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DISPLAY APPARATUS AND ORGANIC
LIGHT-EMITTING DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2012-0119790, filed on Oct. 26,2012, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND
[0002] 1. Field of the Technology
[0003] The described technology generally relates to a dis-

play apparatus including a pad unit and a fan-out unit formed
on a non-display region around a display region for display-
ing an image, and an organic light-emitting display apparatus.
[0004] 2. Description of the Related Technology

[0005] Currently, portable and thin flat panel displays
dominate the display industry. Popular types of flat panel
display technologies include liquid crystal display (LCD),
which is a light-receiving-type display, and organic electrolu-
minescence display and plasma display, which are light-emit-
ting-type of display.

[0006] In a flat panel display, a substrate is divided into a
display region, and a non-display region around the display
region. A pad unit and a fan-out unit are formed on the
non-display region. The fan-out unit is used for connecting
the pad unit and the display region, and the fan-out unit
includes fan-out lines for transmitting signals from a driver
integrated chip (IC) that is mounted on the pad unit.

[0007] Since the fan-out lines are formed in the same layer
by using a gate metal, a small panel and a high-resolution
panel often have the problem of limited space for display.
However, a large fan-out unit often increases dead space. In
addition, a multiplexer (MUX) that is used to reduce the
number of fan-out lines in the fan-out unit may not be used in
a high-resolution display.

[0008] Accordingly, a design for arranging fan-out lines
under a spatial limitation without forming a MUX is needed.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0009] One inventive aspect is a display apparatus in which
the arrangement of fan-out lines of a fan-out unit is improved,
and an organic light-emitting display apparatus.

[0010] Another aspect is a display apparatus including a
display substrate divided into a display region for displaying
an image via a plurality of pixels configured to emit light, and
a non-display region around the display region; a pad unit
formed on the non-display region; and a fan-out unit config-
ured to connect the display region and the pad unit and includ-
ing a plurality of line groups sequentially formed and each
including a first fan-out line, a second fan-out line insulated
from the first fan-out line by a first insulating layer, and a third
fan-out line insulated from the second fan-out line by a sec-
ond insulating layer, wherein the third fan-out line at least
partially overlaps with at least one of the first and second
fan-out lines.

[0011] Insomeembodiments, the first through third fan-out
lines may be alternately formed.

[0012] The first through third fan-out lines may transmit
signals to different types of pixels.
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[0013] Fan-out lines included in a plurality of line groups
and formed at the same layer may transmit signals to the same
type pixels.

[0014] The display region may include a plurality of first
gate lines configured to extend in a first direction; a plurality
of second gate lines insulated from the first gate lines by the
first insulating layer and configured to extend in a second
direction that crosses the first direction; and a plurality of data
lines insulated from the second gate lines by the second
insulating layer and configured to extend in the second direc-
tion, and each of the first through third fan-out lines may be
electrically connected to one of the data lines.

[0015] The pixels may be formed at intersections where the
first gate lines cross with the data lines and where the second
gate lines cross with the data lines, each of the pixels may
include a first pixel configured to emit light of a first color, a
second pixel configured to emit light of a second color, and a
third pixel configured to emit light of a third color, and the first
fan-out line may be electrically connected to the data line of
the first pixel, the second fan-out line may be electrically
connected to the data line of the second pixel, and the third
fan-out line may be electrically connected to the data line of
the third pixel.

[0016] The first fan-out line may transmit a first data signal,
the second fan-out line may be configured to transmit a sec-
ond data signal, and the third fan-out line may be configured
to transmit a third data signal.

[0017] The first fan-out line may be formed at the same
layer as the first gate line, the second fan-out line may be
formed at the same layer as the second gate line, and the third
fan-out line may be formed at the same layer as the data line.
[0018] The first through third fan-out lines may be formed
of one or more materials selected from the group consisting of
molybdenum (Mo), aluminum (Al), copper (Cu), silver (Ag),
titanium (T1), and transparent conductive oxide (TCO).
[0019] The first through third fan-out lines may be formed
of different materials and each of the first through third fan-
out lines is formed of at least one material.

[0020] The same fan-out lines included in a plurality of line
groups may be formed of the same material.

[0021] The display apparatus may further include a third
insulating layer formed to cover the third fan-out line.
[0022] The third insulating layer may be formed on the
display region, and the display apparatus may further include
a display device formed on the third insulating layer of the
display region.

[0023] Thepadunit may include a first pad connected to the
first fan-out line; a second pad connected to the second fan-
out line; and a third pad connected to the third fan-out line,
and the first through third pads may be formed diagonally
offset from each other.

[0024] According to another inventive aspect, an organic
light-emitting display apparatus includes a display substrate
divided into a display region for displaying an image, and a
non-display region around the display region; a plurality of
first gate lines formed on the display region and extending in
a first direction; a plurality of second gate lines formed on the
display region, insulated from the first gate lines by a first
insulating layer, and extending in a second direction that
crosses the first direction; a plurality of data lines formed on
the display region, insulated from the second gate lines by a
second insulating layer, and extending in the second direc-
tion; a plurality of pixels wherein each of the pixels includes
a pixel circuit unit that is electrically connected to the first or
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second gate line and the data line; an organic light-emitting
device (OLED) included in each of the pixels, that is electri-
cally connected to the pixel circuit unit, and configured to
emit light; a pad unit formed on the non-display region; and a
fan-out unit configured to connect the display region and the
pad unit and including a plurality of line groups sequentially
formed and each including a first fan-out line, a second fan-
out line insulated from the first fan-out line by the first insu-
lating layer, and a third fan-out line insulated from the second
fan-out line by the second insulating layer, wherein the third
fan-out line at least partially overlaps with at least one of the
first and second fan-out lines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a schematic view of a display substrate of
an organic light-emitting display apparatus, according to an
embodiment.

[0026] FIG.?2isacross-sectional view taken along line II-11
of FIG. 1.

[0027] FIG. 3 is a magnified view of a pixel portion of FIG.
1

[0028] FIG. 4 is a magnified view of portion IV of FIG. 1.
[0029] FIG. 5 is a magnified view of portion V of F1G. 4.
[0030] FIG. 6 is a cross-sectional view taken along line
VI-VIof FIG. 5.

[0031] FIG. 7 is a cross-sectional view taken along line
VII-VII of FIG. 4.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0032] Hereinafter, the described technology will be
explained in detail using embodiments of the invention with
reference to the attached drawings. The described technology
may, however, be embodied in many different forms and
should not be construed as being limited to the embodiments
set forth herein.

[0033] For clarity of description, portions not related to the
description are omitted and the same reference numerals
denote the same or like elements throughout.

[0034] Also, sizes and thicknesses of elements illustrated in
the drawings are provided for convenience of explanation and
thus do not limit the scope of the described technology.
[0035] In the drawings, the thicknesses of layers and
regions are exaggerated for clarity. It will be understood that
when a layer is referred to as being “on” another layer or
substrate, it can be directly on the other layer or substrate, or
intervening layers may also be present.

[0036] It will be further understood that the terms “com-
prises” and/or “comprising” when used in this specification,
specify the presence of stated features, integers, steps, opera-
tions, 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. Also, the term “on” refers to an upper or lower side of
a target and does not always mean an upper side in a direction
of gravity.

[0037] A display apparatus according to an embodiment
will now be described with reference to the attached draw-
ings. Although the display apparatus is described as an
organic light-emitting display apparatus below, the described
technology is not limited thereto and may be applied to any
display apparatus including a fan-out unit, for example, a
liquid crystal display apparatus.
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[0038] FIG. 1isaschematic view of a display substrate 100
of an organic light-emitting display apparatus, according to
an embodiment. FIG. 2 is a cross-sectional view taken along
line II-II of FIG. 1. FIG. 3 is a magnified view of a pixel
portion of FIG. 1. FIG. 4 is a magnified view of portion TV of
FIG. 1. FIG. 5 is amagnified view of portion V of FIG. 4. FIG.
6 is a cross-sectional view taken along line VI-V1 of FIG. 5.
FIG. 7 is a cross-sectional view taken along line VII-VII of
FIG. 4.

[0039] Referring to FIG. 1, the organic light-emitting dis-
play apparatus according to an embodiment includes the dis-
play substrate 100 and a sealing substrate (not shown). The
display substrate 100 is divided into a display region DA for
displaying an image, and a non-display region NDA around
the display region DA. Although not shown, a sealing mem-
ber surrounding the display region DA is formed on the non-
display region NDA to seal the display region DA from the
air. However, if the sealing substrate is a thin encapsulation
film, the sealing member may be omitted. The sealing sub-
strate is formed to face the display substrate 100 with respect
to the sealing member, but is not illustrated in FIG. 1. Here-
inafter, the display substrate 100 having the features of some
embodiments is described in detail.

[0040] The display region DA of the display substrate 100
will now be described in detail with reference to FIGS. 1
through 3.

[0041] Referring to FIGS. 1 through 3, the display region
DA is a region on which an image is displayed and on which
various signal lines and pixels P that are connected to the
signal lines are formed. The signal lines include first gate lines
GL1 and second gate lines GL1 and GL.2 extending in a first
direction and a first, second, and third data lines DLr, DLg,
and DLb extending in a second direction, and the pixels P (Pr,
Pg, and Pb) are formed at intersections where the first and
second gate lines GL1 and GL2 cross with the first through
third data lines DLr, DLg, and DLb.

[0042] The first gate lines GL1 are formed on a first gate
insulating layer 113 and extend in the first direction, e.g., an
X direction. The first gate lines GL1 may non-restrictively
include a previous scan line and an emission control line. The
first gate lines GL1 may be non-restrictively connected to a
gate driving unit (not shown) or an emission control driving
unit (not shown) to receive a scan signal or an emission
control signal.

[0043] The second gate lines GL2 are insulated from the
first gate lines GL1 by a second gate insulating layer 123 and
extend in the first direction. The second gate lines GL.2 may
non-restrictively include a scan line and an initialization
power line. The second gate lines GL.2 may be non-restric-
tively connected to a gate driving unit (not shown) or an
initialization power driving unit (not shown) to receive a scan
signal or initialization power.

[0044] The first and second gate lines GL.1 and GL.2 do not
overlap with each other. As described above, on the display
substrate 100 according to an embodiment, since the first and
second gate lines GL1 and GL2 are located at different layers
of the second gate insulating layer 123, a distance W1
between adjacent gate lines located at different layers may be
small and thus a larger number of pixels P may be formed on
the same area. That is, a high-resolution display apparatus
may be formed.

[0045] The types of signal lines formed by the first and
second gate lines GL1 and GL2, the types of signals trans-
mitted by the signal lines, and the types, number, and loca-
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tions of driving units that are connected to the signal lines are
not limited to the above desctiption and the illustrations of
FIGS. 1 through 3, and may be variously applied and changed
according to design.

[0046] Thefirst, second, and third data lines DLr, DLg, and
DLb are insulated from the first and second gate lines GL.1
and GL.2 by an interlayer insulating layer 105 and extend in
the second direction crossing the first direction, e.g,, a Y
direction. The first through third data lines DLr, DLg, and
DLb are connected via fan-out lines of a fan-out unit 200 to a
driver integrated chip (IC) (not shown) that is mounted on the
non-display region NDA. The first through third data lines
DLr, DLg, and DLb receive data signals from the driver IC via
the fan-out lines.

[0047] Among the first through third data lines DLr, DLg,
and DLb, the first data line DLr transmits a first data signal for
ared pixel Pr to emit light, the second data line DLg transmits
a second data signal for a green pixel Pg to emit light, and the
third data line DLb transmits a third data signal for a blue
pixel Pb to emit light. However, the types of data signals and
data lines depend on the types of pixels, which depend on the
colors of light emitted from the pixels. The colors of the light
emitted from the pixels may non-restrictively include purple
and white as well as red, green, and blue.

[0048] In some embodiments, the pixels P may be formed
at intersections where the first and second gate lines GL1 and
GL2 cross with the first through third data lines DLr, DLg,
and DLb. Although the pixels P have a stripe structure in FIG.
1, the pixels P are notlimited thereto and may also have a quad
structure. For example, in the pixels P, the red, green, and blue
pixels Pr, Pg, and Pb may form one unit pixel.

[0049] In an embodiment, the number of sub pixels
included in a unit pixel is three because lines of the fan-out
unit 200 are formed at three layers. However, if the number of
layers at which the lines of the fan-out unit 200 are formed is
increased, the number of sub pixels included in a unit pixel
may also be increased. In some embodiments, added sub
pixels may be blue or white pixels.

[0050] In other embodiments, each pixel P may include an
organic light-emitting device (OLED) for emitting light with
a luminance corresponding to a driving current of a data
signal, and a pixel circuit for controlling the driving current
flowing through the OLED. The pixel circuit is connected to
each of the first and second gate lines GL.1 and GL.2 and the
first through third data lines DLr, DLg, and DLb. The OLED
is connected to the pixel circuit. The pixel circuit may include
a first and a second thin film transistors (TFTs) Ta and Tb and
at least one capacitor (not shown).

[0051] The structure of a pixel including a pixel circuit and
an OLED will now be described in detail with reference to
FIG. 3.

[0052] Only one of the pixels P of FIG. 1 is illustrated in
FIG. 3 and the other pixels P have the same structure and thus
are not repeatedly described here. Also, although two TFTs
and an OLED are included in the pixel in FIG. 3, the pixel may
further include an additional TFT and a capacitor.

[0053] The pixel is formed on the display substrate 100.
The display substrate 100 may be formed of glass, plastic, or
metal.

[0054] A buffer layer 101 for providing a flat surface on the
display substrate 100 is formed on the display substrate 100,
wherein the buffer layer 101 includes an insulator to prevent
penetration of moisture and foreign substances into the dis-
play substrate 100.
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[0055] A pixel circuit is formed on the buffer layer 101, and
the OLED is connected to the pixel circuit, wherein the pixel
circuit includes the first and second TFTs Ta and Tb and a
capacitor (not shown). The first and second TFTs Ta and Tb
mainly and respectively include first and second active layers
102a and 1025, first and second gate electrodes 104a and
1045, and first and second source/drain electrodes 106sa and
106da, and 106sb and 106db. The first and second TFTs Ta
and Tb are characterized in that the first and second gate
electrodes 1044 and 1045 are formed at different layers.

[0056] In some embodiments, in the first TFT Ta, the first
active layer 102a may be formed in a predetermined pattern
on an upper surface of the buffer layer 101. The first active
layer 102¢ may be formed of an inorganic semiconductor
material such as silicon, an organic semiconductor material,
or an oxide semiconductor material, and may be formed by
injecting a p-type or n-type dopant. The first gate insulating
layer 113 is formed on the first active layer 102a. The first gate
electrode 104a is formed on the first gate insulating layer 113
to correspond to the first active layer 102a. The second gate
insulating layer 123 and the interlayer insulating layer 105 are
formed to cover the first gate electrode 104a, and the first
source electrode 106sa and the first drain electrode 106da are
formed on the interlayer insulating layer 105 to respectively
contact predetermined regions of the first active layer 102a.

[0057] Inthe second TFT Tb, the second active layer 1025
is formed in a predetermined pattern on the upper surface of
the buffer layer 101, and the first and second gate insulating
layers 113 and 123 are formed on the second active layer
1025. The second gate electrode 1045 is formed on the second
gate insulating layer 123 to correspond to the second active
layer 1025. The interlayer insulating layer 105 is formed to
cover the second gate electrode 1044, and the second source
electrode 106sh and the second drain electrode 1064b are
formed on the interlayer insulating layer 105 to respectively
contact source and drain regions of the second active layer
1025.

[0058] In some embodiments, the interlayer insulating
layer 105 may be formed as a single or multiple layers by
using an inorganic material such as silicon oxide or silicon
nitride. Since a thickness d3 of the interlayer insulating layer
105 is greater than a thickness d1 of the first gate insulating
layer 113 or a thickness d2 of the second gate insulating layer
123, surface planarization may be achieved and a parasitic
capacitance between the first source/drain electrodes 106sa
and 106da, and the second source/drain electrodes 106sb and
10645 and lower conductive layers (e.g. gate electrode layer)
may be prevented.

[0059] As described above, since a gate insulating layer
thickness (d1) between the first gate electrode 104a and the
first active layer 102q in the first TFT Ta is different from a
gate insulating layer thickness (d1+d2) between the second
gate electrode 1045 and the second active layer 1025 in the
second TFT Tb, the following effects may be achieved. If a
TFT that is used as a driving TFT has a thicker gate insulating
layer, light emitted from the OLED may be controlled to have
aricher gradation by varying the size of the gate voltage Vgs
applied to a gate electrode of the driving TFT because a
driving range of a gate voltage Vgs is increased. Also, since a
TFT used as a switching TFT has a thin gate insulating layer,
a turn-on or turn-off operation may be performed at a high
speed and a parasitic capacitance between a gate electrode
and an active layer may be reduced.
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[0060] A passivation layer 107 is formed to cover the first
and second source/drain electrodes 106sa and 106da, and
106sb and 10645 of the first and second TFTs Ta and Tb. For
surface planarization, an additional insulating layer may be
further formed on the passivation layer 107.

[0061] The OLED is formed on the passivation layer 107.
The OLED includes a first electrode 111, a second electrode
112, and an intermediate layer 114,

[0062] The first electrode 111 is formed on the passivation
layer 107. The first electrode 111 is formed to be electrically
connected to one of the first and second source/drain elec-
trodes 106sa and 106da, and 106sb and 106d4b. A pixel-
defining layer 109 is formed to cover the first electrode 111. A
predetermined opening is formed in the pixel-defining layer
109, and then the intermediate layer 114 is formed on a region
defined by the opening, wherein the intermediate layer 114
includes an organic emission layer. The second electrode 112
is formed on the intermediate layer 114.

[0063] The non-display region NDA of the display sub-
strate 100 will now be described in detail with reference to
FIGS. 1 and 4 through 7.

[0064] Referring to FIGS. 1 and 4 through 7, the non-
display region NDA is a region on which an image is not
displayed and on which various members for driving the
display region DA and other modules are mounted. A driver
IC (not shown), a pad unit 400, and the fan-out unit 200 for
connecting the driver IC and the display region DA are
formed on the non-display region NDA.

[0065] The driver IC is a chip on glass (COG) type and is
mounted on the display substrate 100. The driver IC includes
at its side a connection terminal (not shown) that is electri-
cally connected to the pad unit 400 formed on the display
substrate 100. The driver IC may include a data driving unit
for supplying a data signal and may also include various
function units required to drive the display region DA.
[0066] The pad unit 400 is formed on the display substrate
100 and is electrically connected to a connection terminal of
the driver IC. The pad unit 400 includes first through third
pads 211 through 213 respectively extending from first
through third fan-out lines 201 through 203.

[0067] Insomeembodiments, the pad unit 400 may include
at least one first pad 211, at least one second pad 212, and at
least one third pad 213. The first through third pads 211
through 213 are distinguished based on layers of lines con-
nected to them. That is, the first pad 211 is a pad extending
from the first fan-out line 201 to be described below, and the
second pad 212 is a pad extending from the second fan-out
line 202 to be described below. The third pad 213 is a pad
extending from the third fan-out line 203 to be described
below. The first through third pads 211 through 213 form one
pad group, and a plurality of pad groups are sequentially
formed to form the pad unit 400. Accordingly, the pad unit
400 has a structure in which the first through third pads 211
through 213 are alternately formed.

[0068] The first pad 211 is formed at a first location of the
non-display region NDA. The second pad 212 is formed at a
second location of the non-display region NDA, which is not
collinear with the first location in the X direction. The third
pad 213 is formed at a third location of the non-display region
NDA, which is not collinear with the first location and the
second location in the X direction. Accordingly, the first
through third pads 211 through 213 are not formed on the
same straight line but are diagonally offset from each other. In
this case, a width of one pad group in the X direction is less
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than that in a case when the first through third pads 211
through 213 are collinear in the X direction. According to an
embodiment, since pads are diagonally offset, a large number
of pads may be formed in a space having a small width W4 in
the X direction and thus the dead space of the non-display
region NDA may be reduced.

[0069] FIG. 7 is a cross-sectional view of the first pad 211.
Referring to FIG. 7, the buffer layer 101 and the first gate
insulating layer 113 are formed on the display substrate 100,
and the first fan-out line 201 is formed thereon. An opening is
formed in the second gate insulating layer 123 and the inter-
layer insulating layer 105 formed on the first fan-out line 201
so as to correspond to the first pad 211 and to expose the first
fan-out line 201. A conductive layer 221 is formed on the
exposed first fan-out line 201 in order to protect the first
fan-out line 201 and to be electrically connected to a driver IC
connection terminal. Here, the conductive layer 221 may
include a low-resistance metal or a transparent conductive
material. Although only the first pad 211 is illustrated in FIG.
7, the second and third pads 212 and 213 also have a structure
in which an opening is formed in an insulating layer formed
ona line, and a conductive layer is formed on the line exposed
by the opening. However, in the second and third pads 212
and 213, alayer of the line is different from that in the first pad
211. The layer of the line will be described below together
with the fan-out unit 200.

[0070] The fan-out unit 200 includes a plurality of fan-out
lines for connecting the pad unit 400 and the display region
DA. The fan-out lines include the first through third fan-out
lines 201 through 203 according to layers at which they are
formed. One first fan-out line 201, one second fan-out line
202, and one third fan-out line 203 form one line group. A
plurality of line groups are sequentially formed to form the
fan-out unit 200. Accordingly, the fan-out unit 200 has a
structure in which the first through third fan-out lines 201
through 203 are alternately formed.

[0071] The first fan-out line 201 is formed on the first gate
insulating layer 113 at the same layer as and by using the same
material as the first gate line GL1. An end of the first fan-out
line 201 is connected to the first pad 211 and the other end
thereof'is connected to the first data line DLr. The first fan-out
line 201 may transmit the first data signal from the driver IC
to the first data line DLr.

[0072] The second fan-out line 202 is formed on the second
gate insulating layer 123 at the same layer as and by using the
same material as the second gate line GL2. One end of the
second fan-out line 202 is connected to the second pad 212
and the other end thereof'is connected to the second data line
DLg. The second fan-out line 202 may transmit the second
data signal from the driver IC to the second data line DLg.
[0073] The first and second fan-out lines 201 and 202 are
insulated from each other by the second gate insulating layer
123 and are formed at different layers. The first and second
fan-out lines 201 and 202 do not overlap with each other.
Because, since the thickness d2 of the second gate insulating
layer 123 formed between the first and second fan-out lines
201 and 202 is relatively small, if the first and second fan-out
lines 201 and 202 overlap with each other, a parasitic capaci-
tance in a line region is increased.

[0074] Thethird fan-out line 203 is formed on the interlayer
insulating layer 105 at the same layer as and by using the same
material as the first through third data lines DLr, DLg, and
DLb. One end of the third fan-out line 203 is connected to the
third pad 213 and the other end thereof is connected to the
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third data line DLb. The third fan-out line 203 may transmit
the third data signal from the driver IC to the third data line
DLb.

[0075] In some embodiments, the third fan-out line 203
may overlap with one or more of the first and second fan-out
lines 201 and 202. In FIGS. 4 through 6, the third fan-out line
203 partially overlaps with both the first and second fan-out
lines 201 and 202. In more detail, the third fan-out line 203
overlaps with the first fan-out line 201 by V1 and overlaps
with the second fan-out line 202 by V2. However, the above
case is exemplarily described. The third fan-out line 203 may
overlap with only one of the first and second fan-out lines 201
and 202. and may completely, not partially, overlap.

[0076] The interlayer insulating layer 105 is formed
between the third fan-out line 203 and the first and second
fan-out lines 201 and 202. Different from the first and second
gate insulating layers 113 and 123, the interlayer insulating
layer 105 has a large thickness. Accordingly, since a parasitic
capacitance generated when the third fan-out line 203 over-
laps with the first and second fan-out lines 201 and 202 is
small, overlapping is allowed.

[0077] According to anembodiment, unlike a conventional
case when fan-out lines are formed at the same layer, since
fan-out lines are distributively formed at three different lay-
ers,a width ofa fan-out unit in an X direction may be reduced.
In particular, since at least one of lines that are distributively
formed at three layers overlaps with the others, a dead space
may be reduced and a larger number of lines may be formed
in a fan-out unit. Accordingly, a larger number of lines may be
formed on the same area and a high-resolution display appa-
ratus may be formed. Also, even in a high-resolution display
apparatus to which a multiplexer (MUX) may not be easily
applied, a dead space may be reduced and a large display
region may be achieved to a level of a case when a 3:1 MUX
is used. Here, the 3:1 MUX refers to a MUX for reducing
three lines into one line. Also, even in a small panel, a high
resolution may be achieved.

[0078] The first through third fan-out lines 201 through 203
included in one line group transmit signals to different types
of pixels. The same fan-out lines included in a plurality of line
groups and formed at the same layer transmit signals to the
same type of pixels.

[0079] As described above, the first through third fan-out
lines 201 through 203 respectively transmit the first through
third data signals. Here, the first through third data signals are
used to distinguish data signals applied to different types of
sub pixels.

[0080] Insomeembodiments, the first through third fan-out
lines 201 through 203 may be formed as a single or multiple
layers including one or more materials selected from the
group consisting of molybdenum (Mo), aluminum (Al), cop-
per (Cu), silver (Ag), titanium (Ti), and transparent conduc-
tive oxide (TCO). Here, TCO may include at least one
selected from the group consisting of indium tin oxide (ITO),
indium zinc oxide (1Z0), zinc oxide (ZnQO), indium oxide
(In,05), indium gallium oxide (IGO), and aluminium zinc
oxide (AZ0O).

[0081] However, the first through third fan-out lines 201
through 203 included in one line group may include different
materials and each of them may include at least one material.
The same fan-out lines included in a plurality of line groups
and formed at the same layer may include the same material.
For example, the first fan-out line 201 may be formed as a
single layer of Mo, the second fan-out line 202 may be formed
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as adouble layer of Mo/ Al, and the third fan-out line 203 may
be formed of a triple layer of Ti/Al/Ti. Alternatively. the first
fan-out line 201 may be formed as a double layer of Mo/Al,
the second fan-outline 202 may be formed as Ag/ITO, and the
third fan-out line 203 may be formed as a triple layer of
Ti/Al/Ti.

[0082] According to an embodiment, since fan-out lines
formed at different layers and including different materials
are applied to pixels for emitting different colors of light, a
continuity in resistance variation may be ensured. A resis-
tance of a line is determined as represented in Equation 1
below. Here, S is a cross-sectional area of aline, p is a specific
resistance of a line material, and L. is a length of the line.

L [Equation 1]
R= p§

[0083] That is, the resistance of the line is influenced by the
specific resistance of the line material. For example, if fan-out
lines for applying data signals to red pixels are formed of
different line materials according to the red pixels, voltage
drops of the red pixels according to line resistances are dif-
ferent and discontinuous. Accordingly, since the fan-out lines
corresponding to the red pixels have resistance characteristics
that vary discontinuously, a reduction in image quality, for
example, a stain, distinguishable with the naked eye, may
occur. However, according to an embodiment, since the first
fan-out lines 201 for applying data signals to red pixels are
formed of the same line material and thus have continuous
resistance characteristics according to the red pixels, a reduc-
tion in image quality distinguishable with the naked eye will
not occur.

[0084] The passivation layer 107 is formed on the third
fan-out lines 203 of the fan-out unit 200 so as to achieve
surface planarization and to protect lower lines. Here, the
passivation layer 107 may include an inorganic material such
as silicon oxide or silicon nitride or may include one or more
organic materials selected from the group consisting of poly-
imide, polyamide, an acrylic resin, benzocyclobutene, and a
phenolic resin.

[0085] As described above, according to an embodiment,
since fan-out lines are distributively formed at three different
layers and at least one of them is formed to at least partially
overlap with the other lines, a dead space may be reduced.
Accordingly, a fan-out unit may be easily designed in a small
panel or a high-resolution display apparatus.

[0086] Also, the fan-out lines at different layers transmit
signals to different pixels. As such, a resistance deviation of
signals applied to the same type of pixels due to different line
materials may be easily compensated by removing it.

[0087] The above embodiments are presented for illustra-
tive purposes only, and are not intended to define meanings or
limit the scope of the present invention as set forth in the
following claims. Those skilled in the art will understand that
various modifications and equivalent embodiments of the
present invention are possible without departing from the
spirit and scope of the present invention defined by the
appended claims.
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What is claimed is:

1. A display apparatus comprising:

adisplay substrate divided into a display region configured

to display an image via a plurality of pixels configured to
emit light, and a non-display region surrounding the
display region;

a pad unit formed on the non-display region; and

a fan-out unit configured to connect the display region and

the pad unit, wherein the fan-out unit comprises a plu-
rality of line groups sequentially formed, and wherein
each of the line groups comprises a first fan-out line, a
second fan-out line insulated from the first fan-out line
by a first insulating layer, and a third fan-out line insu-
lated from the second fan-out line by a second insulating
layer,

and wherein the third fan-out line at least partially overlaps

with at least one of the first and second fan-out lines.

2. The display apparatus of claim 1, wherein the first
through third fan-out lines are alternately formed.

3. The display apparatus of claim 1, wherein the first
through third fan-out lines transmit signals to different types
of pixels.

4. The display apparatus of claim 1, wherein fan-out lines
comprised in a plurality of line groups and formed in the same
layer configured to transmit signals to the same type pixels.

5. The display apparatus of claim 1, wherein the display
region comprises:

a plurality of first gate lines extending in a first direction;

aplurality of second gate lines insulated from the first gate

lines by the first insulating layer and extending in a
second direction, wherein the second direction crosses
the first direction; and

aplurality of data lines insulated from the second gate lines

by the second insulating layer and extending in the sec-
ond direction, and

wherein each of the first through third fan-out lines is

electrically connected to one of the data lines.

6. The display apparatus of claim 5, wherein the pixels are
formed at inter sections where the first gate lines cross with
the data lines and where the second gate lines cross with the
data lines,

wherein each of the pixels comprises a first pixel for emit-

ting light of a first color, a second pixel for emitting light
of a second color, and a third pixel for emitting light of a
third color, and

wherein the first fan-out lineis electrically connected to the

data line of the first pixel, the second fan-out line is
electrically connected to the data line of the second
pixel, and the third fan-out line is electrically connected
to the data line of the third pixel.

7. The display apparatus of claim 6, wherein the first fan-
outline is configured to transmit a first data signal, the second
fan-out line is configured to transmit a second data signal, and
the third fan-out line is configured to transmit a third data
signal.

8. The display apparatus of claim 5, wherein the first fan-
out line is formed at the same layer as the first gate line, the
second fan-out line is formed at the same layer as the second
gate line, and the third fan-out line is formed at the same layer
as the data line.

9. The display apparatus of claim 1, wherein the first
through third fan-out lines comprise one or more materials
selected from the group consisting of molybdenum (Mo),
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aluminum (Al), copper (Cu), silver (Ag), titanium (Ti), and
transparent conductive oxide (TCO).

10. The display apparatus of claim 9, wherein the first
through third fan-out lines comprise different materials and
wherein each of'the first through third fan-out lines comprises
at least one material.

11. The display apparatus of claim 9, wherein the same
fan-out lines in each of line groups are formed of the same
material.

12. The display apparatus of claim 1, further comprising a
third insulating layer formed to cover the third fan-out line.

13. The display apparatus of claim 12, wherein the third
insulating layer is formed on the display region, and wherein
the display apparatus further comprises a display device
formed on the third insulating layer of the display region.

14. The display apparatus of claim 1, wherein the pad unit
comprises:

a first pad connected to the first fan-out line;

a second pad connected to the second fan-out line; and

a third pad connected to the third fan-out line, wherein the
first through third pads are formed diagonally offset
from each other.

15. An organic light-emitting display apparatus compris-

ing:

adisplay substrate divided into a display region configured
to display an image, and a non-display region around the
display region;

a plurality of first gate lines formed on the display region
and configured to extend in a first direction;

a plurality of second gate lines formed on the display
region, insulated from the first gate lines by a first insu-
lating layer, and extending in a second direction,
wherein the second direction crosses the first direction;

a plurality of data lines formed on the display region,
insulated from the second gate lines by a second insu-
lating layer, and extending in the second direction;

a plurality of pixels, wherein each of the pixels comprises
a pixel circuit unit that is electrically connected to the
first or second gate line and the data line;

an organic light-emitting device (OLED) comprised in
each of the pixels, that is electrically connected to the
pixel circuit unit, and configured to emit light;

a pad unit formed on the non-display region: and

a fan-out unit configured to connect the display region and
the pad unit and comprising a plurality of line groups
sequentially formed and each comprising a first fan-out
line, a second fan-out line insulated from the first fan-out
line by the first insulating layer, and a third fan-out line
insulated from the second fan-out line by the second
insulating layer,

wherein the third fan-out line at least partially overlaps
with at least one of the first and second fan-out lines.

16. The organic light-emitting display apparatus of claim
15, wherein the first through third fan-out lines are alternately
formed.

17. The organic light-emitting display apparatus of claim
15,

wherein each of the pixels comprises a first pixel config-
ured to emit light of a first color, a second pixel config-
ured to emit light of a second color, and a third pixel
configured to emit light of a third color, and

wherein the first fan-out line is electrically connected to the
data line of the first pixel, the second fan-out line is
electrically connected to the data line of the second
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pixel, and the third fan-out line is electrically connected
to the data line of the third pixel.

18. The organic light-emitting display apparatus of claim
17, wherein the first fan-out line is configured to transmit a
first data signal, the second fan-out line is configured to
transmit a second data signal, and the third fan-out line is
configured to transmit a third data signal.

19. The organic light-emitting display apparatus of claim
15, wherein the first through third fan-out lines comprise one
or more materials selected from the group consisting of
molybdenum (Mo), aluminum (Al), copper (Cu), silver (Ag),
titanium (T1), and transparent conductive oxide (TCO).

20. The organic light-emitting display apparatus of claim
19, wherein the first through third fan-out lines comprise
different materials, and wherein each of the first through third
fan-out lines is formed of at least one material.

21. The organic light-emitting display apparatus of claim
20, wherein the same fan-out lines in the line groups are
formed of the same material.

22. The organic light-emitting display apparatus of claim
15 further comprising a third insulating layer configured to
cover the third fan-out line and the pixel circuit unit.

23. The organic light-emitting display apparatus of claim
22, wherein the OLED is formed on the third insulating layer.

24. The organic light-emitting display apparatus of claim
15, wherein the pad unit comprises:

a first pad connected to the first fan-out line;

a second pad connected to the second fan-out line; and

a third pad connected to the third fan-out line, wherein the

first through third pads are configured to be diagonally
offset from each other.
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