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(57) ABSTRACT

An organic light emitting diode display includes a plurality of
transmission window areas arranged in a matrix form, a plu-
rality of green pixels arranged in a plurality of horizontal line
areas among the plurality of transmission window areas, and
aplurality of red pixels and a plurality of blue pixels arranged
in a plurality of vertical line areas among the plurality of
transmission window areas.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2015-0001317,
filed on Jan. 6, 2015, in the Korean Intellectual Property
Office, and entitled: “Organic Light Emitting Diode Display,”
is incorporated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] 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 display
device that displays an image by using an organic light emit-
ting diode emitting light. The light is emitted by energy gen-
erated when an exciton, generated when an electron and a
hole are coupled with each other in an organic emission layer
of the organic light emitting diode, falls down from an excited
state to a ground state.

[0006] The organic light emitting diode display may be
manufactured as a transparent organic light emitting diode
display in which an object, an image, or the like, which is
positioned at an opposite side of the display device, is viewed
through the display device. For example, the transparent
organic light emitting diode display may transmit the object
or the image which is positioned at an opposite side thereof
during a switch-off state, while displaying an image by the
light emitted from the organic light emitting diode during a
switch-on state.

SUMMARY

[0007] Embodiments provide a transparent organic light
emitting diode display exhibiting good transmittance and
light emission aperture ratio.

[0008] An exemplary embodiment provides an organic
light emitting diode display including a plurality of transmis-
sion window areas arranged in a matrix form, a plurality of
green pixels arranged in a plurality of horizontal line areas
among the plurality of transmission window areas, and a
plurality of red pixels and a plurality of blue pixels arranged
in a plurality of vertical line areas among the plurality of
transmission window areas.

[0009] The plurality of transmission window areas may be
formed in a quadrangular shape and has an area ratio of 45%
Or more on a screen.

[0010] The plurality of green pixels may be arranged
according to a column of the plurality of transmission win-
dow areas.

[0011] The plurality of red pixels and the plurality of blue
pixels may be alternately arranged according to a row of the
plurality of transmission window areas.

[0012] Thered pixels and the blue pixels may be alternately
arranged in the row of the plurality of transmission window
areas.

[0013] Sizes of areas of one green pixel, one red pixel, and
one blue pixel may be different from each other.

[0014] Sizes of areas of one red pixel and one blue pixel
may be the same as each other.
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[0015] A sizeofthe area of one green pixel may be V2 of the
area of one red pixel or one blue pixel.

[0016] The plurality of green pixels may have a rectangular
shapehaving a long side in the horizontal direction and a short
side in the vertical direction.

[0017] The plurality of red pixels and the plurality of blue
pixels may have a rectangular shape having a short side in the
horizontal direction and a long side in the vertical direction.
[0018] Theorganic light emitting diode display may further
include a plurality of gate lines disposed in the plurality of
horizontal line areas.

[0019] Theorganic light emitting diode display may further
include a plurality of data lines disposed in the plurality of
vertical line areas.

[0020] Theorganic light emitting diode display may further
include a plurality of power lines disposed in the plurality of
vertical line areas.

[0021] The plurality of red pixels and the plurality of blue
pixels may include light emitting elements, respectively, and
the plurality of data lines and the plurality of power lines may
be disposed below the light emitting element of each of the
plurality of red pixels and the plurality of blue pixels.
[0022] Each of the plurality of green pixels may include a
light emitting element, and the plurality of gate lines is dis-
posed below the light emitting element of each of the plurality
of green pixels.

[0023] The plurality of green pixels, the plurality of red
pixels, and the plurality of blue pixels may have an area ratio
of approximately 25%.

[0024] Transmittance of the plurality of transmission win-
dow areas may be 30% or more.

[0025] The plurality of transmission window areas may
include an empty space configured by a first substrate and an
encapsulation member facing each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Features will become apparent to those of ordinary
skill in the art by describing in detail exemplary embodiments
with reference to the attached drawings, in which:

[0027] FIG. 1 illustrates a layout view of an organic light
emitting diode display device according to an exemplary
embodiment.

[0028] FIG. 2 illustrates an enlarged layout view of region
Tof FIG. 1.
[0029] FIG. 3 illustrates a cross-sectional view of FIG. 2

taken along line TII-111.
[0030] FIG. 4 illustrates a plan view exemplifying sizes of
a transmission window area and a pixel area in an actual
30-inch UHD monitor.

DETAILED DESCRIPTION

[0031] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0032] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. Like
reference numerals refer to like elements throughout. Further,
since like reference numerals designate like elements having
the same configuration, a first exemplary embodiment is rep-
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resentatively described, and in other exemplary embodi-
ments, only a configuration different from the first exemplary
embodiment will be described. Accordingly, the drawings
and description are to be regarded as illustrative in nature and
not restrictive.

[0033] It will also be understood that when an element is
referred to as being “on” another element or substrate, it can
be directly on the other element or substrate, or intervening
elements may also be present. In addition, it will also be
understood that when an element is referred to as being
“between” two elements, it can be the only element between
the two elements, or one or more intervening elements may
also be present. Further, throughout this specification and the
claims that follow, when it is described that an element is
“coupled” to another element, the element may be “directly
coupled” to the other element or “electrically coupled” to the
other element through a third element. In addition, unless
explicitly described to the contrary, the word “comprise” and
variations such as “comprises” or “comprising,” will be
understood to imply the inclusion of stated elements but not
the exclusion of any other elements.

[0034] Hereinafter, an organic light emitting diode display
according to an exemplary embodiment will be described
with reference to FIGS. 110 3.

[0035] FIG. 1is a layout view illustrating an organic light
emitting diode display device according to an exemplary
embodiment. FIG. 2 is an enlarged layout view illustrating
region II of FIG. 1, and FIG. 3 is a cross-sectional view of
FIG. 2 along line

[0036] Referring to FIGS. 1to 3, an organic light emitting
diode display 100 may include a plurality of transmission
window areas TW, and a line area LP in which a plurality of
pixels is disposed.

[0037] Each of the plurality of transmission window areas
TW may have a quadrangular shape. Here, the quadrangular
shape does not necessarily mean an exact quadrangular shape
of which edges are perpendicular to each other, but means that
the overall shape is a square or a rectangle. The plurality of
transmission window areas TW may be arranged at regular
intervals in a first direction, e.g., a horizontal direction along
the x-axis, and a second direction, e.g., a vertical direction
along a y-axis. That is, the plurality of transmission window
areas TW may be arranged in a matrix form.

[0038] The transmission window area TW has an area ratio
of about 45% or more with respect to its corresponding pixel
unit. For example, in a pixel unit including one transmission
window area TW and two pixels, e.g., a green pixel G and a
red pixel R, an area of the transmission window area TW is
about 45% or more of an area of the entire pixel unit. When
transmittance of the transmission window area TW is about
70%, the transmittance of the organic light emitting diode
display 100 is about 30% or more.

[0039] A plurality of pixels is arranged in the line area LP
among the plurality of transmission window areas TW. The
plurality of pixels includes a green pixel G, a red pixel R, and
ablue pixel B. The green pixel G emits green-based light, the
red pixel R emits red-based light, and the blue pixel B emits
blue-based light. The line area LP is divided into a plurality of
horizontal line areas LPx and a plurality of vertical line areas
LPy among the plurality of transmission window areas TW
which is arranged in a matrix form. For example, one vertical
line area LPy may be positioned between two transmission
window areas TW adjacent to each other along the first direc-
tion. e.g., along the x-axis.
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[0040] 1In the horizontal line area LPx, a plurality of green
pixels G is arranged according to a column of the transmis-
sion window area TW. Accordingly, a repeating, sequential
arrangement order of a transmission window area TW, a
green pixel G, a transmission window area TW, and a green
pixel G is repeated in the vertical direction. The green pixel G
may be formed in a rectangular shape having a long side in the
horizontal direction and a short side in the vertical direction.

[0041] In the vertical line area LPy, the plurality of red
pixels R and the plurality of blue pixels B are alternately
arranged according to a row of the transmission window area
TW. In this case, in the row of the transmission window area
TW, the red pixels R and the blue pixels B are alternately
arranged. Accordingly, a repeating, sequential arrangement
order of a transmission window area TW, a red pixel R, a
transmission window area TW, and a blue pixel B is repeated
in the horizontal direction. The red pixel R and the blue pixel
B may be formed in a rectangular shape having a short side in
the horizontal direction and a long side in the vertical direc-
tion.

[0042] Sizes of areas of the green pixel G, the red pixel R,
and blue pixel B may be different from each other. The sizes
of the areas of the red pixel R and the blue pixel B may be the
same as each other, and the size of the area of the green pixel
G may be about ¥ of the area of the red pixel R or the blue
pixel B. The green pixel G, the red pixel R, and the blue pixel
B may have an area ratio of approximately 25%. That is, the
light emission aperture ratio of the organic light emitting
diode display 100 is approximately 25%.

[0043] In each horizontal line area LPx, one of the gate
lines Si and Si+1 is disposed.

[0044] The adjacent green pixel G, red pixel R, and blue
pixel B are connected to each other in, e.g., through, the gate
lines Si and Si+1. In each vertical line area LPy, data lines Dj
to Dj+3 and power lines Pk and Pk+1 are arranged. In one
vertical line area Py, the data lines Dj and Dj+2 connected to
the green pixel G, and the data lines Dj+1 and Dj+3 connected
to the red pixel R and the blue pixel B may be arranged. The
adjacent green pixel G, red pixel R, and blue pixel B are
connected to each other in, e.g., through, the power lines Pk
and Pk+1.

[0045] Here, in order to clearly describe a connection rela-
tionship among the gate lines Si and Si+1, the data lines Dj to
Dj+3, the power lines Pk and Pk+1, and the plurality of pixels,
the areas of the green pixel G, the red pixel R, and the blue
pixel B and the lines do not overlap with each other. However,
as described below in FIGS. 2 and 3, the data line and the
power line may be disposed below organic light emitting
diodes 70 of the red pixel R and the blue pixel B. Further, the
gate line may be disposed below the organic light emitting
diode 70 of the green pixel G.

[0046] Hereinafter, a pixel structure of the organic light
emitting diode display 100 will be described in detail with
reference to FIGS. 2 and 3.

[0047] InFIGS. 2 and 3, a structure in which two thin film
transistors 10 and 20 and one capacitor 80 are included in one
pixel is exemplified, but the organic light emitting diode
display 100 according to embodiments is not limited thereto.
For example, the pixel of the organic light emitting diode
display 100 according to embodiments may include three or
more thin film transistors and two or more capacitors, and as
a result, may have various structures in which a separate
wiring is further formed.
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[0048] Referring to FIGS. 2-3, on a first substrate 111, a
switching transistor 10, a driving transistor 20, a capacitor 80,
and an organic light emitting diode 70 are disposed. The first
substrate 111 may be made of a transparent insulating mate-
rial, e.g., glass, quartz, ceramic, transparent plastic, or the
like. The first substrate 111 may be formed as a transparent
flexible substrate.

[0049] A buffer layer 120 may be positioned on the first
substrate 111. The buffer layer 120 serves to planarize a
surface while preventing an unnecessary component, €.g.,
impurities or moisture, from permeating. The buffer layer 120
may be formed in a single layer of silicon nitride (SiN,) or a
double-layer structure in which silicon nitride (SiN,) and
silicon oxide (Si0,) are laminated. The buffer layer 120 is not
a necessarily required configuration and may be omitted
according to a kind of first substrate 111 and a process con-
dition.

[0050] On the first substrate 111, a gate line 151 disposed in
a first direction, and a data line 171 and a power line 172
which are insulated from the gate line 151 to cross each other
are disposed. The data line 171 and the power line 172 are
disposed below the organic light emitting diode 70, as illus-
trated in FIG. 3. The gate line 151 may be disposed on the
same layer, i.e., at a same height level with respect to the first
substrate 111, as a driving gate electrode 155 of the driving
transistor 20. In the case of the green pixel G, the gate line 151
may be disposed below the organic light emitting diode 70.
[0051] 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. The first electrode 710 is formed
in a rectangular shape corresponding to a light emission area
of the pixel. An upper insulating layer 190 exposing the first
electrode 710 is disposed around the first electrode 710. The
organic emission layer 720 is formed on a portion of the first
electrode 710 exposed by the upper insulating layer 190. The
second electrode 730 is formed on the upper insulating layer
190 and the organic emission layer 720. Holes and electrons
are injected into the organic emission laver 720 from the first
electrode 710 and the second electrode 730, respectively.
When an exciton formed by coupling the injected holes and
electrons with each other falls down from an excited state to
a ground state, light is emitted.

[0052] The capacitor 80 includes a pair of capacitor plates
158 and 178 disposed with an interlayer insulating layer 160
therebetween. The interlayer insulating layer 160 becomes a
dielectric material of the capacitor 80.

[0053] The switching transistor 10 includes a switching
semiconductor layer 131, a switching gate electrode 152, a
switching source electrode 173, and a switching drain elec-
trode 174. The switching transistor 10 is used as a switching
element selecting a pixel to emit light. The switching 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 switch-
ing source electrode 173 and connected to the capacitor plate
158.

[0054] The driving transistor 20 includes a driving semi-
conductor layer 132, the driving gate electrode 155, a driving
source electrode 176, and a driving drain electrode 177. The
driving transistor 20 applies driving power for emitting light
of the organic emission layer 720 of the organic light emitting
diode 70 in the selected pixel, to the first electrode 710. The
driving gate electrode 155 is connected with the capacitor
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plate 158 which is connected with the switching drain elec-
trode 174. The driving source electrode 176 and the other
capacitor plate 178 are connected with the power line 172,
respectively. The driving drain electrode 177 is connected
with the first electrode 710 of the organic light emitting diode
70 through a contact hole.

[0055] The switching transistor 10 serves to operate by the
gate voltage applied to the gate line 151 to transfer a data
voltage applied to the data line 171 to the driving transistor
20. A voltage which corresponds to a difference between the
power voltage applied to the driving transistor 20 from the
power line 172 and the data voltage transferred from the
switching transistor 10 is stored in the capacitor 80, and a
current corresponding to the voltage stored in the capacitor 80
flows to the organic light emitting diode 70 through the driv-
ing transistor 20 and the organic light emitting diode 70 emits
the light. The organic light emitting diode 70 may be a top
emission structure in which light is emitted in an upper direc-
tion.

[0056] A transparent encapsulation member 210 is dis-
posed on the organic light emitting diode 70. The encapsula-
tion member 210 is assembled with the first substrate 111 by
a sealant (not illustrated) to seal an internal space. and pro-
tects the organic light emitting diode 70 and the thin film
transistors 10 and 20. The encapsulation member 210 may be
a transparent insulating substrate, e.g., a glass substrate or a
plastic substrate. Alternatively, the encapsulation member
210 may be a transparent encapsulation thin film including a
plurality of passivation layers which is sequentially lami-
nated.

[0057] As further illustrated in FIG. 3, the transmission
window area TW is formed through the upper insulating layer
190 between the first substrate 111 and the transparent encap-
sulation member 210, e.g., the transmission window area TW
may extend through an entire thickness between the first
substrate 111 and the transparent encapsulation member 210.
The transmission window area TW may include an empty
space configured by the first substrate 111 and the encapsu-
lation member 210 facing the first substrate 111. The trans-
mission window area TW may be defined by the upper insu-
lating layer 190. That is, the plurality of transmission window
areas TW having a quadrangular shape which is arranged in a
matrix form may be formed by, e.g., through, the upper insu-
lating layer 190.

[0058] FIG. 4 is a plan view exemplifying sizes of the
transmission window area TW and a pixel area in an actual
30-inch UHD monitor.

[0059] Referring to FIG. 4, the transmission window area
TW has a size of a width of 117 pm and a length of 116.5 pum,
the green pixel G has a size of a width of 67 pm and a length
of 37.5 um, and the red pixel R or the blue pixel B has a size
of a width of 37 um and a length of 134 um. A distance
between the transmission window area TW and each of the
green pixel G or the red pixel R is 10 pm.

[0060] A unitarea of a quadrangle configured by one trans-
mission window areca TW, one green pixel G, and one red
pixel R (or one blue pixel B) has a size of a width of 174 pm
and a length of 174 um. In the unit area, an area occupied by
the transmission window area TW is approximately 45%. In
the unit area, a combined area occupied by the green pixel G
and the red pixel R is approximately 25%.

[0061] By way of summation and review, a unit pixel of a
transparent organic light emitting diode display is divided
into a transmission area and a light emission area. In this case,
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for a good transmission characteristic, transmittance needs to
be 30% or more in the unit pixel. However, a conventional
transparent organic light emitting diode display may include
a low-reflective film, a multi-layered transparent layer, or the
like, thereby reducing the transmittance of the transmission
area to 70% or less. Accordingly, in a unit pixel, an area of the
transmission area needs to be at least 45%. In addition, the
remaining area needs to include the organic light emitting
diode, in which case, the light emission aperture ratio is
greatly reduced.

[0062] Accordingly, in the organic light emitting diode dis-
play 100 according to example embodiments, the plurality of
transmission window areas TW occupies an area of approxi-
mately 45% of the screen, and the plurality of pixels may
occupy an area of approximately 25% ofthe screen. When the
transmittance of the transmission window area TW is
approximately 70%, the organic light emitting diode display
100 may have transmittance of 30% or more. Further, the
organic light emitting diode display 100 may have a light
emission aperture ratio of approximately 25%. The organic
light emitting diode display 100 may ensure good transmit-
tance and light emission aperture ratio.

[0063] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. Accordingly, it will be
understood by those of skill in the art that various changes in
form and details may be made without departing from the
spirit and scope of the present invention as set forth in the
following claims.

What is claimed is:

1. An organic light emitting diode display, comprising:

a plurality of transmission window areas arranged in a
matrix form;

a plurality of green pixels arranged in a plurality of hori-
zontal line areas among the plurality of transmission
window areas; and

a plurality of red pixels and a plurality of blue pixels
arranged in a plurality of vertical line areas among the
plurality of transmission window areas.

2. The organic light emitting diode display as claimed in
claim 1, wherein each of the plurality of transmission window
areas is quadrangular and has an area of about 45% or more of
its corresponding unit pixel.

3. The organic light emitting diode display as claimed in
claim 1, wherein the plurality of green pixels is alternately
arranged with the plurality of transmission window areas in
columns.

4. The organic light emitting diode display as claimed in
claim 3, wherein the plurality of red pixels and the plurality of
blue pixels are alternately arranged with the plurality of trans-
mission window areas in rows.
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5. The organic light emitting diode display as claimed in
claim 4, wherein the red pixels and the blue pixels are alter-
nately arranged in the rows of the plurality of transmission
window areas.

6. The organic light emitting diode display as claimed in
claim 5, wherein sizes of areas of one green pixel, one red
pixel, and one blue pixel are different from each other.

7. The organic light emitting diode display as claimed in
claim 5, wherein sizes of areas of one red pixel and one blue
pixel are the same.

8. The organic light emitting diode display as claimed in
claim 7, wherein a size of the area of one green pixel is %5 of
the area of one red pixel or one blue pixel.

9. The organic light emitting diode display as claimed in
claim 5, wherein the plurality of green pixels has a rectangular
shapehaving a long side in the horizontal direction and a short
side in the vertical direction.

10. The organic light emitting diode display as claimed in
claim 9, wherein the plurality of red pixels and the plurality of
blue pixels have a rectangular shape having a short side in the
horizontal direction and a long side in the vertical direction.

11. The organic light emitting diode display as claimed in
claim 10, further comprising a plurality of gate lines disposed
in the plurality of horizontal line areas.

12. The organic light emitting diode display as claimed in
claim 11, further comprising a plurality of data lines disposed
in the plurality of vertical line areas.

13. The organic light emitting diode display as claimed in
claim 12, further comprising a plurality of power lines dis-
posed in the plurality of vertical line areas.

14. The organic light emitting diode display as claimed in
claim 13, wherein:

the plurality of red pixels and the plurality of blue pixels

include light emitting elements, respectively, and

the plurality of data lines and the plurality of power lines

are disposed below the light emitting element of each of
the plurality of red pixels and the plurality of blue pixels.

15. The organic light emitting diode display as claimed in
claim 11, wherein each of the plurality of green pixels
includes a light emitting element, and the plurality of gate
lines is disposed below the light emitting element of each of
the plurality of green pixels.

16. The organic light emitting diode display as claimed in
claim 5, wherein the plurality of green pixels, the plurality of
red pixels, and the plurality of blue pixels have an area ratio of
approximately 25%.

17. The organic light emitting diode display as claimed in
claim 16, wherein transmittance of the plurality of transmis-
sion window areas is 30% or more.

18. The organic light emitting diode display as claimed in
claim 17, wherein the plurality of transmission window areas
includes an empty space configured by a first substrate and an
encapsulation member facing each other.
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