a9y United States

BAEK

US 20140370635A1

12) Patent Application Publication (o) Pub. No.: US 2014/0370635 A1l

(43) Pub. Date: Dec. 18, 2014

(54) METHOD OF MANUFACTURING AN
ORGANIC LIGHT EMITTING STRUCTURE
AND METHOD OF MANUFACTURING AN
ORGANIC LIGHT EMITTING DISPLAY

DEVICE

(71)  Applicant:

(72) Inventor:

(21) Appl. No.:

Samsung Display Co.,

Yongin-City (KR)

Ltd.,

Seog-Soon BAEK, Suwon-si (KR)

14/302,574

Publication Classification

(51) Int.CL
HOIL 51/56 (2006.01)
(52) US.CL
[ R HOIL 51/56 (2013.01)
L015) 438/46
(57) ABSTRACT

A method of manufacturing an organic light emitting struc-
ture is provided as follows. A first electrode is formed on a
lower substrate. A pixel defining layer is formed adjacent to
the first electrode on the lower substrate. A preliminary
charge transport layer is formed on the first electrode and the
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METHOD OF MANUFACTURING AN
ORGANIC LIGHT EMITTING STRUCTURE
AND METHOD OF MANUFACTURING AN
ORGANIC LIGHT EMITTING DISPLAY
DEVICE

[0001] This application claims priority to Korean patent
Application No. 10-2013-0068135, filed on Jun. 14, 2013,
and all the benefits accruing therefrom under 35 U.S.C. §119,
the disclosure of which is hereby incorporated by reference
herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments relate generally to a
method of manufacturing an organic light emitting display
structure, and a method of manufacturing an organic light
emitting display device. More particularly, exemplary
embodiments relate to a method of manufacturing an organic
light emitting display structure having improved lumines-
cence characteristics, and a method of manufacturing the
organic light emitting display device.

[0004] 2. Description of the Related Art

[0005] An organic light emitting display device displays
desired information such as images, letters and/or characters
using light that is generated by combining holes provided
from an anode with electrons provided from a cathode in an
organic layer thereof. The organic light emitting display
device may ensure relatively wide viewing angle, rapid
response speed, small thickness, low power consumption, etc.
Accordingly, the organic light emitting display device is
being explored as a next-generation display device.

[0006] Inthe organic light emitting display device, a charge
transport layer such as a hole injection layer (“HIL™), a hole
transfer layer (“HTL”), an electron injection layer (“EIL”)
and/or an electron transfer layer (“ETL”) may be generally
disposed to promote charge carrier (e.g., hole or electron)
movement.

SUMMARY

[0007] One or more exemplary embodiment provides a
method of manufacturing an organic light emitting structure
having improved luminescence characteristics.

[0008] One or more exemplary embodiment provides a
method of manufacturing an organic light emitting display
device having the organic light emitting structure.

[0009] According to an exemplary embodiment, a method
of manufacturing an organic light emitting structure is pro-
vided as follows. A first electrode is formed on a lower sub-
strate. A pixel defining layer is formed adjacent to the first
electrode on the lower substrate. A preliminary charge trans-
port layer is formed on the first electrode and the pixel defin-
ing layer. An organic light emitting layer is formed on the
preliminary charge transport layer. The preliminary charge
transport layer is selectively etched to form a charge transport
layer. A second electrode is formed on the organic light emit-
ting layer.

[0010] In an exemplary embodiment, the method is further
provided as follows. A lead spaced apart from the first elec-
trode is disposed on the lower substrate. The second electrode
may be extended to be electrically connected to the lead.
[0011] In an exemplary embodiment, the preliminary
charge transport layer may be formed by at least one of a slit
coating process, a bar coating process, and a spin coating
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process, and the preliminary charge transport layer may cover
the entire first electrode and the entire pixel defining layer.
[0012] In an exemplary embodiment, the preliminary
charge transport layer may be partially etched by an etching
solution including at least one of water, acetone and anisole.
[0013] In an exemplary embodiment, the etching solution
may be selectively applied on the preliminary charge trans-
port layer by at least one of an offset printing process, a
gravure offset printing process, a gravure reverse offset print-
ing process, a printing process, an inkjet printing process, and
anozzle printing process.

[0014] In an exemplary embodiment, the method may fur-
ther include applying an inert gas on the lower substrate to
remove the etching solution remaining on the lower substrate,
after the preliminary charge transport layer is partially etched
by the etching solution.

[0015] In an exemplary embodiment, the lower substrate
may include a pixel region, and a peripheral region surround-
ing the pixel regions, and the first electrode may be formed in
the pixel region and the lead is formed in the peripheral
region.

[0016] In an exemplary embodiment, the charge transport
layer may include a hole transport layer or a hole injection
layer.

[0017] In an exemplary embodiment, the charge transport
layer may include an electron transport layer or an electrode
injection layer.

[0018] According to another exemplary embodiment, a
method of manufacturing an organic light emitting display
device is provided as follows. A lower structure including a
switching element and an insulating layer is formed on a
lower substrate. A first electrode is formed on the lower
structure. The first electrode is electrically connected to the
switching element. A pixel defining layer is formed adjacent
to the first electrode on the lower structure. A preliminary
charge transport layer is formed on the first electrode and the
pixel defining layer. An organic light emitting layer is formed
on the preliminary charge transport layer. The preliminary
charge transport layer is selectively etched to form a charge
transport layer. A second electrode is formed on the organic
light emitting layer.

[0019] Inan exemplary embodiment, the method is further
provided as follows. A lead being spaced apart from the first
electrode is disposed on the lower substrate. The second
electrode may be extended to be electrically connected to the
lead.

[0020] In an exemplary embodiment, the preliminary
charge transport layer may be formed by at least one of a slit
coating process, a bar coating process, and a spin coating
process, and the preliminary charge transport layer may cover
the entire first electrode and the entire pixel defining layer.
[0021] In an exemplary embodiment, the preliminary
charge transport layer may be partially etched by an etching
solution including at least one of water, acetone and anisole.
[0022] In an exemplary embodiment, the charge transport
layer may partially cover the pixel defining layer.

[0023] In an exemplary embodiment, the etching solution
may be selectively applied on the preliminary charge trans-
port layer by at least one of an offset printing process, a
gravure offset printing process, a gravure reverse offset print-
ing process, a printing process, an inkjet printing process, and
a nozzle printing process.

[0024] In an exemplary embodiment, the method may fur-
ther include applying an inert gas on the lower substrate to
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remove the etching solution remaining on the lower substrate,
after the preliminary charge transport layer is partially etched
by the etching solution.

[0025] In an exemplary embodiment, the lower substrate
may include a pixel region, and a peripheral region surround-
ing the pixel region, and the first electrode may be formed in
the pixel region and the lead may be formed in the peripheral
region.

[0026] In an exemplary embodiment, the charge transport
layer may include a hole transport layer or a hole injection
layer.

[0027] In an exemplary embodiment, the charge transport
layer may include an electron transport layer or an electrode
injection layer.

[0028] In an exemplary embodiment, the switching ele-
ment may include a thin film transistor or an oxide semicon-
ductor device.

[0029] According to one or more exemplary embodiment,
the charge transport layer may be formed by selectively etch-
ing the preliminary charge transport layer before the second
electrode is formed, and then the second electrode and the
lower substrate may be connected to each other in forming the
second electrode. Accordingly, electrical contact efficiency
between the second electrode and the lower substrate is
improved. That is, the organic light emitting display structure
may have improved luminescence characteristics.

[0030] According to one or more exemplary embodiment,
the charge transport layer may be formed by selectively etch-
ing the preliminary charge transport layer before the second
electrode is formed, and then the lower substrate may be
encapsulated in forming the second electrode. Accordingly,
encapsulating efficiency may be improved. That is, the
organic light emitting display device may have an extended
life time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Illustrative, non-limiting exemplary embodiments
will be more clearly understood from the following detailed
description taken in conjunction with the accompanying
drawings.

[0032] FIGS. 1 through 5 are diagrams illustrating an
exemplary embodiment of a method of manufacturing an
organic light emitting structure in accordance with the inven-
tion.

[0033] FIGS. 6 through 12 are diagrams illustrating an
exemplary embodiment of a method of manufacturing an
organic light emitting display device in accordance with the
invention.

DETAILED DESCRIPTION

[0034] 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 disclosure 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. Like numerals refer to like elements throughout.
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[0035] Tt will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, these elements should not be limited by these
terms.

[0036] These terms are used to distinguish one element
from another. Thus, a first element discussed below could be
termed a second element without departing from the teach-
ings of the invention. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0037] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no intet-
vening elements present. Other words used to describe the
relationship between elements should be interpreted in a like
fashion (e.g., “between” versus “directly between,” “adja-
cent” versus “directly adjacent,” etc.).

[0038] 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 the
plural forms as well, unless the context clearly indicates oth-
erwise. 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.

[0039] Embodiments of the invention are described herein
withreference to cross-section illustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of the invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the invention should not be construed
as limited to the particular shapes of regions illustrated herein
butare to include deviations in shapes that result, for example,
from manufacturing.

[0040] 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 inventive concept belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted 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.

[0041] All methods described herein can be performed in a
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

[0042] Inan organic light emitting display device, a charge
transport layer such as a hole injection layer (“HIL”), a hole
transfer layer (“HTL”), an electron injection layer (“EIL”)
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and/or an electron transfer layer (“ETL”) may be generally
disposed to promote charge carrier (e.g., hole or electron)
movement.

[0043] When the charge transport layer is coated on a lower
substrate of an organic light emitting structure without a
patterning process, to connect an electrode (e.g., a cathode)
and an element on the lower substrate, the electrode may be
used as an etching mask to remove a portion of the charge
transport layer. That is, the charge transport layer is formed
after the electrode is formed. When the electrode is used as an
etching mask, the electrode, the charge transport layer and/or
the lower substrate may be damaged, which results in the
degradation of luminescence characteristics of the organic
light emitting display device. Therefore, there remains a need
for an improved method of manufacturing an organic light
emitting display structure, and a method of manufacturing an
organic light emitting display device including the same.
[0044] Hereinafter, the invention will be described in detail
with reference to the accompanying drawings.

[0045] FIGS. 1 through 5 are diagrams illustrating an
exemplary embodiment of a method of manufacturing an
organic light emitting structure in accordance with the inven-
tion.

[0046] Referring to FIG. 1, a pixel defining layer 120 may
be formed on a lower substrate 100 on which a first electrode
110 is formed. The pixel defining layer 120 may be adjacent
to and/or overlapping the first electrode 110. The lower sub-
strate 100 may include a lower structure (not shown) such as
a switching element, an insulation layer, an electrode, etc.
disposed thereon.

[0047] The lower substrate 100 may include a transparent
substrate such as a glass substrate, a quartz substrate, a trans-
parent plastic substrate, etc. Alternatively, the lower substrate
100 may include a flexible substrate. The lower substrate 100
may include a pixel region in which an image is displayed,
and a peripheral region in which an image may not be dis-
played. The pixel region may be arranged in a first direction
and a second direction substantially perpendicular to the first
direction, and the peripheral region may surround the pixel
region. The lower substrate 100 may include a plurality of
pixel regions and/or a plurality of peripheral regions respec-
tively surrounding the pixel regions.

[0048] The first electrode 110 may be formed on the lower
substrate 100. In exemplary embodiments, a conductive layer
may be formed on the lower substrate 100, and then the
conductive layer may be patterned to form the first electrode
110. The first electrode 110 may be formed on a region of the
lower substrate 100 corresponding to the pixel region. In
exemplary embodiments, a lead 130 may be additionally
formed on another region of the lower substrate 100 corre-
sponding to the peripheral region. The lead 130 may be
exposed on the lower substrate 100.

[0049] The first electrode 110 may be a reflective electrode
and/or a transparent electrode depending on an emitting type
of the organic light emitting display device. When the organic
light emitting display device is a bottom emission type
organic light emitting display device, the conductive layer for
the first electrode 100 may be formed using indium zinc
oxide, indium tin oxide, gallium tin oxide, zinc oxide, gallium
oxide, tin oxide, indium oxide, and a combination thereof.
When the organic light emitting display device is a top emis-
sion type organic light emitting display device, the conduc-
tive layer for the first electrode 100 may be formed using
aluminum (Al), silver (Ag), gold (Au), platinum (Pt), chrome
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(Cr), tungsten (W), molybdenum (Mo), titanium (T1), palla-
dium (Pd), alloys thereof and a combination thereof.

[0050] When the organic light emitting display device has
an active matrix type, the switching element may be formed
between the lower substrate 100 and the first electrode 110.
The switching element may be physically and/or electrically
connected to the first electrode 110.

[0051] The pixel defining layer 120 may be formed on the
peripheral region of the lower substrate 100. The pixel defin-
ing layer 120 may be adjacent to the first electrode 110 and
may substantially overlap the first electrode 110.

[0052] Inexemplary embodiments, the pixel defining layer
120 may include a polymer containing a carbon-carbon chain.
The pixel defining layer 120 may serve as an insulator. Thus,
the pixel defining layer 120 may function as a black matrix
when the organic light emitting display device is the bottom
emission type.

[0053] Referring to FIG. 2, a first preliminary organic layer
1404 and a second preliminary organic layer 1405 may be
formed on the first electrode 110 and the pixel defining layer
120. The first preliminary organic layer 140a and the second
preliminary organic layer 1405 may include at least one of a
hole injection layer and a hole transport layer.

[0054] In exemplary embodiments, the first preliminary
organic layer 140 and the second preliminary organic layer
1405 include the hole injection layer. The hole injection layer
may facilitate hole injection from the first electrode 100 to the
hole transport layer. In one exemplary embodiment, for
example, the hole injection layer may include a hole injection
material, for example, copper phthalocyanine (“CPC”), poly
(3,4)-ethylenedioxythiophene  (“PEDOT”), polyaniline
(“PANI"), etc. The hole injection layer may be obtained (e.g.,
provided) by at least one of a vacuum deposition process, a
thermal evaporation process, a slit coating process, a spin
coating process and a printing process. In exemplary embodi-
ments, the hole injection layer may be formed on the entirety
of the first electrode 110 and the entirety of the pixel defining
layer 120.

[0055] In exemplary embodiments, the first preliminary
organic layer 140 and the second preliminary organic layer
1405 include the hole transport layer. The hole transport layer
may include a hole transport material, for example, 4,4'-bis
[N-(1-naphthyl}-N-phenylamino]biphenyl (“NPB”), N,N'-
diphenyl-N,N'-bis(3-methylphenyl)-1,1'-biphenyl-4,4'-di-
aminodiphenylamine tetramer (“TPD”), N, N'-di-1-naphthyl-
N,N'-diphenyl-1,1'-biphenyl-4,4'-diamine (“NPD”),
N-phenylcarbazole, polyvinylcarbazole, etc. In exemplary
embodiments, the hole transport layer may be obtained by at
least one of a slit coating process, a bar coating process, and
a spin coating process.

[0056] Referring to FIG. 3, an organic light emitting layer
150 may be formed on the first preliminary organic layer 140a
and the second preliminary organic layer 1405. In exemplary
embodiments, the organic light emitting layer 150 may be
obtained by a solution patterning process. In one exemplary
embodiment, for example, the solution patterning process
may include at least one of an inkjet printing process, a nozzle
printing process, a T-jet process and an electro spray process.
[0057] In exemplary embodiments, each of a plurality of
pixel regions may correspond to a red colored pixel region, a
green colored pixel region and a blue colored pixel region.
Where pixel regions correspond to a red colored pixel region,
a green colored pixel region and a blue colored pixel region,
the organic light emitting layer 150 may include a red colored
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emitting layer 150R, a green colored emitting layer 150G and
a blue colored emitting layer 150B. In one exemplary
embodiment, for example, the organic light emitting layer
150 may be formed using at least one of light emitting mate-
rials for generating different colors of light, for example, ared
color of light, a green color of light or a blue color of light. In
other exemplary embodiments, the organic light emitting
layer 150 may be formed using a mixture or a combination of
the light emitting materials for generating a white color of
light. In an exemplary embodiment, the light emitting mate-
rials may serve as dopant materials of the organic light emit-
ting layer 150. Where the light emitting materials serve as
dopant materials, the organic light emitting layer 150 may
further include a host material having a relatively large band
gap. Suitable dopant and host materials may be selected in
accordance with a light-emitting mechanism of the organic
light emitting layer 150, for example, a fluorescent mecha-
nism or a phosphorescent mechanism.

[0058] Referring now to FIG. 3, a third preliminary organic
layer 160 may be formed on the organic light emitting layer
150.

[0059] The third preliminary organic layer 160 may be
deposited or coated over an entirety of the lower substrate
100. The third preliminary organic layer 160 may be obtained
by a vacuum evaporation process, a thermal evaporation pro-
cess, a slit coating process, a spin coating process, a printing
process, etc.

[0060] Thethird preliminary organic layer 160 may include
an electron transport layer. The electron transport layer may
be formed using, e.g., tris(8-quinolinolato)aluminum (IIT)
(“Alg3”), 2-(4-biphenylyl)-5-4-tert-butylphenyl-1,3,4-oxa-
diazole (“PBD™), bis(2-methyl-8-quinolinolato)-4-phe-
nylphenolato-aluminum (“BAlq”), bathocuproine (“BCP”),
etc. These may be used alone or in a combination thereof.
[0061] The third preliminary organic layer 160 may further
include an electron injection layer on the electron transport
layer. The electron injection layer may be formed using an
alkaline metal, an alkaline earth metal, fluorides of these
metals, oxides of these metals, etc. These may be used alone
or in a combination thereof.

[0062] Referring to FIG. 4, an etching solution 170 may be
applied on the first preliminary organic layer 140a, the second
preliminary organic layer 1405 and/or the third preliminary
organic layer 160. In exemplary embodiments, the etching
solution 170 may be selectively applied on the first prelimi-
nary organic layer 140a, the second preliminary organic layer
1405 and the third preliminary organic layer 160 by at least
one of an offset printing process, a gravure offset printing
process, a gravure reverse offset printing process, a printing
process, an inkjet printing process and a nozzle printing pro-
cess.

[0063] The etching solution may include at least one of
water, acetone and anisole. However, the etching solution
may not be limited thereto. In exemplary embodiments, the
first preliminary organic layer 140q, the second preliminary
organic layer 1405 and the third preliminary organic layer
160 may be partially etched by the etching solution to change
a portion of the first preliminary organic layer 140a, the
second preliminary organic layer 1405 and the third prelimi-
nary organic layer 160 (i.e., the preliminary charge transport
layer) to a charge transport layer.

[0064] Inthe partial etching of the first preliminary organic
layer 1404, the second preliminary organic layer 1405 and the
third preliminary organic layer 160, portions of each of the
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first preliminary organic layer 140a, the second preliminary
organic layer 1405 and the third preliminary organic layer
160 may be removed. Accordingly, the lead 130 may be
exposed on the lower substrate 100, by the removing the
portions of the first preliminary organic layer 140q, the sec-
ond preliminary organic layer 1405 and the third preliminary
organic layer 160.

[0065] After the preliminary charge transport layer (e.g.,
the first preliminary organic layer 140q, the second prelimi-
nary organic layer 1405 and the third preliminary organic
layer 160) is selectively etched by the etching solution, an
inert gas may be sprayed on the lower substrate 100 to remove
the etching solution remaining on the lower substrate 100.

[0066] Referring to FIG. 5, the second electrode 180 may
be formed to cover the entire organic light emitting layer 150
in a pixel region and the peripheral region of the lower sub-
strate 100. In forming the second electrode 180, a layer of
conductive material may be deposited on the lead 130, the
pixel defining layer 120 and the charge transport layer. In
exemplary embodiments, the second electrode 180 may be
extended to be physically and/or electrically connected to the
lead 130 exposed on the lower substrate 100. Accordingly,
electrical contact efficiency between the second electrode 180
and the lead 130 is improved. That is, the organic light emit-
ting display device may have improved luminescence char-
acteristics.

[0067] In exemplary embodiments, by the removing the
portions of the first preliminary organic layer 140a, the sec-
ond preliminary organic layer 1405 and the third preliminary
organic layer 160, the first through third charge transport
layers 1454, 1455 and 165 may be formed before the second
electrode 180 is formed, so that the lower substrate 100 may
be encapsulated by forming the second electrode 180.
Accordingly, encapsulating efficiency may be improved.
That is, the organic light emitting display device may have an
extended life time. The first through third charge transport
layers 1454, 1455 and 165 may be collectively referred to as
a charge transport layer.

[0068] The second electrode 180 may be a reflective elec-
trode or a transparent electrode depending on the type of the
first electrode 110. When the first electrode 110 is the trans-
parent electrode, the second electrode 180 may be the reflec-
tive electrode. Where the second electrode 180 is the reflec-
tive electrode, the second electrode 180 may be formed using
aluminum, silver, gold, platinum, chrome, tungsten, molyh-
denum, titanium, palladium or alloys thereof. Alternatively,
when the first electrode 110 is the reflective electrode, the
second electrode 180 may be the transparent electrode, and
may be formed using indium zinc oxide, indium tin oxide,
gallium tin oxide, zinc oxide, gallium oxide, tin oxide, indium
oxide, and a combination thereof. Where the second electrode
180 is the transparent electrode, the second electrode 180 may
be obtained by at least one of a sputtering process, a chemical
vapor deposition (“CVD”) process, an atomic layer deposi-
tion (“ALD”) process, a vacuum deposition process, a print-
ing process, etc. In exemplary embodiments, the second elec-
trode 180 may have a monolayer structure, of a multi-layer
structure including a transparent conductive layer and a metal
layer.

[0069] In exemplary embodiments, a protection layer (not
shown) and an upper substrate (not shown) may be formed on
the second electrode 180. In exemplary embodiments, the
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protection layer may include a transparent insulating mate-
rial. The upper substrate may include a transparent insulating
substrate.

[0070] FIGS. 6 through 12 are diagrams illustrating an
exemplary embodiment of a method of manufacturing an
organic light emitting display device in accordance with the
invention. In exemplary embodiments, the organic light emit-
ting display device may include a lower structure, an organic
light emitting structure and an upper structure.

[0071] FIGS. 6 and 7 are cross-sectional view illustrating
an exemplary embodiment of a method of manufacturing the
lower structure of the organic light emitting display device. In
one exemplary embodiment, for example, the lower structure
may include a switching element, such as a thin film transistor
(“TEFT).

[0072] Referring to FIG. 6, a semiconductor pattern 220, a
gate insulation layer 230 and a gate electrode 240 may be
formed on a lower substrate 200.

[0073] Inexemplary embodiments, the lower substrate 200
may include a transparent substrate such as a glass substrate,
a quartz substrate, a transparent plastic substrate, etc.
Examples of the transparent plastic substrate for the lower
substrate 200 may include polyimide-based resin, acryl-
based resin, polyethylene terephthalate-based resin, polycar-
bonate-based resin, polyacrylate-based resin, polyether-
based resin, etc. The switching element may include a thin
film transistor, an oxide semiconductor device, etc.

[0074] In exemplary 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
reduce or effectively 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 oxynitride, etc. The buffer layer 210
may be obtained by a CVD process, a plasma enhanced
chemical vapor deposition (“PECVD”) process, a high den-
sity plasma-chemical vapor deposition (“HDP-CVD”) pro-
cess, a spin coating process, etc. Alternatively, the buffer layer
210 may be formed by performing a thermal oxidation pro-
cess on the lower substrate 200. In alternative exemplary
embodiments, the buffer layer 210 may not be formed on the
lower substrate 200, and may be omitted from the lower
structure of the organic light emitting device.

[0075] The switching element 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
may be formed on the buffer layer 210, and the gate insulation
layer 230 covering the preliminary semiconductor 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”) pro-
cess, a vacuum evaporation process, etc. A crystallization
process including, e.g., an annealing process or a laser treat-
ment may be performed on the preliminary semiconductor
pattern. In one exemplary embodiment, a heat treatment may
be further performed on the preliminary semiconductor pat-
tern to remove hydrogen therefrom.

[0076] 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
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sputtering process, a vacuum evaporation process, etc. The
gate insulation layer 230 may have a single-layered (e.g,,
monolayer) structure or a multi-layered structure including
silicon oxide and/or metal oxide.

[0077] 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,
atransparent conductive material or a combination thereof. In
one exemplary embodiment, for example, a first conductive
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, a printing
process, and then the first conductive layer may be patterned
by, e.g., an etching process to obtain the gate electrode 240. A
gate line (not illustrated) that may be extended on the gate
insulation layer 230 and be physically and/or electrically
connected to the gate electrode 240, may be formed together
with the gate electrode 240. The gate line and the gate elec-
trode 240 may be in and/or on a same layer of the organic light
emitting device.

[0078] 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
adrain region 215 may be formed at opposing lateral portions
of the preliminary semiconductor pattern to obtain the semi-
conductor 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, in a plan view.

[0079] Referring again to FIG. 6, 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, efc.

[0080] Referring to FIG. 7, 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.

[0081] 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 physically and/or electrically connected
to the source region 211 and the drain region 215, respec-
tively. 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 process, a printing process, etc. In exeni-
plary embodiments, the source electrode 241 may be electri-
cally connected to a data line (not shown) of the organic light
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emitting display device and the drain electrode 245 may be
electrically connected to a first electrode 110 (see FIG. 8).

[0082] Thesecond insulating interlayer 260 may be formed
using a transparent insulating material, e.g., acryl-based
resin, polyimide-based resin, siloxane-based resin, PhotoBis-
benzocyclobutene (“BCB”), etc. The second insulating inter-
layer 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 embodi-
ment, a planarization process including a chemical mechani-
cal polishing (“CMP”) process and/or an etch-back process
may be performed on the second insulating interlayer 260 so
that the second insulating interlayer 260 may have a substan-
tially level surface.

[0083] By performing the above-described processes, the
lower structure including the lower substrate 200 and the
switching element may be obtained. As described above, the
switching element 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 exemplary embodiments, the switching element
may include an oxide semiconductor device. In one exem-
plary embodiment, 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. Hereinafter, subsequent pro-
cesses will be described in case that the switching element
including the TFT is formed on the lower substrate 200 as
illustrated in FIG. 7.

[0084] FIGS. 8 through 12 are cross-sectional views illus-
trating an exemplary embodiment of a method of manufac-
turing the organic light emitting structure on the lower struc-
ture obtained by the processes illustrated with reference to
FIGS. 6 and 7.

[0085] 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 illustrated
with reference to FIGS. 1 to 5. Thus, like reference numerals
may refer to like elements and detailed descriptions thereof
are omitted.

[0086] Referring to FIG. 8, a first electrode 110 physically
and/or electrically connected with the drain electrode 245
may be formed on the second insulating interlayer 260. In
exemplary embodiments, the second insulating interlayer 260
may be partially removed to form a contact hole exposing at
least a portion of the drain electrode 245. A third conductive
layer 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 patterned to form the first
electrode 110. The third conductive layer may be formed
using a transparent conductive material including, e.g.,
indium tin oxide, zinc tin oxide, indium zinc oxide, zinc
oxide, tin oxide, etc., or a metal including, e.g., chrome,
aluminum, tantalum, molybdenum, titanium, tungsten, cop-
per, silver, neodymium, etc., or an alloy of these materials.
The third conductive layer may be obtained by a sputtering
process, a CVD process, an ALD process, a vacuum evapo-
ration process, a printing process, etc. The first electrode 110
may serve as an anode providing holes. In one exemplary
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embodiment, the first electrode 110 may have a multi-layered
structure including a transparent conductive material layer
and a metal layer.

[0087] Inexemplary embodiments, alead 130 spaced apart
from the first electrode 110 may be formed on the lower
substrate 100. The lead 130 and the first electrode 110 may be
in and/or on a same layer of the organic light emitting device,
and may include the same material.

[0088] Referring to FIG. 9, a pixel defining layer 120 may
be formed on the second insulating interlayer 260. The pixel
defining layer 120 may substantially overlap the first elec-
trode 110. The pixel defining layer 120 may expose the lead
130. In exemplary embodiments, the pixel defining layer 120
may include a polymer containing a carbon-carbon chain.
The pixel defining layer 120 may serve as an insulator.
[0089] Referring to FIG. 10, a first preliminary organic
layer 140a and a second preliminary organic layer 1405 may
be formed on the second insulating interlayer 260. The first
preliminary organic layer 140a and the second preliminary
organic layer 1405 may be deposited or coated on a whole
surface of the second insulating interlayer 260 by a spin
coating process, a roll coating process, a vacuum evaporation
process, a thermal evaporation process.

[0090] In exemplary embodiments, the first preliminary
organic layer 140 and the second preliminary organic layer
1405 may include a hole transport layer. The first preliminary
organic layer 140 and the second preliminary organic layer
1405 may further include a hole injection layer beneath the
hole transport layer. Hereinafter, subsequent processes with
respect to the first preliminary organic layer 140a and the
second preliminary organic layer 1404 including both the
hole injection layer and the hole transport layer sequentially
stacked on the second insulating interlayer 260 and the first
electrode 110 are described.

[0091] The hole injection layer may be formed using the
above-mentioned hole injection material.

[0092] The hole transport layer may be formed using the
above-mentioned hole transport material.

[0093] An organic light emitting layer 150 may be formed
on the first preliminary organic layer 140a and the second
preliminary organic layer 1405. A third preliminary organic
layer 160 may be formed on the organic light emitting layer
150.

[0094] Referring to FIG. 11, an etching solution 170 may
be applied on the first preliminary organic layer 140a, the
second preliminary organic layer 1405 and/or the third pre-
liminary organic layer 160. The etching solution 170 may be
selectively applied on the first preliminary organic layer
1404, the second preliminary organic layer 1405 and the third
preliminary organic layer 160 by at least one of an offset
printing process, a gravure offset printing process, a gravure
reverse offset printing process, a printing process, an inkjet
printing process and a nozzle printing process.

[0095] The etching solution may include at least one of
water, acetone and anisole. However, the etching solution
may not be limited thereto. In exemplary embodiments, the
first preliminary organic layer 140a, the second preliminary
organic layer 1405 and the third preliminary organic layer
160 may be partially etched by the etching solution to change
a portion of the first preliminary organic layer 140a, the
second preliminary organic layer 1405 and the third prelimi-
nary organic layer 160 (i.e., the preliminary charge transport
layer)to a charge transport layer. After the preliminary charge
transport layer (e.g., the first preliminary organic layer 140a,
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the second preliminary organic layer 1405 and the third pre-
liminary organic layer 160) is selectively etched by the etch-
ing solution, an inert gas may be sprayed on the lower sub-
strate 200 to remove the etching solution remaining on the
lower substrate 200.

[0096] Referring to FIG. 12, the second electrode 180 may
cover the entire organic light emitting layer 150 in a pixel
region, and the peripheral region surrounding the pixel
region. In forming the second electrode 180, a fourth conduc-
tive material may be deposited on the lead 130, the pixel
defining layer 120 and the charge transport layer. The second
electrode 180 may be extended to be physically and/or elec-
trically connected to the lead 130 exposed on the lower sub-
strate 200 in forming the second electrode 180. Accordingly,
electrical contact efficiency between the second 180 and the
lead 130 is improved. Thus, the organic light emitting display
device may have improved luminescence characteristics.
[0097] In exemplary embodiments, by the removing the
portions of the first preliminary organic layer 140a, the sec-
ond preliminary organic layer 1405 and the third preliminary
organic layer 160, the first through third charge transport
layers 145a, 1455 and 165 may be formed before the second
electrode 180, so that the lower substrate 100 may be encap-
sulated by forming the second electrode 180. Accordingly,
encapsulating efficiency may be improved. That is, the
organic light emitting display device may have an extended
life time owing to the improved encapsulating efficiency. The
first through third charge transport layers 145a, 1456 and 165
may be collectively referred to as a charge transport layer.
[0098] By performing the above-described processes, the
organic light emitting structure including the first electrode
110, the first charge transport layer 1454, the pixel defining
layer 120, the organic light emitting layer 150, the second
charge transport layer 1456 and the second electrode 180
disposed on the lower structure may be obtained.

[0099] In exemplary embodiments, an upper structure (not
shown) including, e.g., a protection layer and an upper sub-
strate may be formed on the organic light emitting structure of
FIG. 12 to obtain the organic light emitting device according
to the invention. The protection layer may be formed using a
transparent insulating material and the upper substrate may
include a transparent insulating substrate.

[0100] According to one or more exemplary embodiment,
an organic light emitting structure and an organic light emit-
ting display device including the organic light emitting struc-
ture may be widely employed in various electronic and elec-
tric apparatuses such as televisions, mobile communication
apparatuses, monitors, MP3 players or portable display appa-
ratuses.

[0101] 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. 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 dis-
closed exemplary embodiments, as well as other exemplary
embodiments, are intended to be included within the scope of
the appended claims.
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What is claimed is:

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

forming a first electrode on a lower substrate;

forming a pixel defining layer adjacent to the first electrode

on the lower substrate;

forming a preliminary charge transport layer on the first

electrode and the pixel defining layer;

forming an organic light emitting layer on the preliminary

charge transport layer;

selectively etching the preliminary charge transport layer

to form a charge transport layer; and

forming a second electrode on the organic light emitting

layer.

2. The method of claim 1, further comprising:

forming alead on the lower substrate and spaced apart from

the first electrode,

wherein the second electrode is extended to be electrically

connected to the lead.

3. The method of claim 1,

wherein the preliminary charge transport layer is formed

by at least one of a slit coating process, a bar coating
process and a spin coating process, and

wherein the preliminary charge transport layer covers an

entirety of the first electrode and an entirety of the pixel
defining layer.

4. The method of claim 3, wherein the selectively etching
the preliminary charge transport layer comprises partially
etching the preliminary charge transport layer by an etching
solution comprising at least one of water, acetone and anisole.

5. The method of claim 4, wherein the etching solution is
selectively applied to the preliminary charge transport layer
by at least one of an offset printing process, a gravure offset
printing process, a gravure reverse offset printing process, a
printing process, an inkjet printing process and a nozzle print-
ing process.

6. The method of claim 5, further comprising applying an
inert gas on the lower substrate to remove the etching solution
remaining on the lower substrate, after the preliminary charge
transport layer is partially etched by the etching solution.

7. The method of claim 2,

wherein the lower substrate comptrises a pixel region, and a

peripheral region surrounding the pixel region, and
wherein the first electrode is formed in the pixel region, and
the lead is formed in the peripheral region.

8. The method of claim 1, wherein the charge transport
layer comprises a hole transport layer or a hole injection layer.

9. The method of claim 1, wherein the charge transport
layer comprises an electron transport layer or an electrode
injection layer.

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

providing a lower structure comprising: a switching ele-

ment and an insulating layer, on a lower substrate;
forming a first electrode electrically connected to the
switching element on the lower structure;

forming a pixel defining layer adjacent to the first electrode

on the lower structure;

forming a preliminary charge transport layer on the first

electrode and the pixel defining layer;

forming an organic light emitting layer on the preliminary

charge transport layer;

selectively etching the preliminary charge transport layer

to form a charge transport layer; and
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forming a second electrode on the organic light emitting

layer.

11. The method of claim 10, further comprising:

forming alead on the lower substrate and spaced apart from

the first electrode,

wherein the second electrode is extended to be electrically

connected to the lead.

12. The method of claim 10,

wherein the preliminary charge transport layer is formed

by at least one of a slit coating process, a bar coating
process, and a spin coating process, and

wherein the preliminary charge transport layer covers an

entirety of the first electrode and an entirety of the pixel
defining layer.

13. The method of claim 12, wherein the selectively etch-
ing the preliminary charge transport layer comprises partially
etching the preliminary transport layer by an etching solution
comprising at least one of water, acetone, and anisole.

14. The method of claim 13, wherein the charge transport
layer partially covers the pixel defining layer.

15. The method of claim 13, wherein the etching solution is
selectively applied to the preliminary charge transport layer
by at least one of an offset printing process, a gravure offset
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printing process, a gravure reverse offset printing process, a
printing process, an inkjet printing process and a nozzle print-
ing process.

16. The method of claim 15, further comprising applying
an inert gas on the lower substrate to remove the etching
solution remaining on the lower substrate, after the prelimi-
nary charge transport layer is partially etched by the etching
solution.

17. The method of claim 11,

wherein the lower substrate comprises a pixel region, and a

peripheral region surrounding the pixel region, and
wherein the first electrode is formed in the pixel region, and
the lead is formed in the peripheral region.

18. The method of claim 10, wherein the charge transport
layer comprises a hole transport layer or a hole injection layer.

19. The method of claim 10, wherein the charge transport
layer comprises an electron transport layer or an electrode
injection layer.

20. The method of claim 10, wherein the switching element
comprises a thin film transistor or an oxide semiconductor
device.
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