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(57) ABSTRACT

A display device includes: a substrate including a first area,
a second area, and a bending portion between the first area
and the second area; a pixel at the first area of the substrate;
a terminal at the second area of the substrate; a first
conductive line on the bending portion of the substrate and
extending from the first area to the second area; a first
organic layer on the first conductive line; a second inorganic
layer on the first organic layer in an area other than the
bending portion; and a second conductive line on the first
organic layer and the second inorganic layer and overlapping
the first conductive line to extend from the first area to the
second area. The first conductive line and the second con-
ductive line contact each other in at least one of the first area
and the second area.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C. §
119 to Korean Patent Application No. 10-2016-0134469,
filed on Oct. 17, 2016, in the Korean Intellectual Property
Office (KIPO), the disclosure of which is incorporated by
reference herein in its entirety.

1. TECHNICAL FIELD

[0002] Exemplary embodiments of the present inventive
concept relate to an organic light emitting diode (“OLED™)
display device having a relatively high luminance and a
method of manufacturing the OLED display device.

2. DISCUSSION OF RELATED ART

[0003] An OLED display device is a self-emission type
display device which displays an image using an OLED that
emits light. The OLED display devices are currently gar-
nering attention by virtue of their characteristics such as low
power consumption, high luminance, and high response
speed.

[0004] Recently, there is an increasing demand for an
OLED display device having a large area and a high
resolution and also having excellent display quality. Accord-
ingly, studies on OLED display devices having high lumi-
nance while having a large area and high resolution are
proceeding. In addition, researches are being conducted to
reduce the area of a bezel so that an image may be displayed
on a large screen of display devices.

[0005] It is to be understood that this background of the
technology section is intended to provide useful background
for understanding the technology and as such disclosed
herein, the technology background section may include
ideas, concepts or recognitions that were not part of what
was known or appreciated by those skilled in the pertinent
art prior to a corresponding effective filing date of subject
matter disclosed herein.

SUMMARY

[0006] Exemplary embodiments of the present inventive
concept may be directed to an organic light emitting diode
(“OLED”) display device having high resolution and high
luminance, and to a method of manufacturing the OLED
display device.

[0007] Further, exemplary embodiments of the present
inventive concept may be directed to an OLED display
device including a narrow bezel and to a method of manu-
facturing the OLED display device.

[0008] According to an exemplary embodiment, a display
device includes: a substrate including a first area, a second
area, and a bending portion disposed between the first area
and the second area; a pixel disposed on the first area of the
substrate; a terminal disposed on the second area of the
substrate; a first conductive line disposed on the bending
portion of the substrate and extending from the first area to
the second area; a first organic layer disposed on the first
conductive line; a first inorganic layer disposed on the first
organic layer in an area other than the bending portion; and
a second conductive line disposed on the first organic layer
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and the first inorganic layer and overlapping the first con-
ductive line to extend from the first area to the second area.
The first conductive line and the second conductive line
contact each other in at least one of the first area and the
second area.

[0009] The display device may further include a second
inorganic layer disposed between the first conductive line
and the first organic layer.

[0010] The first conductive line and the second conductive
line may constitute one link line.

[0011] The first conductive line and the second conductive
line may be connected to the pixel.

[0012] The pixel may include a common power line, and
the first conductive line and the second conductive line may
be connected to the common power line.

[0013] The common power line may include a first power
line and a second power line,

[0014] the first power line may be disposed on a substan-
tially same plane as the first conductive line, and the second
power line may be disposed on a substantially same plane as
the second conductive line.

[0015] The first power line and the first conductive line
may include a substantially same material.

[0016] The first power line and the first conductive line
may be integrally formed.

[0017] The second power line and the second conductive
line may include a substantially same material.

[0018] The second power line and the second conductive
line may be integrally formed.

[0019] The pixel may include the second inorganic layer,
the first organic layer and the first inorganic layer sequen-
tially disposed between the first power line and the second
power line.

[0020] The first power line and the second power line may
contact each other in the pixel.

[0021] The pixel may include an organic light emitting
element, and the common power line may be connected to
the organic light emitting element through at least one thin
film transistor.

[0022] The pixel may be connected to a data line at the
first area, and the first conductive line and the second
conductive line may be connected to the data line.

[0023] The dataline may include a lower line and an upper
line overlapping the lower line, the lower line may be
disposed on a substantially same plane as the first conduc-
tive line, and the upper line may be disposed on a substan-
tially same plane as the second conductive line.

[0024] The lower line and the first conductive line may
include a substantially same material.

[0025] The lower line and the first conductive line may be
integrally formed.

[0026] The upper line and the second conductive line may
include a substantially same material.

[0027] The upper line and the second conductive line may
be integrally formed.

[0028] The pixel may include the second inorganic layer,
the first organic layer and the first inorganic layer sequen-
tially disposed between the lower line and the upper line.
[0029] The lower line and the upper line may contact each
other in the pixel.

[0030] The substrate may be bent at the bending portion,
and an inner radius of curvature of the bending portion may
be in a range of about 0 um to about 500 pm.
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[0031] According to another exemplary embodiment, a
method of manufacturing a display device includes: forming
a first conductive line on a substrate including a bending
portion, the first conductive line passing through the bending
portion; forming a first organic layer on the first conductive
line; forming a first inorganic layer on the first organic layer;
removing the first inorganic layer in a selective manner to
expose the first organic layer in a selective manner; and
forming a second conductive line on the first inorganic layer
and the selectively exposed first organic layer. Removing the
second conductive line in a selective manner includes
removing the first inorganic layer disposed on the bending
portion.

[0032] The method may further include forming a second
inorganic layer on the first conductive line after forming the
first conductive line and before forming the first organic
layer.

[0033] The first organic layer may have a contact hole, and
removing the first inorganic layer in a selective manner may
include removing the second inorganic layer and the first
inorganic layer at the contact hole.

[0034] The first conductive line and the second conductive
line may contact each other at the contact hole.

[0035] According to another exemplary embodiment, a
display device includes: a substrate including a bending
portion; a gate line extending along a first direction on the
substrate; a data line extending along a second direction on
the substrate, the data line intersecting the gate line; and a
common power line extending along the second direction on
the substrate, the common power line spaced apart from the
data line and intersecting the gate line; a first link line
connected to the common power line, extending from the
common power line and passing through the bending por-
tion; and a second link line connected to the data line,
extending from the data line and passing through the bend-
ing portion. At least one of the first link line and the second
link line includes a first conductive line and a second
conductive line overlapping each other with an insulating
layer interposed therebetween. The insulating layer
includes: a first organic layer disposed on the first conduc-
tive line; and a first inorganic layer disposed on the first
organic layer in a selective manner. The first inorganic layer
is disposed on an area other than the bending portion.
[0036] The insulating layer further may include a second
inorganic layer disposed between the first conductive line
and the first organic layer.

[0037] The foregoing is illustrative only and is not
intended to be in any way limiting. In addition to the
illustrative aspects, exemplary embodiments, and features
described above, further aspects, exemplary embodiments,
and features will become apparent by reference to the
drawings and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] A more complete appreciation of the present inven-
tive concept will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
accompanying drawings, wherein:

[0039] FIG. 1 is a block diagram illustrating an organic
light emitting diode (“OLED”) display device according to
an exemplary embodiment;

[0040] FIG. 2 is a cross-sectional view illustrating a sub-
strate in a bent state;
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[0041] FIG. 3 is a circuit diagram illustrating a pixel of an
OLED display device according to an exemplary embodi-
ment;
[0042] FIG. 4 is a plan view illustrating a pixel of an
OLED display device according to an exemplary embodi-
ment;

[0043] FIG. 5isa cross-sectional view taken along line I-I'
of FIG. 4;

[0044] FIG. 6 is a plan view illustrating an area EAE of
FIG. 1;

[0045] FIG. 7 is a cross-sectional view taken along line
II-IT' of FIG. 6;

[0046] FIG. 8 is a cross-sectional view taken along line

[I-IIT' of FIG. 6;

[0047] FIG. 9 is a cross-sectional view taken along line
IV-IV' of FIG. 6;

[0048] FIG. 10 is a view comparing a cross-sectional view
taken along line V-V' of FIG. 6 and the cross-sectional view
taken along line I-I' of FIG. 4;

[0049] FIG. 11 is a cross-sectional view illustrating an
OLED display device according to an alternative exemplary
embodiment;

[0050] FIG. 12 is a plan view illustrating a portion of an
OLED display device according to an alternative exemplary
embodiment;

[0051] FIG. 13 is a cross-sectional view taken along line
VI-VT of FIG. 12;

[0052] FIG. 14 is a cross-sectional view taken along line
VII-VIT' of FIG. 12;

[0053] FIG. 15 is a cross-sectional view taken along line
VII-VIII' of FIG. 12;

[0054] FIG. 16 is a view comparing a cross-sectional view
taken along line IX-IX' of FIG. 12 and the cross-sectional
view of FIG. 11; and

[0055] FIGS.17A,17B,17C, 17D, 17E, 17F and 17G are
views illustrating a manufacturing process with respect to
the cross-sectional view taken along line II-II' of FIG. 6.

DETAILED DESCRIPTION

[0056] Exemplary embodiments will now be described
more fully hereinafter with reference to the accompanying
drawings. Although the inventive concept may be modified
in various manners and have several exemplary embodi-
ments, exemplary embodiments are illustrated in the accom-
panying drawings and will be mainly described in the
specification. However, the scope of the inventive concept is
not limited to the exemplary embodiments and should be
construed as including all the changes, equivalents, and
substitutions included in the spirit and scope of the inventive
concept.

[0057] 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”
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another layer, area, or plate, intervening layers, areas, or
plates may be absent therebetween.

[0058] The spatially relative terms “below”, “beneath”,
“less”, “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
interpreted differently depending on the orientations.
[0059] 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.

[0060] It will be understood that, although the terms
“first,” “second,” “third,” and the like may be used herein to
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.

[0061] “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” can mean within one or more
standard deviations, or within £30%, 20%, 10%, 5% of the
stated value.

[0062] 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 inventive concept pertains. It will be further
understood that terms, such as those defined in commonly
used dictionaries, 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 in the pres-
ent specification.

[0063] Some ofthe parts which are not associated with the
description may not be provided in order to specifically
describe exemplary embodiments of the present inventive
concept, and like reference numerals refer to like elements
throughout the specification.

[0064] Hereinafter, a display device according to an exem-
plary embodiment will be described with reference to FIGS.
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1, 2, 3, 4, 5 and 6. The display device according to an
exemplary embodiment is an organic light emitting diode
(“OLED”) display device 101.

[0065] Forexample, FIG. 1 is a block diagram illustrating
the OLED display device 101 according to an exemplary
embodiment. As illustrated in FIG. 1, the OLED display
device 101 includes a timing controller 100, a scan driver
200, a data driver 300 and a display area DPA.

[0066] The timing controller 100 receives input image
signals (not illustrated) and generates image data. In addi-
tion, the timing controller 100 outputs image data and
various control signals DCS and SCS.

[0067] The scan driver 200 receives a scan control signal
SCS from the timing controller 100. The scan control signal
SCS may include a vertical start signal for starting the
operation of the scan driver 200, a clock signal for deter-
mining an output timing of signals, and the like. The scan
driver 200 generates a plurality of scan signals and sequen-
tially outputs the plurality of scan signals to a plurality of
gate lines SL to be described below. In addition, the scan
driver 200 generates a plurality of light emission control
signals in response to the scan control signal SCS and
outputs a plurality of light emission control signals to a
plurality of light emission control lines EM to be described
below.

[0068] It is illustrated in FIG. 1 that the plurality of scan
signals and the plurality of light emission control signals are
output from a single scan driver 200, but exemplary embodi-
ments are not limited thereto. In an exemplary embodiment,
the plurality of scan drivers divide and output the plurality
of scan signals, and divide and output the plurality of light
emission control signals. In addition, in an exemplary
embodiment, a driving circuit generating and outputting the
plurality of scan signals and a driving circuit generating and
outputting the plurality of light emission control signals may
be separately provided.

[0069] The data driver 300 receives a data control signal
DCS and the image data DATA from the timing controller
100. The data driver 300 converts the image data DATA into
data signals and outputs the data signals to a plurality of data
lines DL to be described below. The data signal is an analog
voltage corresponding to a gray level value of the image data
DATA.

[0070] The display area DPA includes the plurality of gate
lines SL, the plurality of light emission control lines EM, the
plurality of data lines DL and a plurality of pixels PX
arranged on a substrate 111. The plurality of gate lines SL
extend in a first direction DR1 and are arranged in a second
direction DR2 intersecting the first direction DR1. Each of
the plurality of light emission control lines EM may be
arranged in parallel to each corresponding one of the plu-
rality of gate lines SL. The plurality of data lines DL are
insulated from and intersect the plurality of gate lines SL.
[0071] The pixel PX is connected to the gate line SL, the
light emission control line EM and the data line DL. The
pixel PX receives a first voltage ELVDD and a second
voltage ELVSS having a voltage level lower than that of the
first voltage ELVDD (see FIG. 3). The pixel PX includes a
common power line PL for applying the first voltage
ELVDD and an initialization line RL for receiving an
initialization voltage Vint. The first voltage ELVDD is also
referred to as a common voltage.

[0072] Each pixel PX may be electrically connected to two
gate lines. As illustrated in FIG. 1, pixels PX connected to
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a second gate line (hereinafter, pixels in a second pixel row)
may be connected to a first gate line. The pixels PX in the
second pixel row receive a scan signal applied to the second
gate line and a scan signal applied to the first gate line.
[0073] The pixel PX includes an OLED and a circuit
controlling light emission of the OLED. The circuit may
include a plurality of thin film transistors (“TFTs”) and a
capacitor. The display area DPA may include a red pixel
emitting red light, a green pixel emitting green light, and a
blue pixel emitting blue light. The OLED of the red pixel,
the OLED of the green pixel and the OLED of the blue pixel
may respectively include organic light emitting layers OL
each including different materials.

[0074] The plurality of gate lines SL, the plurality of light
emission control lines EM, the plurality of data lines DL, the
common power line PL, the initialization line RL and the
plurality of pixels PX may be formed on the substrate 111
through a plurality of patterning processes. In addition, a
plurality of insulating layers may be formed on the substrate
111 through a plurality of deposition processes or coating
processes. Each of the insulating layers may include at least
one of an organic layer and an inorganic layer.

[0075] FIG. 2 is a cross-sectional view illustrating the
substrate 111 in a bent state.

[0076] The substrate 111 includes a first area AREAL, a
second area AREA?2 and a bending portion BD between the
first area AREA1 and the second area AREA2. Referring to
FIGS. 1 and 2, the first area AREA1 and the second area
ARFEA2 may be separated from each other by the bending
portion BD.

[0077] The display area DPA is disposed in the first area
ARFEAL1 of the substrate 111. The display area DPA includes
the plurality of pixels PX and displays an image. The second
area AREA2 and the bending portion BD are disposed in a
non-display area NDA in which no image is displayed.
[0078] The substrate 111 has flexible characteristics and is
capable of being bent by about 180 degrees as illustrated in
FIG. 2. The substrate 111 may be a plastic film, for example.
[0079] The second area AREA2 includes a terminal DPD,
and through the terminal DPD, various driving means may
be connected to various signal lines on the substrate 111. For
example, the data driver 300 may be connected to a terminal
DPD at the second area AREA2.

[0080] Referring to FIG. 2, the substrate 111 is bent at the
bending portion BD so that the second area AREA2 may
overlap the first area AREA1. That is, the second area
ARFEA?2 including the terminal DPD may be disposed on a
rear surface of the display area DPA. As such, the OLED
display device 101 may realize a narrow bezel.

[0081] According to an exemplary embodiment, in the
bent state, an inner radius of curvature R1 of the bending
portion BD may be about 1,000 um or less. For example, in
the bent state, the inner radius of curvature R1 of the bending
portion BD may be in a range of about 0 um to about 500
um. When the substrate 111 includes a thin film having
excellent flexible characteristics, the inner radius of curva-
ture R1 of the bending portion BD may be in a range of
about 0 um to about 50 ym in the bent state. When the
substrate 111 includes a transparent polymer film, the inner
radius of curvature R1 of the bending portion BD may be in
a range of about 0.1 um to about 50 um in the bent state.
[0082] FIG. 3 is a circuit diagram illustrating one pixel PX
of the OLED display device 101 according to an exemplary
embodiment.
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[0083] Asillustrated in FIG. 3, each pixel PX of the OLED
display device 101 according to an exemplary embodiment
includes a plurality of TFTs T1, T2, T3, T4, T5, T6 and T7,
a plurality of wirings SLn, Sn-1, Sn-2, EM, Vint, DL and PL
selectively connected to the plurality of TFTs T1, T2, T3, T4,
T5, T6 and T7, and an OLED.

[0084] The plurality of TFTs T1, T2, T3, T4, T5, T6 and
T7 include a first TFT T1, a second TEFT 12, a third TFT T3,
a fourth TFT T4, a fifth TFT T5, a sixth TFT T6 and a
seventh TFT T7.

[0085] A first gate electrode G1 of the first TFT T1 is
connected to a third drain electrode D3 of the third TFT T3
and a fourth drain electrode D4 of the fourth TFT T4, a first
source electrode S1 of the first TFT T1 is connected to a
second drain electrode D2 of the second TFT T2 and a fifth
drain electrode D5 of the fifth TFT T5, and a first drain
electrode D1 of the first TFT T1 is connected to a third
source electrode S3 of the third TFT T3 and a sixth source
electrode S6 of the sixth TFT Té6.

[0086] A second gate electrode G2 of the second TFT T2
is connected to a first gate line SLn, a second source
electrode S2 of the second TFT T2 is connected to the data
line DL, and the second drain electrode D2 of the second
TFT T2 is connected to the first source electrode S1 of the
first TFT T1.

[0087] A third gate electrode G3 of the third TFT T3 is
connected to the first gate line SLn, the third source elec-
trode S3 of the third TFT T3 is connected to the first drain
electrode D1 of the first TFT T1, and the third drain
electrode D3 of the third TFT T3 is connected to the first gate
electrode G1 of the first TFT T1.

[0088] A fourth gate electrode G4 of the fourth TFT T4 is
connected to a second gate line SLn-1, a fourth source
electrode S4 of the fourth TFT T4 is connected to the
initialization line RL, and the fourth drain electrode D4 of
the fourth TFT T4 is connected to the first gate electrode G1
of the first TFT T1. The initialization voltage Vint is applied
through the initialization line RL.

[0089] A fifth gate electrode G5 of the fifth TFT T5 is
connected to the light emission control line EM, a fifth
source electrode S5 of the fifth TFT T5 is connected to the
common power line PL, and the fifth drain electrode D5 of
the fifth TFT T5 is connected to the first source electrode S1
of the first TFT T1.

[0090] A sixth gate electrode G6 of the sixth TFT T6 is
connected to the light emission control line EM, the sixth
source electrode S6 of the sixth TFT T6 is connected to the
first drain electrode D1 of the first TFT T1, and the sixth
drain electrode D6 of the sixth TFT T6 is connected to a first
electrode PE1 of the OLED. The first electrode PE1 is a
pixel electrode.

[0091] A seventh gate electrode G7 of the seventh TFT T7
is connected to a third gate line SLn-2, a seventh source
electrode S7 of the seventh TFT T7 is connected to the
OLED, and the seventh drain electrode D7 of the seventh
TFT T7 is connected to the fourth source electrode S4 of the
fourth TFT T4.

[0092] As such, signal lines transmitting the scan signal
include the first gate line SLn for transmitting a first scan
signal to each of the second gate electrode G2 of the second
TFT T2 and the third gate electrodes G3 of the third TFT T3,
the second gate line SLn-1 for transferring a second scan
signal to the fourth gate electrode G4 of the fourth TFT T4,
the third gate line SLn-2 for transmitting a third scan signal
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to the seventh gate electrode G7 of the seventh TFT T7, and
the light emission control line EM for transmitting a light
emission control signal to the fifth gate electrode G5 of the
fifth TFT T5 and the sixth gate electrode G6 of the sixth TFT
T6.

[0093] A capacitor Cst includes a first electrode CEl
connected to the common power line PL and a second
electrode CE2 connected to the first gate electrode G1 of the
first TFT T1 and the third drain electrode D3 of the third TFT
T3.

[0094] The OLED includes the first electrode PEl, the
second electrode PE2 on the first electrode PE1, and an
organic light emitting layer OL disposed between the first
electrode PE1 and the second electrode PE2 (see FIG. 5).
The first electrode PE1 of the OLED is connected to the
seventh source electrode S7 of the seventh TFT T7 and the
sixth drain electrode D6 of the sixth TFT T6. The second
voltage ELVSS is applied through the second electrode PE2.
[0095] Hereinafter, the operation of the pixel PX will be
described by way of example.

[0096] Firstly, when the third scan signal is transmitted to
the third gate line SLn-2 to turn on the seventh TFT T7, a
residual current flowing through the first electrode PE1 of
the OLED is discharged to the fourth TFT T4 through the
seventh TFT T7, such that unintended light emission of the
OLED due to the residual current flowing through the first
electrode PE1 of the OLED may be substantially sup-
pressed.

[0097] Next, when the second scan signal is transmitted to
the second gate line SLn-1 and the initialization signal is
transmitted to the initialization line RL, the fourth TFT T4
is turned on and the initialization voltage Vint is applied
through the fourth TFT T4 to the first gate electrode G1 of
the first TFT T1 and the second electrode CE2 of the
capacitor Cst. Accordingly, the first gate electrode G1 and
the capacitor Cst are initialized. In such an exemplary
embodiment, as the first gate electrode G1 is initialized, the
first TFT T1 is turned on.

[0098] Next, when the first scan signal is transmitted to the
first gate line SL.n and the data signal is transmitted to the
data line DL, each of the second TFT T2 and the third TFT
T3 is turned on and a data voltage Vd corresponding to the
data signal is applied to the first gate electrode G1 through
the second TFT T2, the first TFT T1 and the third TFT T3.
[0099] In such an exemplary embodiment, a voltage
applied to the first gate electrode G1 has a compensated
voltage {Vd+Vth, Vth having a negative (-) value} which
has a voltage level less than that of the initial data voltage
Vd applied from the data line DL by a threshold voltage Vth
of the first TFT T1. The compensation voltage (Vd+Vth)
applied to the first gate electrode G1 is also applied to the
second electrode CE2 of the capacitor Cst connected to the
first gate electrode G1.

[0100] Next, a driving voltage Vel based on the driving
signal is applied from the common power line PL to the first
electrode CE1 of the capacitor Cst, and the compensation
voltage (Vd+Vth) is applied to the second electrode CE2,
such that electric charges corresponding to a difference of
voltages respectively applied to the opposing electrodes of
the capacitor Cst are stored in the capacitor Cst and thus the
first TFT T1 is turned on for a predetermined time.

[0101] Next, when the light emission control signal is
applied to the light emission control line EM, each of the
fifth TFT T5 and the sixth TFT T6 is turned on and the
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driving voltage Vel based on the driving signal applied from
the common power line PL is applied to the first TFT T1
through the fifth TFT T5.

[0102] In such an exemplary embodiment, a driving cur-
rent Id corresponding to a voltage difference between a
voltage applied to the first gate electrode G1 by the capacitor
Cst and the driving voltage Vel flows through the first drain
electrode D1 of the first TFT T1 because the first TFT T1 is
turned on by the capacitor Cst, and the driving current Id is
applied to the OLED through the sixth TFT T6 such that the
OLED emits light for a predetermined time.

[0103] The structure of the pixel PX of the OLED display
device 101 according to an exemplary embodiment is not
limited to the above description, and the pixel PX of the
OLED display device 101 may include wirings including a
plurality of TFTs, one or more capacitors, one or more gate
lines, and one or more driving power lines.

[0104] FIG. 4 is a plan view illustrating a pixel of an
OLED display device according to an exemplary embodi-
ment, and FIG. 5 is a cross-sectional view taken along line
I-I' of FIG. 4.

[0105] As illustrated in FIGS. 4 and 5, the pixel PX on the
substrate 111 includes the first TFT T1, the second TFT T2,
the third TFT T3, the fourth TFT T4, the fifth TFT T5, the
sixth TFT T6, the seventh TFT T7, the first gate line SLn, the
second gate line SLn-1, the third gate line SLn-2, the light
emission control line EM, the capacitor Cst, the data line
DL, the common power line PL, a gate bridge GB, the
initialization line RL and the OLED.

[0106] The first TFT T1 is located on the substrate 111 and
includes a first active layer Al and the first gate electrode
Gl1.

[0107] The first active layer Al includes the first source
electrode S1, a first channel C1, and the first drain electrode
D1. The first source electrode Si is connected to each of the
second drain electrode D2 of the second TFT T2 and the fifth
drain electrode D5 of the fifth TFT T5, and the first drain
electrode D1 is connected to each of the third source
electrode S3 of the third TFT T3 and the sixth source
electrode S6 of the sixth TFT T6. The first channel (C1),
which is a channel area of the first active layer A1 overlap-
ping the first gate electrode G1, is bent at least once to
extend therefrom. The first active layer A1 may include
polysilicon or an oxide semiconductor. The oxide semicon-
ductor may include at least one selected from the group
consisting of: an oxide based on titanium (T1), hafnium (Hf),
zirconium (Zr), aluminum (Al), tantalum (Ta), germanium
(Ge), zinc (Zn), gallium (Ga), tin or indium (In), and a
compound oxide thereof, such as zinc oxide (Zn0O), indium-
gallium-zinc oxide (InGaZn04), indium-zinc oxide (Zn—
In—0), zinc-tin oxide (Zn—Sn—O0), indium-gallium oxide
(In—Ga—0), indium-tin oxide (In—Sn—0), indium-zirco-
nium oxide (In—Zr—O0), indium-zirconium-zinc oxide
(In—Zr—7n—0), indium-zirconium-tin oxide (In—7Zr—
Sn—O0), indium-zirconium-gallium oxide (In—7Zr—Ga—
0), indium-aluminum oxide (In—Al—0), indium-zinc-alu-
minum oxide (In—Zn—Al—0), indium-tin-aluminum
oxide (In—Sn—Al—0), indium-aluminum-gallium oxide
(In—Al—Ga—0), indium-tantalum oxide (In—Ta—O0),
indium-tantalum-zine oxide (In—Ta—7Zn—0), indium-tan-
talum-tin oxide (In—Ta—Sn—O0), indium-tantalum-gal-
lium oxide (In—Ta—Ga—0), indium-germanium oxide
(In—Ge—0), indium-germanium-zinc oxide (In—Ge—
Zn—0), indium-germanium-tin oxide (In—Ge—Sn—0),
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indium-germanium-gallium oxide (In—Ge—Ga—0), tita-
nium-indium-zinc oxide (Ti—In—7Zn—0) and hafnium-
indium-zinc oxide (Hf—In—Zn—0). In the case where the
first active layer Al includes an oxide semiconductor, a
protective layer may be additionally provided to protect an
oxide semiconductor from external environment such as
high temperature.

[0108] The first channel C1 of the first active layer A1 may
be channel-doped with N-type impurities or P-type impuri-
ties, and the first source electrode S1 and the first drain
electrode D1 are spaced apart from each other, having the
first channel C1 therebetween, to be doped with doping
impurities having an opposite type compared to that of the
doping impurities doped to the first channel C1.

[0109] The first gate electrode G1 is disposed above the
first channel C1 of the first active layer Al and may have an
island shape. The first gate electrode G1 is connected to the
fourth drain electrode D4 of the fourth TFT T4 and the third
drain electrode D3 of the third TFT T3 by the gate bridge GB
through a contact hole CNT. The first gate electrode G1
overlapping the first electrode CE1 of the capacitor Cst
functions as the gate electrode of the first TFT T1 and also
functions as the second electrode CE2 of the capacitor Cst.
That is, the first gate electrode G1 forms the capacitor Cst
together with the first electrode CE1.

[0110] The second TFT T2 is located on the substrate 111
and includes the second active layer A2 and the second gate
electrode G2.

[0111] The second active layer A2 includes the second
source electrode S2, a second channel C2, and the second
drain electrode D2. The second source electrode S2 is
connected to the data line DL through a contact hole CNT
and the second drain electrode D2 is connected to the first
source electrode S1 of the first TFT T1. The second channel
C2, which is a channel area of the second active layer A2
overlapping the second gate electrode G2, is disposed
between the second source electrode S2 and the second drain
electrode D2. That is, the second active layer A2 is con-
nected to the first active layer Al.

[0112] The second channel C2 of the second active layer
A2 may be channel-doped with N-type impurities or P-type
impurities, and the second source electrode S2 and the
second drain electrode D2 are spaced apart from each other,
having the second channel C2 therebetween, to be doped
with doping impurities having an opposite type compared to
that of the doping impurities doped to the second channel
C2. The second active layer A2 is located on a substantially
same plane as the first active layer Al, includes a substan-
tially same material as a material included in the first active
layer Al, and is formed integrally with the first active layer
Al.

[0113] Thesecond gate electrode G2 is disposed above the
second channel C2 of the second active layer A2 and is
formed integrally with the first gate line SLn.

[0114] The third TFT T3 is disposed on the substrate 111
and includes a third active layer A3 and the third gate
electrode G3.

[0115] The third active layer A3 includes the third source
electrode S3, a third channel C3, and the third drain elec-
trode D3. The third source electrode S3 is connected to the
first drain electrode D1, and the third drain electrode D3 is
connected to the first gate electrode G1 of the first TFT T1
by the gate bridge GB through a contact hole CNT. The third
channel C3, which is a channel area of the third active layer
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A3 overlapping the third gate electrode G3, is disposed
between the third source electrode S3 and the third drain
electrode D3.

[0116] The third active layer A3 connects the first active
layer Al and the first gate electrode G1.

[0117] The third channel C3 of the third active layer A3
may be channel-doped with N-type impurities or P-type
impurities, and the third source electrode S3 and the third
drain electrode D3 are spaced apart from each other, having
the third channel C3 therebetween, to be doped with doping
impurities having an opposite type compared to that of the
doping impurities doped to the third channel C3. The third
active layer A3 is located on a substantially same plane as
the first active layer Al and the second active layer A2,
includes a substantially same material as a material included
in the first active layer A1 and the second active layer A2,
and is formed integrally with the first active layer A1 and the
second active layer A2.

[0118] The third gate electrode G3 is disposed above the
third channel C3 of the third active layer A3 and is formed
integrally with the first gate line SLn. The third gate elec-
trode G3 is formed as a dual gate electrode.

[0119] The fourth TFT T4 is disposed on the substrate 111
and includes a fourth active layer A4 and a fourth gate
electrode G4.

[0120] The fourth active layer A4 includes the fourth
source electrode S4, a fourth channel C4, and the fourth
drain electrode D4. The fourth source electrode S4 is con-
nected to the initialization line RL through a contact hole,
and the fourth drain electrode D4 is connected to the first
gate electrode G1 of the first TFT T1 by the gate bridge GB
through a contact hole. The fourth channel C4, which is a
channel area of the fourth active layer A4 overlapping the
fourth gate electrode G4, is disposed between the fourth
source electrode S4 and the fourth drain electrode D4. That
is, the fourth active layer A4 connects the initialization line
RL and the first gate electrode G1, and is connected to each
of the third active layer A3 and the first gate electrode G1.
[0121] The fourth channel C4 of the fourth active layer A4
may be channel-doped with N-type impurities or P-type
impurities, and the fourth source electrode S4 and the fourth
drain electrode D4 are spaced apart from each other, having
the fourth channel C4 therebetween, to be doped with
doping impurities having an opposite type compared to that
of the doping impurities doped to the fourth channel C4. The
fourth active layer A4 is disposed on a substantially same
plane as the first active layer Al, the second active layer A2
and the third active layer A3, includes a substantially same
material as a material included in the first active layer Al,
the second active layer A2 and the third active layer A3, and
is formed integrally with the first active layer A1, the second
active layer A2 and the third active layer A3.

[0122] The fourth gate electrode G4 is disposed above the
fourth channel C4 of the fourth active layer A4 and is formed
integrally with the second gate line SLn-1. The fourth gate
electrode G4 is formed as a dual gate electrode.

[0123] The fifth TFT T5 is disposed on the substrate 111
and includes a fifth active layer AS and the fifth gate
electrode G5.

[0124] The fifth active layer A5 includes the fifth source
electrode S5, a fifth channel C5, and the fifth drain electrode
D5. The fifth source electrode S5 is connected to the
common power line PL through a contact hole CNT and the
fifth drain electrode D5 is connected to the first source
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electrode S1 of the first TFT T1. The fifth channel C5, which
is a channel area of the fifth active layer AS overlapping the
fifth gate electrode G5, is disposed between the fifth source
electrode S5 and the fifth drain electrode D5. That is, the
fifth active layer A5 connects the first active layer A1 and the
common power line PL applying the first voltage ELVDD.
[0125] The fifth channel C5 of the fifth active layer AS
may be channel-doped with N-type impurities or P-type
impurities, and the fifth source electrode S5 and the fifth
drain electrode D5 are spaced apart from each other, having
the fifth channel C5 therebetween, to be doped with doping
impurities having an opposite type compared to that of the
doping impurities doped to the fifth channel C5. The fifth
active layer A5 is located on a substantially same plane as
the first active layer Al, the second active layer A2, the third
active layer A3 and the fourth active layer A4, includes a
substantially same material as a material included in the first
active layer Al, the second active layer A2, the third active
layer A3 and the fourth active layer A4, and is formed
integrally with the first active layer Al, the second active
layer A2, the third active layer A3 and the fourth active layer
A4,

[0126] The fifth gate electrode G5 is disposed above the
fifth channel C5 of the fifth active layer A5 and is formed
integrally with the light emission control line EM.

[0127] The sixth TFT T6 is located on the substrate 111
and includes a sixth active layer A6 and the sixth gate
electrode G6.

[0128] The sixth active layer A6 includes the sixth source
electrode S6, a sixth channel C6, and the sixth drain elec-
trode D6. The sixth source electrode S6 is connected to the
first drain electrode D1 of the first TFT T1, and the sixth
drain electrode D6 is connected to the first electrode PE1 of
the OLED through a contact hole CNT. The sixth channel
C6, which is a channel area of the sixth active layer A6
overlapping the sixth gate electrode G6, is disposed between
the sixth source electrode S6 and the sixth drain electrode
D6. That is, the sixth active layer A6 connects the first active
layer Al and the first electrode PE1 of the OLED.

[0129] The sixth channel C6 of the sixth active layer A6
may be channel-doped with N-type impurities or P-type
impurities, and the sixth source electrode S6 and the sixth
drain electrode D6 are spaced apart from each other, having
the sixth channel C6 therebetween, to be doped with doping
impurities having an opposite type compared to that of the
doping impurities doped to the sixth channel C6. The sixth
active layer A6 is disposed on a substantially same plane as
the first active layer Al, the second active layer A2, the third
active layer A3, the fourth active layer A4 and the fifth active
layer A5, includes a substantially same material as a material
included in the first active layer A1, the second active layer
A2, the third active layer A3, the fourth active layer A4 and
the fifth active layer AS, and is formed integrally with the
first active layer A1, the second active layer A2, the third
active layer A3, the fourth active layer A4 and the fifth active
layer AS.

[0130] The sixth gate electrode G6 is disposed above the
sixth channel C6 of the sixth active layer A6 and is formed
integrally with the light emission control line EM.

[0131] The seventh TFT T7 is disposed on the substrate
111 and includes a seventh active layer A7 and the seventh
gate electrode G7.

[0132] The seventh active layer A7 includes the seventh
source electrode S7, a seventh channel C7, and the seventh

Apr. 19,2018

drain electrode D7. The seventh source electrode S7 is
connected to the first electrode PE1 of the OLED of another
pixel not illustrated in FIG. 4 (e.g., a pixel positioned
upwardly of the pixel illustrated in FIG. 4), and the seventh
drain electrode D7 is connected to the fourth source elec-
trode S4 of the fourth TFT T4. The seventh channel C7,
which is a channel area of the seventh active layer A7
overlapping the seventh gate electrode G7, is disposed
between the seventh source electrode S7 and the seventh
drain electrode D7. That is, the seventh active layer A7
connects the fourth active layer Ad and the first electrode
PE1 of the OLED.

[0133] The seventh channel C7 of the seventh active layer
A7 may be channel-doped with N-type impurities or P-type
impurities, and the seventh source electrode S7 and the
seventh drain electrode D7 are spaced apart from each other,
having the seventh channel C7 therebetween, to be doped
with doping impurities having an opposite type compared to
that of the doping impurities doped to the seventh channel
C7. The seventh active layer A7 is disposed on a substan-
tially same plane as the first active layer Al, the second
active layer A2, the third active layer A3, the fourth active
layer A4, the fifth active layer A5 and the sixth active layer
A6, includes a substantially same material as a material
included in the first active layer A1, the second active layer
A2, the third active layer A3, the fourth active layer A4, the
fifth active layer A5 and the sixth active layer A6, and is
formed integrally with the first active layer Al, the second
active layer A2, the third active layer A3, the fourth active
layer Ad, the fifth active layer AS and the sixth active layer
Ab6.

[0134] The seventh gate electrode G7 is disposed above
the seventh channel C7 of the seventh active layer A7 and is
formed integrally with the third gate line SLn-2.

[0135] The first active layer Al of the first TFT T1, the
second active layer A2 of the second TFT T2, the third active
layer A3 of the third TFT T3, the fourth active layer Ad of
the TFT T4, the fifth active layer AS of the fifth TFT T5, the
sixth active layer A6 of the sixth TFT T6 and the seventh
active layer A7 of the third transistor T7 are connected to one
another.

[0136] A first insulating layer IL1, a second insulating
layer IL.2 and a third insulating layer IL3 are sequentially
stacked on the first active layer Al, the second active layer
A2, the third active layer A3, the fourth active layer A4, the
fifth active layer AS, the sixth active layer A6 and the
seventh active layer A7. Each of the first insulating layer
111, the second insulating layer IL.2 and the third insulating
layer IL3 may be an organic insulating layer or an inorganic
insulating layer including, for example, silicon nitride or
silicon oxide. In addition, each of the insulating layers may
be formed as a single layer or a multiple layer. The plurality
of contact holes CNT are formed in the first insulating layer
111, the second insulating layer I[.2, and the third insulating
layer 113 in a selective manner. The first insulating layer IL.1
contacts each of the first active layer Al, the second active
layer A2, the third active layer A3, the fourth active layer A4,
the fifth active layer A5, the sixth active layer A6 and the
seventh active layer A7.

[0137] The first gate line SLn is disposed on the second
active layer A2 and the third active layer A3 to extend in one
direction across the second active layer A2 and the third
active layer A3, and is formed integrally with the second
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gate electrode G2 and the third gate electrode G3 to be
connected to the second gate electrode G2 and the third gate
electrode G3.

[0138] The second gate line SLn-1, spaced apart from the
first gate line SLn, is disposed on the fourth active layer A4,
extends in the one direction across the fourth active layer
A4, and is integrally formed with the fourth gate electrode
G4 to be connected to the fourth gate electrode G4.

[0139] The third gate line SLn-2, spaced apart from the
second gate line SLn-1, is disposed on the seventh active
layer A7, extends in the one direction across the seventh
active layer A7, and is integrally formed with the seventh
gate electrode G7 to be connected to the seventh gate
electrode G7.

[0140] The light emission control line EM, spaced apart
from the first gate line SLn, is disposed on the fifth active
layer A5 and the sixth active layer A6, extends in the one
direction across the fifth gate electrode G5 and the sixth gate
electrode G6, and is integrally formed with the fifth gate
electrode G5 and the sixth gate electrode G6 to be connected
to the fifth gate electrode G5 and the sixth gate electrode G6.
[0141] The light emission control line EM, the third gate
line SLn-2, the second gate line SLn-1, the first gate line
SLn, the first gate electrode G1, the second gate electrode
G2, the third gate electrode G3, the fourth gate electrode G4,
the fifth gate electrode G5, the sixth gate electrode G6 and
the seventh gate electrode G7 are located on a substantially
same layer, and include a substantially same material. How-
ever, exemplary embodiments are not limited thereto, and
the light emission control line EM, the third gate line SLn-2,
the second gate line SLn-1, the first gate line SLn, the first
gate electrode G1, the second gate electrode G2, the third
gate electrode G3, the fourth gate electrode G4, the fifth gate
electrode G5, the sixth gate electrode G6 and the seventh
gate electrode G7 may each be located on different layers,
and include different materials from one another.

[0142] The capacitor Cst includes the first electrode CE1
and the second electrode CE2 which oppose each other,
having an insulating layer therebetween. In such an exem-
plary embodiment, the second electrode CE2 may be the first
gate electrode G1. The first electrode CE1 of the capacitor
Cst is disposed on the first gate electrode G1 and is con-
nected to the common power line PL through a contact hole.
[0143] The first electrode CE1 of the capacitor, along with
the first gate electrode G1, defines the capacitor Cst, and the
first gate electrode G1 and the first electrode CE1 of the
capacitor may be disposed on different layers, and may
include a substantially same metal or different metals.
[0144] The first electrode CE1 of the capacitor includes an
opening area OA exposing a portion of the first gate elec-
trode G1 and the gate bridge GB is connected to the first gate
electrode G1 through the opening area OA.

[0145] The data line DL is located on the first gate line
SLn to extend in a direction across the first gate line SLn,
and is connected to the second source electrode S2 of the
second active layer A2 through a contact hole CNT. The data
line DL extends across the first gate line SLn, the second
gate line SLn-1, the third gate line SLn-2, and the light
emission control line EM.

[0146] The gate bridge GB, spaced apart from the com-
mon power line PL, is located on the first gate line SLn and
is connected to each of the third drain electrode D3 of the
third active layer A3 and the fourth drain electrode D4 of the
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fourth active layer Ad through the contact hole CNT. In
addition, the gate bridge GB is connected to the first gate
electrode G1.

[0147] The common power line PL, spaced apart from the
data line DL, is located on the first gate line SLn and extends
in a direction across the first gate line SLn. That is, the
common power line PL extends across the first gate line
SLn, the second gate line SLn-1, the third gate line SL.n-2
and the light emission control line EM.

[0148] The common power line PL is connected to the
OLED through at least one TFT. Referring to FIGS. 4 and
5, the common power line PL is connected to the first
electrode CE1 of the capacitor Cst through a contact hole
CNT and the fifth source electrode S5 of the fifth active layer
A5 connected to the first active layer Al through a contact
hole CNT.

[0149] According to an exemplary embodiment, the com-
mon power line PL. has a multilayer structure. Referring to
FIG. 5, the common power line PL has a double-layer
structure. However, exemplary embodiments are not limited
to the above descriptions with respect to FIG. 5, and the
common power line PL. may have a single-layer structure or
a structure including three or more layers.

[0150] According to an exemplary embodiment, the com-
mon power line PL includes a first power line PL1 and a
second power line PL.2 overlapping the first power line PL1.
In addition, the pixel PX includes a first inorganic layer 221,
a first organic layer 211 and a second inorganic layer 222
sequentially disposed between the second power line PL2
and the first power line PL1. That is, the second inorganic
layer 222, the first organic layer 211 and the first inorganic
layer 221 sequentially disposed between the first power line
PL1 and the second power line PL2.

[0151] The first power line PL1 and the second power line
PL2 constituting the common power line PL may include a
metal. When such a metal is disposed on the first organic
layer 211, the metal may be oxidized by the influence of
oxygen or other elements remaining in the first organic layer
211. In the case where the metal is oxidized, accurate
patterning may not be performed in an etching process,
particularly in a dry etching process, and impurities may
remain on the first organic layer 211 after patterning. Such
impurities may cause defective products.

[0152] According to an exemplary embodiment, the first
inorganic layer 221 and the second inorganic layer 222 are
respectively located between the second power line PL.2 and
the first organic layer 211 and between the first power line
PL1 and the first organic layer 211. Accordingly, the pat-
terning failure may be substantially prevented in the process
of forming the first power line PL1 and the second power
line PL2 constituting the common power line PL.

[0153] The first power line PL1 and the second power line
PL2 contact each other through a contact hole CNT1 in the
pixel PX.

[0154] Since the common power line PL has a multilayer
structure, current application and power supply through the
common power line PL are secured. Accordingly, the volt-
age drop (IR drop) is substantially prevented, and the OLED
display device 101 may have excellent luminous efficiency
and high luminance. Particularly, the voltage drop (IR drop)
is substantially prevented in the OLED display device 101
having a large size, and thus the display quality of the OLED
display device 101 having a large size may be improved.
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[0155] 1In addition, according to an exemplary embodi-
ment, the reaction speed of the OLED may be improved, and
a line width of the common power line PL may be reduced.
Accordingly, the OLED display device 101 having high
resolution may have a relatively high luminance.

[0156] The second organic layer 212 is disposed on the
second power line PL2. The second organic layer 212 serves
as an insulating layer and a planarization layer.

[0157] The data line DL, the first power line PL1 of the
common power line PL and the gate bridge GB are located
on a substantially same layer and include a substantially
same material. In an alternative exemplary embodiment,
each of the data line DL, the common power line PL, and the
gate bridge GB may be formed on different layers in a
selective manner and may include different materials from
one another.

[0158] The initialization line RL is disposed on the second
gate line SLn-2 to overlap the second gate line SLn-2 and is
connected to the fourth source electrode S4 of the fourth
active layer A4 through a contact hole. The initialization line
RL may be formed on a substantially same layer as a layer
on which the first electrode PE1 of the OLED is formed and
includes a substantially same material as a material included
in the first electrode PE1 of the OLED. In an alternative
exemplary embodiment, the initialization line RL. may be
formed on a different layer from the layer on which the first
electrode PE1 is disposed and may include different a
material from the material included in the first electrode
PE1.

[0159] The pixel defining layer 290 has an opening, and
the first electrode PE1 of the OLED is exposed from the
pixel defining layer 290 through the opening. The pixel
defining layer 290 may define a light emission area of the
OLED.

[0160] The OLED includes the first electrode PEl, the
organic light emitting layer OL and the second electrode
PE2. The first electrode PE1 is connected to the sixth drain
electrode D6 of the sixth TFT T6 through a contact hole
CNT. The organic light emitting layer OL is located between
the first electrode PE1 and the second electrode PE2. The
second electrode PE2 is disposed on the organic light
emitting layer OL. One of the first electrode PE1 and the
second electrode PE2 may have light transmittance. Light
emitted from the organic light emitting layer OL may be
directed toward one or more electrodes of the first electrode
PE1 and the second electrode PE2.

[0161] Although not illustrated, a capping layer covering
the OLED may be disposed on the OLED. In addition, a thin
film encapsulation layer, or an encapsulation substrate, may
be disposed on the OLED.

[0162] Hereinafter, the bending portion BD and the second
area AREA?2 of the substrate 111 will be described in more
detail with reference to FIGS. 6, 7, 8, 9 and 10.

[0163] FIG. 6 is a plan view illustrating an area EAE of
FIG. 1. FIG. 6 illustrates a portion of an edge of the first
substrate 111.

[0164] The OLED display device 101 according to an
exemplary embodiment includes link lines LK1 and LK2
that pass through the bending portion BD of the substrate
111. Each of the first link line LK1 and the second link line
LK2 extends from the first area AREA1 to the second area
AREA?2 of the substrate 111.

[0165] In more detail, the first link line LK1 extends from
the common power line PL and passes through the bending
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portion BD. The first link line LK1 passing through the
bending portion BD is connected to a common power supply
line PSL at the second area AREA2 and the common power
supply line PSL is connected to a common power source
(not illustrated). Accordingly, the common power line PL
receives the first voltage ELVDD through the common
power supply line PSL. However, exemplary embodiments
are not limited thereto, the first voltage ELVDD may be
directly applied to the first link line LK1.

[0166] A terminal may be disposed at one end portion of
the common power supply line PSL (not illustrated). The
common power supply line PSL may be connected to the
common power source (not illustrated) through the terminal.
[0167] The second link line LK2 is connected to the data
line DL and passes through the bending portion BD.
[0168] The second link line LK2 passing through the
bending portion BD is connected to a terminal DPD at the
second area AREA?2 and receives the data signal through the
terminal DPD. The terminal DPD illustrated in FIG. 6 is a
data terminal having a pad shape. However, exemplary
embodiments are not limited thereto, and the terminal DPD
may have a substantially same width as a width of the
second link line LK2.

[0169] At least one of the first link line LK1 and the
second link line LK2 includes first conductive lines 151 and
161 and second conductive lines 152 and 162, respectively
overlapping one another with an insulating layer interposed
therebetween. The insulating layer includes the second inor-
ganic layer 222 on the first conductive lines 151 and 161, the
first organic layer 211 on the second inorganic layer 222 and
the first inorganic layer 221 selectively disposed on the first
organic layer 211. In such an exemplary embodiment, the
first inorganic layer 221 is disposed in an area other than the
bending portion BD. In addition, the second inorganic layer
222 may be omitted.

[0170] Hereinafter, the structures of the first link line LK1
and the second link line LK2 will be described in detail with
reference to FIGS. 7, 8, 9 and 10

[0171] FIG. 7 is a cross-sectional view taken along line
1I-IT" of FIG. 6. FIG. 7 shows a cross section of the first link
line LK1. FIG. 8 is a cross-sectional view taken along line
TI-IT of FIG. 6. FIG. 8 shows a cross section of the second
link line LK2.

[0172] Referring to FIGS. 7 and 8, the OLED display
device 101 according to an exemplary embodiment includes
the first conductive lines 151 and 161 disposed on the
bending portion BD of the substrate 111 and extending from
the first area AREA1 to the second area AREA2, the second
inorganic layer 222 disposed on the first conductive lines
151 and 161, the first organic layer 211 disposed on the
second inorganic layer 222, the first inorganic layer 221
disposed on the first organic layer 211 and the second
conductive lines 152 and 162, disposed on the first organic
layer 211, overlapping the first conductive lines 151 and 161
and extending from the first area AREAT1 to the second area
AREA2. The first conductive lines 151 and 161 and the
second conductive lines 152 and 162 respectively contact
each other in the first area AREA1 and/or the second area
AREA2.

[0173] In addition, the first inorganic layer 221 is disposed
in an area other than the bending portion BD between the
first organic layer 211 and the second conductive lines 152
and 162. The first inorganic layer 221 is not disposed at the
bending portion BD.
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[0174] The first conductive lines 151 and 161 and the
second conductive lines 152 and 162 may include a metal.
In the case where such a metal contacts the first organic layer
211, the metal may be oxidized by oxygen or other elements
remaining in the first organic layer 211 may form a com-
pound which may not be easily removed with the metal. In
the case where the metal is oxidized, a patterning failure
may occur and the patterning residue may remain on the first
organic layer 211.

[0175] In order to prevent such an issue, the first inorganic
layer 211 and the second inorganic layer 222 are respectively
disposed between the second conductive lines 152 and 162
and the first organic layer 211 and between the first con-
ductive lines 151 and 161 and the first organic layer 211.
However, when the substrate 111 is bent, crack may occur in
the inorganic layers 221 and 222. In order to prevent defects
due to the cracks of the inorganic layers 221 and 222, in an
exemplary embodiment, the first inorganic layer 221 is not
disposed at the bending portion BD.

[0176] Referring to FIGS. 6 and 7, the first conductive line
151 and the second conductive line 152 constituting the first
link line LK1 contact each other through the first contact
hole CH1 defined in the second area AREA2. In such an
exemplary embodiment, the first link line LK1 is a common
power link line.

[0177] Referring to FIGS. 6 and 8, the first conductive line
161 and the second conductive line 162 constituting the
second link line LK2 contact each other through a second
contact hole CH2 disposed in the second area AREA2 and
in a third contact hole CH3 disposed in the first area AREAT.
In such an exemplary embodiment, the second link line LK2
is a data link line.

[0178] As such, the pairs of the first conductive lines 151
and 161 and the second conductive lines 152 and 162
respectively overlapping each other constitute the link lines
LK1 and LK2.

[0179] Since each of'the first link line LK1 and the second
link line LK2 includes both of the first conductive lines 151
and 161 and the second conductive lines 152 and 162 in a
corresponding manner, although one of the first conductive
lines 151 and 161 and the second conductive lines 152 and
162 is disconnected in the bending portion BD, a power or
a signal may be transmitted through a remaining first link
line LK1 which is not disconnected and a remaining second
link line LK2 which is not disconnected. Accordingly,
defects of the OLED display device 101 may be reduced.
[0180] FIG. 9 is a cross-sectional view taken along line
IV-IV' of FIG. 6. A cross section of the common power
supply line PSL is shown in FIG. 9.

[0181] Referring to FIG. 9, the common power supply line
PSL contacts the first link line LK1 through the first contact
hole CH1 and applies the first voltage ELVDD to the first
link line LK1. The common power supply line PSL. includes
a substantially same material as a material included in the
second conductive line 152 and is formed through a sub-
stantially same process as a process through which the
second conductive line 152 is formed.

[0182] The first conductive line 151 and the second con-
ductive line 152 are connected to the pixel PX.

[0183] FIG. 10 is a view comparing a cross-sectional view
taken along line V-V' of FIG. 6 and the cross-sectional view
taken along line I-I' of FIG. 4.

[0184] According to an exemplary embodiment, the pixel
PX includes the common power line PL and the first link line
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LK1, which is a common power link line, is connected to the
common power line PL. Accordingly, the first conductive
line 151 and the second conductive line 152 are connected
to the common power line PL.

[0185] Referring to FIG. 10, the first power line PL1 of the
common power line PL is disposed on a substantially same
plane as the first conductive line 151, and the second power
line PL.2 is disposed on a substantially same plane as the
second conductive line 152.

[0186] The first power line PL1 and the first conductive
line 151 may include a substantially same material. The first
power line PL1 and the first conductive line 151 may be
integrally formed.

[0187] In addition, the second power line PL2 and the
second conductive line 152 may include a substantially same
material. The second power line PL.2 and the second con-
ductive line 152 may be integrally formed.

[0188] Hereinafter, a display device according to an alter-
native exemplary embodiment will be described with refer-
ence to FIGS. 11, 12, 13, 14, 15 and 16. The display device
according to an alternative exemplary embodiment is an
OLED display device 102.

[0189] FIG. 11 is a cross-sectional view illustrating the
OLED display device 102 according to an alternative exem-
plary embodiment. According to an alternative exemplary
embodiment, a data line DI may have a multilayer structure.
However, an alternative exemplary embodiment is not lim-
ited to FIG. 11.

[0190] Referring to FIG. 11, the data line DL includes a
lower line DAl and an upper line DA2 overlapping the
lower line DAL. In addition, a pixel PX includes a first
inorganic layer 221, a first organic layer 211 and a second
inorganic layer 222 sequentially disposed between the upper
line DA2 and the lower line DA1. The lower line DA1 and
the upper line DA2 contact each other through a contact hole
CNT?2 in the pixel PX. As used herein, the upper line DA2
and the lower line DA1 are merely names for distinguishing
the two lines DA1 and DA2, and the terms “upper” and
“lower” do not limit the positions of the upper line DA1 and
the lower line DA2. In addition, the second inorganic layer
222 may be omitted.

[0191] As described above, since the data line DL has a
multilayer structure, signal application through the data line
DL is secured. Accordingly, the OLED display 102 may
have excellent luminous efliciency and the reaction speed of
the OLED may be improved.

[0192] FIG. 12 is a plan view illustrating a portion of the
OLED display device according to an alternative exemplary
embodiment, FIG. 13 is a cross-sectional view taken along
line VI-VT of FIG. 12, FIG. 14 is a cross-sectional view
taken along line VII-VII' of FIG. 12, FIG. 15 is a cross-
sectional view taken along line VIII-VIIT' of FIG. 12, and
FIG. 16 is a view comparing a cross-sectional view taken
along line IX-IX' of FIG. 12 and the cross-sectional view of
FIG. 11.

[0193] The pixel PX is connected to the data line DL in a
first area AREA1 and a second link line LK2 is connected to
the data line DL. A first conductive line 161 and a second
conductive line 162 constituting the second link line LK2
are connected to the data line DL.

[0194] According to an alternative exemplary embodi-
ment, the lower line DA1 of the data line DL is disposed on
a substantially same layer as a layer on which the first
conductive line 161 is disposed, and the upper line DA2 is
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disposed on a substantially same layer as a layer on which
the second conductive line 162 is disposed.

[0195] The lower line DA1 and the first conductive line
161 may include a substantially same material. In addition,
the lower line DA1 and the first conductive line 161 may be
integrally formed. The upper line DA2 and the second
conductive line 162 may include a substantially same mate-
rial. In addition, the upper line DA2 and the second con-
ductive line 162 may be integrally formed.

[0196] Referring to FIG. 13, a first conductive line 151
and a second conductive line 152 constituting a first link line
LK1 contact each other through a fourth contact hole CH4
defined in a second area AREA2 and a fifth contact hole
CHS defined in the first area AREAL

[0197] Referring to FIG. 14, the first conductive line 161
and the second conductive line 162 constituting the second
link line LK2 contact each other through a sixth contact hole
CH6 defined in the second area AREA2.

[0198] Referring to FIG. 15, a common power supply line
PSL contacts the first conductive line 151 through the fourth
contact hole CH4 to apply a first voltage ELVDD to the first
link line LKI1.

[0199] Hereinafter, a method of manufacturing the OLED
display device 101 according to an exemplary embodiment
will be described with reference to FIGS. 17A, 17B, 17C,
17D, 17E, 17F and 17G.

[0200] FIGS.17A,17B, 17C, 17D, 17E, 17F and 17G are
views illustrating a manufacturing process with respect to
the cross-sectional view taken along line II-II' of FIG. 6.
[0201] First, referring to FIG. 17A, the first conductive
line 151 is formed on the substrate 111. For example, the first
conductive line 151 is formed on the third insulating layer
IL3. The first conductive line 151 includes a metal. The first
conductive line 151 may include, for example, at least one
selected from the group consisting of: silver (Ag), copper
(Cu), aluminum (Al), titanium (Ti), tantalum (Ta), magne-
sium (Mg), tin (Sn), indium (In) and zinc (Zn).

[0202] In the case where the substrate 111 includes the
bending portion BD, the first conductive line 151 passes
through the bending portion BD of the substrate 111.
[0203] Referring to FIG. 17B, the second inorganic layer
222 is formed on the first conductive line 151. the second
inorganic layer 222 may include silicon (Si). For example,
the second inorganic layer 222 may include at least one of
silicon oxide (Si0x) and silicon nitride (SiNx).

[0204] The second inorganic layer 222 is formed on an
entire upper surface of the substrate 111 including the first
conductive line 151.

[0205] Since the second inorganic layer 222 is disposed on
the first conductive line 151, the first conductive line 151 is
prevented from contacting the first organic layer 211 in a
subsequent organic layer process. Accordingly, the first
conductive line 151 is substantially prevented from being
oxidized or contaminated by oxygen or other elements
remaining in the first organic layer 211. The process of
forming the second inorganic layer 222 may be omitted.
[0206] Referring to FIG. 17C, the first organic layer 211 is
formed on the second inorganic layer 222. The first organic
layer 211 has the first contact hole CHI1. The first organic
layer 211 may include a polymerizable organic material.
[0207] Referring to FIG. 17D, the first inorganic layer 221
is formed on the first organic layer 211. The first inorganic
layer 221 is disposed on an entire surface of the first organic
layer 211 having the first contact hole CH1. The first
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inorganic layer 221 may include a substantially same mate-
rial as or a different material from a material included in the
second inorganic layer 222.

[0208] Referring to FIG. 17E, the first inorganic layer 221
is selectively removed, and the first organic layer 211 is
selectively exposed. In such an exemplary embodiment, the
first inorganic layer 221 formed on the bending portion BD
is removed.

[0209] In addition, in an area other than the bending
portion BD, the first inorganic layer 221 disposed in an area
except the position at which the second conductive line 152
is to be formed may be removed.

[0210] When the substrate 111 is bent, a crack may be
generated in the first inorganic layer 221. Defects may occur
due to cracks in the first inorganic layer 221. In order to
prevent such a crack, the first inorganic layer 221 formed on
the bending portion BD is removed so that the first inorganic
layer 221 is not disposed on the bending portion BD.
[0211] In addition, in the process of selectively removing
the second inorganic layer 222, the first inorganic layer 221
and the second inorganic layer 222 in the contact hole CH1
are removed.

[0212] As described above, as the first inorganic layer 221
is selectively removed, gases (also referred to as “outgas”)
generated in the first organic layer 211 during the manufac-
turing process may be easily discharged to the outside.
[0213] In addition, the first inorganic layer 221 and the
second inorganic layer 222 may be substantially simultane-
ously removed by a single process. Compared with the
method in which the first inorganic layer 221 and the second
inorganic layer 222 are separately removed, in an exemplary
embodiment, the number of processes requiring patterning
may be reduced, such that the manufacturing efficiency may
be improved.

[0214] Referring to FIG. 17F, a conductive film MET2 for
forming the second conductive line 152 is formed on the first
inorganic layer 221 and the exposed first organic layer 211.
According to an exemplary embodiment, the conductive
film MET2 for forming the second conductive line 152 is a
metal film including a metal. The conductive film MET?2 for
forming the second conductive line 152 may include a
substantially same material as or a different material from a
material included in the first conductive line 151.

[0215] When the conductive film MET2 for forming the
second conductive line 152 which includes metal contacts
the first organic layer 211, the metal may be contaminated or
oxidized by oxygen or other elements remaining in the first
organic layer 211. In the case where the metal is oxidized or
contaminated, a patterning defect may occur in a subsequent
process of forming the second conductive line 152, and the
patterning residue may remain on the first organic layer 211.
[0216] In order to substantially prevent such an issue, the
first inorganic layer 221 is disposed between the first organic
layer 211 and the second conductive line 152. In addition,
when the substrate 111 is bent, the first inorganic layer 221
is not disposed at the bending portion BD in order to prevent
a crack from being generated in the first inorganic layer 221.
[0217] Next, referring to FIG. 17G, the conductive film
MET?2 for forming the second conductive line 152 is pat-
terned to form the second conductive line 152.

[0218] Any known patterning method may be applied to
form the second conductive line 152. For example, the
second conductive line 152 may be formed by dry etching.
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[0219] The second conductive line 152 passes through the
bending portion BD of the substrate 111. In addition, the first
conductive line 151 and the second conductive line 152
contact each other through the contact hole CHI. A pair of
the first conductive line 151 and the second conductive line
152 which are in contact with each other through the contact
hole CH1 constitute one link line, that is, the first link line
LK1.

[0220] Although the OLED display devices have been
exemplarily described in the above embodiments, the tech-
nical idea of the present inventive concept may be applied to
other display devices. For example, the present inventive
concept may be applied to a liquid crystal display (“LCD™)
display, an electrophoretic display, and the like.

[0221] As set forth hereinabove, according to one or more
exemplary embodiments, the display device includes a
double wiring and has a relatively high luminance. Further,
according to one or more exemplary embodiments, since the
substrate is bent so that the terminal is disposed on a rear
surface of the display area, the display device may include
a narrow bezel and the occurrence of cracks in the bending
portion may be substantially prevented.

[0222] While the present inventive concept has been illus-
trated and described with reference to the exemplary
embodiments thereof, it will be apparent to those of ordinary
skill in the art that various changes in form and detail may
be made thereto without departing from the spirit and scope
of the present inventive concept.

What is claimed is:

1. A display device comprising:

a substrate comprising a first area, a second area, and a
bending portion disposed between the first area and the
second area;

a pixel disposed on the first area of the substrate;

a terminal disposed on the second area of the substrate;

a first conductive line disposed on the bending portion of
the substrate and extending from the first area to the
second area;

a first organic layer disposed on the first conductive line;

a first inorganic layer disposed on the first organic layer
in an area other than the bending portion; and

a second conductive line disposed on the first organic
layer and the first inorganic layer and overlapping the
first conductive line to extend from the first area to the
second area,

wherein the first conductive line and the second conduc-
tive line contact each other in at least one of the first
area and the second area.

2. The display device as claimed in claim 1, further
comprising a second inorganic layer disposed between the
first conductive line and the first organic layer.

3. The display device as claimed in claim 1, wherein the
first conductive line and the second conductive line consti-
tute one link line.

4. The display device as claimed in claim 1, wherein the
first conductive line and the second conductive line are
connected to the pixel.

5. The display device as claimed in claim 1, wherein the
pixel comprises a common power line, and

the first conductive line and the second conductive line
are connected to the common power line.

6. The display device as claimed in claim 5, wherein the

common power line comprises a first power line and a
second power line,
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the first power line is disposed on a substantially same

plane as the first conductive line, and

the second power line is disposed on a substantially same

plane as the second conductive line.

7. The display device as claimed in claim 6, wherein the
first power line and the first conductive line comprise a
substantially same material.

8. The display device as claimed in claim 6, wherein the
first power line and the first conductive line are integrally
formed.

9. The display device as claimed in claim 6, wherein the
second power line and the second conductive line comprise
a substantially same material.

10. The display device as claimed in claim 6, wherein the
second power line and the second conductive line are
integrally formed.

11. The display device as claimed in claim 6, wherein the
pixel comprises the second inorganic layer, the first organic
layer and the first inorganic layer sequentially disposed
between the first power line and the second power line.

12. The display device as claimed in claim 6, wherein the
first power line and the second power line contact each other
in the pixel.

13. The display device as claimed in claim 5, wherein the
pixel comprises an organic light emitting element, and

the common power line is connected to the organic light

emitting element through at least one thin film transis-
tor.

14. The display device as claimed in claim 1, wherein the
pixel is connected to a data line at the first area, and

the first conductive line and the second conductive line

are connected to the data line.

15. The display device as claimed in claim 14, wherein the
data line comprises a lower line and an upper line overlap-
ping the lower line,

the lower line is disposed on a substantially same plane as

the first conductive line, and

the upper line is disposed on a substantially same layer as

the second conductive line.

16. The display device as claimed in claim 15, wherein the
lower line and the first conductive line comprise a substan-
tially same material.

17. The display device as claimed in claim 15, wherein the
lower line and the first conductive line are integrally formed.

18. The display device as claimed in claim 15, wherein the
upper line and the second conductive line comprise a
substantially same material.

19. The display device as claimed in claim 15, wherein the
upper line and the second conductive line are integrally
formed.

20. The display device as claimed in claim 15, wherein the
pixel comprises the second inorganic layer, the first organic
layer and the first inorganic layer sequentially disposed
between the lower line and the upper line.

21. The display device as claimed in claim 15, wherein the
lower line and the upper line contact each other in the pixel.

22. The display device as claimed in claim 1, wherein the
substrate is bent at the bending portion, and an inner radius
of curvature of the bending portion is in a range of about 0
pm to about 500 pm.

23. A method of manufacturing a display device, the
method comprising
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forming a first conductive line on a substrate comprising
a bending portion, the first conductive line passing
through the bending portion;

forming a first organic layer on the first conductive line;

forming a first inorganic layer on the first organic layer;

removing the first inorganic layer in a selective manner to
expose the first organic layer in a selective manner; and

forming a second conductive line on the first inorganic
layer and the selectively exposed first organic layer,

wherein removing the second conductive line in a selec-
tive manner comprises removing the first inorganic
layer disposed on the bending portion.

24. The method as claimed in claim 23, further compris-
ing forming a second inorganic layer on the first conductive
line after forming the first conductive line and before
forming the first organic layer.

25. The method as claimed in claim 24, wherein the first
organic layer has a contact hole, and

removing the first inorganic layer in a selective manner

comprises removing the second inorganic layer and the
first inorganic layer at the contact hole.

26. The method as claimed in claim 25, wherein the first
conductive line and the second conductive line contact each
other at the contact hole.

27. A display device comprising:

a substrate comprising a bending portion;

a gate line extending along a first direction on the sub-

strate:
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a data line extending along a second direction on the

substrate, the data line intersecting the gate line; and

a common power line extending along the second direc-

tion on the substrate, the common power line spaced
apart from the data line and intersecting the gate line;

a first link line connected to the common power line,

extending from the common power line and passing
through the bending portion; and

a second link line connected to the data line, extending

from the data line and passing through the bending
portion,

wherein at least one of the first link line and the second

link line comprises a first conductive line and a second
conductive line overlapping each other with an insu-
lating layer interposed therebetween,

the insulating layer comprises:

a first organic layer disposed on the first conductive line;

and

a first inorganic layer disposed on the first organic layer

in a selective manner, and

wherein the first inorganic layer is disposed on an area

other than the bending portion.

28. The display device as claimed in claim 27, wherein the
insulating layer further comprises a second inorganic layer
disposed between the first conductive line and the first
organic layer.
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