reactive ion etching.

[0033] Wherein, a method of forming a light emitting unit
in the via hole of the pixel defining layer comprises the steps
of:

[0034] evaporating the anode at the bottom of the via hole;
[0035] forming the first reflective metal layer on a sidewall
of the via hole defined by the pixel defining layer, the first
reflective metal layer is disposed above the anode;

[0036] forming an organic light emitting material above
the anode, a sidewall of the organic light emitting material
is disposed adjacent to the first reflective metal layer;

[0037] forming a cathode over the organic light emitting
material.
[0038] Wherein, a method of evaporating the anode at the

bottom of the via hole comprises the steps of:

[0039] forming a photoresist covering a top and a sidewall
of the pixel defining layer;

[0040] forming a stacked structure covering the photore-
sist and the via hole, the stacked structure comprises a first
transparent conductive layer at a bottom of the pixel defining
layer, a second reflective metal layer disposed above the first
transparent conductive layer, and a second transparent con-
ductive layer above the second reflective metal layer;,
[0041] removing the photoresist, and so that the stacked
structure over the photoresist is removed to form the anode
at the bottom of the via hole.

[0042] Wherein, a method of forming a first reflective
metal layer on a sidewall of the via hole of the pixel defining
layer comprises the steps of:

[0043] forming a metal layer covering the anode, the top
and sidewall of the pixel defining layer;

[0044] forming a photoresist covering the metal layer, and
patterning the photoresist to cover only a metal layer located
on a sidewall of the pixel defining layer;

[0045] removing a metal layer not covered by the photo-
resist by photolithography, and then removing the photore-
sist.

[0046] The present invention forms a layer of reflective
metal on the sidewall adjacent to the luminescent material of
the pixel defining layer, so that the light emitted by the light
emitting units is reflected to the display screen by the pixel
defining layer instead of being absorbed by the pixel defin-
ing layer. Thereby, the reflectivity of the light is enhanced,
the luminous efliciency of the OLED device is greatly
improved, and the luminescent characteristics of the OLED
device are improved.

BRIEF DESCRIPTION OF DRAWINGS

[0047] FIG. 1 to FIG. 5 are structural diagrams of an
organic light emitting diode (OLED) display screen in each
step of a method for manufacturing an OLED display
according to an embodiment of the present invention;
[0048] FIG. 6 is a structural diagram of an OLED display
according to an embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0049] Description of following embodiment, with refer-
ence to accompanying drawings, is used to exemplify spe-
cific embodiments which may be carried out in the present
disclosure. Directional terms mentioned in the present dis-
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closure, such as “top”, “bottom”, “front”, “back”, “left”,
“right”, “inside”, “outside”, “side”, etc., are only used with
reference to orientation of the accompanying drawings.
Therefore, the directional terms are intended to illustrate, but
not to limit, the present disclosure. In the drawings, com-
ponents having similar structures are denoted by same
numerals.

[0050] The present invention provides an organic light
emitting diode (OLED) display and a manufacturing method
thereof, which solve the technical problem that light is
absorbed by the pixel defining layer and affects the luminous
efficiency of the OLED display. The present invention will
now be described in detail with reference to the drawings.
[0051] Referring to FIG. 6, FIG. 6 is a structural diagram
of an OLED display according to an embodiment of the
present invention.

[0052] the present invention provides an OLED display
panel comprising a substrate 10; a thin film transistor (TFT)
layer (not shown in the figure) on the substrate; a pixel
defining layer 12 above the TFT layer, the pixel defining
layer having a via hole; a light emitting unit located in the
via hole of the pixel defining layer, the light emitting unit
comprises an anode 14 located at a bottom of the via hole,
an organic light emitting material 18 above the anode, a
cathode 20 located above the organic light emitting material,
and a first reflective metal layer 16 between the organic light
emitting material 18 and the pixel defining layer 12.
[0053] In the present embodiment, the anode 14 of the
light emitting unit is a laminated structure of a first trans-
parent conductive layer 142/a second reflective metal layer
144/a second transparent conductive layer 146. The second
reflective metal layer 144 can reflect the light emitted by the
light emitting unit toward the substrate 10 to the upper side
of the OLED display screen, thereby further enhancing
luminous efficiency.

[0054] Preferably, because silver has excellent electrical
conductivity and light reflectivity, in the present embodi-
ment, the material of the first reflective metal layer 16 and
the second reflective metal layer 144 are silver.

[0055] 1Inthe present embodiment, the via hole of the pixel
defining layer 12 has a rectangular cross section in a
direction parallel to the substrate 10, and an inverted trap-
ezoid cross section perpendicular to the direction of the
substrate 10; wherein, the inverted trapezoid is an isosceles
trapezoid, and an angle between the waist of the inverted
trapezoid and the vertical direction is greater than or equal
to 5°. The inverted trapezoidal design increases the area of
an open area where the light emitting unit is disposed, and
can further increase the light emitting efficiency of the
OLED display; at the same time, an inclined surface is more
favorable for the formation of a first metal light reflecting
layer than a vertical surface.

[0056] Correspondingly, referring to FIG. 1 to FIG. 5,
FIG. 1 to FIG. 5 are structural diagrams of an OLED display
screen in each step of a method for manufacturing an OLED
display according to an embodiment of the present inven-
tion. The present invention provides the method of manu-
facturing an OLED display panel comprising the steps of:

[0057] providing a substrate 10;
[0058] forming a TFT layer on the substrate 10;
[0059] forming a patterned pixel defining layer 12 over the

TFT layer, the pixel defining layer 12 having a via hole;
[0060] forming a light emitting unit in the via hole of the
pixel defining layer; wherein
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[0061] the light emitting unit comprises an anode 14
located at a bottom of the via hole, an organic light emitting
material 18 above the anode, a cathode 20 located above the
organic light emitting material, and a first reflective metal
layer 16 between the organic light emitting material 18 and
the pixel defining layer 12.

[0062] In the present embodiment, first, referring to FIG.
1, a substrate 10 is provided, and a thin film transistor layer
(not shown) is formed on the substrate 10.

[0063] Thereafter, as shown in FIG. 2, a patterned pixel
defining layer 12 is formed over the thin film transistor layer,
the pixel defining layer 12 having a via hole.

[0064] In the present embodiment, a method of forming a
patterned pixel definition layer 12 over the TFT layer
comprises the steps of: depositing an insulating material
layer over the thin film transistor; coating a photoresist over
the insulating material layer; developing the photoresist with
a set mask to remove the photoresist over a region where the
via hole is to be formed; removing the insulating material
layer not covered by the photoresist by etching, forming a
via hole penetrating the insulating material layer, exposing
the thin film transistor layer underlying the insulating mate-
rial layer. In the present embodiment, a method of etching
the insulating material layer is dry etching, comprising ion
milling etching, plasma etching, and reactive ion etching.
[0065] Inthe present embodiment, the via hole of the pixel
defining layer 12 has a rectangular cross section in a
direction parallel to the substrate 10, and an inverted trap-
ezoid cross section perpendicular to the direction of the
substrate 10; wherein, the inverted trapezoid is an isosceles
trapezoid, and an angle between the waist of the inverted
trapezoid and the vertical direction is greater than or equal
to 5°. The inverted trapezoidal design increases the area of
an open area where the light emitting unit is disposed, and
can further increase the light emitting efficiency of the
OLED display; at the same time, an inclined surface is more
favorable for the formation of a first metal light reflecting
layer than a vertical surface.

[0066] Thereafter, forming the light emitting unit in the
via hole of the pixel defining layer, the light emitting unit
comprises an anode 14 located at a bottom of the via hole,
an organic light emitting material 18 above the anode, a
cathode 20 located above the organic light emitting material,
and a first reflective metal layer 16 between the organic light
emitting material 18 and the pixel defining layer 12.
[0067] In the present embodiment, a method of forming
the light emitting unit in the via hole of the pixel defining
layer 12 comprises the steps of evaporating the anode 14 at
the bottom of the via hole; forming the first reflective metal
layer 16 on a sidewall of the via hole defined by the pixel
defining layer 12, the first reflective metal layer 16 is
disposed above the anode 14; forming an organic light
emitting material 18 above the anode, a sidewall of the
organic light emitting material 18 is disposed adjacent to the
first reflective metal layer 16; the cathode 20 is formed over
the organic light emitting material 18.

[0068] As shown in FIG. 3, in the present embodiment, a
method of evaporating the anode 14 at the bottom of the via
hole comprises the steps of forming the photoresist covering
a top and a sidewall of the pixel defining layer 12; forming
a stacked structure covering the photoresist and the via hole,
the stacked structure comprises a first transparent conductive
layer 142 at a bottom of the pixel defining layer 12, a second
reflective metal layer 144 disposed above the first transpar-
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ent conductive layer 142, and a second transparent conduc-
tive layer 146 above the second reflective metal layer 144;
removing the photoresist, and so that the stacked structure
over the photoresist is removed to form the anode 14 at the
bottom of the via hole.

[0069] In the present embodiment, as shown in FIG. 4 and
FIG. 5, forming the first reflective metal layer 16 on the
sidewall of the via hole of the pixel defining layer 12. The
method comprises the steps of forming a metal layer cov-
ering the anode 14, the top and sidewall of the pixel defining
layer 12, as shown in FIG. 5; forming the photoresist
covering the metal layer, and patterning the photoresist to
cover only a metal layer located on a sidewall of the pixel
defining layer 12; removing a metal layer not covered by the
photoresist by photolithography, and then removing the
photoresist, as shown in FIG. 5.

[0070] Thereafter, forming the organic light emitting
material 18 over the anode 14 and the cathode 20 over the
organic light emitting material 18 to form an OLED device,
as shown in FIG. 6.

[0071] The present invention forms a layer of reflective
metal on the sidewall adjacent to the luminescent material of
the pixel defining layer, so that the light emitted by the light
emitting units is reflected to the display screen by the pixel
defining layer instead of being absorbed by the pixel defin-
ing layer. Thereby, the reflectivity of the light is enhanced,
the luminous efficiency of the OLED device is greatly
improved, and the luminescent characteristics of the OLED
device are improved.

[0072] As is understood by persons skilled in the art, the
foregoing preferred embodiments of the present disclosure
are illustrative rather than limiting of the present disclosure.
It is intended that they cover various modifications and that
similar arrangements be included in the spirit and scope of
the present disclosure, the scope of which should be
accorded the broadest interpretation so as to encompass all
such modifications and similar structures.

What is claimed is:

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

a substrate;

a thin film transistor (TFT) layer on the substrate;

a pixel defining layer above the TFT layer, the pixel
defining layer having a via hole;

a light emitting unit located in the via hole of the pixel
defining layer, the light emitting unit comprises an
anode located at a bottom of the via hole, an organic
light emitting material above the anode, a cathode
located above the organic light emitting material, and a
first reflective metal layer between the organic light
emitting material and the pixel defining layer;

wherein the via hole of the pixel defining layer has a
rectangular cross section in a direction parallel to the
substrate, and an inverted trapezoid cross section per-
pendicular to the direction of the substrate; wherein, the
inverted trapezoid is an isosceles trapezoid, and an
angle between the waist of the inverted trapezoid and
the vertical direction is greater than or equal to 5°.

2. The OLED display panel according to claim 1, wherein
the anode of the light emitting unit is a laminated structure
of a first transparent conductive layer/a second reflective
metal layer/a second transparent conductive layer.
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3. The OLED display panel according to claim 2, wherein
a material of the first reflective metal layer and the second
reflective metal layer is silver.

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

a substrate;

a thin film transistor (TFT) layer on the substrate;

a pixel defining layer above the TFT layer, the pixel

defining layer having a via hole;

a light emitting unit located in the via hole of the pixel
defining layer, the light emitting unit comprises an
anode located at a bottom of the via hole, an organic
light emitting material above the anode, a cathode
located above the organic light emitting material, and a
first reflective metal layer between the organic light
emitting material and the pixel defining layer.

5. The OLED display panel according to claim 4, wherein
the anode of the light emitting unit is a laminated structure
of a first transparent conductive layer/a second reflective
metal layer/a second transparent conductive layer.

6. The OLED display panel according to claim 5, wherein
a material of the first reflective metal layer and the second
reflective metal layer is silver.

7. The OLED display panel according to claim 4, wherein
the via hole of the pixel defining layer has a rectangular
cross section in a direction parallel to the substrate, and an
inverted trapezoid cross section perpendicular to the direc-
tion of the substrate; wherein, the inverted trapezoid is an
isosceles trapezoid, and an angle between the waist of the
inverted trapezoid and the vertical direction is greater than
or equal to 5°.

8. A method of manufacturing an organic light emitting
diode (OLED) display panel comprising the steps of:

providing a substrate;

forming a thin film transistor (TFT) layer on the substrate;

forming a patterned pixel defining layer over the TFT
layer, the pixel defining layer having a via hole;

forming a light emitting unit in the via hole of the pixel
defining layer; wherein

the light emitting unit comprises an anode located at a
bottom of the via hole, an organic light emitting mate-
rial above the anode, a cathode located above the
organic light emitting material, and a first reflective
metal layer between the organic light emitting material
and the pixel defining layer.

9. The method of manufacturing an OLED display panel
according to claim 8, wherein a method of forming a
patterned pixel definition layer over the TFT layer comprises
the steps of:

depositing an insulating material layer over the thin film
transistor;

coating a photoresist over the insulating material layer;
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developing the photoresist with a set mask to remove the
photoresist over a region where the via hole is to be
formed;

removing the insulating material layer not covered by the

photoresist by etching, forming a via hole penetrating
the insulating material layer, exposing the thin film
transistor layer underlying the insulating material layer.

10. The method of manufacturing an OLED display panel
according to claim 9, wherein a method of etching the
insulating material layer is dry etching, comprising ion
milling etching, plasma etching, and reactive ion etching.

11. The method of manufacturing an OLED display panel
according to claim 8, wherein a method of forming a light
emitting unit in the via hole of the pixel defining layer
comprises the steps of:

evaporating the anode at the bottom of the via hole;

forming the first reflective metal layer on a sidewall of the

via hole defined by the pixel defining layer, the first
reflective metal layer is disposed above the anode;
forming an organic light emitting material above the
anode, a sidewall of the organic light emitting material
is disposed adjacent to the first reflective metal layer;
forming the cathode over the organic light emitting mate-
rial.

12. The method of manufacturing an OLED display panel
according to claim 11, wherein a method of evaporating the
anode at the bottom of the via hole comprises the steps of:

forming a photoresist covering a top and a sidewall of the

pixel defining layer;

forming a stacked structure covering the photoresist and

the via hole, the stacked structure comprises a first
transparent conductive layer at a bottom of the pixel
defining layer, a second reflective metal layer disposed
above the first transparent conductive layer, and a
second transparent conductive layer above the second
reflective metal layer;

removing the photoresist, and so that the stacked structure

over the photoresist is removed to form the anode at the
bottom of the via hole.

13. The method of manufacturing an OLED display panel
according to claim 11, wherein a method of forming a first
reflective metal layer on a sidewall of the via hole of the
pixel defining layer comprises the steps of:

forming a metal layer covering the anode, the top, and

sidewall of the pixel defining layer;

forming a photoresist covering the metal layer, and pat-

terning the photoresist to cover only a metal layer

located on a sidewall of the pixel defining layer;
removing a metal layer not covered by the photoresist by

photolithography, and then removing the photoresist.
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