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(57) ABSTRACT

A flexible organic light emitting diode display and a manu-
facturing method thereof are provided. The manufacturing
method includes steps of forming an active array layer and
a photoresist layer sequentially on a flexible substrate,
patterning the photoresist layer to form a plurality of pixel
units, forming a light emitting main layer between two of the
pixel units adjacent to each other, removing the pixel units
with an organic solvent, forming a conductive transport
layer on the light emitting main layer, and forming an
encapsulation layer on the conductive transport layer.
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FLEXIBLE ORGANIC LIGHT EMITTING
DIODE DISPLAY AND MANUFACTURING
METHOD THEREOF

FIELD OF THE INVENTION

[0001] The present disclosure relates to the technical field
of displays, and in particular to a flexible organic light
emitting diode display and a manufacturing method thereof.

BACKGROUND OF THE DISCLOSURE

[0002] Flexible optoelectronics are widely used in the next
generation of displays, lamination, sensors, and renewable
energy. In particular, organic optoelectronics, such as
organic light emitting diodes (OLEDs) and organic photo-
voltaic cells (OPV) have been employed in a variety of
wearable flexible smart electronic products, such as flexible
smart phones, foldable touch screens, and so on. In particu-
lar, flexible organic light emitting diodes (flexible OLED)
show great market potential.

[0003] However, during the bending or folding of a con-
ventional OLED, the pixel definition layer may be easily
separated from an OLED display layer, and current leakage
may easily occur between the organic light emitting units.
[0004] Therefore, it is necessary to provide a flexible
organic light emitting diode display and a manufacturing
method thereof to solve the problems existing in the prior
art.

SUMMARY OF THE INVENTION

[0005] An object of the present disclosure is to provide a
flexible organic light emitting diode display and a manufac-
turing method thereof, which prevent current leakage
between organic light emitting units.

[0006] To resolve the above technical problem, the present
disclosure provides a method for manufacturing a flexible
organic light emitting diode display, comprising steps of:

[0007] forming an active array layer on a flexible sub-
strate;
[0008] coating an organic negative photoresist material

onto the active array layer to form a photoresist layer;

[0009] patterning the photoresist layer to form a plurality
of pixel units;
[0010] forming a light emitting main layer between two of

the pixel units adjacent to each other, wherein the light
emitting main layer includes an anode, a hole transport layer,
a hole injection layer, and a light emitting layer;

[0011] removing the pixel units with an organic solvent;
[0012] forming a conductive transport layer on the light
emitting main layer, wherein the conductive transport layer
includes an electron transport layer, an electron injection
layer, and a cathode; and

[0013] forming a first organic layer, a first inorganic layer,
a second organic layer, and a second inorganic layer sequen-
tially on the conductive transport layer.

[0014] In the method for manufacturing the flexible
organic light emitting diode display, a thickness of the
photoresist layer ranges from 0.5 ym to 2 um.

[0015] In the method for manufacturing the flexible
organic light emitting diode display, a thickness of the first
organic layer and a thickness of the second organic layer
both range from 1 pm to 12 pum.

[0016] In the method for manufacturing the flexible
organic light emitting diode display, a material of the first
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organic layer is a low temperature heat curing compound or
an ultraviolet light curing compound.

[0017] In the method for manufacturing the flexible
organic light emitting diode display, a thickness of the first
inorganic layer and a thickness of the second inorganic layer
both range from 0.5 um to 1 pm.

[0018] In the method for manufacturing the flexible
organic light emitting diode display, a material of the first
inorganic layer includes at least one of zirconium aluminate,
graphene, alumina, zirconium dioxide, zinc oxide, silicon
nitride, silicon carbonitride, SiO, titanium dioxide, and
diamond-like carbon.

[0019] In the method for manufacturing the flexible
organic light emitting diode display, the method further
comprises a step of sequentially forming a third organic
layer and a third inorganic layer on the second inorganic
layer.

[0020] The present disclosure further provides a method
for manufacturing a flexible organic light emitting diode
display, comprising steps of:

[0021] forming an active array layer and a photoresist
layer sequentially on a flexible substrate;

[0022] patterning the photoresist layer to form a plurality
of pixel units;
[0023] forming a light emitting main layer between two of

the pixel units adjacent to each other, wherein the light
emitting main layer includes an anode, a hole transport layer,
a hole injection layer, and a light emitting layer;

[0024] removing the pixel units with an organic solvent;
[0025] forming a conductive transport layer on the light
emitting main layer, wherein the conductive transport layer
includes an electron transport layer, an electron injection
layer, and a cathode; and

[0026] forming an encapsulation layer on the conductive
transport layer.
[0027] In the method for manufacturing the flexible

organic light emitting diode display, the step of sequentially
forming the active array layer and the photoresist layer on a
flexible substrate comprises a step of coating an organic
negative photoresist material onto the active array layer to
form the photoresist layer.

[0028] In the method for manufacturing the flexible
organic light emitting diode display, a thickness of the
photoresist layer ranges from 0.5 pm to 2 pm.

[0029] In the method for manufacturing the flexible
organic light emitting diode display, the step of forming the
encapsulation layer on the conductive transport layer com-
prises a step of sequentially forming a first organic layer, a
first inorganic layer, a second organic layer, and a second
inorganic layer on the conductive transport layer.

[0030] In the method for manufacturing the flexible
organic light emitting diode display, a thickness of the first
organic layer and a thickness of the second organic layer
both range from 1 pm to 12 pm.

[0031] In the method for manufacturing the flexible
organic light emitting diode display, a material of the first
organic layer is a low temperature heat curing compound or
an ultraviolet light curing compound.

[0032] In the method for manufacturing the flexible
organic light emitting diode display, a thickness of the first
inorganic layer and a thickness of the second inorganic layer
both range from 0.5 um to 1 um.

[0033] In the method for manufacturing the flexible
organic light emitting diode display, a material of the first
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inorganic layer includes at least one of zirconium aluminate,
graphene, alumina, zirconium dioxide, zinc oxide, silicon
nitride, silicon carbonitride, SiO,, titanium dioxide, and
diamond-like carbon.

[0034] In the method for manufacturing the flexible
organic light emitting diode display, the method further
comprises a step of sequentially forming a third organic
layer and a third inorganic layer on the second inorganic
layer.

[0035] The present disclosure further provides a flexible
organic light emitting diode display, comprising

[0036] a flexible substrate;

[0037] an active array layer disposed on the flexible sub-
strate;

[0038] a light emitting main layer disposed on the active
array layer;

[0039] a conductive transport layer disposed on the light

emitting main layer; and

[0040] an encapsulation layer disposed on the conductive
transport layer.
[0041] In the flexible organic light emitting diode display,

a thickness of the photoresist layer ranges from 0.5 pm to 2
pm.

[0042] In the flexible organic light emitting diode display,
the encapsulation layer includes a first organic layer, a first
inorganic layer, a second organic layer, and a second inot-
ganic layer.

[0043] In the flexible organic light emitting diode display,
the encapsulation layer further includes a third organic layer
and a third inorganic layer.

[0044] In the flexible organic light emitting diode display
and the manufacturing method thereof in the present disclo-
sure, an organic material is employed to form a pixel
definition layer, so that the OLED display layer is covered
by the organic layer, thereby preventing the OLED display
layer from being separated from the pixel definition layer
during bending or folding. In addition, the organic material
is used as the pixel definition layer to isolate the organic
light emitting units, and the current leakage is effectively
prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] FIG. 1 is a schematic view of a first step of a
method for manufacturing a flexible organic light emitting
diode display of the present disclosure.
[0046] FIG. 2 is a schematic view of a second step of the
method for manufacturing a flexible organic light emitting
diode display of the present disclosure.
[0047] FIG. 3 is a schematic view of a third step of the
method for manufacturing a flexible organic light emitting
diode display of the present disclosure.
[0048] FIG. 4 is a schematic view of a fourth step of the
method for manufacturing a flexible organic light emitting
diode display of the present disclosure.
[0049] FIG. 5 is a schematic view of a fifth step of the
method for manufacturing a flexible organic light emitting
diode display of the present disclosure.
[0050] FIG. 6 is a schematic view of a sixth step of the
method for manufacturing a flexible organic light emitting
diode display of the present disclosure.
[0051] FIG. 7 is a schematic view of a seventh step of the
method for manufacturing a flexible organic light emitting
diode display of the present disclosure.
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[0052] FIG. 8 is a schematic view of an eighth step of the
method for manufacturing a flexible organic light emitting
diode display of the present disclosure.

[0053] FIG. 9 is a schematic view of a ninth step of the
method for manufacturing a flexible organic light emitting
diode display of the present disclosure.

[0054] FIG. 10 is a schematic view of a tenth step of the
method for manufacturing a flexible organic light emitting
diode display of the present disclosure.

[0055] FIG. 11 is a schematic view of an eleventh step of
the method for manufacturing a flexible organic light emit-
ting diode display of the present disclosure.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0056] The following description of the embodiments with
reference to the accompanying drawings is used to illustrate
particular embodiments of the present invention. The direc-
tional terms referred in the present invention, such as

LTI 34

“upper”, “lower”, “front”, “back™, “left”, “right”, “inner”,
“outer”, “‘side surface”, etc. are only directions with regard
to the accompanying drawings. Therefore, the directional
terms used for describing and illustrating the present inven-
tion are not intended to limit the present invention.

[0057] Refer to FIGS. 1-11. FIG. 1 is a schematic diagram
of a first step of a method for manufacturing a flexible
organic light emitting diode display of the present disclo-
sure.

[0058] The method for manufacturing the flexible organic
light emitting diode display of the present disclosure com-
prises the following steps.

[0059] In Step S101, an active array layer and a photore-
sist layer are sequentially formed on the flexible substrate.
[0060] As shown in FIG. 1, the active array layer 12 and
the photoresist layer 13 are sequentially formed on the
flexible substrate 11. The active array layer 12 has a plurality
of thin film transistors including a gate, a source, and a drain.
The active array layer 12 includes an active layer, which is
used for forming channels, a gate insulating layer, a first
metal layer, an interlayer insulating layer, and a second
metal layer.

[0061] In particular, the step may include the following
steps:
[0062] In Step S1011, an organic negative photoresist

material is coated onto the active array layer to form a
photoresist layer.

[0063] For example, a layer of the organic negative pho-
toresist material is coated on the active array layer 12 to
form the photoresist layer 13 by one of the methods, such as
ink jet printing (IJP), spin coating, slot coating, screen
printing, etc.

[0064] In an embodiment, the thickness of the photoresist
layer 13 ranges from 0.5 pm to 2 pm. When the thickness is
within this range, the organic light emitting units are effec-
tively defined and formed.

[0065] In Step S102, the photoresist layer is patterned to
form a plurality of pixel units.

[0066] As shown in FIG. 2, the photoresist layer 13 is
exposed and developed according to size of the organic light
emitting units (size of the R, G, and B pixels), to form a
plurality of the pixel units 131. That is, the photoresist layer
13 is used for forming a pixel definition layer, and the pixel
definition layer includes a plurality of the pixel units 131.
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[0067] In Step S103, a light emitting main layer is formed
between two of the pixel units, wherein the light emitting
main layer includes an anode, a hole transport layer, a hole
injection layer, and a light emitting layer.

[0068] As shown in FIG. 3, the anode, the hole transport
layer, the hole injection layer, and the light emitting layer 14
(which are shown as a single layer structure in the figure) are
sequentially deposited on the pixel units 131, respectively,
using a common mask and a fine metal mask, thereby
forming a deposition layer 141 on the pixel definition layer
13 and forming the light emitting main layer 142 between
two of the pixel units 131 adjacent to each other (e.g., R, G,
and B pixel definition regions). The light emitting main layer
142 includes R, G, and B light emitting main layers.
[0069] In Step S104, the pixel units are removed with an
organic solvent,

[0070] As shown in FIG. 4, the pixel units 131 are peeled
off with a fluorine-based organic solvent, so that the depo-
sition layer 141 located on the pixel units 131 is also
removed, thereby leaving only the light emitting main layer
142.

[0071] In Step S105, a conductive transport layer is
formed on the light emitting main layer, wherein the con-
ductive transport layer includes an electron transport layer,
an electron injection layer, and a cathode.

[0072] As shown in FIG. 5, an electron transport layer, an
electron injection layer, and a cathode (which are shown as
a single layer structure in the figure) are sequentially depos-
ited on the light emitting main layer 142 through a vapor
deposition process to form a conductive transport layer 15.
The conductive transport layer 15 together with the light
emitting main layer 142 forms an intact OLED display layer,
wherein the OLED display layer includes a plurality of
organic light emitting units.

[0073] In Step S106, an encapsulating layer is formed on
the conductive transport layer.

[0074] In particular, the step may include the following
steps:
[0075] In Step S1061, a first organic layer is formed on the

conductive transport layer.

[0076] As shown in FIG. 6, an organic material is coated
on the conductive transport layer 15, again using one of the
methods, such as LIP, spin-coating, screen printing, and slot
coating to form a first organic layer 16. The first organic
layer 16 serves to flatten the surface of the flexible organic
light emitting diode display. Material of the organic layer 16
may be a low temperature heat curing compound or an
ultraviolet (UV) light curing compound. The resulting poly-
mer may be any one of an acrylic type polymer, a silane type
polymer, and an epoxy resin polymer.

[0077] Thickness of the first organic layer 16 ranges from
1 um to 12 pm. When the thickness is within this range, the
surface of the organic light emitting diode may be flattened
without increasing thickness of the display.

[0078] In Step S1062, a first inorganic layer is formed on
the first organic layer.

[0079] As shown in FIG. 7, an inorganic material is
deposited on the first organic layer 16, using one of the
methods, such as atomic layer deposition (ALD), pulsed
laser deposition (PLD), sputtering, plasma enhanced chemi-
cal vapor deposition (PECVD), etc., to form a first inorganic
layer 17 for blocking outside moisture and oxygen.

[0080] The material of the first inorganic layer 17 includes
at least one of a metal oxide or a metal sulfide, a non-
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metallic oxide or a non-metallic sulfide. In particular, the
material of the first inorganic layer may includes at least one
of ZrAlLO, (zirconium aluminate), graphene, alumina
(AL, O;), zirconium dioxide (ZrO,), zinc oxide (Zn0O,),
silicon nitride (SiN,), silicon carbonitride (SiCN), SiO,,
titanium dioxide (Ti0,), and diamond-like carbon. Since
these materials are insoluble in water and do not react with
oxygen, corrosion resistance is strong, so that the first
inorganic layer 17 has the characteristic of effectively block-
ing moisture and oxygen. Thus, the organic light emitting
units may be effectively prevented from being corroded.
[0081] The thickness of the first inorganic layer 17 ranges
from 0.5 ym into 1 pm. When the thickness is within this
range, the first inorganic layer 17 may effectively block the
outside moisture and oxygen without increasing the thick-
ness of the display.

[0082] In Step S1063, a second organic layer is formed on
the first inorganic layer.

[0083] As shown in FIG. 8, an organic material is coated
on the first inorganic layer, again using one of the methods,
such as UP, spin-coating, screen printing, and slot coating to
form a second organic layer 18. The second organic layer 18
serves to relieve the stress generated during bending.
[0084] Thickness of the second organic layer 18 ranges
from 1 pm to 12 pum. When the thickness is within this range,
the second organic layer 18 may effectively protect the
organic light emitting diode without increasing thickness of
the display.

[0085] In Step S1064, a second inorganic layer is formed
on the second organic layer.

[0086] As shown in FIG. 9. an inorganic material is
deposited on the second organic layer 18 by using one of the
methods, such as PECVD, ALD, PLD, sputtering, etc., to
form a second inorganic layer 19, which is used for blocking
outside moisture and oxygen. The thickness or the material
of the second inorganic layer 19 may be the same as the
thickness or the material of the first inorganic layer 17.
[0087] Preferably, the aforementioned method may further
comprise the following steps:

[0088] In Step S107, a third organic layer is formed on the
second inorganic layer.

[0089] As shown in FIG. 10, an organic material is coated,
using one of the methods, such as 1JP, spin-coating, screen
printing, and slot coating to form a third organic layer 20.
The thickness or the material of the third organic layer 20
may be the same as the thickness or the material of the first
organic layer 16 or the second organic layer 18.

[0090] In Step S108, a third inorganic layer is formed on
the third organic layer.

[0091] As shown in FIG. 11, an inorganic material is
deposited on the third organic layer 20 by using one of the
methods, such as PECVD, ALD, PLD, sputtering, etc., to
form a third inorganic layer 21. The thickness or the material
of the third inorganic layer 21 may be the same as the
thickness or the material of the first inorganic layer 17 or the
second inorganic layer 19.

[0092] Since the organic layer and the inorganic layer are
further disposed on the second inorganic layer, the ability to
block the outside moisture and oxygen is further enhanced,
and the organic light emitting diode is effectively protected.
[0093] Since the organic material is used as the pixel
definition layer to isolate the organic light emitting units, the
current leakage is effectively prevented, and the organic
light emitting units are prevented from being deformed or
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peeled off during bending or folding. In addition, the inor-
ganic and organic alternating packaging structure is
employed to improve the lifespan of components, in order to
achieve the technology of the full color flexible OLED
displays with high resolution RGB.

[0094] As shown in FIG. 9, an embodiment of the present
disclosure provides a flexible organic light emitting diode
display including a flexible substrate 11, an active array
layer 12, a light emitting main layer 142, a conductive
transport layer 15, and an encapsulation layer 16-19. The
active array layer 12 is located on the flexible substrate 11,
the light emitting main layer 142 is located on the active
array layer 12, the conductive transport layer 15 is located
on the light emitting main layer 142, and the encapsulation
layers 16-19 are located on the conductive transport layer
15.

[0095] In the flexible organic light emitting diode display,
and the manufacturing method thereof in the present disclo-
sure, an organic material is employed to form a pixel
definition layer so that the OLED display layer is covered in
the organic layer, thereby preventing the OLED display
layer from being separated from the pixel definition layer
during bending or folding. In addition, the organic material
is used as the pixel definition layer to isolate the organic
light emitting units, and the current leakage is effectively
prevented.

[0096] In summary, although the preferable embodiments
of the present invention have been disclosed above, the
embodiments are not intended to limit the present invention.
A person of ordinary skill in the art, without departing from
the spirit and scope of the present invention, can make
various modifications and variations. Therefore, the scope of
the invention is defined in the claims.

What is claimed is:

1. A method for manufacturing a flexible organic light
emitting diode display, comprising steps of:

forming an active array layer on a flexible substrate;

coating an organic negative photoresist material onto the

active array layer, to form a photoresist layer;
patterning the photoresist layer to form a plurality of pixel
units;

forming a light emitting main layer between two of the

pixel units adjacent to each other,

wherein the light emitting main layer includes an anode,

a hole transport layer, a hole injection layer, and a light
emitting layer;

removing the pixel units with an organic solvent;

forming a conductive transport layer on the light emitting

main layer, wherein the conductive transport layer
includes an electron transport layer, an electron injec-
tion layer, and a cathode; and

forming a first organic layer, a first inorganic layer, a

second organic layer, and a second inorganic layer
sequentially on the conductive transport layer.

2. The method for manufacturing the flexible organic light
emitting diode display as claimed in claim 1, wherein a
thickness of the photoresist layer ranges from 0.5 um to 2
pm.

3. The method for manufacturing the flexible organic light
emitting diode display as claimed in claim 1, wherein a
thickness of the first organic layer and a thickness of the
second organic layer both range from 1 ym to 12 pm.

4. The method for manufacturing the flexible organic light
emitting diode display as claimed in claim 1, wherein a
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material of the first organic layer is a low temperature heat
curing compound or an ultraviolet light curing compound.

5. The method for manufacturing the flexible organic light
emitting diode display as claimed in claim 1, wherein a
thickness of the first inorganic layer and a thickness of the
second inorganic layer both range from 0.5 ym to 1 pum.

6. The method for manufacturing the flexible organic light
emitting diode display as claimed claim 1, wherein a mate-
rial of the first inorganic layer includes at least one of
zirconium aluminate, graphene, alumina, zirconium dioxide,
zine oxide, silicon nitride, silicon carbonitride, SiO,, tita-
nium dioxide, and diamond-like carbon.

7. The method for manufacturing the flexible organic light
emitting diode display as claimed in claim 1, further com-
prising a step of:

forming a third organic layer and a third inorganic layer

sequentially on the second inorganic layer.

8. A method for manufacturing a flexible organic light
emitting diode display, comprising steps of:

forming an active array layer and a photoresist layer

sequentially on a flexible substrate;

patterning the photoresist layer to form a plurality of pixel

units;

forming a light emitting main layer between two of the

pixel units adjacent to each other,

wherein the light emitting main layer includes an anode,

a hole transport layer, a hole injection layer, and a light
emitting layer;

removing the pixel units with an organic solvent;

forming a conductive transport layer on the light emitting

main layer, wherein the conductive transport layer
includes an electron transport layer, an electron injec-
tion layer, and a cathode; and

forming an encapsulation layer on the conductive trans-

port layer.

9. The method for manufacturing the flexible organic light
emitting diode display as claimed in claim 8, wherein the
step of sequentially forming the active array layer and the
photoresist layer on a flexible substrate comprises a step of
coating an organic negative photoresist material onto the
active array layer to form the photoresist layer.

10. The method for manufacturing the flexible organic
light emitting diode display as claimed in claim 8, wherein
a thickness of the photoresist layer ranges from 0.5 um to 2
pm.

11. The method for manufacturing the flexible organic
light emitting diode display as claimed in claim 8, wherein
the step of forming the encapsulation layer on the conduc-
tive transport layer comprises a step of forming a first
organic layer, a first inorganic layer, a second organic layer,
and a second inorganic layer sequentially on the conductive
transport layer.

12. The method for manufacturing the flexible organic
light emitting diode display as claimed in claim 11, wherein
a thickness of the first organic layer and a thickness of the
second organic layer both range from 1 pm to 12 pm.

13. The method for manufacturing the flexible organic
light emitting diode display as claimed in claim 11, wherein
a material of the first organic layer is a low temperature heat
curing compound or an ultraviolet light curing compound.

14. The method for manufacturing the flexible organic
light emitting diode display as claimed in claim 11, wherein
a thickness of the first inorganic layer and a thickness of the
second inorganic layer both range from 0.5 um to 1 um.
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15. The method for manufacturing the flexible organic
light emitting diode display as claimed claim 11, wherein a
material of the first inorganic layer includes at least one of
zirconium aluminate, graphene, alumina, zirconium dioxide,
zinc oxide, silicon nitride, silicon carbonitride, SiO,, tita-
nium dioxide, and diamond-like carbon.

16. The method for manufacturing the flexible organic
light emitting diode display as claimed in claim 1, further
comprising a step of:

forming a third organic layer and a third inorganic layer

sequentially on the second inorganic layer.

17. A flexible organic light emitting diode display, com-
prising

a flexible substrate;

an active array layer disposed on the flexible substrate;

a light emitting main layer disposed on the active array

layer;

a conductive transport layer disposed on the light emitting

main layer; and

an encapsulation layer disposed on the conductive trans-

port layer.

18. The flexible organic light emitting diode display as
claimed in claim 17, wherein a thickness of the photoresist
layer ranges from 0.5 pm to 2 pm.

19. The flexible organic light emitting diode display as
claimed in claim 17, wherein the encapsulation layer
includes a first organic layer, a first inorganic layer, a second
organic layer, and a second inorganic layer.

20. The flexible organic light emitting diode display as
claimed in claim 19, wherein the encapsulation layer further
includes a third organic layer and a third inorganic layer.
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