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(54) ORGANIC LIGHT-EMITTING DISPLAY DEVICE

(57) An organic light-emitting display device includes
a plurality of pixels (PX), each of which includes an or-
ganic light-emitting device (OLED) including a pixel elec-
trode (310), an organic emission layer (320), and an op-
posing electrode (330); a pixel defining layer (150) cov-
ering an edge of the pixel electrode (310) and being con-
figured to define a light-emission region by having an
opening (150h) which exposes a portion of the pixel elec-
trode (310); and a reference line (26) overlapping the
pixel electrode (310) with an insulating layer (140) be-
tween the reference line (26) and the pixel electrode (310)
and extending in a first direction. The reference line (26)
overlaps with a center point (CP) of the opening (150h),
and the opening (150h) is shifted to one side of the pixel
electrode (310) in a second direction perpendicular to
the first direction, so that a first distance (L1) between
respective edge points of the pixel electrode (310) and
the opening (150h) that meet a virtual reference line (VL)
on the left side of the center point (CP), is different from
a second distance (L2) between respective edge points
of the pixel electrode (310) and the opening (150h) that
meet the virtual reference line (VL) on the right side of
the center point (CP), wherein the virtual reference line
(VL) extends in a second direction perpendicular to the
first direction.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority from and the
benefit of Korean Patent Application No.
10-2017-0063514, filed on May 23, 2017.

BACKGROUND

FIELD

[0002] Exemplary embodiments relate to an organic
light-emitting display device.

DISCUSSION OF THE BACKGROUND

[0003] Organic light-emitting display devices include a
plurality of pixels each including an organic light-emitting
device (OLED) including a cathode, an anode, and an
organic emission layer. Electrons injected from the cath-
ode and holes injected from an anode combine in the
organic emission layer to form excitons. The excitons
emit light while emitting energy.
[0004] Each pixel further includes a plurality of transis-
tors for driving the OLED, and a capacitor. The plurality
of transistors may include a switching transistor and a
driving transistor. Such an organic light-emitting display
device provides a fast response and is driven with low
consumption power.
[0005] As resolution of organic light-emitting display
devices increases, OLEDs, a plurality of transistors for
driving the OLEDs, a capacitor, and lines for transmitting
signals to the OLEDs, the transistors, and the capacitor
need to be arranged such that they overlap each other.
However, when transistors overlap each other or overlap
the capacitor various issues may arise such as poor
brightness or a color shift phenomenon.
[0006] The above information disclosed in this Back-
ground section is only for enhancement of understanding
of the background of the inventive concept, and, there-
fore, it may contain information that does not form the
prior art that is already known in this country to a person
of ordinary skill in the art.

SUMMARY

[0007] Exemplary embodiments provide an organic
light-emitting display device capable of reducing a lateral
side color shift and securing good visibility while minimiz-
ing a difference between characteristics of pixels.
[0008] Additional aspects will be set forth in the de-
tailed description which follows, and, in part, will be ap-
parent from the disclosure, or may be learned by practice
of the inventive concept.
[0009] According to exemplary embodiments, an or-
ganic light-emitting display device includes a plurality of
pixels, each of which includes an organic light-emitting

device including a pixel electrode, an organic emission
layer, and an opposing electrode; a pixel defining layer
covering an edge of the pixel electrode and being con-
figured to define a light-emission region by having an
opening which exposes a portion of the pixel electrode;
and a reference line extending in a first direction and
overlapping the pixel electrode with an insulating layer
between the reference line and the pixel electrode. The
reference line overlaps with a center point of the opening,
and the opening is shifted to one side of the pixel elec-
trode in a second direction perpendicular to the first di-
rection.
[0010] According to exemplary embodiments, an or-
ganic light-emitting display device includes a plurality of
pixels, the plurality of pixels including a plurality of first
pixels, a plurality of second pixels, and a plurality of third
pixels that emit different colors. Each of the plurality of
first pixels includes a first organic light-emitting device
including a first pixel electrode, a first organic emission
layer, and a first opposing electrode; a first pixel defining
layer covering an edge of the first pixel electrode and
being configured to define a light-emission region by hav-
ing a first opening which exposes a portion of the first
pixel electrode; and a first reference line extending in a
first direction and overlapping the first pixel electrode with
an insulating layer between the first reference line and
the first pixel electrode. The first reference line overlaps
with a center point of the first opening, and the first open-
ing is shifted to one side of the first pixel electrode in a
second direction perpendicular to the first direction.
[0011] Preferably, the number of lines overlapping the
first opening and arranged on a first side of the first ref-
erence line is equal to the number of lines overlapping
the first opening and arranged on a second side of the
first reference line that is opposite the first side, wherein
the lines are arranged on a same layer on which the first
reference line is arranged.
[0012] Preferably, at least one of the plurality of second
pixels comprises a second organic light-emitting device
comprising a second pixel electrode, a second organic
emission layer, and a second opposing electrode, a sec-
ond pixel defining layer covering an edge of the second
pixel electrode and being configured to define a light-
emission region by having a second opening which ex-
poses a portion of the second pixel electrode, and a sec-
ond reference line overlapping with the second pixel elec-
trode with an insulating layer between the second refer-
ence line and the second pixel electrode and extending
in the first direction, wherein the second reference line
overlaps a center point of the second opening and the
second opening is shifted to one side of the second pixel
electrode in the second direction, which is perpendicular
to the first direction.
[0013] According to a preferred embodiment, the first
pixels may display a green color, and the second pixels
may display a blue color.
[0014] Preferably, only the first reference line is ar-
ranged in the first opening of each of the plurality of first
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pixels, while a first additional line and a second additional
line are arranged on both sides of the second reference
line in the second opening of each of the plurality of sec-
ond pixels.
Preferably, a degree to which the second opening is shift-
ed to the one side of the second pixel electrode varies
according to respective locations of the plurality of sec-
ond pixels. The degree to which the second opening is
shifted to the one side of the second pixel electrode grad-
ually may change according to locations where the plu-
rality of second pixels are arranged in the second direc-
tion. Preferably, the value of a first distance may gradually
increase in a direction from the left side of a pixel region
toward the right side thereof in the second direction, the
first distance being a distance between respective edge
points of the pixel electrode and the opening that meet
a virtual reference line on the left side of the center point
of the opening, the virstual reference line extending in
second direction.
[0015] Preferably, at least one of the plurality of third
pixels comprises a third organic light-emitting device
comprising a third pixel electrode, a third organic emis-
sion layer, and a third opposing electrode, and a third
pixel defining layer covering an edge of the third pixel
electrode and being configured to define a light-emission
region by having a third opening which exposes a portion
of the third pixel electrode, and the third opening is shifted
to one side of the third pixel electrode in the second di-
rection perpendicular to the first direction, and a degree
to which the third opening is shifted to the one side of the
third pixel electrode varies according to respective loca-
tions of the plurality of third pixels.
[0016] The plurality of second pixels may display a blue
color, and the plurality of third pixels may display a red
color.
[0017] Preferably, each of the plurality of pixels further
comprises a driving thin film transistor arranged on a sub-
strate and comprising a driving gate electrode, and at
least a portion of the first pixel electrode overlaps with
the driving gate electrode. Preferably, each of the plural-
ity of pixels further comprises a storage capacitor over-
lapping with the driving thin film transistor and comprising
a first electrode and a second electrode, and the first
electrode is integrally formed with the driving gate elec-
trode.
[0018] Preferably, the driving thin film transistor com-
prises a driving semiconductor layer arranged under the
driving gate electrode and insulated from the driving gate
electrode by a first gate insulating layer, and a second
gate insulating layer is arranged between the first elec-
trode and the second electrode.
[0019] Preferably, a first distance between respective
edge points of the pixel electrode and the opening that
meet a virtual reference line on the left side of the center
point is different from a second distance between respec-
tive edge points of the pixel electrode and the opening
that meet the virtual reference line on the right side of
the center point, wherein the virtual reference line ex-

tends in a second direction perpendicular to the first di-
rection.
[0020] The foregoing general description and the fol-
lowing detailed description are exemplary and explana-
tory and are intended to provide further explanation of
the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, which are includ-
ed to provide a further understanding of the inventive
concept, and are incorporated in and constitute a part of
this specification, illustrate exemplary embodiments of
the inventive concept, and, together with the description,
serve to explain principles of the inventive concept.

FIG. 1 is a schematic plan view of a portion of an
organic light-emitting display device according to an
exemplary embodiment.
FIG. 2 is a block diagram of an organic light-emitting
display device according to an exemplary embodi-
ment.
FIG. 3 is an equivalent circuit diagram of a pixel of
an organic light-emitting display device according to
an exemplary embodiment.
FIG. 4 is a schematic layout diagram of light-emis-
sion regions of a plurality of pixels of an organic light-
emitting display device according to an exemplary
embodiment.
FIG. 5 is a layout diagram for schematically showing
locations of a plurality of thin film transistors, a ca-
pacitor, etc. in a pixel of an organic light-emitting dis-
play device according to an exemplary embodiment.
FIG. 6 is a schematic layout view for explaining a
relationship between a pixel electrode of an organic
light-emitting device, a light-emission region, and
lines arranged to overlap with the light-emission re-
gion, in a pixel of an organic light-emitting display
device according to an exemplary embodiment.
FIG. 7 is a cross-sectional view showing a cross-
section taken along line I-I’ of FIG. 5 and an organic
light-emitting device arranged on the cross-section.
FIG. 8 is a schematic plan view of a comparative
example to be compared with an exemplary embod-
iment.
FIG. 9 is a table showing a luminance ratio for each
color and color coordinates of white light in an em-
bodiment of the present invention and those in a
comparative example.
FIG. 10 is a schematic layout view for explaining a
relationship between a pixel electrode of an organic
light-emitting device, a light-emission region, and
lines arranged to overlap with the light-emission re-
gion, in a pixel of an organic light-emitting display
device according to another exemplary embodiment.
FIGS. 11A and 11B are schematic layout views for
explaining a relationship between a pixel electrode
of an organic light-emitting device, a light-emission
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region, and lines arranged to overlap with the light-
emission region, in a pixel of an organic light-emitting
display device according to another exemplary em-
bodiment.

DETAILED DESCRIPTION OF THE ILLUSTRATED EM-
BODIMENTS

[0022] In the following description, for the purposes of
explanation, numerous specific details are set forth in
order to provide a thorough understanding of various ex-
emplary embodiments. It is apparent, however, that var-
ious exemplary embodiments may be practiced without
these specific details or with one or more equivalent ar-
rangements. In other instances, well-known structures
and devices are shown in block diagram form in order to
avoid unnecessarily obscuring various exemplary em-
bodiments.
[0023] In the accompanying figures, the size and rel-
ative sizes of layers, films, panels, regions, etc., may be
exaggerated for clarity and descriptive purposes. Also,
like reference numerals denote like elements.
[0024] When an element or layer is referred to as being
"on," "connected to," or "coupled to" another element or
layer, it may be directly on, connected to, or coupled to
the other element or layer or intervening elements or lay-
ers may be present. When, however, an element or layer
is referred to as being "directly on," "directly connected
to," or "directly coupled to" another element or layer, there
are no intervening elements or layers present. For the
purposes of this disclosure, "at least one of X, Y, and Z"
and "at least one selected from the group consisting of
X, Y, and Z" may be construed as X only, Y only, Z only,
or any combination of two or more of X, Y, and Z, such
as, for instance, XYZ, XYY, YZ, and ZZ. As used herein,
the term "and/or" includes any and all combinations of
one or more of the associated listed items.
[0025] Although the terms "first," "second," etc. may
be used herein to describe various elements, compo-
nents, regions, layers, and/or sections, these elements,
components, regions, layers, and/or sections should not
be limited by these terms. These terms are used to dis-
tinguish one element, component, region, layer, and/or
section from another element, component, region, layer,
and/or section. Thus, a first element, component, region,
layer, and/or section discussed below could be termed
a second element, component, region, layer, and/or sec-
tion without departing from the teachings of the present
disclosure.
[0026] Spatially relative terms, such as "beneath," "be-
low," "lower," "above," "upper," and the like, may be used
herein for descriptive purposes, and, thereby, to describe
one element or feature’s relationship to another ele-
ment(s) or feature(s) as illustrated in the drawings. Spa-
tially relative terms are intended to encompass different
orientations of an apparatus in use, operation, and/or
manufacture in addition to the orientation depicted in the
drawings. For example, if the apparatus in the drawings

is turned over, elements described as "below" or "be-
neath" other elements or features would then be oriented
"above" the other elements or features. Thus, the exem-
plary term "below" can encompass both an orientation of
above and below. Furthermore, the apparatus may be
otherwise oriented (e.g., rotated 90 degrees or at other
orientations), and, as such, the spatially relative descrip-
tors used herein interpreted accordingly.
[0027] The terminology used herein is for the purpose
of describing particular embodiments and is not intended
to be limiting. As used herein, the singular forms, "a,"
"an," and "the" are intended to include the plural forms
as well, unless the context clearly indicates otherwise.
Moreover, the terms "comprises," "comprising," "in-
cludes," and/or "including," when used in this specifica-
tion, specify the presence of stated features, integers,
steps, operations, elements, components, and/or groups
thereof, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.
[0028] Various exemplary embodiments are described
herein with reference to sectional illustrations that are
schematic illustrations of idealized exemplary embodi-
ments and/or intermediate structures. As such, variations
from the shapes of the illustrations as a result, for exam-
ple, of manufacturing techniques and/or tolerances, are
to be expected. Thus, exemplary embodiments disclosed
herein should not be construed as limited to the particular
illustrated shapes of regions, but are to include deviations
in shapes that result from, for instance, manufacturing.
For example, an implanted region illustrated as a rectan-
gle will, typically, have rounded or curved features and/or
a gradient of implant concentration at its edges rather
than a binary change from implanted to non-implanted
region. Likewise, a buried region formed by implantation
may result in some implantation in the region between
the buried region and the surface through which the im-
plantation takes place. Thus, the regions illustrated in the
drawings are schematic in nature and their shapes are
not intended to illustrate the actual shape of a region of
a device and are not intended to be limiting.
[0029] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this disclosure is a part. Terms,
such as those defined in commonly used dictionaries,
should be interpreted as having a meaning that is con-
sistent with their meaning in the context of the relevant
art and will not be interpreted in an idealized or overly
formal sense, unless expressly so defined herein.
[0030] In the following examples, the x-axis, the y-axis
and the z-axis are not limited to three axes of the rectan-
gular coordinate system, and may be interpreted in a
broader sense. For example, the x-axis, the y-axis, and
the z-axis may be perpendicular to one another, or may
represent different directions that are not perpendicular
to one another.
[0031] Although an active matrix (AM) type organic
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light-emitting display device including seven thin film
transistors (TFTs) and one capacitor in one pixel is illus-
trated in the accompanying drawings, embodiments of
the present invention are not limited thereto. Accordingly,
an organic light-emitting display device according to an
embodiment may include a plurality of transistors and at
least one capacitor in each pixel, and may be formed to
have any of various structures in which special lines are
further formed or existing lines are omitted. A pixel refers
to the minimum unit in which an image is displayed, and
an organic light-emitting display device displays an im-
age by using a plurality of pixels.
[0032] An organic light-emitting display device accord-
ing to an exemplary embodiment will now be described
in detail with reference to the accompanying drawings.
[0033] FIG. 1 is a schematic plan view of a portion of
an organic light-emitting display device according to an
exemplary embodiment. As shown in FIG. 1, the organic
light-emitting display device may include a substrate 110,
which includes a display area DA on which an image is
displayed and a peripheral area PA around the display
area DA. On the display area DA of the substrate 110, a
display unit that displays an image by using pixels PX
each including an organic light-emitting device is ar-
ranged. On the peripheral area PA of the substrate 110,
various lines and/or driving units for transmitting electrical
signals to the display area DA may be positioned.
[0034] The display area DA includes a first pixel region
R1 and a second pixel region R2 arranged at different
locations. According to the present exemplary embodi-
ment, respective pixels PX arranged on the first pixel
region R1 and the second pixel region R2 may have the
same structures or different structures. For example, ar-
rangements between a light-emission region and a pixel
electrode of a pixel PX, or lines thereof may differ ac-
cording to the first pixel region R1 and the second pixel
region R2.
[0035] FIG. 2 is a block diagram of an organic light-
emitting display device according to an exemplary em-
bodiment.
[0036] The organic light-emitting display device may
include a display unit 10 including a plurality of pixels PX,
a scan driving unit 20, a data driving unit 30, a light-emis-
sion control driving unit 40, and a controller 50.
[0037] The display unit 10 may be disposed on a dis-
play region, and may include a plurality of pixels PX at
intersections of a plurality of scan lines SL1 through
SLn+1, a plurality of data lines DL1 through DLm, and a
plurality of light-emission control lines EL1 through ELn
and arranged in an approximate matrix. The plurality of
scan lines SL1 through SLn+1 and the plurality of light-
emission control lines EL1 through ELn may each extend
in a second direction, which is a row direction, and the
plurality of data lines DL1 through DLm and a plurality of
driving voltage lines ELVDDL each extend in a first di-
rection, which is a column direction. In a pixel line, n val-
ues of the plurality of scan lines SL1 through SLn+1 may
be different from those of the plurality of light-emission

control lines EL1 through ELn.
[0038] Each pixel PX may be connected to three scan
lines from among the plurality of scan lines SL1 through
SLn+1 connected to the display unit 10. The scan driving
unit 20 may generate three scan signals and transmits
the same to each pixel PX via the plurality of scan lines
SL1 through SLn+1. In other words, the scan driving unit
20 sequentially provides scan signals to first scan lines
SL2 through SLn, second scan lines SL1 through SLn-
1, or third scan lines SL3 through SLn+1.
[0039] Initializing voltage lines IL may receive an ini-
tializing voltage from an external power source VINT and
may provide the initializing voltage to each pixel PX.
[0040] Each pixel PX may be connected to one of the
plurality of data lines DL1 through DLm connected to the
display unit 10 and one of the plurality of light-emission
control lines EL1 through ELn connected to the display
unit 10.
[0041] The data driving unit 30 may transmit a data
signal to each pixel PX via the plurality of data lines DL1
through DLm. Every time a scan signal is provided to the
first scan lines SL2 through SLn, the data signal may be
provided to pixels PX selected by the scan signal.
[0042] The light-emission control driving unit 40 may
generate a light-emission control signal and transmits
the same to each pixel PX via the plurality of light-emis-
sion control lines EL1 through ELn. The light-emission
control signal may control a light-emission time period of
each pixel PX. The light-emission control driving unit 40
may be omitted according to internal structures of the
pixels PX.
[0043] The controller 50 may change a plurality of ex-
ternally-received image signals IR, IG, and IB to a plu-
rality of image data signals DR, DG, and DB, and transmit
the plurality of image data signals DR, DG, and DB to
the data driving unit 30. The controller 50 may receive a
vertical synchronization signal Vsync, a horizontal syn-
chronization signal Hsync, and a clock signal MCLK, gen-
erate control signals for respectively controlling the scan
driving unit 20, the data driving unit 30, and the light-
emission control driving unit 40, and transmit the gener-
ated control signals to the scan driving unit 20, the data
driving unit 30, and the light-emission control driving unit
40, respectively. In other words, the controller 50 may
generate a scan driving control signal SCS for controlling
the scan driving unit 20, a data driving control signal DCS
for controlling the data driving unit 30, and an emission
driving control signal ECS for controlling the light-emis-
sion control driving unit 40, and transmit the scan driving
control signal SCS, the data driving control signal DCS,
and the emission driving control signal ECS to the scan
driving unit 20, the data driving unit 30, and the light-
emission control driving unit 40, respectively.
[0044] Each of the plurality of pixels PX may receive a
driving power supply voltage ELVDD and a common
power supply voltage ELVSS from the outside. The driv-
ing power supply voltage ELVDD may be a predeter-
mined high-level voltage, and the common power supply
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voltage ELVSS may be a voltage lower than the driving
power supply voltage ELVDD or may be a ground volt-
age. The driving power supply voltage ELVDD may be
provided to each pixel PX via a driving voltage line ELVD-
DL.
[0045] The plurality of pixels PX may emit light with a
certain brightness according to driving currents that are
provided to respective light-emitting devices of the plu-
rality of pixels PX, according to the data signals received
via the plurality of data lines DL1 through DLm.
[0046] FIG. 3 is an equivalent circuit diagram of a pixel
PX of an organic light-emitting display device according
to an exemplary embodiment.
[0047] The pixel PX of the organic light-emitting display
device according to an exemplary embodiment includes
a pixel circuit PC including a plurality of thin film transis-
tors T1 through T7 and at least one storage capacitor
Cst. The pixel PX also includes an organic light-emitting
device OLED that receives a driving current from the pixel
circuit PC and emits light.
[0048] The plurality of thin film transistors T1 through
T7 may include a driving thin film transistor T1, a switch-
ing thin film transistor T2, a compensating thin film tran-
sistor T3, a first initializing thin film transistor T4, a first
light-emission control thin film transistor T5, a second
light-emission control thin film transistor T6, and a second
initializing thin film transistor T7.
[0049] The pixel PX may include a first scan line 14 for
transmitting a first scan signal Sn to the switching thin
film transistor T2 and the compensating thin film transis-
tor T3, a second scan line 24 for transmitting a second
scan signal Sn-1 to the first initializing thin film transistor
T4, a third scan line 34 for transmitting a third scan signal
Sn+1 to the second initializing thin film transistor T7, a
light-emission control line 15 for transmitting a light-emis-
sion control signal En to the first light-emission control
thin film transistor T5 and the second light-emission con-
trol thin film transistor T6, a data line 16 for transmitting
a data signal Dm to the switching thin film transistor T2,
a driving voltage line 26 for transmitting a driving power
supply voltage ELVDD , and an initializing voltage line
22 for transmitting an initializing voltage VINT for initial-
izing the driving thin film transistor T1.
[0050] A driving gate electrode G1 of the driving thin
film transistor T1 may be connected to a first electrode
C1 of the storage capacitor Cst. A driving source elec-
trode S1 of the driving thin film transistor T1 may be con-
nected to the driving voltage line 26 via the first light-
emission control thin film transistor T5. A driving drain
electrode D1 of the driving thin film transistor T1 may be
electrically connected to an anode of the organic light-
emitting device OLED via the second light-emission con-
trol thin film transistor T6. The driving thin film transistor
T1 may receive the data signal Dm according to a switch-
ing operation of the switching thin film transistor T2 and
supplies a driving current Id to the organic light-emitting
device OLED.
[0051] A switching gate electrode G2 of the switching

thin film transistor T2 may be connected to the first scan
line 14. A switching source electrode S2 of the switching
thin film transistor T2 may be connected to the data line
16. A switching drain electrode D2 of the switching thin
film transistor T2 may be connected to the driving source
electrode S1 of the driving thin film transistor T1 and is
also connected to the driving voltage line 26 via the first
light-emission control thin film transistor T5. The switch-
ing thin film transistor T2 may be turned on according to
the first scan signal Sn received via the first scan line 14
and perform a switching operation of transmitting the data
signal Dm received from the data line 16 to the driving
source electrode S1 of the driving thin film transistor T1.
[0052] A compensating gate electrode G3 of the com-
pensating thin film transistor T3 may be connected to the
first scan line 14. A compensating source electrode S3
of the compensating thin film transistor T3 may be con-
nected to the driving drain electrode D1 of the driving thin
film transistor T1 and may also be connected to the anode
of the organic light-emitting device OLED via the second
light-emission control thin film transistor T6. A compen-
sating drain electrode D3 of the compensating thin film
transistor T3 may be connected to the first electrode C1
of the storage capacitor Cst, a first initializing source elec-
trode S4 of the first initializing thin film transistor T4, and
the driving gate electrode G1 of the driving thin film tran-
sistor T1. The compensating thin film transistor T3 may
be turned on according to the first scan signal Sn received
via the first scan line 14 and connects the driving gate
electrode G1 of the driving thin film transistor T1 to the
driving drain electrode D1 of the driving thin film transistor
T1, such that the driving thin film transistor T1 is diode-
connected.
[0053] A first initializing gate electrode G4 of the first
initializing thin film transistor T4 may be connected to the
second scan line 24. A first initializing drain electrode D4
of the first initializing thin film transistor T4 may be con-
nected to the initializing voltage line 22. The first initial-
izing source electrode S4 of the first initializing thin film
transistor T4 may be connected to the first electrode C1
of the storage capacitor Cst, the compensating drain
electrode D3 of the compensating thin film transistor T3,
and the driving gate electrode G1 of the driving thin film
transistor T1. The first initializing thin film transistor T4
may be turned on according to the second scan signal
Sn-1 received via the second scan line 24 and transmits
the initializing voltage VINT to the driving gate electrode
G1 of the driving thin film transistor T1 to thereby initialize
a voltage of the driving gate electrode G1 of the driving
thin film transistor T1.
[0054] A first light-emission control gate electrode G5
of the first light-emission control thin film transistor T5
may be connected to the light-emission control line 15.
A first light-emission control source electrode S5 of the
first light-emission control thin film transistor T5 may be
connected to the driving voltage line 26. A first light-emis-
sion control drain electrode D5 of the first light-emission
control thin film transistor T5 may be connected to the
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driving source electrode S1 of the driving thin film tran-
sistor T1 and the switching drain electrode D2 of the
switching thin film transistor T2.
[0055] A second light-emission control gate electrode
G6 of the second light-emission control thin film transistor
T6 may be connected to the light-emission control line
15. A second light-emission control source electrode S6
of the second light-emission control thin film transistor
T6 may be connected to the driving drain electrode D1
of the driving thin film transistor T1 and the switching
source electrode S3 of the switching thin film transistor
T3. A second light-emission control drain electrode D6
of the second light-emission control thin film transistor
T6 may be electrically connected to the anode of the or-
ganic light-emitting device OLED. The first light-emission
control thin film transistor T5 and the second light-emis-
sion control thin film transistor T6 may be simultaneously
turned on according to the light-emission control signal
En received via the light-emission control line 15, and
thus the first power supply voltage ELVDD may be trans-
mitted to the organic light-emitting device OLED and thus
the driving current Id may flow in the organic light-emitting
device OLED.
[0056] A second initializing gate electrode G7 of the
second initializing thin film transistor T7 may be connect-
ed to the third scan line 34. A second initializing source
electrode S7 of the second initializing thin film transistor
T7 may be connected to the anode of the organic light-
emitting device OLED. A second initializing drain elec-
trode D7 of the second initializing thin film transistor T7
may be connected to the initializing voltage line 22. The
second initializing thin film transistor T7 may be turned
on according to the third scan signal Sn+1 received via
the third scan line 34 and initializes the anode of the or-
ganic light-emitting device OLED.
[0057] A second electrode C2 of the storage capacitor
Cst may be connected to the driving voltage line 26. The
first electrode C1 of the storage capacitor Cst may be
connected to the driving gate electrode G1 of the driving
thin film transistor T1, the compensating drain electrode
D3 of the compensating thin film transistor T3, and the
first initializing source electrode S4 of the first initializing
thin film transistor T4.
[0058] A cathode of the organic light-emitting device
OLED may be connected to the common power supply
voltage ELVSS. The organic light-emitting device OLED
receives the driving current Id from the driving thin film
transistor T1 and emits light, thereby displaying an im-
age.
[0059] According to an exemplary embodiment, a 7-
transistor and 1-capacitor structure including the second
initializing thin film transistor T7 is illustrated. However,
exemplary embodiments of the present invention are not
limited thereto, and the number of transistors and the
number of capacitors may vary.
[0060] FIG. 4 is a schematic layout diagram of light-
emission regions of a plurality of pixels R, G, and B of an
organic light-emitting display device according to an ex-

emplary embodiment. The light-emission region of a pixel
may be defined by an opening of a pixel defining layer.
This will be described below.
[0061] As shown in FIG. 4, a plurality of green pixels
G may be a predetermined distance apart from each oth-
er on a first row 1N, a plurality of red pixels R and a
plurality of blue pixels B alternate with each other on a
second row 2N adjacent to the first row 1N, a plurality of
green pixels G are a predetermined distance apart from
each other on a third row 3N adjacent to the second row
2N, a plurality of blue pixels B and a plurality of red pixels
R alternate with each other on a fourth row 4N adjacent
to the third row 3N, and this pixel layout may be repeated
up to an N-th row. In this case, the blue pixels B and the
red pixels R may be larger than the green pixels G.
[0062] The plurality of green pixels G on the first row
1N, and the plurality of red pixels R and the plurality of
blue pixels B on the second row 2N may be arranged in
a zigzag pattern. Accordingly, red pixels R and blue pixels
B may alternate with each other on a first column 1M, a
plurality of green pixels G are a predetermined distance
apart from each other on a second column 2M adjacent
to the first column 1M, blue pixels B and red pixels R
alternate with each other on a third column 3M adjacent
to the second column 2M, a plurality of green pixels G
are a predetermined distance apart from each other on
a fourth column 4M adjacent to the third column 3M, and
this pixel layout may be repeated up to an M-th column.
[0063] When describing this pixel layout differently, red
pixels R may be arranged at first and third facing vertexes
of the four vertexes of a virtual quadrilateral VS having
a center point of a green pixel G as its center point, and
blue pixels B are arranged at the remaining vertexes,
namely, second and fourth vertexes. The virtual quadri-
lateral VS may be a rectangle, a rhombus, a square, or
the like.
[0064] However, pixel layout structures according to
exemplary embodiments are not limited thereto. For ex-
ample, a blue pixel B instead of a green pixel G may be
arranged on the center point of the virtual quadrilateral
VS of FIG. 4, red pixels R may be arranged at the facing
first and third vertexes of the four vertexes of the virtual
quadrilateral VS, and green pixels G may be arranged
at the remaining vertexes, namely, the facing second and
fourth vertexes.
[0065] This pixel layout structure of FIG. 4 may be re-
ferred to as a PenTile matrix. By applying rendering, in
which a color of a pixel may be expressed by sharing the
colors of its adjacent pixels, to the PenTile matrix, high
resolution may be obtained via a small number of pixels.
[0066] However, pixel layout structures according to
exemplary embodiments are not limited to the PenTile
matrix. For example, exemplary embodiments may be
applied to pixel layout structures having a strip layout, a
Mosaic layout, and a Delta layout. Exemplary embodi-
ments may also be applicable to a pixel layout structure
further including a white pixel that emits white light.
[0067] FIG. 5 is a layout diagram for schematically
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showing locations of a plurality of thin film transistors, a
capacitor, etc. in a pixel of an organic light-emitting dis-
play device according to an exemplary embodiment. In
FIG. 5, organic light-emitting devices OLED are omitted.
FIG. 5 illustrates three pixels R, G, and B adjacent to
each other.
[0068] Referring to FIG. 5, each pixel may include the
driving thin film transistor T1, the switching thin film tran-
sistor T2, the compensating thin film transistor T3, the
first initializing thin film transistor T4, the first light-emis-
sion control thin film transistor T5, the second light-emis-
sion control thin film transistor T6, the second initializing
thin film transistor T7, and the storage capacitor Cst.
[0069] The driving thin film transistor T1 may include
a driving semiconductor layer A1, the driving gate elec-
trode G1, the driving source electrode S1, and the driving
drain electrode D1. The driving source electrode S1 cor-
responds to an impurity-doped driving source region in
the driving semiconductor layer A1, and the driving drain
electrode D1 corresponds to an impurity-doped driving
drain region in the driving semiconductor layer A1. The
driving gate electrode G1 may be connected to the first
electrode C1 of the storage capacitor Cst, the compen-
sating drain electrode D3 of the compensating thin film
transistor T3, and the first initializing source electrode S4
of the first initializing thin film transistor T4. In more detail,
the driving gate electrode G1 may be integrally formed
with the first electrode C1 on the same layer. The driving
gate electrode G1, the compensating drain electrode D3,
and the first initializing source electrode S4 are connect-
ed to each other by a first contact line CM1. The first
contact line CM1 may be connected to the driving gate
electrode G1 via a first contact hole 51, and may be con-
nected to a region between the compensating drain elec-
trode D3 and the first initializing source electrode S4 via
a second contact hole 52.
[0070] The switching thin film transistor T2 includes a
switching semiconductor layer A2, the switching gate
electrode G2, the switching source electrode S2, and the
switching drain electrode D2. The switching source elec-
trode S2 corresponds to an impurity-doped switching
source region in the switching semiconductor layer A2,
and the switching drain electrode D2 corresponds to an
impurity-doped switching drain region in the switching
semiconductor layer A2. The switching source electrode
S2 may be connected to the data line 16 via a third contact
hole 53. The switching drain electrode D2 may be con-
nected to the driving thin film transistor T1 and the first
light-emission control thin film transistor T5. The switch-
ing gate electrode G2 may be formed of a portion of the
first scan line 14.
[0071] The compensating thin film transistor T3 may
include a compensating semiconductor layer A3, the
compensating gate electrode G3, the compensating
source electrode S3, and the compensating drain elec-
trode D3. The compensating source electrode S3 may
correspond to an impurity-doped compensating source
region in the compensating semiconductor layer A3, and

the compensating drain electrode D3 corresponds to an
impurity-doped compensating drain region in the com-
pensating semiconductor layer A3. The compensating
gate electrode G3 forms a dual gate electrode by a por-
tion of the first scan line 14 and a portion of a line pro-
truding from the first scan line 14, thereby preventing
current leakage.
[0072] The first initializing thin film transistor T4 may
include a first initializing semiconductor layer A4, the first
initializing gate electrode G4, the first initializing source
electrode S4, and the first initializing drain electrode D4.
The first initializing source electrode S4 may correspond
to an impurity-doped first initializing source region in the
first initializing semiconductor layer A4, and the first ini-
tializing drain electrode D4 may correspond to an impu-
rity-doped first initializing drain region in the first initializ-
ing semiconductor layer A4. The first initializing drain
electrode D4 may be connected to the second initializing
thin film transistor T7, and the first initializing source elec-
trode S4 may be connected to the driving gate electrode
G1 and the first electrode C1 of the storage capacitor Cst
via the first contact line CM1 included in the second con-
tact hole 52 and the first contact hole 51. The first initial-
izing gate electrode G4 may be formed of a portion of
the second scan line 24. The first initializing semiconduc-
tor layer A4 may form a dual gate electrode by being
overlapped by the first initializing gate electrode G4 twice.
[0073] The first light-emission control thin film transis-
tor T5 may include a first light-emission control semicon-
ductor layer A5, the first light-emission control gate elec-
trode G5, the first light-emission control source electrode
S5, and the first light-emission control drain electrode
D5. The first light-emission control source electrode S5
may correspond to an impurity-doped first light-emission
control source region in the first light-emission control
semiconductor layer A5, and the first light-emission con-
trol drain electrode D5 corresponds to an impurity-doped
first light-emission control drain region in the first light-
emission control semiconductor layer A5. The first light-
emission control source electrode S5 may be connected
to the driving voltage line 26 via a fourth contact hole 54.
The first light-emission control gate electrode G5 may be
formed of a portion of the light-emission control line 15.
[0074] The second light-emission control thin film tran-
sistor T6 may include a second light-emission control
semiconductor layer A6, the second light-emission con-
trol gate electrode G6, the second light-emission control
source electrode S6, and the second light-emission con-
trol drain electrode D6. The second light-emission control
source electrode S6 may correspond to an impurity-
doped second light-emission control source region in the
second light-emission control semiconductor layer A6,
and the second light-emission control drain electrode D6
corresponds to an impurity-doped second light-emission
control drain region in the second light-emission control
semiconductor layer A6. The second light-emission con-
trol drain electrode D6 may be connected to a pixel elec-
trode of the organic light-emitting device OLED via a sec-
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ond contact line CM2 connected to a fifth contact hole
55 and a via hole VIA connected to the second contact
line CM2. The second light-emission control gate elec-
trode G6 may be formed of a portion of the light-emission
control line 15.
[0075] The second initializing thin film transistor T7
may include a second initializing semiconductor layer A7,
the second initializing gate electrode G7, the second in-
itializing source electrode S7, and the second initializing
drain electrode D7. The second initializing source elec-
trode S7 may correspond to an impurity-doped second
initializing source region in the second initializing semi-
conductor layer A7, and the second initializing drain elec-
trode D7 corresponds to an impurity-doped second ini-
tializing drain region in the second initializing semicon-
ductor layer A7. The second initializing drain electrode
D7 may be connected to a third contact line CM3 con-
nected to a seventh contact hole 57. The third contact
line CM3 may be connected to the initializing voltage line
22 via a sixth contact hole 56. The second initializing gate
electrode G7 may be formed of a portion of the second
scan line 24. The second scan line 24 may serve as the
third scan line 34.
[0076] The first electrode C1 of the storage capacitor
Cst may be directly connected to the driving gate elec-
trode G1, and may be connected to the first initializing
thin film transistor T4 and the compensating thin film tran-
sistor T3 via the first contact line CM1 included in the first
contact hole 51 and the second contact hole 52. The first
electrode C1 may have a floating electrode shape and
overlaps the driving semiconductor layer A1.
[0077] The second electrode C2 of the storage capac-
itor Cst may overlap the first electrode C1 but does not
overlap the entire area of the first electrode C1. The sec-
ond electrode C2 includes an opening portion OP via
which a portion of the first electrode C1 may be exposed,
and the first contact hole 51 may be formed within the
opening portion OP. The second electrode C2 may be
connected to the driving voltage line 26 via an eighth
contact hole 58. Respective second electrodes C2 of ad-
jacent pixels may be formed to be connected to each
other.
[0078] The first scan line 14, the second scan line 24,
and the light-emission control line 15 may all be formed
on the same layer and each extend in the second direc-
tion. The first scan line 14, the second scan line 24, and
the light-emission control line 15 may be formed on the
same layer on which the first electrode C1 of the storage
capacitor Cst may be formed.
The data line 16, the driving voltage line 26, the first con-
tact line CM1, the second contact line CM2, and the third
contact line CM3 may all be formed on the same layer
and each extend in the first direction.
[0079] The second electrode C2 and the initializing
voltage line 22 may both be formed on the same layer
and each extend in the second direction. However, ex-
emplary embodiments are not limited thereto. For exam-
ple, the initializing voltage line 22 may be formed on the

same layer on which the first scan line 14 or the data line
16 is formed.
[0080] FIG. 6 is a schematic layout view for explaining
a relationship between a pixel electrode 310 of an organic
light-emitting device OLED, a opening 150h of a pixel
defining layer 150 for defining a light-emission region,
and lines arranged to overlap with the opening 150h, in
a pixel of an organic light-emitting display device accord-
ing to an exemplary embodiment. FIG. 7 is a cross-sec-
tional view showing a cross-section taken along line I-I’
of FIG. 5 and the organic light-emitting device OLED ar-
ranged on the cross-section.
[0081] Referring to FIGS. 6 and 7, the organic light-
emitting display device according to an exemplary em-
bodiment includes a plurality of pixels, each of which in-
cludes the organic light-emitting device OLED, the pixel
defining layer 150 for defining the light-emission region
by using the opening 150h, and the driving voltage line
26 corresponding to a reference line.
[0082] The plurality of pixels may include a plurality of
red pixels R, a plurality of green pixels G, and a plurality
of blue pixels B. FIG. 6 illustrates one red pixel R, one
green pixel G, and one blue pixel B from among the plu-
rality of pixels. As described above, the plurality of pixels
may be arranged in a PenTile structure.
[0083] The organic light-emitting device OLED may in-
clude the pixel electrode 310, an intermediate layer 320
including an organic emission layer, and an opposing
electrode 330, and the light-emission region of the or-
ganic light-emitting device OLED may be defined by the
opening 150h of the pixel defining layer 150. One of the
pixel electrode 310 and the opposing electrode 330 of
the organic light-emitting device OLED may function as
an anode, and the other may function as a cathode.
[0084] The pixel defining layer 150 may cover an edge
of the pixel electrode 310 and include the opening 150h
via which a portion of the pixel electrode 310 is exposed.
Because the intermediate layer 320 including the organic
emission layer may be arranged on the portion of the
pixel electrode 310 exposed via the opening 150h, the
opposing electrode 330 may be arranged on the inter-
mediate layer 320, and light may be emitted from the
intermediate layer 320 between the pixel electrode 310
and the opposing electrode 330. The light-emission re-
gion of the pixel may be defined by the opening 150h.
[0085] The driving voltage line 26, the data line 16, the
first contact line CM1, and the third contact line CM3 may
be arranged under the pixel electrode 310 with an insu-
lating layer 140 therebetween. The lines may all be
formed on the same layer and each extend in the first
direction. According to the present exemplary embodi-
ment, the lines are arranged on an interlayer insulating
layer 130.
[0086] Herein, a line overlapped by a center point CP
of the opening 150h of the pixel defining layer 150 and
extending in the first direction, from among the lines may
be referred to as a reference line. Given that a region of
a lower layer exposed by the opening 150h may be a

15 16 



EP 3 407 389 A1

10

5

10

15

20

25

30

35

40

45

50

55

plane figure, the center point CP of the opening 150h
may mean the center of mass of the plane figure. Alter-
natively, the center point can be defined as the intersec-
tion of a line forming the largest width in the first direction
of the opening and a line forming the largest width in the
second direction of the opening.
[0087] In FIGS. 6 and 7, the reference line may be the
driving voltage line 26. However, exemplary embodi-
ments are not limited thereto. For example, when the
data line 16, the first contact line CM1, the third contact
line CM3, or a line performing another function may be
overlapped by the center point CP of the opening 150h,
the data line 16, the first contact line CM1, the third con-
tact line CM3, or the line performing the other function
may be a reference line.
[0088] Although respective reference lines of the red
pixel R, the green pixel G, and the blue pixel B are all the
driving voltage lines 26 in FIG. 6, exemplary embodi-
ments are not limited thereto. For example, the reference
lines of the red pixel R and the blue pixel B may be the
driving voltage line 26, and the reference line of the green
pixel G may be the data line 16 or the third contact line
CM3.
[0089] According to the present exemplary embodi-
ment, an additional line other than the reference line may
be arranged on the same layer on which the reference
line may be arranged, within the opening 150h. The ad-
ditional line may be spaced apart from the reference line
and may extend in the first direction. In this case, the
number of lines arranged on one side of the reference
line may be the same as that of lines arranged on the
other side of the reference line.
[0090] Within the opening 150h of the red pixel R, the
data line 16 and the first contact line CM1 may be ar-
ranged as additional lines on both sides of the driving
voltage line 26 being the reference line of the red pixel
R, respectively. The number of lines arranged on one
side of the driving voltage line 26 and that of lines ar-
ranged on the other side of the driving voltage line 26
may be the same, that is, ’1’.
[0091] Within the opening 150h of the green pixel G,
no additional lines may be arranged on both sides of the
driving voltage line 26, which is the reference line of the
green pixel G. It may be considered that the number of
lines arranged on one side of the driving voltage line 26
passing the green pixel G and that of lines arranged on
the other side of the driving voltage line 26 are the same,
that is, ’0’.
[0092] Within the opening 150h of the blue pixel B, the
data line 16 and the first contact line CM1 may be ar-
ranged as additional lines on both sides of the driving
voltage line 26 being the reference line of the blue pixel
B, respectively. The number of lines arranged on one
side of the driving voltage line 26 and that of lines ar-
ranged on the other side of the driving voltage line 26
may be the same, that is, ’1’.
[0093] As such, when additional lines are arranged on
both sides of the reference line, the additional lines may

include a first additional line arranged on one side of the
reference line and a second additional line arranged on
the other side of the reference line, and a difference be-
tween a minimum distance between the first additional
line and the reference line and that between the second
additional line and the reference line may be less than 1
um. In other words, the first additional line and the second
additional line may be arranged apart from each other
by a symmetrical or similar distance about the reference
line.
[0094] In FIG. 6, only the driving voltage line 26 may
be arranged within the opening 150h of the green pixel
G. However, exemplary embodiments are not limited
thereto. For example, by enlarging the opening 150h of
the green pixel G and the pixel electrode 310G, the data
line 16 and the third contact line CM3 may be arranged
as additional lines within the opening 150h. Alternatively,
by shrinking the opening 150h of the red pixel R, only the
driving voltage line 26 being the reference line may be
arranged within the opening 150h. In this way, various
modifications may be made.
[0095] According to the present exemplary embodi-
ment, the driving voltage line 26, the data line 16, the first
contact line CM1, and the third contact line CM3 corre-
sponding to the reference line and the additional lines
may be arranged as described above in order to minimize
a lateral side color shift of the organic light-emitting dis-
play device and reduce asymmetrical white angular de-
pendency (WAD).
[0096] In other words, referring to FIG. 7, when the
organic light-emitting display device is viewed from the
front (point P) and when the organic light-emitting display
device is viewed from a side (point Q1 or Q2), a color
coordinate representing the color of a pixel may have
different values. When the organic light-emitting display
device is viewed at a left-side 45° angle (point Q1) and
when the organic light-emitting display device is viewed
at a right-side 45° angle (point Q2), the color coordinate
representing the color of a pixel may have different val-
ues. According to the present exemplary embodiment,
the locations of lines arranged within the opening 150h
may be controlled to minimize a variation in the value of
a color coordinate according to angles at which the or-
ganic light-emitting display device is recognized, and to
minimize a difference between the values of color coor-
dinates when the organic light-emitting display device is
viewed from the left side and when the organic light-emit-
ting display device is viewed from the right side.
[0097] Because the driving voltage line 26, the data
line 16, the first contact line CM1, and the third contact
line CM3 corresponding to the reference line and the ad-
ditional lines are arranged to overlap with the pixel elec-
trode 310 with the insulating layer 140 therebetween, the
insulating layer 140 and/or the pixel electrode 310 ar-
ranged over the lines may not be flat but may have steps
due to the heights of the lines. In other words, due to the
lines, irregularities may be vertically generated in the in-
sulating layer 140 and/or the pixel electrode 310 ar-
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ranged over the lines.
[0098] An influence of the steps of the lines or an in-
fluence according to locations of the lines may change
optical characteristics of pixels. As shown in FIG. 7, steps
or irregularities formed in the insulating layer 140 and/or
the pixel electrode 310 may affect, for example, reflection
or scattering of light and a change in the wavelength of
light due to reflection of light. Accordingly, when the lines
are arranged asymmetrically, color coordinate values ob-
tained when the organic light-emitting display device is
viewed at a left point (point Q1) and at a right point (point
Q2) may have a bigger difference therebetween.
[0099] Accordingly, according to exemplary embodi-
ments, the reference line may pass the center point CP
of the opening 150h of the pixel defining layer 150, being
the light-emission region, and the same number of addi-
tional lines may be arranged on the left and right sides
of the reference line, whereby the light-emission region
secures bilateral symmetry.
[0100] The pixel defining layer 150 may cover the edge
of the pixel electrode 310 but may include the opening
150h via which a portion of the pixel electrode 310 may
be exposed, thereby defining the light-emission region.
The opening 150h may be formed to be shifted to one
side of the pixel electrode 310 in the second direction
perpendicular to the first direction.
[0101] In other words, the opening 150h may be
formed such that a distance L1 between respective edge
points of the pixel electrode 310 and the opening 150h
that meet a virtual reference line VL, on the left side of
the center point CP of the pixel defining layer 150, is
different from a distance L2 between respective edge
points of the pixel electrode 310 and the opening 150h
that meet the virtual reference line VL, on the right side
of the center point CP of the pixel defining layer 150. The
virtual reference line VL may extend in the second direc-
tion while passing the center point CP of the opening
150h. In FIG. 6, the distance L2 may be greater than the
distance L1. In other words, the distance L2 between the
respective edge points of the pixel electrode 310 and the
opening 150h on the right side of the center point CP of
the pixel defining layer 150 may be greater than the dis-
tance L1 between the respective edge points of the pixel
electrode 310 and the opening 150h on the left side of
the center point CP of the pixel defining layer 150.
[0102] According to the present exemplary embodi-
ment, the opening 150h of the pixel defining layer 150
may be formed to be shifted to one side of the pixel elec-
trode 310, in order to secure uniform parasitic capaci-
tance for each pixel to thereby minimize a color deviation
or a difference in the other characteristics due to parasitic
capacitance.
[0103] Referring to FIG. 7, the first electrode C1 and/or
the second electrode C2 of the storage capacitor Cst,
and the gate electrodes G1 through G7 are arranged
under the pixel electrode 310. Accordingly, parasitic ca-
pacitance may be generated between the pixel electrode
310 and the first electrode C1 and/or the second elec-

trode C2 of the storage capacitor Cst and the gate elec-
trodes G1 through G7. If parasitic capacitance differs be-
tween pixels, characteristics of pixels due to parasitic ca-
pacitance may be different.
[0104] According to the present exemplary embodi-
ment, in order for each pixel to have a uniform parasitic
capacitance value, the pixel electrode 310 may not be
shaped based on the opening 150h of the pixel defining
layer 150 but shaped considering a first gate electrode
or a second gate electrode under the opening 150h.
[0105] For example, referring to FIG. 6, the green pixel
G includes a basic pixel electrode 311G and an extended
pixel electrode 313G extending in the second direction
in order to secure the same parasitic capacitance value
as that of each of the red pixel R and the blue pixel B.
Accordingly, if the location of the pixel electrode 310
moves in accordance with the location of the opening
150h of the pixel defining layer 150, the parasitic capac-
itance value may differ between pixels. Thus, the opening
150h of the pixel defining layer 150 may be formed to be
shifted on one side of the pixel electrode 310.
[0106] A structure according to exemplary embodi-
ments will now be described in more detail with reference
to FIG. 7. FIG. 7 illustrates an organic light-emitting de-
vice OLED formed on the cross-section taken along line
I-I’ of FIG. 5. The line I-I’ of FIG. 5 corresponds to the line
I-I’ of FIG. 6. FIG. 7 illustrates the driving thin film tran-
sistor T1 from among the plurality of thin film transistors,
and the storage capacitor Cst.
[0107] To clarify the feature of the present invention,
FIG. 7 illustrates a pixel without components lowly rele-
vant to representing the driving thin film transistor T1 and
the storage capacitor Cst from among components, such
as some lines, some electrodes, and some semiconduc-
tor layers arranged on a cross-section taken along a cut-
ting line. Thus, the cross-section of FIG. 7 may be differ-
ent from a cross-section actually taken along line I-I’ of
FIG. 5.
[0108] Referring to FIG. 7, a substrate 110 may be
formed of any of various materials, for example, glass,
metal, and plastic such as polyethylene terephthalate
(PET), polyethylene naphthalate (PEN), or polyimide.
The substrate 110 may have flexible or bendable char-
acteristics. The substrate 110 may have a structure of a
single layer or multiple layers of any of the aforemen-
tioned materials.
[0109] A buffer layer 111 may be formed on the sub-
strate 110. The buffer layer 111 may increase smooth-
ness of an upper surface of the substrate 110 or prevent
or minimize infiltration of impurities from the substrate
110 and the like into the driving thin film transistor T1.
The buffer layer 111 may include an inorganic material
(such as oxide or nitride), an organic material, or an or-
ganic and inorganic compound, and may be formed as
a single layer or multiple layers of an inorganic material
and an organic material. According to some exemplary
embodiments, the buffer layer 111 may have a three-
layer structure of silicon oxide/silicon nitride/silicon oxide.
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[0110] The driving semiconductor layer A1 of the driv-
ing thin film transistor T1 may be formed on the buffer
layer 111. The driving semiconductor layer A1 may be
formed of polysilicon and may include a channel region
undoped with impurities and a source region and a drain
region which are doped with impurities and are respec-
tively formed on both sides of the channel region. The
impurities may vary depending on the type of thin film
transistor, and may be N-type impurities or P-type impu-
rities. Although not shown, the switching semiconductor
layer A2 of the switching thin film transistor T2, the com-
pensating semiconductor layer A3 of the compensating
thin film transistor T3, the first initializing semiconductor
layer A4 of the first initializing thin film transistor T4, the
second initializing semiconductor layer A7 of the second
initializing thin film transistor T7, and the first light-emis-
sion control semiconductor layer A5 of the first light-emis-
sion control thin film transistor T5 may also be connected
to the driving semiconductor layer A1 and the second
light-emission control semiconductor layer A6 and may
be formed simultaneously.
[0111] A first gate insulating layer GI1 may be stacked
on the entire surface of the substrate 110 such that the
first gate insulating layer GI1 covers the semiconductor
layers A1 through A7. The first gate insulating layer GI1
may be formed of an inorganic material, such as silicon
oxide or silicon nitride, and have a multi-layer structure
or a single-layer structure. The first gate insulating layer
GI1 insulates a semiconductor layer from gate elec-
trodes. According to an exemplary embodiment, the first
gate insulating layer GI1 may be thicker than a second
gate insulating layer GI2 which may be to be described
below. The first gate insulating layer GI1 may insulate
respective semiconductor layers of the driving thin film
transistor T1, the switching thin film transistor T2, the
compensating thin film transistor T3, the first initializing
thin film transistor T4, the first light-emission control thin
film transistor T5, the second light-emission control thin
film transistor T6, and the second initializing thin film tran-
sistor T7, from the gate electrodes G1 through G7 of the
thin film transistors T1 through T7, respectively. When
the first gate insulating layer GI1 is thick, the parasitic
capacitance between a semiconductor layer and a gate
electrode may decrease, and thus staining of an image
displayed on the organic light-emitting display device
may be reduced. In the case of the driving thin film tran-
sistor T1, the parasitic capacitance between the driving
semiconductor layer A1 and the driving gate electrode
G1 may decrease, and a gate voltage Vgs applied to the
driving gate electrode G1 has a wide driving range. Ac-
cordingly, light emitted from the organic light-emitting de-
vice may be controlled to have a more extensive gray
scale, by varying the magnitude of the gate voltage Vgs
applied to the driving gate electrode G1 of the driving thin
film transistor T1.
[0112] The driving gate electrode G1 of the driving thin
film transistor T1 and the first electrode C1 of the storage
capacitor Cst may be formed on the first gate insulating

layer GI1.
[0113] Although not shown, the switching gate elec-
trode G2 of the switching thin film transistor T2, the com-
pensating gate electrode G3 of the compensating thin
film transistor T3, the first initializing gate electrode G4
of the first initializing thin film transistor T4, the second
initializing gate electrode G7 of the second initializing thin
film transistor T7, and the first light-emission control gate
electrode G5 of the first light-emission control thin film
transistor T5 may be simultaneously formed with the sec-
ond light-emission control gate electrode G6, the driving
gate electrode G1, and the first electrode C1. The driving
gate electrode G1, the switching gate electrode G2, the
compensating gate electrode G3, the first initializing gate
electrode G4, the second initializing gate electrode G7,
the first light-emission control gate electrode G5, the sec-
ond light-emission control gate electrode G6, and the first
electrode C1 may be formed of a same material as the
first gate line GL1, and are hereinafter referred to as first
gate electrodes.
[0114] The switching gate electrode G2, the compen-
sating gate electrode G3, the first initializing gate elec-
trode G4, the second initializing gate electrode G7, the
first light-emission control gate electrode G5, and the
second light-emission control gate electrode G6 may be
defined as regions where the first scan line 14, the second
scan line 24, and the light-emission control line 15 overlap
with the semiconductor layer. Accordingly, a process of
forming the switching gate electrode G2, the compensat-
ing gate electrode G3, the first initializing gate electrode
G4, the second initializing gate electrode G7, the first
light-emission control gate electrode G5, and the second
light-emission control gate electrode G6 may correspond
to a process of forming the first scan line 14, the second
scan line 24, and the light-emission control line 15. The
driving gate electrode G1 may be integrally formed with
the first electrode C1. The first gate line GL1 may include
at least one metal selected from aluminum (Al), platinum
(Pt), palladium (Pd), silver (Ag), magnesium (Mg), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chromium
(Cr), calcium (Ca), molybdenum (Mo), titanium (Ti), tung-
sten (W), and copper (Cu).
[0115] According to an exemplary embodiment, the
storage capacitor Cst overlaps with the driving thin film
transistor T1. In detail, because the driving gate electrode
G1 and the first electrode C1 are integrally formed with
each other, the storage capacitor Cst and the driving thin
film transistor T1 inevitably overlap each other. Because
the storage capacitor Cst may be arranged to overlap
with the driving thin film transistor T1, the storage capac-
itor Cst may have a sufficient storage capacity.
[0116] The second gate insulating layer GI2 may be
stacked on the entire surface of the substrate 110 such
that the second gate insulating layer GI2 covers the first
gate electrodes. The second gate insulating layer GI2
may be formed of an inorganic material, such as silicon
oxide or silicon nitride, and have a multi-layer structure
or a single-layer structure. The second gate insulating
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layer GI2 insulates the first gate electrodes from second
gate electrodes. The second gate insulating layer GI2
serves as a dielectric layer of the storage capacitor Cst.
To increase the storage capacity of the storage capacitor
Cst, the second gate insulating layer GI2 may be thinner
than the first gate insulating layer GI1.
[0117] The second electrode C2 of the storage capac-
itor Cst may be formed on the second gate insulating
layer GI2. The second electrode C2 may be arranged to
overlap the first electrode C1. However, the second elec-
trode C2 has an opening OP via which a portion of the
first electrode C1 may be exposed. The first electrode
C1 may be connected to the compensating thin film tran-
sistor T3 and the first initializing thin film transistor T4 via
the first contact hole 51 formed within the opening OP.
The second electrode C2 may be formed of a material
of the second gate line GL2, and may be hereinafter re-
ferred to as a second gate electrode. Similar to the first
gate line GL1, the second gate line GL2 may include at
least one metal selected from aluminum (Al), platinum
(Pt), palladium (Pd), silver (Ag), magnesium (Mg), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chromium
(Cr), calcium (Ca), molybdenum (Mo), titanium (Ti), tung-
sten (W), and copper (Cu). The second electrode C2 of
one pixel may be directly connected to the second elec-
trode C2 of its adjacent pixel.
[0118] An interlayer insulating layer 130 may be
formed on the entire surface of the substrate 110 such
that the interlayer insulating layer 130 covers the second
electrode C2 of the storage capacitor Cst. The interlayer
insulating layer 130 may be formed of an inorganic insu-
lating material, such as silicon oxide, silicon nitride,
and/or silicon oxynitride.
[0119] An insulating layer including an inorganic ma-
terial, such as the buffer layer 111, the first gate insulating
layer GI1, the second gate insulating layer GI2, and the
interlayer insulating layer 130, may be formed by chem-
ical vapor deposition (CVD) or atomic layer deposition
(ALD). This may be equally applied to exemplary embod-
iments to be described below and modifications thereof.
[0120] The driving voltage line 26, the data line 16, the
first contact line CM1, and the like are formed on the
interlayer insulating layer 130, and the insulating layer
140 may be formed on the entire surface of the substrate
110 to cover the data line 16, the driving voltage line 26,
the first contact line CM1, and the like.
[0121] The insulating layer 140 may be formed of an
organic insulating material, such as, acryl, benzocy-
clobutene (BCB) or hexamethyldisiloxane (HMDSO).
The insulating layer 140 may be formed of an inorganic
insulating material, such as silicon oxide, silicon nitride,
and/or silicon oxynitride. The insulating layer 140 may
be formed as a single layer or a multi-layer.
[0122] The organic light-emitting device OLED may be
disposed on the insulating layer 140, and includes the
pixel electrode 310, the opposing electrode 330, and the
intermediate layer 320 between the pixel electrode 310
and the opposing electrode 330 and including an organic

emission layer. The pixel electrode 310 may be connect-
ed to the second contact line CM2 of FIG. 5 via the via
hole VIA of FIG. 5 formed in the insulating layer 140. The
second contact line CM2 may be connected to the second
light-emission control drain electrode D6 and the second
initializing source electrode S7 via the sixth contact hole
56 of FIG. 5.
[0123] The pixel defining layer 150 may be disposed
on the insulating layer 140. The pixel defining layer 150
defines light-emission regions of pixels by including re-
spective openings 150h corresponding to the pixels,
namely, openings 150h via each of which at least a por-
tion of the pixel electrode 310 may be exposed. In a case
as illustrated in FIG. 7, the pixel defining layer 150 pre-
vents an arc from occurring on the edge of the pixel elec-
trode 310 by increasing a distance between the edge of
the pixel electrode 310 and the opposing electrode 330
arranged over the pixel electrode 310. The pixel defining
layer 150 may be formed of an organic material, for ex-
ample, polyimide or HMDSO.
[0124] The intermediate layer 320 of the organic light-
emitting device OLED may include a low molecular
weight material or a high molecular weight material.
When the intermediate layer 320 includes a low-molec-
ular weight material, the intermediate layer 320 may have
a structure in which a hole injection layer (HIL), a hole
transport layer (HTL), an organic emission layer (EML),
an electron transport layer (ETL), an electron injection
layer (EIL) are stacked in a single or complex structure,
and may include various organic materials including cop-
per phthalocyanine (CuPc), N,N’-Di(naphthalene-1-
yl)-N,N’-diphenyl-benzidine (NB), and tris-8-hydroxyqui-
noline aluminum (Alq3). These layers may be formed by
vacuum deposition.
[0125] When the intermediate layer 320 includes a
high-molecular weight material, the intermediate layer
320 may generally include an HTL and an EML. In this
case, the HTL may include poly(ethylenedioxythiophene)
(PEDOT), and the EML may include a high-molecular
weight material such as a polyphenylene vinylene
(PPV)-based material or a polyfluorene-based material.
The intermediate layer 320 may be formed by screen
printing, inkjet printing, laser induced thermal imaging
(LITI), or the like.
[0126] The intermediate layer 320 is not limited to the
structure described above, and may have any of various
other structures. The intermediate layer 320 may include
a single layer that covers a plurality of pixel electrodes
310 or may include patterned layers respectively corre-
sponding to the plurality of pixel electrodes 310.
[0127] The opposing electrode 330 may be formed as
a single body constituting a plurality of organic light-emit-
ting devices OLED, and thus may correspond to the plu-
rality of pixel electrodes 310.
[0128] When the pixel electrode 310 functions as an
electrode, the pixel electrode 310 may include a material
having a high work function, such as ITO, IZO, ZnO, or
In2O3. When the organic light-emitting display device is

23 24 



EP 3 407 389 A1

14

5

10

15

20

25

30

35

40

45

50

55

of a top-emission type, the pixel electrode 310 may fur-
ther include a reflection layer including silver (Ag), mag-
nesium (Mg), aluminum (Al), platinum (Pt), palladium
(Pd), gold (Au), nickel (Ni), neodymium (Nd), iridium (Ir),
chromium (Cr), lithium (Li), ytterbium (Yb), or calcium
(Ca). These materials may be independently used, or
may be combined with each other and used. The pixel
electrode 310 may have a single-layer or multi-layer
structure including the aforementioned metals and/or al-
loys thereof. In some exemplary embodiments, the pixel
electrode 310 may be a reflective electrode and thus may
have an ITO/Ag/ITO structure.
[0129] When the opposing electrode 330 functions as
a cathode electrode, the opposing electrode 330 may be
formed of a metal, such as silver (Ag), magnesium (Mg),
aluminum (Al), platinum (Pt), palladium (Pd), gold (Au),
nickel (Ni), neodymium (Nd), iridium (Ir), chromium (Cr),
lithium (Li), or calcium (Ca). When the organic light-emit-
ting display device is of a top-emission type, the opposing
electrode 330 needs to be able to transmit light. Accord-
ing to some exemplary embodiments, the opposing elec-
trode 330 may include transparent conductive metal ox-
ide, such as ITO, IZO, ZnO, or In2O3.
[0130] According to another exemplary embodiment,
the opposing electrode 330 may include a thin film in-
cluding at least one of Li, Ca, LiF/Ca, LiF/Al, Al, Ag, Mg,
or Yb. For example, the opposing electrode 330 may
have a single-layer or stacked-layer structure of Mg:Ag,
Ag:Yb, and/or Ag.
[0131] As shown in FIGS. 6 and 7, various lines under
the pixel electrode 310 overlap each other, and thus the
insulating layer 140 and/or the pixel electrode 310 ar-
ranged over the various lines may form a step and not
be flat. In other words, due to the lines, irregularities may
be vertically generated on the insulating layer 140 and/or
the pixel electrode 310 arranged over the lines.
[0132] According to exemplary embodiments, in order
to minimize an influence of the steps of the lines or an
influence according to locations of the lines, the reference
line passes the center point CP of the opening 150h of
the pixel defining layer 150, being the light-emission re-
gion, and additional lines are arranged on left and right
sides of the reference line, whereby the light-emission
region secures bilateral symmetry.
[0133] According to exemplary embodiments, the
opening 150h of the pixel defining layer 150 may be shift-
ed to one side of the pixel electrode 310 to form an ine-
quality of 11 < 12 , so that a parasitic capacitance that
may be generated between the pixel electrode 310 and
the first and/or second gate electrodes may be secured
uniformly for pixels.
[0134] FIG. 8 is a schematic plan view of a comparative
example to be compared with an exemplary embodiment.
[0135] Referring to FIG. 8, first contact lines CM1,
which are reference lines, pass center points CP of holes
of a red pixel R’ and a blue pixel B’, but the number of
additional lines arranged on one side of each first contact
line CM1, which may be the reference line, may be not

the same as that of additional lines arranged on the other
side of each first contact line CM1.
[0136] In the case of the red pixel R’, one additional
line, namely, the driving voltage line 26, may be arranged
on the left side of the first contact line CM1 being the
reference line, and no additional lines are arranged on
the right side of first contact line CM1 being the reference
line.
[0137] In the case of the blue pixel B’, one additional
line, namely, the driving voltage line 26, may be arranged
on the left side of the first contact line CM1 being the
reference line, and no additional lines may be arranged
on the right side of the first contact line CM1 being the
reference line.
[0138] In the case of the green pixel G’, no reference
lines may be arranged on the center point CP of the hole.
[0139] The opening 150h’ of each of the pixels R’, G’,
and B’ may be not shifted to one side of the pixel electrode
310 in the second direction. In other words, a distance
L1’ between respective edge points of the pixel electrode
310 and the opening 150h’ that meet a virtual reference
line VL, on the left side of the center point CP of the pixel
defining layer 150, may be substantially the same as a
distance L2’ between respective edge points of the pixel
electrode 310 and the opening 150h’ that meet the virtual
reference line VL, on the right side of the center point CP
of the pixel defining layer 150. The virtual reference line
VL extends in the second direction while passing the
center point CP of the opening 150h’. In other words, it
may be illustrated that the distance L2’ between the re-
spective edge points of the pixel electrode 310 and the
opening 150h’ on the right side of the center point CP of
the pixel defining layer 150 may be equal to the distance
L1’ between the respective edge points of the pixel elec-
trode 310 and the opening 150h’ on the left side of the
center point CP of the pixel defining layer 150 (L1’=L2’).
[0140] FIG. 9 is a table showing a luminance ratio for
each color and color coordinates of white light in an ex-
emplary embodiment and those in a comparative exam-
ple.
[0141] In FIG. 9, R_45°, G_45°, and B_45° respective-
ly indicate luminance ratios of red, green, and blue colors
measured on a 45° lateral side relative to the front side.
In other words, given that brightness measured on the
front side may be 100%, R_45°, G_45°, and B_45° refer
to luminance ratios for red, green, and blue colors, re-
spectively. According to an exemplary embodiment, the
luminance ratios for red, green, and blue colors meas-
ured on the 45°lateral side are respectively 44.9%,
41.2%, and 37.5%, which are all greater than those ac-
cording to the comparative example.
[0142] In FIG. 9, W_x and W_x’ indicate x values of a
CIE 1931 color coordinate system. W_x refers to an x
coordinate of white light measured on the front side, and
W_x’ refers to an x coordinate of white light measured
on a 45° lateral side. Being that a change in an x coor-
dinate means having an influence on a red color. Δx refers
to a change between color coordinate values on the front
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side and on the lateral side, which is W_x’- Wx.
[0143] In the comparative example, the x value of the
color coordinate differs between the front side and the
lateral side. However, according to an exemplary em-
bodiment, the value of the color coordinate did not
change. In other words, according to an exemplary em-
bodiment, brightness on the lateral side of each pixel may
be improved, and a color shift phenomenon may be re-
duced.
[0144] FIG. 10 is a schematic layout view for explaining
a relationship between the pixel electrode 310 of the or-
ganic light-emitting device OLED, the opening 150h of
the pixel defining layer 150 for defining a light-emission
region, and the lines arranged to overlap with the opening
150h, in a pixel of an organic light-emitting display device
according to another exemplary embodiment.
[0145] Referring to FIG. 10, the organic light-emitting
display device according to another exemplary embodi-
ment includes a plurality of pixels, each of which includes
the organic light-emitting device OLED, the pixel defining
layer 150 for defining the light-emission region by using
the opening 150h, and the driving voltage line 26 corre-
sponding to a reference line. The plurality of pixels may
include a plurality of red pixels R, a plurality of green
pixels G, and a plurality of blue pixels B.
[0146] In the organic light-emitting display device ac-
cording to another exemplary embodiment, only some of
the red pixel R, the green pixel G, and the blue pixel B
include reference lines arranged to overlap with the cent-
er point CP of the opening 150h, and the number of ad-
ditional lines arranged on one side of each reference line
may be the same as that of additional lines arranged on
the other side of the reference line. The additional lines
mean lines arranged to overlap with the opening 150h.
[0147] Referring to FIG. 10, in the case of the green
pixel G and the blue pixel B, a reference line may be
arranged to overlap with the center point CP of the open-
ing 150h, and the number of additional lines arranged on
one side of the reference line may be the same as that
of additional lines arranged on the other side of the ref-
erence line.
[0148] In other words, it may be considered that the
number of lines arranged on one side of the driving volt-
age line 26 passing the green pixel G and that of lines
arranged on the other side of the driving voltage line 26
are the same, that is, ’0’.
[0149] Within the opening 150h of the blue pixel B, the
data line 16 and the first contact line CM1 are arranged
as additional lines on both sides of the driving voltage
line 26 being the reference line of the blue pixel B, re-
spectively. The number of lines arranged on one side of
the driving voltage line 26 and that of lines arranged on
the other side of the driving voltage line 26 are the same,
that is, ’1’.
[0150] As such, when additional lines are arranged on
both sides of the reference line, the additional lines may
include a first additional line arranged on one side of the
reference line and a second additional line arranged on

the other side of the reference line, and a difference be-
tween a minimum distance between the first additional
line and the reference line and that between the second
additional line and the reference line may be less than 1
um . In other words, the first additional line and the sec-
ond additional line may be arranged apart from each oth-
er by a symmetrical or similar distance about the refer-
ence line.
[0151] In the case of the red pixel R, one additional
line, namely, the driving voltage line 26, may be arranged
on the left side of the first contact line CM1 being the
reference line, and no additional lines may be arranged
on the right side of the first contact line CM1 being the
reference line.
[0152] The opening 150h of each of the green and blue
pixels G and B may be formed to be shifted to one side
of the pixel electrode 310 in the second direction perpen-
dicular to the first direction. On the other hand, the open-
ing 150h of the red pixel R may not be shifted to one side
of the pixel electrode 310 in the second direction.
[0153] In other words, in the case of the green pixel G
and the blue pixel B, the opening 150h may be formed
such that a distance L1 between respective edge points
of the pixel electrode 310 and the opening 150h that meet
a virtual reference line VL, on the left side of the center
point CP of the opening 150h, is different from a distance
L2 between respective edge points of the pixel electrode
310 and the opening 150h that meet the virtual reference
line VL, on the right side of the center point CP of the
opening 150h. The virtual reference line VL may extend
in the second direction while passing the center point CP
of the opening 150h. In FIG. 10, the distance L2 may be
greater than the distance L1. In other words, the distance
L2 between the respective edge points of the pixel elec-
trode 310 and the opening 150h on the right side of the
center point CP of the opening 150h may be greater than
the distance L1 between the respective edge points of
the pixel electrode 310 and the opening 150h on the left
side of the center point CP of the opening 150h.
[0154] In the case of the red pixel R, the opening 150h
may be formed such that a distance L1 between respec-
tive edge points of the pixel electrode 310 and the open-
ing 150h that meet a virtual reference line VL, on the left
side of the center point CP of the opening 150h, may be
substantially the same as a distance L2 between respec-
tive edge points of the pixel electrode 310 and the open-
ing 150h that meet the virtual reference line VL, on the
right side of the center point CP of the opening 150h. The
virtual reference line VL may extend in the second direc-
tion while passing the center point CP of the pixel defining
layer 150.
[0155] According to the present exemplary embodi-
ment, the red pixel R has the same structure as the red
pixel R’ in the comparative example of FIG. 8, and the
green pixel G and the blue pixel B have the same struc-
tures as those according to the exemplary embodiment
of FIG. 6. This may be a structure for minimizing a differ-
ence between luminance ratios of red, green, and blue

27 28 



EP 3 407 389 A1

16

5

10

15

20

25

30

35

40

45

50

55

pixels on the 45° lateral side relative to the front side,
based on the data of FIG. 9.
[0156] FIGS. 11A and 11B are schematic layout views
of some pixels included in the first pixel region R1 of FIG.
1 and some pixels included in the second pixel region
R2 of FIG. 1 in an organic light-emitting display device
according to another exemplary embodiment, wherein
the first and second pixel regions R1 and R2 are arranged
at different locations.
[0157] Referring to FIGS. 11A and 11B, in the case of
green pixels G in the first pixel region R1 and the second
pixel region R2, a reference line may be arranged within
the opening 150h to overlap with the center point CP of
the opening 150h, and the number of lines arranged on
one side of the reference line may be the same as that
of lines arranged on the other side of the reference line.
In the first pixel region R1 and the second pixel region
R2, the opening 150h of each of the green pixels G may
be formed to be shifted to one side of the pixel electrode
310 in the second direction perpendicular to the first di-
rection. Such a structure of the green pixel G may be
reflected in not only the first pixel region R1 and the sec-
ond pixel region R2 but also the entire display region of
the organic light-emitting display device.
[0158] However, a red pixel R and a blue pixel B in the
first pixel region R1 may have different structures from
those in the second pixel region R2. According to some
exemplary embodiments, the first pixel region R1 and
the second pixel region R2 may be aligned on a straight
line extending in the second direction, the first pixel region
R1 may be on the left side of the display region of the
organic light-emitting display device, and the second pix-
el region R2 may be on the right side of the display region
of the organic light-emitting display device.
[0159] In the first pixel region R1, the opening 150h of
the red pixel R may be shifted to the left side of a pixel
electrode 310R. In the first pixel region R1, the opening
150h of the blue pixel B may be shifted to the left side of
a pixel electrode 310B. (L1 < L2).
[0160] In the second pixel region R2, the opening 150h
of the red pixel R may be shifted to the right side of the
pixel electrode 310R. In the second pixel region R2, the
opening 150h of the blue pixel B may be shifted to the
right side of a pixel electrode 310B. (L1 > L2).
[0161] According to the present exemplary embodi-
ment, the degree to which the opening 150h of the red
pixel R and the opening 150h of the blue pixel B are
shifted to the left or right side of the pixel electrode 310
may vary according to locations of the display region. For
example, in a direction from the left side of a pixel region
toward the right side thereof in the second direction, the
value of the distance L1 may gradually increase.
[0162] However, exemplary embodiments are not lim-
ited thereto. For example, the opening 150h of the red
pixel R in the first pixel region R1 may be shifted to the
right side of the pixel electrode 310R, and the opening
150h of the red pixel R in the second pixel region R2 may
be shifted to the left side of the pixel electrode 310R. In

this way, various modifications may be made.
[0163] According to the present exemplary embodi-
ment, in the case of the green pixels G, a line layout within
the opening 150h may maintain uniformity regardless of
locations of the pixel region, and, in the case of the red
pixels R and the blue pixels B, a line layout within the
opening 150h may be controlled according to locations
of the pixel region. Due to this control, a difference be-
tween right-side WAD and left-side WAD of the organic
light-emitting display device may be minimized.
[0164] According to various exemplary embodiments,
uniform characteristics between pixels may be main-
tained, and also a lateral side color shift of an organic
light-emitting display device may be minimized and uni-
formity between right-side WAD and left-side WAD of the
organic light-emitting display device may be obtained.
[0165] Of course, the scope of the present invention
may be not limited thereto.
[0166] Although certain exemplary embodiments and
implementations have been described herein, other em-
bodiments and modifications will be apparent from this
description. Accordingly, the inventive concept is not lim-
ited to such embodiments, but rather to the broader scope
of the presented claims and various obvious modifica-
tions and equivalent arrangements.

Claims

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

a plurality of pixels (PX), the plurality of pixels
(PX) comprising a plurality of first pixels (G), a
plurality of second pixels (B), and a plurality of
third pixels (R) that emit different colors,
wherein:

at least one of the plurality of first pixels (G)
comprises:

a first organic light-emitting device
(OLED) comprising a first pixel elec-
trode (310G), a first organic emission
layer (320), and a first opposing elec-
trode (330);
a first pixel defining layer (150) covering
an edge of the first pixel electrode
(310G) and being configured to define
a light-emission region by having a first
opening (150h) which exposes a por-
tion of the first pixel electrode (310); and
a first reference line (26) extending in
a first direction and overlapping the first
pixel electrode (310G) with an insulat-
ing layer (140) disposed between the
first reference line and the first pixel
electrode (310),
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wherein the first reference line (26) overlaps
with a center point (CP) of the first opening
(150h), and
the first opening (150h) is shifted to one side
of the first pixel electrode (310G) in a sec-
ond direction, which is perpendicular to the
first direction.

2. The organic light-emitting display device of claim 1,
wherein the number of lines overlapped by the first
opening (150h), arranged on a same layer on which
the first reference line (26) is arranged, and arranged
on a first side of the first reference line (26) is equal
to the number of lines overlapped by the first opening
(150h), arranged on the same layer on which the first
reference line (26) is arranged, and arranged on a
second side of the first reference line (26) that is
opposite the first side.

3. The organic light-emitting display device of claim 1
or 2, wherein:

at least one of the plurality of second pixels (B)
comprises:

a second organic light-emitting device
(OLED) comprising a second pixel elec-
trode (310B), a second organic emission
layer (320), and a second opposing elec-
trode (330),
a second pixel defining layer (150) covering
an edge of the second pixel electrode
(310B) and being configured to define a
light-emission region by having a second
opening (150h) which exposes a portion of
the second pixel electrode (310B), and
a second reference line (26) overlapping
with the second pixel electrode (310B) with
an insulating layer (140) between the sec-
ond reference line (26) and the second pixel
electrode (310B) and extending in the first
direction,

the second reference line (26) overlaps with a
center point (CP) of the second opening (150h),
and
the second opening (150h) is shifted to one side
of the second pixel electrode (310B) in the sec-
ond direction, which is perpendicular to the first
direction.

4. The organic light-emitting display device of claim 3,
wherein the plurality of first pixels (G) display a green
color, and the plurality of second pixels (B) display
a blue color.

5. The organic light-emitting display device of one of
claims 3 and 4, wherein:

in the first opening (150h) of each of the plurality
of first pixels (G), only the first reference line (26)
is arranged, and
in the second opening (150h) of each of the plu-
rality of second pixels (B), a first additional line
(16) and a second additional line (CM1) are ar-
ranged on both sides of the second reference
line (26), respectively.

6. The organic light-emitting display device of claim 1,
wherein:

at least one of the plurality of second pixels (B)
comprises:

a second organic light-emitting device
(OLED) comprising a second pixel elec-
trode (310B), a second organic emission
layer (320), and a second opposing elec-
trode (330); and
a second pixel defining layer (150) covering
an edge of the second pixel electrode
(310B) and being configured to define a
light-emission region by having a second
opening (150h) which exposes a portion of
the second pixel electrode (310B), and

the second opening (150h) is shifted to one side
of the second pixel electrode (310B) in the sec-
ond direction perpendicular to the first direction,
and a degree to which the second opening
(150h) is shifted to the one side of the second
pixel electrode (310B) varies according to re-
spective locations of the plurality of second pix-
els (B).

7. The organic light-emitting display device of claim 6,
wherein the degree to which the second opening is
shifted to the one side of the second pixel electrode
(310B) gradually changes according to locations
where the plurality of second pixels (B) are arranged
in the second direction.

8. The organic light-emitting display device of one of
claims 6 and 7, wherein:

at least one of the plurality of third pixels (R)
comprises:

a third organic light-emitting device (OLED)
comprising a third pixel electrode (310R), a
third organic emission layer (320), and a
third opposing electrode (330); and
a third pixel defining layer (150) covering an
edge of the third pixel electrode (310R) and
being configured to define a light-emission
region by having a third opening (150h)
which exposes a portion of the third pixel
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electrode (310R), and

the third opening (150h) is shifted to one side of
the third pixel electrode (310R) in the second
direction perpendicular to the first direction, and
a degree to which the third opening (150) is shift-
ed to the one side of the third pixel electrode
(310R) varies according to respective locations
of the plurality of third pixels (R).

9. The organic light-emitting display device of claim 8,
wherein the plurality of second pixels (B) display a
blue color, and the plurality of third pixels (R) display
a red color.

10. The organic light-emitting display device of one of
the preceding claims, wherein:

each of the plurality of pixels (PX) further com-
prises a driving thin film transistor (T1) arranged
on a substrate (110) and comprising a driving
gate electrode (G1), and
at least a portion of the first pixel electrode
(310G) overlaps with the driving gate electrode
(G1).

11. The organic light-emitting display device of claim 10,
wherein:

each of the plurality of pixels (PX) further com-
prises a storage capacitor (Cst) overlapping with
the driving thin film transistor (T1) and compris-
ing a first electrode (C1) and a second electrode
(C2), and
the first electrode (C1) is integrally formed with
the driving gate electrode (G1).

12. The organic light-emitting display device of claim 11,
wherein:

the driving thin film transistor (T1) comprises a
driving semiconductor layer (A1) arranged un-
der the driving gate electrode (G1) and insulated
from the driving gate electrode (G1) by a first
gate insulating layer (GI1), and
a second gate insulating layer (GI2) is arranged
between the first electrode (C1) and the second
electrode (C2).

13. The organic light-emitting display device of one of
the preceding claims, wherein:

a first distance (L1) between respective edge
points of the pixel electrode (310) and the open-
ing (150h) that meet a virtual reference line (VL)
on the left side of the center point (CP), is differ-
ent from a second distance (L2) between re-
spective edge points of the pixel electrode (310)

and the opening (150h) that meet the virtual ref-
erence line (VL) on the right side of the center
point (CP), wherein the virtual reference line
(VL) extends in a second direction perpendicular
to the first direction.
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摘要(译)

有机发光显示装置包括多个像素（PX），每个像素包括包括像素电极
（310）的有机发光装置（OLED），有机发光层（320）和相对电极
（OLED）。 330）;像素限定层（150），其覆盖像素电极（310）的边
缘，并且被配置为通过具有暴露像素电极（310）的一部分的开口
（150h）来限定发光区域;参考线（26）与像素电极（310）重叠，在参
考线（26）和像素电极（310）之间具有绝缘层（140）并沿第一方向延
伸。参考线（26）与a重叠开口（150h）的中心点（CP）和开口
（150h）在垂直于第一方向的第二方向上移动到像素电极（310）的一
侧，使得各自之间的第一距离（L1）在中心点（CP）的左侧与虚拟基准
线（VL）相遇的像素电极（310）和开口（150h）的边缘点不同于在各
个边缘点之间的第二距离（L2）。像素电极（310）和开口（150h），
其与中心点（CP）右侧的虚拟参考线（VL）相交，其中虚拟参考线
（VL）在垂直于第一方向的第二方向上延伸方向。
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