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(7) ABSTRACT

An organic light emitting diode display includes: a substrate
main body having a plurality of pixel regions, each including
an opaque region and a transparent region; and organic light
emitting diodes, thin film transistors, and conductive lines
that are formed in the opaque region of the substrate main

(21) Appl. No.: 12/962,894 body. The transparent region includes a transparent square
space that has an area that is at least 15% of the entire area of
(22) Filed: Dec. 8, 2010 the pixel region.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Appli-
cation No. 10-2009-0128021, filed Dec. 21, 2009, in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments relate to an organic light
emitting diode display, and more particularly, to a transparent
organic light emitting diode display.

[0004] 2. Description of the Related Art

[0005] An organic light emitting diode display is a self
emissive display that displays an image using an organic light
emitting diode for emitting light.

[0006] Light is emitted using energy generated when exci-
tons produced by electron-hole combinations in the organic
emission layer drop from an excitation state to a ground state.
The organic light emitting diode display displays an image
using the emitted light.

[0007] Moreover, the organic light emitting diode display
can be provided as a transparent display device that allows a
user to view an object or image located on the opposite side of
the organic light emitting diode display owing to the trans-
parency of the display device. For instance, a transparent
organic light emitting diode display can transmit light from an
object or image located on the opposite side when the trans-
parent organic light emitting diode display is switched off,
and can display an image by light emitted from the organic
light emitting diode when the transparent organic light emit-
ting diode display is switched on.

[0008] Therefore, the transparent organic light emitting
diode display is divided into opaque regions whete pixels
including organic light emitting diodes, thin film transistors,
etc. are formed, and a transparent regions through which light
from an exterior source located on an opposite side of the
transparent organic light emitting diode display is transmit-
ted. The transparent regions, each typically having a width of
several to several tens of micrometers, are regularly arranged
between the pixels such that when light passes through the
transparent regions an object or image located on the opposite
side is visible.

[0009] However, when the transparent regions are longitu-
dinally formed, that is, with a length much greater than a
width, and with a width of several to several tens of microme-
ters, light is diffracted as it passes through the transparent
region. The diffracted light may interfere with light emitted
from the organic light emitting diodes and distort an image
displayed by the organic light emitting diode display.

[0010] Moreover, as the light passing through the transpar-
ent region is diffracted, a diffraction pattern may appear,
thereby causing a problem of distortion of an object or image
located on the opposite side that is viewed through the trans-
parent organic light emitting diode display.

[0011] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the described technology and therefore it
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may contain information that does not form the prior art that
is already known in this country to a petson of ordinary skill
in the art.

SUMMARY

[0012] Exemplary embodiments provide a transparent
organic light emitting diode display that minimizes distortion
of an image by suppressing the diffraction of passing light.
[0013] According to an exemplary embodiment, an organic
light emitting diode display includes: a substrate main body
having a plurality of pixel regions, each pixel region includ-
ing an opaque region and a transparent region; and organic
light emitting diodes, thin film transistors, and conductive
lines that are formed in the opaque region of the substrate
main body. The transparent region includes a transparent
square space that has an area that is at least 15% of the entire
area of the pixel region.

[0014] According to a non-limiting aspect, the transparent
region may further include an auxiliary transparent space
extending in one or more directions from the transparent
square space.

[0015] According to a non-limiting aspect, the pixel region
may have a segment in which the width of the transparent
region is larger than the width of the opaque region.

[0016] According to a non-limiting aspect, the ratio of the
area of the transparent region to the entire area of the pixel
region may fall in the range of 25% to 80%.

[0017] According to a non-limiting aspect, the transparent
region may have an average overall transmittance of light in
the range of 15% to 90%.

[0018] According to a non-limiting aspect, the organic light
emitting diode display may further include one or more trans-
parent insulating films formed in the transparent region.
[0019] According to a non-limiting aspect, the organic light
emitting diode display may further include an opaque mate-
rial formed in a part of the transparent region.

[0020] According to a non-limiting aspect, the pixel region
may be formed in a square shape.

[0021] According to a non-limiting aspect, in the organic
light emitting diode display, the opaque region may include a
plurality of sub-pixel regions and a line region.

[0022] According to a non-limiting aspect, the organic light
emitting diodes and the thin film transistors may be formed in
the plurality of sub-pixel regions, and the conductive lines
may be formed in the line region.

[0023] According to a non-limiting aspect, the conductive
lines may further include a gate line, a data line, and a com-
mon power line.

[0024] According to a non-limiting aspect, at least some of
the plurality of sub-pixel regions may have different areas
from each other.

[0025] According to a non-limiting aspect, the plurality of
sub-pixel regions may include a first sub-pixel region, a sec-
ond sub-pixel region, and a third sub-pixel region.

[0026] According to a non-limiting aspect, the organic light
emitting diode formed in the first sub-pixel region may emit
red-based light. The organic light emitting diode formed in
the second sub-pixel region may emit green-based light. The
organic light emitting diode formed in the third sub-pixel
region may emit blue-based light.

[0027] According to a non-limiting aspect, the transparent
region may be formed in a rectangular shape, and the plurality
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of sub-pixel regions may be arranged side by side along the
longest side in a lengthwise direction of the transparent
region.

[0028] According to a non-limiting aspect, the second sub-
pixel region may be arranged adjacent to one side of the first
sub-pixel region, and the third sub-pixel region may be
arranged adjacent to another side of the first sub-pixel region
that is perpendicular to the one side of the first sub-pixel
region that the second sub-pixel region is adjacent to.

[0029] According to a non-limiting aspect, the plurality of
sub-pixel regions may be formed in a square shape.

[0030] According to a non-limiting aspect, the second sub-
pixel region and the third sub-pixel region each may have a
pair of sides that face the transparent region and are perpen-
dicular to each other.

[0031] According to a non-limiting aspect, the plurality of
sub-pixel regions may be formed in a rectangular shape.
[0032] According to a non-limiting aspect, one long side of
the second sub-pixel region may face one long side of the first
sub-pixel region, and one short side of the third sub-pixel
region may face one short side of the first sub-pixel region.
The second sub-pixel region and the third sub-pixel region
each may have a pair of sides that face the transparent region
and are perpendicular to each other.

[0033] According to a non-limiting aspect, one short side of
the second sub-pixel region may face one short side of the first
sub-pixel region, and one short side of the third sub-pixel
region may face one long side of the first sub-pixel region.
One long side of the second sub-pixel region, one long side of
the third sub-pixel region, and a part of the one long side of the
first sub-pixel region may face the transparent region.

[0034] According to a non-limiting aspect, the transparent
region may be formed in a quadrangular shape.

[0035] According to a non-limiting aspect, the first sub-
pixel region may be formed in a square shape, and the second
sub-pixel region and the third sub-pixel region may be formed
in a rectangular shape.

[0036] According to a non-limiting aspect, one short side of
the second sub-pixel region and one short side of the third
sub-pixel may face the first sub-pixel region. One long side of
the second sub-pixel region and one long side of the third
sub-pixel region may face the transparent region.

[0037] According to a non-limiting aspect, one short side of
the second sub-pixel region and one short side of the third
sub-pixel may be shorter than one side of the first sub-pixel
region.

[0038] According to exemplary embodiments, an organic
light emitting diode display can minimize distortion of an
image by suppressing the diffraction of light that passes
through the organic light emitting diode display.

[0039] Additional aspects and/or advantages of the inven-
tion will be set forth in part in the description which follows
and, in part, will be obvious from the description, or may be
learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] These and/or other aspects and advantages of the
invention will become apparent and more readily appreciated
from the following description of the embodiments, taken in
conjunction with the accompanying drawings of which:
[0041] FIG. 1 is a layout view of an organic light emitting
diode display according to an exemplary embodiment;
[0042] FIG. 2 is an enlarged layout view illustrating a sub-
pixel region of FIG. 1;
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[0043] FIG. 3 is a cross-sectional view taken along line
1I-111 of FIG. 2;

[0044] FIG. 4 is a layout view of an organic light emitting
diode display according to another exemplary embodiment;
[0045] FIG. 5is a layout view of an organic light emitting
diode display according to another exemplary embodiment;
[0046] FIG. 6 is a layout view of an organic light emitting
diode display according to another exemplary embodiment;
[0047] FIG. 7 is a layout view of an organic light emitting
diode display according to another exemplary embodiment;
[0048] FIGS. 8 to 9 are graphs showing light diffraction
experimental results with respect to the exemplary embodi-
ment of FIG. 1;

[0049] FIGS. 10 to 11 are graphs showing light diffraction
experimental results with respect to the exemplary embodi-
ment of FIG. 4;

[0050] FIGS. 12 to 13 are graphs showing light diffraction
experimental results with respect to the exemplary embodi-
ment of FIG. 5;

[0051] FIGS. 14 to 15 are graphs showing light diffraction
experimental results with respect to the exemplary embodi-
ment of FIG. 6; and

[0052] FIGS. 16 to 17 are graphs showing light diffraction
experimental results with respect to the exemplary embodi-
ment of FIG. 7,

DETAILED DESCRIPTION

[0053] Reference will now be made in detail to the present
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like ref-
erence numerals refer to the like elements throughout. The
embodiments are described below in order to explain the
present invention by referring to the figures.

[0054] Like reference numerals designate like constituent
elements throughout the specification. In various exemplary
embodiments other than a first exemplary embodiment, only
the elements that are different from those in the first exem-
plary embodiment are described.

[0055] 1In the drawings, the sizes and thicknesses of the
components are merely shown for convenience of explana-
tion, and therefore the exemplary embodiment is not neces-
sarily limited to the illustrations described and shown herein.
[0056] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. In the drawings,
the thickness of some of the layers and regions are exagger-
ated for the convenience of explanation. It will be understood
that when an element such as a layer, film, region, or substrate
is referred to as being “on” another element, it can be directly
on the other element or intervening elements may also be
present.

[0057] Hereinafter, an organic light emitting diode display
101 according to an exemplary embodiment will be described
with reference to FIGS. 1 to 3.

[0058] As shown in FIGS. 1to 3, the organic light emitting
diode display 101 according to an exemplary embodiment
includes a substrate main body 111 having a plurality of pixel
regions PE, and organic light emitting diodes (OLEDs) 70
and thin film transistors (TFTs) 10 and 20 that are formed for
each of the pixel regions PE of the substrate main body 111.
The organic light emitting diode display 101 further includes
various conductive lines 151, 171, and 172 that are connected
to the thin film transistors 10 and 20 or the organic light
emitting diodes 70.
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[0059] The substrate main body 111 may be formed as a
transparent insulating substrate made of glass, quartz,
ceramic, plastic, or the like, or may be formed as a flexible
substrate made of plastic or the like.

[0060] Each pixel region PE may be formed in a square
shape. However, the exemplary embodiment is not necessar-
ily limited thereto, and pixel regions PE may be formed in a
rectangular shape.

[0061] Hereinafter, the terms “square shape” or “rectangu-
lar shape” of the pixel region PE, a transparent region TW to
be described later, or a plurality of sub-pixel regions SP1,
SP2, and SP3 are used loosely and are not meant to be inter-
preted to require perfect squares or perfect rectangular shape
with corners formed at right angles, but refer to an overall
square shape or rectangular shape. In other words, regions
described as having a square shape or rectangular shape may
have rounded corners or other imperfections deviating from a
perfect square or perfect rectangle.

[0062] The pixel region PE includes opaque regions and a
transparent region TW. The opaque region includes a plural-
ity of sub-pixel regions SP1, SP2, and SP3 and a line region
LP. As shown in FIG. 2, an organic light emitting diode 70,
thin film transistors 10 and 20, and a capacitor 80 are formed
for each of the plurality of sub-pixel regions SP1, SP2, and
SP3. Conductive lines, such as a gate line 151, a data line 171,
and a common power line 172, are formed in the line region
LP. Transparent insulating films 120, 160, and 190 (shown in
FIG. 3) capable of transmitting light are formed in the trans-
parent region TW.

[0063] In the exemplary embodiment of FIG. 1, the plural-
ity of sub-pixel regions include a first sub-pixel region SP1, a
second sub-pixel region SP2, and a third sub-pixel region
SP3. However, the exemplary embodiment is not limited
thereto. Thus, alternatively, a single pixel region PE may
include two or four or more sub-pixel regions.

[0064] As a non-limiting example, the organic light emit-
ting diode 70 formed in the first sub-pixel region SP1 may
red-based light, the organic light emitting diode 70 formed in
the second sub-pixel region SP2 may green-based light, and
the organic light emitting diode 70 formed in the third sub-
pixel region SP3 may emit blue-based light. However, the
exemplary embodiment is not limited thereto. As further
examples, the organic light emitting diode 70 of the first
sub-pixel region SP1 may emit green-based or blue-based
light, and the organic light emitting diodes 70 formed in the
second sub-pixel region SP2 and the third sub-pixel region
SP3 may emit light of colors other than the above colors.
[0065] Moreover, at least some of the plurality of sub-pixel
regions SP1, SP2, and SP3 may have different areas from
each other. That is, all of the sub-pixel regions SP1, SP2, and
SP3 may have the same area, all of the sub-pixel regions SP1,
SP2, and SP3 may have different areas from each other, or
only some of the sub-pixel regions SP1, SP2, and SP3 may
have the same area.

[0066] In the exemplary embodiment of FIG. 1, the trans-
parent region TW is formed overall in a rectangular shape.
The plurality of sub-pixel regions SP1, SP2, and SP3 are
arranged side by side along thelong-side lengthwise direction
(x-axis direction) of the transparent region TW. The plurality
of sub-pixel regions SP1, SP2, and SP3 may be formed in a
rectangular or square shape.

[0067] The transparent region TW includes a transparent
square space RS that has an area that is at least 15% of the
entire area of the pixel region PE. That is, according to the
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exemplary embodiment of FIG. 1, the pixel region PE
includes a transparent square region having a size that is no
less than a minimum of 15% of the entire area of the pixel
region PE. The aforementioned transparent square space RS
included in the transparent region TW effectively suppresses
the diffraction of light passing through the transparent region
TW of the pixel region PE.

[0068] Light diffraction may occur differently in different
directions according to the shape of a transparent region. For
example, in a rectangular transparent region, light diffraction
may hardly occur in the X-axis direction while light diffrac-
tion may occur in the y-axis direction, or vice versa.

[0069] However, as in the exemplary embodiment of FIG.
1, if the transparent region TW includes a transparent square
space RS having an area that is at least 15% of the entire area
of the pixel region PE, deviations in diffraction depending on
the axis direction may be reduced. That is, if the transparent
region TW through which light passes includes a transparent
square space RS having an area greater than a minimum
amount, relative to the area of the entire pixel region PE,
deviations in diffraction depending on the axis direction may
be reduced.

[0070] Furthermore, the transparent region TW may further
include an auxiliary transparent space ST extending in one or
more directions from the transparent square space RS. In the
exemplary embodiment of FIG. 1, the auxiliary transparent
space ST extends in the x-axis direction from the transparent
square space RS.

[0071] Moreover, the pixel region PE includes a segment in
which the width dt of the transparent region TW is larger than
the width ds of the opaque region (made up of regions SP1,
SP2, SP3, and LP). The ratio of the area of the transparent
region TW to the entire area of the pixel region PE may fall
within the range of 25% to 80%.

[0072] The one or more transparent insulating films 120,
160, and 190 (shown in FIG. 3) formed in the transparent
region TW typically do not have a light transmittance of
100%. As a non-limiting example, the transparent insulating
films 120,160, and 190 disposed in the transparent region TW
may have a light transmittance of approximately 30% to 95%.
In addition, an opaque material may be additionally disposed
in a part of the transparent region TW. The opaque material
may be a part of the conductive lines 151, 171, and 172, or
may be various opaque materials that are disposed as
required. As above, the transparent region TW does not only
have completely transparent materials disposed therein. Spe-
cifically, in the exemplary embodiment of FIG. 1, the trans-
parent region TW may have an average overall transmittance
of light in the range of 15% to 90%. If the transparent region
TW has an average overall transmittance of less than 15%, it
is hard for the organic light emitting diode display 101 to
function as a transparent display device. On the other hand,
manufacturing is not easy to provide an overall transmittance
of an average of more than 90% for the transparent region
TW.

[0073] With the above-described configuration, the organic
light emitting diode display 101 according to the exemplary
embodiment of FIG. 1 can minimize the distortion of an
image located on an opposite side of the organic light emitting
diode display 101 from a viewer or an image formed by light
emitted from the organic light emitting diode display 101 by
suppressing the diffraction of light that passes through the
organic light emitting diode display 101. That is, it is possible
to minimize the distortion of a displayed image emitted from
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the organic light emitting diode 70 and of an object or image
located on the opposite side that becomes visible as light
passes through the organic light emitting diode display 101.
[0074] Ifthe transparent region TW fails to provide a trans-
parent square space RS having an area that is at least 15% of
the entire area of the pixel region PE, light is easily diffracted
as it passes through the transparent region TW of the pixel
region PE. Moreover, in order to suppress the diffraction of
light more effectively, the pixel region PE may have a seg-
ment in which the width dt of the transparent region TW is
larger than the width ds of the opaque region (made up of
regions SP1, SP2, SP3. and LP).

[0075] Further, if the overall area of the transparent region
TW is too small, that is, if the ratio of the area occupied by the
transparent region TW to the entire area of the pixel region PE
is less than 25%, the amount of light passing through the
organic light emitting diode display 101 decreases, such that
an object or image located on the opposite side of the organic
light emitting diode display 101 may not be viewed effec-
tively. On the other hand, if the area of the transparent region
TW is too large, that is, if the ratio of the area occupied by the
transparent region TW to the entire area of the pixel region PE
is greater than 80%, the area of the opaque region including
the sub-pixel regions SP1, SP2, and SP3 and the line region
LP becomes narrower, and the organic light emitting diode 70
may not have a sufficient size. Therefore, the quality of the
image displayed by the organic light emitting diode display
101 may be severely degraded.

[0076] Hereinafter, the internal structure of the organic
light emitting diode display 101 will be described in detail
with reference to FIGS. 2 and 3. Although FIGS. 2 and 3
illustrate an active matrix (AM) organic light emitting diode
display 101 having a 2Tr-1Cap structure in which one pixel
includes two thin film transistors 10 and 20 and one capacitor
80, the first exemplary embodiment is not limited thereto. As
non-limiting examples, one pixel of the organic light emitting
diode display 101 may have three or more thin film transistors
and two or more capacitors, and may have various structures
by further including additional wires. As used herein, the term
“pixel” refers to the smallest unit used in displaying an image.
A pixel is disposed in each of pixel regions such that the
organic light emitting diode display 101 displays an image
through a plurality of pixels.

[0077] As shown in FIGS. 2 and 3, a switching thin film
transistor 10, a driving thin film transistor 20, a capacitor 80,
and an organic light emitting diode 70 are formed for each
pixel on the substrate main body 111. A component that
includes the switching thin film transistor 10, the driving thin
film transistor 20, and the capacitor 80 is referred to as a
“driving circuit DC” A buffer layer 120 may be further
formed between the substrate main body 111 and the driving
circuit DC and organic light emitting diode 70. The buffer
layer 120 may have a single-layer structure of silicon nitride
(SiN,) or a dual-layer structure of silicon nitride (SiN,) and
silicon oxide (Si0,). The buffer layer 120 may prevent the
penetration of undesired elements, such as impurity atoms or
moisture, and provides a planarized surface. However, the
buffer layer 120 is not necessarily required, and may be
omitted according to the type and process conditions of the
substrate main body 111.

[0078] Moreover, a gate line 151 arranged along one direc-
tion, a data line 171 insulated from and crossing the gate line
151, and a common power line 172 are further formed on the
substrate main body 111.

Jun. 23,2011

[0079] A single pixel may be defined by the gate line 151,
the data line 171, and the common power line 172 as bound-
aries, but the exemplary embodiment is not necessarily lim-
ited thereto.

[0080] The organic light emitting diode 70 includes a first
electrode 710, an organic emission layer 720 formed on the
first electrode 710, and a second electrode 730 formed on the
organic emission layer 720. Holes and electrons are injected
into the organic emission layer 720 from the first electrode
710 and the second electrode 730, respectively. When exci-
tons formed by the recombination of the injected holes and
electrons drop from an excited state to a ground state, light is
emitted.

[0081] The capacitor 80 includes a pair of capacitor plates
158 and 178 disposed with an interlayer insulating layer 160,
which is a dielectric material, interposed therebetween. The
storage capacity of the capacitor 80 is determined by the
electric charges stored in the capacitor 80 and the voltage
between the capacitor plates 158 and 178.

[0082] The switching thin film transistor 10 includes a
switching semiconductor layer 131, a switching gate elec-
trode 152, a switching source electrode 173, and a switching
drain electrode 174. The driving thin film transistor 20
includes a driving semiconductor layer 132, a driving gate
electrode 155, a driving source electrode 176, and a driving
drain electrode 177.

[0083] The switching thin film transistor 10 is used as a
switching element to select a pixel to emit light. The switch-
ing gate electrode 152 is connected to the gate line 151. The
switching source electrode 173 is connected to the data line
171. The switching drain electrode 174 is spaced apart from
the switching source electrode 173 and connected to one of
the capacitor plates 158.

[0084] The driving thin film transistor 20 applies a driving
power to the pixel electrode 710 to emit light from the organic
emission layer 720 of the organic light emitting diode 300 in
the selected pixel. The driving gate electrode 155 is connected
to the capacitor plate 158 connected to the switching drain
electrode 174. The driving source electrode 176 and the other
capacitor plate 178 are connected to the common power line
172. The drain electrode 177 is connected to the pixel elec-
trode 710 of the organic light emitting diode 70 via contact
holes.

[0085] With the above-described structure, the switching
thin film transistor 10 is driven by a gate voltage applied to the
gate line 151, and supplies a data voltage applied to the data
line 171 to the driving thin film transistor 20. A voltage
corresponding to the difference between the common volt-
age, whichis supplied from the common power line 172 to the
driving thin film transistor 20, and the data voltage, which is
supplied from the switching thin film transistor 10, is stored in
the capacitor 80. A current corresponding to the voltage
stored in the capacitor 80 flows into the organic light emitting
diode 70 through the driving thin film transistor 20 to cause
the organic light emitting diode 70 to emit light.

[0086] An encapsulation member 210 is disposed on the
organic light emitting diode 70. The encapsulation member
210 is bonded to the substrate main body 111 by a sealant (not
shown) to seal the internal space thereof, and protects the
organic light emitting diode 70 and the thin film transistors 10
and 20. In the first exemplary embodiment, the encapsulating
member 210 may be a transparent insulating substrate, such
as a glass substrate or a plastic substrate. However, the first
exemplary embodiment is not limited thereto. Therefore, a
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transparent encapsulation thin film including a plurality of
protective films that are sequentially laminated may be
formed.

[0087] Moreover, the structure of the thin film transistors
10 and 20 and the organic light emitting diode 70 is not
limited to the structure shown in FIGS. 2 and 3. That is, the
structure of the thin film transistors 10 and 20 and the organic
light emitting diode 70 may be modified within the scope in
which a person skilled in the art may easily implement the
exemplary embodiment. Moreover, it is to be understood that
the structures described in FIGS. 2 and 3 or other structures of
the thin film transistors 10 and 20 and the organic light emit-
ting diode 70 may be used with any embodiment of an organic
light emitting diode display, including of the exemplary
embodiments described herein.

[0088] Hereinafter, an organic light emitting diode display
102 according to another exemplary embodiment will be
described with reference to FIG. 4 and compared with the
organic light emitting diode display 101 according to the FIG.
1.

[0089] The organic light emitting diode display 102
according to the exemplary embodiment of FIG. 4 includes a
first sub-pixel region SP1, a second sub-pixel region SP2
arranged adjacent to one side of the first sub-pixel region SP1,
and a third sub-pixel region SP3 arranged adjacent to another
side of the first sub-pixel region SP1. Here, the two sides of
the first sub-pixel region SP1 are perpendicular to each other.
Each of the plurality of sub-pixel regions SP1, SP2, and SP3
is formed in arectangular shape. Specifically, one long side of
the second sub-pixel region SP2 faces one long side of the first
sub-pixel region SP1, and one short side of the third sub-pixel
region SP3 faces one short side of the first sub-pixel region
SP1. Moreover, the second sub-pixel region SP2 and the third
sub-pixel region SP3 each have a pair of sides that face the
transparent region TW and are perpendicular to each other.
Therefore, the transparent region TW includes a stepwise
shape.

[0090] Further, like the exemplary embodiment of FIG. 1,
the transparent region TW includes a transparent square space
RS. Thetransparent square space RS has an areathat is at least
15% of the entire area of a pixel region PE.

[0091] In the exemplary embodiment of FIG. 1 described
earlier, the entire transparent region TW is formed overall in
a rectangular shape. Therefore, even if the transparent region
TW includes a transparent square space RS, deviations in
light diffraction depending on the axis direction may occur to
some degree.

[0092] On the other hand, in the exemplary embodiment of
FIG. 4, in addition to the transparent square space RS, the
transparent region TW has auxiliary transparent spaces ST1
and ST2, respectively, which extend in x-axis and y-axis
directions from the transparent square space RS. With the
above-described structure according to the exemplary
embodiment of FIG. 4, even if a part of light passing through
the transparent region TW is diffracted, though weakly, while
light diffraction is suppressed overall, this diffraction occurs
similarly in the x-axis and y-axis directions, thereby further
minimizing deviations in diffraction between the two direc-
tions.

[0093] The pixel region PE has a segment in which a width
dt of the transparent region TW is larger than the width ds of
an opaque region (made up of regions SP1, SP2, SP3, and
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LP). The ratio of the area of the transparent region TW to the
entire area of the pixel region PE falls in the range of 25% to
80%.

[0094] With the above-described configuration, the organic
light emitting diode display 102 according to FIG. 4 can
effectively suppress the diffraction of light passing through
the organic light emitting diode display and further reduce
deviations in diffraction.

[0095] Hereinafter, an organic light emitting diode display
103 according to another exemplary embodiment will be
described with reference to FIG. 5.

[0096] The organic light emitting diode display 103
according to the exemplary embodiment of FIG. 5 includes a
first sub-pixel region SP1, a second sub-pixel region SP2
arranged adjacent to one side of the first sub-pixel region SP1,
and a third sub-pixel region SP3 arranged adjacent to another
side of the first sub-pixel region SP1. Here, the two sides of
the first sub-pixel region SP1 are perpendicular to each other.
All ofthe plurality of sub-pixel regions SP1, SP2, and SP3 are
formed in a square shape. Moreover, the second sub-pixel
region SP2 and the third sub-pixel region SP3 each have a pair
of sides that face the transparent region TW and are perpen-
dicular to each other. Therefore, the transparent region TW
includes a stepwise shape.

[0097] Further, like the exemplary embodiment of FIG. 1,
the transparent region TW includes a transparent square space
RS that has an area that is at least 15% of the entire area of a
pixel region PE.

[0098] In the exemplary embodiment of FIG. 5, the plural-
ity of sub-pixel regions SP1, SP2, and SP3 are formed in a
square shape. Thus, in addition to the transparent square
space RS, the transparent region TW has auxiliary transparent
spaces ST1 and ST2 that respectively extend in x-axis and
y-axis directions from the transparent square space RS and
have a similar area. Therefore, diffractions arising in the
x-axis and y-axis directions occur in a more similar fashion,
thereby almost eliminating deviations in diffraction between
the two directions.

[0099] The pixel region PE has a segment in which the
width dt of the transparent region TW is larger than the width
ds of an opaque region (made up of regions SP1, SP2, SP3,
and LP). The ratio of the area of the transparent region TW to
the entire area of the pixel region PE falls in the range of 25%
to 80%.

[0100] With the above-described configuration, the organic
light emitting diode display 103 according to the exemplary
embodiment of FIG. 5 can effectively suppress the diffraction
of light passing through the organic light emitting diode dis-
play 103 and further reduce deviations in diffraction.

[0101] Hereinafter, an organic light emitting diode display
104 according to another exemplary embodiment will be
described with reference to FIG. 6.

[0102] The organic light emitting diode display 104
according to the f exemplary embodiment of FIG. 6 includes
a first sub-pixel region SP1, a second sub-pixel region SP2
arranged adjacent to one side of the first sub-pixel region SP1,
and a third sub-pixel region SP3 arranged adjacent to another
side of the first sub-pixel region SP1. Here, two sides of the
first sub-pixel region SP1 are perpendicular to each other. The
first sub-pixel regions SP1 is formed in a square shape, and
the second sub-pixel SP2 and the third sub-pixel region SP3
are formed in a rectangular shape. Specifically, one short side
of the second sub-pixel region SP2 and one short side of the
third sub-pixel region SP3 face the first sub-pixel region SP1.
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The one short side of the second sub-pixel region SP2 and the
one short side of the third sub-pixel region SP3 are shorter
than corresponding side of the first sub-pixel region SP1. One
long side of the second sub-pixel region SP2 and one long
side of the third sub-pixel region SP3 face the transparent
region TW.

[0103] Further, like the exemplary embodiment of FIG. 1,
the transparent region TW includes a transparent square space
RS that has an area that is at least 15% of the entire area of a
pixel region PE.

[0104] Moreover, in the exemplary embodiment of FIG. 6
as well, in addition to the transparent square space RS, the
transparent region TW has auxiliary transparent spaces ST1
and ST?2 that respectively extend in x-axis and y-axis direc-
tions from the transparent square space RS and have a similar
area. Also, the transparent square space RS occupies most of
the transparent region TW. Therefore, diffractions occur
almost equally in the x-axis and y-axis directions, thereby
almost eliminating deviations in diffraction between the two
directions.

[0105] The pixel region PE has a segment in which the
width dt of the transparent region TW is larger than the width
ds of an opaque region (made up of SP1, SP2, SP3, and LP).
The ratio of the area of the transparent region TW to the entire
area of the pixel region PE falls in the range of 25% to 80%.
[0106] With the above-described configuration, the organic
light emitting diode display 104 according to the exemplary
embodiment of FIG. 6 can effectively suppress the diffraction
of light passing through the organic light emitting diode dis-
play 104 and further reduce deviations in diffraction.

[0107] In addition, the transparent square space RS of the
transparent region TW can be formed to be relatively large,
thus further suppressing light diffraction.

[0108] Hereinafter, an organic light emitting diode display
105 according to another exemplary embodiment will be
described with reference to FIG. 7.

[0109] The organic light emitting diode display 105
according to the exemplary embodiment of FIG. 7 includes a
first sub-pixel region SP1, a second sub-pixel region SP2
arranged adjacent to one side of the first sub-pixel region SP1,
and a third sub-pixel region SP3 arranged adjacent to another
side of the first sub-pixel region SP1. Here, the first sub-pixel
region SP1 has a rectangular shape, with the longest side
extending in a direction that is perpendicular to the side that is
adjacent to the second sub-pixel region SP2. While the plu-
rality of sub-pixel regions SP1, SP2, and SP3 are formed in a
rectangular shape, the second sub-pixel region SP2 extends in
the same lengthwise direction as the first sub-pixel region SP1
and the third sub-pixel region SP3 extends in the lengthwise
direction perpendicular to the first sub-pixel region SP1. Spe-
cifically, one short side of the second sub-pixel region SP2
faces one short side of the first sub-pixel region SP1, and one
short side of the third sub-pixel region SP3 faces one long side
of the first sub-pixel region SP1. One long side of the second
sub-pixel region SP2, one long side of the third sub-pixel
region SP3, and a part of the one long side of the first sub-pixel
region SP1 face the transparent region TW. Therefore, the
transparent region TW may be formed in a rectangular or
square shape. The shape of the transparent region TW accord-
ing to the exemplary embodiment of FIG. 7 is closer to a
square rather than the rectangular shape of the transparent
region TW according to the exemplary embodiment of FIG. 1.
[0110] Further, like the exemplary embodiment of FIG. 1,
the transparent region TW includes a transparent square space
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RS that has an area that is at least 15% of the entire area of a
pixel region PE. Specifically, in the exemplary embodiment
of FIG. 7, the transparent square space RS of the transparent
region TW is substantially equivalent to the entire transparent
region TW. That is, in the exemplary embodiment of FIG. 7,
the transparent square space RS can be made the largest as
compared to the foregoing exemplary embodiments.

[0111] The pixel region PE has a segment in which the
width dt of the transparent region TW is larger than the width
ds of an opaque region (made up of regions SP1, SP2, SP3,
and LP). The ratio of the area of the transparent region TW to
the entire area of the pixel region PE falls in the range of 25%
to 80%.

[0112] With the above-described configuration, the organic
light emitting diode display 105 according to the exemplary
embodiment of FIG. 7 can most effectively suppress the
diffraction of light passing through the organic light emitting
diode display 105 and further reduce deviations in diffraction
depending on an axis direction

[0113] Hereinafter, experimental results according to the
exemplary embodiments will be described with reference to
FIGS. 8 to 17. In each exemplary embodiment, deviations in
diffraction are measured by the distortion of an image using a
white light source for a concentric circle pattern, which is
disposed at intervals of 1 meter behind each of the organic
light emitting diode displays 101, 102, 103, 104, 105, which
have the transparent region TW.

[0114] FIGS. 8 and 9 are graphs showing the positions of
occurrences of a pattern caused by light diffraction in the
exemplary embodiment of FIG. 1. FIG. 8 is a graph showing
diffraction along the x-axis direction, and FI1G. 9 is a graph
showing diffraction along the y-axis direction.

[0115] In the organic light emitting diode display 101
according to the exemplary embodiment of FIG. 1, a trans-
parent region TW is formed in a rectangular shape that is
longitudinally formed in the x-axis direction.

[0116] AsshowninFIGS.8and9, it can be seen that almost
no light diffraction occurs in the x-axis direction but occurs
more or less in the y-axis direction only. It can be seen that,
overall, very little light diffraction occurs.

[0117] FIGS. 10 and 11 are graphs showing light diffrac-
tion in the organic light emitting diode display 102 according
to the exemplary embodiment of FIG. 4. FIG. 10 is a graph
showing diffraction along the x-axis direction, and FIG. 11 is
a graph showing diffraction along the y-axis direction.
[0118] In the organic light emitting diode display 102
according to the exemplary embodiment of FIG. 4, a trans-
parent region TW is formed in a stepwise shape. That is, the
transparent region TW has portions that are longitudinally
formed in the x-axis and y-axis directions, respectively, with
respect to a given transparent square space RS. However, the
two portions have different areas from each other.

[0119] As shown in FIGS. 10 and 11, it can be seen that
light is more or less diffracted similarly in the x-axis direction
and the y-axis direction. Moreover, it can be seen that diffrac-
tion distribution differs more or less according to the axis
direction. It can be seen that, overall, very little light diffrac-
tion occurs.

[0120] FIGS. 12 and 13 are graphs showing light diffrac-
tion in the organic light emitting diode display 103 according
to the exemplary embodiment of FIG. 5. FIG. 12 is a graph
showing diffraction along the x-axis direction, and FIG. 13 is
a graph showing diffraction along the y-axis direction.
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[0121] In the organic light emitting diode display 103
according to the exemplary embodiment of FIG. 5, a trans-
parent region TW is formed in a stepwise shape. That is, the
transparent region TW has portions that are longitudinally
formed in the x-axis and y-axis directions, respectively, with
respect to a given transparent square space RS. The two
portions have almost the same area.

[0122] As shown in FIGS. 12 and 13, it can be seen that
light is diffracted more or less equally in the x-axis direction
and the y-axis direction. Moreover, it can be seen that diffrac-
tion distribution along both axis directions is almost the same.
It can be seen that, overall, very little light diffraction occurs.
[0123] FIGS. 14 and 15 are graphs showing light diffrac-
tion in the organic light emitting diode display 104 according
to the exemplary embodiment of FIG. 6. FIG. 14 is a graph
showing diffraction along the x-axis direction, and FIG. 15 is
a graph showing diffraction along the y-axis direction.
[0124] In the organic light emitting diode display 102
according to the exemplary embodiment of FIG. 6, a given
transparent square space RS of a transparent region TW occu-
pies most of the transparent region TW.

[0125] As shown in FIGS. 14 and 15, it can be seen that
light is diffracted almost equally in the x-axis direction and in
the y-axis direction. Moreover, it can be seen that diffraction
distribution along both the axis directions is almost the same.
It can be seen that, overall, almost no light diffraction occurs.
[0126] FIGS. 16 and 17 are graphs showing light diffrac-
tion in the organic light emitting diode display 105 according
to the exemplary embodiment of FIG. 7. FIG. 16 is a graph
showing diffraction along the x-axis direction, and FIG. 17 is
a graph showing diffraction along the y-axis direction.
[0127] InExperimental Example 5, as shown above in FIG.
7, a transparent region TW and a given transparent square
space RS are formed almost equally.

[0128] AsshowninFIGS.16 and 17 it can be seen that light
1s more or less diffracted equally in the x-axis direction and in
the y-axis direction. Moreover, it can be seen that diffraction
distribution along both axis directions is almost the same. It
can be seen that, overall, the least light diffraction occurs.
[0129] From these experiment results, it can be concluded
that the organic light emitting diode displays 101, 102, 103,
104, and 105 can minimize the distortion of an image by
suppressing the diffraction of light passing through the
organic light emitting diode display.

[0130] Although a few embodiments of the present inven-
tion have been shown and described, it would be appreciated
by those skilled in the art that changes may be made in this
embodiment without departing from the principles and spirit
of the invention, the scope of which is defined in the claims
and their equivalents.

What is claimed is:

1. An organic light emitting diode display comprising:

a substrate main body having a plurality of pixel regions,
each pixel region including an opaque region and a
transparent region; and

organic light emitting diodes, thin film transistors, and
conductive lines that are formed in the opaque region of
the substrate main body,

wherein the transparent region includes a transparent
square space has an area that is at least 15% of the entire
area of the pixel region.
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2. The organic light emitting diode display of claim 1,
wherein the transparent region further comprises an auxiliary
transparent space extending in one or more directions from
the transparent square space.

3. The organic light emitting diode display of claim 1,
wherein the pixel region has a segment in which the width of
the transparent region is larger than the width of the opaque
region.

4. The organic light emitting diode display of claim 1,
wherein the ratio of the area of the transparent region to the
entire area of the pixel region falls in the range 0£25% to 80%.

5. The organic light emitting diode display of claim 1,
wherein the transparent region has an average overall trans-
mittance of light in the range of 15% to 90%.

6. The organic light emitting diode display of claim 5,
further comprising one or more transparent insulating films
formed in the transparent region.

7. The organic light emitting diode display of claim 6,
further comprising an opaque material formed in a part of the
transparent region.

8. The organic light emitting diode display of claim 1,
wherein the pixel region is formed in a square shape.

9. The organic light emitting diode display of claim 1,
wherein the opaque region comprises a plurality of sub-pixel
regions and a line region.

10. The organic light emitting diode display of claim 9,
wherein

the organic light emitting diodes and the thin film transis-

tors are formed in the plurality of sub-pixel regions, and
the conductive lines are formed in the line region.

11. The organic light emitting diode display of claim 10,
wherein the conductive lines comprise a gate line, a data line,
and a common power line.

12. The organic light emitting diode display of claim 9,
wherein at least some of the plurality of sub-pixel regions
have different areas from each other.

13. The organic light emitting diode display of claim 9,
wherein the plurality of sub-pixel regions comprise a first
sub-pixel region, a second sub-pixel region, and a third sub-
pixel region.

14. The organic light emitting diode display of claim 13,
wherein

the organic light emitting diode formed in the first sub-

pixel region emits red-based light,

the organic light emitting diode formed in the second sub-

pixel region emits green-based light, and

the organic light emitting diode formed in the third sub-

pixel region emits blue-based light.

15. The organic light emitting diode display of claim 13,
wherein

the transparent region is formed in a rectangular shape, and

the plurality of sub-pixel regions are arranged side by side

along the longest side in a lengthwise direction of the
transparent region.

16. The organic light emitting diode display of claim 13,
wherein

the second sub-pixel region is arranged adjacent to one side

of the first sub-pixel region, and

the third sub-pixel region is arranged adjacent to another

side of the first sub-pixel region that is perpendicular to
the one side of the first sub-pixel region that the second
sub-pixel region is adjacent to.
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17. The organic light emitting diode display of claim 16,
wherein the plurality of sub-pixel regions are formed in a
square shape.

18. The organic light emitting diode display of claim 17,
wherein the second sub-pixel region and the third sub-pixel
region each have a pair of sides that face the transparent
region and are perpendicular to each other.

19. The organic light emitting diode display of claim 16,
wherein the plurality of sub-pixel regions are formed in a
rectangular shape.

20. The organic light emitting diode display of claim 19,
wherein one long side of the second sub-pixel region faces
one long side of the first sub-pixel region, and one short side
of the third sub-pixel region faces one short side of the first
sub-pixel region,

wherein the second sub-pixel region and the third sub-pixel

region each have a pair of sides that face the transparent
region and are perpendicular to each other.

21. The organic light emitting diode display of claim 19,
wherein

one short side of the second sub-pixel region faces one

short side of the first sub-pixel region and one short side
of the third sub-pixel region faces one long side of the
first sub-pixel region, and
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one long side of the second sub-pixel region, one long side
of the third sub-pixel region, and a part of the one long
side of the first sub-pixel region face the transparent
region.

22. The organic light emitting diode display of claim 21,
wherein the transparent region is formed in a quadrangular
shape.

23. The organic light emitting diode display of claim 16,
wherein the first sub-pixel region is formed in a square shape,
and the second sub-pixel region and the third sub-pixel region
are formed in a rectangular shape.

24. The organic light emitting diode display of claim 23,
wherein

one short side of the second sub-pixel region and one short

side of the third sub-pixel face the first sub-pixel region,
and

one long side of the second sub-pixel region and one long

side of the third sub-pixel region face the transparent
region.

25. The organic light emitting diode display of claim 24,
wherein one short side of the second sub-pixel region and one
short side of the third sub-pixel are shorter than one side ofthe
first sub-pixel region.
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