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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

This is a divisional application based on pending appli-
cation Ser. No. 13/137,977, filed Sep. 22, 2011, the entire
contents of which is hereby incorporated by reference.

This application claims the benefit of Korean Patent
Application No. 10-2011-0037348, filed on Apr. 21,2011, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

1. Field of the Invention

Embodiments relate to an organic light-emitting display
device. More particularly, embodiments relate to an organic
light-emitting display device as interactive media.

2. Description of the Related Art

Interactive media is media in which a user and a mechani-
cal device interact with each other. In interactive media, the
user and the mechanical device interact with each other
according to specific roles. For example, the display device
in a display mode may provide an image to a user, and when
the user makes a gesture in capture mode, the display device
captures and recognizes the gesture. Then, the display
device realizes a function corresponding to the gesture.

SUMMARY

Embodiments may be directed to an organic light-emit-
ting display device including a first substrate including a
pixel area emitting light in a first direction, and a transmit-
tance area that is adjacent to the pixel area and transmits
external light; a second substrate facing the first substrate
and encapsulating a pixel defined on the first substrate; an
optical pattern array formed on the first substrate or the
second substrate to correspond to the transmittance area, the
optical pattern array being configured to transmit or block
external light depending on the transmittance area according
to a coded pattern; and a sensor array corresponding to the
optical pattern array, the sensory array being arranged in a
second direction that is opposite to the first direction in
which the light is emitted, the sensory array receiving the
external light passing through the optical pattern array.

The organic light-emitting display device may further
include a pixel circuit unit on the first substrate, including
one or more thin film transistors (TFTs), and positioned in
the pixel area; a first insulating layer covering at least the
pixel circuit unit; a first electrode formed on the first
insulating layer so as to be electrically connected to the pixel
circuit unit, the first electrode being positioned in the pixel
area and being adjacent to the pixel circuit unit so as not to
overlap with the pixel circuit unit and including a transpar-
ent conductive material; a second insulating layer covering
at least a portion of the first electrode; a second electrode
capable of reflecting light so as to emit light toward the first
electrode, the second electrode facing the first electrode and
being positioned in the pixel area; and an organic layer
interposed between the first electrode and the second elec-
trode and including an emission layer (EML).

The second insulating layer may include an opening at a
position corresponding to the transmittance area.
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The second electrode may include at least one metal of
Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, Yb, and alloys
thereof.

The pixel may include a plurality of sub-pixels, and
transmittance areas of two adjacent sub-pixels may be
connected to each other.

The optical pattern array may include a transmittance
pattern by which the external light is transmitted; and a
light-blocking pattern blocking the external light, wherein
the light-blocking pattern is implemented when a light-
blocking layer is on the second substrate corresponding to
the transmittance area.

The sensor array may be formed on side portions of the
second substrate and may receive the external light passing
through the transmittance pattern of the optical pattern array.

The light-blocking layer may include at least one metal of
Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, and alloys
thereof or may include a black matrix material.

The optical pattern array may include a transmittance
pattern by which the external light is transmitted; and a
light-blocking pattern blocking the external light, wherein
the light-blocking pattern is implemented when the second
electrode capable of reflecting light is also formed in the
transmittance area.

The organic light-emitting display device may further
include a pixel circuit unit on the first substrate, including
one or more TFTs, and positioned in the pixel area; a first
insulating layer covering at least the pixel circuit unit; a first
electrode on the first insulating layer so as to be electrically
connected to the pixel circuit unit, the first electrode being
positioned in the pixel area and overlapping with the pixel
circuit unit so as to cover the pixel circuit unit, the first
electrode including a reflective layer that is capable of
reflecting light and including a conductive material; a sec-
ond insulating layer covering at least a portion of the first
electrode; a second electrode capable of transmitting light so
as to emit light in an opposite direction in which the first
electrode reflects light, the second electrode facing the first
electrode; and an organic layer interposed between the first
electrode and the second electrode and including an EML.

The second insulating layer may include an opening at a
position corresponding to the transmittance area. The reflec-
tive layer may include at least one metal of Ag, Mg, Al, Pt,
Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, and alloys thereof.

The pixel may include the transmittance area, and a
plurality of the pixel areas that are separate from each other
by having the transmittance area there between.

The optical pattern array may include a transmittance
pattern by which the external light is transmitted; and a
light-blocking pattern blocking the external light, wherein
the light-blocking pattern is implemented when a light-
blocking layer capable of blocking light is on an insulating
layer formed in the transmittance area.

The sensor array may be on side portions of the first
substrate and receives the external light passing through the
transmittance pattern of the optical pattern array.

The light-blocking layer may include at least one metal of
Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, and alloys
thereof or may include a black matrix material.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features will become more apparent
by describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:
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FIG. 1 is a cross-sectional view illustrating a portion of an
organic light-emitting display device according to an
embodiment;

FIG. 2 is a perspective view illustrating the organic
light-emitting display device of FIG. 1,

FIG. 3A through 3D illustrates various optical pattern
units included in an optical pattern array;

FIGS. 4A and 4B are diagrams illustrating configurations
of a pixel of the organic light-emitting display device,
according to an embodiment;

FIGS. 5 through 7 are cross-sectional views of the organic
light-emitting display device of FIG. 4A, taken along a line
I

FIG. 8 is a plane view of a light-blocking pattern of FIG.
7;

FIGS. 9A and 9B are diagrams illustrating configurations
of a pixel of an organic light-emitting display device,
according to another embodiment;

FIGS. 10 and 11 are cross-sectional views of the organic
light-emitting display device of FIG. 9A, taken along a line
II-II"; and

FIG. 12 illustrates a plane view of the organic light-
emitting display device of FIG. 11.

DETAILED DESCRIPTION

Example embodiments will now be described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein.

While such terms as “first,” “second,” etc., may be used
to describe various components, such components must not
be limited to the above terms. The above terms are used only
to distinguish one component from another.

The terms used in the present specification are merely
used to describe particular embodiments, and are not
intended to limit present embodiments. An expression used
in the singular encompasses the expression in the plural,
unless it has a clearly different meaning in the context. In the
present specification, it is to be understood that the terms
such as “including” or “having,” etc., are intended to indi-
cate the existence of the features, numbers, steps, actions,
components, parts, or combinations thereof disclosed in the
specification, and are not intended to preclude the possibility
that one or more other features, numbers, steps, actions,
components, parts, or combinations thereof may exist or
may be added.

FIG. 1 is a cross-sectional view illustrating a portion of an
organic light-emitting display device according to an
embodiment.

Referring to FIG. 1, the organic light-emitting display
device includes a panel 10 that includes a first substrate 1
having a pixel area PA for realizing an image in a first
direction and a transmittance area TA via which external
light is transmitted, and a second substrate 2 encapsulating
the first substrate 1.

In the organic light-emitting display device, the external
light passes through the first substrate 1 and the second
substrate 2 and then is received by a sensor array 4 posi-
tioned in an opposite side of the first direction in which the
image is realized.

A user may view the image realized on the organic
light-emitting display device in the first direction, and when
the user makes a gesture 5, the sensor array 4 may capture
the gesture 5 of the user, which is projected after passing
through the panel 10.
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4

The panel 10 includes a coded optical pattern array 3. The
optical pattern array 3 may be formed on the first substrate
1 or the second substrate 2. In FIG. 1, for convenience, the
optical pattern array 3 is illustrated between the first sub-
strate 1 and the second substrate 2. The optical pattern array
3 forms a coded pattern by allowing a predetermined trans-
mittance area TA to be blocked or not to be blocked.

The sensor array 4 may capture the gesture 5 of the user
via the optical pattern array 3 having the coded pattern, and
may extract three-dimensional (3D) information by analyz-
ing captured images using software.

FIG. 2 is a perspective view illustrating the organic
light-emitting display device of FIG. 1. In FIG. 2, in order
to particularly describe an optical pattern unit PU, the optical
pattern unit PU is illustrated on a top surface of the panel 10
so as to be clearly shown.

Referring to FIG. 2, the panel 10 of the organic light-
emitting display device is partitioned into a plurality of
pixels PX, and the optical pattern array 3 is formed to have
an optical pattern unit PU having a specific pattern with
respect to a group of pixels PX. Hence, the optical pattern
unit PU having the specific pattern is repeatedly and con-
tinuously formed in the panel 10, and thus forms the optical
pattern array 3.

An optical pattern is divided into a transmittance pattern
OP via which external light is transmitted and a light-
blocking pattern CP for blocking the external light. The
present embodiment is characterized in that the transmit-
tance pattern OP and the light-blocking pattern CP are
realized by directly disposing light-blocking films 31 and 33
on the organic light-emitting display device. Thus, it is not
necessary to display a separate optical mask pattern and to
have a backlight, so that the organic light-emitting display
device may be large and slim. A method of realizing the
transmittance pattern OP and the light-blocking pattern CP
will be described in detail at a later time.

The sensor array 4 is formed of sensors 41 each corre-
sponding to a pixel PX and an optical pattern. Here, each
sensor 41 may be an imaging device capable of capturing an
image by receiving light. For example, each sensor 41 may
be a charge-coupled device (CCD) sensor or a complemen-
tary metal-oxide-semiconductor (CMOS) sensor.

The sensor array 4 receives incident light by using the
optical pattern array 3 as an optical mask. For example, the
sensor 41 corresponding to the transmittance pattern OP may
capture an image by receiving light, but the sensors 41
corresponding to the light-blocking pattern CP do not
receive incident light, so that the sensors 41 corresponding
to the light-blocking pattern CP may not capture an image or
may obtain only a black image.

The sensor array 4 may capture images according to
optical patterns, respectively. A signal processing unit (not
shown) may obtain a 3D image by processing the images
obtained from the sensor array 4.

FIG. 3 illustrates various optical pattern units PU included
in the optical pattern array 3.

Referring to FIG. 3, a case (a) indicates an optical pattern
unit PU with respect to a group of 11x11 pixels PX in total.
A case (b) indicates an optical pattern unit PU with respect
to a group of 13x13 pixels PX in total, and a case (c)
indicates an optical pattern unit PU with respect to a group
of 17x17 pixels PX in total. A case (d) indicates an optical
pattern unit PU with respect to a group of 19x19 pixels PX
in total.

In FIG. 3, a black portion indicates a light-blocking
pattern CP that blocks light entering the sensor array 4, and
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a white portion indicates a transmittance pattern OP that
does not block light entering the sensor array 4.

According to the present embodiment, as described in
FIG. 2, the optical pattern units PU of FIG. 3 are repeatedly
formed in the panel 10, thereby forming the optical pattern
array 3. Various optical pattern shapes are coded to allow the
signal processing unit (not shown) to easily obtain 3D
information, and shapes and functions of the coded optical
patterns are well known according to the related art.

Hereinafter, how the transmittance pattern OP and the
light-blocking pattern CP of the optical pattern array 3 are
realized in the organic light-emitting display device will be
described in detail.

FIG. 4A is a diagram illustrating a configuration of a pixel
PX of the organic light-emitting display device, according to
an embodiment. FIG. 4B is a diagram illustrating a configu-
ration of a pixel PX of an organic light-emitting display
device, according to another embodiment.

Referring to FIGS. 4A and 4B, the pixel PX formed on the
first substrate 1 includes a transmittance area TA via which
external light is transmitted, and a pixel area PA that is
adjacent to the transmittance area TA. In more detail, the
pixel PX may include a plurality of sub-pixels Pr, Pg, and
Pb. Each of the sub-pixels Pr, Pg, and Pb includes the pixel
area PA and the transmittance area TA, and the pixel areas
PA of the sub-pixels Pr, Pg, and Pb included in the pixel PX
emit different types of light. For example, the pixel area PA
of the first sub-pixel Pr emits red light R, the pixel area PA
of the second sub-pixel Pg emits green light G, and the pixel
area PA of the third sub-pixel Pb emits blue light B.

As illustrated in FIG. 4A, according to the present
embodiment, the transmittance area TA may be indepen-
dently formed for each of the sub-pixels Pr, Pg, and Pb.
However, according to another embodiment, as illustrated in
FIG. 4B, the transmittance area TA may be commonly
formed while extending over the sub-pixels Pr, Pg, and Pb.
That is, the pixel PX may include the transmittance area TA,
and the pixel areas PA that are separate from each other by
having the transmittance area TA therebetween.

The pixel area PA includes a pixel circuit unit PC includ-
ing one or more thin film transistors (TFTs) TR1 and TR2,
and a plurality of conductive lines including a scan line S,
a data line D, and a VDD line V are electrically connected
to the pixel circuit unit PC. Although not illustrated in FIGS.
4A and 4B, according to a configuration of the pixel circuit
unit PC, in addition to the scan line S, the data line D, and
the VDD line V that delivers a driving power, various
conductive lines may be further arranged.

The pixel circuit unit PC includes the first TFT TR1
connected to the scan line S and the data line D, the second
TFT TR2 connected to the first TFT TR1 and the VDD line
V, and a capacitor Cst connected to the first TFT TR1 and the
second TFT TR2. Here, the first TFT TR1 becomes a
switching transistor, and the second TFT TR2 becomes a
driving transistor. The second TFT TR2 is electrically con-
nected to a first electrode 221. The first TFT TR1 and the
second TFT TR2 may be formed as a P-type or an N-type.
The number of TFTs and capacitors is not limited to the
aforementioned number according to the present embodi-
ment, and according to other configurations of the pixel
circuit unit PC, two or more TFTs and one or more capaci-
tors may be combined.

The pixel area PA includes a light-emission unit EA
emitting light, and the light-emission unit EA is electrically
connected to the pixel circuit unit PC. Referring to FIGS. 4A
and 4B, the light-emission unit EA does not overlap with the
pixel circuit unit PC but is adjacent to it.
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According to the present embodiment, in order to imple-
ment interactive media, the optical pattern array 3 is formed
to correspond to the transmittance area TA. Hereinafter, a
case in which a transmittance pattern OP is formed to
correspond to a transmittance area TA will be described in
detail with reference to FIG. 5. A case in which a light-
blocking pattern CP is formed to correspond to a transmit-
tance area TA will be described in detail with reference to
FIGS. 6 through 8.

FIGS. 5 through 7 are cross-sectional views of the organic
light-emitting display device of FIG. 4A, taken along a line
I-I'. FIGS. § through 7 also illustrate configurations of a
second substrate 2 and a sensor array 4 that are not illus-
trated in FIGS. 4A and 4B.

FIG. 5 illustrates a case in which the transmittance pattern
OP is formed to correspond to the transmittance area TA,
according to an embodiment.

Referring to FIG. 5, the second TFT TR2 is formed on a
first substrate 1 and has a structure in which a buffer layer
211 is formed to prevent penetration of moisture, and an
active layer 212, a gate insulating layer 213, a gate electrode
214, an interlayer insulating layer 215, and source and drain
electrodes 216 and 218 are sequentially formed on the buffer
layer 211. The second TFT TR2 is included in the pixel
circuit unit PC. Next, a passivation layer 217 that is an
insulating layer is formed to completely cover the pixel
circuit unit PC and the transmittance area TA.

A first electrode 221 that is transparent and that is elec-
trically connected to the second TFT TR2 of the pixel circuit
unit PC is formed on the passivation layer 217. In particular,
the first electrode 221 is included in the light-emission unit
EA. Here, the first electrode 221 includes a transparent
conductive material. For example, the first electrode 221
may be formed as ITO, IZO, ZnO, or In,0,, which has a
high work function. In this case, the first electrode 221
fanctions as an anode.

Reference numeral 219 of FIG. 5 is a pixel defining layer
(PDL) 219 that covers side portions of the first electrode 221
and exposes a center portion of the first electrode 221. The
PDL 219 may cover the pixel area PA. In this regard, it is not
necessary for the PDL 219 to completely cover the pixel area
PA. Thus, it is sufficient for the PDL 219 to cover at least a
portion of the pixel area PA, i.e., side portions of the pixel
area PA.

A second electrode 222 faces the first electrode 221 and
is formed in the light-emission unit EA. The second elec-
trode 222 is formed of a material capable of reflecting light
so as to emit the light toward the first electrode 221. For
example, the second electrode 222 may include at least one
metal of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, Yb,
and alloys thereof. In this case, the second electrode 222
fanctions as a cathode.

The second electrode 222 may extend over the entire pixel
area PA so as to cover both the light-emission unit EA and
the pixel circuit unit PC. However, the second electrode 222
is not formed in the transmittance area TA. By doing so,
external light may be transmitted to the sensor array 4 from
the transmittance area TA. Due to the aforementioned con-
figurations of the first electrode 221 and the second electrode
222, in the organic light-emitting display device of FIG. 5,
light is emitted to the first electrode 221 that is toward a
bottom side.

An organic layer 223 is interposed between the first
electrode 221 and the second electrode 222, and includes an
emission layer (EML). The organic layer 223 may be formed
as a small-molecule organic layer or a polymer organic layer.
When the organic layer 223 is formed as the small-molecule
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organic layer, the organic layer 223 may have a structure in
which a Hole Injection Layer (HIL), a Hole Transport Layer
(HTL), an EML, an Electron Transport Layer (ETL), an
Electron Injection Layer (EIL) or the like are singularly or
multiply stacked, and may be formed by using one of
various organic materials including copper phthalocyanine
(CuPc), N,N'-Di(naphthalene-1-y1)-N,N'-diphenyl-benzi-
dine (NPB), tris-8-hydroxyquinoline aluminum)(Alqs), etc.
The small-molecule organic layer may be formed by using
a vacuum deposition method.

The second substrate 2 is formed above the first substrate
1 so as to encapsulate the pixel area PA and the transmittance
area TA. Here, the second substrate 2 may be formed of a
transparent material, and may have a substrate shape or a
sheet shape.

The sensor array 4 is disposed near to the second substrate
2. That is, the sensor array 4 is disposed at a top side that is
away from the occurrence of light emission.

Referring to the pixel PX of FIG. 5, in order to allow the
sensor array 4 corresponding to the transmittance area TA of
the pixel PX to receive external light, a structure that blocks
transmission of the external light is not formed in the
transmittance area TA. In other words, the optical pattern
array 3 corresponding to the pixel PX of FIG. 5 corresponds
to the transmittance pattern OP.

On the other hand, FIG. 6 illustrates a case in which the
light-blocking pattern CP is formed to correspond to the
transmittance area TA, according to another embodiment.

Unlike the case of FIG. 5, FIG. 6 is characterized such that
a light-blocking layer 31 is formed on one surface of a
second substrate 2. In the case of FIG. 6, the light-blocking
layer 31 is formed on the surface of the second substrate 2
facing a first substrate 1. However, according to one or more
embodiments, the light-blocking layer 31 may be formed on
the other surface of the second substrate 2, which is away
from the first substrate 1. While it is sufficient for the
light-blocking layer 31 to cover only the transmittance area
TA, it is also possible for the light-blocking layer 31 to be
formed in both of the pixel area PA and the transmittance
area TA so as to completely cover the pixel PX.

The light-blocking layer 31 may be formed of a material
capable of reflecting or blocking light, and for example, the
light-blocking layer 31 may include at least one metal of Ag,
Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, and alloys
thereof or may include a black matrix material.

According to the present embodiment, the optical pattern
array 3 corresponding to the pixel PX of FIG. 6 includes the
light-blocking layer 31 so that external light is not trans-
mitted via the transmittance area TA. Thus, the optical
pattern array 3 is the light-blocking pattern CP that cannot
deliver light to the sensor array 4 corresponding to the pixel
PX.

FIG. 7 is a cross-sectional view illustrating another
example of the light-blocking pattern CP of FIGS. 4A and
4B which is different from that of FIG. 6, according to
another embodiment. FIG. 8 is a plane view of the light-
blocking pattern CP of FIG. 7.

Unlike the embodiment of FIG. 6, the present embodi-
ment of FIG. 7 is characterized in that the light-blocking
layer 31 is not formed on a second substrate 2, but instead,
a second electrode 222 capable of reflecting light extends
over a transmittance area TA. In other words, as illustrated
in FIG. 8, the second electrode 222 is formed to completely
cover a pixel area PA and the transmittance area TA.

According to the present embodiment, the optical pattern
array 3 that corresponds to the pixel PX of FIGS. 7 and 8
cannot transmit external light to the sensor array 4. Thus,
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similar to the embodiment of FIG. 6, the optical pattern array
3 of FIG. 7 is the light-blocking pattern CP that cannot
deliver light to the sensor array 4 corresponding to the pixel
PX.

FIG. 9A is a diagram illustrating a configuration of a pixel
PX of an organic light-emitting display device, according to
another embodiment. FIG. 9B is a diagram illustrating a
configuration of a pixel PX of an organic light-emitting
display device, according to another embodiment.

Referring to FIG. 9A, the pixel PX formed on a first
substrate 1 includes a transmittance area TA that transmits
external light, and a pixel area PA that is adjacent to the
transmittance area TA. Here, similar to the pixel area PA, the
transmittance area TA may be independently formed for
each of a plurality of sub-pixels Pr, Pg, and Pb. However,
referring to the other embodiment of FIG. 9B, the transmit-
tance area TA may be commonly formed while extending
over the sub-pixels Pr, Pg, and Pb. The pixel areas PA of the
sub-pixels Pr, Pg, and Pb included in the pixel PX emit
different types of light. For example, the pixel area PA of the
first sub-pixel Pr emits red light R, the pixel area PA of the
second sub-pixel Pg emits green light G, and the pixel area
PA of the third sub-pixel Pb emits blue light B.

The pixel area PA includes a pixel circuit unit PC includ-
ing one or more TFTs TR1 and TR2, and a plurality of
conductive lines including a scan line S, a data line D, and
a VDD line V are electrically connected to the pixel circuit
unit PC. Although not illustrated in FIGS. 9A and 9B,
according to a configuration of the pixel circuit unit PC, in
addition to the scan line S, the data line D, and the VDD line
V that delivers a driving power, various conductive lines
may be further arranged.

The pixel circuit unit PC includes the first TFT TR1
connected to the scan line S and the data line D, the second
TFT TR2 connected to the first TFT TR1 and the VDD line
V, and a capacitor Cst connected to the first TFT TR1 and the
second TFT TR2. Here, the first TFT TR1 becomes a
switching transistor, and the second TFT TR2 becomes a
driving transistor. The second TFT TR2 is electrically con-
nected to a first electrode 221. The first TFT TR1 and the
second TFT TR2 may be formed as a P-type or an N-type.
The number of TFTs and capacitors is not limited to the
aforementioned number according to the present embodi-
ment, and according to other configurations of the pixel
circuit unit PC, two or more TFTs and one or more capaci-
tors may be combined.

The pixel area PA includes a light-emission unit EA
emitting light, and the light-emission unit EA is electrically
connected to the pixel circuit unit PC. Unlike the embodi-
ments of FIGS. 4A and 4B, referring to the embodiments of
FIGS. 9A and 9B, the light-emission unit EA overlaps with
the pixel circuit unit PC so as to cover the pixel circuit unit
PC.

According to the present embodiment, in order to imple-
ment interactive media, an optical pattern array 3 is formed
to correspond to the transmittance area TA. Hereinafter, a
case in which a transmittance pattern OP is formed to
correspond to a transmittance area TA will be described in
detail with reference to FIG. 10, and a case in which a
light-blocking pattern CP is formed to correspond to a
transmittance area TA will be described in detail with
reference to FIGS. 11 and 12.

FIGS. 10 and 11 are cross-sectional views of the organic
light-emitting display device of FIG. 9A, taken along a line
TI-IT". FIGS. 10 and 11 also illustrate configurations of a
second substrate 2 and a sensor array 4 that are not illus-
trated in FIGS. 9A and 9B.
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First, FIG. 10 illustrates a case in which the transmittance
pattern OP is formed to correspond to the transmittance area
TA.

Referring to FIG. 10, the first and second TFTs TR1 and
TR2 are formed on a first substrate 1 and have structures in
which a buffer layer 211 is formed to prevent penetration of
moisture, and an active layer 212, a gate insulating layer
213, a gate electrode 214, an interlayer insulating layer 215,
and source and drain electrodes 216 and 218 are sequentially
formed on the buffer layer 211. Also, FIG. 10 further
illustrates the capacitor Cst formed on the gate insulating
layer 213. Here, the capacitor Cst includes a lower electrode
220, an upper electrode 230, and an interlayer insulating 215
interposed between the lower electrode 220 and the upper
electrode 230. The first and second TFTs TR1 and TR2, and
the capacitor Cst are included in the pixel circuit unit PC.
Next, a passivation layer 217 that is an insulating layer is
formed to completely cover the pixel circuit unit PC and the
transmittance area TA.

A first electrode 221 that is electrically connected to the
second TFT TR2 of the pixel circuit unit PC and that
includes a reflective layer capable of reflecting light is
formed on the passivation layer 217. Here, the first electrode
221 has a multi-layer structure of a transparent conductive
layer and the reflective layer. Here, the transparent conduc-
tive layer may be formed of ITO, 1ZO, ZnO, or In,O;, which
has a high work function. Here, the reflective layer may
include at least one metal of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd,
Ir, Cr, Li, Ca, Mo, and alloys thereof. The first electrode 221
may be formed only in the light-emission unit EA. In this
case, the first electrode 221 functions as an anode.

Reference numeral 219 of FIG. 10 is a PDL 219 that
covers side portions of the first electrode 221 and exposes a
center portion of the first electrode 221. The PDL 219 may
cover the pixel area PA and in this regard, it 1s not necessary
for the PDL 219 to completely cover the pixel area PA. Thus,
it is sufficient for the PDL 219 to cover at least a portion of
the pixel area PA, i.e., side portions of the pixel area PA.

A second electrode 222 faces the first electrode 221 and
is formed in the light-emission unit EA. The second elec-
trode 222 is formed to be light-transmitting so as to emit
light in a direction of the second electrode 222. For example,
the second electrode 222 may be formed of metal having a
small work function, e.g., Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir,
Cr, Li, Ca, Yb, or alloys thereof. Here, the second electrode
222 may be formed as a thin film having a thickness in the
range of 100 to 300 A so as to have high transmittance. In
this manner, the second electrode 222 is formed as a
semi-transmissive and semi-reflective layer to be light-
transmitting, so that the organic light-emitting display
device is formed as a top-emission organic light-emitting
display device. In this case, the second electrode 222 func-
tions as a cathode.

The second electrode 222 may be formed not only in the
pixel area PA but also in the transmittance area TA. Accord-
ing to the present embodiment, the second electrode 222 is
formed as the thin film, so that, although the second elec-
trode 222 is formed in the transmittance area TA, external
light may pass through the second electrode 222. Due to the
aforementioned configurations of the first electrode 221 and
the second electrode 222, in the organic light-emitting
display device of FIG. 10, light is emitted to the second
electrode 222 that is toward a top side.

An organic layer 223 is interposed between the first
electrode 221 and the second electrode 222, and includes an
EML. The organic layer 223 may be formed as a small-
molecule organic layer or a polymer organic layer.
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The second substrate 2 is formed to encapsulate the pixel
area PA and the transmittance area TA formed on the first
substrate 1. Here, the second substrate 2 may be formed of
a transparent material, and may have a substrate shape or a
sheet shape.

The sensor array 4 is disposed near to the first substrate 1.
That is, the sensor array 4 is disposed at a bottom side that
is away from the occurrence of light emission.

Referring to the pixel PX of FIG. 10, in order to allow the
sensor array 4 corresponding to the transmittance area TA of
the pixel PX to receive external light, a structure that blocks
transmission of the external light is not formed in the
transmittance area TA. In other words, the optical pattern
array 3 corresponding to the pixel PX of FIG. 5 corresponds
to the transmittance pattern OP.

On the other hand, FIG. 11 illustrates a case in which the
light-blocking pattern CP is formed to correspond to the
transmittance area TA, according to another embodiment.
FIG. 12 illustrates a plane view of the organic light-emitting
display device of FIG. 11.

Unlike the case of FIG. 10, FIG. 11 is characterized such
that light-blocking layers 33 and 35 are formed on an
insulating layer formed in the transmittance area TA. How-
ever, according to one or more embodiments, the light-
blocking layers 33 and 35 may be formed on one surface of
the first substrate 1 which corresponds to the transmittance
area TA, or may be formed on the other surface of the first
substrate 1. While it is sufficient for the light-blocking layers
33 and 35 to cover only the transmittance area TA, it is also
possible for the light-blocking layers 33 and 35 to be formed
in both the pixel area PA and the transmittance area TA so
as to completely cover the pixel PX.

In the organic light-emitting display device of FIG. 11, the
first light-blocking layer 33 is formed on the passivation
layer 217 corresponding to the transmittance area TA, and
the second light-blocking layer 35 is formed on the gate
insulating layer 213 corresponding to an area between the
transmittance area TA and the pixel area PA. In other words,
referring to FIG. 11, the light-blocking layer 33 formed on
the same layer as the first electrode 221 cannot completely
block external light escaping through a space between the
first electrode 221 and the first light-blocking layer 33, and
external light escaping through a space between the first
light-blocking layer 33 and the first electrode 221 of an
adjacent pixel. Thus, the second light-blocking layer 35 is
used. Referring to FIG. 12, external light cannot pass
through the transmittance area TA due to the first and second
light-blocking layers 33 and 35.

The light-blocking layers 33 and 35 may be formed of a
material capable of reflecting or blocking light, and for
example, the light-blocking layer 31 may include at least one
metal of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo,
and alloys thereof or may include a black matrix material.

According to the present embodiment, the optical pattern
array 3 corresponding to the pixel PX of FIGS. 11 and 12
includes the light-blocking layers 33 and 35 so that trans-
mittance of external light is partially impossible in the
transmittance area TA. Thus, the optical pattern array 3 of
FIGS. 11 and 12 is the light-blocking pattern CP that cannot
deliver light to the sensor array 4 corresponding to the pixel
PX.

In the present embodiment, the insulating layer may be
formed of a transparent material so as to increase transmit-
tance of the transmittance area TA. Here, the insulating layer
may indicate the passivation layer 217. However, the one or
more embodiments are not limited thereto. Thus, all of the
interlayer insulating layer 215, the gate insulating layer 213,
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and the buffer layer 211 may be formed of a transparent
material, whereby transmittance of the organic light-emit-
ting display device may be further increased.

In addition, in order to further increase the transmittance
of the transmittance area TA and to prevent optical interfer-
ence due to transparent insulating layers in the transmittance
area TA, and color purity deterioration and color change due
to the optical interference, an opening may be formed in
some of the insulating layers corresponding to the transmit-
tance area TA.

For example, the opening may be formed in the PDL 219
covering the pixel circuit unit PC. However, the one or more
embodiments are not limited thereto. Thus, openings con-
nected to the opening of the PDL 219 may be further formed
in one or more of the passivation layer 217, the interlayer
insulating layer 215, the gate insulating layer 213, and the
buffer layer 211, so that transmittance in the opening may be
further increased.

By way of summation and review, a display device has to
include an optical mask and a sensor array to capture a
gesture. The optical mask has a coded optical pattern so as
to extract three-dimensional (3D) data by analyzing the
captured gesture. In order to implement an interactive media
by using a display device, i.e., a liquid crystal display (LCD)
device may need to perform time-division switching
between a display mode (implementation of a display image,
and switching a backlight ON), and a capture mode (imple-
mentation of an optical mask pattern, and switching the
backlight OFF). Thus, as a result of time-division switching,
brightness of the display image deteriorates, and a structural
interference occurs between the backlight and the sensor
array.

In contrast, embodiments are directed to an organic light-
emitting display device having a coded optical pattern array
directly formed thereon. According to one or more embodi-
ments, the coded optical pattern array is directly formed on
a transparent panel of the organic light-emitting display
device. Thus, it is not necessary to display a separate optical
mask pattern. In the embodiments, since a backlight is not
used, interactive media may be implemented that is slim,
large, and free from structural interference.

According to one or more embodiments, by implementing
the interactive media in the organic light-emitting display
device having a transmittance area, a display device may
display an image and simultaneously capture a gesture of a
user by the transmittance area. Thus, it is not necessary to
perform time-division switching between a display mode
and a capture mode as in the related art.

Exemplary 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.

What is claimed is:

1. An organic light-emitting display device, comprising:

a first substrate including a plurality of pixels, each of the

pixels including a pixel area emitting light in a first
direction and a transmittance area adjacent to the pixel
area and transmitting external light;

a second substrate facing the first substrate and encapsu-

lating the pixels on the first substrate;

an optical pattern array on the first substrate or the second

substrate corresponding to the pixels, the optical pat-
tern array being configured to transmit or block exter-
nal light to predetermined pixels of the pixels according
to a coded pattern; and

a sensor array corresponding to the optical pattern array,

the sensor array being arranged to receive external light
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in a second direction that is opposite to the first

direction in which the light is emitted, the sensor array

receiving the external light passing through the optical
pattern array, wherein:

the coded pattern of the optical pattern array includes:

a first pixel region corresponding to a first one of the
pixels, the first pixel region allowing transmission of
external light to the sensor array in the second
direction, and

a second pixel region corresponding to a second one of
the pixels, the second pixel region blocking trans-
mission of external light to the sensor array in the
second direction such that the external light is not
transmitted to the sensor array corresponding to the
second pixel region,

the optical pattern array includes a first light-blocking
layer and a second light-blocking layer, and

the first light-blocking layer is formed on one insulating
layer corresponding to the transmittance area, and the
second light-blocking layer is formed on another insu-
lating layer corresponding to an area between the
transmittance area and the pixel area.

2. The organic light-emitting display device as claimed in

claim 1, further comprising:

a pixel circuit unit on the first substrate, including one or
more thin film transistors (TFTs), and positioned in the
pixel area;

a first insulating layer covering at least the pixel circuit
unit;

a first electrode on the first insulating layer so as to be
electrically connected to the pixel circuit unit, the first
electrode being positioned in the pixel area and over-
lapping with the pixel circuit unit so as to cover the
pixel circuit unit, the first electrode including a reflec-
tive layer that is capable of reflecting light and includ-
ing a conductive material;

a second insulating layer covering at least a portion of the
first electrode;

a second electrode capable of transmitting light so as to
transmit light in an opposite direction to a direction in
which the first electrode reflects light, the second
electrode facing the first electrode; and

an organic layer interposed between the first electrode and
the second electrode and including an emission layer
(EML).

3. The organic light-emitting display device as claimed in
claim 2, wherein the reflective layer includes at least one
metal of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo,
and alloys thereof.

4. The organic light-emitting display device as claimed in
claim 2, wherein the pixels include a plurality of sub-pixels,
and transmittance areas of two adjacent sub-pixels are
connected to each other.

5. The organic light-emitting display device as claimed in
claim 2, wherein the second insulating layer includes an
opening at a position corresponding to the transmittance
area.

6. The organic light-emitting display device as claimed in
claim 1, wherein the optical pattern array includes:

a transmittance pattern by which the external light is

transmitted; and

a light-blocking pattern blocking the external light.

7. The organic light-emitting display device as claimed in
claim 6, wherein the sensor array is on a side of the first
substrate and receives the external light passing through the
transmittance pattern of the optical pattern array.
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8. The organic light-emitting display device as claimed in
claim 1, wherein at least one of the first light blocking layer
or the second light blocking layer includes at least one metal
of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, and
alloys thereof or includes a black matrix material. 5
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