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ORGANIC LIGHT EMITTING DISPLAY
APPARATUS AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit of and priority
under 35 U.S.C. §119 to Korean Patent Application No.
10-2013-0017274, filed on Feb. 19, 2013, in the Korean Intel-
lectual Property Office, and entitled: “ORGANIC LIGHT
EMITTING DISPLAY APPARATUS AND METHOD OF
MANUFACTURING THE SAME,” which is incorporated
by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Example embodiments relate to an organic light
emitting display apparatus and a method of manufacturing
the organic light emitting display apparatus.

[0004] 2. Description of the Related Art

[0005] An organic light emitting display apparatus (OLED)
is one ofan active type flat panel display apparatus displaying
an image using an organic light emitting element that gener-
ates light. The OLED has various characteristics such as low
power consumption, thin thickness, small size, etc. Also, the
OLED has high color reproducibility and good response
speed. Thus, the OLED is capable of displaying an image of
a good image display quality.

SUMMARY

[0006] Embodiments are directed to an organic light emit-
ting display apparatus, including a first electrode, a hole
injection layer disposed on the first electrode, a light emitting
layer disposed on the hole injection layer, an electron injec-
tion layer disposed on the light emitting layer, a chlorine-
doped layer disposed on the electrode injection layer and
including chlorine and a same material as the electron injec-
tion layer, and a second electrode disposed on the chlorine-
doped layer.

[0007] The organic light emitting display apparatus may
further include an electron transportation layer interposed
between the light emitting layer and the electron injection
layer.

[0008] The organic light emitting display apparatus may
further include a hole transportation layer interposed between
the hole injection layer and the light emitting layer.

[0009] Theelectron injection layer may include at least one
selected from the group of Alq3, PBD, PF-6P, PyPysPyPy,
LiF, NaCl, CaF, Li,0, BaO, and Liq.

[0010] The chlorine-doped layer may include chlorine and
at least one selected from the group of Alq3, PBD, PF-6P,
PyPysPyPy, LiF, NaCl, CaF, Li,0, BaO, and Ligq.

[0011] Chlorine concentration in the chlorine-doped layer
may be maximum at a boundary between the chlorine-doped
layer and the second electrode.

[0012] The chlorine concentration in the chlorine-doped
layer may decrease as a distance from the boundary between
the chlorine-doped layer and the second electrode increases.
[0013] The second electrode may include a transparent
conductive material.

[0014] The second electrode may include a highly reflec-
tive material.
[0015] The second electrode may include chlorine.
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[0016] The organic light emitting display apparatus may
further include a thin film transistor electrically coupled to the
first electrode, a base substrate supporting the thin film tran-
sistor, and a protection layer covering the second electrode.

[0017] Embodiments are also directed to a method of
manufacturing an organic light emitting display apparatus,
the method including forming a first electrode on a base
substrate, forming a hole injection layer on the first electrode,
forming a light emitting layer on the hole injection layer,
forming a primitive electron injection layer on the light emit-
ting layer, doping chlorine on an upper portion of the primi-
tive electron injection layer to form a chlorine-doped layer at
the upper portion of the primitive electron injection layer and
an electron injection layer at a remaining portion of the primi-
tive electron injection layer, the chlorine-doped layer includ-
ing the chlorine and a same material as the primitive electron
injection layer, and forming a second electrode on the chlo-
rine-doped layer.

[0018] The method may further include forming a hole
transportation layer on the hole injection layer, wherein the
light emitting layer is formed on the hole transportation layer.

[0019] The method may further include forming an elec-
tron transportation layer on the light emitting layer, wherein
the primitive electron injection layer is formed on the electron
transportation layer.

[0020] The primitive electron injection layer may be
formed by depositing at least one selected from the group of
PBD, PF-6P, PyPySPyPy, LiF, CaF, Li,0, BaO, and Liq.
[0021] The chlorine-doped layer may be formed from the
electron injection layer using chlorine gas or a chlorine com-
position gas.

[0022] Embodiments are also directed to a method of
manufacturing an organic light emitting display apparatus,
the method including forming a first electrode on a base
substrate, forming a hole injection layer on the first electrode,
forming a light emitting layer on the hole injection layer,
forming a primitive electron injection layer on the light emit-
ting layer, and depositing a conductive material on the primi-
tive electron injection layer in a chlorine atmosphere to form
a chlorine-doped layer at an upper portion of the primitive
electron injection layer, an electron injection layer at a
remaining portion of the primitive electron injection layer,
and a second electrode on the chlorine-doped layer, the chlo-
rine-doped layer including the chlorine and a same material
as the primitive electron injection layer.

[0023] The chlorine-doped layer, the electron injection
layer, and the second electrode may be formed in-situ.
[0024] The chlorine-doped layer, the electron injection
layer, and the second electrode may be formed by depositing
a transparent conductive material on the primitive electron
injection layer in a chlorine gas or chlorine composition gas
atmosphere.

[0025] The chlorine-doped layer, the electron injection
layer, and the second electrode may be formed by depositing
a highly reflective metal on the primitive electron injection
layer in a chlorine gas or chlorine composition gas atmo-
sphere.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Features will become apparent to those of skill in the
art by describing in detail example embodiments with refer-
ence to the attached drawings in which:
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[0027] FIG. 1 is a cross-sectional view illustrating an
organic light emitting display apparatus (OLED) according to
an example embodiment.

[0028] FIG. 2 is an enlarged cross-sectional view illustrat-
ing a portion ‘A’ of FIG. 1.

[0029] FIGS. 3 to 9 are cross-sectional views illustrating a
method of manufacturing the OLED of FIG. 2 according to an
example embodiment.

[0030] FIG. 10 is a cross-sectional view illustrating an
OLED according to another example embodiment.

[0031] FIG. 11 is a cross-sectional view illustrating an
OLED according to still another example embodiment.
[0032] FIG. 12 is a cross-sectional view illustrating an
OLED according to still another example embodiment.
[0033] FIG. 13 is a cross-sectional view illustrating an
OLED according to still another example embodiment.
[0034] FIGS. 14 and 15 are cross-sectional views illustrat-
ing a method of manufacturing the OLED of FIG. 13 accord-
ing to an example embodiment.

[0035] FIG. 16 is a graph illustrating a time-of-flight sec-
ondary ion mass spectrometry (TOF-SIMS) of the OLED of
FIG. 1.

[0036] FIG.17is agraphillustrating a relationship between
voltage and current applied to an organic light emitting ele-
ment of the OLED of FIG. 1 and an organic light emitting
element without chlorine-doped layer.

[0037] FIG.18 is agraphillustrating a relationship between
current and luminance of an organic light emitting element of
the OLED of FIG. 1 and an organic light emitting element
without chlorine-doped layer.

DETAILED DESCRIPTION

[0038] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the example embodiments to those
skilled in the art. In the drawing figures, dimensions may be
exaggerated for clarity of illustration. Like reference numer-
als refer to like elements throughout.

[0039] It 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. 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 present inventive concept. As used herein, the term
“and/or” includes any and all combinations of one or more of
the associated listed items.

[0040] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it may 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 inter-
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.).

[0041] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to be limiting of the embodiments. As used herein,
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the singular forms “a,” “an,” and “the” are intended to include
the plural 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.

[0042] 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.

[0043] FIG. 1 is a cross-sectional view illustrating an
organic light emitting display apparatus (OLED) according to
an example embodiment.

[0044] Referring to FIG. 1, the OLED includes a base sub-
strate 100, a buffer layer 102, a gate insulating layer 104, an
insulating interlayer 106, a planarizing layer 108, a pixel
defining layer 112, a thin film transistor (TFT) 130, a first
electrode 146, a second electrode 148, an organic light emit-
ting element 200 and a protecting layer 150.

[0045] The base substrate 100 may include a transparent
insulating substrate. For example, the base substrate 100 may
include a glass substrate, a quartz substrate, a transparent
resin substrate including a transparent resin, etc. Examples of
atransparent resin that may be used for the base substrate 100
may include a polyimide resin, an acrylic resin, a polyacrylate
resin, a polycarbonate resin, a polyether resin, a polyethylene
terephthalate resin, a sulfonic acid based resin, etc.

[0046] The buffer layer 102 is disposed on the base sub-
strate 100, and includes an insulating material. Examples of
the insulating material that may be used for the buffer layer
102 may include an inorganic insulating material such as
silicon oxide (Si0,), silicon nitride (SiN, ), silicon oxynitride
(8iO,N,), silicon carbon-oxide (SiO,C), silicon carton-ni-
tride (SiC,N,), etc. The inorganic insulating material may be
used alone, in a combination thereof, in a mixture thereof, or
in a stacked structure thereof. When the buffer layer 102
includes the stacked structure, the buffer layer 102 may have
a multi-layered structure including a silicon oxide layer, a
silicon nitride layer, a silicon oxynitride layer, a silicon car-
ton-oxide layer, and/or a silicon carbon-nitride layer.

[0047] The buffer layer 102 helps prevent diffusion of
metal atoms or impurities from the base substrate 100 and
may help control speed of heat transfer during subsequent
crystallization process for an active pattern 135. Thus, elec-
tric characteristics of the active pattern 135 may be improved.
Also, the buffer layer 102 helps planarize a surface of the base
substrate 100.

[0048] Theactive pattern 135 is disposed on the buffer layer
102. For example, the active pattern 135 may include poly-
silicon. The active pattern 135 includes a drain contact por-
tion 132, a source contact portion 136, and a channel portion
134. The drain contact portion 132 makes contact with a drain
electrode 142 of a thin film transistor 130. The source contact
portion 136 makes contact with a source electrode 144 of the
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thin film transistor 130. The channel portion 134 is interposed
between the drain contact portion 132 and the source contact
portion 136.

[0049] The gate insulating layer 104 is disposed on the
buffer layer 102 on which the active pattern 135 is formed to
electrically insulate the active pattern 135 from the gate elec-
trode 138 and a gate line (not shown). The gate insulating
layer 104 may include silicon nitride, metal oxide, etc.
Examples of an insulating material that may be used for the
gate insulating layer 104 may include hafnium oxide (HfO ),
aluminum oxide (AlO,), zirconium oxide (ZrO,), titanium
oxide (TiO,), tantalum oxide (TaO), etc. These may be used
alone, in a combination thereof, in a mixture thereof, or in a
stacked structure thereof. The gate insulating layer 104 may
include a plurality of contact holes through which the source
contact portion 136 and the drain contact portion 132 are
exposed.

[0050] The gate electrode 138 is disposed on the gate insu-
lating layer 104. The gate electrode 138 is disposed on the
channel portion 134 of the active pattern 135. When a voltage
difference is formed between the gate electrode 138 and the
source electrode 144, the thin film transistor 130 is turned on
so that a current flows through the channel portion 134 toward
the drain electrode 142.

[0051] The gate electrode 138 may include a conductive
material such as a metal, an alloy, a metal nitride, a conductive
metal oxide, a transparent conductive material, etc. Examples
of the conductive material that may be used for the gate
electrode 138 may include aluminum, aluminum alloy, alu-
minum nitride (AIN ), silver (Ag), silver alloy, tungsten (W),
tungsten nitride (WN,), copper, copper alloy, nickel (Ni),
chromium (Cr), chromium nitride (CeN ), molybdenum
(Mo), molybdenum alloy, titanium (Ti), titanium nitride
(TiNx), platinum (Pt), tantalum (Ta), tantalum nitride (TaN_),
neodymium (Nd), scandium (Sc), strontium ruthenium oxide
(SRO), zinc oxide (Zn0Q,), indium tin oxide (ITO), tin oxide
(Sn0O,), indium oxide (InO,), gallium oxide (GaO,), indium
zine oxide (IZQ), etc. These may be used alone or in a com-
bination thereof. Also, the gate electrode 138 may have a
mono-layered structure or a multi-layered structure including
ametal layer, analloy layer, a metal nitride layer, a conductive
metal oxide layer, and/or a transparent conductive material
layer.

[0052] The gate line (not shown) is formed from a same
layer as the gate electrode 138 to be electrically connected to
the gate electrode 138.

[0053] The insulating interlayer 106 is formed on the gate
insulating layer 104 on which the gate electrode 138 and the
gate line (not shown) are formed. The insulating interlayer
106 insulates the gate electrode 138 and the gate line (not
shown) from the source electrode 144 and the drain electrode
142.

[0054] The insulating interlayer 106 may include a silicon
compound. Examples of an insulating material that may be
used for the insulating interlayer 106 may include silicon
oxide, silicon nitride, silicon oxynitride, silicon carbon-ni-
tride, silicon carbon-oxide, etc. These may be used alone or in
a combination thereof. The insulating interlayer 106 has a
plurality of contact holes through which the source portion
136 and the drain portion 132 of the active pattern 135 are
exposed.

[0055] The source electrode 144 and the drain electrode
142 are formed on the insulating interlayer 106. The source
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electrode 144 and the drain electrode 142 make contact with
the source portion 136 and the drain portion 132 of the active
pattern 135, respectively.

[0056] The source and drain electrodes 144 and 142 may
include a conductive material such as a metal, an alloy, a
metal nitride, a conductive metal oxide, a transparent conduc-
tive material, etc. Examples of the conductive material that
may be used for the source and drain electrodes 144 and 142
may include aluminum, aluminum alloy, aluminum nitride
(AIN)), silver (Ag), silver alloy, tungsten (W), tungsten
nitride (WN,), copper, copper alloy, nickel (Ni), chromium
(Cr), chromium nitride (CrN, ), molybdenum (Mo), molyb-
denum alloy, titanium (T1), titanium nitride (TiN,), platinum
(Pt), tantalum (Ta), tantalum nitride (TaN,), neodymium
(Nd), scandium (Sc), strontium ruthenium oxide (SRO), zinc
oxide (ZnO,), indium tin oxide (ITO), tin oxide (SnO,),
indium oxide (InO,), gallium oxide (GaO,), indium zinc
oxide (IZ0), etc. These may be used alone or in a combination
thereof. Also, the source and drain electrodes 144 and 142
may have a mono-layered structure or a multi-layered struc-
ture including a metal layer, an alloy layer, a metal nitride
layer, a conductive metal oxide layer, and/or a transparent
conductive material layer.

[0057] A data line (not shown) is formed from the same
layer as the source and drain electrodes 144 and 142, and is
electrically connected to the source electrode 144.

[0058] The planarizing layer 108 is formed on the insulat-
ing interlayer 106 on which the source and drain electrodes
144 and 142 and the data line (not shown) are on, to electri-
cally insulate the source electrode 144 from the first electrode
146.

[0059] The planarizing layer 108 may include an organic
insulating material or an inorganic insulating material.
Examples of the insulating material that may be used for the
planarizing layer 108 may include a photoresist, an acrylic
resin, a polyimide resin, a polyamide resin, a siloxane resin, a
photoresist acryl carboxyl resin, a novolak resin, an alkaline
soluble resin, silicon compound, silicon nitride, silicon
oxynitride, silicon carbon-oxide, silicon carbon-nitride, etc.
These may be used alone or in a combination thereof.

[0060] Theplanarizing layer 108 has a contact hole through
which the drain electrode 142 is exposed.

[0061] The first electrode 146 is disposed on the planariz-
ing layer 108 corresponding to the pixel region, and is elec-
trically connected to the drain electrode 142 through the
contact hole of the planarizing layer 108.

[0062] Whenthe OLED isa frontillumination type, the first
electrode 146 may include a reflective metal, a reflective
alloy, etc. For example, the first electrode 146 may include
silver, platinum, gold, chromium, tungsten, molybdenum,
titanium, palladium, iridium, an alloy thereof; etc. These may
be used alone or in a combination thereof. In another imple-
mentation, the first electrode 146 may include a transparent
conductive material such as indium tin oxide, tin oxide,
indium zinc oxide, zinc oxide, indium gallium oxide, gallium
oxide, etc. These may be used alone or in a combination
thereof.

[0063] The pixel defining layer 112 is disposed on the pla-
narizing layer 108 on which the first electrode 146 is formed,
to expose a portion of the first electrode 146. The pixel defin-
ing layer 112 may include an organic material or an inorganic
material. Examples of the material that may be used for the
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pixel defining layer 112 may include a photoresist, a poly
acrylic resin, a polyimide resin, an acrylic resin, a silicon
compound, etc.

[0064] In an implementation, a display region and a non-
display region may defined on the OLED by the exposed
portion of the first electrode 146 that is exposed by the pixel
defining layer 112. For example, the exposed portion of the
first electrode 146, which is exposed by the pixel defining
layer 112 corresponds to the display region. A remaining
portion of the pixel defining layer 112 defines a non-display
region.

[0065] The organic light emitting element 200 is disposed
on the first electrode 146 that is exposed by the pixel defining
layer 112. The second electrode 148 covers the organic light
emitting element 200 and the pixel defining layer 112.

[0066] When the OLED is the front illumination type, the
second electrode 148 may include a transparent conductive
material. Examples of the transparent conductive material
that may be used for the second electrode 148 may include
indium tin oxide, tin oxide, indium zinc oxide, zinc oxide,
indium gallium oxide, gallium oxide, etc. These may be used
alone or in a combination thereof.

[0067] FIG. 2 is an enlarged cross-sectional view illustrat-
ing a portion ‘A’ of FIG. 1.

[0068] Referring to FIG. 2, the organic light emitting ele-
ment 200 includes a chlorine-doped layer 202q, an electron
injection layer 202, an electron transportation layer 204, a
light emitting layer 206, a hole transportation layer 208 and a
hole injection layer 210.

[0069] The hole injection layer 210 is disposed on the first
electrode 146. The hole injection layer 210 may include a
phthalocyanine compound such as copper phthalocyanine,
TCTA such as starburst typed amine, m-MTDATA, m-MT-
DAPB, etc. The hole injection layer 210 increases mobility of
holes from the first electrode 146 to improve electrical char-
acteristics of the organic light emitting element 200.

[0070] Thehole transportation layer 208 is disposed on the
hole injection layer 210. The hole transportation layer 208
may include N,N"-bis(3-methylphenyl)-N,N'-diphenyl-[1,1-
biphenyl]-4,4'-diamine (TPC), N,N'-di(naphthalene-1-y1)-N,
N'-diphenyl benzidine (¢-NPD), etc. The hole transportation
layer 208 increases mobility of the holes from the hole injec-
tion layer 210 toward the light emitting layer 206.

[0071] The light emitting layer 206 is disposed on the hole
transportation layer 208. For example, the light emitting layer
206 may include a host material and a dopant material.

[0072] Examples of the host material that may be used for
the light emitting layer 206 may include tris(8-hydroxy-
quinoline)aluminum (Alg3), 9,10-di(2-naphthyl)anthracene
(AND), 3-tert-butyl-9,10-di(naphth-2-yl)anthracene
(TBADN), 4,4'-bis(2,2-diphenyl-ethene-1-y1)-4,4'-dimeth-
viphenyl (DPVBI), 4,4'-bis(2,2-diphenyl-ethene-1-y1)-4,4'-
dimethylphenyl (p-DMDPVBI), tert(9,9-diallylfluorene)s
(TDAF),  2-(9,9'-spirobfluorene-2-y1)-9,9'-spirobfluorene
(TSDF), bis(9,9-diallylfluorene)s (BDAF), 4,4'-bis(2,2-
diphenyl-ethene-1-y1)-4,4'-di-(tert-butyl)phenyl (p-TD-
PVBIi), 1,2-bis(carbazole-9-yl)benzene (mCP), 1,3,5-tris
(carbazole-9-yl)benzene (1CP), 4,4'.4"-tris(carbazole-9-yl)
triphenylamine (TcTa), 4,4'-bis(carbazole-9-yl)biphenyl
(CBP), 4,4'-bis(9-carbazolyl)-2,2'-dimethyl-biphenyl
(CBDP), 4,4'-bis(carbazol-9-y1)-9,9-dimethyl-fluorene
(DMFL-CBP), 4,4'-bis(carbazol-9-y1)-9,9-bis(9-phenyl-9H-
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carbazole)fluorene (FL-4CBP), 4,4'-bis(carbazol-9-y1)-9,9-
di-tolyl-fluorene (DPEL-CBP), 9,9-bis(9-phenyl-9H-carba-
zole)fluorene (FL-2CBP), etc.

[0073] Examples of the dopant that may be used for the
light emitting layer 206 may include 4,4'-bis[4-(di-p-toly-
lamino)styryl|biphenyl (DPAVBI), 9,10-di(naph-2-thyl)an-
thracene  (AND),  3-tert-butyl-9,10-di(naph-2-thyl)an-
thracene (TBADN), etc.

[0074] The electron transportation layer 204 is disposed on
the light emitting layer 206. The electron transportation layer
204 may include Alq3. The electron transportation layer 204
increases mobility of electrons from the electron injection
layer 202 toward the light emitting layer 206.

[0075] The electron injection layer 202 is disposed on the
electron transportation layer 204. The electron injection layer
202 may include PBD (2-(4-biphenylyl)-5-(4-tert-butylphe-
nyl)-1,3,4-oxadiazole), PF-6P (perfluoro-p-sexiphenyl),
PyPySPyPy (2,5-bis(6'-(2',2"-bipyridyl))-1,1-dimethyl-3,4-
dipheny! silacyclopentadiene), LiF, NaCl, CaF, Li,0O, BaO,
Liq (lithium quinolate), etc. The electron injection layer 202
attracts electrons from the second electrode 148 so that the
electrons may be easily transported toward the electron trans-
portation layer 204.

[0076] The chlorine-doped layer 202a is between the sec-
ond electrode 148 and the bulk of the electron injection layer
202. The chlorine-doped layer 202a is formed by doping
chlorine at an upper portion of the electron injection layer
202. For example, the concentration of the doped chlorine in
the chlorine-doped layer 2024 is maximum at an interface
between the chlorine-doped layer 202a and the second elec-
trode 148, and decreases as a distance from the interface
between the chlorine-doped layer 202a and the second elec-
trode 148 increases. The concentration of the doped chlorine
in the chlorine-doped layer 2024 is minimum at an interface
between the electron injection layer 202 and the chlorine-
doped layer 202a. Alternatively, the chlorine-doped layer
202a may have a constant concentration. The chlorine-doped
layer 202a increases electron attraction of the electron injec-
tion layer 202, thereby increasing electron mobility.

[0077] Thehole injection layer 210, the hole transportation
layer 208, the electron transportation layer 204, the electron
injection layer 202, and the chlorine-doped layer 202a may
enhance the electrical characteristics of the organic light
emitting element 200 to increase luminance of the organic
light emitting element 200, which may decrease power con-
sumption and increase lifetime of the light emitting layer 206.
[0078] Inanimplementation, one or more of the hole injec-
tion layer 210, the hole transportation layer 208, and the
electron transportation layer 204 may be omitted.

[0079] Thesecond electrode 148 is disposed on the organic
light emitting element 200. The second electrode 148 may
include a transparent conductive material such as indium tin
oxide, tin oxide, indium zinc oxide, zinc oxide, indium gal-
lium oxide, gallium oxide, etc. These may be used alone or in
acombination thereof. In another implementation, the second
electrode 148 may include aluminum, silver, platinum, gold,
chromium, tungsten, molybdenum, titanium, palladium, iri-
dium, an alloy thereof, etc. These may be used alone or in a
combination thereof.

[0080] Referring againto FIG. 1, the protection layer 150 is
disposed on the second electrode 148. In an example embodi-
ment, the protection layer 150 may include a photoresist, an
acrylic resin, a polyimide resin, a polyamide resin, a siloxane
resin, etc. In another implementation, the protection layer 150
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may include a transparent insulating substrate. Examples of
the transparent insulating substrate may include a glass sub-
strate, a quartz substrate, a transparent resin substrate, etc.
[0081] FIGS. 3 to 9 are cross-sectional views illustrating a
method of manufacturing the OLED of FIG. 2 according to an
example embodiment. FIG. 3 is a cross-sectional view illus-
trating forming the hole injection layer 210 on the first sub-
strate 146.

[0082] Referring to FIG. 3, the hole injection layer 210 is
formed on the first electrode 146. In the present example
embodiment, a phthalocyanine compound, TCTA, m-MT-
DATA, m-MTDAPB, etc., may be used to form the hole
injection layer 210. The hole injection layer 210 may be
formed through a deposition method, a method for forming a
layer using a mask, a method for forming a layer using a
photoresist, a printing method, an inkjet method, etc. The
deposition method may include a sputtering method, a chemi-
cal vapor deposition method, a pulse laser deposition method,
a vacuum deposition method, an atomic layer deposition
(ALD), etc. For example, when the hole injection layer 210 is
formed through the method using the mask, the mask having
an opening a portion of the first electrode 146 1s aligned on the
substrate on which the first electrode 146 is formed, and then
source material supplied by heating, sputtering, etc., is
directly deposited on the first electrode 146 through the open-
ing of the mask.

[0083] FIG. 41isa cross-sectional view illustrating forming
the hole transportation layer 208 on the hole injection layer
210 of FIG. 3.

[0084] Referring to FIG. 4, the hole transportation layer
208 is formed on the hole injection layer 210. The hole
transportation layer 208 is formed using N,N'-bis(3-meth-
vlphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine
(TPC), N,N'-di(naphthalen-1-y1)-N,N'-diphenyl benzidine
(a-NPD), etc. The hole transportation layer 208 may be
formed through a deposition method, a method for forming a
layer using a mask, a method for forming a layer using a
photoresist, a printing method, an inkjet method, etc. The
deposition method may include a sputtering method, a chemi-
cal vapor deposition method, a pulse laser deposition method,
a vacuum deposition method, an atomic layer deposition
(ALD), etc. For example, when the hole transportation layer
208 may be formed through the method using the mask.
[0085] FIG.5isa cross-sectional view illustrating forming
the light emitting layer 206 on the hole transportation layer
208.

[0086] Referring to FIG. 5, the light emitting layer 206 is
formed on the hole transportation layer 208. For example, the
light emitting layer 206 may be formed using the host mate-
rial and the dopant material. The light emitting layer 206 may
be formed through a deposition method, a method for forming
a layer using a mask, a method for forming a layer using a
photoresist, a printing method, an inkjet method, etc. The
deposition method may include a sputtering method, a chemi-
cal vapor deposition method, a pulse laser deposition method,
a vacuum deposition method, an atomic layer deposition
(ALD), etc. For example, when the light emitting layer 206
may be formed through the method using the mask. In an
implementation, the light emitting layer 206 may be formed
to have a stacked structure that includes a plurality of layers
having different materials.

[0087] FIG. 61s a cross-sectional view illustrating forming
electron transportation layer 204 on the light emitting layer
206 of FIG. 5.
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[0088] Referringto FIG. 6, the electron transportation layer
204 is formed on the light emitting layer 206. For example,
the electron transportation layer 204 may be formed through
a deposition method, a method for forming a layer using a
mask, a method for forming a layer using a photoresist, a
printing method, an inkjet method, etc. The deposition
method may include a sputtering method, a chemical vapor
deposition method, a pulse laser deposition method, a
vacuum deposition method, an atomic layer deposition
(ALD), etc. For example, the electron transportation layer
204 may be formed through the method using the mask.
[0089] FIG. 7 is a cross-sectional view illustrating forming
a primitive electron injection layer 202" on the electron trans-
portation layer 204 of FIG. 6.

[0090] Referring to FIG. 7, the primitive electron injection
layer 202" is formed on the electron transportation layer 204.
For example, the primitive electron injection layer 202" may
be formed using a source material such as PBD, PF-6P,
PyPysPyPy, LiF, NaCl, CaF, Li,0, BaO, Liq, etc. The primi-
tive electron injection layer 202' may be formed through a
deposition method, a method for forming a layer using a
mask, a method for forming a layer using a photoresist, a
printing method, an inkjet method, etc. The deposition
method may include a sputtering method, a chemical vapor
deposition method, a pulse laser deposition method, a
vacuum deposition method, an atomic layer deposition
(ALD), etc. For example, the primitive electron injection
layer 202' may be formed through the method using the mask.
[0091] FIG. 8 is a cross-sectional view illustrating forming
the chlorine-doped layer 202a at an upper portion of the
primitive electron injection layer 202' of FIG. 7.

[0092] Referring to FIG. 8, a substrate on which the primi-
tive electron injection layer 202" is disposed on a chamber
(not shown). Chlorine gas or a chlorine composition gas is
injected into the chamber. When the primitive electron injec-
tion layer 202' is exposed to the chlorine gas or the chlorine
composition gas, the upper portion of the primitive electron
injection layer 202" is doped by chlorine atoms. When the
upper portion of the primitive electron injection layer 202" is
doped by the chlorine atoms, the chlorine-doped layer 202a is
formed at the upper portion of the primitive electron injection
layer 202" and the electron injection layer 202 is formed at a
remaining portion of the primitive electron injection layer
202'.

[0093] Forexample, the chlorine concentration in the chlo-
rine-doped layer 2024 is maximum at the interface between
the chlorine-doped layer 202a and the second electrode 148.
The chlorine concentration in the chlorine-doped layer 2024
decreases as a distance from the interface between the chlo-
rine-doped layer 202a¢ and the second electrode 148
increases. The chlorine concentration in the chlorine-doped
layer 2024 is minimum at an interface between the electron
injection layer 202 and the chlorine-doped layer 202a. Alter-
natively, the chlorine-doped layer 202a may be formed by an
additional deposition process, and the chlorine-doped layer
202a may have the constant chlorine concentration.

[0094] FIG. 9 is a cross-sectional view illustrating forming
the second electrode 148 on the chlorine-doped layer 2024 of
FIG. 8.

[0095] Referring to FIG. 9, the second electrode 148
including the conductive material is formed on the chlorine-
doped layer 202a. The second electrode 148 may be formed
through a deposition method, a method for forming a layer
using a mask, a method for forming a layer using a photore-
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sist, a printing method, an inkjet method, etc. The deposition
method may include a sputtering method, a chemical vapor
deposition method, a pulse laser deposition method, a
vacuum deposition method, an atomic layer deposition
(ALD), etc. For example, if the OLED is the front illumina-
tion type, the first and second electrodes 146 and 148 include
the highly reflective material and the transparent conductive
material. Examples of the highly reflective material that may
be used for the first electrode 146 may include a metal such as
aluminum, chromium, silver, gold, platinum, copper, tita-
nium, nickel, iron, magnesium, etc., an alloy thereof, a com-
position thereof, etc. The highly reflective material that may
be used for the first electrode 146 may have a reflectivity of
about 75% to about 99.9% for visible light. In another imple-
mentation, the OLED may be a rear illumination type, and the
first and second electrodes 146 and 148 may include the
transparent conductive material and the highly reflective
material, respectively.

[0096] According to the present example embodiment, the
chlorine-doped layer 2024 is formed on the electron injection
layer 202 to attract the electrons from the second electrode
148. Thus, the electrical characteristics of the organic light
emitting element 200 may be improved to increase luminance
and to decrease power consumption.

[0097] Also, the chlorine-doped layer 2024 may be formed
in the same chamber as the primitive electron injection layer
202" in-situ, thereby simplifying manufacturing process and
decreasing manufacturing cost.

[0098] FIG. 10 is a cross-sectional view illustrating an
OLED according to another example embodiment. The
OLED of FIG. 10 is substantially the same as shown in FIGS.
1 to 9 except for the electron injection layer and the electron
transportation layer. Thus, any repetitive explanations con-
cerning the same elements will be omitted.

[0099] Referring to FIGS. 1 and 10, the OLED includes the
base substrate 100, the buffer layer 102, the gate insulating
layer 104, the insulating interlayer 106, the planarization
layer 108, the pixel defining layer 112, the thin film transistor
130, the first electrode 146, the second electrode 148, an
organic light emitting element 315, and the protection layer
150.

[0100] Referring again to FIG. 10, the organic light emit-
ting element 315 includes a chlorine-doped layer 3024, an
electron injection layer 302, the light emitting layer 206, the
hole transportation layer 208, and the hole injection layer
210.

[0101] Thehole injection layer 210, the hole transportation
layer 208, and the light emitting layer 206 are stacked on the
first electrode 146.

[0102] The electron injection layer 302 is disposed on the
light emitting layer 206. The electron injection layer 302 may
include the same material (such as Alq3) as the electron
transportation layer 204 (shown in FIG. 2) or the same mate-
rial (such as PBD, PF-6P, PyPySPyPy, LiF, NaCl, CaF, Li,0,
BaO, Lig, etc.) as the electron injection layer 202 (shown in
FIG. 2). The electron injection layer 302 attracts electrons
from the second electrode 148 so that the electrons may be
easily transported toward the light emitting layer 206.
[0103] The chlorine-doped layer 302q is disposed on the
electroninjection layer 302. The chlorine-doped layer 302a is
formed by doping chlorine at an upper portion of the electron
injection layer 302. The chlorine-doped layer 3024 increases
electron attraction of the electron injection layer 302, which
may increase electron mobility.
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[0104] 1In the present example embodiment, the method of
manufacturing the OLED is substantially the same as the
method shown in FIGS. 3 to 9 except the forming of the
electron injection layer 302 and the forming the chlorine-
doped layer 302a. Thus, any repetitive explanation concern-
ing the same elements will be omitted.

[0105] After thelight emitting layer 206 is formed, a primi-
tive electron injection layer (not shown) is formed on the light
emitting layer 206. For example, the primitive electron injec-
tion layer (not shown) may be formed using a source material
such as Alg3, PBD, PF-6F, PyPysPyPy, LiF, NaCl, CaF, Li,0,
BaO, Liq, etc. The primitive electron injection layer (not
shown) may be formed through a deposition method, a
method for forming a layer using a mask, a method for form-
ing a layer using a photoresist, a printing method, an inkjet
method, etc. The deposition method may include a sputtering
method, a chemical vapor deposition method, a pulse laser
deposition method, a vacuum deposition method, an atomic
layer deposition (ALD), etc. For example, the primitive elec-
tron injection layer (not shown) may be formed through the
method using the mask.

[0106] A substrateon which the primitive electron injection
layer (not shown) is disposed on a chamber (not shown).
Chlorine gas or a chlorine composition gas is injected into the
chamber. When the primitive electron injection layer (not
shown) is exposed to the chlorine gas or the chlorine compo-
sition gas, the upper portion of the primitive electron injection
layer (not shown) is doped by chlorine molecules. When the
upper portion of the primitive electron injection layer (not
shown) is doped by the chlorine molecules, the chlorine-
doped layer 302a is formed at the upper portion of the primi-
tive electron injection layer (not shown) and the electron
injection layer 302 is formed at a remaining portion of the
primitive electron injection layer (not shown).

[0107] The second electrode 148 including the conductive
material is formed on the chlorine-doped layer 302a. The
second electrode 148 may be formed through a deposition
method, a method for forming a layer using a mask, a method
for forming a layer using a photoresist, a printing method, an
inkjet method, etc. The deposition method may include a
sputtering method, a chemical vapor deposition method, a
pulse laser deposition method, a vacuum deposition method,
an atomic layer deposition (ALD), etc. For example, the
OLED is the front illumination type, and the first and second
electrodes 146 and 148 include the highly reflective material
and the transparent conductive material, respectively. In
another implementation, the OLED may be a rear illumina-
tion type, and the first and second electrodes 146 and 148 may
include the transparent conductive material and the highly
reflective material, respectively.

[0108] According to the present example embodiment, the
electron transportation layer 204 (shown in FIG. 2) is inte-
grally foamed with the electron injection layer 202 (shown in
FIG. 2) to form the single electron injection layer 302. Thus,
the manufacturing process may be simplified, and the manu-
facturing cost may be decreased.

[0109] FIG. 11 is a cross-sectional view illustrating an
OLED according to still another example embodiment. The
OLED of FIG. 11 is substantially the same as shown in FIGS.
1 to 9 except for the hole injection layer and the hole trans-
portation layer. Thus, any repetitive explanations concerning
the same elements will be omitted.

[0110] Referring to FIGS. 1 and 11, an organic light emit-
ting element 320 includes the chlorine-doped layer 202a, the
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electron injection layer 202, the electron transportation layer
204, the light emitting layer 206, and a hole injection layer
310.

[0111] Referring to FIG. 11, the hole injection layer 310
may include the same material (such as a phthalocyanine
compound such as copper phthalocyanine, TCTA such as
starburst typed amine, m-MTDATA, m-MTDAPB, etc.) as
the hole injection layer 210 (shown in FIG. 2) or the same
material (such as NN'-bis(3-methylphenyl)-N,N'-diphenyl-
[1,1-biphenyl]-4,4'-diamine (TPC), N,N'-di(naphthalene-1-
y)-N,N'-diphenyl benzidine (a-NPD), etc.) as the hole trans-
portation layer 208 (shown in FIG. 2). These may be used
alone or in a combination thereof.

[0112] In the present example embodiment, the method of
manufacturing the OLED is substantially the same as the
method shown in FIGS. 3 to 9 except for the forming of the
hole injection layer 210 (shown in FIG. 2) and the forming the
hole transportation layer 208 (shown in FIG. 2). Thus, any
repetitive explanation concerning the same elements will be
omitted.

[0113] The hole injection layer 310 is formed on the first
electrode 146. The hole injection layer 310 may be formed
through a deposition method, a method for forming a layer
using a mask, a method for forming a layer using a photore-
sist, a printing method, an inkjet method, etc. The deposition
method may include a sputtering method, a chemical vapor
deposition method, a pulse laser deposition method, a
vacuum deposition method, an atomic layer deposition
(ALD), etc. For example, the hole injection layer 310 is
formed through the method using the mask.

[0114] The light emitting layer 206, the electron transpor-
tation layer 204, and the primitive electron injection layer
202" (shown in FIG. 7) are stacked on the hole injection layer
310.

[0115] Chlorineis doped on the primitive electron injection
layer 202' (shown in FIG. 7) to form the chlorine-doped layer
202¢ and the electron injection layer 202.

[0116] The second electrode 148 is formed on the chlorine-
doped layer 202a.

[0117] According to the present example embodiment, the
hole transportation layer 208 (shown in FI1G. 2) is integrally
formed with the hole injection layer 210 (shown in FIG. 2) to
form the single hole injection layer 310. Thus, the manufac-
turing process may be simplified, and the manufacturing cost
may be decreased.

[0118] FIG. 12 is a cross-sectional view illustrating an
OLED according to still another example embodiment. The
OLED of FIG. 12 is substantially the same as shown in FIGS.
1 to 9 except the hole injection layer, the hole transportation
layer, the electron injection layer and the electron transporta-
tion layer. Thus, any repetitive explanations concerning the
same elements will be omitted.

[0119] Referring to FIG. 12, an organic light emitting ele-
ment 330 includes the chlorine-doped layer 3024, the light
emitting layer 206, and the hole injection layer 310.

[0120] The electron injection layer 302 includes the mate-
rial used for the electron injection layer 202 of FIG. 2 or the
material used for the electron transportation layer 204.
[0121] The hole injection layer 310 includes the material
used for the hole injection layer 210 of FIG. 2 or the material
used for the hole transportation layer 208 of FIG. 2.

[0122] In the present example embodiment, the method of
manufacturing the OLED is substantially the same as the
method shown in FIGS. 3 to 9 except for the forming of the
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chlorine-doped layer 302a and the electron injection layer
302, and the hole injection layer 310. The forming of the
chlorine-doped layer 302a and the electron injection layer
302 of FIG. 12 is substantially the same as in FIG. 10. The
forming the hole injection layer 310 of FIG. 12 is substan-
tially the same as in FIG. 11. The forming the light emitting
layer 206 is substantially the same as in FIG. 5. Thus, any
repetitive explanation concerning the same elements will be
omitted.

[0123] According to the present example embodiment, the
electron transportation layer 204 (shown in FIG. 2) is inte-
grally formed with the electron injection layer 202 (shown in
FIG. 2) to form the single electron injection layer 302. Also,
the hole transportation layer 208 (shown in FIG. 2) is inte-
grally formed with the hole injection layer 210 (shown in FIG.
2) to form the single hole injection layer 310. Thus, the
manufacturing process may be simplified, and the manufac-
turing cost may be decreased.

[0124] FIG. 13 is a cross-sectional view illustrating an
OLED according to still another example embodiment. The
OLED of FIG. 13 is substantially the same as shown in FIGS.
1 to 9 except for an electron injection layer 402, a chlorine-
doped layer 402a, and a second electrode 448. Thus, any
repetitive explanations concerning the same elements will be
omitted.

[0125] Referring to FIGS. 1 and 13, the OLED includes the
base substrate 100, the buffer layer 102, the gate insulating
layer 104, the insulating interlayer 106, the planarization
layer 108, the pixel defining layer 112, the thin film transistor
130, the first electrode 146, the second electrode 148, an
organic light emitting element 400, and the protection layer
150.

[0126] Referring again to FIG. 13, the organic light emit-
ting element 400 includes a chlorine-doped layer 402a, an
electron injection layer 402, the light emitting layer 206, the
hole transportation layer 208, and the hole injection layer
210.

[0127] Thehole injection layer 210, the hole transportation
layer 208, and the light emitting layer 206 are stacked on the
first electrode 146.

[0128] The electron injection layer 402 is disposed on the
electron transportation layer 204. The electron injection layer
402 may include PBD, PF-6P, PyPySPyPy, LiF, NaCl, CaF,
Li,0, BaO, Lig, etc. The electron injection layer 402 attracts
electrons from the second electrode 148 so that the electrons
may be easily transported toward the electron transportation
layer 204.

[0129] The chlorine-doped layer 402q is disposed on the
electroninjection layer 402. The chlorine-doped layer 402a is
formed by doping chlorine during forming the second elec-
trode 448. The chlorine-doped layer 402a increases electron
attraction of the electron injection layer 402, thereby increas-
ing electron mobility.

[0130] Inanimplementation, one or more of the hole injec-
tion layer 210, the hole transportation layer 208, and the
electron transportation layer 204 may be omitted.

[0131] The second electrode 148 including the conductive
material is formed on the organic light emitting element 400.
The second electrode 148 may include chlorine and a trans-
parent conductive material such as indium tin oxide, tin
oxide, indium zinc oxide, zinc oxide, indium gallium oxide,
gallium oxide, etc. The transparent conductive material
except the chlorine may be used alone or in a combination
thereof. In another implementation, the second electrode 148
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may include the chlorine and a metal such as aluminum,
silver, platinum, gold, chromium, tungsten, molybdenum,
titanium, palladium, iridium, an alloy thereof, etc. The metal
except the chlorine may be used alone or in a combination
thereof.

[0132] Referring againto FIG. 1, the protection layer 150 is
disposed on the second electrode 148.

[0133] FIGS. 14 and 15 are cross-sectional views illustrat-
ing a method of manufacturing the OLED of FI1G. 13. FIG. 14
is a cross-sectional view illustrating forming a primitive elec-
tron injection layer 202'.

[0134] The forming the primitive electron injection layer
202 is substantially the same as in FIG. 7. Thus, any repetitive
explanation concerning the same elements will be omitted.
[0135] FIG. 15 is a cross-sectional view illustrating simul-
taneously forming the chlorine-doped layer 4024 and the
second electrode 448 using the primitive electron injection
layer 202a' of FIG. 14.

[0136] Referringto FIG. 15, a substrate on which the primi-
tive electron injection layer 202' is disposed is placed in a
chamber (not shown). The second electrode 448 is formed on
the primitive electron injection layer 202' using a chlorine
atmosphere in which chlorine gas or a chlorine composition
gas is injected into the chamber. The second electrode 148
may be formed through a deposition method, a method for
forming a layer using a mask, a method for forming a layer
using a photoresist, a printing method, an inkjet method, etc.
The deposition method may include a sputtering method, a
chemical vapor deposition method, a pulse laser deposition
method, a vacuum deposition method, an atomic layer depo-
sition (ALD), etc. For example, if the OLED is a front illu-
mination type, the first and second electrodes 146 and 148
may include a highly reflective material and a transparent
conductive material, respectively. In another implementation,
the OLED may be a rear illumination type, and the first and
second electrodes 146 and 148 may include the transparent
conductive material and the highly reflective material, respec-
tively.

[0137] The primitive electron injection layer 202' is
exposed to the chlorine gas or the chlorine composition gas
during the forming the second electrode 448, so that the upper
portion of the primitive electron injection layer 202' is doped
by the chlorine molecules. When the upper portion of the
primitive electron injection layer 202" is doped by the chlorine
molecules, the chlorine-doped layer 402q¢ is formed at the
upper portion of the primitive electron injection layer 202
and the electron injection layer 402 is formed at a remaining
portion of the primitive electron injection layer 202'.

[0138] According to the present example embodiment, the
second electrode 448 is formed using the chlorine atmo-
sphere, so that the chlorine-doped layer 402a is simulta-
neously formed with the second electrode 448. Thus, the
manufacturing process may be simplified and the manufac-
turing cost may be decreased.

[0139] FIG. 16 is a graph illustrating a time-of-flight sec-
ondary ion mass spectrometry (TOF-SIMS) of the OLED of
FIG. 1. Horizontal axis of FIG. 16 illustrates sputtering time,
and vertical axis of FIG. 16 illustrates intensity of chlorine
doping.

[0140] Referring to FIG. 16, the TOF-SIMS was performed
to compare the electron injection layer doped by chlorine as
shown in FIGS. 1 to 9 with an electron injection layer without
the chlorine. The chlorine concentration was high at a bound-
ary between the second electrode and the electron injection
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layer. That is, the chlorine concentration was maximum at the
boundary between the second electrode and the electron
injection layer. The chlorine concentration decreased as a
distance from the boundary between the second electrode and
the electron injection layer was increased. The chlorine con-
centration was minimum at a boundary between the electron
injection layer and the chlorine-doped layer.

[0141] The above-mentioned distribution of the chlorine
concentration was the result of the chlorine doping after form-
ing the primitive electron injection layer.

[0142] FIG. 17 is agraphillustrating a relationship between
voltage and current applied to an organic light emitting ele-
ment of the OLED of FIG. 1 and an organic light emitting
element without chlorine-doped layer. The horizontal axis of
FIG. 17 illustrates voltage (V), and the vertical axis of FIG. 17
illustrates current flowing in an organic light emitting element
of a unit area (mA/cm®).

[0143] Referring to FIG. 17, when the chlorine was doped
into the electron injection layer, current was increased com-
pared with the electron injection layer without chlorine. For
example, when the voltage applied to the organic light emit-
ting element was 3.7V, a current flowing through the organic
light emitting element having the electron injection layer
without chlorine was 8.5 mA/cm?. However, the current flow-
ing through the organic light emitting element having the
chlorine-doped layer was 10.0mA/cm? at the voltage of3.7 V.
That is, the current of the chlorine-doped layer was increased
by 17.6%.

[0144] Therefore, when the chlorine was doped into the
electron injection layer, the electron attraction was increased
and power consumption was decreased.

[0145] FIG. 18 is agraphillustrating a relationship between
current and luminance of an organic light emitting element of
the OLED of FIG. 1 and an organic light emitting element
without chlorine-doped layer. The horizontal axis of FIG. 18
illustrates current (A), and the vertical axis of FIG. 18 illus-
trates luminance (Cd/m?) of an organic light emitting ele-
ment.

[0146] Referring to FIG. 18, when the organic light emit-
ting element includes the chlorine-doped layer, luminance
was increased at the same current. For example, when the
current flowing through the organic light emitting element
was 0.0015 A, the luminance of the organic light emitting
element without the chlorine-doped layer was 1,245 Cd/m>.
However, the luminance of the organic light emitting element
having the chlorine-doped layer was 1,200 Cd/m? at the cur-
rent of 0.0015 A. That is, the luminance of the organic light
emitting element having the chlorine-doped layer was
increased by 45 Cd/m? compared with the organic light emit-
ting element without the chlorine-doped layer.

[0147] Therefore, the current for generating light of same
luminance is decreased, thereby power consumption is
decreased.

[0148] By way of summation and review, an OLED may
include the organic light emitting element including two elec-
trodes and an organic light emitting layer interposed between
the two electrodes. In order to increase luminance of the
organic light emitting element and to decrease power con-
sumption of the organic light emitting element, a hole injec-
tion layer, an electron transportation layer, etc., may be dis-
posed on the organic light emitting layer. A general electron
transportation layer may include metal ions such as lithium
fluoride (LiF), cesium fluoride (CsF), etc. However, the rare
earth metal such as the lithium (L), cesium (Cs), etc., may
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pollute the environment, and may not be securely acquired.
Also, increases in the price of the rare earth metal may result
in the price of the OLED being increased. Furthermore, even
when the rare earth metal is used for the organic light emitting
element, the increase of the luminance and the decrease of the
power consumption may be limited.

[0149] As described above, embodiments relate to an
organic light emitting display apparatus that may provide
improved luminance and light emitting efficiency, and a
method of manufacturing the organic light emitting display
apparatus. Some example embodiments may provide an
organic light emitting display apparatus having improved
luminance and light emitting efficiency. The OLED may
include a chlorine-doped layer, which may increase lumi-
nance and light emitting efficiency. According to example
embodiments, the chlorine-doped layer may be formed at the
upper portion of the electron injection layer, thereby increas-
ing the electron attraction. Thus, the electrons may be easily
attracted from the second electrode. Thus, electrical charac-
teristics of the organic light emitting element may be
improved, thereby increasing luminance and decreasing
power consumption.

[0150] Also, the chlorine-doped layer may be simulta-
neously formed with the primitive electron injection layer in
the same chamber in-situ, thereby simplifying manufacturing
process and decreasing manufacturing cost. Furthermore, the
second electrode may be formed at the chlorine atmosphere in
which the chlorine gas or the chlorine composition gas was
injected into the chamber, the chlorine-doped layer may be
formed with the second electrode through the same process.
Thus, manufacturing process may be simplified, and manu-
facturing cost may be decreased.

[0151] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims.

What is claimed is:

1. An organic light emitting display apparatus, comprising:

a first electrode;

a hole injection layer disposed on the first electrode;

a light emitting layer disposed on the hole injection layer;

an electron injection layer disposed on the light emitting
layer;

a chlorine-doped layer disposed on the electrode injection
layer and including chlorine and a same material as the
electron injection layer; and

a second electrode disposed on the chlorine-doped layer.

2. The organic light emitting display apparatus of claim 1,

further comprising an electron transportation layer interposed
between the light emitting layer and the electron injection
layer.

3. The organic light emitting display apparatus of claim 1,

further comprising a hole transportation layer interposed
between the hole injection layer and the light emitting layer.
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4. The organic light emitting display apparatus of claim 1,
wherein the electron injection layer includes at least one
selected from the group of Alg3, PBD, PF-6P, PyPysPyPy,
LiF, NaCl, CaF, Li,0, BaO, and Liq.

5. The organic light emitting display apparatus of claim 4,
wherein the chlorine-doped layer includes chlorine and at
least one selected from the group of Alg3, PBD, PF-6P,
PyPysPyPy, LiF, NaCl, CaF, Li,0, BaO, and Liq.

6. The organic light emitting display apparatus of claim 1,
wherein chlorine concentration in the chlorine-doped layer is
maximum at a boundary between the chlorine-doped layer
and the second electrode.

7. The organic light emitting display apparatus of claim 6,
wherein the chlorine concentration in the chlorine-doped
layer decreases as a distance from the boundary between the
chlorine-doped layer and the second electrode increases.

8. The organic light emitting display apparatus of claim 1,
wherein the second electrode includes a transparent conduc-
tive material.

9. The organic light emitting display apparatus of claim 1,
wherein the second electrode includes a highly reflective
material.

10. The organic light emitting display apparatus of claim 1,
wherein the second electrode includes chlorine.

11. The organic light emitting display apparatus of claim 1,
further comprising:

a thin film transistor electrically coupled to the first elec-

trode;

a base substrate supporting the thin film transistor; and

a protection layer covering the second electrode.

12. A method of manufacturing an organic light emitting
display apparatus, the method comprising:

forming a first electrode on a base substrate;

forming a hole injection layer on the first electrode;

forming a light emitting layer on the hole injection layer;

forming a primitive electron injection layer on the light
emitting layer;

doping chlorine on an upper portion of the primitive elec-

tron injection layer to form a chlorine-doped layer at the
upper portion of the primitive electron injection layer
and an electron injection layer at a remaining portion of
the primitive electron injection layer, the chlorine-doped
layer including the chlorine and a same material as the
primitive electron injection layer; and

forming a second electrode on the chlorine-doped layer.

13. The method of claim 12, further comprising forming a
hole transportation layer on the hole injection layer, wherein
the light emitting layer is formed on the hole transportation
layer.

14. The method of claim 12, further comprising forming an
electron transportation layer on the light emitting layer,
wherein the primitive electron injection layer is formed on the
electron transportation layer.

15. The method of claim 14, wherein the primitive electron
injection layer is formed by depositing at least one selected
from the group of PBD, PF-6P, PyPySPyPy, LiF, CaF, Li,0,
BaO, and Lig.

16. The method of claim 12, wherein the chlorine-doped
layer is formed from the electron injection layer using chlo-
rine gas or a chlorine composition gas.

17. A method of manufacturing an organic light emitting
display apparatus, the method comprising:

forming a first electrode on a base substrate;

forming a hole injection layer on the first electrode;
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forming a light emitting layer on the hole injection layer;

forming a primitive electron injection layer on the light

emitting layer; and

depositing a conductive material on the primitive electron

injection layer in a chlorine atmosphere to form a chlo-
rine-doped layer at an upper portion of the primitive
electron injection layer, an electron injection layer at a
remaining portion of the primitive electron injection
layer, and a second electrode on the chlorine-doped
layer, the chlorine-doped layer including the chlorine
and a same material as the primitive electron injection
layer.

18. The method of claim 17, wherein the chlorine-doped
layer, the electron injection layer, and the second electrode
are formed in-situ.

19. The method of claim 17, wherein the chlorine-doped
layer, the electron injection layer, and the second electrode
are formed by depositing a transparent conductive material on
the primitive electron injection layer in a chlorine gas or
chlorine composition gas atmosphere.

20. The method of claim 17, wherein the chlorine-doped
layer, the electron injection layer, and the second electrode
are formed by depositing a highly reflective metal on the
primitive electron injection layer in a chlorine gas or chlorine
composition gas atmosphere.
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