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FIG. 9
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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND MANUFACTURING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the ben-
efit of Korean Patent Application No. 10-2015-0085182,
filed on Jun. 16, 2015, which is hereby incorporated by
reference for all purposes as if fully set forth herein.

BACKGROUND

[0002] Field

[0003] Exemplary embodiments relate to an organic light
emitting diode display and a manufacturing method thereof.
[0004] Discussion of the Background

[0005] Because an organic light emitting diode (OLED)
display has a self-luminance characteristic and does not
require a separate light source, unlike a liquid crystal dis-
play, and has several desirable operational characteristics,
such as low power consumption, high luminance, and a high
response speed, OLED devices have received attention as a
next-generation display device.

[0006] In general, a screen printing method, a photosen-
sitive paste method using a photolithography process, and an
ink-jet printing method are used to form an organic emission
layer for such an organic light emitting diode display, and
the ink-jet printing method has received attention because a
print pattern can be formed for a large-sized substrate.
[0007] More specifically, the ink-jet printing method is a
method in which attaching ink in a desired pattern by
spraying ink from a nozzle through pressure of an organic
material is used for forming an organic emission layer on the
substrate

[0008] However, such an ink-jet printing method has a
problem in adjusting the amount of ink for each nozzle, and
thus, organic emission layers formed by attaching organic
ink on a substrate may exhibit significant thickness devia-
tion, such that, in a process for forming organic emission
layers in a large-sized substrate, the duration of time for
drying an organic emission layer formed in an initial pro-
cessing stage and the duration of time for drying an organic
emission layer formed in the last processing stage are
different from each other, thereby producing a defective
surface in the light emission layer. Further, the thickness
deviations in the patterns and the differences in the durations
of time for drying causes non-uniformity in luminance of the
organic light emitting diode display, thereby causing a
reduction in display quality.

[0009] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the inventive concept, and, therefore, it
may contain information that does not form the prior art that
is already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0010] Exemplary embodiments provide an organic light
emitting diode display in which the uniformity of the
thickness of organic emission layers can be significantly
improved by including an intermediate pattern layer, and
which can assure excellent luminance uniformity by assur-
ing a similar drying speed even if the organic emission
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layers are formed using an inkjet printing method, along
with a manufacturing method thereof.

[0011] Additional aspects will be set forth in the detailed
description which follows, and, in part, will be apparent
from the disclosure, or may be learned by practice of the
inventive concept.

[0012] An exemplary embodiment of the present inven-
tion discloses: a plurality of pixel electrodes disposed on a
substrate; a pixel defining layer disposed on the pixel
electrodes and including a plurality of openings respectively
exposing the pixel electrodes; a plurality of organic emission
layers respectively disposed on the pixel electrodes; and
intermediate pattern layers respectively disposed between
the pixel electrodes and the organic emission layers. The
intermediate pattern layers include a plurality of first pat-
terns that are extended while being respectively connected
along the openings neighboring along a predetermined path.
[0013] An exemplary embodiment also discloses a method
of manufacturing an organic light emitting diode display,
including: forming a plurality of pixel electrodes on a
substrate; forming a pixel defining layer including a plurality
of openings that respectively expose the plurality of pixel
electrodes on the plurality of pixel electrodes; forming an
intermediate pattern layer including a plurality of first pat-
terns that are extended while being connected along the
plurality of openings that neighbor each other along a
predetermined path using a photolithography process on a
substrate where the plurality of pixel defining layers is
formed; and forming a plurality of organic emission layers
on the plurality of first patterns using an inkjet printing
method, wherein the forming of the intermediate pattern
layer is performed to make the respective corresponding
pixel electrode portions of the first patterns, disposed to
respectively correspond to the plurality of pixel electrodes,
have the same height.

[0014] The organic light emitting diode display according
to the exemplary embodiment of the present invention can
significantly improve the uniformity of the thickness of
organic emission layers, and can assure excellent luminance
uniformity because time required for drying each organic
emission layer is similar to one another, even if the organic
emission layers are formed using an inkjet printing method.
[0015] The foregoing general description and the follow-
ing detailed description are exemplary and explanatory and
are intended to provide further explanation of the claimed
subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings, which are included
to provide a further understanding of the inventive concept,
and are incorporated in and constitute a part of this speci-
fication, illustrate exemplary embodiments of the inventive
concept, and, together with the description, serve to explain
principles of the inventive concept.

[0017] FIG. 1 is a perspective view of an organic light
emitting diode display according to an exemplary embodi-
ment of the present invention.

[0018] FIG. 2, FIG. 3, and FIG. 4 are cross-sectional views
of the organic light emitting diode display according to an
exemplary embodiment of the present invention.

[0019] FIG. 5, FIG. 6, FIG. 7, and FIG. 8 are top plan
views of the organic light emitting diode display according
to an exemplary embodiment of the present invention.
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[0020] FIG. 9 illustrates a flowchart of a process in the
manufacturing of the organic light emitting diode display
according to an exemplary embodiment of the present
invention.

[0021] FIG. 10A and FIG. 10B illustrate a method of
manufacturing the organic light emitting diode display
according to an exemplary embodiment of the present
invention.

[0022] FIG. 11A, FIG. 11B, FIG. 11C, and FIG. 11D
illustrate a method of manufacturing the organic light emit-
ting diode display according to another exemplary embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0023] In the following description, for the purposes of
explanation, numerous specific details are set forth in order
to provide a thorough understanding of various exemplary
embodiments. It is apparent, however, that various exem-
plary embodiments may be practiced without these specific
details or with one or more equivalent arrangements. In
other instances, well-known structures and devices are
shown in block diagram form in order to avoid unnecessarily
obscuring various exemplary embodiments.

[0024] In the accompanying figures, the size and relative
sizes of layers, films, panels, regions, etc., may be exagger-
ated for clarity and descriptive purposes. Also, like reference
numerals denote like elements.

[0025] When an element or layer is referred to as being
“on,” “connected to,” or “coupled to” another element or
layer, it may be directly on, connected to, or coupled to the
other element or layer or intervening elements or layers may
be present. When, however, an element or layer is referred
to as being “directly on,” “directly connected to,” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. For the purposes of
this disclosure, “at least one of X, Y, and Z” and “at least one
selected from the group consisting of X, Y, and Z” may be
construed as X only, Y only, Z only, or any combination of
two or more of X, Y, and Z, such as, for instance, XYZ,
XYY, YZ, and ZZ. Like numbers refer to like elements
throughout. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

[0026] Although the terms first, second, etc. may be used
herein to describe various elements, components, regions,
layers, and/or sections, these elements, components, regions,
layers, and/or sections should not be limited by these terms.
These terms are used to distinguish one element, component,
region, layer, and/or section from another element, compo-
nent, region, layer, and/or section. Thus, a first element,
component, region, layer, and/or section discussed below
could be termed a second element, component, region, layer,
and/or section without departing from the teachings of the
present disclosure.

[0027] Spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper,” and the like, may be
used herein for descriptive purposes, and, thereby, to
describe one element or feature’s relationship to another
element(s) or feature(s) as illustrated in the drawings. Spa-
tially relative terms are intended to encompass different
orientations of an apparatus in use, operation, and/or manu-
facture in addition to the orientation depicted in the draw-
ings. For example, if the apparatus in the drawings is turned

2 <
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over, elements described as “below” or “beneath” other
elements or features would then be oriented “above” the
other elements or features. Thus, the exemplary term
“below” can encompass both an orientation of above and
below. Furthermore, the apparatus may be otherwise ori-
ented (e.g., rotated 90 degrees or at other orientations), and,
as such, the spatially relative descriptors used herein inter-
preted accordingly.

[0028] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting. As used herein, the singular forms, “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. Moreover, the terms
“comprises,” comprising,” “includes,” and/or “including,”
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0029] Various exemplary embodiments are described
herein with reference to sectional illustrations that are sche-
matic illustrations of idealized exemplary embodiments and/
or intermediate structures. As such, variations from the
shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, exemplary embodiments disclosed herein
should not be construed as limited to the particular illus-
trated shapes of regions, but are to include deviations in
shapes that result from, for instance, manufacturing. For
example, an implanted region illustrated as a rectangle will,
typically, have rounded or curved features and/or a gradient
of implant concentration at its edges rather than a binary
change from implanted to non-implanted region. Likewise,
a buried region formed by implantation may result in some
implantation in the region between the buried region and the
surface through which the implantation takes place. Thus,
the regions illustrated in the drawings are schematic in
nature and their shapes are not intended to illustrate the
actual shape of a region of a device and are not intended to
be limiting.

[0030] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure is a part. Terms, such as those
defined in commonly used dictionaries, should be inter-
preted as having a meaning that is consistent with their
meaning in the context of the relevant art and will not be
interpreted in an idealized or overly formal sense, unless
expressly so defined herein.

[0031] FIG. 1 is a perspective view of an organic light
emitting diode display according to an exemplary embodi-
ment of the present invention, and FIG. 2 is a cross-sectional
view of the organic light emitting diode display according to
an exemplary embodiment of the present invention.

[0032] Referring to FIG. 1 and FIG. 2, an organic light
emitting diode display includes a substrate 110, a driving
thin film transistor T2, a pixel electrode 50, a pixel defining
layer 350, an organic emission layer 70, an intermediate
pattern layer 60, and a common electrode 8§0.

[0033] A plurality of pixel electrodes 50 and the common
electrodes 80 may be disposed, and one of the pixel elec-
trode 50 and the common electrode 80 may be an anode
serving as a hole injection electrode, and the other one of the
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pixel electrode 50 and the common electrode 80 may be a
cathode serving as an electron injection electrode.

[0034] The substrate 110 may include a display area DA
displaying an image and a non-display area NDA surround-
ing the display area DA. The substrate 110 may be made of
a rigid material, such as glass, metal, or synthetic resin, or
may be made of a flexible material, such as polyimide (PI),
polyethyleneterephthalate (PET), and the like. That is, in the
present exemplary embodiment, the substrate 110 may be
made of various materials, rather than being limited to a
specific type, characteristic, or material.

[0035] A buffer layer (not shown) may be disposed on the
substrate 110. The buffer layer prevents permeation of
impure elements and provides a flat surface.

[0036] The buffer layer may be made of various materials
that can provide the above-stated functions. For example,
one of a silicon nitride (SiN) layer, a silicon oxide (SiO,)
layer, and silicon oxynitride (SiO,N,) layer may be used as
the buffer layer. However, the buffer layer is not required,
and may be omitted according to a type or a process
condition of the substrate 110.

[0037] A driving semiconductor layer 137 is then formed
on the buffer layer. The driving semiconductor layer 137
may be made of a material including polysilicon. Further,
the driving semiconductor layer 137 includes a channel
region 135 in which impurities are not doped, and a source
region 134 and a drain region 136 in which the impurities are
doped at both sides of the channel region 135. In this case,
the doped ion materials are P-type impurities, such as boron
(B), and B,H, is mainly used. Here, the impurities vary
according to the type of thin film transistor used.

[0038] A gateinsulating layer 127 made of a silicon nitride
(SiN,) or a silicon oxide (Si0,) is formed on the driving
semiconductor layer 137. A gate wire, including a driving
gate electrode 133, is formed on the gate insulating layer
127. In addition, the driving gate electrode 133 is formed to
overlap at least a part of the driving semiconductor layer
137, particularly the channel region 135.

[0039] An interlayer insulating layer 128 covering the
driving gate electrode 133 is formed on the gate insulating
layer 127. A first contact hole and a second contact hole that
expose the source area 134 and the drain area 136 of the
driving semiconductor 137 are formed in the gate insulating
layer 127 and the interlayer insulating layer 128. Like the
gate insulating layer 127, the interlayer insulating layer 128
may be made of a material such as a silicon nitride (SiN,) or
a silicon oxide (SiO,).

[0040] In addition, a data wire including a driving source
electrode 131 and a driving drain electrode 132 may be
disposed on the interlayer insulating layer 128. Further, the
driving source electrode 131 and the driving drain electrode
132 are respectively connected to the source area 134 and
the drain area 136 of the driving semiconductor layer 137
through the first contact hole and the second contact hole
respectively formed in the interlayer insulating layer 128
and the gate insulating layer 127.

[0041] As described, the driving thin film transistor 130,
including the driving semiconductor layer 137, the driving
gate electrode 133, the driving source electrode 131, and the
driving drain electrode T2, is formed. The configuration of
the driving thin film transistor T2 is not limited to the
aforementioned example, and may be variously modified as
aknown configuration which may be easily implemented by
those skilled in the art.
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[0042] A planarization layer 124 covering the data wire is
formed on the interlayer insulating layer 128. The planariza-
tion layer 124 serves to remove and planarize a step in order
to increase emission efficiency of the organic light emitting
element to be formed thereon. Further, the planarization
layer 124 has a third contact hole exposing a part of the drain
electrode 132.

[0043] Here, the structure of the organic light emitting
diode display according to the exemplary embodiment of the
present invention is not limited to the aforementioned struc-
ture, and in some cases, one of the planarization layer 124
and the interlayer insulating layer 128 may be omitted.
[0044] The pixel electrodes 50 of the organic light emit-
ting diode are disposed on the planarization layer 124, and
the pixel electrode 50 may operate the organic light emitting
diode display by receiving an electric signal and transmitting
electrons or holes to the organic emission layer 70 in the
present exemplary embodiment.

[0045] Thus, the organic light emitting diode display
according to an exemplary embodiment of the present
invention includes the plurality of pixel electrodes 50, each
disposed in each pixel Px. In this case, the pixel electrodes
50 are separated from each other. Further, each of the pixel
electrodes 50 are connected with a drain electrode 132
through the third contact hole of the planarization layer 124.
[0046] Pixel defining layers 350, where openings that
expose pixel electrodes 50 are respectively formed, are
disposed on the planarization layer 124

[0047] The openings are formed between the pixel defin-
ing layers 350 respectively corresponding to the plurality of
pixels Px. That is, the openings of the pixel defining layers
350 that expose the pixel electrodes 50 may define areas of
the respective pixels Px.

[0048] The pixel electrodes 50 are arranged to correspond
to the respective openings of the pixel defining layers 350.
However, the pixel electrode 50 may be disposed below the
pixel defining layer 350 such that the pixel electrode 50 may
partially overlap the pixel defining layer 350, as shown in
FIG. 2, rather than being disposed only in the opening of the
pixel defining layer 350.

[0049] The organic emission layers 70 are disposed on the
pixel electrodes 50, and intermediate pattern layers 60 are
disposed respectively between the pixel electrodes 50 and
the organic emission layers 70. The structure of the inter-
mediate pattern layer 60 and the structure of the organic
emission layer 70 will be described in detail later.

[0050] A common electrode 80 may be disposed on the
organic emission layer 70. As such, an organic light emitting
diode (OLED), including the pixel electrode 50, the inter-
mediate pattern layer 60, the organic emission layer 70, and
the common electrode 80, is formed.

[0051] The pixel electrode 50 and the common electrode
80 may be made of a transparent conductive material or a
transflective or reflective conductive material. Further,
according to the type of material that forms the pixel
electrode 50 and the common electrode 80, the organic light
emitting diode display may be a top emission type, a bottom
emission type, or a double-sided emission type.

[0052] An encapsulation layer (not shown) may be further
disposed on the common electrode 80. The encapsulation
layer may prevent permeation of moisture and/or oxygen
from the outside by encapsulating the organic light emitting
diode. The upper surface of the encapsulation layer may be
a flat surface. The encapsulation layer may include a plu-
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rality of thin film layers and, for example, may have a
multi-layered structure including at least one of an inorganic
layer and an organic layer.

[0053] FIG. 3 and FIG. 4 illustrate cross-sectional views
of the organic light emitting diode display according to an
exemplary embodiment of the present invention. Hereinaf-
ter, the organic emission layer 70 according to various
exemplary embodiments of the present invention will be
described with reference to FIG. 3 and FIG. 4, together with
FIG. 2, and a vertical cross-sectional structure of the inter-
mediate pattern layer 60 according to the various exemplary
embodiments of the organic emission layer 70 will be
described.

[0054] In the present exemplary embodiment, the organic
emission layer 70 is formed on the pixel electrode 50, and
the intermediate pattern layer 60 is disposed between the
pixel electrode 50 and the organic emission layer 70.

[0055] First, the organic emission layer 70 may be made of
a low-molecular material or a high-molecular material, such
as PEDOT (Poly 3,4-ethylenedioxythiophene).

[0056] The organic emission layer 70 according to the
present exemplary embodiment may include a primary emis-
sion layer. The primary emission layer may be at least one
of a red organic emission layer emitting a red color, a green
organic emission layer emitting a green color, and a blue
organic emission layer emitting a blue color, and the red
organic emission layer, the green organic emission layer, and
the blue organic emission layer form a red pixel, a green
pixel, and a blue pixel, respectively, thereby implementing
a color image.

[0057] The organic emission layer 70 may have a multi-
layered structure that further includes one or more organic
layers, such as an electron transporting layer (ETL), an
electron injection layer (FIL), and the like, formed above the
organic emission layer 70 adjacent to the common electrode
80, that is, above and in addition to the primary emission
layer.

[0058] Next, as shown in FIG. 3 and FIG. 4, the organic
emission layer 70 may further include an auxiliary organic
layer 71 disposed in a lower portion of the organic emission
layer 70, which is adjacent to the pixel electrode 50.

[0059] In this case, the auxiliary organic layer 71 may
have a multi-layered structure in which one or more layers
among a hole injection layer (HIL) and a hole transporting
layer (HTL) are sequentially layered.

[0060] In the organic light emitting diode display accord-
ing to the exemplary embodiment of the present invention,
as shown in FIG. 2, the intermediate pattern layer 60 may be
disposed between the pixel electrode 50 and the organic
emission layer 70.

[0061] Selectively, as shown in FIG. 3, the intermediate
pattern layer 60 may be formed between the pixel electrode
50 and the auxiliary organic layer 71, and as shown in FIG.
4, the intermediate pattern layer 60 may be formed between
the auxiliary organic layer 71 and the organic emission layer
70. Alternatively, although it is not illustrated, the interme-
diate pattern layer 60 may be disposed between respective
layers of the auxiliary organic layer 71 of the above-stated
multi-layered structure. Thus, in the present exemplary
embodiment, the intermediate pattern layer 60 may be
disposed between respective layers of the organic layer
having a multi-layered structure formed through an ink jet
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printing process, and the location or the intermediate pattern
layer 60 is not necessarily limited in a vertical cross-
sectional view.

[0062] FIG. 5 to FIG. 8 respectively illustrate top plan
views of the organic light emitting diode displays according
to an exemplary embodiment of the present invention.
Hereinafter, referring to FIG. 5 to FIG. 8, together with FIG.
2, a horizontal cross-section shape of the intermediate pat-
tern layer 60 according to various exemplary embodiments
of the present invention will be described.

[0063] In the display area DA of the substrate 110, an
opening in the pixel defining layer 350, exposing the pixel
electrode 50, defines each pixel Px area. The organic emis-
sion layer 70 may be disposed on the pixel electrode 50, and
therefore, each pixel Px area corresponds to each opening.
[0064] Such a plurality of openings, i.e., the respective
pixel Px areas, may be formed in a straight line, a curved
line, etc.

[0065] Referring to FIG. 5 to FIG. 7, the respective pixel
Px areas refined by the plurality of openings may be aligned
in a row along a first direction (i.e., x-axis direction) and a
second direction (i.e., y-axis) that crosses the first direction
in the display area DA of the substrate 110.

[0066] Here, in FIG. 5 to FIG. 7, the first direction and the
second direction perpendicularly cross each other, but the
respective pixels Px may be arranged in a zigzag pattern
rather than being linearly arranged in one of the first and
second directions.

[0067] Further, referring to FIG. 8, the respective pixels
Px defined by the plurality of openings may be separated
from each other with a constant gap on a spirally curved line
in the display area DA of the substrate 110. In this case, the
respective pixel Px may be disposed at a distance from each
other on the same spirally curved line, or as shown in FIG.
8, may be disposed at a distance from each other on a
plurality of spirally curved lines.

[0068] Each organic emission layer 70 formed in each
pixel Px may have various shapes, such as a rounded
quadrangle, a circle, a triangle, a rhombus shape, and the
like, and not limited to any specific shape. However, in FIG.
5 to FIG. 8, each pixel Px is formed in the shape of a
quadrangle.

[0069] The intermediate pattern layer 60 according to the
present exemplary embodiment includes a plurality of first
patterns extended along every neighboring opening along a
predetermined path. In this case, because the predetermined
path of the plurality of openings is changed according to an
alignment shape of the respective pixels Px, the first patterns
may be extended along the same path.

[0070] Referring to FIG. 5, the intermediate pattern layer
60 includes a plurality of first patterns 60a extended in the
second direction (i.e., y-axis direction) where the plurality of
openings are located, and each first pattern 60a has a straight
light shape and the respective first patterns 60a are parallel
with each other along the first direction (x-axis direction).
Further, the intermediate pattern layer 60 further includes a
plurality of second patterns 605 connected to the first
patterns 60a, but extended in the non-display area NDA in
a direction that crosses the first pattern 60a.

[0071] Referring back to FIG. 2, the intermediate pattern
layer 60, specifically, the first pattern 60a, is formed to cover
lateral side walls 351 of the pixel defining layer 350 and a
part of lateral upper portions of the pixel defining layer 350,
neighboring the side walls 351. Further, each first pattern
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60 includes a portion corresponding to portion A located to
correspond to each pixel electrode 50, and the pixel elec-
trode corresponding portions A have the same height H from
the substrate 110.

[0072] In the present exemplary embodiment, the pixel
electrodes 50 corresponding to portions A included in the
intermediate pattern layers 60 formed in the respective pixel
Px have the same height H. Thus, when the organic emission
layers 70 are formed on the pixel electrode corresponding
portions A, the uniformity of the thickness of the organic
emission layers 70 can be remarkably improved.

[0073] In addition, when the respective pixels Px are
arranged in a matrix format along the first and second
directions, the intermediate pattern layer 60 may further
include the second pattern 605 extended in the non-display
area NDA while being connected to the first pattern 60a. In
this case, because the organic emission layers 70 are formed
on the first patterns 60a and the second patterns 605
extended while being connected to the first pattern 60a, the
thickness can be more uniform.

[0074] In an exemplary embodiment of the present inven-
tion, the first pattern 60a and the second pattern 605 of the
intermediate pattern layer 60, may be connected to form, for
example, a ladder shape, as shown in FIG. 5. Specifically,
the first patterns 60a, each having a predetermined width,
form a plurality of straight line patterns extended in the
second direction (y-axis direction) and arranged parallel to
each other along the first direction (x-axis direction) that
crosses the second direction.

[0075] The second patterns 60b are respectively connected
to lateral ends of the first patterns 60a and extended in the
first direction such that they form a ladder shape. In this
case, the plurality of organic emission layers 70 disposed on
the first patterns 60e emit light of the same color.

[0076] In an exemplary embodiment of the present inven-
tion, as shown in FIG. 6, the intermediate pattern layer 60
may further include third patterns 615 and fourth patterns
6160, in addition to first and second patterns 61a and 60aa.
[0077] Specifically, the first patterns 6la and the third
patterns 615, each having a predetermined width, form a
plurality of straight line patterns extended along a second
direction (y-axis direction) and arranged parallel to each
other in a first direction (x-axis direction), and the first
patterns 6la and the third patterns 615 are alternately
arranged.

[0078] In addition, the second patterns 61aa are connected
to one end of the first patterns 61« and are extended in the
first direction.

[0079] Further, the fourth patterns 6155 are connected to
one end of the third patterns 615, and are extended in the first
direction in the non-display area NDA that is located oppo-
site to the non-display area NDA where the second patterns
61aa are located.

[0080] In this case, the organic emission layer 70 disposed
on the first pattern 61a and the organic emission layer 70
disposed on the third pattern 615 may emit light of different
colors. Thus, as stated above, the organic light emitting
diode display where the intermediate pattern layer 60 includ-
ing the first to fourth patterns 61a to 61bb is formed may
include organic emission layers 70 emitting light of at least
two different colors.

[0081] In an exemplary embodiment of the present inven-
tion, as shown in FIG. 7, the intermediate layer 60 may
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include first patterns 62¢, second patterns 62aa, third pat-
terns 625, fourth patterns 62bb, fitth patterns 62¢, and sixth
patterns 62cc.

[0082] Specifically, the first patterns 62q, the third patterns
625, and the fifth patterns 62¢ form a plurality of straight line
patterns, each having a predetermined width and extended
along a second direction (y-axis direction) and the straight
line patterns are arranged parallel to each other in a first
direction (x-axis direction), and the first patterns 62a, the
third patterns 625, and the fifth patterns 62¢ are alternately
arranged in sequence.

[0083] The second patterns 62aa are connected to one end
of the first patterns 62¢ and are extended in the first
direction.

[0084] The fourth patterns 6265 are connected to one end
of the third patterns 6265 and are extended in the first
direction in a non-display area NDA disposed opposite to a
non-display area NDA where the second patterns 62a¢a are
located.

[0085] The sixth patterns 62cc are formed in an area where
the second patterns 62qa and the fourth patterns 6256b
overlap each other, interposing an insulating layer 65 ther-
ebetween. In this case, the insulating layer 65 is formed with
a small thickness in only a predetermined area where the
second patterns 62aa and the fourth patterns 6255 overlap
each other using a minute pattern mask and the like.
[0086] The sixth patterns 62¢c are then respectively con-
nected to lateral ends of the fifth patterns 62¢, and are
extended in the first direction so as to form a ladder shape
having a large gap.

[0087] In this case, organic emission layers 70 are dis-
posed on the first pattern 62a and the third patterns 625, and
the fifth patterns 62¢ emit light of different colors. Thus, as
previous stated, the organic light emitting diode display,
where the intermediate pattern layer 60, including the first to
sixth patterns 6la to 62cc, is formed, may include the
organic emission layers 70 emitting light of at least three
different colors.

[0088] As described above, the organic light emitting
diode display according to the present invention includes an
intermediate pattern layer including a plurality of patterns
extended along a plurality of openings. Thus, uniformity of
the thickness of the organic light emission layers formed on
the intermediate pattern layer can be significantly improved,
and the same duration of time is consumed for drying each
organic emission layer after forming the organ emission
layers so that the organic light emitting diode display can
have excellent luminance uniformity even though the
organic emission layers are formed using an ink jet printing
method.

[0089] In an exemplary embodiment of the present inven-
tion, a plurality of first patterns 63a of the intermediate
pattern layer 60 may be spirally extended along a plurality
of openings respectively separated from each other with a
predetermined gap along a spiral path.

[0090] In this case, as shown in FIG. 8, the intermediate
pattern layer 60 may further include seventh patterns 635
and ninth patterns 63¢, in addition to the first patterns 63a in
adisplay area DA, such that a plurality of spiral patterns may
be formed.

[0091] Further, the first patterns 63a, the seventh patterns
630, and the ninth patterns 639¢ may be disposed together
with second patterns 63bb, eighth patterns 63bb, and tenth
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patterns 63cc connected with the first, seventh, and ninth
patterns 63a. 635, and 63c, and are extended in a non-
display area NDA.

[0092] Organic emission layers 70 formed on the first
patterns 63a are extended in a spiral having a predetermined
width to emit light of the same color. However, the respec-
tive organic emission layers 70 formed on the first layers
63a, the seventh patterns 635, and the ninth patterns 63¢ may
emit light of different colors. Thus, as previously stated, the
organic light emitting diode display where an intermediate
pattern layer 60 including a plurality of spiral patterns such
as the first patterns 63a, the seventh patterns 635, and the
ninth patterns 63¢ may include organic emission layers 70
emitting light of at least three different colors.

[0093] An organic light emitting diode display where the
above-stated organic emission layers that are arranged in a
spiral shape are formed can be applied to a wearable organic
light emitting diode display in addition to the above-stated
effect.

[0094] A method for manufacturing an organic light emit-
ting diode display according to an exemplary embodiment of
the present invention will be described.

[0095] FIG. 9 illustrates a process flowchart of a method
of manufacturing an organic light emitting diode display
according to an exemplary embodiment of the present
invention.

[0096] Referring to FIG. 9, a method of manufacturing an
organic light emitting diode display includes a step for
forming a plurality of pixel electrodes (S10), a step for
forming a pixel defining layer (520), a step for forming an
intermediate pattern layer (S30), and a step for forming an
organic emission layer (S40).

[0097] First, pixel electrodes 50 are formed in a display
area DA of a prepared substrate 110.

[0098] Referring to FIG. 2, a driving thin film transistor T2
is formed on a substrate 110, and then an organic insulating
material or an inorganic insulating material is layered
thereon and then patterned such that a planarization layer
124 having a plurality of contact holes is formed.

[0099] Next, a conductive material is layered on the pla-
narization layer 124 and then the conductive material is
patterned such that the pixel electrodes 50 are formed to
respectively correspond to pixels Px.

[0100] In this case, the planarization layer 124 may be
made of one or more materials of polyacrylates resin, epoxy
resin, phenolic resin, polyamides resin, polyimide resin,
unsaturated polyester resin, poly phenylenethers resin, poly
phenylenesulfides resin, and benzocyclobutene (BCB).
[0101] A resin, such as a polyacrylate resin and a poly-
imide. a silica-based inorganic material, or the like is then
layered on the pixel electrode 50 and the planarization layer
124, and then patterned along at least one of a straight line
shape and a curved line shape to form a pixel defining layer
350 having a plurality of openings that respectively expose
the pixel electrodes 50.

[0102] An intermediate pattern layer 60, including a plu-
rality of first patterns extended along the alignment of the
plurality of openings, is then patterned using a photolithog-
raphy process on the substrate 110 where the pixel defining
layer 350 is formed.

[0103] Specifically, in the present exemplary embodiment,
a plurality of portions A of the first patterns, disposed to
respectively correspond to the plurality of pixel electrodes
50, may have the same height H from the substrate 110.
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[0104] The intermediate pattern layer 60 is patterned using
a composition having a reaction group that can be crosslink-
bonded by light or heat. The composition may include, for
example, at least one of olefin, acrylate, methacrylate, and
vinyl ether, but it is not limited thereto.

[0105] Further, the intermediate pattern layer 60 may be
patterned to have a thickness that is less than or equal to 100
A, more particularly, between about 10 A to about 100 A.
When the thickness is not included in the above-stated
range, hole transport may be influenced by the intermediate
pattern layer 60 so that light emission efficiency of the
organic light emitting diode display may be reduced. Thus,
the thickness of the intermediate pattern layer 60 may be less
than or equal to 100 A.

[0106] In an exemplary embodiment of the present inven-
tion, the intermediate pattern layer 60 may be patterned to
include second patterns extended in a non-display are NDA
of the substrate 110 while being connected to the first
patterns.

[0107] In this case, various shapes patterned in the inter-
mediate pattern layer 60 have been described with reference
to FIG. 5 to FIG. 8, and therefore, no further description will
be provided.

[0108] Organic emission layers 70 may be formed on the
patterned intermediate pattern layer 60 using an ink-jet
printing process.

[0109] FIG. 10A and FIG. 10B illustrate an exemplary
embodiment for forming the organic emission layer 70.
[0110] First, ink-jet heads 500 are respectively disposed
on the top and the bottom of the left side of a substrate, as
shown in FIG. 10 A, and an organic emission layer forming
material is sprayed on second patterns 605 along the arrow
direction on the intermediate pattern layer 60 that has been
patterned with the shape, as shown in FIG. 5.

[0111] As shown in FIG. 10B, the ink-jet head 510 dis-
posed with nozzles that are arranged with an equivalent
interval from the center of the first direction (x-axis direc-
tion) of each pixel is then prepared in an upper end of the
substrate, and the organic emission layer forming material is
sprayed on the first patterns 60a along the arrow direction so
as to be connected with the organic emission layer forming
material sprayed on the second patterns 605 disposed in the
upper and lower non-display areas NDA of the substrate.
[0112] In this case, because the organic emission layer
forming materials sprayed on the intermediate pattern layer
60 of the display area DA and the non-display area NDA are
connected into one, and are thereby extended, organic emis-
sion layers formed in the respective pixel Px of the organic
light emitting diode display formed with such a sequence
emit light of the same color.

[0113] Next, FIGS. 11 A, 11B, 11C and 11D illustrate
another exemplary embodiment for forming the organic
emission layer 70.

[0114] First, as shown in FIG. 11A, an inkjet head 500 is
disposed in an upper left end of the substrate, and an organic
emission layer forming material is sprayed on a second
pattern 61aa of a non-display area along the arrow direction
on an intermediate pattern layer 600 patterned with the
shape shown in FIG. 6.

[0115] As shown in FIG. 11B, an inkjet head 520 disposed
with nozzles that are arranged in the same interval as the first
direction (x-axis direction) center of a pixel area that is
located overlapping a first pattern 61a is then prepared in an
upper end of the substrate, and an organic emission layer
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forming material is sprayed on the first pattern 61a along the
array direction so as to be connected with the organic
emission layer forming material sprayed on the second
pattern 61aa.

[0116] As shown in FIG. 11C, the inkjet head 500 is
disposed in a lower right end of the substrate, and an organic
emission layer forming material is then sprayed on a fourth
pattern 6155 on the non-display area along the arrow direc-
tion.

[0117] As shown in FIG. 11D, an inkjet head 520 disposed
with nozzles that are arranged in the same interval as the first
direction (x-axis direction) center of a pixel area that is
located overlapping a third pattern 615 is THEN prepared in
a lower end of the substrate and an organic emission layer
forming material is sprayed on the third pattern 615 along
the array direction so as to be connected with the organic
emission layer forming material sprayed on the fourth
pattern bb.

[0118] Thus, in the method of manufacturing the present
exemplary embodiment, two patterns are separately pat-
terned in the intermediate patterns layers connected as one
throughout the display area and the non-display area so that
the organic emission layers, respectively emitting different
colors, can be easily formed.

[0119] Although a method of manufacturing is addition-
ally illustrated, organic emission layer forming material
emitting one color may be formed on a first pattern 62a and
a second pattern 62aa and an organic emission layer forming
material emitting light of another color may be formed on a
third pattern 626 and a fourth pattern 6265 using the same
method of FIGS. 11 A to 11D on a substrate 110 where an
intermediate pattern layer 60 is patterned with the same
shape of FIG. 7, and an organic emission layer forming
material emitting light of another color may be formed on a
fifth pattern 62¢ and a sixth pattern 62cc using the same
method of FIGS. 10A and 10B.

[0120] When the organic emission layer 70 is formed
using the method of manufacturing the exemplary embodi-
ment of the present invention, an organic emission layer
forming material sprayed on a pattern of the intermediate
pattern layer 60 of the non-display area NDA is connected
with an organic emission layer forming material sprayed on
a pattern of the intermediate pattern layer 60 of the display
area DA such that the thickness can be uniform, and accord-
ingly, each pixel area Px has the same height in the organic
emission layer 70, thereby significantly improving lumi-
nance uniformity.

[0121] The organic emission layers 70 of the respective
pixel Px have a uniform height without minutely adjusting
the amount of nozzles of the inkjet head, and a spray process
can be performed with rapid speed, and accordingly, a
deterioration problem in surface properties of the organic
emission layers due to a non-uniform drying process can be
easily solved.

[0122] Although certain exemplary embodiments and
implementations have been described herein, other embodi-
ments and modifications will be apparent from this descrip-
tion. Accordingly, the inventive concept is not limited to
such embodiments, but rather to the broader scope of the
presented claims and various obvious modifications and
equivalent arrangements.
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What is claimed is:

1. An organic light emitting diode display comprising:

a plurality of pixel electrodes disposed on a substrate;

a pixel defining layer disposed on the pixel electrodes and
comprising a plurality of openings respectively expos-
ing the pixel electrodes;

a plurality of organic emission layers respectively dis-
posed on the pixel electrodes; and

intermediate pattern layers respectively disposed between
the pixel electrodes and the organic emission layers,

wherein the intermediate pattern layers comprise a plu-
rality of first patterns that are extended while being
respectively connected along the openings neighboring
along a predetermined path.

2. The organic light emitting diode display of claim 1,
wherein the first patterns comprise a plurality of portions
that respectively correspond to the pixel electrodes, and the
plurality of corresponding pixel electrode portions respec-
tively have the same height from the substrate.

3. The organic light emitting diode display of claim 1,
wherein:

the substrate comprises a display area configured to
display an image, and a non-display area neighboring
the display area;

the pixel electrodes are disposed in the display area; and

the intermediate pattern layers further comprise second
patterns that are extended while being connected to the
first patterns in the non-display area.

4. The organic light emitting diode display of claim 3,
wherein the first patterns of the intermediate pattern layer
comprise a plurality of straight line patterns extended in a
second direction that are arranged parallel to each other
along a first direction that crosses the second direction, and
the second patterns of the intermediate pattern layer are
respectively extended in the first direction while being
connected to ends of the respective first patterns.

5. The organic light emitting diode display of claim 4,
wherein a plurality of organic emission layers disposed on
the first patterns of the intermediate layer emit light of the
same color.

6. The organic light emitting diode display of claim 3,
wherein:

the second patterns of the intermediate pattern layer are
connected to one end of the first patterns and are
extended in the first direction; and

the intermediate pattern layer further comprises:

a plurality of third patterns including a plurality of
straight light patterns alternately disposed with the
first patterns, while being extended along the second
direction and arranged parallel to each other along
the first direction; and

a plurality of fourth patterns connected to one end of
the respective third patterns and extended in the first
direction in the non-display area disposed opposite
the second patterns.

7. The organic light emitting diode display of claim 6,
wherein the organic emission layers disposed on the first
patterns and the organic emission layers disposed on the
third patterns emit light having different colors.

8. The organic light emitting diode display of claim 1,
wherein the openings are formed with a predetermined gap
along a spiral-type path, and the first patterns of the inter-
mediate pattern layer are extended by being spirally con-
nected along the openings.



US 2016/0372670 A1l

9. The organic light emitting diode display of claim 1,
wherein the organic emission layers further comprise a
plurality of auxiliary organic layers disposed in lower por-
tions that are adjacent to the pixel electrodes.

10. The organic light emitting diode display of claim 9,
wherein the intermediate pattern layers are disposed
between the pixel electrodes and the auxiliary organic lay-
ers.

11. The organic light emitting diode display of claim 9,
wherein the intermediate pattern layer is disposed between
the auxiliary organic layers and the organic emission layers.

12. The organic light emitting diode display of claim 9,
wherein:

the auxiliary organic layers are respectively comprise a

multi-layered structure; and

the intermediate pattern layer is disposed between the

layers comprising the multi-layered structure.

13. A method of manufacturing an organic light emitting
diode display, comprising:

forming a plurality of pixel electrodes on a substrate;

forming a pixel defining layer on the plurality of pixel

electrodes, the pixel defining layer comprising a plu-
rality of openings that respectively expose the pixel
electrodes;

forming an intermediate pattern layer on a substrate where

the pixel defining layers are formed using a photoli-
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thography process, the intermediate pattern layer com-
prising a plurality of first patterns that are extended
while being connected along the openings that neighbor
each other along a predetermined path; and

forming a plurality of organic emission layers on the first
patterns using an inkjet printing method,

wherein the forming of the intermediate pattern layer is
performed to make the respective corresponding pixel
electrode portions of the first patterns, disposed to
respectively correspond to the pixel electrodes, have
the same height.

14. The method of claim 13, wherein the forming of the
intermediate pattern layer is performed further comprises
forming a plurality of second patterns that are extended
while being connected with the first patterns in a non-display
area that neighbors a display area where the pixel electrodes
are located.

15. The method of claim 14, wherein the forming of the
organic emission layer further comprises forming an organic
emission layer forming material on the second patterns and
then forming an organic emission layer forming material
that is to be extended while being connected with the second
patterns on the first patterns.
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