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METHODS OF FORMING ORGANIC LIGHT
EMITTING STRUCTURES AND METHODS
OF MANUFACTURING ORGANIC LIGHT
EMITTING DISPLAY DEVICES

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C. §119 from an application earlier filed in the Korean
Intellectual Property Office on the 28 Oct. 2011 and there
duly assigned Serial No. 10-2011-0111185.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to methods of forming
organic light emitting structures and methods of manufactur-
ing organic light emitting display devices. More particularly,
the invention relates to organic light emitting structures
including a pixel defining layer and organic layers, and meth-
ods of manufacturing organic light emitting display devices
including a pixel defining layer and organic layers.

[0004] 2. Description of the Related Art

[0005] An organic light emitting display (OLED) device
may display desired information such as images, letters and/
or characters using a light generated by the combination of
holes provided from an anode and electrons provided from a
cathode in an organic layer thereof. The OLED device may
have several advantages, such as wide viewing angle, high
response time, thin thickness and low power consumption, so
that the OLED device may be widely employed in various
electrical and electronic apparatuses. Recently, the OLED
device has been rapidly developed as one of the most prom-
ising display devices.

[0006] As for a conventional process, organic layers,
including, e.g., a hole transport layer, an organic emitting
layer, an electron transport layer, etc., may be patterned per
each pixel region. For example, a pixel defining layer (PDL)
may be formed, and the organic layers may be formed on an
electrode exposed by the PDL and on a sidewall of the pixel
defining layer by, e.g., a printing process or a transfer process.
[0007] However, when the organic layers having different
materials and characteristics relative to each other make con-
tact with a sidewall of the PDL, the organic layers may not be
formed uniformly on the sidewall of the PDL so as to cause,
e.g., a deviation of thickness of the organic layers near the
sidewall of the PDL. Accordingly, leakage current may be
generated near the sidewall of the PDL and distributions of
luminescence characteristics of the OLED device in each
pixel region may become irregular.

SUMMARY OF THE INVENTION

[0008] The present invention provides a method of forming
an organic light emitting structure ensuring improved lumi-
nescence characteristics.

[0009] The invention also provides a method of manufac-
turing an organic light emitting display device including an
organic light emitting structure to ensure improved lumines-
cence characteristics.

[0010] According to the present invention, there is provided
amethod of forming an organic light emitting structure. In the
method, a plurality of first electrodes spaced apart from each
other is formed on a lower substrate. A first organic layer
covering the first electrodes is formed on the lower substrate.
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A preliminary pixel defining layer is formed on the first
organic layer. The preliminary pixel defining layer includes a
photosensitive material. The preliminary pixel defining layer
is selectively exposed to light so that the preliminary pixel
defining layer and a portion of the first organic layer beneath
the preliminary pixel defining layer are transformed into a
pixel defining layer and a first organic layer pattern, respec-
tively. An emitting layer is formed on the first organic layer
exposed by the pixel defining layer. A second organic layer is
formed on the emitting layer. A second electrode is formed on
the second organic layer.

[0011] In exemplary embodiments of the invention, a
remaining portion of the first organic layer except for the first
organic layer pattern may be defined as a second organic layer
pattern. The first organic layer pattern may have hole trans-
port or hole injection capabilities less than those of the second
organic layer pattern.

[0012] In the exemplary embodiments, the preliminary
pixel defining layer may further include a photoinitiator. The
first organic layer pattern may be formed by active species
that are generated by the photoinitiator and diffused into the
first organic layer. The first organic layer pattern may include
a polymer cross-linked or polymerized by the active species.
[0013] In the exemplary embodiments, the pixel defining
layer may include the cured or hardened photosensitive mate-
rial of the preliminary pixel defining layer. The pixel defining
layer may have a surface energy less than those of the pre-
liminary pixel defining layer, the first organic layer, the emit-
ting layer and the second organic layer.

[0014] According to the exemplary embodiments, there is
provided a method of forming an organic light emitting struc-
ture. In the method, a plurality of first electrodes spaced apart
from each other is formed on a lower substrate. A hole trans-
port layer covering the first electrodes is formed on the lower
substrate. A preliminary pixel defining layer is formed on the
hole transport layer. The preliminary pixel defining layer
includes a photosensitive material. The preliminary pixel
defining layer is selectively exposed to light so that the pre-
liminary pixel defining layer and a portion of the hole trans-
port layer beneath the preliminary pixel defining layer are
transformed into a pixel defining layer and a first hole trans-
port layer pattern, respectively. An emitting layer is formed
onthe hole transport layer exposed by the pixel defining layer.
An electron transport layer is formed on the emitting layer. A
second electrode is formed on the electron transport layer.
[0015] Inthe exemplary embodiments, a remaining portion
of the hole transport layer except for the first hole transport
layer pattern may be defined as a second hole transport layer
pattern. The first hole transport layer pattern may have a hole
transport capability or an electrical conductivity less than
those of the second hole transport layer pattern.

[0016] In the exemplary embodiments, at least one of the
preliminary pixel defining layer and the hole transport layer
may include a photoinitiator. The hole transport layer may
include a hole transport material and a photosensitive mono-
mer. The first hole transport layer pattern may include a
polymer produced by cross-linking or polymerization reac-
tions of the photosensitive monomer. The cross-linking or
polymerization reactions may be induced by active species
generated by the photoinitiator.

[0017] In the exemplary embodiments, a hole injection
layer may be additionally formed before forming the hole
transport layer. A portion of the hole injection layer beneath
the first hole transport layer pattern may be transformed into
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a first hole injection layer pattern. The hole injection layer
may include a hole injection material and a photosensitive
monomer. The first hole injection layer pattern may include a
polymer produced by cross-linking or polymerization reac-
tions of the photosensitive monomer. The cross-linking or
polymerization reactions may be induced by active species
generated by the photoinitiator.

[0018] Intheexemplary embodiments, a remaining portion
of the hole injection layer except for the first injection layer
pattern may be defined as a second injection layer pattern. The
first hole injection layer pattern may have a hole injection
capability or an electrical conductivity less than those of the
second injection layer pattern.

[0019] In the exemplary embodiments, the hole injection
layer may include a hole injection material and a photoinitia-
tor.

[0020] The first hole injection layer pattern may include
active species generated by the photoinitiator.

[0021] According to the exemplary embodiments, there is
provided a method of manufacturing an organic light emitting
display device. In the method, a lower structure is formed on
a lower substrate. The lower structure may include a switch-
ing device and an insulation layer. A first electrode electri-
cally connected to the switching device is formed on the lower
structure. A first organic layer covering the first electrode is
formed on the lower structure. A preliminary pixel defining
layer is formed on the first organic layer. The preliminary
pixel defining layer includes a photosensitive material. The
preliminary pixel defining layer is selectively exposed to light
so that the preliminary pixel defining layer and a portion of
the first organic layer beneath the preliminary pixel defining
layer are transformed into a pixel defining layer and a first
organic layer pattern, respectively. An emitting layer is
formed on the first organic layer exposed by the pixel defining
layer. A second organic layer is formed on the emitting layer.
A second electrode is formed on the second organic layer.

[0022] In the exemplary embodiments, at least one of the
preliminary pixel defining layer and the first organic layer
may include a photoinitiator. The first organic layer may
include a hole transport material and a photosensitive mono-
mer. The first organic layer pattern may include a polymer
produced by cross-linking or polymerization reactions of the
photosensitive monomer. The cross-linking or polymeriza-
tion reactions may be induced by active species generated by
the photoinitiator. A remaining portion of the first organic
layer, except for the first organic layer pattern, may be defined
as a second organic layer pattern. The first organic layer
pattern may have a hole transport capability or an electrical
conductivity less than those of the second organic layer pat-
tern.

[0023] In the exemplary embodiments, the second organic
layer may include an electron transport layer. The electron
transport layer may be formed on the emitting layer and a
sidewall of the pixel defining layer. However, the electron
transport layer may not be formed on a top surface of the pixel
defining layer.

[0024] In the exemplary embodiments, the second organic
layer may include an electron transport layer. The electron
transport layer may cover the pixel defining layer and the
emitting layer.

[0025] In the exemplary embodiments, the switching
device may include a thin film transistor or an oxide semi-
conductor device.
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[0026] In the exemplary embodiments, the pixel defining
layer may include the cured or hardened photosensitive mate-
rial of the preliminary pixel defining layer. The pixel defining
layer may have a surface energy less than those of the pre-
liminary pixel defining layer, the first organic layer, the emit-
ting layer and the second organic layer.

[0027] According to the exemplary embodiments, a first
organic layer including, e.g., a hole injection layer and a hole
transport layer may be formed on a whole surface of a lower
substrate, and then a PDL may be formed on the first organic
layer. An emitting layer may be selectively formed in a pixel
region defined by the PDL. Accordingly, a leakage current or
deviations of various luminescence characteristics near a
sidewall of the PDL may be decreased because the PDL may
be formed on the first organic layer. Additionally, an exposure
process may be performed selectively on the PDL so that hole
transport or hole injection capabilities and an electrical con-
ductivity of a portion of the first organic layer under the PDL
may be decreased. Therefore, crosstalk between adjacent
pixel regions may be prevented and an OLED device having
improved luminescence characteristics, e.g., resolution, con-
trast, etc., may be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
junction with the accompanying drawings, in which like ref-
erence symbols indicate the same or similar components,
wherein:

[0029] FIGS.1through3,4A,4B,5A,5B,6,7A and 7B are
cross-sectional views illustrating a method of forming an
organic light emitting structure in accordance with the exem-
plary embodiments of the invention; and

[0030] FIGS. 8 through 12, 13A, 13B, 14A and 14B are
cross-sectional views illustrating a method of manufacturing
an organic light emitting display device in accordance with
the exemplary embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0031] Various exemplary embodiments will be described
more fully hereinafter with reference to the accompanying
drawings, in which some exemplary embodiments are shown.
The invention may, however, be embodied in many different
forms and should not be construed as limited to the exemplary
embodiments set forth herein. Rather, these exemplary
embodiments are provided so that this description will be
thorough and complete, and will fully convey the scope of the
invention to those skilled in the art. In the drawings, the sizes
and relative sizes of layers and regions may be exaggerated
for clarity.

[0032] It will be understood that, when an element or layer
is referred to as being “on,” “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer, or intervening elements
or layers may be present. In contrast, when an element 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. Like numerals 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.
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[0033] It will be understood that, although the terms first,
second, third, 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 only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of the invention.

[0034] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe the relationship of one element
or feature to another element or feature (or other elements or
features) as illustrated in the figures. It will be understood that
the spatially relative terms are intended to encompass differ-
ent orientations of the device in use or operation in addition to
the orientation depicted in the figures. For example, if the
device in the figures is turned 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. The device may be otherwise oriented
(rotated 90 degrees or at other orientations) and the spatially
relative descriptors used herein may be interpreted accord-
ingly.

[0035] The terminology used herein is for the purpose of
describing particular exemplary embodiments only and is not
intended to be limiting of the invention. As used herein, the
singular forms “a,” “an” and “the” are intended to include a
plurality of forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms “com-
prises” and/or “comprising,” when used in this specification,
specify the presence of stated features, integers, steps, opera-
tions, elements and/or components, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0036] Exemplary embodiments are described herein with
reference to cross-sectional illustrations that are schematic
illustrations of idealized exemplary embodiments (and inter-
mediate structures). As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing tech-
niques and/or tolerances, are to be expected. Thus, exemplary
embodiments should not be construed as limited to the par-
ticular shapes of regions illustrated herein, but are to include
deviations in shapes that result, for example, from manufac-
turing. For example, an implanted region illustrated as a rect-
angle 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. Like-
wise, 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 figures are schematic in
nature, their shapes are not intended to illustrate the actual
shape of a region of'a device, and their shapes are not intended
to limit the scope of the invention.

[0037] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention pertains. It will be further understood
that terms, such as those defined in commonly used dictio-
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naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art, and should not be interpreted in an idealized or overly
formal sense unless expressly so defined herein.

[0038] FIGS.1through3,4A,4B,5A,5B,6,7A and 7B are
cross-sectional views illustrating a method of forming an
organic light emitting structure in accordance with the exem-
plary embodiments of the invention.

[0039] Referring to FIG. 1, a plurality of first electrodes
110 may be formed on a substrate 100. The substrate 100 may
include a lower structure (not illustrated) such as a switching
device, an insulation layer, etc. A first organic layer 120
covering the first electrodes 110 may be formed on the sub-
strate 100.

[0040] Each first electrode 110 may be formed on the sub-
strate 100 including the lower structure. Each first electrode
110 may serve as a transparent electrode or a reflective elec-
trode according to the type of OLED device including the
organic light emitting structure, for example, a top-emission
type or a back-emission type.

[0041] When the first electrode 110 serves as the transpar-
ent electrode, the first electrode 110 may be formed using a
transparent conductive material that may have a relatively
large work function, for example, indium tin oxide (ITO),
zinc tin oxide (ZTO), indium zinc oxide (IZO), zinc oxide
(Zn0,), tin oxide (Sn0,), gallium indium zinc oxide (GIZO),
aluminum-doped zinc oxide (AZO), etc. These may be used
alone or in a combination thereof.

[0042] If the first electrode 110 serves as the reflective
electrode, the first electrode 110 may be formed using a metal
such as silver (Ag), aluminum (Al), platinum (Pt), gold (Au),
chromium (Cr), tungsten (W), molybdenum (Mo), titanium
(Ti), palladium (Pd), etc., or an alloy of these metals. In one
exemplary embodiment, the first electrode 110 may have a
multi-stacked structure including a first layer and a second
layer. The first layer may include, e.g., the above metal or the
alloy, and the second layer may include, e.g., the above trans-
parent conductive material. In this case, the first electrode 110
may serve as a semi-transparent electrode. In exemplary
embodiments, the first electrode 110 may serve as an anode
providing holes to the first organic layer 120.

[0043] The first organic layer 120 may include a hole trans-
port layer (HTL). The HTL may be formed using a hole
transport material, for example, 4,4'-bisbiphenyl (NPB),
N,N'-diphenyl-N,N'-bis(3-methylphenyl)-1,1'-biphenyl-4,4-
diamine (TPD), N,N'-di-1-naphtyl-N,N'-diphenyl-1,1'-bi-
phenyl-4,4'-diamine (NPD), N-phenylcarbazole, polyvinyl-
carbazole or a mixture of these materials. The HTL may be
obtained by a vacuum evaporation process, a thermal evapo-
ration process, a slit coating process, a spin coating process, a
printing process, etc. In exemplary embodiments, the HTL
may be deposited or coated on a whole surface of the substrate
100 so as to cover the plurality of the first electrodes 110.

[0044] The first organic layer 120 may further include a
hole injection layer (HIL) beneath the HTL. The HIL may
facilitate a hole injection from the first electrode 110 to the
HTL. The HIL may be formed using a hole injection material,
for example, cupper phthalocyanine (CuPc), poly(3,4)-ethyl-
enedioxythiophene (PEDOT), polyaniline (PANI) or a mix-
ture of these materials. The HIL. may be obtained by a vacuum
evaporation process, a thermal evaporation process, a slit
coating process, a spin coating process, a printing process,
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etc. In exemplary embodiments, the HIL. may be formed on a
whole surface of the substrate 100 so as to cover the plurality
of first electrodes 110.

[0045] Inexemplary embodiments, the HTL and/or the HIL
may further include a photoinitiator in addition to the hole
transport material and the hole injection material, respec-
tively. The photoinitiator may include photo-sensitive or
photo-amplifying materials that may produce active species
including an acid, a base or a radical induced by light irradia-
tion. Examples of the photoinitiator may include acetophe-
none derivatives, benzophenone derivatives, triazine deriva-
tives, biimidazole-based or oxime ester-based materials, etc.
These may be used alone or in a mixture thereof. Non-limit-
ing examples of the acetophenone derivatives may include
2,2'-diethoxy acetophenone, 2,2'-dibutoxy acetophenone,
p-t-butyl trichloro acetophenone, 4-chloro acetophenone, etc.
Non-limiting examples of the benzophenone derivatives may
include 4,4'-dimethylamino benzophenone, 4,4'-dichloro
benzophenone, 3,3'-dimethyl-2-methoxy benzophenone,
hydroxy benzophenone, acrylated benzophenone, 4-phenyl
benzophenone, etc. Non limiting examples of the triazine
derivatives may include 2.4,6-trichloro-s-triazine, 2-phenyl-
4,6-bis(trichloromethyl)-s-triazine, 2-(3',4'-dimethoxy-
styryl)-4,6-bis(trichloromethyl)-s-triazine,  2-(4'-methox-
ynaphthyl)-4,6-bis(trichloromethyl)-s-triazine, 2-(p-
methoxyphenyl)-4,6-bis(trichloromethyl)-s-triazine, etc.
[0046] Inexemplary embodiments,the HTL and/or the HIL
may further include a photosensitive monomer. The photo-
sensitive monomer may include a material that may be cross-
linked and/or polymerized by the active species generated by
the photoinitiator. For example, the photosensitive monomer
may include a negative type photosensitive material.

[0047] The photosensitive monomer may include, e.g., an
acrylate-based material, a methacrylate-based material, an
aromatic olefin-based material or a benzene-based material
having a vinyl group. For example, the photosensitive mono-
mer may include 1,4-butanediol acrylate, 1,3-butylene glycol
diacrylate, 1,6-hexanediol diacrylate, diethylene glycol dia-
crylate, ethylene glycol diacrylate, triethylene glycol diacry-
late, polyethylene glycol diacrylate, neopentyl glycol diacry-
late, propylene glycol diacrylate, dipropylene glycol
diacrylate, sorbitol triacrylate, bisphenol A diacrylate deriva-
tives, pentaerythritol triacrylate, pentaerythritol tetraacrylate,
pentaerythritol diacrylate, dipentaerythritol pentaacrylate,
dipentaerythritol hexaacrylate, trimethyl propane ethoxy tria-
crylate or methacrylates of these materials. These may be
used alone or in a mixture thereof.

[0048] Referring to FIG. 2, a plurality of preliminary pixel
defining layers (PDLs) 130 may be formed on the first organic
layer 120. Pixel regions I, Il and III of an OLED device may
be defined by the preliminary PDLs. A remaining region of
the OLED device, except for the pixel regions I, II and III,
may be defined as a non-pixel region. Each of the pixel
regions I, Il and III may substantially overlap at least a portion
of'the first electrode 110. Openings 132 exposing portions of
the first organic layer 120 in the pixel regions I, II and IIT may
be also defined by the preliminary PDLs 130.

[0049] In exemplary embodiments, the preliminary PDL
130 may include a photosensitive material that may be cured
or hardened by heat and/or light. The photosensitive material
may include acrylate-based resin, polyacrylate-based resin,
polyimide-based resin, benzocyclobutene (BCB), etc. In
some exemplary embodiments, the preliminary PDL 130 may
include a polymer having fluorinated carbon atoms, for
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example, fluorinated polyimide, fluorinated polyester, etc. In
some exemplary embodiments, the preliminary PDL 130 may
include an organosilane-based material, for example, silox-
ane, silsesquioxane, etc. These may be used alone or in a
mixture thereof.

[0050] In exemplary embodiments, the preliminary PDL
130 may be formed selectively on predetermined regions of
the first organic layer 120 by an inkjet printing process, a
nozzle printing process, an offset imprinting process, a
reverse offset imprinting process, a transfer process such as a
laser induced thermal imaging (LITT) process, etc.

[0051] In exemplary embodiments, the inkjet or nozzle
printing processes may include soluble processes. For
example, the photosensitive material may be mixed with a
suitable solvent and a resultant mixture may be coated selec-
tively on the predetermined regions of the first organic layer
120 through nozzles of inkjet printing or nozzle printing
apparatuses. An additional drying process may be performed
to remove the solvent.

[0052] Alternatively, the inkjet or nozzle printing processes
may include insoluble processes. For example, the photosen-
sitive material may be mixed with a suitable solvent and a
resultant mixture may be introduced into the nozzles of the
inkjet printing or nozzle printing apparatuses. The nozzle
may be heated so that the photosensitive material may be
vaporized or sublimated. The vaporized or sublimated pho-
tosensitive material may be coated on the predetermined
regions of the first organic layer 120 through the nozzles. In
this case, the solvent-free photosensitive material may be
printed on the first organic layer 120, and thus an additional
drying process may not be required.

[0053] In some exemplary embodiments, the preliminary
PDL 130 may be formed by a patterning process including an
exposure process. For example, a photosensitive composi-
tion, including a precursor such as a polyacrylate-based resin
precursor or a polyimide-based resin precursor and a solvent,
may be deposited or coated on the first organic layer 120.
Non-pixel regions may be selectively exposed to light so as to
induce polymerization of the precursor, and then a developing
process may be performed to form the preliminary PDL 130.

[0054] In exemplary embodiments, the preliminary PDL
130 may further include a photoinitiator. As described above,
the photoinitiator may include acetophenone derivatives,
benzophenone derivatives, triazine derivatives, biimidazole-
based or oxime ester-based materials, etc. These may be used
alone or in a mixture thereof.

[0055] Referring to FIG. 3, a selective exposure process
may be performed on the preliminary PDL 130. Accordingly,
the preliminary PDL 130 may be cured or hardened so as to be
transformed into a PDL 135.

[0056] Inexemplary embodiments, a mask 10 may be dis-
posed over the preliminary PDL 130 and the first organic
layer 120. The mask 10 may include a transparent portion 12
and a blocking region 14. The transparent region 12 of the
mask 10 may substantially overlap the preliminary PDL 130
in the non-pixel region, and the blocking region 14 of the
mask 10 may substantially overlap a portion of the first
organic layer 120 in each of the pixel regions I, II and III.
[0057] The preliminary PDL 130 may be selectively
exposed using a light source (not illustrated) located over the
mask 10. In exemplary embodiments, the light source may
include an ultraviolet source such as an eximer source, a KrF
source, an ArF source, etc., or a laser source.
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[0058] The PDL 135 (shown in FIG. 4A) obtained by the
selective exposure process may have a surface energy sub-
stantially less than that of the preliminary PDL 130, an emit-
ting layer 140 and a second organic layer 155 (see FIG. 7B).
In exemplary embodiments, the PDL 135 may have a rela-
tively small surface energy less than about 50 dyne/cm?,
preferably less than about 20 dyne/cm?>.

[0059] Referring to FIG. 4A, the first organic layer 120 may
be divided into a first organic layer pattern 122 and a second
organic layer pattern 124 by the above selective exposure
process. The ultraviolet or laser light irradiated through the
transparent portion 12 of the mask 10 (of FIG. 3) may trans-
form the preliminary PDL 130 into the PDL 135, and addi-
tionally transform a portion of the first organic layer 120
beneath the PDL 135 into the first organic layer pattern 122
(FIG. 4A). A remaining portion except for the first organic
layer pattern 122 may be defined as the second organic layer
pattern 124.

[0060] As illustrated in FIG. 4A, a portion of the first
organic layer 120 overlapping the PDL 135 may be entirely
transformed into the first organic layer pattern 122 so as to
make contact with the first electrode 110. However, referring
to FIG. 4B, the portion of the first organic layer 120 overlap-
ping the PDL 135 may be partially transformed into a first
organic layer pattern 122a beneath the PDL 135. The first
organic layer pattern 122a may be formed over the first elec-
trode 110, and a remaining portion of the first organic layer
120 may be defined as a second organic layer pattern 124a.
[0061] In exemplary embodiments, the first organic layer
patterns 122 and 1224 may have surface properties and/or
chemical properties different from those of the second
organic layer patterns 124 and 1244. The portion of the first
organic layer 120 beneath the PDL 135 may be chemically
modified by the light irradiated through the transparent por-
tion 12 of the mask 10 of FIG. 3. For example, molecular
structures or bonding characteristics of the hole transport
material or the hole injection material included in the first
organic layer 120 may be changed or modified. Thus, the first
organic layer patterns 122 and 122a may have decreased hole
transport or hole injection capabilities. The first organic layer
patterns 122 and 122a may also have electrical conductivities
less than those of the second organic layer patterns 124 and
124a. Accordingly, lateral diffusion of charges from the pixel
regions I, II and III may be prevented, and regions in which
holes are moved or transferred may be precisely confined or
limited. As a result, the organic light emitting structure may
have improved resolution and contrast.

[0062] As illustrated in FIG. 5A, the first organic layer 120
may include a hole injection layer (HIL) 125 and a hole
transport layer (HTL) 127 sequentially stacked on the sub-
strate 100 and the first electrode 110.

[0063] In exemplary embodiments, the PDL 135 may be
formed from the preliminary PDL 130 including the above
described photosensitive material and the photoinitiator, and
the HTL 127 may include the above described hole transport
material and the photosensitive monomer. In this case, the
active species generated by the photoinitiator of the prelimi-
nary PDL 130 during the selective exposure process may be
diffused into a portion of the HTL 127 beneath the prelimi-
nary PDL 130. Accordingly, the photosensitive monomer of
the HTL 127 may be cross-linked or polymerized to form a
first HTL pattern 127a beneath the PDL 135. A remaining
portion of the HTL 127, except for the first HTL pattern 127a,
may be defined as a second HTL pattern 1275. The first HTL
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pattern 1274 may include a polymer produced by the photo-
sensitive monomer. Thus, the first HTL pattern 127a may
have a hole transport capability or an electrical conductivity
less than those of the second HTL pattern 1275.

[0064] In exemplary embodiments, the first HTL pattern
127a and the second HTL layer pattern 1275 may substan-
tially overlap the non-pixel regions and the pixel regions I, 11
and 111, respectively. The first HTL pattern 1274 may partially
overlap the first electrode 110.

[0065] Insome exemplary embodiments, the HTL 127 may
further include the photoinitiator in addition to the hole trans-
port material and the photosensitive monomer. In this case,
active species such as radicals may be generated by the pho-
toinitiator of the HTL 127 during the selective exposure pro-
cess so as to induce cross-linking and/or polymerization reac-
tions of the photosensitive monomer. When the HTL 127
includes the photoinitiator, the preliminary PDL 130 may not
include the photoinitiator.

[0066] Referringto FIG. 5B, the HIL 125 may also include
the above described photosensitive monomer in addition to
the hole injection material. In this case, the active species
generated by the photoinitiator of the preliminary HTL 130
and/or the HTL 127 may be diffused into the HIL. 125 50 as to
induce cross-linking and/or polymerization reactions of the
photosensitive monomer of the HIL. 125. Accordingly, a por-
tion of the HIL 125 beneath the first HTL pattern 127a may be
transformed into a first HIL pattern 1254. A remaining por-
tion of the HIL 125, except for the first HIL pattern 125a, may
be defined as a second HIL pattern 1255. The first HIL pattern
1254 may include a polymer produced by the photosensitive
monomer, and thus the first HIL pattern 1254 may have a hole
injection capability or an electrical conductivity less than
those of the second HIL pattern 1255.

[0067] In exemplary embodiments, the first HIL, pattern
1254 and the second HIL layer pattern 1256 may substan-
tially overlap the non-pixel regions and the pixel regions I, II
and II1, respectively. The first HIL pattern 125a may partially
overlap the first electrode 110.

[0068] Insome exemplary embodiments, the HIL 125 may
further include a photoinitiator in addition to the hole injec-
tion material and the photosensitive monomer. In this case,
active species such as radicals may be generated by the pho-
toinitiator of the HIL. 125 during the selective exposure pro-
cess so as to induce cross-linking and/or polymerization reac-
tions of the photosensitive monomer. When the HIL 125
includes the photoinitiator, the HTL 127 may not include the
photoinitiator.

[0069] Hereinafter, subsequent processes will be described
with reference to the resultant structure illustrated in FIG. 6.
[0070] Referring to FIG. 6, an emitting layer (EML) 140
may be formed in each of the pixel regions I, IT and I1I defined
by the PDL 135. The EML 140 may partially fill the openings
132. In exemplary embodiments, the EML 140 may be
formed on a sidewall of the PDL 135 and on the second
organic layer pattern 124 of the first organic layer 120. In
some exemplary embodiments, the first organic layer pattern
122 may be partially exposed by the PDL 135. In this case, the
EML 140 may be formed on the sidewall of the PDL 135, and
on the second organic layer pattern 124 and the exposed first
organic layer pattern 122.

[0071] In exemplary embodiments, the pixel regions I, II
and III may correspond to red (R), green (G) and blue (B)
pixel regions, respectively. In this case, the EML 140 may
include ared EML 140R, a green EML 140G and a blue EML
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140B. The EML 140 may be formed using suitable light
emitting materials for generating a red color of light, a green
color of light or a blue color of light in accordance with a
light-emitting mechanism of the EML 140, for example, a
fluorescent mechanism or a phosphorescent mechanism. In
some exemplary embodiments, the EML 140 may be formed
using a mixture of the light emitting materials for generating
a white color of light. The light emitting materials may serve
as dopant materials of the EML 140, and the EML 140 may
further include host materials having a relatively large band
gap. The EML 140 may be obtained by a printing process
including inkjet, spin or nozzle printing processes, a transfer
process using a donor substrate by heat or laser, etc.

[0072] According to exemplary embodiments, the PDL
135 may include the photosensitive material cured or hard-
ened by the selective exposure process so as to have a rela-
tively low surface energy. Furthermore, the first organic layer
120 including the HTT 127 and/or the HIL 125 of FIGS. 5A
and 5B may be formed prior to forming the PDL 135 on the
first organic layer 120 of FIG. 6. Thus, only the EML 140 may
make contact with the sidewall of the PDL 135. Therefore,
deviations or irregularities of luminescence characteristics
near the sidewall of the PDL 135, occurring when a plurality
of layers is formed on the PDL 135, may be prevented or
minimized. Furthermore, the first organic layer pattern 122
having a relatively low electrical conductivity and/or hole
transport or hole injection capabilities may be formed
beneath the PDL 135. Therefore, crosstalk between the adja-
cent pixel regions, or between the pixel region and the non-
pixel region, may be efficiently blocked.

[0073] Referring to FIG. 7A, a second organic layer 150
may be formed on the PDL 135 and the EML 140. A second
electrode 160 may be formed on the second organic layer 150.
[0074] The second organic layer 150 may substantially fill
the opening 132 of FIG. 5B, and may be entirely deposited or
coated over the substrate 100. The second organic layer 150
may be obtained by a vacuum evaporation process, a thermal
evaporation process, a slit coating process, a spin coating
process, a printing process, etc.

[0075] The second organic layer 150 may include an elec-
tron transport layer (ETL). The ETL may be formed using,
e.g., tris(8-quinolinolato)aluminum (IIT) (Alg3), 2-(4-biphe-
nylyl)-5-4-tert-butylphenyl-1,3,4-oxadiazole (PBD), bis(2-
methyl-8-quinolinolato)-4-phenylphenolato-aluminum
(BAlq), bathocuproine (BCP), etc. These may be used alone
or in a mixture thereof.

[0076] Thesecond organic layer 150 may further include an
electron injection layer (EIL) on the ETL. The EIL may be
formed using an alkaline metal, an alkaline earth metal, fluo-
rides of these metals, oxides of these metals, etc. These may
be used alone or in a mixture thereof.

[0077] The second electrode 160 may be formed using a
transparent conductive material or a metal according to the
types thereof, for example, a transparent electrode or a reflec-
tive electrode. The transparent conductive material may
include ITO, ZTO, 120, ZnO,, SnO,, GIZO, AZO, etc. The
metal may include, e.g., Ag, Al, Pt, Au, Cr, W, Mo, Ti, Pd, etc.,
or an alloy of these materials. The second electrode 160 may
be obtained by a sputtering process, a chemical vapor depo-
sition (CVD) process, an atomic layer deposition (ALD) pro-
cess, a vacuum deposition process, a printing process, etc. In
one exemplary embodiment, the second electrode 160 may
have a multi-stacked structure including a first layer and a
second layer. The first layer may include, e.g., the above metal
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or the alloy, and the second layer may include, e.g., the above
transparent conductive material. The second electrode 160
may serve as a cathode providing electrons into the second
organic layer 150.

[0078] Asillustrated in FIG. 7B, a second organic layer 155
may be selectively formed in each of the pixel regions I, [T and
II1. For example, the second organic layer 155 may be formed
only on the EML 140 and the sidewall of the PDL 135. In this
case, the second organic layer 155 may be obtained by a
printing process including inkjet, spin, nozzle printing pro-
cesses, etc., or a transfer process using a donor substrate by
heat or laser. The second electrode 160 may be formed on the
PDL 135 and the second organic layer 155.

[0079] FIGS. 8 through 12, 13A, 13B, 14A and 14B are
cross-sectional views illustrating a method of manufacturing
an organic light emitting display device in accordance with
exemplary embodiments of the invention. In the exemplary
embodiments, the OLED device may include a lower struc-
ture, an organic light emitting structure and an upper struc-
ture.

[0080] FIGS. 8 and 9 are cross-sectional views illustrating
a method of forming the lower structure of the OLED device.
For example, the lower structure may include a switching
device that may have a thin film transistor (TFT).

[0081] Referring to FIG. 8, a semiconductor pattern 220, a
gate insulation layer 230 and a gate electrode 240 may be
formed on a lower substrate 200.

[0082] Inexemplary embodiments, a buffer layer 210 may
be formed on the lower substrate 200. The lower substrate 200
may include a transparent insulating substrate, for example, a
glass substrate, a quartz substrate, a ceramic substrate, a
transparent plastic substrate, etc. The buffer layer 210 may
prevent a diffusion of impurities and may planarize an upper
surface of the lower substrate 200. The buffer layer 210 may
be formed using silicon oxide, silicon nitride, silicon oxyni-
tride, etc. The buffer layer 210 may be obtained by a CVD
process, a plasma enhanced chemical vapor deposition
(PECVD) process, a high density plasma-chemical vapor
deposition (HDP-CVD) process, a spin coating process, etc.
Alternatively, the buffer layer 210 may be formed by perform-
ing a thermal oxidation process on the lower substrate 200. In
some exemplary embodiments, the buffer layer 210 may not
be formed on the lower substrate 200.

[0083] The switching device, including the semiconductor
pattern 220, the gate insulation layer 230 and the gate elec-
trode 240, may be formed on the buffer layer 210. In exem-
plary embodiments, a preliminary semiconductor pattern (not
illustrated) may be formed on the buffer layer 210, and the
gate insulation layer 230 covering the preliminary semicon-
ductor pattern may be formed on the buffer layer 210. The
preliminary semiconductor pattern may be formed using,
e.g., polysilicon or amorphous silicon by a sputtering process,
a CVD process, a low pressure chemical vapor deposition
(LPCVD) process, a vacuum evaporation process, etc. A crys-
tallization process including, e.g., an annealing process or a
laser treatment may be performed on the preliminary semi-
conductor pattern. In one exemplary embodiment, a heat
treatment may be further performed on the preliminary semi-
conductor pattern to remove hydrogen therefrom.

[0084] The gate insulation layer 230 may be formed using,
e.g., silicon oxide or a metal oxide. The gate insulation layer
230 may be obtained by a CVD process, a PECVD process, a
sputtering process, a vacuum evaporation process, etc. The
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gate insulation layer 230 may have a single-layered structure
or a multi-layered structure including silicon oxide and/or the
metal oxide.

[0085] The gate electrode 240 may be formed on the gate
insulation layer 230. The gate electrode 240 may be formed
using, e.g., a metal, a metal nitride, a conductive metal oxide,
a transparent conductive material. For example, a first con-
ductive layer (not illustrated) may be formed on the gate
insulation layer 230 by a sputtering process, a CVD process,
an ALD process, a pulse laser deposition (PLD) process, or a
printing process, and then the first conductive layer may be
patterned by, e.g., an etching process to obtain the gate elec-
trode 240. A gate line (not illustrated) that may extend on the
gate insulation layer 230 and be electrically connected to the
gate electrode 240 may be formed together with the gate
electrode 240.

[0086] Impurities may be implanted into the preliminary
semiconductor pattern using the gate electrode 240 as an
ion-implantation mask. Accordingly, a source region 211 and
a drain region 215 may be formed at both lateral portions of
the preliminary semiconductor pattern to obtain the semicon-
ductor pattern 220. A portion of the semiconductor pattern
220 between the source region 211 and the drain region 215
may be defined as a channel region 213. The channel region
213 may substantially overlap the gate electrode 240 formed
on the gate insulation layer 230.

[0087] Further referring to FIG. 8, a first insulating inter-
layer 250 covering the gate electrode 240 may be formed on
the gate insulation layer 230. The first insulating interlayer
250 may be formed using, e.g., silicon oxide, silicon nitride,
silicon oxynitride or a transparent insulating material. The
first insulating interlayer 250 may be obtained by a CVD
process, a PECVD process, a HDP-CVD process, a spin
coating process, etc.

[0088] Referring to FIG. 9, a source electrode 241 and a
drain electrode 245 electrically connected to the source
region 211 and the drain region 215, respectively, may be
formed. A second insulating interlayer 260 covering the
source electrode 241 and the drain electrode 245 may be
formed on the first insulating interlayer 250.

[0089] In exemplary embodiments, the first insulating
interlayer 250 and the gate insulation layer 230 may be par-
tially removed to form openings or holes, each of which may
expose the source region 211 and the drain region 215. A
second conductive layer sufficiently filling the openings or
the holes may be formed on the first insulating interlayer 250,
the source region 211 and the drain region 215. The second
conductive layer may be patterned using a photoresist pattern
or a mask pattern to form the source electrode 241 and the
drain electrode 245 electrically connected to the source
region 211 and the drain region 215, respectively. The second
conductive layer may be formed using chromium, aluminum,
tantalum, molybdenum, titanium, tungsten, copper, silver,
neodymium, etc., or an alloy of these metals. The second
conductive layer may be obtained by a sputtering process, a
CVD process, an ALD process, a vacuum evaporation pro-
cess, a printing process, etc. In exemplary embodiments, the
source electrode 241 may be electrically connected to a data
line (not illustrated) of the OLED device, and the drain elec-
trode 245 may be electrically connected to a first electrode
270 (see FIG. 10).

[0090] The second insulating interlayer 260 may be formed
using a transparent insulating material, e.g., acryl-based
resin, polyimide-based resin, siloxane-based resin, BCB, etc.
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The second insulating interlayer 260 may be obtained by a
spin coating process, a slit coating process, etc. In exemplary
embodiments, the second insulating interlayer 260 may be
formed using a material having a self-planarizing property. In
one exemplary embodiment, a planarization process, includ-
ing a chemical mechanical polishing (CMP) process and/or
an etch-back process, may be performed on the second insu-
lating interlayer 260 so that the second insulating interlayer
260 may have a substantially level surface.

[0091] By performing the above-described processes, the
lower structure including the lower substrate 200 and the
switching device may be obtained. As described above, the
switching device may include the TFT including a semicon-
ductor pattern 220, the gate insulation layer 230, the gate
electrode 240, the source electrode 241 and the drain elec-
trode 245. The TFT may be P-type or N-type metal oxide
semiconductor (MOS) transistors according to the types of
the impurities implanted into the preliminary semiconductor
pattern. In some exemplary embodiments, the switching
device may include an oxide semiconductor device. For
example, a gate electrode and a gate insulation layer may be
formed on the lower substrate 200, and an active layer may be
formed on the gate insulation layer using a semiconductor
oxide.

[0092] Hereinafter, subsequent processes will be described
in the case wherein the switching device including the TFT is
formed on the lower substrate 200 as illustrated in FIG. 9.

[0093] FIGS. 10 through 12, 13A, 13B, 14A and 14B are
cross-sectional views illustrating a method of forming the
organic light emitting structure on the lower structure
obtained by the processes illustrated with reference to FIGS.
8and9.

[0094] In exemplary embodiments, the organic light emit-
ting structure may be formed on the lower structure by pro-
cesses substantially the same as, or similar to, those illus-
trated with reference to FIGS. 1 through 3,4A, 4B, SA, 5B, 6,
7A and 7B. Thus, like reference numerals may refer to like
elements and detailed descriptions thereof are omitted.

[0095] Referring to FIG. 10, a first electrode 110 electri-
cally connected to the drain electrode 245 may be formed on
the second insulating interlayer 260. In exemplary embodi-
ments, the second insulating interlayer 260 may be partially
removed to form a contact hole (not illustrated) exposing at
least a portion of the drain electrode 245. A third conductive
layer (not illustrated) sufficiently filling the contact hole may
be formed on the second insulating interlayer 260 and the
drain electrode 245. The third conductive layer may be pat-
terned to form the first electrode 110. The third conductive
layer may be formed using a transparent conductive material
including, e.g., ITO, ZTO, 170, ZnO,, SnO,, GIZO, AZO,
etc., or a metal including, e.g., Ag, Al, Pt, Au, Cr, W, Mo, Ti,
Pd, etc., or an alloy of these materials. The third conductive
layer may be obtained by a sputtering process, a CVD pro-
cess, an ALD process, a vacuum evaporation process, a print-
ing process, etc. The first electrode 110 may serve as an anode
providing holes. In one exemplary embodiment, the first elec-
trode 110 may have a multi-layered structure including a
transparent conductive material layer and a metal layer.

[0096] Referring to FIG. 11, a first organic layer 120 cov-
ering the first electrode 110 may be formed on the second
insulating interlayer 260. The first organic layer 120 may be
deposited or coated on a whole surface of the second insulat-



US 2013/0109117 Al

ing interlayer 260 by a spin coating process, a roll coating
process, a vacuum evaporation process, or a thermal evapo-
ration process.

[0097] In exemplary embodiments, the first organic layer
120 may include a HTL 127. The first organic layer 120 may
further include a HIL 125 beneath the HTL 127. Hereinafter,
subsequent processes in the case wherein the first organic
layer 120 includes both the HIL 125 and the HTL 127 sequen-
tially stacked on the second insulating interlayer 260 and the
first electrode 110 are described.

[0098] The HIL 125 may be formed using the above-men-
tioned hole injection material. In some exemplary embodi-
ments, the HIL 125 may be formed using a mixture of'the hole
injection material, the above-mentioned photoinitiator and/or
the above-mentioned photosensitive monomer.

[0099] The HTL 127 may be formed using the above-men-
tioned hole transport material. In some exemplary embodi-
ments, the HTL 127 may be formed using a mixture of the
hole transport material, the photoinitiator and/or the photo-
sensitive monomer.

[0100] Referring to FIG. 12, a process substantially the
same as, or similar to, that illustrated with reference to FIG. 2
may be performed to form a preliminary PDL 130 on the HTL
127. In exemplary embodiments, the preliminary PDL 130
may substantially overlap both lateral portions of the first
electrode 110. As described above, the preliminary PDL 130
may be formed using the photosensitive material or precur-
sors of the photosensitive material. In some exemplary
embodiments, the preliminary PDL 130 may be formed using
a mixture of the photosensitive material and the photoinitia-
tor. An opening 132 partially exposing the HTL 127 may be
defined by the preliminary PDL 130.

[0101] Referring to FIG. 13A, a process substantially the
same as, or similar to, that illustrated with reference to FIG. 3
may be performed to form a PDL 135 from the preliminary
PDL 130. In exemplary embodiments, a selective exposure
process may be performed on the preliminary PDL 130 to
form the PDL 135 including the cured or hardened photosen-
sitive material. The PDL 135 may have a surface energy less
than those of the preliminary PDL 130, an EML 140 and a
second organic layer 155 (see FIG. 14A) by the selective
exposure process. In exemplary embodiments, the PDL 135
may have a surface energy less than about 50 dyne/cm?,
preferably less than about 20 dyne/cm?>.

[0102] In the case wherein the preliminary PDL 130
includes the photoinitiator, active species including, e.g.,
radicals generated by the photoinitiator of the preliminary
PDL 130 may be diffused into the HTL 127. Accordingly, a
portion of the HTL 135 beneath the PDL 135 may be trans-
formed by the active species into a first HTL pattern 127a
having a reduced hole transport capability. When the HTL
127 includes the photosensitive monomer, the first HTL pat-
tern 127a may include a polymer produced by cross-linking
or polymerization reactions of the photosensitive monomer,
and thus the first HTL pattern 127a may have a reduced
electrical conductivity. A remaining portion of the HTL 127,
except for the first HTL 127a pattern, may be defined by a
second HTL pattern 1275. In exemplary embodiments, the
second HTL pattern 1275 may have a hole transport capabil-
ity and/or an electrical conductivity substantially greater than
those of the first HTL pattern 1275.

[0103] In the case wherein the HTL 127 includes the pho-
toinitiator, the active species may be generated by the HTL
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127 to form the first HTL pattern 127a beneath the PDL 135,
even though the preliminary PDL 130 does not include the
photoinitiator.

[0104] Referring to FIG. 13B, the active species generated
by the preliminary PDL 130 and/or the HTL 127 may be
further diffused into the HIL 125. Accordingly, a portion of
the HIL 125 beneath the first HTL pattern 127a may be
transformed into a first HIL pattern 1254. A remaining por-
tion of the HIL 125, except for the first HIL pattern 125a, may
be defined as a second HIL pattern 12556. When the HIL 125
includes the photosensitive monomer, the first HIL pattern
125a may include a polymer produced by cross-linking or
polymerization reactions of the photosensitive monomer, and
thus the first HIL pattern 1254 may have a reduced electrical
conductivity. In exemplary embodiments, the first HIL pat-
tern 1254 may have a hole injection capability and/or an
electrical conductivity substantially less than those of the
second HIL pattern 1255.

[0105] In the case wherein the HIL 125 includes the pho-
toinitiator, the active species may be generated by the HIL
125 so as to form the first HIL pattern 125a beneath the first
HTL pattern 127a even though the preliminary PDL 130
and/or the HTL 127 do not include the photoinitiator.
[0106] Hereinafter, subsequent processes are described in
the case wherein both the first HTL pattern 1274 and the first
HIL pattern 1254 are formed.

[0107] Referring to FIG. 14A, a process substantially the
same as, or similar to, that illustrated with reference to FIG.
7A may be performed to form an EML 140 on a sidewall of
the PDL 135 and on the second HTL pattern 1275 exposed by
the opening 132.

[0108] A second organic layer 150 may be formed on the
EML 140 and the PDL 135. A second electrode 160 may be
formed on the second organic layer 150. In exemplary
embodiments, the EML 140 may partially fill the opening
132. The second organic layer 150 may fill up a remaining
portion of the opening 132, and may be coated or deposited
entirely over the lower substrate 200. The second organic
layer 150 may include an ETL or may further include an EIL
on the ETL.

[0109] Insome exemplary embodiments, the first HTL pat-
tern 1274 may be partially exposed by the opening 132. In this
case, the EML 140 may be formed on the second HTL pattern
127b and the exposed first HTL pattern 127a. The second
electrode 160 may serve as a cathode providing electrons.
[0110] Referring to FIG. 14B, a second organic layer 155
may not be formed on a top surface of the PDL 135. For
example, the second organic layer 155 may be selectively
formed inside the opening 132. In this case, the second
organic layer 155 and the EML 140 may be confined or
limited by the PDL 135. The second electrode 160 may be
formed on the PDL 135 and the second organic layer 155.
[0111] By performing the above-described processes, the
organic light emitting structure including the first electrode
110, the first organic layer 120, the PDL 135, the EML 140,
the second organic layer 150 and the second electrode 160
formed on the lower structure may be obtained.

[0112] Anupper structure including, e.g., a protection layer
(not illustrated) and an upper substrate (not illustrated) may
be formed on the organic light emitting structure to obtain the
OLED device according to exemplary embodiments. The
protection layer may be formed using a transparent insulating
material and the upper substrate may include a transparent
insulating substrate.



US 2013/0109117 Al

[0113] The foregoing is illustrative of exemplary embodi-
ments and is not to be construed as limiting thereof. Although
a few exemplary embodiments have been described, those
skilled in the art will readily appreciate that many modifica-
tions are possible in the exemplary embodiments without
materially departing from the novel teachings and advantages
of the invention. Accordingly, all such modifications are
intended to be included within the scope of the invention as
defined in the claims. In the claims, means-plus-function
clauses are intended to cover the structures described herein
as performing the recited function and not only structural
equivalents but also equivalent structures. Therefore, it is to
be understood that the foregoing is illustrative of various
exemplary embodiments and is not to be construed as limited
to the specific exemplary embodiments disclosed, and that
modifications to the disclosed exemplary embodiments, as
well as other exemplary embodiments, are intended to be
included within the scope of the appended claims.

What is claimed is:

1. A method of forming an organic light emitting structure,
comprising the steps of:

forming a plurality of first electrodes spaced apart from

each other on a lower substrate;

forming a first organic layer covering the first electrodes on

the lower substrate;

forming a preliminary pixel defining layer on the first

organic layer, the preliminary pixel defining layer
including a photosensitive material,
selectively exposing the preliminary pixel defining layer to
light so that the preliminary pixel defining layer and a
portion of the first organic layer beneath the preliminary
pixel defining layer are transformed into a pixel defining
layer and a first organic layer pattern, respectively;

forming an emitting layer on the first organic layer exposed
by the pixel defining layer;

forming a second organic layer on the emitting layer; and

forming a second electrode on the second organic layer.

2. The method claim 1, wherein a remaining portion of the
first organic layer, except for the first organic layer pattern, is
defined as a second organic layer pattern; and

wherein the first organic layer pattern has hole transport

capability or hole injection capability less than those of
the second organic layer pattern.

3. The method claim 1, wherein the preliminary pixel
defining layer further includes a photoinitiator.

4. The method of claim 3, wherein the first organic layer
pattern is formed by active species that are generated by the
photoinitiator and diffused to the first organic layer.

5. The method of claim 4, wherein the first organic layer
pattern includes a polymer cross-linked or polymerized by
the active species.

6. The method of claim 1, wherein the photosensitive mate-
rial of the preliminary pixel defining layer is cured or hard-
ened to form the pixel defining layer; and

wherein the pixel defining layer has a surface energy less

than those of the preliminary pixel defining layer, the
first organic layer, the emitting layer and the second
organic layer.

7. A method of forming an organic light emitting structure,
comprising the steps of:

forming a plurality of first electrodes spaced apart from

each other on a lower substrate;

forming a hole transport layer covering the first electrodes

on the lower substrate;
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forming a preliminary pixel defining layer on the hole
transport layer, the preliminary pixel defining layer
including a photosensitive material;

selectively exposing the preliminary pixel defining layer to

light so that the preliminary pixel defining layer and a
portion of the hole transport layer beneath the prelimi-
nary pixel defining layer are transformed into a pixel
defining layer and a first hole transport layer pattern,
respectively;

forming an emitting layer on the hole transport layer

exposed by the pixel defining layer;

forming an electron transport layer on the emitting layer;

and

forming a second electrode on the electron transport layer.

8. The method of claim 7, wherein a remaining portion of
the hole transport layer, except for the first hole transport
layer pattern, is defined as a second hole transport layer
pattern; and

wherein the first hole transport layer pattern has a hole

transport capability or an electrical conductivity less
than those of the second hole transport layer pattern.

9. The method of claim 7, wherein at least one of the
preliminary pixel defining layer and the hole transport layer
includes a photoinitiator.

10. The method of claim 9, wherein the hole transport layer
includes a hole transport material and a photosensitive mono-
mer; and

wherein the first hole transport layer pattern includes a

polymer produced by a cross-linking reaction of the
photosensitive monomer or a polymerization reaction of
the photosensitive monomer, the cross-linking reaction
or the polymerization reaction being induced by active
species generated by the photoinitiator.

11. The method of claim 9, further comprising the step of
forming a hole injection layer before forming the hole trans-
port layer;

wherein a portion of the hole injection layer beneath the

first hole transport layer pattern is transformed into a
first hole injection layer pattern.

12. The method of claim 11, wherein the hole injection
layer includes a hole injection material and a photosensitive
monomer; and

wherein the first hole injection layer pattern includes a

polymer produced by a cross-linking reaction of the
photosensitive monomer or a polymerization reaction of
the photosensitive monomer, the cross-linking reaction
or the polymerization reaction being induced by active
species generated by the photoinitiator.

13. The method of claim 12, wherein a remaining portion
of the hole injection layer, except for the first injection layer
pattern, is defined as a second injection layer pattern; and

wherein the first hole injection layer pattern has a hole

injection capability or an electrical conductivity less
than those of the second injection layer pattern.

14. The method of claim 11, wherein the hole injection
layer includes a hole injection material and a photoinitiator;
and

wherein the first hole injection layer pattern includes active

species generated by the photoinitiator.

15. A method of manufacturing an organic light emitting
display device, comprising the steps of:

forming a lower structure on a lower substrate, the lower

structure including a switching device and an insulation
layer;
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forming a first electrode electrically connected to the

switching device on the lower structure;

forming a first organic layer covering the first electrode on

the lower structure;

forming a preliminary pixel defining layer on the first

organic layer, the preliminary pixel defining layer
including a photosensitive material,
selectively exposing the preliminary pixel defining layer to
light so that the preliminary pixel defining layer and a
portion of the first organic layer beneath the preliminary
pixel defining layer are transformed into a pixel defining
layer and a first organic layer pattern, respectively;

forming an emitting layer on the first organic layer exposed
by the pixel defining layer;

forming a second organic layer on the emitting layer; and

forming a second electrode on the second organic layer.

16. The method of claim 15, wherein at least one of the
preliminary pixel defining layer and the first organic layer
includes a photoinitiator.

17. The method of claim 16, wherein the first organic layer
includes a hole transport material and a photosensitive mono-
mer; and

wherein the first organic layer pattern includes a polymer

produced by a cross-linking reaction of the photosensi-
tive monomer or a polymerization reaction of the pho-
tosensitive monomer, the cross-linking reaction or the
polymerization reaction being induced by active species
generated by the photoinitiator.
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18. The method of claim 17, wherein a remaining portion
of the first organic layer, except for the first organic layer
pattern, is defined as a second organic layer pattern; and

wherein the first organic layer pattern has a hole transport

capability or an electrical conductivity less than those of
the second organic layer pattern.

19. The method of claim 15, wherein the second organic
layer includes an electron transport layer; and

wherein the electron transport layer is formed on the emit-

ting layer and a sidewall of the pixel defining layer, and
the electron transport layer is not formed on a top surface
of the pixel defining layer.

20. The method of claim 15, wherein the second organic
layer includes an electron transport layer; and

wherein the electron transport layer covers the pixel defin-

ing layer and the emitting layer.

21. The method of claim 15, wherein the switching device
includes one of a thin film transistor and an oxide semicon-
ductor device.

22. The device of claim 15, wherein the photosensitive
material of the preliminary pixel defining layer is cured or
hardened to form the pixel defining layer; and

wherein the pixel defining layer has a surface energy less

than those of the preliminary pixel defining layer, the
first organic layer, the emitting layer and the second
organic layer.
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