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FIG. 2
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FIG. 8

FORMING A PIXEL CIRCUIT ON A
SUBSTRATE —s10
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AND A TRANSMISSION AREA OF THE 512
SUBSTRATE USING AN OPEN MASK

FORMING AN EMITTING LAYER AND A
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FIG. 11
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FIG. 14
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THE OPEN MASK

FORMING A TCL ON THE TRANSMISSION
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ORGANIC LIGHT EMITTING DISPLAY
DEVICES AND METHODS OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2014-0100667,
filed on Aug. 5, 2014, in the Korean Intellectual Property
Office, and entitled: “Organic Light Emitting Display
Devices and Methods of Manufacturing the Same,” is incor-
porated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Embodiments relate to organic light emitting dis-
play devices and methods of manufacturing the same.
[0004] 2. Description of the Related Art

[0005] An organic light emitting display (OLED) device is
aself-emitting display device that may be operated with a low
voltage, and have a wide viewing angle and an improved
contrast property.

SUMMARY

[0006] Embodiments are directed to organic light emitting
display devices and methods of manufacturing the same.
[0007] The embodiments may be realized by providing an
organic light emitting display (OLED) device, including a
substrate, the substrate including a pixel area and a transmis-
sion area; a pixel circuit on the pixel area of the substrate; a
first electrode on the pixel area of the substrate, the first
electrode being electrically connected to the pixel circuit; a
first organic layer extending continuously on the pixel area
and the transmission area of the substrate and covering the
first electrode; an emitting layer selectively on a portion of the
first organic layer on the pixel area; a second organic layer
extending continuously on the pixel area and the transmission
area of the substrate and covering the emitting layer; and a
third organic layer selectively on the transmission area, the
third organic layer including a non-emitting material that has
a different transmittance from that of the emitting layer; and
a second electrode extending continuously on the pixel area
and the transmission area of the substrate and covering the
second organic layer and the third organic layer.

[0008] The third organic layer may include at least one of
N,N'-diphenyl-N,N'-bis(9-phenyl-9H-carbazol-3-y1)biphe-
nyl-4,4'-diamine,  N(diphenyl-4-y1)9,9-dimethyl-N-(4(9-
phenyl-9H-carbarzol-3-yl)phenyl)-9H-fluorene-2-amine,
and 2-(4-(9,10-di(naphthalen-2-yl)anthracen-2-yl)phenyl)-
1-phenyl-1H-benzo-[D]imidazole.

[0009] The first organic layer may include a hole transport
material, and the second organic layer may include an elec-
tron transport material.

[0010] The third organic layer may be between the first
organic layer and the second organic layer.

[0011] The third organic layer may be between the second
organic layer and the second electrode.

[0012] The emitting layer and the third organic layer may
be spaced apart from each other at an interface between the
pixel area and the transmission area.

[0013] The OLED device may further include a capping
layer on the second electrode.

[0014] The capping layer may include a first capping layer
extending continuously on the pixel area and the transmission
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area; and a second capping layer on the first capping layer, the
second capping layer being selectively disposed on either the
pixel area or the transmission area.

[0015] The OLED device may further include a via insula-
tion layer covering the pixel circuit; and a pixel defining layer
on the via insulation layer, the first electrode being exposed
through the pixel defining layer, wherein the first electrode
extends through the via insulation layer to be electrically
connected to the pixel circuit.

[0016] The transmission area may be at least partially
exposed by the pixel defining layer, and a transmitting win-
dow may be defined by a sidewall of the pixel defining layer.

[0017] The pixel defining layer may include a black mate-
rial.
[0018] The black material may include at least one of car-

bon black, phenylene black, aniline black, cyanine black, and
nigrosine acid black.

[0019] A top surface of the via insulation layer may be
exposed by the transmitting window, and the first organic
layer may extend continuously on surfaces of the pixel defin-
ing layer and the first electrode, and on the top surface of the
via insulation layer.

[0020] The transmitting window may be defined by the
sidewall of the pixel defining layer and a sidewall of the via
insulation layer.

[0021] The OLED device may further include an insulating
interlayer under the via insulation layer, the insulating inter-
layer partially covering the pixel circuit, wherein the first
organic layer extends continuously on surfaces of the pixel
defining layer and the first electrode, the sidewall of the via
insulation layer, and a top surface of the insulating interlayer.
[0022] The embodiments may be realized by providing an
organic light emitting display (OLED) device including a
substrate, the substrate including a pixel area and a transmis-
sion area; a first electrode selectively on the pixel area of the
substrate; a common organic layer extending continuously on
the pixel area and the transmission area and covering the first
electrode; an emitting layer selectively on the pixel area; a
non-pixel organic layer selectively on the transmission area;
and a second electrode extending continuously on the pixel
area and the transmission area, the second electrode facing
the first electrode with respect to the common organic layer.
[0023] The non-pixel organic layer may have a transmit-
tance that is higher than that of the emitting layer.

[0024] The non-pixel organic layer may be on the common
organic layer and in contact with the second electrode.
[0025] The common organic layer may include a first
organic layer between the first electrode and the emitting
layer, and a second organic layer between the emitting layer
and the second electrode, and the non-pixel organic layer may
be between the first organic layer and the second organic
layer.

[0026] The first organic layer may include a hole transport
material, and the second organic layer may include an elec-
tron transport material.

[0027] The embodiments may be realized by providing an
organic light emitting display (OLED) device including a
substrate, the substrate including a pixel area and a transmis-
sion area; a pixel circuit on the pixel area of the substrate; a
first electrode on the pixel area of the substrate, the first
electrode being electrically connected to the pixel circuit; a
hole transport layer extending continuously on the pixel area
and the transmission area of the substrate and covering the
first electrode; an emitting layer selectively on a portionof the
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hole transport layer on the pixel area; a transmittance control
layer on a portion of the hole transport layer on the transmis-
sion area; and a second electrode extending continuously on
the pixel area and the transmission area of the substrate, the
second electrode covering the emitting layer and the trans-
mittance control layer.

[0028] The OLED device may further include an electron
transport layer between the emitting layer and the second
electrode, the electron transport layer extending continuously
on the pixel area and the transmission area of the substrate.
[0029] The embodiments may be realized by providing a
method of manufacturing an organic light emitting display
device, the method including preparing a substrate that
includes a pixel area and a transmission area; forming a pixel
circuit on the pixel area of the substrate; forming a first
electrode that is electrically connected to the pixel circuit on
the pixel area of the substrate; forming a hole transport layer
on the pixel area and the transmission area using an open
mask such that the hole transport layer covers the first elec-
trode; forming an emitting layer on the hole transport layer
using a first mask, the first mask including a first opening
through which the pixel area is selectively exposed; forming
a transmittance control layer on the hole transport layer using
a second mask, the second mask including a second opening
through which the transmission area is selectively exposed,
and forming a second electrode continuously on the emitting
layer and the transmittance control layer using the open mask.
[0030] The transmittance control layer may include a non-
emitting material that is different from a material included in
the emitting layer.

[0031] The method may further include forming an elec-
tron transport layer on the pixel area and the transmission area
using the open mask such that the electron transport layer is
between the emitting layer and the second electrode.

[0032] Themethod may further include forming a first cap-
ping layer on the second electrode using the open mask.
[0033] The method may further include forming a second
capping layer on the first capping layer using the first mask or
the second mask such that the second capping layer is selec-
tively formed on either of the pixel area or the transmission
area.

[0034] The method may further include forming a via insu-
lation layer that covers the pixel circuit; forming a pixel
defining layer on the via insulation layer such that the first
electrode is exposed through the pixel defining layer; and
removing a portion of the pixel defining layer on the trans-
mission area to form a transmitting window, wherein the
second mask is used as an etching mask in the removing the
portion of the pixel defining layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Features will be apparent to those of skill in the art
by describing in detail exemplary embodiments with refer-
ence to the attached drawings in which:

[0036] FIG. 1 illustrates a schematic top plan view of an
organic light emitting display (OLED) device in accordance
with an embodiment;

[0037] FIG.2illustrates a cross-sectional view of an OLED
device in accordance with some embodiments;

[0038] FIG. 3illustrates a cross-sectional view of an OLED
device in accordance with some embodiments;

[0039] FIGS. 4 and 5 illustrate cross-sectional views of
OLED devices in accordance with some embodiments;
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[0040] FIGS. 6 and 7 illustrate cross-sectional views of
OLED devices in accordance with some embodiments;
[0041] FIG. 8 illustrates a flow chart of a method of manu-
facturing an OLED device in accordance with some embodi-
ments;

[0042] FIGS. 9 to 13 illustrate cross-sectional views of
stages in a method of manufacturing an OLED device in
accordance with some embodiments;

[0043] FIG. 14 illustrates a flow chart of a method of manu-
facturing an OLED device in accordance with some embodi-
ments;

[0044] FIGS. 15 to 19 illustrate cross-sectional views of
stages in a method of manufacturing an OLED device in
accordance with some embodiments; and

[0045] FIGS. 20, 21A, and 21B illustrate cross-sectional
views of stages in a method of manufacturing an OLED
device in accordance with some embodiments.

DETAILED DESCRIPTION

[0046] 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 exemplary implementations to those skilled in the art.
[0047] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. Like
reference numerals refer to like elements throughout.

[0048] 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.

[0049] 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.).

[0050] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to be limiting of the present inventive concept. As
used herein, the singular forms “a” “an” and “the” are
intended to include the plural forms as well, unless the con-
text clearly indicates otherwise. It will be further understood
that the terms “comprises” and/or “comprising,” when used in
this specification, specify the presence of stated features,
integers, steps, operations, 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.

[0051] 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-
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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.

[0052] FIG. 1 illustrates a schematic top plan view of an
organic light emitting display (OLED) device in accordance
with some embodiments. FIG. 2 illustrates a cross-sectional
view of an OLED device in accordance with some embodi-
ments. For example, FIG. 2 is a cross-sectional view taken
along a line I-I' of FIG. 1

[0053] Referring to FIGS. 1 and 2, the OLED device may
include a pixel area PA and a transmission area TA.

[0054] The pixel area PA may include a red pixel Pr, a green
pixel Pg, and a blue pixel Pb, which may be adjacent to each
other. The transmission area TA may be adjacent to the pixel
area PA. As illustrated in FIG. 1, the transmission area TA
may continuously extend to be adjacent to the red pixel Pr, the
green pixel Pg, and the blue pixel Pb. In an implementation,
the transmission area TA may be individually patterned for
each pixel.

[0055] In example embodiments, a light emitting structure
may be disposed on the pixel area PA to generate animage. An
external light may be transmitted through the transmission
area TA so that an external image may be observed theretho-
rugh.

[0056] A transistor TR (e.g., a thin film transistor) may be
disposed in each pixel, and the transistor TR may be electri-
cally connected to a data line D and a scan line S. As illus-
trated in FIG. 1, the data line D and the scan line S may cross
each other, and the each pixel may be defined at an intersec-
tion region of the data line D and the scan line S. A pixel
circuit may be defined by the data line D, the scan line S and
the transistor TR. The pixel circuit may further include a
power line (Vdd, not illustrated) that may be parallel to the
date line D. Additionally, a capacitor electrically connected to
the power line and the transistor TR may be disposed in each
pixel.

[0057] As illustrated in FIG. 2, the OLED device may
include the transistor TR on a substrate 100, a via insulation
layer 140 covering the transistor TR, the light emitting struc-
ture electrically connected to the transistor TR and disposed
on the via insulation layer 140 of the pixel area PA, and a
transmittance control layer (TCL) 165 on the transmission
area TA.

[0058] The substrate 100 may include a transparent insula-
tion substrate. For example, a glass substrate, a transparent
plastic substrate including polyethylene terephthalate (PET),
polyethylene naphthalate (PEN), or polyimide, or a transpar-
ent metal oxide substrate may be used as the substrate 100.
The substrate 100 may be divided into the pixel area PA and
the transmission area TA. For example, the pixel area PA of
the substrate 100 may correspond to or be aligned with the
pixel area PA of the prepared OLED, and the transmission
area TA of the substrate 100 may correspond to or be aligned
with the transmission area TA of the prepared OLED.
[0059] A buffer layer 105 may be formed on the substrate
100 to cover a top surface of the substrate 100. The buffer
layer 105 may help prevent impurities from being diffused
between the substrate 100 and structures thereon. In addition,
flatness or planarity of the substrate 100 may be improved by
the buffer layer 105.

[0060] In an implementation, the buffer layer 105 may
include silicon oxide, silicon nitride, or silicon oxynitride.
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These may be used alone or in a combination thereof. In an
implementation, the buffer layer 105 may have a multi-lay-
ered structure including a silicon oxide layer and a silicon
nitride layer. In an implementation, the buffer layer 105 may
include a transparent organic material such as polyimide,
polyester, an acryl-based compound, etc.

[0061] An active layer 110 may be disposed on the buffer
layer 105. The active layer 110 may include an oxide semi-
conductor. For example, the active layer 110 may include
indium gallium zinc oxide (IGZ0), zinc tin oxide (ZTO), or
indium tin zinc oxide (ITZ0).

[0062] In animplementation, the, the active layer 110 may
include polysilicon or amorphous silicon. In this case, impu-
rities may be implanted at both end portions of the active layer
110 to form a source region and a drain region. A portion of
the active layer 110 between the source region and the drain
region may be defined as a channel region through which
charges are moved or transferred.

[0063] A gate insulation layer 115 may be formed on the
buffer layer 105 to cover the active layer 110. The gate insu-
lation layer 115 may include silicon oxide, silicon nitride, or
silicon oxynitride. These may be used alone or in a combina-
tion thereof. The gate insulation layer 115 may have a multi-
layered structure including a silicon oxide layer and a silicon
nitride layer.

[0064] A gate electrode 120 may be disposed on the gate
insulation layer 115. The gate electrode 120 may include a
metal, an alloy, or a metal nitride. For example, the gate
electrode 120 may include a metal such as aluminum (Al),
silver (Ag), tungsten (W), copper (Cu), nickel (Ni), chro-
mium (Cr), molybdenum (Mo), titanium (T1), platinum (Pt),
tantalum (Ta), neodymium (Nd), and scandium (Sc), an alloy
thereof, or a nitride thereof. These may be used alone or in a
combination thereof. The gate electrode 120 may include at
least two metal layers having different physical properties.
For example, the gate electrode 120 may have a double-
layered structure such as an Al/Mo structure or a Ti/Cu struc-
ture.

[0065] The gate electrode 120 may be superimposed over
or may overlie the active layer 110. The gate electrode 120
may be electrically connected to the scan line S. For example,
the gate electrode 120 may be diverged from the scan line S.

[0066] An insulating interlayer 125 may be formed on the
gate insulation layer 115 to cover the gate electrode 120. The
insulating interlayer 125 may include silicon oxide, silicon
nitride, or silicon oxynitride. These may be used alone or in a
combination thereof. The gate insulating interlayer 125 may
have a multi-layered structure including a silicon oxide layer
and a silicon nitride layer.

[0067] A source electrode 130 and a drain electrode 135
may extend through the insulating interlayer 125 and the gate
insulation layer 115 to be in contact with the active layer 110.
The source electrode 130 and the drain electrode 135 may
include a metal such as Al, Ag, W, Cu, Ni, Cr, Mo, Ti, Pt, Ta,
Nd, or Sc, an alloy thereof, or a nitride thereof. These may be
used alone or in a combination thereof. The source electrode
130 and the drain electrode 135 may include at least two
different metal layers.

[0068] Ifthe active layer 110 includes polysilicon or amor-
phous silicon, the source electrode 130 and the drain elec-
trode 135 may be in contact with the source region and the
drain region of the active layer 110, respectively.
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[0069] The source electrode 130 may be electrically con-
nected to the data line D. For example, the source electrode
130 may be diverged from the data line D.

[0070] Thetransistor TR may be defined by the active layer
110, the gate insulation layer 115, the gate electrode 120, the
source electrode 130, and the drain electrode 135.

[0071] FIG. 2 illustrates that one transistor TR is included
in each pixel, however, a plurality of the transistors TR may
be included in the each pixel. For example, a switching tran-
sistor and a driving transistor may be included in the each
pixel. A capacitor may be further included in the each pixel.
[0072] FIG. 2 illustrates that the transistor TR has a top-
gate structure in which the gate electrode 120 is disposed over
the active layer 110. However, the transistor TR may have a
bottom-gate structure in which the gate electrode is disposed
under the active layer.

[0073] The via insulation layer 140 may be formed on the
insulating interlayer 125, and may cover the source electrode
130 and the drain electrode 135. A via structure electrically
connecting a first electrode 150 and the drain electrode 135
may be accommodated in the via insulation layer 140. The via
insulation layer 140 may have a substantially planar or level
top surface.

[0074] In an implementation, the via insulation layer 140
may include a transparent organic material, e.g., polyimide,
an epoxy-based resin, an acryl-based resin, polyester, or the
like.

[0075] The light emitting structure may be disposed on a
portion of the via insulation layer 140 on the pixel area PA.
The light emitting structure may include the first electrode
150, a hole transport layer 160 (HTL), an emitting layer 163,
an electron transport layer 170 (ETL), and a second electrode
175, which may be sequentially stacked on the via insulation
layer 140.

[0076] The first electrode 150 may be disposed on the via
insulation layer 140. The first electrode 150 may include a via
portion 150a extending through the via insulation layer 140 to
be electrically connected to the drain electrode 135.

[0077] In an implementation, the first electrode 150 may
serve as a pixel electrode and may be formed on each pixel
area PA. The first electrode 150 may also serve as an anode of
the OLED device.

[0078] Inanimplementation, the first electrode 150 may be
areflective electrode. In this case, the first electrode 150 may
include a metal, e.g., Al, Ag, W, Cu, Ni, Cr, Mo, Ti, Pt, Ta, Nd
or Sc, or an alloy thereof. The OLED device may be a top
emission type generating an image toward the second elec-
trode 175.

[0079] In an implementation, the first electrode 150 may
include a transparent conductive material having a high work
function. For example, the first electrode 150 may include
indium tin oxide (ITO), indium zinc oxide (IZO), zinc oxide,
or indium oxide.

[0080] A pixel defining layer 155 (PDL) may be formed on
the viainsulation layer 140. The PDL 155 may cover a periph-
eral portion of the first electrode 150. The PDL 155 may
include, e.g., a transparent organic material such as a poly-
imide-based resin or an acryl-based resin. An area of the first
electrode 150 that is not covered by the PDL 155 may be
substantially equal to an area of an emission regioninthe each
pixel.

[0081] The HTL 160 may be formed conformably on sur-
faces of the PDL 155 and the first electrode 150. In an imple-
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mentation, the HTL 160 may be provided continuously and
commonly on the pixel area PA and the transmission area TA.
[0082] TheHTL 160 may include a hole transport material,
e.g., 4.4'-bis[N-(1-naphtyl)-N-phenylamino|biphenyl
(NPB), 4,4'-bis[N-(3-methylphenyl)-N-phenylamino]biphe-
nyl (TPD), N,N'-di-1-naphtyl-N,N'-diphenyl-1,1'-biphenyl-
4,4'-diamine (NPD), N-phenylcarbazole, polyvinylcarba-
zole, or a combination thereof.

[0083] The emitting layer 163 and the TCL 165 may be
formed on the HTL 160. In an implementation, the emitting
layer 163 and the TCL 165 may be disposed on the pixel area
PA and the transmission area TA, respectively. For example,
the emitting layer 163 may overlie the pixel area PA of the
substrate 100 and the TCL 165 may overlie the transmission
area TA of the substrate 100.

[0084] The emitting layer 163 may be patterned individu-
ally on the each pixel. For example, the emitting layer 163
may be provided individually on the red pixel Pr, the green
pixel Pg, and the blue pixel Pb, and may include light emitting
materials for generating different colors of light, e.g., a red
color of light, a green color of light, or a blue color of light.
The light emitting material may include a host material
excited by holes and electrons, and a dopant material for
facilitating an absorbance and a release of energy and improv-
ing a light emitting efficiency.

[0085] The host material may include, e.g., tris(8-quinoli-
nolato)aluminum (Alg3), a derivative of Alqg3,4,4'-bis(2,2-
diphenyl-ethene-1-yl)-4,4'-dimethylphenyl (DPVBIi), 1,3-bis
(carbazol-9-yl)benzene (mCP), or 4,4'-bis(carbazol-9-yl)
biphenyl (CBP).

[0086] The dopant material may include, e.g., a fused aro-
matic cyclic compound such as rubrene.

[0087] The TCL 165 may include, e.g., a transparent
organic material for optimizing a transmittance in the trans-
mission area TA. In an implementation, the TCL 165 may
include an organic material having a refractive index that is
substantially the same as or similar to those of the HTL 160
and the ETL 170 and that does not exhibit a light emitting
property. For example, the TCL 165 may include a non-
emitting material that is different from the light emitting
material of the emitting layer 163. In an implementation, the
TCL 165 may have a transmittance greater than that of the
emitting layer 163.

[0088] Inanimplementation, the flatness or planarity in the
transmission area TA may be enhanced by the TCL 165.

[0089] For example, the TCL 165 may include N,N'-diphe-
nyl-N,N-bis(9-phenyl-9H-carbazol-3-yl)biphenyl-4,4'-di-
amine, N(diphenyl-4-y1)9,9-dimethyl-N-(4(9-phenyl-9H-
carbarzol-3-yl)phenyl)-9H-fluorene-2-amine, or 2-(4-(9,10-
di(naphthalen-2-yl)anthracen-2-yl)phenyl)-1-phenyl-1H-
benzo-[D]imidazole.

[0090] Inanimplementation, the TCL 165 and the emitting
layer 163 may be spaced apart from each other by a predeter-
mined distance. For example, the TCL 165 and the emitting
layer 163 may be spaced apart from each other along an
extending direction of the data line D. For example, the TCL
165 may be spaced apart from the emitting layer 163 at an
interface between the pixel area PA and the transmission area
TA. Accordingly, the TCL 165 and the emitting layer 163 may
not contact or overlap each other. Thus, a light emitting prop-
erty in the pixel area PA may not be affected or disturbed by
the TCL 165 so that a transmittance property in the transmis-
sion region TA may be selectively optimized.
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[0091] Inanimplementation, end portions of the TCL 165
and the emitting layer 163 may partially overlap each other.
[0092] The ETL 170 may be formed on the HTL 160 and
may cover the emitting layer 163 and the TCL 165. In an
implementation, the ETL. 170 may be formed continuously
and commonly on the pixel area PA and the transmission area
TA.

[0093] Inanimplementation, the ETL 170 may include an
electron transport material, e.g., tris(8-quinolinolato)alumi-
num (Alq3), 2-(4-biphenylyl)-5-4-tert-butylphenyl-1,3,4-
oxadiazole (PBD), bis(2-methyl-8-quinolinolato)-4-phe-
nylphenolato-aluminum (BAlq), bathocuproine (BCP),
triazole (TAZ), phenylquinozaline, or a combination thereof.
[0094] In an implementation, the TCL 165 may be sand-
wiched or interposed between the HTL 160 and the ETL 170
on the transmission region TA.

[0095] The second electrode 175 may be disposed on the
ETL 170. In an implementation, the second electrode 175
may be commonly provided on the pixels included in the
pixel area PA to serve as a common electrode of the OLED
device. The second electrode 175 may extend continuously
and commonly on the pixel area PA and the transmission area
TA.

[0096] The second electrode 175 may include, e.g., a metal
such as Al, Ag, W, Cu, Ni, Cr, Mo, T, Pt, Ta, Nd, or Sc, or an
alloy thereof. The second electrode 175 may have a thin
thickness relative to the first electrode 150, e.g., the second
electrode 175 may be thinner than the first electrode 150, to
help improve a transparency or a transmittance of the OLED
device. For example, the second electrode 175 may have a
thickness of about 100 A to about 300 A.

[0097] Inanimplementation, the second electrode 175 may
have auniform thickness throughout the pixel area PA and the
transmittance area TA.

[0098] In an implementation, a hole injection layer (HIL)
may be further formed between the HTL 160 and the first
electrode 150. An electron injection layer (EIL) may be fur-
ther formed between the ETL 170 and the second electrode
175. The HIL and the EIL may be provided commonly and
continuously on the pixel area PA and the transmission area
TA.

[0099] The HIL may include, e.g., (N-carbazolyl)tripheny-
lamine (TCTA) or 4,4',4"-tris[3-methylphenyl (phenyl)
amino]triphenylamine (m-MTDATA). The EIL may include,
e.g., lithium fluoride (LiF) or cesium fluoride (CsF).

[0100] A capping layer 180 may be formed on the second
electrode 175 so that the light emitting structure and the
transmission area TA may be protected by the capping layer
180. In an implementation, the capping layer 180 may
include, e.g., a transparent organic material, such as polyim-
ide, an epoxy-based resin, an acryl-based resin, polyester, or
the like. In an implementation, the capping layer 180 may
include, e.g., an inorganic material such as silicon oxide,
silicon nitride, or silicon oxynitride.

[0101] Inanimplementation, the capping layer 180 may be
provided continuously and commonly on the pixel area PA
and the transmission area TA.

[0102] According to example embodiments, different layer
stack structures may be formed on the pixel area PA and the
transmission area TA. For example, as illustrated in FIG. 2, a
layer stack structure including the first electrode 150, the
HTL 160, the emitting layer 163, the ETT 170, and the second
electrode 175 may be formed on the pixel area PA. A layer
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structure including the PDL 155, the HTL 160, the TCL 165,
the ETL 170, and the second electrode 175 may be formed on
the transmission area TA.

[0103] Therefore, a resonance structure for optimizing a
light emitting efficiency may be realized on the pixel area PA,
and the layer stack structure for optimizing a transmittance
may be realized on the transmission area TA.

[0104] According to example embodiments, the HTL 160,
the ETL 170 and the second electrode 175 may be provided
commonly and uniformly on the pixel area PA and the trans-
mission area TA. Forexample, the HTL. 160, the ETL. 170 and
the second electrode 175 may have substantially uniform
thicknesses and compositions throughout the pixel area PA
and the transmission area TA. The transmittance or the trans-
parency of the transmission area TA may be selectively opti-
mized by the TCL 165, so that a desired transmittance of the
OLED device may be achieved without transforming or dis-
turbing an optical resonance structure of the HTL 160, the
ETL 170 and the second electrode 175.

[0105] In an implementation, an encapsulation substrate
may be further disposed on the second electrode 175 or the
capping layer 180 to face the substrate 100. The encapsula-
tion substrate may include a transparent material substan-
tially the same as or similar to that of the substrate 100. In an
implementation, the OLED device may further include a
spacer connecting the substrate 100 and the encapsulation
substrate, and a filler including, e.g., a moisture absorbent,
may be filled in a space between the substrate 100 and the
encapsulation substrate.

[0106] FIG. 3illustrates a cross-sectional view of an OLED
device in accordance with some embodiments. For example,
FIG. 3 illustrates cross-sectional view taken along a line I-I' of
FIG. 1. The OLED device of FIG. 3 may have elements and/or
constructions substantially the same as or similar to those of
the OLED device illustrated in FIG. 2, except for an arrange-
ment of the TCL. Thus, repeated detailed descriptions of
elements and/or structures may be omitted herein, and like
reference numerals are used to indicate like reference ele-
ments.

[0107] Referring to FIG. 3, and as also illustrated in FIG. 2,
alayer stack structure including a first electrode 150, an HTL
160, an emitting layer 163, an ETL 170a, and a second elec-
trode 175 may be defined on a pixel area PA of the OLED
device. A layer structure including a PDL 155, the HTL 160,
the ETL 1704, aTCL 165a, and the second electrode 175 may
be defined on a transmission area TA of the OLED device.
[0108] The ETL 1704 may cover the ETL 163 on the pixel
area PA, and may be formed on the HTL 160 on the transmis-
sion area TA. The ETL 170q and the HTL 160 may serve as
common layers continuously formed on the pixel area PA and
the transmission area TA.

[0109] In an implementation, the TCL 165a may be dis-
posed on a portion of the HTL 170¢ on the transmission area
TA. As illustrated in FIG. 3, the TCL 1654 and the emitting
layer 163 may be spaced apart or separated from each other,
e.g., by (a portion of) the ETL 170a.

[0110] In an implementation, the TCL 165a¢ may be in
contact with the second electrode 175. In an implementation,
an additional common layer, e.g., an EIL may be interposed
between the TCL 1654 and the second electrode 175.

[0111] FIGS. 4 and 5 illustrate cross-sectional views of
OLED devices in accordance with some embodiments. For
example, FIGS. 4 and 5 illustrate cross-sectional views taken
along a line I-I' of FIG. 1. The OLED devices of FIGS. 4 and



US 2016/0043154 Al

5 may have elements and/or constructions substantially the
same as or similar to those of the OLED device illustrated in
FIG. 2, except for a structure of a capping layer. Thus,
repeated detailed descriptions of some elements and/or struc-
tures may be omitted herein, and like reference numerals are
used to indicate like reference elements.

[0112] Referring to FIG. 4, and as also illustrated in FIG. 2,
alayer stack structure including a first electrode 150, an HTL
160, an emitting layer 163, an ETL 170, and a second elec-
trode 175 may be defined on a pixel area PA of the OLED
device. A layer structure including a PDL 155, the HTL 160,
aTCL165,the ETL 170, and the second electrode 175 may be
defined on a transmission area TA of the OLED device.
[0113] A capping layer may be disposed on the second
electrode 175. The capping layer may include a first capping
layer 180a and a second capping layer 1805.

[0114] The first capping layer 180a may be provided con-
tinuously and commonly on the pixel area PA and the trans-
mission area TA. In an implementation, the first capping layer
180a may include a transparent organic material, e.g., a poly-
imide-based resin, an epoxy-based resin, or an acryl-based
resin.

[0115] The second capping layer 1805 may be disposed on
the first capping layer 180a. The second capping layer 1805
may be formed selectively on the transmission area TA. For
example, the second capping layer 1805 may be formed only
on the transmission area TA, and not on the pixel area PA.
[0116] In an implementation, the second capping layer
1805 may have a sectional size from a top or plan view that is
substantially the same as that of the TCL 165. Thus, the
second capping layer 1805 and the TCL 165 may cover sub-
stantially the same area of the OLED device.

[0117] In an implementation, the second capping layer
1805 may include a material substantially the same as or
similar to that of the TCL 165. For example, the TCL 165 (and
the second capping layer 1805) may include an organic mate-
rial such as N,N'-diphenyl-N,N'-bis(9-phenyl-9H-carbazol-
3-yl)biphenyl-4,4'-diamine, N(diphenyl-4-y1)9,9-dimethy]-
N-(4(9-phenyl-9H-carbarzol-3-yl)phenyl)-9H-fluorene-2-
amine, or 2-(4-(9,10-di(naphthalen-2-yl)anthracen-2-yl)
phenyl)-1-phenyl-1H-benzo-[D]imidazole.

[0118] In an implementation, the second capping layer
1805 may have a thickness that is smaller than that of the first
capping layer 180a.

[0119] According to example embodiments described
above, the second capping layer 1805 (selectively covering,
e.g., only, the transmission area TA) may be formed on the
first capping layer 180a. Therefore, a transmittance optimiz-
ing structure may be achieved without disturbing a light emit-
ting property on the pixel area PA.

[0120] Referring to FIG. 5, a second capping layer 1815
may be selectively formed on the pixel area PA. For example,
the second capping layer 1815 may be formed only on pixel
area PA, and not on the transmission area TA. The second
capping layer 1815 may extend in a direction of the scan line
S illustrated in FIG. 1, and may be provided commonly on a
plurality of the emitting layers 163.

[0121] Inthiscase, afirst capping layer 1814 may include a
material for optimizing a transmittance on the transmission
area TA. For example, the first capping layer 181a may
include a material substantially the same as or similar to that
of the TCL. 165.

[0122] Thesecond capping layer 1815 may include a mate-
rial for protecting the pixel area PA and for improving a light
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emitting efficiency thereof. In an implementation, the second
capping layer 1815 may include a transparent organic mate-
rial, e.g., a polyimide-based resin, an epoxy-based resin, or an
acryl-based resin.

[0123] FIGS. 6 and 7 illustrate cross-sectional views of
OLED devices in accordance with some embodiments. For
example, FIGS. 6 and 7 illustrate cross-sectional views taken
along a line I-I' of FIG. 1. Repeated detailed descriptions on
elements and/or constructions that are substantially the same
as or similar to those illustrated with reference to FIG. 1 may
be omitted.

[0124] Referring to FIG. 6, a transmitting window 240 may
be defined on a transmission area TA for improving a trans-
mittance. In an implementation, the transmitting window 240
may be defined by sidewalls of PDLs 255 adjacent to each
other. Inan implementation, a top surface of the via insulation
layer 140 may be exposed through the transmitting window
240.

[0125] Inthis case, the PDL 255 may include a plurality of
line patterns or grid patterns, and may be at a boundary
between pixel and transmission areas PA and TA.

[0126] In an implementation, the PDL 255 may include a
black material. For example, the PDL 255 may include car-
bon black, phenylene black, aniline black, cyanine black,
nigrosine acid black, or the like. The PDL 255 may include
the above-mentioned black material so that interference of
lights from the pixel and transmission areas PA and TA, or
from adjacent pixels may be avoided.

[0127] In an implementation, the PDL 255 may include a
transparent organic material, e.g., a polyimide-based resin or
an acryl-based resin as described with reference to FIG. 2.
[0128] An HTL 260 may be formed conformably (or con-
formally) and continuously along or on surfaces of the PDL
255 and a first electrode 150, and the top surface of the via
insulation layer 140 that is exposed through the transmitting
window 240. In an implementation, the HTL 260 may be
continuously and commonly provided on the pixel and trans-
mission areas PA and TA.

[0129] An emitting layer 263 and a TCL 265 may be
formed on the pixel area PA and the transmission area TA,
respectively.

[0130] In an implementation, as illustrated in FIG. 6, the
emitting layer 263 and the TCL 265 may extend onto a top
surface of the PDL 255, and may be spaced apart from each
other on the top surface of the PDL 255.

[0131] Inanimplementation, the emitting layer 263 and the
TCL 265 may not extend onto the top surface of the PDL, 255.
In this case, the emitting layer 263 and the TCL 265 may be
confined by or end at the sidewalls of the PDL 255.

[0132] AnETL 270, a second electrode 275, and a capping
layer 280 may be sequentially stacked on the emitting layer
263 and the TCL 265, and may be provided commonly on the
pixel area PA and the transmission area TA.

[0133] Referring to FIG. 7, a transmitting window may be
defined by sidewalls of the PDL 255 and sidewalls of a via
insulation layer 140a. In this case, the transmitting window
245 may be formed through the PDL 255 and the via insula-
tion layer 140a, and a top surface of the insulating interlayer
125 may be exposed through the transmitting window 245.
The sidewalls of the PDL 255 and the via insulation layer
1404 may extend on substantially the same plane.

[0134] An HTL 260a may be formed conformably and
continuously on surfaces of the PDL 255 and the first elec-
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trode 150, and on the top surface of the insulating interlayer
125 that is exposed through the transmitting window 245.
[0135] An emitting layer 263a and a TCL 265a may be
disposed selectively on portions of the HTL 260a of the pixel
area PA and the transmission area TA, respectively. For
example, the emitting layer 2634 may be disposed only on the
pixel area PA and the TCL 2654 may be disposed only on the
transmission are TA. An ETL 270a, a second electrode 2754,
and a capping layer 280a may be sequentially stacked on the
emitting layer 263a and the TCL 2654, and may be provided
commonly on the pixel and transmission areas PA and TA.
[0136] Inanimplementation, the transmitting window may
be defined by sidewalls of the PDL 255, sidewalls of the via
insulation layer 140a, and sidewalls of the insulating inter-
layer 125. In this case, a top surface of a gate insulation layer
115 may be exposed through the transmission window. In an
implementation, the transmitting window may be defined by
sidewalls of the PDL 255, sidewalls of the via insulation layer
140q, sidewalls of the insulating interlayer 125, and sidewalls
of the gate insulation layer 115. In this case, a top surface of
a buffer layer 105 may be exposed through the transmitting
window.

[0137] In an implementation, a portion of the buffer layer
105 in the transmission area TA may be also removed to
expand the transmitting window, and a portion of the buffer
layer 105 may remain to help prevent an impurity diffusion.
[0138] As described above, the transmitting window 240
and 245 may be formed on the transmission area TA to help
further improve a transmittance thereof.

[0139] Inanimplementation, as described with reference to
FIG. 5, the TCL 265 and 265a may be disposed on the ETL
270 and 2704 serving as common layers with the HTL 260
and 260a.

[0140] Inanimplementation, as described with referenceto
FIGS. 4 and 5, the capping layer 280 and 280a may include a
first capping layer and a second capping layer. The second
capping layer may be selectively disposed on the pixel area
PA or the transmittance area TA.

[0141] FIG. 8 illustrates a flow chart of a method of manu-
facturing an OLED device in accordance with an embodi-
ment. FIGS. 9 to 13 illustrate cross-sectional views of stages
in a method of manufacturing an OLED device in accordance
with an embodiment.

[0142] Referringto FIGS. 8 and 9, in operation S10, a pixel
circuit may be formed on a substrate 100.

[0143] In an implementation, a glass substrate or a trans-
parent insulation substrate such as a transparent plastic sub-
strate may be used as the substrate 100. The substrate 100 may
be divided into a pixel area PA and a transmission area TA,
e.g., to ultimately form an OLED having a pixel area PA and
a transmission area TA.

[0144] A buffer layer 105 may be formed on the substrate
100. The buffer layer 105 may be formed using silicon oxide,
silicon nitride, or silicon oxynitride. The buffer layer 105 may
be formed on a substantially whole top surface of the sub-
strate 100

[0145] An active layer 110 may be formed on the buffer
layer 105. For example, a semiconductor material layer may
be formed on the buffer layer 105, and then the semiconductor
layer may be patterned by, e.g., a photolithography process, to
form the active layer 110.

[0146] The semiconductor material layer may be formed
using an oxide semiconductor, e.g., IGZO, ZTO, or ITZO.
Alternatively, the semiconductor material layer may be

Feb. 11,2016

formed using polysilicon or amorphous silicon. For example,
an amorphous silicon layer may be formed on the buffer layer
105. The amorphous silicon layer may be crystallized through
a laser or a thermal treatment to be transformed into the
semiconductor material layer.

[0147] A gateinsulation layer 115 covering the active layer
110 may be formed on the buffer layer 105, and a gate elec-
trode 120 may be formed on the gate insulation layer 115.

[0148] The gate insulation layer 115 may be formed using
silicon oxide, silicon nitride, or silicon oxynitride. A first
conductive layer may be formed on the gate insulation layer
115, and may be patterned by, e.g., a photolithography pro-
cess, to form the gate electrode 120. The first conductive layer
may be formed using a metal, an alloy, or a metal nitride. The
first conductive layer may be formed to include a plurality of
metal layers.

[0149] The gate electrode 120 may be superimposed over
the active layer 110. In example embodiments, the gate elec-
trode 120 may be formed simultaneously with a scan line S
illustrated in FI1G. 1. For example, the gate electrode 120 and
the scan line S may be formed from the first conductive layer
through the same etching process.

[0150] Inanimplementation, impurities may be implanted
into the active layer 110 using the gate electrode 120 as an
ion-implantation mask to form source and drain regions at
both ends of the active layer 110. A portion of the active layer
between the source and drain regions may be defined as a
channel region. The channel region may substantially overlap
the gate electrode 120.

[0151] An insulating interlayer 125 covering the gate elec-
trode 120 may be formed on the gate insulation layer 115. A
source electrode 130 and a drain electrode 135 may be formed
through the insulating interlayer 125 and the gate insulation
layer 115 to be in contact with the active layer 110.

[0152] For example, the insulating interlayer 125 and the
gate insulation layer 115 may be partially etched to form
contact holes through which the active layer 110 is partially
exposed. A second conductive layer sufficiently filling the
contact holes may be formed on the insulating interlayer 125
and the active layer 110. The second conductive layer may be
patterned by, e.g., a photolithography process, to form the
source electrode 130 and the drain electrode 135.

[0153] Accordingly, a transistor TR, e.g., a thin film tran-
sistor, may be defined by the active layer 110, the gate insu-
lation layer 115, the gate electrode 120, the source electrode
130, and the drain electrode 135 on the pixel area PA. For
example, the pixel area PA may include a plurality of pixels,
and at least one transistor may be formed on each pixel.

[0154] The pixel circuit may include the transistor TR, a
data line D, and a scan line S.

[0155] In an implementation, the source electrode 130 and
the drain electrode 135 may contact the source region and the
drain region, respectively. The source electrode 130 may be
integral with the data line D illustrated in FIG. 1. In this case,
the source electrode 130, the drain electrode 135, and the data
line D may be formed from the second conductive layer by
substantially the same etching process.

[0156] The insulating interlayer 125 may be formed using
silicon oxide, silicon nitride, or silicon oxynitride. The sec-
ond conductive layer may be formed using a metal, an alloy,
or a metal nitride. The second conductive layer may be
formed by stacking a plurality of metal layers.
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[0157] A via insulation layer 140 may be formed on the
insulating interlayer 125 to cover the source electrode 130
and the drain electrode 135.

[0158] In an implementation, the via insulation layer 140
may be formed using a transparent organic material, e.g., a
polyimide-based resin, an epoxy-based resin, an acryl-based
resin, polyester, etc. The via insulation layer 140 may have a
sufficient thickness such that a top surface of the via insula-
tion layer 140 may be substantially planar or level.

[0159] The above-mentioned buffer layer 105, the semi-
conductor material layer, the first and second conductive lay-
ers, the gate insulation layer 115, the insulating interlayer
125, and the via insulation layer 140 may be formed by at least
one of a chemical vapor deposition (CVD) process, a plasma
enhanced chemical vapor deposition (PECVD) process, a
high density plasma-chemical vapor deposition (HDP-CVD)
process, a thermal evaporation process, a vacuum evaporation
process, a spin coating process, a sputtering process, an
atomic layer deposition: (ALD) process, and a printing pro-
cess.

[0160] Referring to FIGS. 8 and 10, in operation S11, a first
electrode 150 may be formed on the pixel area PA of the
substrate 100. The first electrode 150 may be electrically
connected to the transistor TR. For example, the first elec-
trode 150 may be in contact with the drain electrode 135.
[0161] For example, the via insulation layer 140 may be
partially etched to form a via hole through which the drain
electrode 1351s exposed. A third conductive layer sufficiently
filling the via hole may be formed on the via insulation layer
140, and then patterned to form the first electrode 150.
[0162] In an implementation, the third conductive layer
may be formed using a metal such as Al, Ag, W, Cu, Ni, Cr,
Mo, Ti, Pt, Ta, Nd, or Sc, or an alloy thereof, by a thermal
evaporation process, a vacuum evaporation process, a sput-
tering process, an ALD process, a CVD process, a printing
process, etc. In an implementation, the third conductive layer
may be formed using a transparent conductive material, e.g.,
ITO, 170, zinc oxide, or indium oxide.

[0163] As illustrated in FIG. 10, a portion of the first elec-
trode 150 formed in the via hole may be defined as a via
portion 150a. The first electrode 150 may be electrically
connected to the transistor TR through the via portion 150a.
[0164] Thefirst electrode 150 may be provided for the each
pixel. In this case, a cross-sectional area from a top or plan
view of the first electrode 150 may be substantially the same
as an area of the each pixel.

[0165] A PDL 155 may be formed on the via insulation
layer 140. The PDL 155 may cover a peripheral portion of the
first electrode 150. For example, a photosensitive organic
material including, e.g., a polyimide-based resin or an acryl-
based resin, may be coated on the via insulation layer, and
then exposure and developing processes may be performed to
form the PDL 155,

[0166] Referring to FIGS. 8 and 11, in operation S12, an
HTL 160 may be formed on the pixel area PA and the trans-
mission area TA of the substrate 100 using an open mask.
[0167] The open mask, as used herein, may mean a mask
including an opening through which both the pixel area PA
and the transmission area TA are commonly exposed.
[0168] Inanimplementation, the open mask may belocated
over the substrate 100 such that the PDL 155 and the first
electrode 150 are exposed therethrough. The hole transport
material as mentioned above may be provided through the
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open mask by, e.g., a spin coating process, a roll printing
process, a nozzle printing process, or an inkjet printing pro-
cess to form the HTL 160.

[0169] Accordingly, the HTL 160 may be formed continu-
ously on both the PDL 155 and the first electrode 150.
[0170] Referring to FIGS. 8 and 12, in operation S13, an
emitting layer 163 and a TCL 165 may be formed on the HTL
160. The emitting layer 163 and the TCL 165 may be selec-
tively formed on portions of the HTL 160 of the pixel area PA
and the transmission area TA, respectively.

[0171] Inanimplementation, the emitting layer 163 and the
TCL 165 may be formed individually using a separate first
mask and second mask. In an implementation, the first and
second masks may be a fine metal mask (FMM) including an
opening of a fine pattern or a fine slit.

[0172] The first mask may include a plurality of first open-
ings through which regions corresponding to a red pixel Pr, a
green pixel Pg, and a blue pixel Pb are exposed. The first mask
may be located over the substrate 100 such that the first
openings are aligned with the pixel area PA. The above-
mentioned light emitting material may be provided through
the first mask by, e.g., a spin coating process, a roll printing
process, a nozzle printing process, or an inkjet printing pro-
cess, to form the emitting layer 163.

[0173] The second mask may include a second opening
substantially overlapping the transmission area TA. The sec-
ond mask may be located over the substrate 100 such that the
second opening is aligned with the transmission area TA. A
non-emitting material (different from the light emitting mate-
rial) may be provided through the second mask by, e.g., a spin
coating process, a roll printing process, a nozzle printing
process, or an inkjet printing process, to form the TCL 165.
[0174] In an implementation, if the first mask and the sec-
ond mask are placed to face each other, the first opening and
the second opening may not overlap each other. For example,
if the first and second masks are implemented in the same
mask, the first and second masks, e.g., openings in the first
mask and the second mask, may be spaced apart from each
other in a top plan view. Thus, the TCL 165 and the emitting
layer 163 may be also spaced apart from each other.

[0175] Referring to FIGS. 8 and 13, in operation S14, an
ETL 170 and a second electrode 175 may be formed on the
pixel area PA and the transmission area TA using the open
mask.

[0176] Theopen mask may be substantially the same as that
for the formation of the HTL 160. The open mask may include
an opening through which the emitting layer 163 and the TCL
165 are commonly exposed.

[0177] Inanimplementation, the open mask may be located
over the substrate 100. The above-mentioned electron trans-
port material may be provided through the open mask by, e.g.,
a spin coating process, a roll printing process, a nozzle print-
ing process, or an inkjet printing process, to form the ETL
170.

[0178] A metal having a low work function, Al, Ag, W, Cu,
Ni, Cr, Mo, Ti, Pt, Ta, Nd, Sc, or an alloy thereof, may be
deposited on the ETL 170 using the open mask to form the
second electrode 175.

[0179] Inanimplementation, a capping layer 180 (see FIG.
2) may be formed commonly on the pixel area PA and the
transmission area TA using the open mask. The capping layer
180 may be formed using a transparent organic material such
as a polyimide-based resin, an epoxy-based resin, or an acryl-
based resin. In an implementation, the capping layer 180 may
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be formed using an inorganic material such as silicon oxide,
silicon nitride, or silicon oxynitride.

[0180] In an implementation, the capping layer may be
formed as a multi-layered structure including a first capping
layer and a second capping layer.

[0181] Inanimplementation, as illustrated in FIG. 4, a first
capping layer 180a may be formed commonly on the pixel
and transmission areas PA and TA using the open mask. A
second capping layer 1805 may be formed selectively on
(e.g., only on) the transmission area TA using the second
mask.

[0182] Inanimplementation, as illustrated in FIG. 5, a first
capping layer 181a may be formed commonly on the pixel
and transmission areas PA and TA using the open mask. A
second capping layer 1815 may be formed selectively on
(e.g., only on) the pixel area PA using the first mask.

[0183] FIG. 14 illustrates a flow chart of a method of manu-
facturing an OLED device in accordance with some embodi-
ments. FIGS. 15 to 19 illustrate cross-sectional views of
stages in a method of manufacturing an OLED device in
accordance with some embodiments. Repeated detailed
descriptions of processes substantially the same as or similar
to those illustrated with reference to FIGS. 8 to 13 may be
omitted

[0184] Referring to FIGS. 14 and 15, in operations S20 to
S22, processes substantially the same as or similar to those
illustrated with reference to FIGS. 9 to 11 may be performed.
Accordingly, a pixel circuit may be formed on a substrate 100,
and a first electrode 150 electrically connected to the pixel
circuit may be formed on a pixel area PA of the substrate 100.
An HTL 160 may be formed commonly on the pixel area PA
and a transmission area TA using the above-mentioned open
mask.

[0185] Referring to FIGS. 14 and 16, in operation S23, an
emitting layer 163 may be formed on a portion of the HTL
160 of the pixel area PA using the first mask described with
reference to FIG. 12.

[0186] Referring to FIGS. 14 and 17, in operation S24, an
ETL 170a may be formed commonly on the pixel area PA and
the transmission area TA using the open mask. The ETL 170a
may be formed conformably on the emitting layer 163 and the
HTL 160.

[0187] Referring to FIGS. 14 and 18, in operation S25, a
TCL 165a may be formed selectively on (e.g., only on) the
transmission area TA using the second mask described with
reference to FIG. 12. The TCL 1654 may be formed on the
ETL 170a to be physically separated from the emitting layer
163.

[0188] Referring to FIGS. 14 and 19, in operation S26, a
second electrode 175 may be formed commonly on the pixel
and transmission areas PA and TA using the open mask. The
second electrode may be formed conformably on the ETL
170a and the TCL 165a.

[0189] A capping layer 180 may be further formed using
the open mask to obtain the OLED device as illustrated in
FIG. 3.

[0190] As described above, a first capping layer may be
formed on the second electrode 170a and commonly on the
pixel and transmission areas PA and TA using the open mask.
A second capping layer may be formed selectively on (e.g.,
only on one of) the pixel area PA or the transmission area TA
using the first mask or the second mask.

[0191] FIGS. 20, 21A, and 21B illustrate cross-sectional
views of stages in a method of manufacturing an OLED
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device in accordance with some embodiments. Repeated
detailed descriptions of processes substantially the same as or
similar to those illustrated with reference to FIGS. 8 to 13, or
FIGS. 14 to 19 may be omitted.

[0192] Referring to FIG. 20, processes substantially the
same as or similar to those illustrated with reference to FIGS.
9 and 10 may be performed. Accordingly, a pixel circuit may
be formed on a substrate 100, and a via insulation layer
covering the pixel circuit may be formed.

[0193] A first electrode 150 (electrically connected to the
pixel circuit) may be formed on a portion of the via insulation
layer 140 of a pixel area PA. A PDL 255 (through which the
firstelectrode 150 is at least partially exposed) may be formed
on the via insulation layer 140. The PDL 255 may be formed
using a black material, e.g., carbon black, phenylene black,
aniline black, cyanine black, or nigrosine acid black by, e.g.,
a printing process.

[0194] Referring to FIG. 21A, a portion of the PDL 255 on
a transmission area TA may be etched by, e.g., a dry etching
process, to form a transmitting window. Thus, the PDL 255
may be transformed into a line pattern or a grid pattern includ-
ing or outlining the transmitting window 240. In an imple-
mentation, a top surface of the via insulation layer 140 may be
exposed through the transmitting window 240.

[0195] In animplementation, the above-mentioned second
mask may be utilized as an etching mask in the etching
process.

[0196] In an implementation, insulation layers under the
PDL 255 may be further etched to expand the transmitting
window.

[0197] Forexample, as illustrated in FIG. 21B, a portion of
a via insulation layer 140a on the transmission area TA may
be further etched using the PDL 255 as an additional mask.
Accordingly, a transmitting window 245 defined by sidewalls
of the PDL 255 and sidewalls of the via insulation layer 140a
may be formed. In this case, a top surface of an insulating
interlayer 125 may be exposed through the transmitting win-
dow 245. The sidewalls may be tapered with respect to a top
surface of the substrate 100 due to a property of a dry etching
process.

[0198] In an implementation, the insulating interlayer 125
may be also partially removed by the dry etching process. In
this case, the transmitting window may extend through the
insulating interlayer 125, and a top surface of the gate insu-
lation layer 115 may be exposed through the transmitting
window. In an implementation, the transmitting window may
further extend through the gate insulation layer 115 such that
atop surface of a buffer layer 105 may be exposed through the
transmitting window.

[0199] Subsequently, processes substantially the same as or
similar to those illustrated with reference to FIGS. 11 to 13
may be performed.

[0200] In an implementation, e.g., as illustrated in FIG.
21A, an HTL 260 may be formed conformably on surfaces of
the PDL 255 and the first electrode 150, and on the sidewall
and a bottom of the transmitting window 240. An emitting
layer 263 and a TCL 265 may be formed on portions of the
HTL 260 of the pixel area PA and transmission area TA,
respectively. An ETL 270, a second electrode 275 and a
capping layer 280 may be sequentially formed commonly on
the pixel area PA and the transmission area TA to obtain the
OLED device of FIG. 6.

[0201] Inanimplementation, as illustrated in FIG. 21B, an
HTL 260a may be formed conformably on surfaces of the
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PDL 255 and the first electrode 150, and on the sidewall and
a bottom of the transmitting window 245. An emitting layer
263a and a TCL. 265a may be formed on portions of the HTL
260a of the pixel area PA and transmission area TA, respec-
tively. An ETL 270a, a second electrode 275a and a capping
layer 2804 may be sequentially and commonly formed on the
pixel area PA and the transmission area TA to obtain the
OLED device of FIG. 7.

[0202] According to an embodiment, the number of layers
stacked on the transmission area TA may be reduced by the
formation of the transmitting window 240 and 245. Thus, a
transmittance of the transmission area TA may be further
improved, relative to that of the pixel area PA.

[0203] By way of summation and review, an OLED device
having transparent or transmitting properties has been con-
sidered. To provide the transparent or transmitting properties,
the OLED device may include a transparent region. For
example, an electrode included in the transparent region may
be very thin. However, a reduction of the thickness of the
electrode may be limited in a patterning process, and may
deteriorate emission characteristics of the OLED device in an
emission region.

[0204] According to an embodiment, a transmittance con-
trol layer (that is different from an emitting layer) may be
formed selectively on (e.g., only on) a transmission area of an
OLED device. Other organic layers (except for the transmit-
tance control layer) may be formed continuously and com-
monly on a pixel area and the transmission area. Thus, a
manufacturing process of the OLED device may be simpli-
fied. Further, a transmittance optimized structure may be
realized in the transmission area without disturbing a reso-
nance structure and a light emitting structure in the pixel area.

[0205] The embodiments may provide an organic light
emitting display device having an improved transparent prop-
erty.

[0206] The embodiments may provide a method of manu-

facturing an organic light emitting display device having an
improved transparent property.

[0207] 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.

1. An organic light emitting display (OLED) device, com-

prising:

asubstrate, the substrate including a pixel area and a trans-
mission area;

a pixel circuit on the pixel area of the substrate;

a first electrode on the pixel area of the substrate, the first
electrode being electrically connected to the pixel cir-
cuit;

a first organic layer extending continuously on the pixel
area and the transmission area of the substrate and cov-
ering the first electrode;
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an emitting layer selectively on a portion of the first organic
layer on the pixel area;

a second organic layer extending continuously on the pixel
area and the transmission area of the substrate and cov-
ering the emitting layer; and

a third organic layer selectively on the transmission area,
the third organic layer including a non-emitting material
that has a different transmittance from that of the emit-
ting layer; and

a second electrode extending continuously on the pixel
area and the transmission area of the substrate and cov-
ering the second organic layer and the third organic
layer.

2. The OLED device as claimed in claim 1, wherein the
third organic layer includes at least one of N,N'-diphenyl-N,
N'-bis(9-phenyl-9H-carbazol-3-yl)biphenyl-4,4'-diamine,
N(diphenyl-4-y1)9,9-dimethyl-N-(4(9-phenyl-9H-carbarzol-
3-yl)phenyl)-9H-fluorene-2-amine, and 2-(4-(9,10-di(naph-
thalen-2-yl)anthracen-2-yl)phenyl)-1-phenyl-1H-benzo-[ D]
imidazole.

3. The OLED device as claimed in claim 1, wherein:

the first organic layer includes a hole transport material,
and

the second organic layer includes an electron transport
material.

4. The OLED device as claimed in claim 1, wherein the
third organic layer is between the first organic layer and the
second organic layer.

5. The OLED device as claimed in claim 1, wherein the
third organic layer is between the second organic layer and the
second electrode.

6. The OLED device as claimed in claim 1, wherein the
emitting layer and the third organic layer are spaced apart
from each other at an interface between the pixel area and the
transmission area.

7. The OLED device as claimed in claim 1, further com-
prising a capping layer on the second electrode.

8. The OLED device as claimed in claim 7, wherein the
capping layer includes:

a first capping layer extending continuously on the pixel

area and the transmission area; and

a second capping layer on the first capping layer, the sec-
ond capping layer being selectively disposed on the
transtission area.

9. The OLED device as claimed in claim 1, further com-

prising:

a via insulation layer covering the pixel circuit; and

a pixel defining layer on the via insulation layer, the first
electrode being exposed through the pixel defining layer,

wherein the first electrode extends through the via insula-
tion layer to be electrically connected to the pixel circuit.

10. The OLED device as claimed in claim 9, wherein:

the transmission area is at least partially exposed by the
pixel defining layer, and

a transmitting window is defined by a sidewall of the pixel
defining layer.

11. The OLED device as claimed in claim 10, wherein the

pixel defining layer includes a black material.

12. The OLED device as claimed in claim 11, wherein the
black material includes at least one of carbon black, phe-
nylene black, aniline black, cyanine black, and nigrosine acid
black.
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13. The OLED device as claimed in claim 10, wherein:

a top surface of the via insulation layer is exposed by the
transmitting window, and

the first organic layer extends continuously on surfaces of
the pixel defining layer and the firstelectrode, and on the
top surface of the via insulation layer.

14. The OLED device as claimed in claim 10, wherein the
transmitting window is defined by the sidewall of the pixel
defining layer and a sidewall of the via insulation layer.

15. The OLED device as claimed in claim 14, further
comprising an insulating interlayer under the via insulation
layer, the insulating interlayer partially covering the pixel
circuit,

wherein the first organic layer extends continuously on
surfaces of the pixel defining layer and the first elec-
trode, the sidewall of the via insulation layer, and a top
surface of the insulating interlayer.

16. An organic light emitting display (OLED) device, com-

prising:

asubstrate, the substrate including a pixel area and a trans-
mission area;

a first electrode selectively on the pixel area of the sub-
strate;

a common organic layer extending continuously on the
pixel area and the transmission area and covering the
first electrode;

an emitting layer selectively on the pixel area;

a non-pixel organic layer selectively on the transmission
area; and

a second electrode extending continuously on the pixel
area and the transmission area, the second electrode
facing the first electrode with respect to the common
organic layer.

17. The OLED device as claimed in ¢laim 16, wherein the
non-pixel organic layer has a transmittance that is higher than
that of the emitting layer.

18. The OLED device as claimed in claim 16, wherein the
non-pixel organic layer is on the common organic layer and in
contact with the second electrode.

19. The OLED device as claimed in claim 16, wherein:

the common organic layer includes:

a first organic layer between the first electrode and the
emitting layer, and

a second organic layer between the emitting layer and
the second electrode, and

the non-pixel organic layer is between the first organic
layer and the second organic layer.

20. The OLED device as claimed in claim 19, wherein:

the first organic layer includes a hole transport material,
and

the second organic layer includes an electron transport
material.

21. An organic light emitting display (OLED) device, com-

prising:

asubstrate, the substrate including a pixel area and a trans-
mission area;

a pixel circuit on the pixel area of the substrate;

a first electrode on the pixel area of the substrate, the first
electrode being electrically connected to the pixel cir-
cuit;
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a hole transport layer extending continuously on the pixel
area and the transmission area of the substrate and cov-
ering the first electrode;

an emitting layer selectively on a portion of the hole trans-
port layer on the pixel area;

a transmittance control layer on a portion of the hole trans-
port layer on the transmission area; and

a second electrode extending continuously on the pixel
area and the transmission area of the substrate, the sec-
ond electrode covering the emitting layer and the trans-
mittance control layer.

22. The OLED device as claimed in claim 21, further
comprising an electron transport layer between the emitting
layer and the second electrode, the electron transport layer
extending continuously on the pixel area and the transmission
area of the substrate.

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

preparing a substrate that includes a pixel area and a trans-
mission area;

forming a pixel circuit on the pixel area of the substrate;

forming a first electrode that is electrically connected to the
pixel circuit on the pixel area of the substrate;

forming a hole transport layer on the pixel area and the
transmission area using an open mask such that the hole
transport layer covers the first electrode;

forming an emitting layer on the hole transport layer using
a first mask, the first mask including a first opening
through which the pixel area is selectively exposed,

forming a transmittance control layer on the hole transport
layer using a second mask, the second mask including a
second opening through which the transmission area is
selectively exposed; and

forming a second electrode continuously on the emitting
layer and the transmittance control layer using the open
mask.

24. The method as claimed in claim 23, wherein the trans-
mittance control layer includes a non-emitting material that is
different from a material included in the emitting layer.

25. The method as claimed in claim 23, further comprising
forming an electron transport layer on the pixel area and the
transmission area using the open mask such that the electron
transport layer is between the emitting layer and the second
electrode.

26. The method as claimed in claim 23, further comprising
forming a first capping layer on the second electrode using the
open mask.

27. The method as claimed in claim 26, further comprising
forming a second capping layer on the first capping layer
using the first mask or the second mask such that the second
capping layer is selectively formed on either of the pixel area
or the transmission area.

28. The method as claimed in claim 23, further comprising:

forming a via insulation layer that covers the pixel circuit;

forming a pixel defining layer on the via insulation layer
such that the first electrode is exposed through the pixel
defining layer; and

removing a portion of the pixel defining layer on the trans-
mission area to form a transmitting window,

wherein the second mask is used as an etching mask in the
removing the portion of the pixel defining layer.
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