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(57) ABSTRACT

An organic light-emitting diode (OLED) display is disclosed.
In one aspect, the OLED display includes a plurality of pixels
arranged in a first direction and a second direction. Each of the
pixels includes a first sub-pixel having a substantially isosce-
les triangle and a second sub-pixel having a substantially
isosceles triangle shape, wherein the second sub-pixel is
inverted with respect to the first sub-pixel. Each of the pixels
also includes a third sub-pixel and a fourth sub-pixel each
having a substantially right triangle shape, wherein the fourth
sub-pixel is inverted with respect to the third sub-pixel. Two
pixels adjacent to each other in the first direction are symmet-
ric about an axis of symmetry that is parallel with the second
direction, and two pixels adjacent to each other along the
second direction are symmetric about an axis of symmetry
that is parallel with the first direction.
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ORGANIC LIGHT-EMITTING DIODE (OLED)
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0079285 filed in the
Korean Intellectual Property Office on Jul. 5,2013, the entire
content of which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to an
organic light-emitting diode (OLED) display, and more par-
ticularly, to the shape of sub-pixels forming a pixel in an
OLED display.

[0004] 2. Description of the Related Technology

[0005] Display devices display images through the combi-
nation of light emitted from a plurality of pixels. Each pixel
generally includes red, green, and blue sub-pixels, and a
white sub-pixel can further be included.

[0006] In an OLED display, each sub-pixel is typically
formed of a pixel circuit and an OLED which is controlled by
the pixel circuit. The OLED generally includes an anode, a
cathode, and an organic emission layer. Electrons and holes
are combined with each other in the organic emission layer to
thereby generate excitons, and when the excitons return to a
ground state from an excited state, energy is generated,
thereby emitting light.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0007] One inventive aspect is an OLED display that can
improve the screen luminance and life-span characteristics
thereof by increasing the size of light emission area of sub-
pixels within a fixed-size pixel.

[0008] Another aspect is an OLED display including a plu-
rality of pixels arranged along a first direction and a second
direction. Each of the pixels includes a first sub-pixel formed
in the shape of an isosceles triangle, a second sub-pixel
formed in the shape of an isosceles triangle of which the
bottom side and the vertex are opposite to those of the first
sub-pixel, a third sub-pixel formed in the shape of a right
triangle, and a fourth sub-pixel formed in the shape of a right
triangle of which the bottom side and the vertex are opposite
to those of the third sub-pixel.

[0009] The first sub-pixel and the second sub-pixel may be
adjacent to each other in the first direction, and a pattern
margin may be formed therebetween in a center portion of the
pixel.

[0010] The third sub-pixel may be disposed on an external
side of the first sub-pixel in the first direction, a pattern margin
may be formed therebetween and the hypotenuse of the third
sub-pixel may face the first sub-pixel. The fourth sub-pixel
may be disposed on an external side of the second sub-pixel in
the first direction, the pattern margin may be formed therebe-
tweenand the hypotenuse of the fourth sub-pixel may face the
second sub-pixel.

[0011] Two pixels adjacent to each other in the first direc-
tion may be substantially symmetric with respect to an axis of
symmetry that is substantially parallel to the second direction,
and two pixels adjacent to each other in the second direction
may be substantially symmetric with respect to an axis of
symmetry that is substantially parallel to the first direction.
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[0012] The sub-pixels may each respectively include pixel
electrodes, organic emission layers, and common electrodes,
and the pixel electrodes may be formed in substantially the
same shape as the corresponding sub-pixel.

[0013] The first sub-pixel may face a first sub-pixel of an
adjacent pixel which is adjacent in the second direction, and
the organic emission layer may be commonly formed over the
two first sub-pixels adjacent in the second direction.

[0014] The second sub-pixel may face a second sub-pixel
of an adjacent pixel which is adjacent in the second direction,
and the organic emission layer may be commonly formed
over the two second sub-pixels adjacent each other in the
second direction.

[0015] The third sub-pixel may face third sub-pixels of
adjacent pixels which are adjacent in the first and second
directions, and the organic emission layer may be commonly
formed over four third sub-pixels adjacent to each other in the
first and second directions.

[0016] The fourth sub-pixel may face fourth sub-pixels of
adjacent pixels which are adjacent in the first and second
directions, and the organic emission layer may be commonly
formed over four fourth sub-pixels adjacent to each other
along the first and second directions.

[0017] Thepixel electrodes of adjacent sub-pixels between
adjacent pixels may be separated by a gap that is smaller than
the pattern margin.

[0018] The first sub-pixel and the second sub-pixel may
have substantially the same shape and size, and the third
sub-pixel and the fourth sub-pixel may have substantially the
same shape and size. The size of the third sub-pixel may be
about half of the size of the first sub-pixel.

[0019] One of the first sub-pixel and the second sub-pixel
may be a blue sub-pixel and the other may be a white sub-
pixel. One of the third sub-pixel and the fourth sub-pixel may
be a green sub-pixel and the other may be a red sub-pixel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
described technology, and, serve to explain the principles of
the described technology.

[0021] FIG. 1 is a top plan view of pixels of an OLED
display according to an exemplary embodiment.

[0022] FIG. 2 is a top plan view of one pixel among the
pixels illustrated in FIG. 1.

[0023] FIG. 3 is an equivalent circuit diagram of one sub-
pixel among the sub-pixels illustrated in FIG. 2.

[0024] FIG. 4is apartially enlarged cross-sectional view of
one sub-pixel of the sub-pixels illustrated in FIG. 2.

[0025] FIG. 5is a schematic diagram provided for descrip-
tion ofa deposition process of an organic emission layer using
a pattern mask.

[0026] FIG. 6 is a top plan view of the pixel structure of
FIG. 1 and the organic light emission layer.

[0027] FIG. 7 is a top plan view of a pixel structure of an
OLED display according to a comparative example.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0028] When manufacturing an OLED display with a
decreased screen size and/or an increased resolution, a mini-
mum sized pattern margin is required between sub-pixels of
the display. Accordingly. the area of the organic emission
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layers of the sub-pixels which contributes to the luminance of
the sub-pixels is limited by the size of the pattern margin
between the sub-pixels. Therefore, a decrease in screen size
and/or an increase in resolution of the OLED display may
result in a reduction of the luminance and life-span of the
display.

[0029] The described technology will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which exemplary embodiments of the described tech-
nology are shown. As those skilled in the art would realize, the
described embodiments may be modified in various different
ways, all without departing from the spirit or scope of the
described technology.

[0030] In addition, unless explicitly described to the con-
trary, the word “comprise” and variations such as “com-
prises” or “comprising”, will be understood to imply the
inclusion of stated elements but not the exclusion of any other
elements. 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. Further, in the
specification, the word “on” means positioning on or below
an object portion, butis not limited to positioning on the upper
side of the object portion based on the orientation of the
device.

[0031] FIG. 1 is a top plan view of pixels of an organic
light-emitting diode (OLED) display according to an exem-
plary embodiment, and FIG. 2 is a top plan view of one of the
plurality of pixels shown in FIG. 1.

[0032] Referring to FIG. 1 and FIG. 2, an OLED display
100 includes a plurality of pixels PX arranged in a first direc-
tion and a second direction. Each pixel PX may be formed in
the shape of a quadrangle, for example, a square. Each pixel
PX is formed of first sub-pixels SP1, second sub-pixels SP2,
third sub-pixels SP3, and fourth sub-pixels SP4, and the first
to fourth sub-pixels SP1 to SP4 respectively emit light of
different colors.

[0033] FIG. 3 and FIG. 4 are an equivalent circuit diagram
and a partially enlarged cross-sectional view of one of the
plurality of sub-pixels of FIG. 2. Excluding the planar shapes
of the sub-pixels, the first to fourth sub-pixels respectively
have substantially the same pixel circuit structure and sub-
stantially the same cross-sectional shape.

[0034] Referring to FIG. 3 and FIG. 4, each sub-pixel SP is
connected with a plurality of signal lines 11, 21, and 22
formed on a substrate 10. The signal lines include a plurality
of scan lines 11 transmitting scan signals (or, gate signals), a
plurality of data lines 21 transmitting data signals, and a
plurality of driving voltage lines 22 transmitting driving volt-
ages.

[0035] The scan lines 11 are substantially parallel with a
row direction, and the data lines 21 and the driving voltage
lines 22 are substantially parallel with a column direction.
Each sub-pixel SP includes a switching thin film transistor
TR1, a driving thin film transistor TR2, a storage capacitor
Cst, and an organic light-emitting diode OLED.

[0036] The switching thin film transistor TR1 includes a
control terminal, an input terminal, and an output terminal.
The control terminal is connected to the scan line 11, the input
terminal is connected to the data line 21, and the output
terminal is connected to the driving thin film transistor TR2.
The switching thin film transistor TR1 transmits a data signal
applied to the data line 21 to the driving thin film transistor
TR2 in response to a scan signal applied to the scan line 11.
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[0037] The driving thin film transistor TR2 also includes a
control terminal, an input terminal, and an output terminal.
The control terminal is connected to the switching thin film
transistor TR1, the input terminal is connected to the driving
voltage line 22, and the output terminal is connected to the
OLED. The driving thin film transistor TR2 supplies an out-
put current Id with a magnitude which varies depending on a
voltage between the control terminal and the input terminal
thereof.

[0038] The storage capacitor Cst is connected between the
control terminal and the input terminal of the driving thin film
transistor TR2. The storage capacitor Cst is charged with a
data signal applied to the control terminal of the driving
transistor TR2 and maintains the data signal even after the
switching transistor TR1 is turned off.

[0039] The OLED includes a pixel electrode 31 connected
to the output terminal of the driving thin film transistor TR2,
a common electrode 32 connected to a common voltage
ELVSS, and an organic emission layer 33 formed between the
pixel electrode 31 and the common electrode 32. The OLED
emits light with an intensity that varies depending on the
output current Id of the driving thin film transistor TR2.
[0040] In the pixel circuit of FIG. 3, one sub-pixel SP
includes two thin film transistors TR1 and TR2 and one
capacitor Cst, but the described technology is not limited
thereto. That is, in the OLED display 100, each sub-pixel SP
may include three or more thin film transistors and two or
more capacitors, and additional wires may be formed or exist-
ing wires may be omitted.

[0041] The switching thin film transistor TR1 and the driv-
ing thin film transistor TR2 may be n-channel field effect
transistors or p-channel field effect transistors. In addition,
the connections between the switching and driving thin film
transistors TR1 and TR2, the storage capacitor Cst, and the
OLED may be changed.

[0042] Inthe OLED, the pixel electrode 31 and the organic
emission layer 33 are individually formed in each sub-pixel
SP, and the common electrode 32 is formed over the entire
display area. In FIG. 4, reference numeral 25 denotes a pixel
defining layer that partitions the sub-pixel areas.

[0043] One ofthe pixel electrode 31 and the common elec-
trode 32 is a hole injection electrode (i.e., an anode) and the
other is an electron injection electrode (i.e., a cathode). A hole
injection layer and a hole transfer layer may be provided
between the anode and the organic emission layer 33, and an
electron injection layer and an electron transfer layer may be
provided between the cathode and the organic emission layer
33. Electrons and holes injected from the two electrodes are
combined in the organic emission layer 33 and excitons are
generated from the combination of the injected electrons and
holes, and light is emitted when the excitons return to a
ground state.

[0044] One ofthe pixel electrode 31 and the common elec-
trode 32 may be formed of a metal reflective layer and the
other may be formed of a semi-transmissive layer or a trans-
parent conductive layer. Light emitted from the organic emis-
sion layer 33 is reflected by the metal reflective layer and then
emitted to the environment through the semi-transmissive
layer or the transparent conductive layer. When a semi-trans-
missive layer is employed, light emitted from the organic
emission layer 33 is partially reflected to the reflective layer
such that a resonance structure is formed.

[0045] A thin film encapsulation layer 26 is formed on the
OLED. The thin film encapsulation layer 26 seals the OLED



US 2015/0009104 A1

from the external environment which may contain moisture
and oxygen. An encapsulation substrate may be provided in
place of the thin film encapsulation layer 26.

[0046] Whenthe OLED display is a frontemission type and
thus light emitted from the organic emission layer 33 is emit-
ted through the common electrode 32, a touch screen panel
and an optical film may be attached to an external surface of
the thin film encapsulation layer 26. When the OLED display
is a bottom emission type and the light emitted from the
organic emission layer 33 is emitted through the pixel elec-
trode 31, a touch screen panel and an optical film may be
attached to an external surface of the substrate 10.

[0047] The color of light emitted from each of the first to
fourth sub-pixels SP1 to SP4 correspond to the color of light
emitted from the organic emission layer 33 of the correspond-
ing sub-pixel. The organic emission layer 33 may be a red,
green, blue, or white emission layer. In this case, the white
emission layer may be formed by layering of red, green, and
blue emission layers.

[0048] An organic emission layer 33 for each sub-pixel
may be formed by a deposition method using a pattern mask.
FIG. 5 is a schematic diagram for describing a deposition
process using a pattern mask.

[0049] Referring to FIG. 5, a pattern mask 40 is a metal
mask having a plurality of openings 41 formed therein, and is
arranged below the substrate 10 in a deposition chamber. An
organic material discharged from a deposition source 42 is
passed through the openings 41 of the pattern mask 40 and
then deposited on a pixel electrode 31 of a given sub-pixel
such that the organic emission layer 33 is formed.

[0050] The pattern mask 40 may include three types of
pattern masks that include a first pattern mask for forming red
sub-pixels, a second pattern mask for forming green sub-
pixels, and a third pattern mask for forming blue sub-pixels.
In this case, each of the first to third pattern masks includes
openings 41 corresponding to the white sub-pixel such that
the red, green, and blue emission layers can be layered to form
the white sub-pixel.

[0051] When an alignment error occurs between the sub-
strate 10 and the pattern mask 40 during the above described
deposition process, a deposition failure may occur wherein
the organic emission layer 33 may be separated from the
corresponding sub-pixel or may overlap another sub-pixel.
Therefore, a predetermined distance, that is, a pattern margin
is provided between the respective sub-pixels in the OLED
display to thereby reduce the occurrence rate of deposition
failure.

[0052] The OLED display 100 according to the present
exemplary embodiment can substantially eliminate the pat-
tern margin between the pixels based on the configuration of
the pixel PX, and accordingly a light emission area of the
pixels can be increased. The structure of the pixels PX will
now be described.

[0053] Referring to FIG. 1 and FIG. 2, each of the first
sub-pixels SP1 is formed in the shape of an isosceles triangle,
and the bottom side and the vertex of the first sub-pixel SP1
are disposed facing each other along the second direction.
Each of the second sub-pixels SP2 is formed in the shape of an
isosceles triangle and the bottom side and the vertex thereof
are opposite to those ofthe first sub-pixel SP1. Consequently,
the second sub-pixel SP2 is inverted with respect to the first
sub-pixel SP1. The lengths of the bottom sides of the first and
second sub-pixels SP1 and SP2 are substantially equivalent to
each other, and the first and second sub-pixels SP1 and SP2
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have substantially the same vertex angle. That is the first and
second sub-pixels SP1 and SP2 have substantially the same
shape and size.

[0054] In some embodiments, each of the third sub-pixel
SP3 and the fourth sub-pixel SP4 has a substantially right
triangle shape. The fourth sub-pixel SP4 is located opposite to
the third sub-pixel SP3. Consequently, the fourth sub-pixel
SP4 is inverted with respect to the third sub-pixel SP3. The
bottom sides of the third and fourth sub-pixels SP3 and SP4
may have substantially the same length, and the hypotenuse
of each of the third fourth sub-pixels SP3 and SP4 may have
substantially the same length. That is, the third fourth sub-
pixels SP3 and SP4 may have substantially the same shape
and size.

[0055] The first sub-pixels SP1 and the second sub-pixels
SP2 are disposed adjacent to each other in the first direction
and a pattern margin is formed therebetween in a center
portion of the pixel PX. The third sub-pixels SP3 are disposed
on the external sides of the first sub-pixels SP1 in the first
direction, and a pattern margin is formed therebetween in the
periphery area of the pixel PX. The fourth sub-pixels SP4 are
disposed on the external sides of the second sub-pixels SP2 in
the first direction, and a pattern margin is formed therebe-
tween in the periphery area of the pixel PX.

[0056] Thethird sub-pixel SP3 faces the first sub-pixel SP1
along the hypotenuse thereof, and the fourth sub-pixel SP4
faces the second sub-pixel SP2 along the hypotenuse thereof.
In FIG. 2, W1 denotes the width of the pattern margin. In one
pixel PX, the pattern margins in the three locations may have
substantially the same width.

[0057] The length of the bottom side of the third sub-pixel
SP3 may be about half of the length of the bottom side of the
first sub-pixel SP1. In addition, the height of the third sub-
pixel SP3 may be substantially the same as the height of the
first sub-pixel SP1. In this case, the area of the third sub-pixel
SP3 is about half of the area of the first sub-pixel SP1. In
addition, the area of the fourth sub-pixel SP4 is about half of
the area of the second sub-pixel SP2.

[0058] One of the first and second sub-pixels SP1 and SP2
may be a blue sub-pixel and the other may be a white sub-
pixel. One of the third and fourth sub-pixels SP3 and SP4 may
be a green sub-pixel and the other may be a red sub-pixel.

[0059] Ingeneral, the luminous efficiency of a blue organic
emission layer is lower than the luminous efficiency of red
and green organic emission layers, and therefore the lower
luminous efficiency can be compensated by increasing the
light emission area of the blue sub-pixel. Unlike the sub-
pixels that emit colored light, the white sub-pixel only can
control the intensity of light. An OLED display 100 including
a white sub-pixel can improve color expression and screen
luminance in comparison to other OLED displays that do not
include a white sub-pixel.

[0060] Inthe pixel shown in FIG. 2, the third, first, second,
and fourth sub-pixels SP3, SP1, SP2, and SP4 are sequen-
tially arranged along the first direction, and the height of each
of the first to fourth sub-pixels SP1 to SP4 is substantially
parallel to the second direction. The first direction and the
second direction in FIG. 1 may be opposite to the first direc-
tion and the second direction in FIG. 2. That is, the structure
of the pixel PX may be the same as the pixel of FIG. 1 and
FIG. 2, rotated by 90 degrees in a clockwise or counter-
clockwise direction.
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[0061] The shapes of the above-stated first to fourth sub-
pixels SP1 to SP4 correspond to the shape of a pixel electrode
31 (refer to FIG. 4) disposed in the corresponding sub-pixel.
[0062] Among the plurality of pixels PX, two pixels adja-
cent to each other in the first direction are substantially sym-
metric with respect to an axis of symmetry that is substan-
tially parallel to the second direction. In addition, two pixels
PX adjacent to each other in the second direction are substan-
tially symmetric with respect to an axis of symmetry that is
substantially parallel with the first direction. That is, two
pixels PX adjacent to each other in the horizontal direction as
illustrated in the drawings are substantially vertically sym-
metric and two pixels PX adjacent to each other in the vertical
direction are substantially horizontally symmetric.

[0063] Thus, a first sub-pixel SP1 of a pixel PX faces a first
sub-pixel SP1 of the adjacent pixel PX in the second direction
and a second sub-pixel SP2 ofthe pixel PX also faces a second
sub-pixel SP2 of the adjacent pixel PX in the second direc-
tion. A third sub-pixel SP3 of a pixel PX faces third sub-pixels
SP3 of the adjacent pixels PX in the first and second direc-
tions and a fourth sub-pixel SP4 of the pixel PX also faces
fourth sub-pixels SP4 of the adjacent pixels PX in the firstand
second directions.

[0064] FIG. 6 is a top plan view of the pixel structure of
FIG. 1, together with an organic emission layer.

[0065] Referring to FIG. 1 and FIG. 6, one organic emis-
sion layer is commonly formed over two first sub-pixels SP1
adjacent to each other in the second direction. That is, a
pattern mask 40 (refer to FIG. 5) includes an opening 41
corresponding to two first sub-pixels SP1, and one organic
emission layer 33-1 is substantially simultaneously formed
on two pixel electrodes 31 through the opening 41. The
organic emission layer 33-1 of the first sub-pixels SP1 may
have a substantially rhombus shape.

[0066] Although the organic emission layer 33-1 is com-
monly formed over two first sub-pixels SP1, pixel electrodes
31 of the two first sub-pixels SP1 are separated from each
other so that the two first sub-pixels SP1 may respectively
emit light.

[0067] The organic emission layer 33-1 is formed over the
two neighboring first sub-pixels SP1, and therefore a pattern
margin used for substantially preventing a deposition failure
may not be required between the two first sub-pixels SP1.
Therefore, in some embodiments, there is no pattern margin
between two neighboring first sub-pixels SP1, and there is
only the minimum gap required to substantially prevent a
short-circuit between the pixel electrodes 31.

[0068] Similar to the first sub-pixels SP1, one organic emis-
sion layer 33-2 is commonly formed over two second sub-
pixels SP2 adjacent to each other in the second direction. The
organic emission layer 33-2 ofthe second sub-pixels SP2 may
have a substantially rhombus shape. In some embodiments,
there is no pattern margin between the two adjacent second
sub-pixels SP2, and there is only the minimum gap required
to substantially prevent a short-circuit between the pixel elec-
trodes 31.

[0069] One organic emission layer 33-3 is commonly
formed over four third sub-pixels SP3 adjacent to each other
in the first and second directions. The shape of the organic
emission layer 33-3 of the third sub-pixels SP3 is also sub-
stantially a rhombus. In some embodiments, there is no pat-
tern margin between four third sub-pixels SP3 adjacent to
each other in the first and second directions, and there is only
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the minimum gap required to substantially prevent a short-
circuit between the pixel electrodes 31.

[0070] Similar to the third sub-pixels SP3, one organic
emission layer 33-4 is commonly formed over four fourth
sub-pixels SP4 adjacent to each other in the first and second
directions. The shape of the organic emission layer 33-4 of the
fourth sub-pixels SP4 is also substantially a rhombus. In some
embodiments, there is no pattern margin between four fourth
sub-pixels SP4 adjacent to each other in first and second
directions, and there is only the minimum gap required to
substantially prevent a short-circuit between the pixel elec-
trodes 31.

[0071] As previously described, in some embodiments, the
pattern margin is only employed within the pixel PX in the
OLED display 100 of the present exemplary embodiment,
and no pattern margin is used between pixels PX. Therefore,
in the OLED display 100 according to the present exemplary
embodiment, the screen luminance and the life-span charac-
teristic of the OLED display 100 can be improved by increas-
ing the light emission area of the sub-pixels SP1 to SP4 when
the size of the pixel PX is constrained.

[0072] FIG. 7 is a top plan view of a pixel structure of an
OLED display according to a comparative example.

[0073] Referring to FIG. 7, in the comparative example,
each pixel PX includes a first sub-pixel SP11, a second sub-
pixel SP12, a third sub-pixel SP13, and a fourth sub-pixel
SP14, and they are respectively formed in the shape of a
rectangle. A pattern margin is used not only between the
sub-pixels SP11 to SP14 in the pixel PX but also between
adjacent pixels. InFIG. 7, W2 denotes the width of the pattern
margin in the pixel, and W3 denotes the width of the pattern
margin in the edge of the pixel. W3 may be about half of W2.

[0074] Insomeembodiments, when the size of the pixel PX
is about 150 pmxabout 150 um, the width W2 of the pattern
margin in the pixel PX is about 15y, and the width W3 of the
pattern margin in the edge of the pixel PX is about 7.5 pm, the
area of the first sub-pixel SP11 and the area of the second
sub-pixel SP12 are respectively about 2025 um? (about 15
pmxabout 135 pm), and the area of the third sub-pixel SP13
and the area of the fourth sub-pixel SP14 are respectively
about 4050 pm? (about 30 pmxabout 135 pm). In this case, a
light emission area in the pixel area of about 22,500 pm? is
about 12,150 um* and a non-emission area is about 10,350

pm~,

[0075] Referring to FIG. 2, when the pixel size and the
width of the pattern margin are the same as the comparative
example, that is, when W1=W2, the bottom side and the
height of the first sub-pixel SP1 are respectively about 70 pm
and about 150 um and the bottom side and the height of the
third sub-pixel SP3 are respectively about 35 pm and about
150 um. The area of the first sub-pixel SP1 and the area of the
second sub-pixel SP2 are respectively about 5250 um?, and
the area of the third sub-pixel SP3 and the area of the fourth
sub-pixel SP4 are respectively about 2625 um?. In this case, a
light emission area in the pixel area of about 22,500 pm? is
about 15,750 pm® and a non-ermission area is about 6,750

pm>.

[0076] Inthe pixel structure of the exemplary embodiment,
a portion corresponding to the gap between pixel electrodes
31 of two neighboring pixels substantially corresponds to a
non-emission area, however, since the width is significantly
smaller than the pattern margin, the above calculation of the
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light emission area and the non-emission area were per-
formed without considering the width of the non-emission
area in the edge of the pixel.

[0077] Meanwhile, alignment and the shape of the signal
lines 11, 21, 22 may be changed according to variation in the
shapes of the pixel electrode 31 and the organic emission
layer 33. However, although the signal lines 11, 21, and 22
overlap the pixel electrode 31 and the organic emission layer
33, in a front emission type display, the light emission of the
organic emission layer 33 may not be influenced by the over-
lap. Therefore the signal lines 11, 21, and 22 may be formed
in the shape of lines crossing each other.

[0078] The OLED display according to the present exem-
plary embodiment can improve the screen luminance and the
life-span characteristics thereof by increasing the light emis-
sion area of the sub-pixels in a pixel with a fixed size.
[0079] While the described technology has been described
in connection with what is presently considered to be practi-
cal exemplary embodiments, it 1s to be understood that the
invention is not limited to the disclosed embodiments, but, on
the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims, and equivalents thereof.

What is claimed is:

1. An organic light-emitting diode (OLED) display, com-
prising:

a plurality of pixels arranged in a first direction and a

second direction that cross each other,

wherein each of the pixels comprises:

first and second sub-pixels having a substantially isos-
celes triangle shape, wherein the second sub-pixel is
inverted with respect to the first sub-pixel; and

third and fourth sub-pixels having a substantially right
triangle shape, wherein the fourth sub-pixel is
inverted with respect to the third sub-pixel.

2. The OLED display of claim 1, wherein the first and
second sub-pixels are adjacent to each other in the first direc-
tion, and wherein a pattern margin is formed between the first
and second sub-pixels in a center portion of the respective
pixel.

3. The OLED display of claim 1, wherein the third sub-
pixel is adjacent to 1) the first sub-pixel in the first direction
and ii) an external edge of the respective pixel, wherein a
pattern margin is formed between the third and first sub-
pixels, wherein the hypotenuse of the third sub-pixel faces the
first sub-pixel, wherein the fourth sub-pixel is adjacent to 1)
the second sub-pixel in the first direction and ii) another
external edge ofthe respective pixel, wherein a pattern margin
is formed between the fourth and second sub-pixels, and
wherein the hypotenuse of the fourth sub-pixel faces the
second sub-pixel.

4. The OLED display of claim 1, wherein two pixels adja-
cent to each other in the first direction are substantially sym-
metric with respect to an axis of symmetry that is substan-
tially parallel to the second direction, and wherein two pixels
adjacent to each other in the second direction are substantially
symmetric with respect to an axis of symmetry that is sub-
stantially parallel to the first direction.

5. The OLED display of claim 2, wherein each of the
sub-pixels comprises a pixel electrode, an organic emission
layer, and a common electrode, and wherein the pixel elec-
trode has substantially the same shape as the corresponding
sub-pixel.
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6. The OLED display of claim 5, wherein the first sub-pixel
faces a first sub-pixel of an adjacent pixel, wherein the two
first sub-pixels are adjacent to each other in the second direc-
tion, and wherein the organic emission layer is commonly
formed over the two first sub-pixels.

7. The OLED display of claim 5, wherein the second sub-
pixel faces a second sub-pixel of an adjacent pixel, wherein
the two second sub-pixels are adjacent to each other in the
second direction, and wherein the organic emission layer is
commonly formed over the two second sub-pixels.

8. The OLED display of claim 5, wherein the third sub-
pixel faces third sub-pixels of adjacent pixels, wherein the
third sub-pixels are adjacent to each other in the first and
second directions, and wherein the organic emission layer is
commonly formed over four adjacent third sub-pixels.

9. The OLED display of claim 5, wherein the fourth sub-
pixel faces fourth sub-pixels of adjacent pixels, wherein the
fourth sub-pixels are adjacent to each other in the first and
second directions, and wherein the organic emission layer is
commonly formed over four adjacent fourth sub-pixels.

10. The OLED display of claim 5, wherein the pixel elec-
trodes of adjacent sub-pixels of adjacent pixels are separated
by a gap that is less than the pattern margin.

11. The OLED display of claim 1, wherein the first and
second sub-pixels have substantially the same shape and size,
and wherein the third and fourth sub-pixels have substantially
the same shape and size.

12. The OLED display of claim 11, wherein the size of the
third sub-pixel is about half the size of the first sub-pixel.

13. The OLED display of claim 1, wherein one of the first
and second sub-pixels is blue and the other is white, and
wherein one of the third and fourth sub-pixels is green and the
other is red.

14. An organic light-emitting diode (OLED) display, com-
prising:

a plurality of pixels arranged in first and second directions

that cross each other;

wherein each pixel comprises:

first and second sub-pixels each having a substantially
isosceles triangle shape; and

third and fourth sub-pixels each having a substantially
right triangle shape,

wherein the sub-pixels of two adjacent pixels are substan-

tially symmetric with respect to an axis of symmetry
between the two adjacent pixels.

15. The OLED display of claim 14, wherein the second
sub-pixel is inverted with respect to the first sub-pixel and
wherein the fourth sub-pixel is inverted with respect to the
third sub-pixel.

16. The OLED display of claim 14, wherein a pattern
margin is formed between the sub-pixels within each of the
pixels.

17. The OLED display of claim 16, wherein each of the
sub-pixels comprises a pixel electrode, an organic emission
layer, and a common electrode, and wherein the pixel elec-
trode has substantially the same shape as the corresponding
sub-pixel.

18. The OLED display of claim 17, wherein the pixel
electrodes of adjacent sub-pixels of adjacent pixels are sepa-
rated by a gap that is less than the pattern margin.

19. The OLED display of claim 17, wherein the organic
emission layer is commonly formed for at least two adjacent
sub-pixels of adjacent pixels.
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20. The OLED display of claim 14, wherein the first and
second sub-pixels have substantially the same shape and size,
and wherein the third and fourth sub-pixels have substantially
the same shape and size.
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