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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2017-0018720,
filed on Feb. 10, 2017, and entitled, “Organic Light Emitting
Diode Display Device,” is incorporated by reference herein
in its entirety.

BACKGROUND

1. Field

[0002] One or more embodiments described herein relate
to an organic light emitting diode display device.

2. Discussion of the Related Art

[0003] An OLED display device generates images based
on light emitted from pixels that include OLEDs. This type
of display device has relatively low power consumption,
high luminance, and fast reaction speed. In an OLED display
device, each pixel may have a multi-layer structure that
includes the OLED. The lower portion of a pixel electrode
of the pixel may be non-uniform or asymmetric. Such a
structure may produce a color shift depending on viewing
angle, e.g., the color of emitted light perceived by a viewer
may vary depending on viewing direction.

SUMMARY

[0004] In accordance with one or more embodiments, an
organic light emitting display device includes a substrate; a
first protection layer on the substrate; a conductive line on
the first protection layer; a first step difference compensation
pattern on the first protection layer and separated from the
conductive line; a second protection layer on the conductive
line and the first step difference compensation pattern; a first
electrode on the second protection layer and overlapping at
least a part of the conductive line and at least a part of the
first step difference compensation pattern; an organic light
emitting layer on the first electrode; and a second electrode
on the organic light emitting layer, wherein one side of the
conductive line overlapping the first electrode corresponds
to a first side, another side of the conductive line overlapping
the first electrode corresponds to a second side, and at least
one side of the first step difference compensation pattern
overlapping the first electrode corresponds to a third side,
and wherein a length of the first side is different from a
length of the second side.

[0005] The third side may be substantially parallel to the
first side and the second side. A difference between the
length of the first side and the length of the second side may
be substantially equal to a length of the third side. The first
step difference compensation pattern may be a polygonal
shape on a plane. The first step difference compensation
pattern may be in a floating state. The first step difference
compensation pattern may include substantially a same
material as the conductive line. A thickness of the first step
difference compensation pattern may be substantially equal
to a thickness of the conductive line. The conductive line
may be a driving voltage line.

[0006] The display device may include a second step
difference compensation pattern; and a third step difference
compensation pattern, wherein the second and third step
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difference compensation patterns are on the first protection
layer and overlap at least part of the first electrode, and
wherein: at least one side of the second step difference
compensation pattern overlapping the first electrode corre-
sponds to a fourth side, at least one side of the third step
difference compensation pattern overlapping the first elec-
trode corresponds to a fifth side, and an angle between the
fourth and fifth sides and the first and second sides is about
90 degrees. A sum of a length of the fourth side and a length
of the fifth side is substantially equal to one of the length of
the first side and the length of the second side.

[0007] In accordance with one or more other embodi-
ments, an organic light emitting display device includes a
substrate; a first protection layer on the substrate; a mesh-
shaped conductive line on the first protection layer and
including a plurality of horizontal lines crossing a plurality
of vertical lines; a step difference compensation pattern on
the first protection layer and separated from the conductive
line; a second protection layer on the conductive line and the
step difference compensation pattern; a first electrode on the
second protection layer and overlapping at least a part of the
horizontal line, at least a part of the vertical line, and at least
a part of the step difference compensation pattern; an organic
light emitting layer on the first electrode; and a second
electrode on the organic light emitting layer.

[0008] One side of the vertical line overlapping the first
electrode corresponds to a first side, another side of the
vertical line overlapping the first electrode corresponds to a
second side, one side of the horizontal line overlapping the
first electrode corresponds to a third side, another side of the
horizontal line overlapping the first electrode corresponds to
a fourth side, and two sides of the first step difference
compensation pattern overlapping the first electrode corre-
spond to fifth and sixth sides. A length of the first side is
different from a length of the second side, a length of the
third side is different from a length of the fourth side, the
fifth side 1s substantially parallel to the first side and the
second side, and the sixth side is substantially parallel to the
third side and the fourth side.

[0009] A difference between the length of the first side and
the length of the second side may be substantially equal to
a length of the fifth side. A difference between the length of
the third side and the length of the fourth side may be
substantially equal to a length of the sixth side. The step
difference compensation pattern may have a polygonal
shape on a plane. The step difference compensation pattern
may be in a floating state. The step difference compensation
pattern may include substantially a same material as in the
conductive line. The step difference compensation pattern
may have a thickness substantially equal to a thickness of the
conductive line. The conductive line may be a driving
voltage line. An angle between one side of the first electrode
and the conductive line may be an acute angle.

[0010] In accordance with one or more other embodi-
ments, an organic light emitting display device includes a
substrate; a first protection layer on the substrate; a mesh-
shaped conductive line on the first protection layer and
including a plurality of horizontal lines crossing a plurality
of vertical lines; a connection electrode on the first protec-
tion layer and separated from the conductive line; a second
protection layer on the conductive line and the connection
electrode; a first electrode on the second protection layer and
overlapping at least part of the horizontal line, at least part
of the vertical line, and at least part of the connection
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electrode; an organic light emitting layer on the first elec-
trode; and a second electrode on the organic light emitting
layer.

[0011] One side of the vertical line overlapping the first
electrode corresponds to a first side, another side of the
vertical line overlapping the first electrode corresponds to a
second side, one side of the horizontal line overlapping the
first electrode corresponds to a third side, another side of the
horizontal line overlapping the first electrode corresponds to
a fourth side, and two sides of the connection electrode
overlapping the first electrode correspond to a fifth side and
a sixth side. A length of the first side is different from a
length of the second side. A length of the third side is
different from a length of the fourth side. The fifth side is
substantially parallel to the first and second sides, and the
sixth side is substantially parallel to the third side and the
fourth side.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Features will become apparent to those of skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings in which:

[0013] FIG. 1illustrates a layout embodiment of an OLED
display device;

[0014] FIG. 2 illustrates a circuit embodiment of the pixel;
[0015] FIG. 3 illustrates a cross-sectional view taken

along line I-I' of FIG. 1;

[0016] FIG. 4 illustrates a cross-sectional view taken
along line II-II' of FIG. 1;

[0017] FIG. § illustrates an embodiment of a driving
voltage line, a step difference compensation pattern, and a
pixel electrode;

[0018] FIG. 6 illustrates another embodiment of a driving
voltage line, a step difference compensation pattern, and a
pixel electrode;

[0019] FIG. 7 illustrates another embodiment of a driving
voltage line, a step difference compensation pattern, and a
pixel electrode;

[0020] FIG. 8 illustrates another embodiment of an OLED
display device;
[0021] FIG. 9 illustrates another embodiment of a driving

voltage line, a step difference compensation pattern, and a
pixel electrode;

[0022] FIG. 10 illustrates another embodiment of a driving
voltage line, a step difference compensation pattern, and a
pixel electrode; and

[0023] FIG. 11 illustrates another embodiment of a driving
voltage line, a step difference compensation pattern, and a
pixel electrode.

DETAILED DESCRIPTION

[0024] Example embodiments are described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the
art.

[0025] In the drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration. It
will also be understood that when a layer or element is
referred to as being “on” another layer or substrate, it can be
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directly on the other layer or substrate, or intervening layers
may also be present. Further, it will be understood that when
a layer is referred to as being “under” another layer, it can
be directly under, and one or more intervening layers may
also be present. In addition, it will also be understood that
when a layer is referred to as being “between” two layers, it
can be the only layer between the two layers, or one or more
intervening layers may also be present. Like reference
numerals refer to like elements throughout.

[0026] Exemplary embodiments will now be described
more fully hereinafter with reference to the accompanying
drawings. Although the invention may be modified in vari-
ous manners and have several exemplary embodiments,
exemplary embodiments are illustrated in the accompanying
drawings and will be mainly described in the specification.
However, the scope of the invention is not limited to the
exemplary embodiments and should be construed as includ-
ing all the changes, equivalents and substitutions included in
the spirit and scope of the invention.

[0027] Inthe drawings, thicknesses of a plurality of layers
and areas are illustrated in an enlarged manner for clarity
and ease of description thereof. When a layer, area, or plate
is referred to as being “on” another layer, area, or plate, it
may be directly on the other layer, area, or plate, or inter-
vening layers, areas, or plates may be present therebetween.
Conversely, when a layer, area, or plate is referred to as
being “directly on” another layer, area, or plate, intervening
layers, areas, or plates may be absent therebetween. Further
when a layer, area, or plate is referred to as being “below”
another layer, area, or plate, it may be directly below the
other layer, area, or plate, or intervening layers, areas, or
plates may be present therebetween. Conversely, when a
layer, area, or plate is referred to as being “directly below”
another layer, area, or plate, intervening layers, areas, or
plates may be absent therebetween.

[0028] The spatially relative terms “below”, “beneath”,
“lower”, “above”, “upper” and the like, may be used herein
for ease of description to describe the relations between one
element or component and another element or component as
illustrated in the drawings. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device in use or operation, in addition to
the orientation depicted in the drawings. For example, in the
case where a device illustrated in the drawing is turned over,
the device positioned “below” or “beneath” another device
may be placed “above” another device. Accordingly, the
illustrative term “below” may include both the lower and
upper positions. The device may also be oriented in the other
direction and thus the spatially relative terms may be intet-
preted differently depending on the orientations.

[0029] Throughout the specification, when an element is
referred to as being “connected” to another element, the
element is “directly connected” to the other element, or
“electrically connected” to the other element with one or
more intervening elements interposed therebetween. It will
be further understood that the terms “comprises,” “compris-
ing,” “includes” and/or “including,” when used in this
specification, specify the presence of stated features, inte-
gers, steps, operations, elements, and/or components, but do
not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

[0030] It will be understood that, although the terms
“first.” “second,” “third,” and the like may be used herein to
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describe various elements, these elements should not be
limited by these terms. These terms are only used to distin-
guish one element from another element. Thus, “a first
element” discussed below could be termed “a second ele-
ment” or “a third element,” and “a second element” and “a
third element” may be termed likewise without departing
from the teachings herein.

[0031] “About” or “approximately” as used herein is
inclusive of the stated value and means within an acceptable
range of deviation for the particular value as determined by
one of ordinary skill in the art, considering the measurement
in question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” may mean within one or
more standard deviations, or within +30%, 20%, 10%, 5% of
the stated value.

[0032] Unless otherwise defined, all terms used herein
(including technical and scientific terms) have the same
meaning as commonly understood by those skilled in the art
to which this invention pertains. It will be further understood
that terms, such as those defined in commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and will not be interpreted in an ideal or excessively
formal sense unless clearly defined at the present specifica-
tion. Some of the parts which are not associated with the
description may not be provided in order to specifically
describe exemplary embodiments of the present invention
and like reference numerals refer to like elements through-
out the specification.

[0033] FIG. 1 illustrates a plan view of an embodiment of
an organic light emitting diode (OLED) display device 101.
FIG. 2 illustrates a circuit embodiment of the pixel of FIG.
1. FIG. 3 illustrates a cross-sectional view taken along the
line I-I' of FIG. 1. FIG. 4 illustrates a cross-sectional view
taken along the line II-IT' of FIG. 1.

[0034] Referring to FIGS. 1 to 4, the OLED display device
101 includes a plurality of pixels PX. A pixel PX may refer
to a smallest unit that emits light for displaying images. The
pixel PX generates light of a predetermined color, for
example, one of red, green, or blue. In another embodiment,
the pixel may generate light of a different color of the light,
e.g., cyan, magenta, yellow, or white.

[0035] The pixel PX may include, for example, a switch-
ing thin film transistor TFT1, a driving thin film transistor
TFT2. an OLED 170, and a capacitor Cst. The pixel PX may
be connected to a gate line GL, a data line DL, and a driving
voltage line DVL. The gate line GL extends in one direction.
The data line DL extends in another direction crossing the
gate line GL. As illustrated in FIG. 1, the driving voltage line
DVL may extend in a direction substantially the same as a
direction in which the data line DL extends. The gate line GL
transmits a scan signal, the data line DL transmits a data
signal, and the driving voltage line DVL transmits a driving
voltage.

[0036] The driving thin film transistor TFT2 may control
the OLED 170 and the switching thin film transistor TFT1
may perform a switching operation relative to the driving
thin film transistor TFT2. Each pixel PX in this exemplary
embodiment includes two thin film transistors TFT1 and
TFT2. Each pixel PX may include a different number of thin
film transistors and/or capacitors in another exemplary
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embodiment, e.g., one thin film transistor and one capacitor
or three or more thin film transistors and two or more
capacitors.

[0037] A portion at which the thin film transistors TFT1
and TFT2, the gate line GL, the data line DL, the driving
voltage line DVL, and the capacitor Cst are disposed may be
referred to as a wiring portion. Each of the gate line GL, the
data line DL, the driving voltage line DVL, and the capacitor
Cst may be referred to as a wiring. In addition, the thin film
transistors TFT1 and TFT2 may be one of the wirings or a
part of the wirings. In addition, since the gate line GL, the
data line DL, and the driving voltage line DVL have
conductivity, each of them may be referred to as a conduc-
tive line.

[0038] The switching thin film transistor TFT1 includes a
first gate electrode GEL1, a first source electrode SE1, a first
drain electrode DE1, and a first semiconductor layer SM1.
The first gate electrode GE1 is connected to the gate line GL,
and the first source electrode SE1 is connected to the data
line DL.

[0039] The first drain electrode DE1 is connected to a first
capacitor plate CS1 through a fifth contact hole CH5 and a
sixth contact hole CH6. The switching thin film transistor
TFT1 transmits a data signal from the data line DL to the
driving thin film transistor TFT2 according to a scan signal
applied to the gate line GL.

[0040] The driving thin film transistor TFT2 includes a
second gate electrode GE2, a second source electrode SE2,
a second drain electrode DE2, and a second semiconductor
layer SM2. The second gate electrode GE2 is connected to
the first capacitor plate CS1. The second source electrode
SE2 is connected to the driving voltage line DVL through a
tenth contact hole CH10. The second drain electrode DE2 is
connected to a connection electrode CN through a third
contact hole CH3, and the connection electrode CN is
connected to a first electrode 171 through a seventh contact
hole CH7.

[0041] An organic light emitting layer 172 is on the first
electrode 171, and a second electrode 173 is on the organic
light emitting layer 172. A common voltage is applied to the
second electrode 173, and the organic light emitting layer
172 generates light according to an output signal of the
driving thin film transistor TFT2.

[0042] The capacitor Cst is connected between the second
gate electrode GE2 and the second source electrode SE2 of
the driving thin film transistor TFT2. The capacitor Cst
charges and maintains a signal input to the second gate
electrode GE2 of the driving thin film transistor TFT2. The
capacitor Cst includes the first capacitor plate CS1 con-
nected to the first drain electrode DFE1 through the sixth
contact hole CH6 and a second capacitor plate CS2 con-
nected to the driving voltage line DVL through an eighth
contact hole CH8 and a ninth contact hole CH9.

[0043] Referring to FIG. 3, the thin film transistors TFT1
and TFT2 and the OLED 170 are on a substrate 111. The
substrate 111 may include, for example, an insulating mate-
rial such as glass, plastic, quartz, or the like. The material for
the substrate 111 may be selected, for example, from mate-
rials which are excellent in mechanical strength, thermal
stability, transparency, surface smoothness, ease of han-
dling, and/or water resistance.
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[0044] A buffer layer may be on the substrate 111 to
substantially prevent diffusion of impurities into the switch-
ing thin film transistor TFT1 and the driving thin film
transistor TFT2.

[0045] The first semiconductor layer SM1 and the second
semiconductor layer SM2 are on the substrate 111. The first
semiconductor layer SM1 and the second semiconductor
layer SM2 include a semiconductor material and serve as
active layers of the switching thin film transistor TFT1 and
the driving thin film transistor TFT2, respectively. Each of
the first semiconductor layer SM1 and the second semicon-
ductor layer SM2 includes a source area SA, a drain area
DA, and a channel area CA between the source area SA and
the drain area DA.

[0046] The first semiconductor layer SM1 and the second
semiconductor layer SM2 may include, for example, amor-
phous silicon or polycrystalline silicon, or may include, for
example, an oxide semiconductor. For example, each of the
first semiconductor layer SM1 and the second semiconduc-
tor layer SM2 may include an inorganic semiconductor
material or an organic semiconductor material. The source
area SA and the drain area DA may be doped with an n-type
impurity or a p-type impurity.

[0047] A gate insulating layer 121 is on the first semicon-
ductor layer SM1 and the second semiconductor layer SM2.
The gate insulating layer 121 protects the first semiconduc-
tor layer SM1 and the second semiconductor layer SM2. The
gate insulating layer 121 may include an organic insulating
material or an inorganic insulating material.

[0048] The first gate electrode GE1 and the second gate
electrode GE2 are on the gate insulating layer 121. The first
gate electrode GE1 and the second gate electrode GE2 are
disposed to overlap the channel areas CA of the first semi-
conductor layer SM1 and the second semiconductor layer
SM2, respectively. In addition, the first capacitor plate CS1
is on the gate insulating layer 121. The second gate electrode
GE2 and the first capacitor plate CS1 may have, for
example, a unitary structure.

[0049] An insulating interlayer 122 is on the first gate
electrode GEL the second gate electrode GE2, and the first
capacitor plate CS1. The insulating interlayer 122 may
include an organic insulating material or an inorganic insu-
lating material.

[0050] The first source electrode SE1, the first drain elec-
trode DE1, the second source electrode SE2, and the second
drain electrode DE2 are on the insulating interlayer 122. The
second drain electrode DE2 contacts the drain area DA of the
second semiconductor layer SM2 through a first contact hole
CHI1 defined at the gate insulating layer 121 and the insu-
lating interlayer 122. The second source electrode SE2
contacts the source area SA of the second semiconductor
layer SM2 through a second contact hole CH2 defined at the
gate insulating layer 121 and the insulating interlayer 122.
The first source electrode SE1 contacts the first semicon-
ductor layer SM1 through a fourth contact hole CH4 defined
at the gate insulating layer 121 and the insulating interlayer
122. The first drain electrode DE1 contacts the first semi-
conductor layer SM1 through the fifth contact hole CHS
defined at the gate insulating layer 121 and the insulating
interlayer 122. In addition, the data line DL and the second
capacitor plate CS2 are on the insulating interlayer 122.
[0051] A first protection layer 131 is on the first source
electrode SE1, the first drain electrode DE1, the second
source electrode SE2, the second drain electrode DE2, the
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data line DL, and the second capacitor plate CS2. The first
protection layer 131 serves to protect the switching thin film
transistor TFT1 and the driving thin film transistor TFT2 and
also serves to planarize upper surfaces thereof.

[0052] According to a first exemplary embodiment, the
first protection layer 131 may include a photosensitive
material. For example, the first protection layer 131 may
include a photosensitive polymer resin.

[0053] The driving voltage line DVL, the connection
electrode CN, and a first step difference compensation
pattern SCP1 are on the first protection layer 131. The
driving voltage line DVL, the connection electrode CN, and
the first step difference compensating pattern SCP1 may be
manufactured substantially in a same process using a sub-
stantially same material.

[0054] In an exemplary embodiment, the driving voltage
line DVL includes a conductive material. For example, the
driving voltage line DVL may include or be formed entirely
of aluminum (Al) or alloys thereof, silver (Ag) or alloys
thereof, copper (Cu) or alloys thereof, molybdenum (Mo) or
alloys thereof, chromium (Cr), tantalum (Ta), and/or tita-
nium (T1). In an exemplary embodiment, the driving voltage
line DVL may have a multilayer structure including a
refractory metal layer and a low-resistance conductive layer.
As such, the driving voltage line DVL is a conductive line
including a conductive material.

[0055] The driving voltage line DVL is connected to the
second capacitor plate CS2 through the eighth contact hole
CHS and the ninth contact hole CH9 defined at the first
protection layer 131. In addition, the driving voltage line
DVL is connected to the second source electrode SE2
through the tenth contact hole CH10 defined at the first
protection layer 131.

[0056] The connection electrode CN is connected to the
second drain electrode DE2 through the third contact hole
CH3 defined at the first protection layer 131.

[0057] The first step difference compensation pattern
SCP1 is separated from the driving voltage line DVL and,
for example, may be in a floating state under at least some
conditions. The first step difference compensation pattern
SCP1 may be formed to have a thickness substantially equal
to a thickness of the driving voltage line DVL.

[0058] A second protection layer 132 is on the driving
voltage line DVL and the connecting electrode CN. Accord-
ing to an exemplary embodiment, the second protection
layer 132 may include a photosensitive material, e.g., a
photosensitive polymer resin.

[0059] The second protection layer 132 serves to protect
the driving voltage line DVL and the connection electrode
CN and also serves to planarize upper surfaces of the driving
voltage line DVL and the connection electrode CN. How-
ever, when the driving voltage line DVL and the connecting
electrode CN are thick (e.g., thicker than a predetermined
value), the upper portion of the driving voltage line DV and
the connecting electrode CN may not be completely pla-
narized by the second protection layer 132.

[0060] For example. in some OLED displays, a large
amount of current or data may be transmitted with wirings
that have a small planar area. This may occur, for example,
when various wirings are integrated. Under these circum-
stances, the wiring may become thick. As a result, the upper
portion of the wirings (e.g., the driving voltage line DVL and
the connecting electrode CN) may not be completely pla-
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narized, even when the second protection layer 132 is on an
upper portion of such wirings.

[0061] Thus, according to an exemplary embodiment, the
first level difference compensation pattern SCP1 is disposed
on the first passivation layer 131 to offset or alleviate
imbalance or asymmetry of a wiring below the first electrode
171 due to the driving voltage line DVL.

[0062] The first electrode 171 is on the second protection
layer 132 and may be arranged to overlap at least a part of
the driving voltage line DVL and at least a part of the first
step difference compensation pattern SCP1. An example of
a planar arrangement of the driving voltage line DVL, the
first step difference compensation pattern SCP1, and the first
electrode 171 will be described below.

[0063] The first electrode 171 may be, for example, an
anode. The first electrode 171 according to a first exemplary
embodiment is a pixel electrode. The first electrode 171 is
connected to the connection electrode CN through the
seventh contact hole CH7 defined at the second protection
layer 132. Because the connection electrode CN is con-
nected to the second drain electrode DE2 through the third
contact hole CH3 defined at the first protection layer 131, the
first electrode 171 may be electrically connected to the
second drain electrode DE2 of the driving thin film transistor
TFT2.

[0064] Referring to FIG. 1, the driving voltage line DVL
according to a first exemplary embodiment may have a
straight line shape. In another exemplary embodiment, the
driving voltage line DVL may have a different shape, e.g., a
curved line shape or a broken line shape. Also, in one
embodiment, the angle between one side of the first elec-
trode 171 and the driving voltage line DVL may be an acute
angle.

[0065] A pixel defining layer 190 that divides a light
emission area is on the second protection layer 132. The
pixel defining layer 190 may include a polymer organic
material. For example, the pixel defining layer 190 may
include at least one of a polyimide (PI) resin, a polyacrylic
resin, a PET resin, and a PEN resin. The pixel defining layer
190 defines an opening 195, and the first electrode 171 is
exposed from the pixel defining layer 190 through the
opening 195. The light emission area of the OLED 170 is
defined by the opening 195.

[0066] Referring to FIGS. 1 and 3, the first electrode 171
overlaps at least part of the pixel defining layer 190 and does
not overlap the pixel defining layer 190 at the opening 195.
The first electrode 171 has conductivity and, for example,
may be a transmissive electrode, a transflective electrode, or
a reflective electrode. When the first electrode 171 is a
transmissive electrode, the first electrode 171 may include a
transparent conductive oxide. For example, the transparent
conductive oxide may include at least one of indium tin
oxide (ITO), indium zinc oxide (IZ0), zinc oxide (ZnO), and
indium tin zinc oxide (ITZO). When the first electrode 171
is a transflective electrode or a reflective electrode, the first
electrode 171 may include, for example, at least one of Ag,
Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, and Cu.

[0067] The organic light emitting layer 172 is on the first
electrode 171. For example, the organic light emitting layer
172 may be on the first electrode 171 at the opening 195. The
organic light emitting layer 172 may be on a sidewall of the
opening 195 defined by the pixel defining layer 190 and on
the pixel defining layer 190.
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[0068] The organic light emitting layer 172 includes a
light emitting material. In one embodiment, the organic light
emitting layer 172 may include a host and a light emitting
dopant. The organic light emitting layer 172 may be manu-
factured using various semiconductor processes using a light
emitting material. For example, the organic light emitting
layer 172 may be formed by a vacuum deposition method,
a spin coating method, a cast method, a Langmuir-Blodgett
(LB) method, an inkjet printing method, a laser printing
method, or a laser induced thermal imaging (LITI) method.
[0069] At least one of a hole injection layer (HIL) and a
hole transport layer (HTL) may be between the first elec-
trode 171 and the organic light emitting layer 172.

[0070] The second electrode 173 is on the organic light
emitting layer 172 and, for example, may be a common
electrode and may be a cathode. The second electrode 173
may be, for example, a transmissive electrode, a transflective
electrode, or a reflective electrode.

[0071] When the second electrode 173 is a transmissive
electrode, the second electrode 173 may include, for
example, at least one of Li, Ca, LiF/Ca, LiF/Al, Al, Mg, BaF,
Ba, Ag, and Cu. In one embodiment, the second electrode
173 may include a mixture of Ag and Mg.

[0072] When the second electrode 173 is a transflective
electrode or a reflective electrode, the second electrode 173
may include, for example, at least one of Ag, Mg, Al, Pt, Pd,
Au, Ni, Nd, Ir, Cr, Li, Ca, LiF/Ca, LiF/Al, Mo, Ti, and Cu.
Alternatively, or additionally, the second electrode 173 may
also include a transparent conductive layer including, for
example, indium tin oxide (ITO), indium zinc oxide (IZ0),
zine oxide (Zn0), and indium-zine-tin oxide (IZTO), as well
as the transflective electrode or the reflective electrode.
[0073] At least one of an electron transport layer (ETL)
and an electron injection layer (EIL) may be between the
organic light emitting layer 172 and the second electrode
173.

[0074] When the OLED 170 is a top-emission type, the
first electrode 171 may be a reflective electrode and the
second electrode 173 may be a transmissive electrode or a
transflective electrode. When the OLED 170 is a bottom-
emission type, the first electrode 171 may be a transmissive
electrode or a transflective electrode, and the second elec-
trode 173 may be a reflective electrode.

[0075] FIG. Sillustrates a plan view of an embodiment of
a driving voltage line, a step difference compensation pat-
tern, and a pixel electrode of FIG. 1. FIG. 6 illustrates a plan
view of another embodiment of a driving voltage line, a step
difference compensation pattern, and a pixel electrode.
[0076] Referring to FIGS. 5 and 6, an OLED display
device 101 according to one exemplary embodiment and an
OLED display device 102 according to another exemplary
embodiment may include a driving voltage line DVL having
a straight line shape and a first step difference compensation
pattern SCP1 separated from the driving voltage line DVL.
[0077] The first step difference compensation pattern
SCP1 is separated from the driving voltage line DVL. The
first step difference compensation pattern SCP1 may be on
substantially the same layer as the driving voltage line DVL
is on. The first step difference compensation pattern SCP1
may have a predetermined shape, e.g., a triangular shape
(see FIG. 5) or a quadrangular shape (see FIG. 6) on a plane.
The first step difference compensation pattern SCP1 may
have a different shape (e.g., a polygonal shape) on a plane
in another embodiment.
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[0078] The first step difference compensation pattern
SCP1 and the driving voltage line DVL may be manufac-
tured in substantially a same process and with substantially
a same material. In another embodiment. the first step
difference compensation pattern SCP1 may be manufactured
using a material different from a material in the driving
voltage line DVL. For example, the first step difference
compensation pattern SCP1 may include an insulating mate-
rial.

[0079] The first step difference compensation pattern
SCP1 may have a thickness substantially equal to a thick-
ness of the driving voltage line DVL.

[0080] The first electrode 171 may overlap at least a part
of the driving voltage line DVL and at least a part of the first
step difference compensating pattern SCP1. For example,
when one side of the driving voltage line DVL overlapping
the first electrode 171 is defined as a first side S1, another
side of the driving voltage line DVL overlapping the first
electrode 171 is defined as a second side S2, and one side of
the first step difference compensation pattern SCP1 over-
lapping the first electrode 171 is defined as a third side S3,
the length 11 of the first side S1 may be different from the
length 12 of the second side S2. The third side S3 may be
substantially parallel to the first side S1 and the second side
S2. In one embodiment, the difference between the length 11
of the first side S1 and the length 12 of the second side S2
may be substantially equal to a length 13 of the third side S3.

[0081] As such, since the first step difference compensa-
tion pattern SCP1 is on a first protection layer 131 in the
OLED display devices according to first and second exem-
plary embodiments, imbalance or asymmetry of a wiring
below a first electrode 171 due to the driving voltage line
DVL may be reduced or alleviated.

[0082] FIG. 7 illustrates a plan view of another embodi-
ment of a driving voltage line, a step difference compensa-
tion pattern, and a pixel electrode. Referring to FIG. 7, an
OLED display device 103 according to this exemplary
embodiment may include a driving voltage line DVL having
a straight line shape, and first, second, and third step
difference compensation patterns SCP1, SCP2, and SCP3
that are separated from the driving voltage line DVL. Each
of the first, second, and third step difference compensation
patterns SCP1, SCP2, and SCP3 may be separated from the
driving voltage line DVL and may be on substantially the
same as a layer as the driving voltage line DVL is on. The
first, second, and third step difference compensation patterns
SCP1, SCP2, and SCP3 may have a predetermined (e.g., a
polygonal) shape on a plane.

[0083] The first, second, and third step difference com-
pensation patterns SCP1, SCP2, and SCP3 and the driving
voltage line DVL may be manufactured in substantially a
same process using substantially a same material. In one
embodiment, the first, second, and third step difference
compensation patterns SCP1, SCP2, and SCP3 may be
manufactured using a material different from a material in
the driving voltage line DVL.

[0084] The first, second, and third step difference com-
pensation patterns SCP1, SCP2, and SCP3 may have a
thickness substantially equal to the thickness of the driving
voltage line DVL.

[0085] The first electrode 171 may overlap at least part of
the driving voltage line DVL, at least a part of the first step
difference compensation pattern SCP1, at least a part of the
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second step difference compensation pattern SCP2, and at
least a part of the third step difference compensation pattern
SCP3.

[0086] For example, when one side of the driving voltage
line DVL overlapping the first electrode 171 is defined as a
first side S1, another side of the driving voltage line DVL
overlapping the first electrode 171 is defined as a second side
S2, and one side of the first step difference compensation
pattern SCP1 overlapping the first electrode 171 is defined
as a third side S3, the length 11 of the first side S1 may be
different from the length 12 of the second side S2. The third
side S3 may be substantially parallel to the first side S1 and
the second side S2. In one embodiment, the difference
between the length 11 of the first side S1 and the length 12
of the second side S2 may be substantially equal to a length
13 of the third side S3.

[0087] When one side of the second step difference com-
pensation pattern SCP2 overlapping the first electrode 171 is
defined as a fourth side S4 and one side of the third step
difference compensation pattern SCP3 overlapping the first
electrode 171 is defined as a fifth side S5, the angle between
each of the fourth side S4 and the fifth side S5 and the first
side S1 or the second side S2 may be a predetermined angle,
e.g., about 90 degrees.

[0088] In addition, the sum of a length 14 of the fourth side
S4 and a length 15 of the fifth side S5 may be substantially
equal to one of the length 11 of the first side S1 and the length
12 of the second side S2. For example, the sum of the length
14 of the fourth side S4 and the length 15 of the fifth side S5
may be substantially equal to the greater of the length 11 of
the first side S1 and the length 12 of the second side S2.
[0089] Since the first, second, and third step difference
compensating patterns SCP1, SCP2, and SCP3 are on a first
protection layer 131 in the OLED display device, imbalance
or asymmetry of a wiring below a first electrode 171 due to
the driving voltage line DVL may be reduced or alleviated.
[0090] FIG. 8 illustrates a plan view of another embodi-
ment of a pixel of an OLED display device. FIG. 9 illustrates
a plan view of another embodiment of a driving voltage line,
a step difference compensation pattern, and a pixel elec-
trode. FIG. 10 illustrates a plan view of another embodiment
of a driving voltage line, a step difference compensation
pattern, and a pixel electrode.

[0091] Referring to FIGS. 8, 9, and 10, an OLED display
device 104 and an OLED display device 105 may include a
switching thin film transistor TFT1, a driving thin film
transistor TFT2, an OLED, and a capacitor Cst.

[0092] Driving voltage lines include a plurality of hori-
zontal lines DVL,_H and a plurality of vertical lines DVL_V
that cross each other in a mesh shape. Since the driving
voltage lines DVL_H and DVL_V have conductivity, they
may be also referred to as conductive lines.

[0093] A step difference compensation pattern SCP is
separated from the driving voltage lines DVL_H and
DVL_V and may be on substantially the same layer as the
driving voltage lines DVL_H and DVL_V are on. The step
difference compensation pattern SCP may have a predeter-
mined shape. e.g., triangular shape in FIGS. 7 and 8 or a
quadrangular shape in FIG. 9 on a plane. The step difference
compensation pattern SCP may have a different (e.g,
polygonal) shape on a plane.

[0094] The step difference compensation pattern SCP and
the driving voltage lines DVL_H and DVL_V may be
manufactured in substantially a same process using substan-
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tially a same material. In one embodiment, the step differ-
ence compensation pattern SCP may include a material
different from a material in the driving voltage lines DVI,_H
and DVL_V. For example, the step difference compensation
pattern SCP may include an insulating material. The step
difference compensation pattern SCP may have a thickness
substantially equal to the thickness of the driving voltage
lines DVL._H and DVL_V.

[0095] The first electrode 171 may overlap at least a part
of the vertical line DVL_V, at least a part of the horizontal
line DVL_H, and at least a part of the step difference
compensating pattern SCP.

[0096] For example, when one side of the vertical line
DVL_V overlapping the first electrode 171 is defined as a
first side S1, another side of the wvertical line DVL_V
overlapping the first electrode 171 is defined as a second side
S2, one side of the horizontal line DVL_H overlapping the
first electrode 171 is defined as a third side S3, another side
of the horizontal line DVL,_H overlapping the first electrode
171 is defined as a fourth side S4, and two sides of the step
difference compensation pattern SCP overlapping the first
electrode 171 are defined as a fifth side S5 and a sixth side
S6, the length 11 of the first side S1 may be different from
the length 12 of the second side S2, the length 13 of the third
side S3 may be different from the length 14 of the fourth side
S4, the fifth side S5 may be substantially parallel to the first
side S1 and the second side S2, and the sixth side S6 may
be substantially parallel to the third side S3 and the fourth
side S4.

[0097] In one embodiment, the difference between the
length 11 of the first side S1 and the length 12 of the second
side S2 may be substantially equal to a length 15 of the fifth
side S5. Also, the difference between the length 13 of the
third side S3 and the length 14 of the fourth side S4 may be
substantially equal to a length 16 of the sixth side S6.
[0098] Since the step difference compensation pattern
SCP is on a first protection layer in the OLED display
devices 104 and 105, imbalance or asymmetry of a wiring
below a first electrode 171 due to the driving voltage lines
DVL_H and DVL_V may be reduced or alleviated.

[0099] FIG. 11 illustrates a plan view of another embodi-
ment of a driving voltage line, a step difference compensa-
tion pattern, and a pixel electrode. Referring to FIG. 11, an
OLED display device 106 may include a driving voltage line
DVL having a straight line shape and a connection electrode
CN disposed apart from the driving voltage line DVL.
[0100] The connection electrode CN may be on substan-
tially the same layer as the driving voltage line DVL is on
and may have a predetermined (e.g., polygonal) shape on a
plane. The connection electrode CN may have a thickness
substantially equal to the thickness of the driving voltage
line DVL.

[0101] The first electrode 171 may overlap at least part of
the driving voltage line DVL and at least part of the
connection electrode CN. The planar area and length of the
connection electrode CN overlapping the first electrode 171
may be substantially identical to those of one or more other
embodiments described herein. The OLED display device
106 may reduce or alleviate imbalance or asymmetry of a
wiring below a first electrode 171 due to the driving voltage
line DVL by disposing the connection electrode CN.
[0102] In accordance with one or more embodiments, an
OLED display device may substantially prevent a color shift
depending on viewing angle by adding a step difference
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compensation pattern below the pixel electrode. The step
difference compensation pattern may reduce or alleviate
imbalance or asymmetry below the pixel electrode.

[0103] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of skill in the art as of the filing
of the present application, features, characteristics, and/or
elements described in connection with a particular embodi-
ment may be used singly or in combination with features,
characteristics, and/or elements described in connection
with other embodiments unless otherwise indicated. Accord-
ingly, various changes in form and details may be made
without departing from the spirit and scope of the embodi-
ments set forth in the claims.

What is claimed is:

1. An organic light emitting display device, comprising:

a substrate;

a first protection layer on the substrate;

a conductive line on the first protection layer;

a first step difference compensation pattern on the first

protection layer and separated from the conductive line;

a second protection layer on the conductive line and the

first step difference compensation pattern;

a first electrode on the second protection layer and over-

lapping at least a part of the conductive line and at least
a part of the first step difference compensation pattern;
an organic light emitting layer on the first electrode; and

a second electrode on the organic light emitting layer,

wherein one side of the conductive line overlapping the
first electrode corresponds to a first side, another side of
the conductive line overlapping the first electrode cor-
responds to a second side, and at least one side of the
first step difference compensation pattern overlapping
the first electrode corresponds to a third side, and
wherein a length of the first side is different from a
length of the second side.

2. The display device of claim 1, wherein the third side is
substantially parallel to the first side and the second side.

3. The display device of claim 1, wherein a difference
between the length of the first side and the length of the
second side is substantially equal to a length of the third side.

4. The display device of claim 1, wherein the first step
difference compensation pattern has a polygonal shape on a
plane.

5. The display device of claim 1, wherein the first step
difference compensation pattern is in a floating state.

6. The display device of claim 1, wherein the first step
difference compensation pattern includes substantially a
same material as the conductive line.

7. The display device of claim 1, wherein a thickness of
the first step difference compensation pattern is substantially
equal to a thickness of the conductive line.

8. The display device of claim 1, wherein the conductive
line is a driving voltage line.

9. The display device of claim 1, further comprising:

a second step difference compensation pattern; and

a third step difference compensation pattern,

wherein the second and third step difference compensa-

tion patterns are on the first protection layer and
overlap at least part of the first electrode, and wherein:
at least one side of the second step difference compensa-
tion pattern overlapping the first electrode corresponds
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to a fourth side, at least one side of the third step
difference compensation pattern overlapping the first
electrode corresponds to a fifth side, and an angle
between the fourth and fifth sides and the first and
second sides is about 90 degrees.

10. The display device of claim 9, wherein a sum of a
length of the fourth side and a length of the fifth side is
substantially equal to one of the length of the first side and
the length of the second side.

11. An organic light emitting display device, comprising:

a substrate;

a first protection layer on the substrate;

amesh-shaped conductive line on the first protection layer
and including a plurality of horizontal lines crossing a
plurality of vertical lines;

a step difference compensation pattern on the first pro-
tection layer and separated from the conductive line;

a second protection layer on the conductive line and the
step difference compensation pattern;

a first electrode on the second protection layer and over-
lapping at least a part of the horizontal line, at least a
part of the vertical line, and at least a part of the step
difference compensation pattern;

an organic light emitting layer on the first electrode; and

a second electrode on the organic light emitting layer,
wherein one side of the vertical line overlapping the
first electrode corresponds to a first side, another side of
the vertical line overlapping the first electrode corre-
sponds to a second side, one side of the horizontal line
overlapping the first electrode corresponds to a third
side, another side of the horizontal line overlapping the
first electrode corresponds to a fourth side, and two
sides of the first step difference compensation pattern
overlapping the first electrode correspond to a fifth side
and a sixth side, and wherein:

a length of the first side is different from a length of the
second side,

a length of the third side is different from a length of the
fourth side,

the fifth side is substantially parallel to the first side and
the second side, and

the sixth side is substantially parallel to the third side and
the fourth side.

12. The display device of claim 11, wherein a difference
between the length of the first side and the length of the
second side is substantially equal to a length of the fifth side.

13. The display device of claim 11, wherein a difference
between the length of the third side and the length of the
fourth side is substantially equal to a length of the sixth side.

Aug. 16,2018

14. The display device of claim 11, wherein the step

difference compensation pattern has a polygonal shape on a
lane.

’ 15. The display device of claim 11, wherein the step

difference compensation pattern is in a floating state.

16. The display device of claim 11, wherein the step
difference compensation pattern includes substantially a
same material as in the conductive line.

17. The display device of claim 11, wherein the step
difference compensation pattern has a thickness substan-
tially equal to a thickness of the conductive line.

18. The display device of claim 11, wherein the conduc-
tive line is a driving voltage line.

19. The display device of claim 11, wherein an angle
between one side of the first electrode and the conductive
line is an acute angle.

20. An organic light emitting display device, comprising:

a substrate;

a first protection layer on the substrate;

amesh-shaped conductive line on the first protection layer
and including a plurality of horizontal lines crossing a
plurality of vertical lines;

a connection electrode on the first protection layer and
separated from the conductive line;

a second protection layer on the conductive line and the
connection electrode;

a first electrode on the second protection layer and over-
lapping at least part of the horizontal line, at least part
of the vertical line, and at least part of the connection
electrode;

an organic light emitting layer on the first electrode; and

a second electrode on the organic light emitting layer,
wherein one side of the vertical line overlapping the
first electrode corresponds to a first side, another side of
the vertical line overlapping the first electrode corre-
sponds to a second side, one side of the horizontal line
overlapping the first electrode corresponds to a third
side, another side of the horizontal line overlapping the
first electrode corresponds to a fourth side, and two
sides of the connection electrode overlapping the first
electrode correspond to a fifth side and a sixth side,

a length of the first side is different from a length of the
second side,

a length of the third side is different from a length of the
fourth side,

the fifth side is substantially parallel to the first side and
the second side, and

the sixth side is substantially parallel to the third side and
the fourth side.
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