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7) ABSTRACT

An organic light emitting display apparatus includes first to
eighth pixels arranged in a 4*2 matrix form along first and
second directions, and includes a camera which is config-
ured to take a picture. Fach of the first to eighth pixels has
a width in the first direction and has a length in the second
direction. Each of the first to eighth pixels has a light
emitting structure and a first mirror pattern which defines an
opening which overlaps the light emitting structure. The first
mirror pattern defines one transmission window in every two

(51) Imt. CL or more pixels adjacent each other, the transmission window
HOIL 51/52 (2006.01) passes light, and the camera is configured to take a picture
HOIL 27/32 (2006.01) through the transmission window.
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ORGANIC LIGHT EMITTING DISPLAY
APPARATUS

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2016-0026625, filed
on Mar. 4, 2016, the disclosure of which is incorporated by
reference herein in its entirety.

BACKGROUND

[0002] 1. Field

[0003] Exemplary embodiments of the inventive concept
relate to an organic light emitting display apparatus. More
particularly, exemplary embodiments of the inventive con-
cept relate to an organic light emitting display apparatus
having mirror function and display function.

[0004] 2. Description of the Related Art

[0005] A display device displays an image using a pixel
emitting light. An organic light emitting display device
includes pixels having organic light emitting diodes
(OLED). The OLED emits light whose wavelength depends
on an organic material included in the OLED. For example,
the OLED includes the organic material corresponding to
one of a red color light, a green color light, and a blue color
light. The organic light emitting display device displays the
image by mixing the light emitted by the organic materials.
[0006] Recently, demand for a display apparatus having
mirror function and display function has been increased, due
to the broader range of use of displays. In addition, a display
apparatus having a camera which is located on a boundary
of the display apparatus (for example, a bezel of the display
apparatus) has been developed. In this case, the camera
cannot take an accurate front-view picture image of an
object which is located in front of the display apparatus.
Thus, the picture image taken by the camera may be
unnatural.

SUMMARY

[0007] One or more exemplary embodiment of the inven-
tive concept provides a display apparatus having mirror
function and display function, and capable of taking a
front-view picture image of an object which is located in
front of the display apparatus.

[0008] According to an exemplary embodiment of the
inventive concept, an organic light emitting display appa-
ratus includes first through eighth pixels arranged in a 4*2
matrix configuration along a first and a second direction, and
includes a camera which is positioned to take a picture. Each
of the first through eighth pixels has a width in the first
direction and has a length in the second direction. Each of
the first to eighth pixels has a light emitting structure and a
first mirror pattern which defines an opening that is aligned
with the light emitting structure. The first mirror pattern
defines one transmission window in every two or more
pixels adjacent each other, wherein the transmission window
transmits light, and the camera is positioned to take a picture
through the transmission window.

[0009] In an exemplary embodiment, a distance between
the transmission window and an adjacent transmission win-
dow may be larger than the width and the length.

[0010] In an exemplary embodiment, the 4*2 matrix is
comprised of a plurality of 2*2 matrices each comprised of
four pixels, and one transmission windows may be formed
in each 2*2 matrix.
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[0011] In an exemplary embodiment, the transmission
window may be formed in the first pixel and the fourth pixel,
respectively.

[0012] In an exemplary embodiment, the transmission
window may be formed in the first pixel and the seventh
pixel, respectively.

[0013] In an exemplary embodiment, one transmission
window may be formed in every two or more pixels adjacent
each other.

[0014] In an exemplary embodiment, the transmission
window may be formed in the first, third sixth and the eighth
pixels, respectively.

[0015] In an exemplary embodiment, the transmission
window may be an opening formed at the first mirror
pattern.

[0016] In an exemplary embodiment, the organic light
emitting display apparatus may further include a second
mirror layer disposed to overlap the first mirror pattern and
the opening of the first mirror pattern.

[0017] In an exemplary embodiment, the camera may be
disposed coincident with a center of the transmission win-
dow.

[0018] In an exemplary embodiment, the transmission
window may have a square shape.

[0019] In an exemplary embodiment, each of the edge of
the square shape of the transmission window may be
rounded.

[0020] In an exemplary embodiment, a radius of the
rounded edge of the transmission window may be same as
or greater than a length of straight line of a side of trans-
mission window.

[0021] In an exemplary embodiment, the transmission
window may have a circle shape.

[0022] According to an exemplary embodiment of the
inventive concept, an organic light emitting display appa-
ratus includes a base substrate, a light emitting structure
disposed on an upper surface of the base substrate, a sealing
substrate which faces the base substrate, a first mirror pattern
which is disposed on the sealing substrate, defines an
opening which overlaps the light emitting structure, and
defines a transmission window which transmits light there-
though, and a camera positioned to take a picture through the
transmission window, and is disposed on a lower surface of
the base substrate. The transmission window has a shape
with a rounded edge.

[0023] In an exemplary embodiment, the transmission
window may have a square shape with rounded edges.
[0024] In an exemplary embodiment, a radius of the
rounded edge of the transmission window may be same as
or greater than a length of straight line of a side of trans-
mission window.

[0025] In an exemplary embodiment, one transmission
window may be formed in every two or more pixels adjacent
each other.

[0026] In an exemplary embodiment, one transmission
windows may be formed for every four pixels in 2*2 matrix.
[0027] In an exemplary embodiment, the transmission
window may have a circle shape.

[0028] According to the example embodiments of the
present invention, an organic light emitting display appara-
tus includes a first mirror pattern which has a transmission
window and a camera. The mirror pattern may define one
transmission window in every two or more pixels adjacent
each other, so that distance between the two adjacent trans-
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mission window is larger than that of a device with a
transmission window in every pixel. Thus, deterioration of
a picture taken by the camera due to a diffraction may be
decreased.

[0029] In addition, the transmission window may have a

shape with rounded edges, so that deterioration of a picture
taken by the camera due to a diffraction may be decreased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other features of the inventive
concept will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
accompanying drawings, in which:

[0031] FIG. 1 is a plan view illustrating at least some of
the pixels of an organic light emitting display apparatus
according to an exemplary embodiment of the inventive
concept.

[0032] FIG. 2 is a cross-sectional view taken along a line
I-I' of FIG. 1.
[0033] FIG. 3 is a plan view illustrating at least some of

the pixels of an organic light emitting display apparatus
according to an exemplary embodiment of the inventive
concept.

[0034] FIG. 4 is a plan view illustrating at least some of
the pixels of an organic light emitting display apparatus
according to an exemplary embodiment of the inventive
concept.

[0035] FIGS. 5A, 5B, 6A, 6B, 7A, 7B, 8A, 8B, 9A; 9B,
10A, 10B are figures illustrating simulation images about
diffraction degree according to shapes of transmission win-
dows of an organic light emitting display apparatus accord-
ing to an exemplary embodiment of the inventive concept.
[0036] FIG. 11 is a plan view illustrating at least some of
the pixels of an organic light emitting display apparatus
according to an exemplary embodiment of the inventive
concept.

DETAILED DESCRIPTION

[0037] Hereinafter, the inventive concept will be
explained in detail with reference to the accompanying
drawings.

[0038] FIG. 1 is a plan view illustrating at least some of
the pixels of an organic light emitting display apparatus
according to an exemplary embodiment of the inventive
concept.

[0039] FIG. 2 is a cross-sectional view taken along a line
I-I' of FIG. 1.
[0040] Referring to FIG. 1, the organic light emitting

display apparatus includes first to eighth pixels PX1, PX2,
PX3, PX4, PX5, PX6, PX7, and PX8 which are arranged in
a matrix configuration along a first direction D1 and a
second direction D2 which crosses the first direction D1.
The second direction D2 may be substantially perpendicular
to the first direction D1. The first to fourth pixels PX1, PX2,
PX3 and PX4 may be arranged in the first direction D1. The
fifth pixel PXS may be disposed adjacent to the first pixel
PX1 in the second direction D2. The sixth pixel PX6 may be
disposed adjacent to the second pixel PX2 in the second
direction D2. The seventh pixel PX7 may be disposed
adjacent to the third pixel PX3 in the second direction D2.
The eighth pixel PX8 may be disposed adjacent to the fourth
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pixel PX4 in the second direction D2. Each of the pixel may
have a width W in the first direction D1 and a height H in
the second direction D2.

[0041] The organic light emitting display apparatus may
include a first mirror pattern MR1. The first mirror pattern
MR1 may define a transmission window TW which trans-
mits light and an opening OP that is aligned with a light
emitting structure 150. As used herein, two parts being
“aligned with” each other means they are at least partially
lined up such that an imaginary line substantially orthogonal
to the surface of the base substrate 100 passes through both
parts.

[0042] The transmission window TW may be an operning
formed at the first mirror pattern MR1, and may have a
square shape. The transmission window TW may be formed
in every four pixels. The size of the transmission window
TW may be four times larger than that of a device that has
a transmission window in every pixel. According to the
present example embodiment, the transmission window TW
may be formed in the first pixel PX1 and in the third pixel
PX3, respectively.

[0043] A distance DT between two adjacent transmission
windows TW is larger than the width W of the pixel, and
larger than the height H of the pixel. Thus, the distance DT
between the two adjacent transmission windows TW in the
first direction D1 is larger than the width W, and a distance
between two adjacent transmission window in the second
direction D2 is larger than the height H.

[0044] In the present example embodiment, the distance
between the two adjacent transmission windows TW is
larger than the width W and the height H, so that distance
between the two adjacent transmission window is larger than
that of the prior art. Thus, deterioration of a picture taken by
a camera 300 due to a diffraction may be decreased.
[0045] Referring to FIG. 2, the organic light emitting
display apparatus may include a base substrate 100, a buffer
layer 110, an active pattern ACT, a first insulation layer 120,
a gate pattern, a second insulation layer 130, a data pattern,
a planarization layer 140, a first electrode EL.1, a pixel
defining layer PDL, a light emitting structure 150, a second
electrode EL2, a sealing substrate 200, a first mirror pattern
MR1, a second mirror pattern MR2 and the camera 300.
[0046] The base substrate 100 may include a transparent
insulation substrate. For example, the base substrate 100
may include a glass substrate, a quartz substrate, a trans-
parent resin substrate, etc. Examples of the transparent resin
substrate for the base substrate 100 may include polyimide-
based resin, acryl-based resin, polyacrylate-based resin,
polycarbonate-based resin, polyether-based resin, sulfonic
acid containing resin, polyethyleneterephthalate-based
resin, etc.

[0047] The buffer layer 110 may be disposed on the base
substrate 100. The buffer layer 110 may prevent diffusion of
metal atoms and/or impurities from the base substrate 100.
Additionally, the buffer layer 110 may adjust heat transfer
rate of a successive crystallization process for the active
pattern ACT, to thereby obtaining a substantially uniform the
active pattern ACT. In the case that the base substrate 100
may have a relatively irregular surface, the buffer layer 110
may improve flatness of the surface of the base substrate
100. The buffer layer 110 may be formed using a silicon
compound. For example, the buffer layer 110 may include
silicon oxide (810x), silicon nitride (SiNx), silicon oxyni-
tride (S10xNy), silicon oxycarbide (SiOxCy), silicon carbon
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nitride (SiCxNy), etc. These may be used alone or in a
mixture thereof. The buffer layer 110 may have a single layer
structure or a multi layer structure. For example, the buffer
layer 110 may have a single-layered structure including a
silicon oxide film, a silicon nitride film, a silicon oxynitride
film, a silicon oxycarbide film or a silicon carbon nitride
film. Alternatively, the buffer layer 110 may have a multi-
layered structure including at least two of a silicon oxide
film, a silicon nitride film, a silicon oxynitride film, a silicon
oxycarbide film, a silicon carbon nitride film, etc.

[0048] The active pattern ACT may be disposed on the
buffer layer 110. The active pattern ACT may include a
source and a drain area which are impurity-doped areas, and
a channel area between the source area and the drain area.
[0049] The first insulation layer 120 may be disposed on
the base substrate 100 on which the active pattern ACT is
disposed. The first insulation layer 120 may include a silicon
compound, metal oxide, etc. For example, the first insulation
layer 120 may be formed using silicon oxide (Si0x), silicon
nitride (SiNx), silicon oxynitride (SiOxNy), aluminum
oxide (AlOx), tantalum oxide (TaOx), hafnium oxide
(HfOx), zirconium oxide (ZrOx), titanium oxide (TiOx), etc.
These may be used alone or in a combination thereof. In
addition, the first insulation layer 120 may have a single
layer structure or a multi layer structure including the silicon
oxide and/or the silicon nitride. In example embodiments,
the first insulation layer 120 may be uniformly formed on the
base substrate 100 along a profile of the active pattern ACT.
Here, the first insulation layer 120 may have a substantially
small thickness, such that a stepped portion may be formed
at a portion of the first insulation layer 120 adjacent to the
active pattern ACT. In some example embodiments, the first
insulation layer 120 may have a relatively large thickness for
sufficiently covering the active patterns ACT, so that the first
insulation layer 120 may have a substantially level surface.
[0050] The gate pattern may be disposed on the first
insulation layer 120. The gate pattern may include metal,
alloy, conductive metal oxide, a transparent conductive
material, etc. The gate pattern may include a gate electrode
GE overlapped with the active pattern ACT, a signal line
such as a gate line configured to transmit signals to drive the
pixels, and etc.

[0051] The second insulation layer 130 may be disposed
on the first insulation layer 120 on which the gate pattern is
disposed. The second insulation layer 130 may insulate the
gate electrode GE from a source electrode SE and a drain
electrodes DE. The second insulation layer 130 may be
uniformly formed on the first insulation layer 120 along a
profile of the gate pattern. Here, the second insulation layer
130 may have a substantially small thickness, such that a
stepped portion may be formed at a portion of the second
insulation layer 130 adjacent to the gate pattern. The second
insulation layer 130 may include a silicon compound, etc.
For example, the second insulation layer 130 may be formed
using silicon oxide (SiOx), silicon nitride (SiNx), silicon
oxynitride (SiOxNy), etc. In some example embodiments,
the second insulation layer 130 may have a relatively large
thickness for sufficiently covering the gate pattern, so that
the second insulation layer 130 may have a substantially
level surface.

[0052] The second insulation layer 130 may not be formed
at the transmission window TW of the first mirror pattern
MRI1. Thus, second insulation layer 130 may be formed to
not overlap the transmission window TW. In some example
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embodiments, the second insulation layer 130 may be
formed on the entire base substrate 100 to overlap the
transmission window TW of the first mirror pattern MR1.
[0053] The data pattern may be disposed on the second
insulation layer 130. The data pattern may include the source
electrode SE, the drain electrode DE, a signal line such as a
data line configured to transmit signals to drive the pixels, a
second storage electrode and etc. The source electrode SE
and the drain electrodes DE may be electrically connected to
the active pattern ACT through contact holes formed
through the first and second insulation layers 120 and 130.
[0054] The active pattern ACT, the gate electrode GE, the
source electrode SE and the drain electrode DE may be
included in the thin film transistor TFT.

[0055] The planarization layer 140 may be disposed on the
second insulation layer 130 on which the thin film transistor
TFT is disposed. The planarization layer 140 may have a
single-layered structure or a multi-layered structure includ-
ing at least two insulation films. The planarization layer 140
may be formed using an organic material. For example, the
planarization layer 140 may include photoresist, acryl-based
resin, polyimide-based resin, polyamide-based resin, silox-
ane-based resin, etc. These may be used alone or in a
combination thereof. Alternatively, the planarization layer
140 may include an inorganic material. For example, the
planarization layer 140 may be formed using silicon oxide,
silicon nitride, silicon oxynitride, silicon oxycarbide, alumi-
num, magnesium, zinc, hafnium, zirconium, titanium, tan-
talum, aluminum oxide, titanium oxide, tantalum oxide,
magnesium oxide, zinc oxide, hafnium oxide, zirconium
oxide, titanium oxide, etc. These may be used alone or in a
mixture.

[0056] The planarization laver 140 may not be formed at
transmission window TW of the first mirror pattern MR1.
Thus, planarization layer 140 may be formed to not overlap
the transmission window TW. In some example embodi-
ments, the planarization layer 140 may be formed on the
entire base substrate 100 to overlap the transmission window
TW of the first mirror pattern MR1.

[0057] The first electrode EL1 may be disposed on the
planarization layer 140. The first electrode EL1 may be
connected to the drain electrode DE through a contact hole
which is formed through the planarization layer 140.
[0058] Insome example embodiments, a contact, a plug or
a pad may be formed in the contact hole, and then the first
electrode EL1 may be formed on the contact, the plug or the
pad. Here, the first electrode EL1 may be electrically con-
nected to the drain electrode DE through the contact, the
plug or the pad.

[0059] The organic light emitting display apparatus may
be a front-emission type organic light emitting display
apparatus, so that the first electrode EL1 may include a
reflective material. For example, the first electrode EL1 may
be formed using aluminum, alloy containing aluminum,
aluminum nitride, silver, alloy containing silver, tungsten,
tungsten nitride, copper, alloy containing copper, nickel,
alloy containing nickel, chrome, chrome nitride, molybde-
num, alloy containing molybdenum, titanium, titanium
nitride, platinum, tantalum, tantalum nitride, neodymium,
scandium, strontium ruthenium oxide, zinc oxide, indium tin
oxide, tin oxide, indium oxide, gallium oxide, indium zinc
oxide, etc. These may be used alone or in a combination
thereof. In example embodiments, the first electrode EL1
may have a single layer structure or a multi layer structure.
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[0060] The pixel defining layer PDL may be disposed on
the planarization layer 140 on which the first electrode EL1
is formed. The pixel defining layer PDL may define an
opening to expose a portion of the first electrode EL1. The
pixel defining layer PDL may include a transparent organic
material or a transparent inorganic material. For example,
the pixel defining layer PDL may be formed using photo-
resist, acryl-based resin, polyacryl-based resin, polyimide-
based resin, a silicon compound, etc.

[0061] The light emitting structure 150 may be disposed
on the first electrode EL1 which is exposed through the
opening of the pixel defining layer PDL. The light emitting
structure 150 may extend on a sidewall of the opening of the
pixel defining layer PDL. The light emitting structure 150
may include an organic light emitting layer (EL), a hole
injection layer (HIL), a hole transfer layer (HTL), an elec-
tron transfer layer (ETL), an electron injection layer (EIL),
etc. In example embodiments, a plurality of organic light
emitting layers may be formed using light emitting materials
for generating different colors of light such as red light,
green light, and blue light in accordance with color pixels of
the display device (referring to three openings OP in one
pixel of FIG. 1). In some example embodiments, the organic
light emitting layer of the of the light emitting structure 150
may include a plurality of stacked light emitting materials
for generating red light, green light, and blue light to thereby
emit white light. In some example embodiment, the EL of
the light emitting structure 150 may be disposed correspond-
ing to each of pixels, and the HIL, the HTL, the ETL, the
EIL, etc. may be commonly disposed corresponding to a
plurality of pixels.

[0062] The second electrode EL2 may be disposed on the
pixel defining layer PDL, the light emitting structure 150,
the planarization layer 140 and the first insulation layer 120.
The organic light emitting display apparatus may be a
front-emission type organic light emitting display apparatus,
so that the second electrode EL2 may include a transmissive
material. For example, the second electrode EL2 may be
formed using aluminum, alloy containing aluminum, alumi-
num nitride, silver, alloy containing silver, tungsten, tung-
sten nitride, copper, alloy containing copper, nickel, alloy
containing nickel, chrome, chrome nitride, molybdenum,
alloy containing molybdenum, titanium, titanium nitride,
platinum, tantalum, tantalum nitride, neodymium, scan-
dium, strontium ruthenium oxide, zinc oxide, indium tin
oxide, tin oxide, indium oxide, gallium oxide, indium zinc
oxide, etc. These may be used alone or in a combination
thereof. In example embodiments, the second electrode EL.2
may also have a single layer structure or a multi layer
structure, which may include a metal film, an alloy film, a
metal nitride film, a conductive metal oxide film and/or a
transparent conductive film.

[0063] The sealing substrate 200 may be disposed on the
second electrode EL2. The sealing substrate 200 may
include transparent material and be configured to prevent
ambient air and moisture from permeating into the trans-
parent organic light emitting display apparatus. The sealing
substrate 200 may be combined with the base substrate 100
to seal space between the base substrate 100 and the sealing
substrate 200 by a sealing agent (not shown).

[0064] The first mirror pattern MR1 may be disposed on
the sealing substrate 200. The first mirror pattern MR1 may
form an opening OP corresponding to the light emitting
structure 150. The first mirror pattern MR1 may include a
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material having high reflectivity, such as metal, to reflect
external light. For example, the first mirror pattern MR1
may include aluminum (Al), chrome (Cr), silver (Ag), iron
(Fe), platinum (Pt), mercury (Hg), nickel (Ni), tungsten (W),
vanadium (V), molybdenum (Mo), etc. In some example
embodiments, the first mirror pattern MR1 may have a multi
layer structure having a transparent conductive metal oxide
layer and a metal layer. For example, the first mirror pattern
MR1 may include ITO/Ag/ITO triple layers.

[0065] The first mirror pattern MR1 may define a trans-
mission window TW which passes light. The transmission
window TW may be an opening formed at the first mirror
pattern MR1.

[0066] The second mirror layer MR2 may be disposed on
the sealing substrate 200 on which the first mirror pattern
MR1 is disposed. The second mirror layer MR2 may be
formed corresponding to the first mirror pattern MR1, the
opening OP and the transmission window TW, so that that
the second mirror layer MR2 may be formed on the entire
sealing substrate 200. The second mirror layer MR2 may
include a material same as the first mirror pattern MR1, or
may include another material. Thickness of the second
mirror layer MR2 may be smaller than that of the first mirror
pattern MR 1. External light may be partially reflected on the
opening OP and the transmission window TW of the second
mirror layer MR2 and partially transmitted through the
opening OP and the transmission window TW. For example,
the second mirror layer MR2 may include aluminum (Al),
chrome (Cr), silver (Ag), iron (Fe), platinum (Pt), mercury
(Hg), nickel (Ni), tungsten (W), vanadium (V), molybdenum
(Mo), etc. In some example embodiments, the second mirror
layer MR2 may have a multi layer structure having a
transparent conductive metal oxide layer and a metal layer.
For example, the second mirror layer MR2 may include
ITO/Ag/TTO triple layers. The second mirror layer MR2
covers boundaries of the first mirror pattern MR1, so that
blurring effect caused on the boundaries of the first mirror
pattern MR1 due to scattered reflection.

[0067] The camera 300 may be disposed on a lower
surface of the base substrate 100. The camera 300 may take
a picture of an object disposed in front of the organic light
emitting display apparatus through the transmission window
TW. A lens of the camera 300 may be disposed correspond-
ing to one transmission window TW. In some example
embodiments, when the lens of the camera 300 is larger than
one transmission window TW, a center of the lens may be
disposed coincident with a center of the transmission win-
dow TW. Thus, the camera 300 may take a picture of an
object disposed in front of the organic light emitting display
apparatus through a plurality of the transmission window
TW. In addition, in some example embodiments, the second
electrode F1.2 may have an opening corresponding to the
transmission window TW. In addition, in some example
embodiments, the second insulation layer 130 and/or the
pixel defining layer PDL may be further formed correspond-
ing to the transmission window TW. Thus, the second
insulation layer 130 and/or the pixel defining layer PDL may
be overlapped with the transmission window TW.

[0068] FIG. 3 is a plan view illustrating some of pixels of
an organic light emitting display apparatus according to an
exemplary embodiment of the inventive concept.

[0069] Referring to FIG. 3, the organic light emitting
display apparatus may be substantially the same as the
organic light emitting display apparatus of FIGS. 1 and 2
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except for a position of the transmission window TW. Thus,
any further detailed descriptions concerning the same ele-
ments will be briefly described or omitted.

[0070] The organic light emitting display apparatus
includes first to eighth pixels PX1, PX2, PX3, PX4, PX5,
PX6, PX7, and PX8 which are arranged in a matrix form
along a first direction D1 and a second direction D2 which
crosses the first direction D1. The second direction D2 may
be substantially perpendicular to the first direction D1. The
first to fourth pixels PX1, PX2, PX3 and PX4 may be
arranged in the first direction D1. The fifth to eighth pixels
PX5, PX6, PX7 and PX8 may be arranged in the first
direction D1, and may be disposed adjacent to the first to
fourth pixels PX1, PX2, PX3 and PX4, respectively.
[0071] The organic light emitting display apparatus may
include a first mirror pattern MR1. The first mirror pattern
MR1 may define a transmission window TW which passes
light and an opening OP which overlaps a light emitting
structure.

[0072] The transmission window TW may be an opening
formed at the first mirror pattern MR1, and may have a
square shape. The transmission window TW may be formed
in every four pixels, so that the size of the transmission
window TW may be four times larger than that of the prior
art, which has a transmission window in every pixel.
According to the present example embodiment, the trans-
mission window TW may be formed in the first pixel PX1
and in the seventh pixel PX7, respectively.

[0073] The transmission window TW of the first pixel PX1
and the transmission window TW of the seventh pixel PX7
which may be disposed diagonally adjacent to each other
may be spaced apart from each other by a distance DT along
an inclined direction with respect to the first direction D1.
The distance DT between two transmission windows which
are adjacent to each other may be larger than that of the
example embodiment of FIGS. 1 and 2.

[0074] In the present example embodiment, the distance
DT between the transmission windows TW may be maxi-
mized, so that the distance between the two adjacent trans-
mission window is larger than that of the prior art. The
distance DT is longer than a width W and a height H. Thus,
deterioration of a picture taken by the camera 300 due to a
diffraction may be decreased.

[0075] FIG. 4 is a plan view illustrating at least some of
the pixels of an organic light emitting display apparatus
according to an exemplary embodiment of the inventive
concept.

[0076] Referring to FIG. 4, the organic light emitting
display apparatus may be substantially the same as the
organic light emitting display apparatus of FIGS. 1 and 2
except for a position of the transmission window TW. Thus,
any further detailed descriptions concerning the same ele-
ments will be briefly described or omitted.

[0077] The organic light emitting display apparatus
includes first to fourth pixels PX1, PX2, PX3 and PX4 which
are arranged in a matrix form along a first direction D1 and
a second direction D2 which crosses the first direction D1.
The second direction D2 may be substantially perpendicular
to the first direction D1. The first and second pixels PX1 and
PX2 may be arranged along the first direction D1. The third
and fourth pixels PX3 and PX4 may be arranged along the
first direction D1, and may be disposed adjacent to the first
and second pixels PX1 and PX2, respectively.
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[0078] The organic light emitting display apparatus
includes a first mirror pattern MR1. The first mirror pattern
MR1 may define a transmission window TW which passes
light and an opening OP which overlaps a light emitting
structure.

[0079] The transmission window TW may be an opening
formed at the first mirror pattern MR1, and may have a
square shape. The transmission window TW may be formed
within every two pixels, so that the size of the transmission
window TW may be two times larger than that of a device
that has a transmission window in every pixel. According to
the present example embodiment, one transmission window
TW may be formed in each of the first pixel PX1 and in the
fourth pixel PX4.

[0080] A center of the transmission window TW of the
first pixel PX1 and a center of the transmission window TW
of the fourth pixel PX4 which are disposed adjacent to each
other may be spaced apart from each other by a distance DT
along a direction inclined with respect to the first direction
D1.

[0081] In the present example embodiment, the distance
DT between adjacent transmission windows TW may be
larger than the distance between the transmission windows
in a device that has a transmission window in every pixel.
Thus, deterioration of a picture taken by the camera 300 due
to a diffraction may be decreased.

[0082] FIGS. 5A to 10B are figures illustrating simulation
images about diffraction degree according to shapes of
transmission window of an organic light emitting display
apparatus according to an exemplary embodiment of the
inventive concept.

[0083] Referring to FIGS. 5A, 6A, 7A, 8A, 9A and 10A,
various shapes of the transmission window of the first mirror
pattern of the organic light emitting display apparatus
according to various example embodiments are described.
The transmission window may have a square shape with
rounded edges. When a radius of the rounded edge is
represented as a, a straight line of a side of transmission
window is represented as b, specific value of the a and b for
simulation at each of the figures is following tablel.

TABLE 1
b (unit: um (micrometer))  a (unit: pm)
FIGS. 5A and 5B 210 20
FIGS. 6A and 6B 170 40
FIGS. 7A and 7B 130 60
FIGS. 8A and 8B 90 80
FIGS. 9A and 9B 50 100
FIGS. 10A and 10B 10 120

[0084] In addition, in an example embodiment, the shape
of the transmission window may be a circle.

[0085] FIGS. 5B, 6B, 7B, 8B, 9B and 10B show the effect
of diffraction of light which passes the transmission window.
A specific pattern may be visible at a boundary of the
transmission window due to the diffraction. The specific
pattern may decrease the quality of a picture which is taken
by the camera (refers to 300 of FIG. 2). However, according
to an example embodiment of the invention, the rounded
edge may decrease the diffraction, so that the quality of the
picture taken by the camera may be improved.

[0086] As the radius of the rounded edge increases, the
effect of the diffraction may be decreased. In the example
embodiments of FIGS. 8A, 9A and 10A, the diffraction is
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very small, so that the effect of the diffraction to the picture
is very small. For example, when the radius of the rounded
edge is same as or greater than a length of the straight line
of the side of transmission window, the effect of the diffrac-
tion may be minimized.

[0087] Referring again to FIGS. 5A to 10B, the rounded
edge of the transmission window reduces the diffraction of
the light which passes the transmission window, so that the
quality of the picture taken by the camera may be improved.
[0088] FIG. 11 is a plan view illustrating at least some of
the pixels of an organic light emitting display apparatus
according to an exemplary embodiment of the inventive
concept.

[0089] Referring to FIG. 11, the organic light emitting
display apparatus may be substantially the same as the
organic light emitting display apparatus of FIGS. 1 and 2
except for a shape of the transmission window TW. Thus,
any further detailed descriptions concerning the same ele-
ments will be briefly described or omitted.

[0090] The organic light emitting display apparatus
includes first to eighth pixels PX1, PX2, PX3, PX4, PX5,
PX6, PX7, and PX8 which are arranged in a matrix form
along a first direction D1 and a second direction D2 which
crosses the first direction D1. The second direction D2 may
be substantially perpendicular to the first direction D1. The
first to fourth pixels PX1, PX2, PX3 and PX4 may be
arranged in the first direction D1. The fifth to eighth pixels
PX5, PX6, PX7 and PX8 may be arranged in the first
direction D1, and may be disposed adjacent to the first to
fourth pixels PX1, PX2, PX3 and PX4, respectively.
[0091] The organic light emitting display apparatus may
include a first mirror pattern MR1. The first mirror pattern
MRI1 may define a transmission window TW which passes
light and an opening OP which overlaps a light emitting
structure.

[0092] The transmission window TW may be an opening
formed at the first mirror pattern MR1, and may have a
square shape with rounded edges. A size of the rounded edge
may be properly adjusted. In an example embodiment, the
shape of the transmission window TW may be a circle. The
transmission window TW may be formed in every four
pixels, so that the size of the transmission window TW may
be four times larger than that of prior art which has a
transmission window in every pixels. According to the
present example embodiment, the transmission window TW
may be formed in the first pixel PX1 and in the third pixel
PX3, respectively.

[0093] According to an example embodiment of the pres-
ent invention, an organic light emitting display apparatus
includes a first mirror pattern which has a transmission
window and a camera. The mirror pattern may define one
transmission window in every two or more pixels adjacent
each other, so that the distance between the two adjacent
transmission window is larger than that of the prior art.
Thus, deterioration of a picture taken by the camera due to
a diffraction may be decreased.

[0094] In addition, the transmission window may have a
shape with rounded edges, so that deterioration of a picture
taken by the camera due to a diffraction may be decreased.
[0095] The foregoing is illustrative of the inventive con-
cept and is not to be construed as limiting thereof. Although
a few exemplary embodiments of the inventive concept have
been described, those skilled in the art will readily appre-
ciate that many modifications are possible in the exemplary
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embodiments without materially departing from the novel
teachings and advantages of the inventive concept. Accord-
ingly, all such modifications are intended to be included
within the scope of the inventive concept as defined in the
claims. In the claims, means-plus-function clauses are
intended to cover the structures described herein as perform-
ing the recited function and not only structural equivalents
but also equivalent structures. Therefore, it is to be under-
stood that the foregoing is illustrative of the inventive
concept and is not to be construed as limited to the specific
exemplary embodiments disclosed, and that modifications to
the disclosed exemplary embodiments, as well as other
exemplary embodiments, are intended to be included within
the scope of the appended claims. The inventive concept is
defined by the following claims, with equivalents of the
claims to be included therein.
What is claimed is:
1. An organic light emitting display apparatus comprising:
first through eighth pixels arranged in a 4*2 matrix
configuration along a first and a second direction,

wherein each of the first through eighth pixels has a width
in the first direction and a length in the second direc-
tion, and each of the first through eighth pixels has a
light emitting structure and a first mirror pattern which
defines an opening that is aligned with the light emit-
ting structure, and

wherein the first mirror pattern defines one transmission

window in every two or more pixels adjacent to each
other, wherein the transmission window transmits light;
and

a camera positioned to take a picture through the trans-

mission window.

2. The organic light emitting display apparatus of claim 1,
wherein a distance between the transmission window and an
adjacent transmission window is larger than the width and
the length.

3. The organic light emitting display apparatus of claim 2,
wherein the 4*2 matrix is comprised of a plurality of 2%2
matrices each comprised of four pixels, and

wherein one transmission window is formed in each 2*2

matrix.

4. The organic light emitting display apparatus of claim 3,
wherein the transmission window is formed in the first pixel
and the fourth pixel, respectively.

5. The organic light emitting display apparatus of claim 3,
wherein the transmission window is formed in the first pixel
and the seventh pixel, respectively.

6. The organic light emitting display apparatus of claim 1,
wherein one transmission window is formed in every two or
more pixels adjacent each other.

7. The organic light emitting display apparatus of claim 1,
wherein the transmission window is formed in the first, third
sixth and the eighth pixels, respectively.

8. The organic light emitting display apparatus of claim 1,
wherein the transmission window is an opening formed at
the first mirror pattern.

9. The organic light emitting display apparatus of claim 1,
further comprising a second mirror layer disposed to overlap
the first mirror pattern and the opening of the first mirror
pattern.

10. The organic light emitting display apparatus of claim
1, wherein the camera is disposed coincident with a center
of the transmission window.
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11. The organic light emitting display apparatus of claim
1, wherein the transmission window has a square shape.

12. The organic light emitting display apparatus of claim
11, wherein each of an edge of the square shape of the
transmission window is rounded.

13. The organic light emitting display apparatus of claim
12, wherein a radius of the rounded edge of the transmission
window is the same as or greater than a length of a straight
line of a side of transmission window.

14. The organic light emitting display apparatus of claim
1, wherein the transmission window has a circle shape.

15. An organic light emitting display apparatus, compris-
ing:

a base substrate;

a light emitting structure disposed on an upper surface of

the base substrate;

a sealing substrate which faces the base substrate;

a first mirror pattern which is disposed on the sealing
substrate, defines an opening which overlaps the light
emitting structure, and defines a transmission window
which transmit light therethough; and
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a camera positioned to take a picture through the trans-
mission window, and is disposed on a lower surface of
the base substrate,

wherein the transmission window has a shape with a
rounded edge.

16. The organic light emitting display apparatus of claim
15, wherein the transmission window has a square shape
with rounded edges.

17. The organic light emitting display apparatus of claim
15, wherein a radius of the rounded edge of the transmission
window is same as or greater than a length of straight line
of a side of transmission window.

18. The organic light emitting display apparatus of claim
15, wherein one transmission window is formed in every
two or more pixels adjacent each other.

19. The organic light emitting display apparatus of claim
18, wherein one transmission window is formed for every
four pixels in 2¥2 matrix.

20. The organic light emitting display apparatus of claim
15, wherein the transmission window has a circle shape.

* ok %k
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