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7) ABSTRACT

An organic light emitting diode display includes pixel
groups disposed in parallel in a first direction and each
including nl pixel regions; driving voltage lines disposed
between two adjacent pixel regions of the nl pixel regions
and extending in a second direction intersecting the first
direction to apply a driving voltage to the two adjacent pixel
regions; initializing voltage lines extending in the second
direction to apply an initializing voltage to the pixel groups;
data lines extending in the second direction to apply a data
voltage to the pixel groups; first driving low-voltage lines
extending in the second direction to apply a driving low
voltage to the pixel groups; and a scan line extending in the
first direction and intersecting the driving voltage lines, the
initializing voltage lines, the data lines and the first driving
low-voltage lines, where 3xn2 pixel groups are disposed
between two adjacent first driving low-voltage lines.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY

[0001] This application claims priority to Korean Patent
Application No. 10-2019-0004166, filed on Jan. 11, 2019,
and all the benefits accruing therefrom under 35 U.S.C. §
119, the content of which in its entirety is herein incorpo-
rated by reference.

BACKGROUND

(a) Field

[0002] The disclosure relates to an organic light emitting
diode display, and more particularly, to a high resolution
organic light emitting diode display.

(b) Description of the Related Art

[0003] Recently, an organic light emitting diode display
has attracted attention as a device for displaying an image.
[0004] Since the organic light emitting diode display has
a self-emission characteristic without an additional light
source, unlike a liquid crystal display, such that thickness
and weight thereof may be reduced. Further, the organic
light emitting diode display has high-quality characteristics
such as low power consumption, high luminance, and high
response speed.

[0005] The organic light emitting diode display has a
complicated pixel structure as compared with the liquid
crystal display, thus a space for forming pixels may not be
effectively secured as a resolution thereof increases.

SUMMARY

[0006] Exemplary embodiments of the invention relate to
an organic light emitting diode display in which high reso-
lution may be realized without increasing an opening for
connecting a driving low-voltage line and a cathode elec-
trode, and a width of a gate or data wire may be increased.
[0007] An exemplary embodiment of the invention pro-
vides an organic light emitting diode display, including: a
plurality of pixel groups disposed in parallel in a first
direction, wherein each of the plurality of pixel groups
includes nl pixel regions, and nl is a natural number; a
plurality of driving voltage lines disposed between two
adjacent pixel regions of the n1 pixel regions and extending
in a second direction intersecting the first direction to apply
a driving voltage to the two adjacent pixel regions; a
plurality of initializing voltage lines extending in the second
direction to apply an initializing voltage to the plurality of
pixel groups; a plurality of data lines extending in the second
direction to apply a data voltage to the plurality of pixel
groups; a plurality of first driving low-voltage lines extend-
ing in the second direction to apply a driving low voltage to
the plurality of pixel groups; and a scan line extending in the
first direction and intersecting the plurality of driving volt-
age lines, the plurality of initializing voltage lines, the
plurality of data lines, and the plurality of first driving
low-voltage lines, where 3xn2 pixel groups among the
plurality of pixel groups are disposed between two adjacent
first driving low-voltage lines of the plurality of first driving
low-voltage lines, and n2 is a natural number.

[0008] In an exemplary embodiment, the organic light
emitting diode display may further include a plurality of
second driving low-voltage lines extending in the second
direction to apply the driving low voltage to the plurality of
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pixel groups, where a single pixel group of the plurality of
pixel groups may be disposed between two adjacent second
driving low-voltage lines of the plurality of second driving
low-voltage lines.

[0009] In an exemplary embodiment, the single pixel
group of the plurality of pixel groups may be disposed
between two adjacent data lines of the plurality of data lines,
and the 3xn pixel groups may be disposed between two
adjacent initializing voltage lines of the plurality of initial-
izing voltage lines.

[0010] In an exemplary embodiment, three pixel groups of
the plurality of pixel groups may be disposed between the
two adjacent first driving low-voltage lines.

[0011] In an exemplary embodiment, the organic light
emitting diode display may further include a driving low
voltage transmitting line extending in the first direction,
wherein the plurality of first driving low-voltage lines and
the plurality of second driving low-voltage lines may be
electrically connected to the driving low voltage transmit-
ting line.

[0012] In an exemplary embodiment, a plurality of open-
ings may be defined to overlap the plurality of first driving
low-voltage lines.

[0013] In an exemplary embodiment, the organic light
emitting diode display may further include a cathode elec-
trode electrically connected to the plurality of first driving
low-voltage lines through the plurality of openings.

[0014] In an exemplary embodiment, the scan line may
include two wires extending in the first direction and a
bridge connecting the two wires to each other.

[0015] In an exemplary embodiment, the scan line may
include a cut region in a portion where the two wires except
for the bridge intersect one of the plurality of data lines.
[0016] In an exemplary embodiment, the plurality of pixel
groups may include a pixel region including a thin film
transistor, an anode electrode connected to the thin film
transistor, and an organic light emitting layer disposed on the
anode electrode.

[0017] Another exemplary embodiment of the invention
provides an organic light emitting diode display, including:
a plurality of pixel groups disposed in parallel in a first
direction, wherein each of the plurality of pixel groups
includes nl pixel regions and nl is a natural number; a
plurality of driving voltage lines disposed between two
adjacent pixel regions of the nl pixel regions and extending
in a second direction intersecting the first direction to apply
a driving voltage to the two adjacent pixel regions; a
plurality of initializing voltage lines extending in the second
direction to apply an initializing voltage to the plurality of
pixel groups; a plurality of data lines extending in the second
direction to apply a data voltage to the plurality of pixel
groups; and a scan line including two wires extending in the
first direction and a bridge connecting the two wires to each
other, where the scan line intersects the plurality of driving
voltage lines and the plurality of initializing voltage lines.
[0018] In an exemplary embodiment, the organic light
emitting diode display may further include a plurality of first
driving low-voltage lines extending in the second direction,
where 3xn2 pixel groups among the plurality of pixel groups
may be disposed between two adjacent first driving low-
voltage lines of the plurality of first driving low-voltage
lines, and n2 is a natural number.

[0019] In an exemplary embodiment, a plurality of open-
ings may be defined to overlap the plurality of first driving
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low-voltage lines, and the organic light emitting diode
display may further include a cathode electrode electrically
connected to the plurality of first driving low-voltage lines
through the plurality of openings.

[0020] In an exemplary embodiment, the organic light
emitting diode display may further include a plurality of
second driving low-voltage lines extending in the second
direction, where a single pixel group of the plurality of pixel
groups may be disposed between two adjacent second
driving low-voltage lines of the plurality of second driving
low-voltage lines.

[0021] In anexemplary embodiment, three of the plurality
of pixel groups may be disposed between the two adjacent
first driving low-voltage lines.

[0022] In an exemplary embodiment, the organic light
emitting diode display may further include a driving low
voltage transmitting line extending in the first direction,
where the plurality of first driving low-voltage lines and the
plurality of second driving low-voltage lines may be elec-
trically connected to the driving low voltage transmitting
line.

[0023] Another exemplary embodiment of the invention
provides an organic light emitting diode display, including:
a substrate; a metal layer disposed on the substrate; a
semiconductor layer disposed on the metal layer; a gate
insulating layer covering the semiconductor layer; a gate
layer including a low-voltage gate connector and disposed
on the gate insulating layer; an interlayer insulating layer
covering the gate layer; a storage electrode and a data layer
disposed on the interlayer insulating layer; and a planariza-
tion layer covering the storage electrode and the data layer,
wherein the data layer may include a driving voltage line, a
first driving low-voltage line, and a second driving low-
voltage line, and the first driving low-voltage line may
overlap the low-voltage gate connector.

[0024] In an exemplary embodiment, the organic light
emitting diode display may further include: an anode elec-
trode disposed on the planarization layer; an organic light
emitting layer disposed on the anode electrode; and a
cathode electrode disposed on the organic light emitting
layer.

[0025] In an exemplary embodiment, an opening may be
defined through the planarization layer to overlap the first
driving low-voltage line.

[0026] In an exemplary embodiment, the first driving
low-voltage line may be electrically connected to the cath-
ode electrode through the opening.

[0027] According to exemplary embodiments of the
invention, as set forth herein, first driving low-voltage lines,
which overlaps openings for connection with a cathode
electrode, are disposed at opposite sides of three or more
pixel groups, and two pixel regions are disposed to be driven
by one driving voltage line, thus high resolution may be
realized even in a small pixel space. In such embodiments,
by widely forming widths of a gate wire and a data wire in
a small pixel space, an RC delay may be reduced for a high
resolution driving margin.

[0028] In such embodiments, by disposing second driving
low-voltage lines having no opening for connection with a
cathode electrode at opposite sides of one pixel group, it a
voltage drop phenomenon in a pixel region disposed at a
distance away from a first driving low-voltage line may be
reduced.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other features of the invention will
become more apparent by describing in further detail exem-
plary embodiments thereof with reference to the accompa-
nying drawings, in which:

[0030] FIG. 1 illustrates an equivalent circuit diagram of
one pixel of an organic light emitting diode display accord-
ing to an exemplary embodiment;

[0031] FIG. 2 illustrates a signal timing diagram of a
signal applied to one pixel of an organic light emitting diode
display according to an exemplary embodiment;

[0032] FIG. 3 illustrates a plan view of a plurality of pixels
of an organic light emitting diode display according to an
exemplary embodiment;

[0033] FIG. 4 illustrates a plan view of a plurality of pixel
regions of an organic light emitting diode display according
to an exemplary embodiment;

[0034] FIG. 5§ illustrates a cross-sectional view taken
along line V-V' of FIG. 4;

[0035] FIG. 6 illustrates a cross-sectional view taken
along line VI-VI' of FIG. 5;

[0036] FIG. 7illustrates a plan view of a plurality of pixels
of an organic light emitting diode display according to an
exemplary embodiment;

[0037] FIG. 8 illustrates a plan view of a plurality of pixel
regions of an organic light emitting diode display according
to an exemplary embodiment; and

[0038] FIG. 9 illustrates a plan view of a plurality of pixel
regions of an organic light emitting diode display according
to an exemplary embodiment, in which a scan line is
repaired.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0039] The invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which various embodiments are shown. This invention may,
however, be embodied in many 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 the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.
[0040] It will be understood that when an element is
referred to as being “on” another element, it can be directly
on the other element or intervening elements may be ther-
ebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present.

[0041] It will be understood that, although the terms
“first,” “second,” “third” etc. may be used herein to describe
various elements, components, regions, layers and/or sec-
tions, these elements, components, regions, layers and/or
sections should not be limited by these terms. These terms
are only used to distinguish one element, component, region,
layer or section from another element, component, region,
layer or section. Thus, “a first element,” “component,”
“region,” “layer” or “section” discussed below could be
termed a second element, component, region, layer or sec-
tion without departing from the teachings herein.

[0042] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
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to be limiting. As used herein, the singular forms “a,” “an,
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and “the” are intended to include the plural forms, including
“at least one,” unless the content clearly indicates otherwise.
“Or” means “and/or.” “At least one of A and B” means “A
and/or B.” As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items. It will be further understood that the terms “com-
prises” and/or “comprising,” or “includes” and/or “includ-
ing” when used in this specification, specify the presence of
stated features, regions, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, regions, integers,
steps, operations, elements, components, and/or groups
thereof.

[0043] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another element as
illustrated in the Figures. It will be understood that relative
terms are intended to encompass different orientations of the
device in addition to the orientation depicted in the Figures.
For example, if the device in one of the figures is turned
over, elements described as being on the “lower” side of
other elements would then be oriented on “upper” sides of
the other elements. The exemplary term “lower,” can there-
fore, encompasses both an orientation of “lower” and
“upper,” depending on the particular orientation of the
figure. Similarly, if the device in one of the figures is turned
over, elements described as “below” or “beneath” other
elements would then be oriented “above” the other elements.
The exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.

[0044] “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).

[0045] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure belongs. 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 the disclosure, and will not be interpreted in
an idealized or overly formal sense unless expressly so
defined herein.

[0046] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example,
of manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not
be construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated
in the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are
not intended to limit the scope of the claims.

[0047] Further, throughout the specification, the phrase
“on a plane” means viewing a target portion from a top plan
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view or a plan view in a thickness direction, and the phrase
“on a cross-section” means viewing a cross-section formed
by vertically cutting a target portion from the side.

[0048] Hereinafter, exemplary embodiment of the inven-
tion the invention will be described in detail with reference
to the accompanying drawings.

[0049] Exemplary embodiments of an organic light emit-
ting diode display may be characterized by arrangement of
a plurality of pixel groups, a driving low-voltage line, and a
driving voltage line. Specifically, the first driving low-
voltage line is disposed between three or more pixel groups,
and the driving voltage line is disposed at a center of two
pixel regions.

[0050] First, a driving operation of a pixel of an organic
light emitting diode display according to an exemplary
embodiment will be described with reference to FIG. 1 and
FIG. 2, and arrangement characteristics of a first driving
low-voltage line, a driving voltage line, and a plurality of
pixel groups will be described with reference to FIG. 3 to
FIG. 9.

[0051] FIG. 1 illustrates an equivalent circuit diagram of
a pixel of an organic light emitting diode display according
to an exemplary embodiment.

[0052] Referring to FIG. 1, an exemplary embodiment of
a pixel of the organic light emitting diode display includes
a plurality of transistors T1, T2 and T3, a storage capacitor
Cst, an additional capacitor C,;zp, and an organic light
emitting diode OLED, which are connected to a plurality of
signal lines 151, 152, 171, 173, 155, 156 and 157.

[0053] The pixel of the organic light emitting diode dis-
play shown in FIG. 1 may be a pixel of an organic light
emitting diode display with a high resolution, and each pixel
may be controlled by a single data line 171 and a single scan
line 151.

[0054] First, a structure of one pixel will be described in
detail.
[0055] The plurality of transistors T1, T2 and T3 included

in one pixel includes a first transistor (or a driving transistor)
T1, a second transistor (or a switching transistor) T2 con-
nected to the scan line 151, and a third transistor (or an
initializing transistor) T3 connected to a previous scan line
152 (hereinafter also referred to as a sensing transistor). The
third transistor T3 may be connected to a signal line that
applies a gate-on voltage (sensing or initializing voltage
SS/INT) at different timing from that of the previous scan
line 152.

[0056] The scan line 151 is connected to a gate driver (not
shown) to transmit a scan signal to the second transistor T2.
[0057] The previous scan line 152 is connected to the gate
driver, and transmits a previous scan signal applied to a pixel
positioned at a previous stage to the third transistor T3.
[0058] The data line 171 is a wire for transmitting a data
voltage DATA generated in a data driver (not shown), and a
single data line 171 is provided for each pixel column. A
single data line 171 and a single scan line 151 may select a
single pixel to input the data voltage DATA thereto. Lumi-
nance of light emitted from the organic light emitting diode
OLED (also referred to as an organic light emitting element)
varies in accordance with the data voltage DATA applied to
the pixel.

[0059] A driving voltage line 155 applies a driving voltage
ELVDD, and driving low-voltage lines 156 and 157 apply a
driving low voltage ELVSS. The driving voltage line 155
and the driving low-voltage lines 156 and 157 may be
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defined by wires extending in a vertical direction, and the
driving low-voltage lines 156 and 157 include a first driving
low-voltage line 156 and a second driving low-voltage line
157. Voltages applied to the driving voltage line 155 and the
driving low-voltage lines 156 and 157 may each be a
constant voltage. The driving voltage ELVDD serves as an
input voltage for generating an output current in the driving
transistor T1, and when the output current is applied to the
organic light emitting diode OLED, the driving low voltage
ELVSS is applied to another electrode (hereinafter also
referred to as a cathode electrode).

[0060] In an exemplary embodiment, the cathode elec-
trode 270 and the first driving low-voltage line 156 are
electrically connected to each other through an opening 302
(shown in FIG. 3) defined in a planarization layer 14 (shown
in FIGS. 4 and 5) to apply the driving low voltage ELVSS
to a cathode electrode 270 (shown in FIG. 3). In such an
embodiment, the second driving low-voltage line 157 is not
provided with the opening 302 for connection with the
cathode electrode 270, and the driving low voltage ELVSS
may be applied to each pixel through a driving low voltage
transmitting line 160 (shown in FIG. 3).

[0061] Hereinafter, the plurality of transistors T1, T2 and
T3 will be described in greater detail.

[0062] Inanexemplary embodiment, the driving transistor
T1 is a transistor that adjusts an amount of a current
outputted corresponding to the data voltage DATA applied to
a gate electrode, and the outputted driving current is applied
to the organic light emitting diode OLED to adjust bright-
ness of the organic light emitting diode OLED based on the
data voltage DATA. In such an embodiment, a first electrode
(input side electrode) of the driving transistor T1 is con-
nected to the driving voltage ELVDD, and a second elec-
trode (output side electrode) is connected to a first electrode
(hereinafter also referred to as an anode electrode or a pixel
electrode) of the organic light emitting diode OLED. A gate
electrode of the driving transistor T1 is connected to a
second electrode (output side electrode) of the second tran-
sistor T2 to receive the data voltage DATA.

[0063] The gate electrode of the driving transistor T1 is
connected to one electrode of the storage capacitor Cst. The
storage capacitor Cst allows the data voltage DATA trans-
mitted to the gate electrode of the driving transistor T1 to be
maintained for one frame. Thus, a voltage of the gate
electrode of the driving transistor T1 is changed according
to a voltage stored in the storage capacitor Cst, and accord-
ingly, a driving current outputted from the driving transistor
T1 may be constantly outputted for one frame.

[0064] The second transistor T2 (also referred to as a
switching transistor) is a transistor for the data voltage
DATA to be received into the pixel. The gate electrode is
connected to the scan line 151, the first electrode is con-
nected to the data line 171, and the second electrode (output
side electrode) is connected to the gate electrode of the
driving transistor T1. When the second transistor T2 is
turned on in response to the scan signal Sn transmitted
through the scan line 151, the data voltage DATA transmit-
ted through the data line 171 is transmitted to the gate
electrode of the driving transistor, and then is stored in the
storage capacitor Cst.

[0065] The third transistor T3 (also referred to as an
initializing transistor or a sensing transistor) serves to ini-
tialize the second electrode (output side electrode) of the
driving transistor T1, one electrode of the storage capacitor
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Cst, and the anode electrode of the organic light emitting
diode OLED. The gate electrode of the third transistor T3 is
connected to the previous scan line 152, and the first
electrode of the third transistor T3 is connected to the
initializing voltage line 173. The second electrode (output
side electrode) of the third transistor T3 is electrically
connected to the second electrode (output side electrode) of
the driving transistor T1, thereby being connected to the
anode electrode of the organic light emitting diode OLED
and the light emitting diode capacitor C,;zp. The light
emitting diode capacitor C,, ., holds an anode electrode
voltage.

[0066] The initializing voltage line 173 not only provides
the initializing voltage, but is also used as a wire for sensing
a voltage of an anode electrode connected to the second
electrode of the third transistor T3 during any period, and is
also referred to as a sensing line. Accordingly, the third
transistor T3 is also referred to as a sensing transistor.
[0067] An operation of the third transistor T3 will now be
described in detail. A voltage of the anode electrode when
the organic light emitting diode OLED emits light (emission
period) is stored in one electrode of the storage capacitor
Cst. In this case, the data voltage DATA is stored in another
electrode of the storage capacitor Cst. Accordingly, when a
gate-on voltage is applied to the gate electrode of the third
transistor T3, the initializing voltage line 173 operates as a
sensing line, and the voltage of the anode electrode is
transmitted to a sensing portion (not shown) through the
sensing line. Hereinafter, a portion of a frame period in
which the initializing voltage line 173 operates as a sensing
line will be referred to as a sensing period. Then, in the
remainder of the frame period in which the gate-on voltage
is applied to the gate electrode of the third transistor T3, the
initializing voltage is applied by the initializing voltage line
173 such that the anode electrode voltage is initialized.
Hereinafter, the remainder of the frame period will be
referred to as an initializing period.

[0068] When the voltage sensed in the sensing period is
different from an expected anode electrode voltage based on
the applied data voltage DATA, the data voltage DATA may
be corrected and provided to the pixel. That is, characteris-
tics of the driving transistor T1 may be changed, and the
changed characteristics of the driving transistor T1 may be
sensed and the data voltage DATA corresponding to the
changed characteristics may be provided, thereby allowing
the organic light emitting diode OLED to normally emit
light.

[0069] In such an embodiment, each of the two electrodes
of the storage capacitor Cst is desired to maintain the data
voltage DATA and the anode electrode voltage of the organic
light emitting diode OLED (the output side electrode voltage
of the driving transistor) for one frame.

[0070] An operation of one pixel of the organic light
emitting diode display according to an exemplary embodi-
ment will now be described in detail with reference to FIG.
1 and FIG. 2.

[0071] FIG. 2 illustrates a signal timing diagram of a
signal applied to one pixel of the organic light emitting diode
display according to the exemplary embodiment.

[0072] InFIG. 2, a signal indicated by ‘SCAN’ is a signal
applied to the scan line 151, and a signal indicated by
‘SENSING?’ is a signal applied to the previous scan line 152.
[0073] First, a high-level previous scan signal is supplied
to the pixel through the previous scan line 152 during the
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Sensing/Initial’ period. Then, the third transistor T3 to
which the high-level previous scan signal is applied is turned
on. In this case, the voltage stored in the anode electrode of
the organic light emitting diode OLED is determined
through the initializing voltage line 173 (sensing period),
and then the voltage of the anode electrode of the organic
light emitting diode OLED is changed to the initializing
voltage (initial period).

[0074] When the driving transistor T1 in each pixel has a
different threshold voltage due to the sensing period or
process dispersion or when the characteristics of the driving
transistor T1 are changed due to operation for a long period
of time, such difference in threshold voltage may be sensed
so that the organic light emitting diode OLED normally
emits light.

[0075] Thereafter, during a ‘Data Writing’ period, the
high-level scan signal Sn is supplied to the pixel through the
scan line 151. The second transistor T2 is turned on by the
high-level scan signal Sn. When the second transistor T2 is
turned on, the data voltage DATA is inputted to the gate
electrode of the driving transistor T1 via the second tran-
sistor T2 and is stored in one electrode of the storage
capacitor Cst.

[0076] The driving transistor T1 is determined to be turned
on based on the data voltage DATA applied to the gate
electrode, and the driving transistor T1 outputs the driving
voltage ELVDD to the anode electrode of the organic light
emitting diode OLED.

[0077] The anode electrode voltage of the organic light
emitting diode OLED is stored in the storage capacitor Cst,
and is maintained for one frame.

[0078] In the above, the circuit structure and the circuit
operation have been mainly described with reference to FIG.
1 and FIG. 2.

[0079] Hereinafter, structure of an exemplary embodiment
of a pixel will be described with reference to FIG. 3 to FIG.
9. In an exemplary embodiment, the pixel corresponds to an
area occupied by a circuit portion when the circuit portion
and the light emitting element portion are divided. Two or
more pixel regions (PX1, PX2, . .. ) collective define one
pixel group PX. In an exemplary embodiment, each pixel
region (PX1, PX2, .. .) includes a plurality of thin film
transistors T1, T2 and T3, and may correspond to one area
surrounded by the scan line 151, the previous scan line 152,
the driving voltage line 155, the data line 171 and the
initializing voltage line 173. In such an embodiment, each
pixel region (PX1, PX2, .. .) may be an area surrounded by
the first driving low-voltage line 156 and a portion of the
second driving low-voltage line 157. An exemplary embodi-
ment, the organic light emitting diode display may include
three pixel groups (PX1 and PX2), (PX3 and PX4), and
(PX5 and PX6). In such an embodiment, the first pixel group
includes two pixel regions PX1 and PX2, the second pixel
group includes two pixel regions PX3 and PX4, and the third
pixel group includes two pixel regions PX5 and PX6.
[0080] In an exemplary embodiment, as shown in FIG. 3
to FIG. 9, the driving voltage line 155, which is disposed to
extend through areas between the first pixel region PX1 and
the second pixel region PX2 of the pixel group including the
first and second pixel regions PX1 and PX2, is included, and
the first driving low-voltage lines 156 disposed at right and
left sides of the first, second and third pixel groups (PX1 and
PX2), (PX3 and PX4) and (PX5 and PX6), are included. In
such an embodiment, the second driving low-voltage lines
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157 positioned to extend through areas between the first
pixel group (PX1 and PX2) and the second pixel group (PX3
and PX4), and between the second pixel group (PX3 and
PX4) and the third pixel group (PX5 and PX6). Hereinafter,
an arrangement of the driving voltage line 155, the first
driving low-voltage line 156, and the second driving low-
voltage line 157 and an effect according to the arrangement
will be described in greater detail with reference to FIG. 3
to FIG. 7.

[0081] FIG. 3 and FIG. 4 illustrate plan views of a
plurality of pixels of an organic light emitting diode display
according to an exemplary embodiment, and FIG. 5 and
FIG. 6 illustrate cross-sectional views taken along line V-V’
and line VI-VT' of FIG. 4, respectively.

[0082] Referring to FIG. 3 to FIG. 6, an exemplary
embodiment of an organic light emitting diode display
includes a metal layer (115 and 116), a semiconductor layer
(120, 121, 122, and 123), a gate layer (150, 151, 152, 153,
and 154), a data layer (171, 173, 155, 156, and 157), a pixel
electrode layer, an anode electrode 190, an organic light
emitting layer 370. and a cathode electrode 270 on a
substrate 110, and such layers may be insulated from each
other with an insulating layer interposed therebetween
unless they are connected to each other by contact holes.
[0083] The substrate 110 may be a glass substrate or a
flexible substrate including plastic or polyimide (“PI”). In an
exemplary embodiment, where the substrate is the flexible
substrate, an additional inorganic insulating layer may be
further provided.

[0084] The metal layer (115 and 116) disposed on the
substrate 110 will now be described. The metal layer (115
and 116) includes a first metal layer 115 and a second metal
layer 116 depending on a formation position thereof. The
first metal layer 115 overlaps a portion of the data line 171
and is connected to the data line 171. The first metal layer
115 may be extend in a same direction as the data line 171
and may have a same width as the data line 171. The second
metal layer 116 partially overlaps a gate electrode 154 of the
driving transistor T1 and a storage electrode 161, and is
connected to the gate electrode 154 and the storage electrode
161. Since the storage electrode 161 receives the voltage of
the anode electrode, the second metal layer 116 receives the
voltage of the anode electrode. The second metal layer 116
may overlap the gate electrode 154 of the driving transistor
T1 to form a capacitor.

[0085] A buffer layer 11 is disposed on the substrate 110
and the first and second metal layers 115 and 116. The buffer
layer 11 may include or be made of an inorganic insulating
material.

[0086] The semiconductor layer (121, 122, and 123) is
disposed on the buffer layer 11. The semiconductor layer
(121, 122, and 123) includes semiconductors 121, 122, and
123 of respective transistors, and the semiconductors 121,
122, and 123 of the respective transistors include channels
of the driving transistor T1, the second transistor T2, and the
third transistor T3. The semiconductor layer (121, 122, and
123) may include or be formed of an oxide semiconductor.
The first semiconductor 121 is a semiconductor layer of the
driving transistor T1, and includes a channel region, and a
source region and a drain region respectively disposed at
opposite sides of the channel region. The second semicon-
ductor layer 122 is a semiconductor layer of the second
transistor T2, and includes a channel region, and a source
region and a drain region disposed at opposite sides of the
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channel region, and the third semiconductor layer 123 is a
semiconductor layer of the third transistor T3, and includes
a channel region, and a source region and a drain region
disposed at opposite sides of the channel region.

[0087] The source region and the drain region of each of
the semiconductors 121, 122, and 123 are electrically con-
nected to the first electrode and the second electrode, respec-
tively. The source region and the drain region are extended
and electrically connected to another layer through a contact
hole.

[0088] The drain region of a first semiconductor 121 may
be connected to the drain region of a third semiconductor
123 and may be integrally formed as a single and unitary
unit. The drain region of a second semiconductor 122 may
overlap the storage electrode 161.

[0089] A first gate insulating layer 12 is disposed on the
semiconductor layer (121, 122, and 123) and the buffer layer
11. The first gate insulating layer 12 may include or be
formed of an inorganic insulating material. The gate layer
(150, 151, 152, 153, 154, 158, 159, and 160) is disposed on
the first gate insulating layer 12. The gate layer (150, 151,
152, 153, and 154) includes a low voltage gate connector
150, the scan line 151, the previous scan line 152, an
initializing voltage transmitting conductor 153, the gate
electrode 154 of the driving transistor T1, a gate electrode
158 of the second transistor T2, a gate electrode 159 of the
third transistor T3, and the driving low voltage transmitting
line 160.

[0090] In an exemplary embodiment, as shown in FIG. 4,
the low-voltage gate connector 150 has a rectangular island-
like structure formed in a second direction (vertical direc-
tion). The low-voltage gate connector 150 overlaps the first
driving low-voltage line 156, and is electrically connected
through a plurality of contact holes. In such an embodiment,
a portion of the first driving low-voltage line 156 may be
irradiated with a laser to be electrically connected to the
cathode electrode 270.

[0091] In an exemplary embodiment, as shown in FIG. 4,
the scan line 151 extends in a first direction (horizontal
direction), and the previous scan line 152 also extends in the
first direction.

[0092] The initializing voltage transmitting conductor 153
has an island-like structure that extends in the first direction.
The initializing voltage transmitting conductor 153 connects
a plurality of pixels to the initializing voltage line 173 for
each predetermined number of pixel columns. That is, the
initializing voltage transmitting conductor 153 passes a
plurality of pixel regions adjacent thereto in the first direc-
tion, and extends to a position at which the initializing
voltage line 173 is disposed. In such an embodiment, the
initializing voltage lines 173 are connected to three pixel
regions PX1, PX2, and PX3, and a single initializing voltage
line 173 is formed at each of respective sides of the three
pixel regions PX1, PX2, and PX3.

[0093] The driving low voltage transmitting line 160
extends in the first direction (or a horizontal direction) and
intersects the first and second driving low-voltage lines 156
and 157 extending in the second direction (or the vertical
direction). The driving low voltage transmitting line 160 is
disposed between pixels adjacent thereto in the second
direction, and is electrically connected to the first and second
driving low-voltage lines 156 and 157 through a contact hole
62 between the adjacent pixels PX1, PX2, PX3, PX4, PX5,
and PX6 in the first direction.
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[0094] In an exemplary embodiment, two first driving
low-voltage lines 156 extend in the second direction with the
first pixel group (PX1 and PX2), the second pixel group
(PX3 and PX4), and the third pixel group (PX5 and PX6),
and the two first driving low-voltage lines 156 are electri-
cally connected to the driving low voltage transmitting line
160 through the contact hole 62. In such an embodiment,
two second driving low-voltage lines 157 are electrically
connected to the driving low-voltage transmitting line 160
through the contact hole 62 with any one of the first pixel
group (PX1 and PX2), the second pixel group (PX3 and
PX4), and the third pixel group (PX5 and PX6) therebe-
tween.

[0095] According to an exemplary embodiment, since an
area of the opening 302 for connecting the first driving
low-voltage line 156 and the cathode electrode 270 is
reduced, a voltage drop may occur in pixels away from a
voltage supply (not shown), that is, the pixel regions PX2,
PX3, PX4, and PX5 disposed at a central portion. In such an
embodiment, by disposing the second driving low-voltage
line 157 with one pixel group therebetween, a voltage may
be maintained constant in the pixel regions PX2, PX3, PX4,
and PX5 disposed at the central portion.

[0096] However, the invention is not limited to the exem-
plary embodiments described above, and in an alternative
exemplary embodiment, the first driving low-voltage lines
156 may be disposed at opposite sides of 3xn pixel groups
to be connected to the driving low voltage transmitting line
160 through the contact hole 62. Here, n is a natural number.
That is, the first driving low-voltage lines 156 may be
disposed at opposite sides of six pixel groups and nine pixel
groups as well as three pixel groups to be connected to the
driving low-voltage transmitting line 160 through the con-
tact hole 62. In such an embodiment, the second driving
low-voltage lines 157 may be disposed at opposite sides of
the two pixel groups as well as one pixel group to be
connected to the driving low voltage transmitting line 160
through the contact hole 62.

[0097] The gate electrode 154 of the driving transistor T1
includes an overlap portion overlapping the first semicon-
ductor 121 in which a channel of the driving transistor T1 is
disposed, and an expansion portion extending and expand-
ing from the overlap portion. In such an embodiment, the
overlap portion of the gate electrode 154 of the driving
transistor T1 may define or function as a gate electrode, and
the expansion portion may define one electrode of the
storage capacitor Cst. The overlap portion of the gate
electrode 154 may overlap the second metal layer 116 to
form a capacitor. The expansion portion of the gate electrode
154 overlaps the drain region of the second transistor T2,
and the expansion portion is connected to the second semi-
conductor 122 of the second transistor T2 through a contact
hole 53 to receive the data voltage DATA from the second
electrode of the second transistor T2.

[0098] The gate electrode 158 of the second transistor T2
may be defined by a portion protruding from the scan line
151, and a channel of the second transistor T2 is defined at
a position where the second semiconductor 122 of the
second transistor T2 and the gate electrode 158 overlap.

[0099] The gate electrode 159 of the third transistor T3
may be defined by a portion at which the previous scan line
152 and the third semiconductor 123 of the third transistor
T3 cross each other. A channel of the third transistor T3 is
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defined at a position where the third semiconductor 123 and
the gate electrode 159 overlap.

[0100] An interlayer insulating layer 13 is disposed on the
gate layer (150, 151, 152, 153, 154, 158, 159, and 160) and
the first gate insulating layer 12. The interlayer insulating
layer 13 may include or be formed of an inorganic insulating
material.

[0101] The storage electrode 161 and the data layer (171,
173, 155, 156, and 157) are disposed on the interlayer
insulating layer 13. The storage electrode 161 has an expan-
sion portion overlapping the expansion portion of the gate
electrode 154 of the driving transistor T1, and includes a first
extension portion and a second extension portion which
extend upward and downward from the expansion portion,
respectively. In such an embodiment, the expansion portion
of the storage electrode 161 overlaps the gate electrode 154
to form the storage capacitor Cst. The first extension portion
extending downward from the expansion portion of the
storage electrode 161 is connected to the second electrode of
the driving transistor T1 through contact holes 58 and 59,
and is connected to the second metal layer 116 through a
contact hole 52. The second extension portion extending
upward from the expansion portion of the storage electrode
161 is connected to the second electrode of the second
transistor T2 through a contact hole 54. The storage elec-
trode 161 may be connected to an anode electrode (not
shown) through a contact hole 81 defined or formed in the
vicinity of a center of the expansion portion of the storage
electrode 161.

[0102] The data layer includes the data line 171, the
initializing voltage line 173, the driving voltage line 155, the
first driving low-voltage line 156, and the second driving
low-voltage line 157.

[0103] The data lines 171 are disopsed at opposite sides of
one pixel group (PX1 and PX2), and extend in the second
direction (vertical direction) perpendicular to the first direc-
tion. The data line 171 is connected to the source region (first
electrode) of the second transistor T2 through a contact hole
55 to apply the data voltage DATA to the second transistor
T2. The data line 171 includes a region overlapping the first
metal layer 115. The data line 171 is connected to the first
metal layer 115 through contact holes 56. In an exemplary
embodiment, two data lines 171 are connected to each pixel
group, e.g., to one pixel region PX1 and one pixel region
PX2.

[0104] The initializing voltage line 173 extends in the
second direction, and applies the initializing voltage. The
initializing voltage lines 173 may be disposed at opposite
sides of the plurality of pixel groups, and in an exemplary
embodiment, two initializing voltage lines 173 are disposed
at opposite sides of the three pixel groups. The initializing
voltage line 173 is connected to the initializing voltage
transmitting conductor 153 through a contact hole 61. The
initializing voltage transmitting conductor 153 is connected
to the source region (first electrode) of the third transistor T3
through a contact hole 60. Accordingly, in such an embodi-
ment, the initializing voltage is applied to the first electrode
of the third transistor T3 of each pixel.

[0105] The driving voltage line 155 and the first and
second driving low-voltage lines 156 and 157 also extend in
the second direction (longitudinal direction).

[0106] The driving voltage line 155 is disposed in a center
of two adjacent pixel regions of one pixel group. In an
exemplary embodiment, in one pixel group including the

Jul. 16, 2020

two pixel regions PX1 and PX2, it is disposed between the
two pixel regions PX1 and PX2 to be connected to each of
the pixel regions PX1 and PX2. The driving voltage line 155
transmits the driving voltage ELVDD, and is connected to
the source region (first electrode) of the driving transistor T1
through contact holes 63 and 64 to transmit the driving
voltage ELVDD to the first electrode of the driving transistor
T1. The two pixel regions PX1 and PX2 of one pixel group
are disposed to face each other with respect to the driving
voltage line 155. The driving transistor T1 of each of the first
and second pixel regions PX1 and PX2 may be disposed
close to the driving voltage line 155, and the second tran-
sistor T2 may be disposed farther from the driving voltage
line 155 than the driving transistor T1. A semiconductor of
the driving transistor T1 of the first pixel region PX1 may be
defined or formed by connecting the second pixel region
PX2 with a semiconductor of the driving transistor T1.
Therefore, the semiconductor region connected to the source
region of the driving transistor T1 in the first pixel region
PX1 may be the source region of the driving transistor T1 in
the second pixel region PX2.

[0107] The first driving low-voltage line 156 is disposed
on the side of the plurality of pixel groups, and transmits the
driving low voltage ELVSS. The first driving low-voltage
line 156 includes expansion portions 150a, 1505, and 150¢,
and extension portions extending from the expansion por-
tions 150a, 1500, and 150¢. In an exemplary embodiment, as
shown in FIG. 4, the expansion portions 150a, 1505, and
150c overlap the low-voltage gate connector 150, and
include a first portion 150a, which is a center portion, a
second portion 1505, which is above the center portion, and
a third portion 150¢, which is below the center portion.
[0108] In such an embodiment, an opening 302 for trans-
mitting the driving low voltage ELVSS to the cathode
electrode 270 is defined to overlap the first portion 150q.
Contact holes 71 and 72 for connecting the first driving
low-voltage line 156 and the low voltage gate connector 150
are defined in the opening 302. a plurality of contact holes
65 are defined to overlap the second portion 1505 and the
third portion 150¢ for connecting the low-voltage gate
connector 150 and the first driving low-voltage line 156. In
an exemplary embodiment, 12 (=3x4) contact holes are
defined or formed in the second portion 1505 and the third
portion 150¢, but the number of contact holes may be
variously modified. In an alternative exemplary embodi-
ment, the openings 302 may be in the second portion 1505
and the third portion 150c.

[0109] When the area of the opening 302 for connecting
the first driving low-voltage line 156 and the cathode
electrode 270 is reduced, a voltage drop may occur in pixels
away from a voltage supply (not shown), that is, the pixel
regions PX2, PX3, PX4, and PX5 disposed at a central
portion. In an exemplary embodiment, the second driving
low-voltage lines 157 are disposed at opposite sides of one
pixel group, and transmit the driving low voltage ELVSS to
respective pixel regions. Accordingly, in such an embodi-
ment, by disposing the second driving low-voltage line 157
in one pixel group (PX1 and PX2), (PX3 and PX4), or (PX5
and PX6), a voltage may also be effectively maintained
constant in the second pixel group (PX3 and PX4) disposed
at the central portion.

[0110] However, the invention is not limited to the exem-
plary embodiment described above, and in an alternative
exemplary embodiment, two first driving low-voltage lines
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156 may be disposed in parallel with 3xn pixel groups
therebetween. Here, n is a natural number of 1, 2, 3, and so
on. In such an embodiment, the two first driving low-voltage
lines 156 may be disposed with six pixel groups or nine pixel
groups as well as three pixel groups therebetween.

[0111] A planarization layer 14 is disposed on the storage
electrodes 161, the data layer (171, 173, 155, 156, and 157),
and the interlayer insulating layer 13. The planarization
layer 14 may include or be formed of an organic insulating
material, and provides a flat surface for layers therebelow. A
pixel electrode layer is disposed on the planarization layer
14, and an anode electrode 190 is disposed on the pixel
electrode layer.

[0112] The anode electrode 190 transmits a current, which
is outputted thereto from the driving transistor T1, to the
organic light emitting layer 370. The anode electrode 190 is
connected to the storage electrode 161 through the contact
hole 81 to receive the current outputted from the driving
transistor T1. The cathode electrode 270 is disposed on the
organic light emitting layer 370, and the cathode electrode
270 is connected to the first driving low-voltage line 156
through the opening 302 defined or formed in the planariza-
tion layer 14. The first driving low-voltage line 156 is
connected to the low-voltage gate connector 150 through the
contact holes 71 and 72 defined or formed in the interlayer
insulating layer 13.

[0113] The structure of the plurality of pixels of the
organic light emitting diode display according to an exem-
plary embodiment has been described.

[0114] According to exemplary embodiments of the
organic light emitting diode display, the first driving low-
voltage lines 156 are disposed at opposite sides of three or
more pixel groups and two pixel regions are disposed to be
driven by a single driving voltage line 155, thus high
resolution may be realized in a reduced pixel space, and the
gate wire and the data wire may be widely formed even in
the small pixel space.

[0115] Hereinafier, effects due to the arrangement of the
driving voltage line 155, the first driving low-voltage line
156, and the second driving low-voltage line 157 of the
organic light emitting diode display according to an exem-
plary embodiment will be described in detail in comparison
with a comparative embodiment.

TABLE 1

Comparative
Embodiment

Exemplary

Classification Embodiment

1 period 1.9 ps
Arrangement of driving 3 pixels 1 line
low-voltage line
Arrangement of driving

1.9 us
6 pixels 3 lines

1 pixel 1 line 2 pixels 1 line

voltage line

Thickness of gate 0.7 0.7 um
layer/data layer

Gate layer resistance (R) 5750 Q 2510 Q
Line width of gate layer g pm 16 pm
Gate layer capacitance (C) 656 F 767 F
Data layer resistance (R) 4523 Q 2720 Q
Line width of data layer 4.5 pm 8 um
Data layer capacitance (C) 204 F 227 F
(Gate R*C)/4 0.943 us 0481 us
Data R*C 0.923 us 0.617 us
2*Data R*C 1.846 ps 1.234 ps
Total RC 2.789 us 1.715 ps
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[0116] Referring to Table 1, the comparative embodiment
of an organic light emitting diode display has two driving
low-voltage lines disposed at opposite sides of one pixel
group including three pixel regions, and a single driving
voltage line is connected to a left or right side of one pixel
region to drive the organic light emitting diode display.
[0117] In an exemplary embodiment of the organic light
emitting diode display according to the invention has three
driving low-voltage lines that are disposed with one pixel
group including two pixel regions therebetween. That is, the
first driving low-voltage lines 156 are disposed with three
pixel groups therebetween, and the second driving low-
voltage lines 157 are disposed with one pixel group ther-
ebetween. Here, the opening 302 is defined or formed for
one first driving low-voltage line 156, and no opening is
formed for two second driving low-voltage lines 157.
[0118] The first driving low-voltage line 156 having a
width of at least 40 micrometers (um) is desired to form the
opening 302 for electrically connecting the cathode elec-
trode 270 and the first driving low-voltage line 156, and
according to an exemplary embodiment, by disposing the
first driving low-voltage line 156 with the pixel groups (PX1
and PX2), (PX3 and PX4), and (PX5 and PX6) therebe-
tween, a free space is secured in the entire pixels, thus the
wire of the gate layer may be widened from 8 pum to 16 pm
and the wire of the data layer may be widened from 4.5 pm
to 8 um. As the wires of the gate layer and the data layer are
widened, the resistance of the gate layer and the resistance
of the data layer are reduced by about 50%.

[0119] Therefore, a total resistance-capacitance (“RC”)
delay of the pixel according to an exemplary embodiment is
reduced to 1.715 um. Since one pixel according to an
exemplary embodiment is driven at a time faster than 1.9
microseconds (us) which is one period of driving of the
pixel, one data wire may be driven by one gate wire.
[0120] In an exemplary embodiment, since the gate layer
and data layer resistances may be reduced by maintaining
the capacitance of the gate layer and the data layer and
increasing the widths of the gate wire and the data wire, the
thicknesses of the gate layer wire and the data layer wire
may be constantly maintained at about 0.7 um. Since the
wires are formed to have a thickness equal to or less than
about 0.7 um, the driving margin of the organic light
emitting diode display according to an exemplary embodi-
ment may be secured.

[0121] That is, according to an exemplary embodiment, as
each pixel region connected to a single driving voltage line
and a single driving low-voltage line increases, a space for
accommodate the gate layer wire and the data layer wire is
sufficiently widely secured. In such an embodiment, when
the widths of the gate layer wire and the data layer wire are
formed to be wide, such that an RC delay reduction effect
may be effectively secured for a high resolution driving
margin.

[0122] According to an exemplary embodiment, the gate
layer wire and the data layer wire may be widely formed.
Hereinafter, a structure in which the gate layer wire is widely
formed will be described with reference to FIG. 7 and FIG.
8.

[0123] FIG. 7illustrates a plan view of a plurality of pixels
of an organic light emitting diode display according to an
exemplary embodiment, and FIG. 8 illustrates a plan view of
a plurality of pixels of an organic light emitting diode
display according to an exemplary embodiment.
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[0124] Referring to FIG. 7 and FIG. 8, an exemplary
embodiment of an organic light emitting diode display
includes the metal layer (115 and 116), the semiconductor
layer (120,121, 122, and 123), the gate layer (150, 151, 152,
153, and 154), and the data layer (171, 173, 155, 156, and
157), and such layers are insulated from each other with an
insulating layer therebetween unless connected by contact
holes. The metal layer (115 and 116) is disposed on the
substrate 110, and the metal layer (115 and 116) includes a
first metal layer 115 and a second metal layer 116, depending
on formation positions thereof.

[0125] The buffer layer 11 may be disposed on the sub-
strate 110 and the first and second metal layers 115 and 116,
and the buffer layer 11 may include or be formed of an
inorganic insulating material.

[0126] The semiconductors 121, 122, and 123 of each
transistor are disposed on the buffer layer 11, and the
semiconductors 121, 122, and 123 of each transistor include
the channels of the driving transistor T1, the second tran-
sistor T2, and the third transistor T3. The first semiconductor
121 is a semiconductor layer of the driving transistor T1, and
includes a channel region, and a source region and a drain
region disposed at opposite sides of the channel region. The
second semiconductor 122 is a semiconductor of the second
transistor T2, and includes a channel region, and a source
region and a drain region disposed at opposite sides of the
channel region, and the third semiconductor 123 is a semi-
conductor of the third transistor T3, and includes a channel
region, and a source region and a drain region disposed at
opposite sides of the channel region.

[0127] The first gate insulating layer 12 may be disposed
on the semiconductor layer (121, 122, and 123) and the
buffer layer 11, and the first gate insulating layer 12 may
include or be formed of an inorganic insulating material.
[0128] The gate layer (150, 151, 152, 153, 154, 158, 159,
and 160) may be disposed on the first gate insulating layer
12. The gate layer (150, 151, 152, 153, and 154) includes the
low voltage gate connector 150, the scan line 151, the
previous scan line 152, the initializing voltage transmitting
conductor 153, the gate electrode 154 of the driving tran-
sistor T1, the gate electrode 158 of the second transistor T2,
the gate electrode 159 of the third transistor T3, and the
driving low voltage transmitting line 160.

[0129] The low-voltage gate connector 150 has a rectan-
gular island-like structure extending in the second direction
(vertical direction). The low-voltage gate connector 150
overlaps the first driving low-voltage line 156 and is elec-
trically connected thereto through a plurality of contact
holes 65. In an exemplary embodiment, a portion of the first
driving low-voltage line 156 may be irradiated with a laser
to be electrically connected to the cathode electrode 270.
[0130] In an exemplary embodiment, as shown in FIG. 7,
the scan line 151 extends in the first direction (horizontal
direction), and the previous scan line 152 extends in the first
direction (horizontal direction). The scan line 151 is divided
into or branched off two lines in an area not intersecting the
data layer wire, and the two lines are bridged to occupy a
wide area. The scan line 151 includes a bridge, and may
effectively be repaired when a short circuit occurs in an area
intersecting the data layer wire. This will be described in
greater detail with reference to FIG. 9.

[0131] The initializing voltage transmitting conductor 153
has an island-like structure that extends in the first direction.
The initializing voltage transmitting conductor 153 is an
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element for connecting the initializing voltage line 173
provided for each predetermined number of pixel columns to
the plurality of pixels. That is, the initializing voltage
transmitting conductor 153 extends through a plurality of
pixel regions adjacent thereto in the first direction and
extends to a position at which the initializing voltage line
173 is disposed. In an exemplary embodiment, as shown in
FIG. 7, the initializing voltage lines 173 are connected to
three pixel regions PX1, PX2, and PX3, and they are formed
at each of respective sides of the three pixel regions PX1,
PX2, and PX3.

[0132] The driving low voltage transmitting line 160
extends in the first direction, and intersects the first and
second driving low-voltage lines 156 and 157 extending in
the second direction. Driving low voltage transmitting lines
160 are disposed between pixels adjacent thereto in the
second direction, and is electrically connected to the first and
second driving low-voltage lines 156 and 157 through the
contact hole 62 between the adjacent pixels PX1, PX2, PX3,
PX4, PX5, and PX6 in the first direction.

[0133] In an exemplary embodiment, two first driving
low-voltage lines 156 extend in the second direction in the
sides of the first pixel group (PX1 and PX2), the second
pixel group (PX3 and PX4), and the third group (PXS5 and
PX6), and the two first driving low-voltage lines 156 are
electrically connected to the driving low voltage transmit-
ting lines 160 through the contact hole 62. In such an
embodiment, two second driving low-voltage lines 157 are
electrically connected to the driving low-voltage transmit-
ting line 160 through the contact hole 62 in opposite sides of
any one of the first pixel group (PX1 and PX2), the second
pixel group (PX3 and PX4), and the third pixel group (PX5
and PX6) therebetween.

[0134] According to an exemplary embodiment, as shown
in FIG. 8, since the area of the opening 302 for connecting
the first driving low-voltage line 156 and the cathode
electrode 270 is reduced, a voltage drop may occur in pixels
away from a voltage supply (not shown), that is, the pixel
regions PX2, PX3, PXd4, and PX5 disposed at a central
portion. In such an embodiment, by disposing the second
driving low-voltage lines 157 at opposite sides of one pixel
group, a voltage may be maintained constant in the pixel
regions PX2, PX3, PX4, and PX5 disposed at the central
portion. However. the invention is not limited to the exem-
plary embodiments described above, and alternatively, the
first driving low-voltage lines 156 may be disposed at
opposite sides of 3xn pixel groups to be connected to the
driving low voltage transmitting line 160 through the contact
hole 62. Here, n is a natural number of 1, 2, 3, and so on.
That is, the first driving low-voltage lines 156 may be
disposed at opposite sides of six pixel groups and nine pixel
groups as well as three pixel groups to be connected to the
driving low-voltage transmitting line 160 through the con-
tact hole 62. In an exemplary embodiment, the second
driving low-voltage lines 157 may be disposed at opposite
sides of the two pixel groups as well as one pixel group to
be connected to the driving low voltage transmitting line 160
through the contact hole 62.

[0135] The gate electrode 154 of the driving transistor T1
includes an overlap portion overlapping the first semicon-
ductor 121 in which a channel of the driving transistor T1 is
disposed, and an expansion portion extending and expand-
ing from the overlap portion. In an exemplary embodiment,
the overlap portion of the gate electrode 154 of the driving
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transistor T1 functions as the gate electrode 154, and the
expansion portion defines one electrode of the storage
capacitor Cst. The overlap portion of the gate electrode 154
may overlap the second metal layer 116 to form a capacitor.
The expansion portion of the gate electrode 154 overlaps the
drain region of the second transistor T2, and the expansion
portion is connected to the second semiconductor 122 of the
second transistor T2 through a contact hole 53 to receive the
data voltage DATA from the second electrode of the second
transistor T2.

[0136] The gate electrode 158 of the second transistor T2
is a portion protruding from the scan line 151, and a channel
of the second transistor T2 is formed at a position where the
second semiconductor 122 of the second transistor T2 and
the gate electrode 158 overlap.

[0137] The gate electrode 159 of the third transistor T3 is
a portion at which the previous scan line 152 and the third
semiconductor 123 of the third transistor T3 cross each
other. A channel of the third transistor T3 is formed at a
position at which the third semiconductor 123 and the gate
electrode 159 overlap.

[0138] The interlayer insulating layer 13 is disposed on the
gate layer (150, 151, 152, 153, 154, 158, 159, and 160) and
the first gate insulating layer 12. The interlayer insulating
layer 13 may include or be formed of an inorganic insulating
material.

[0139] The storage electrode 161 and the data layer (171,
173, 155, 156, and 157) are disposed on the interlayer
insulating layer 13.

[0140] The storage electrode 161 has an expansion portion
overlapping the expansion portion of the gate electrode 154
of the driving transistor T1, and includes a first extension
portion and a second extension portion which extend upward
and downward from the expansion portion, respectively.
Here, the expansion portion of the storage electrode 161
overlaps the gate electrode 154 to form the storage capacitor
Cst. The first extension portion extending downward from
the expansion portion of the storage electrode 161 is con-
nected to the second electrode of the driving transistor T1
through the contact holes 58 and 59, and is connected to the
second metal layer 116 through the contact hole 52. The
second extension portion extending upward from the expan-
sion portion of the storage electrode 161 is connected to the
second electrode of the second transistor T2 through the
contact hole 54. The storage electrode 161 may be connected
to an anode electrode (not shown) through the contact hole
81 defined or formed in the vicinity of a center of the
expansion portion of the storage electrode 161.

[0141] The data layer includes the data line 171, the
initializing voltage line 173, the driving voltage line 155, the
first driving low-voltage line 156, and the second driving
low-voltage line 157.

[0142] The datalines 171 are disposed in opposite sides of
one pixel group (PX1 and PX2), and extend in the second
direction (vertical direction) perpendicular to the first direc-
tion. The data line 171 is connected to the source region (first
electrode) of the second transistor T2 through the contact
hole 55 to apply the data voltage DATA to the second
transistor T2. The data line 171 includes a region overlap-
ping the first metal layer 115. The data line 171 is connected
to the first metal layer 115 through the contact holes 56. In
an exemplary embodiment, two data lines 171 are connected
to one pixel group, that is, to one pixel region PX1 and one
pixel region PX2, respectively.
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[0143] The initializing voltage line 173 extends in the
second direction, and applies the initializing voltage. The
initializing voltage lines 173 may be disposed at opposite
sides of the plurality of pixel groups, and two initializing
voltage lines 173 are disposed at opposite sides of the three
pixel groups. The initializing voltage line 173 is connected
to the initializing voltage transmitting conductor 153
through the contact hole 61. The initializing voltage trans-
mitting conductor 153 is connected to the source region (first
electrode) of the third transistor T3 through the contact hole
60. Accordingly, in such an embodiment, the initializing
voltage is applied to the first electrode of the third transistor
T3 of each pixel.

[0144] The driving voltage line 155 and the first and
second driving low-voltage lines 156 and 157 also extend in
the second direction (longitudinal direction).

[0145] The driving voltage line 155 is disposed in a center
of two neighboring pixel regions. In an exemplary embodi-
ment, in one pixel group including the two pixel regions
PX1 and PX2, the driving voltage line 155 is disposed
between the two pixel regions PX1 and PX2 to be connected
to each of the pixel regions PX1 and PX2. The driving
voltage line 155 transmits the driving voltage ELVDD, and
is connected to the source region (first electrode) of the
driving transistor T1 through the contact holes 63 and 64 to
transmit the driving voltage ELVDD to the first electrode of
the driving transistor T1. The two pixel regions PX1 and
PX2 of one pixel group are disposed to face each other with
respect to the driving voltage line 155. The driving transistor
T1 of each of the first and second pixel regions PX1 and PX2
may be disposed close to the driving voltage line 155, and
the second transistor T2 may be disposed farther from the
driving voltage line 155 than the driving transistor T1. A
semiconductor of the driving transistor T1 of the first pixel
region PX1 may be formed by connecting the second pixel
region PX2 with a semiconductor of the driving transistor
T1. Therefore, the semiconductor region connected to the
source region of the driving transistor T1 formed in the first
pixel region PX1 may be the source region of the driving
transistor T1 formed in the second pixel region PX2.

[0146] The first driving low-voltage line 156 is disposed
on the side of the plurality of pixel groups, and transmits the
driving low voltage ELVSS. The first driving low-voltage
line 156 includes expansion portions 150a, 1505, and 150¢
and extension portions extending from the expansion por-
tions 150a, 1505, and 150¢. The expansion portions 150a,
1505, and 150¢ overlap the low-voltage gate connector 150,
and include a first portion 1504 that is a center portion, a
second portion 1504 that is above the center portion, and a
third portion 150c¢ that is below the center portion.

[0147] In an exemplary embodiment, an opening 302 is
defined to overlap the first portion 1504 for transmitting the
driving low voltage ELVSS to the cathode electrode 270.
The contact holes 71 and 72 for connecting the first driving
low-voltage line 156 and the low voltage gate connector 150
are defined or formed in the opening 302. In such an
embodiment, a plurality of contact holes 65 is defined to
overlap the second portion 1505 and the third portion 150¢
for connecting the low-voltage gate connector 150 and the
first driving low-voltage line 156. In an exemplary embodi-
ment, 12 (=3x4) contact holes 65 are defined or formed in
the second portion 1505 and the third portion 150¢, but the
number of the contact holes 65 may be variously modified.
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In an alternative exemplary embodiment, the openings 302
may be defined or formed to overlap the second portion 1505
and the third portion 150c.

[0148] According to an exemplary embodiment, since the
area of the opening 302 for connecting the first driving
low-voltage line 156 and the cathode electrode 270 is
reduced, a voltage drop may occur in pixels away from a
voltage supply (not shown), that is, the pixel regions PX2,
PX3, PX4, and PX5 disposed at a central portion. However,
according to an exemplary embodiment, the second driving
low-voltage lines 157 are disposed at opposite sides of one
pixel group, and transmit the driving low voltage ELVSS to
respective pixel regions. Therefore, by disposing the second
driving low-voltage line 157 in one pixel group (PX1 and
PX2), (PX3 and PX4), or (PX5 and PX6), a voltage may also
be effectively maintained constant in the second pixel group
(PX3 and PX4) disposed at the central portion.

[0149] However, the invention is not limited to the exem-
plary embodiments described above, and alternatively, two
first driving low-voltage lines 156 may be disposed in
parallel with 3xn pixel groups therebetween. Here, n 1s a
natural number of 1, 2, 3, and so on. That is, the two first
driving low-voltage lines 156 may be disposed with six pixel
groups or nine pixel groups as well as three pixel groups
therebetween.

[0150] The planarization layer 14 is disposed on the
storage electrodes 161, the data layer (171, 173, 155, 156,
and 157), and the interlayer insulating layer 13. The pla-
narization layer 14 may include or be formed of an organic
insulating material, and has a flat upper surface to planarize
any step structure defined by layers therebelow.

[0151] A pixel electrode layer (not shown) is disposed on
the planarization layer 14, and an anode electrode 190 is
disposed on the pixel electrode layer.

[0152] The anode electrode 190 transmits a current, which
is outputted from the driving transistor T1 to one electrode
of the organic light emitting diode OLED, to the organic
light emitting layer 370. The anode electrode 190 is con-
nected to the storage electrode 161 through the contact hole
81 in order to receive the current outputted from the driving
transistor T1. The cathode electrode 270 is disposed on the
organic light emitting layer 370, and the cathode electrode
270 is connected to the first driving low-voltage line 156
through the opening 302 defined or formed in the planariza-
tion layer 14. The first driving low-voltage line 156 is
connected to the low-voltage gate connector 150 through the
contact holes 71 and 72 defined or formed in the interlayer
insulating layer 13.

[0153] According to an exemplary embodiment of the
organic light emitting diode display, the first driving low-
voltage lines 156 are disposed at opposite sides of three or
more pixel groups and two pixel regions are disposed to be
driven by one driving voltage line 155, thus high resolution
may be realized even in a small pixel space, and the gate
wire and the data wire may be widely provided even in the
small pixel space.

[0154] In such embodiments of the organic light emitting
diode display, a sufficient space may be secured for provid-
ing the scan line 151 with two lines in the gate line, so that
even when the scan line 151 and the data line 171 are
short-circuited, a repair process may be effectively per-
formed simply by cutting.

Jul. 16, 2020

[0155] FIG. 9 illustrates a plan view of a plurality of pixel
regions of an organic light emitting diode display according
to an exemplary embodiment, in which a scan line is
repaired.

[0156] Referring to FIG. 9, the scan line 151 includes two
wires extending in the first direction and a bridge connecting
the two wires. The bridge is disposed in a region that does
not intersect the data line 171, the initializing voltage line
173, the driving voltage line 155, the first driving low-
voltage line 156, and the second driving low-voltage line
157.

[0157] However, no bridges are provided in the scan line
151, and a short circuit may occur in a region X intersecting
with the data layer (171, 173, 155, 156, and 157). In this
case, in order to prevent the scan signal Sn and the data
voltage DATA from interfering, a repair process for cutting
the region X in which a short circuit occurs is performed.
[0158] When the region, in which the short circuit occurs,
is cut as shown in FIG. 9, the scan line 151 includes a cut
region C in some of the wires extending in the first direction.
When the scan signal Sn is provided from one side of the
scan line 151, the scan signal is applied to the gate electrode
158 of the second transistor T2 of the first pixel region PX1
through another wire extending in the first direction other
than the cut region C, thereby transmitting the scan signal Sn
without interruption.

[0159] In exemplary embodiments of the organic light
emitting diode display according to the invention, the first
driving low-voltage lines 156 are disposed at opposite sides
of three or more pixel groups, and two pixel regions are
driven by one driving voltage line 155, such that the scan
line 151 may be formed to be wider with two wires even in
a small pixel space. Therefore, since the scan line 151
including two wires and the bridge is provided, when a short
circuit occurs in a region in which the scan line 151 and the
data line 171 intersect, a repairing process may be performed
simply by a cutting process.

[0160] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention
is not limited to the disclosed embodiments, but, on the
contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What is claimed is:

1. An organic light emitting diode display, comprising:

a plurality of pixel groups disposed in parallel in a first
direction, wherein each of the plurality of pixel groups
includes nl pixel regions, and nl is a natural number;

a plurality of driving voltage lines disposed between two
adjacent pixel regions of the nl pixel regions and
extending in a second direction intersecting the first
direction to apply a driving voltage to the two adjacent
pixel regions;

a plurality of initializing voltage lines extending in the
second direction to apply an initializing voltage to the
plurality of pixel groups;

a plurality of data lines extending in the second direction
to apply a data voltage to the plurality of pixel groups;

a plurality of first driving low-voltage lines extending in
the second direction to apply a driving low voltage to
the plurality of pixel groups; and

a scan line extending in the first direction and intersecting
the plurality of driving voltage lines, the plurality of
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initializing voltage lines, the plurality of data lines, and
the plurality of first driving low-voltage lines,

wherein 3xn2 pixel groups among the plurality of pixel
groups are disposed between two adjacent first driving
low-voltage lines of the plurality of first driving low-
voltage lines, and n2 is a natural number.

2. The organic light emitting diode display of claim 1,

further comprising:

a plurality of second driving low-voltage lines extending
in the second direction to apply the driving low voltage
to the plurality of pixel groups,

wherein a single pixel group of the plurality of pixel
groups is disposed between two adjacent second driv-
ing low-voltage lines of the plurality of second driving
low-voltage lines.

3. The organic light emitting diode display of claim 2,

wherein

the single pixel group of the plurality of pixel groups is
disposed between two adjacent data lines of the plu-
rality of data lines, and

the 3xn2 pixel groups are disposed between two adjacent
initializing voltage lines of the plurality of initializing
voltage lines.

4. The organic light emitting diode display of claim 3,

wherein

three pixel groups of the plurality of pixel groups are
disposed between the two adjacent first driving low-
voltage lines.

5. The organic light emitting diode display of claim 4,

further comprising:

a driving low voltage transmitting line extending in the
first direction,

wherein the plurality of first driving low-voltage lines and
the plurality of second driving low-voltage lines are
electrically connected to the driving low voltage trans-
mitting line.

6. The organic light emitting diode display of claim 1,

further comprising:

a plurality of openings is defined to overlap the plurality
of first driving low-voltage lines.

7. The organic light emitting diode display of claim 6,

further comprising:

a cathode electrode electrically connected to the plurality
of first driving low-voltage lines through the plurality
of openings.

8. The organic light emitting diode display of claim 1,

wherein

the scan line includes two wires extending in the first
direction and a bridge connecting the two wires to each
other.
9. The organic light emitting diode display of claim 8,
wherein
the scan line includes a cut region in a portion where the
two wires except for the bridge intersect one of the
plurality of data lines.
10. The organic light emitting diode display of claim 1,
wherein
the plurality of pixel groups include at a pixel region
including ae thin film transistor, an anode electrode
connected to the thin film transistor, and an organic
light emitting layer disposed on the anode electrode.
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11. An organic light emitting diode display, comprising:
a plurality of pixel groups disposed in parallel in a first
direction, wherein each of the plurality of pixel groups
includes nl pixel regions, and nl is a natural number;

a plurality of driving voltage lines disposed between two
adjacent pixel regions of the nl pixel regions and
extending in a second direction intersecting the first
direction to apply a driving voltage to the two adjacent
pixel regions;

a plurality of initializing voltage lines extending in the
second direction to apply an initializing voltage to the
plurality of pixel groups;

a plurality of data lines extending in the second direction
to apply a data voltage to the plurality of pixel groups;
and

a scan line including two wires extending in the first
direction and a bridge connecting the two wires to each
other, wherein the scan line intersects the plurality of
driving voltage lines and the plurality of initializing
voltage lines.

12. The organic light emitting diode display of claim 11,

further comprising:

a plurality of first driving low-voltage lines extending in
the second direction,

wherein 3xn2 pixel groups among the plurality of pixel
groups are disposed between two adjacent first driving
low-voltage lines of the plurality of first driving low-
voltage lines, n2 is a natural number.

13. The organic light emitting diode display of claim 12,

further comprising:

a plurality of openings is defined to overlap the plurality
of first driving low-voltage lines, and

the organic light emitting diode display further comprises
a cathode electrode electrically connected to the plu-
rality of first driving low-voltage lines through the
plurality of openings.

14. The organic light emitting diode display of claim 12,

further comprising:

a plurality of second driving low-voltage lines extending
in the second direction,

wherein a single pixel group of the plurality of pixel
groups is disposed between two adjacent second driv-
ing low-voltage lines of the plurality of second driving
low-voltage lines.

15. The organic light emitting diode display of claim 14,

wherein

three of the plurality of pixel groups are disposed between
the two adjacent first driving low-voltage lines.

16. The organic light emitting diode display of claim 15,

further comprising:

a driving low voltage transmitting line extending in the
first direction,

wherein the plurality of first driving low-voltage lines and
the plurality of second driving low-voltage lines are
electrically connected to the driving low voltage trans-
mitting line.

17. An organic light emitting diode display. comprising:

a substrate;

a metal layer disposed on the substrate;

a semiconductor layer disposed on the metal layer;

a gate insulating layer covering the semiconductor layer;

a gate layer including a low-voltage gate connector and
disposed on the gate insulating layer;

an interlayer insulating layer covering the gate layer;
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a storage electrode and a data layer disposed on the
interlayer insulating layer; and
a planarization layer covering the storage electrode and
the data layer,
wherein the data layer includes a driving voltage line, a
first driving low-voltage line, and a second driving
low-voltage line, and
a first driving low-voltage line overlaps the low-voltage
gate connector.
18. The organic light emitting diode display of claim 17,
further comprising:
an anode electrode disposed on the planarization layer;
an organic light emitting layer disposed on the anode
electrode; and
a cathode electrode disposed on the organic light emitting
layer.
19. The organic light emitting diode display of claim 18,
further comprising:
an opening is defined through the planarization layer to
overlap the first driving low-voltage line.
20. The organic light emitting diode display of claim 19,
wherein
the first driving low-voltage line is electrically connected
to the cathode electrode through the opening.
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