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1
ORGANIC LIGHT EMITTING DIODE
DISPLAY

BACKGROUND

1. Field

Embodiments relate to an organic light emitting diode
(OLED) display and an encapsulation substrate for sealing a
display unit.

2. Description of the Related Art

An organic light emitting diode (OLED) display is a self-
light-emitting display that may include with an organic light
emitting diode capable of emitting its own light to display an
image. The function of the display unit including a plurality
of organic light emitting elements may be deteriorated by,
e.g., penetration of external moisture and oxygen. As such, a
technology for sealing the display unit to suppress the pen-
etration of external moisture and oxygen may be very impor-
tant.

The above information disclosed in this Background sec-
tion is only for enhancement of understanding of the back-
ground of the described technology. Therefore, this Back-
ground may contain information that does not form the prior
art that is already known in this country to a person of ordi-
nary skill in the art.

SUMMARY

Embodiments are directed to an organic light emitting
diode display with an increased sealing function of a display
unit.

Embodiments may be realized by providing an organic
light emitting diode display according to an exemplary
embodiment that includes a substrate and a display unit on the
substrate, and the display unit includes a common power line
and a common electrode. The display includes an encapsula-
tion substrate attached to the substrate by an adhering layer
enclosing the display unit, and the encapsulation substrate
includes a resin matrix and a plurality of carbon fibers. The
display includes a first conductive portion on a first inner
surface region, a first side surface region, and a first outer
surface region of the encapsulation substrate, and the first
conductive portion is adapted to supply a first electrical signal
to the common power line. The display includes a second
conductive portion on a second inner surface region, a second
side surface region, and a second outer surface region of the
encapsulation substrate, and the second conductive portion is
adapted to supply a second electrical signal to the common
electrode.

The plurality of carbon fibers may be intersected inside the
resin matrix. The encapsulation substrate may be formed of a
plurality of layers, and each of the plurality of layers may
include a resin matrix and a plurality of carbon fibers. A first
carbon fiber of a first plurality of carbon fibers positioned in at
least one layer of the plurality of layers may cross a second
carbon fiber of a second plurality of carbon fibers positioned
in at least another layer of the plurality of layers.

The organic light emitting diode display may further
include an insulating layer formed on an inner surface, a side
surface, and an outer surface of the encapsulation substrate.
The first conductive portion and the second conductive por-
tion may be positioned at the insulating layer.

The second conductive portion may include a second inner
layer facing the display unit and contacting the adhering
layer, and the first conductive portion may include a first inner
layer positioned at the edge of the encapsulation substrate and
separated from the second inner layer. The first inner layer
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2

and the second inner layer may include at least one of an
aluminum layer, an aluminum alloy layer, a copper layer, and
a copper alloy layer.

The first conductive portion may further include a first
outer layer connected to the first inner layer, and the first outer
layer may have at least one of a greater width or thickness than
the first inner layer. The second conductive portion may
include a second outer layer connected to the second inner
layer, and the second outer layer may have at least one of a
greater width or thickness than the second inner layer.

The first conductive portion and the second conductive
portion may be made of a metal foil and may be attached on
the insulating layer.

The first conductive portion and the second conductive
portion may include inner layers positioned at the inner sur-
face of the encapsulation substrate, outer layers positioned at
the outer surface of the encapsulation substrate, connection
layers positioned at the side surface of the encapsulation
substrate, and connection portions overlapping the inner lay-
ers and the outer layers.

Embodiments may also be realized by providing an organic
light emitting diode display according to another exemplary
embodiment includes a substrate and a display unit on the
substrate, and the display unit includes a first common power
line, a second common power line, and a common electrode.
The display further includes a first pad portion positioned
outside the display unit, and the first pad portion is connected
to the first common power line and the second common power
line. The display further includes an encapsulation substrate
attached to the substrate by an adhering layer enclosing the
display unit, and the encapsulation substrate includes a resin
matrix and a plurality of carbon fibers. The display further
includes a first conductive portion on a first inner surface
region, a first side surface region, and a first outer surface
region of the encapsulation substrate, and the first conductive
portion is connected to the first pad portion by the conductive
adhering layer and being adapted to supply a first electrical
signal to the first common power line and the second common
power line. The display further includes a second conductive
portion on a second inner surface region, a second side sur-
face region, and a second outer surface region of the encap-
sulation substrate, and the second conductive portion is
adapted to supply a second electrical signal to the common
electrode.

The organic light emitting diode display may include a
second pad portion positioned outside the display unit and
connected to the common electrode, and the first pad portion
and the second pad portion are alternately and repeatedly
positioned according to one direction of the substrate.

The adhering layer may be conductive in a thickness direc-
tion and may be insulating in other directions except for the
thickness direction, and the adhering layer may overlap the
first pad portion and the second pad portion.

The conductive adhering layer may include a first conduc-
tive adhering layer positioned between the first pad portion
and the first conductive portion, and a second conductive
adhering layer separated from the first conductive adhering
layer and positioned between the second pad portion and the
second conductive portion.

The first conductive portion may include a first inner layer
positioned at the first inner surface region of the encapsula-
tion substrate, a first connection layer positioned at the first
side surface region of the encapsulation substrate, and a first
outer layer positioned at the first outer surface region of the
encapsulation substrate. The second conductive portion may
include second inner layer positioned at the second inner
surface region of the encapsulation substrate, a second con-
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nection layer positioned at the second side surface region of
the encapsulation substrate, and a second outer layer posi-
tioned at the second outer surface region of the encapsulation
substrate.

The second inner layer may be formed with a larger area
than the display unit, and forms a plurality of extension por-
tions overlapping the second pad portion and the conductive
adhering layer. The first inner layer may be positioned
between the extension portions, and overlaps the first pad
portion and the conductive adhering layer.

The first outer layer may be on at least three edges of the
encapsulation substrate, and the second outer layer may be on
the remaining edge of the encapsulation substrate.

The common electrode may include a plurality of protrud-
ing portions, and the second conductive portion may be close
to the plurality of protruding portions. The second conductive
portion may include a second inner layer positioned at the
second inner surface region of the encapsulation substrate and
close to the protruding portion, a second connection layer
positioned at the second side surface region of the encapsu-
lation substrate, and a second outer layer positioned at the
second outer surface region of the encapsulation substrate.

The second inner layer may be formed with a larger area
than the display unit, and may include one of an aluminum
layer, an aluminum alloy layer, a copper layer, and a copper
alloy layer.

The organic light emitting diode display may further
include a plurality of spacers positioned under the common
electrode, and the protruding portion may be provided corre-
sponding to a plurality of spacers.

The organic light emitting diode display may further
include an insulating layer formed at an inner surface, a side
surface, and an outer surface of the encapsulation substrate,
and the first conductive portion and the second conductive
portion may be positioned on the insulating layer.

The organic light emitting diode display may increase a
sealing function of the display unit and the luminance unifor-
mity while realizing a large-sized display unit, and may also
simplify the entire structure and the manufacturing process
by a reduction of the number of parts.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 illustrates a cross-sectional view of an organic light
emitting diode display according to an exemplary embodi-
ment.

FIG. 2 illustrates a top plan view of a substrate of the
organic light emitting diode display of FIG. 1.

FIG. 3 illustrates a top plan view of an inner surface of an
encapsulation substrate of the organic light emitting diode
display of FIG. 1.

FIG. 4 illustrates a top plan view of an outer surface of an
encapsulation substrate of the organic light emitting diode
display of FIG. 1.

FIG. Sillustrates a cross-sectional view taken along the line
I-1 of FIG. 4.

FIG. 6 to FIG. 8 illustrate partial enlarged cross-sectional
views of the organic light emitting diode display according to
exemplary embodiments.

FIG. 9 illustrates a partial enlarged top plan view of an
encapsulation substrate of the organic light emitting diode
display of FIG. 1.
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FIG. 10 illustrates an exploded perspective view of an
encapsulation substrate of the organic light emitting diode
display of FIG. 1 as an exemplary variation of FIG. 9.

FIG. 11 illustrates a top plan view of a substrate of an
organic light emitting diode display according to an exem-
plary embodiment.

FIG. 12 illustrates a cross-sectional view of an encapsula-
tion substrate of an organic light emitting diode display
according to an exemplary embodiment.

FIG. 13 illustrates a cross-sectional view of an organic light
emitting diode display according to an exemplary embodi-
ment.

FIG. 14 illustrates a partial enlarged view of the organic
light emitting diode display of FIG. 13.

DETAILED DESCRIPTION

Korean Patent Application No. 10-2010-0103499, filed on
Oct. 22,2010, in the Korean Intellectual Property Office, and
entitled: “Organic Light Emitting Diode Display” is incorpo-
rated by reference herein in its entirety.

Example embodiments will now be described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art. As
those skilled in the art would realize, the described embodi-
ments may be modified in various different ways, all without
departing from the spirit or scope of the present invention.

The drawings and description are to be regarded as illus-
trative in nature and not restrictive. Like reference numerals
designate like elements throughout the specification. The size
and thickness of each component shown in the drawings are
arbitrarily shown for understanding and ease of description,
but the embodiments are not limited thereto.

Through the specification, it will be understood that when
an element such as a layer, film, region, or substrate is referred
to as being “on” another element, it can be directly on the
other element or intervening elements may also be present. In
the specification and the claims that follow, when it is
described that an element is “connected” to another element,
the element may be “directly connected” to the other element
or “electrically connected” to the other element through a
third element.

FIG. 1 illustrates a schematic cross-sectional view of an
organic light emitting diode display according to a first exem-
plary embodiment.

Referring to FIG. 1, a display 100, e.g., an organic light
emitting diode (OLED) display, according to the first exem-
plary embodiment may include a substrate 10, a display unit
40 formed on the substrate 10, and an encapsulation substrate
20 fixed to the substrate 10 by at least adhering layers 31 and
32 enclosing the display unit 40. The substrate 10 may
include a display area A10 where the display unit 40 is located
and a non-display area outside of the display area A10. For
example, the non-display area may be divided into a wire and
sealing area A20 and a pad area A30.

The display unit 40 may include an organic light emitting
element and a driving circuit formed in each pixel. The
organic light emitting element may include a pixel electrode,
an organic emission layer, and/ora common electrode 42. The
driving circuit may be formed of at least two thin film tran-
sistors, e.g., including a switching thin film transistor and a
driving thin film transistor, and/or at least one capacitor.
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Gate lines, data lines, and/or common power lines 41 may
be arranged in each pixel. The gate line may transmit a scan
signal and the data line may transmit a data signal. The com-
mon power line 41 may apply a common voltage to the
driving thin film transistor. The common power line 41 may
be parallel with the data line. The common power line 41 may
include a first common power line that is parallel with the data
line and a second common power line that is parallel with the
gate line.

A detailed description of the display unit 40 will be given
later, and FIG. 1 schematically illustrates the display unit 40
where the common power line 41 and the common electrode
42 are formed.

The adhering layers 31 and 32 may include a first adhering
layer 31 surrounding the display unit 40 and a second adher-
ing layer 32 located at the outside of the first adhering layer
31. For example, the second adhering layer 32 may surround
both the display unit 40 and the first adhering layer 31. A
conductive adhering layer 33 may be disposed between the
first adhering layer 31 and the second adhering layer 32. The
first adhering layer 31 and the second adhering layer 32 may
not include a conductive material. For example, the first and
second adhering layers 31 and 32 may include a thermal
hardening resin, such as an epoxy resin. A moisture absorbing
filler (not shown) may be formed between the substrate 10
and the encapsulation substrate 20. For example, the moisture
absorbing filler may be formed at an inner side of the first
adhering layer 31.

In the display 100 of the first exemplary embodiment, the
common power line 41 and the common electrode 42 may not
connected with a flexible printed circuit attached to the pad
area A30. The common power line 41 may be connected with
a first conductive portion 210 formed in the encapsulation
substrate 20 and may receive a first electric signal therefrom.
The common electrode 42 may be connected with a second
conductive portion 220 formed in the encapsulation substrate
20 and may receive a second electric signal therefrom.

Without intending to be bound by this theory, the display
100 of the first exemplary embodiment may apply evenly the
corresponding electric signal to the common power line 41
and the common electrode 42 without forming the pad areas
A30 at four edges, e.g., up, down, right, and left, of the
substrate 10. As a result, the entire structure and the manu-
facturing process of the OLED display 100 may be simplified
while reducing and/or preventing luminance non-uniformity
in large-sized display manufacturing.

FIG. 2 shows a top plan view of a substrate of the display of
FIG. 1.

Referring to FIG. 1 and FIG. 2, a substrate 10 may have a
rectangular shape with a pair of long edges and a pair of short
edges. The wire and sealing areas A20 may be located at the
outside of the four edges of the display area A10. The first
adhering layer 31, the conductive adhering layer 33, and/or
the second adhering layer 32 may be located in the wire and
sealing area A20 of the substrate 10.

The pad area A30 may be located at one of the edges of the
substrate 10. The pad area A30 may be located at the external
side of the wire and sealing area A20. FIG. 2 illustrates that
the pad area A30 as located at the lower long side of the
substrate 10. However, the location of the pad area A30 is not
limited thereto. For example, the pad area A30 may be located
on a short side of the substrate 10.

A first pad portion 43 may be connected with the common
power line 41 of the display unit 40. A second pad portion 44
may be connected with the common electrode 42 of the dis-
play unit 40. The first and second pad portions 43 and 44 may
be located in the wire and sealing area A20. The first pad
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portion 43 and the second pad portion 44 may be formed in a
plurality, e.g., four, of the wire and sealing areas A20 of the
substrate 10. Each first and second pad portion 43 and 44 may
include a plurality of pads, e.g., four pads. The first and
second pad portions 43 and 44 may be iteratively alternated
along a horizontal direction (x-axis direction in the drawing)
and a vertical direction (y-axis direction in the drawing) of the
substrate 10. For example, as shown in FIG. 2, in the vertical
direction the substrate may have an alternating arrangement
of firstand second pad portions 43 and 44, and each of the first
and second pad portions 43 and 44 may include a plurality of
pads. In the horizontal direction, the substrate may have an
alternating arrangement of first and second pad portions 43
and 44, and each of the first and second pad portions 43 and 44
may include a plurality of pads. In at least the horizontal
direction, the number of pads in the first and second pad
portions 43 and 44 may vary based on, e.g., a distance from a
center of the substrate.

FIG. 2 illustrates the second pad portion 44 with a dot
pattern in order to distinguish between the first pad portion 43
and the second pad portion 44. Among a plurality of first pad
portions 43, a first pad portion 43 located at the long side of
the substrate 10 may be electrically connected with the first
common power line. A first pad portion 43 located at the short
side of the substrate 10 may be electrically connected with the
second common power line. However, FIG. 2 exemplarily
shows the locations and the number of first and second pads
43 and 44, but they are not restrictive.

The first pad portion 43 and the second pad portion 44 may
be formed at the positions corresponding to the conductive
adhering layer 33 among the wire and sealing arca A20.
According to an exemplary embodiment, the conductive
adhering layer 33 may be conductive in only the thickness
direction (z-axis direction in FIG. 1) and not other directions.
Without intending to be bound by this theory, the first pad
portion 43 and the second pad portion 44 may not short-
circuited even though one conductive adhering layer 33 con-
tacts both of the first pad portion 43 and the second pad
portion 44.

The conductive adhering layer 33 may not separately
formed for the first pad portion 43 and the second pad portion
44, and may be formed of a single member. In this case, the
assembly process of the substrate 10 and the encapsulation
substrate 20 may be simplified by using the first and second
adhering layers 31 and 32 and the conductive adhering layer
33. Thus, the manufacturing of the display 100 may be sim-
plified.

FIG. 3 illustrates a top plan view of an inner surface of an
encapsulation substrate of display shown in FIG. 1. FIG. 4
illustrates a top plan view of an outer surface of an encapsu-
lation substrate of the display shown in FIG. 1. FIG. 5 illus-
trates a cross-sectional view taken along the line I-I of FIG. 4.

Referring to FIG. 1 to FIG. 5, the encapsulation substrate
20 may be formed with a size that covers the display area A10
and the wire and sealing areas A20 of the substrate 10. For
example, the encapsulation substrate 20 may cover all the
wire and sealing areas A20 formed along the four sides ofthe
substrate 10. Thus, the pad area A30 of the substrate 10 may
exposed to the outside without being overlapped with the
encapsulation substrate 20.

The encapsulation substrate 20 may include an inner sur-
face facing toward the substrate 10, an outer surface opposite
the inner surface, and a side surface connecting the inner
surface and the outer surface. The first conductive portion 210
configured to apply the first electric signal of the common
power line 41 may be formed on the inner surface, the side
surface, and the outer surface of the encapsulation substrate
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20. For example, the first conductive portion 210 may be
formed on specific regions of the inner surface, the side sut-
face, and the outer surface of the encapsulation substrate 20.
The second conductive portion 220 configured to apply the
second electric signal of the common electrode 42 may be
formed on the inner surface, the side surface, and the outer
surface of the encapsulation substrate 20 at an interval from
the first conductive portion 210. For example, the second
conductive portion 220 may be formed on specific regions of
the inner surface, the side surface, and the other surface of the
encapsulation substrate. The first conductive portion 210 and
the second conductive portion 220 may be spaced apart on the
encapsulation substrate 20, e.g., spaced apart along a same
side surface of the encapsulation substrate 20 and/or spaced
apart along different side surfaces of the encapsulation sub-
strate 20.

The first conductive portion 210 may include a first inner
layer 211 positioned at the inner surface of the encapsulation
substrate 20, a first connection layer 212 contacting the first
inner layer 211 and positioned at the side surface of the
encapsulation substrate 20, and a first outer layer 213 con-
tacting the first connection layer 212 and positioned at the
outer surface of the encapsulation substrate 20.

The second conductive portion 220 may include a second
inner layer 221 positioned at the inner surface of the encap-
sulation substrate 20, a second connection layer 222 contact-
ing the second inner layer 221 and positioned at the side
surface of the encapsulation substrate 20, and a second outer
layer 223 contacting the second connection layer 222 and
positioned at the outer surface of the encapsulation substrate
20. The entire first conductive portion 210 and the entire
second conductive portion 220 may be formed with a con-
ducting material.

The second inner layer 221 may cover the entire display
unit 40. The second inner layer 221 may be equal to or larger
than the first adhering layer 31. The second inner layer 221
may be formed with a smaller size than the conductive adher-
ing layer 33. The second inner layer 221 may include a plu-
rality of extension portions 224 facing the second pad portion
44 of the substrate 10. The extension portion 224 may contact
the conductive adhering layer 33. Accordingly, the second
pad portion 44 of the substrate 10 may be electrically con-
nected to the second inner layer 221 through the conductive
adhering layer 33 and the extension portion 224.

Among a plurality of extension portions 224, at least one
extension portion 224 may extend into the edge of the encap-
sulation substrate 20 to contact, e.g., the second connection
layer 222 formed at the side surface of encapsulation sub-
strate 20. FIG. 3 shows the case that one extension portion 224
positioned at the long edge of the encapsulation substrate 20
among the plurality of extension portions 224 is extended into
the edge of the encapsulation substrate 20 to contact the
second connection layer 222.

Also, FIG. 3 shows the case that one extension portion 224
has a bar shape covering several second pad portions 44.
However, the shape of the extension portion 224 is not limited
thereto. For example, the second inner layer 221 may be
divided into several extension portions 224 corresponding to
the second pad portion 44.

The second inner layer 221 may be formed with, e.g., a
metal layer. The metal layer may have an excellent function
for reducing and/or preventing moisture and oxygen penetra-
tion as well as low resistivity. The second inner layer 221 may
include at least one of an aluminum layer, an aluminum alloy
layer, a copper layer, or a copper alloy layer. The second inner
layer 221 may be close to the first adhering layer 31, thereby
completely covering the display unit 40 inside the first adher-
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ing layer 31. The second inner layer 221 may reduce and/or
prevent the penetration of the moisture and oxygen from the
outside. Without intending to be bound by this theory, the
second inner layer 221 may function as a metal encapsulation
layer sealing the display unit 40.

The first inner layer 211 may be formed to face the first pad
portion 43 of the substrate 10 between the extension portions
224 of the second inner layer 221. The first inner layer 211
may contact the conductive adhering layer 33. The first inner
layer 211 may be formed in plural, and the plurality of first
inner layers 211 may all extend into the edge of the encapsu-
lation substrate 20, thereby contacting the first connection
layer 212 formed at the side surface of the encapsulation
substrate 20. Accordingly, the first pad portion 43 of the
substrate 10 may be electrically connected to the first inner
layer 211 throughout the conductive adhering layer 33.

The first outer layer 213 and the second outer layer 223
may be formed at the edge of the encapsulation substrate 20
while having an interval therebetween. The first outer layer
213 may overlap all of the plurality of first inner layers 211.
The second outer layer 223 may overlap a portion of the
second inner layer 221 and at least one extension portion 224.

For example, as shown in FIG. 4, the second outer layer
223 may be formed at the portion of the edge of one long edge
of the encapsulation substrate 20, and the first outer layer 213
may be formed at the entire remaining edge of the encapsu-
lation substrate 20. However, the shape of the first outer layer
213 and the second outer layer 223 is not limited thereto and
may be variously modified.

The first outer layer 213 and the second outer layer 223
may be attached to an external access terminal (not shown).
Thus, the first outer layer 213 may receive a first electric
signal of the first common power line 41 from the external
access terminal and transmit the signal to the first inner layer
211. The second outer layer 223 may receive a second electric
signal of the common electrode 42 from the external access
terminal and transmit the signal to the second inner layer 221.

The first conductive portion 210 and the second conductive
portion 220 may have a constant thickness, or one may have
a greater thickness than the other layer. The first outer layer
213 and the second outer layer 223 may be formed with a
greater thickness than the first inner layer 211 and the second
inner layer 221. Also, the first outer layer 213 may have a
small width margin, differently from the firstinner layer 211,
such that it is may be formed with a larger width than the first
inner layer 211.

To minimize and/or prevent the occurrence of stepped por-
tions during the sealing process of the substrate 10 and the
encapsulation substrate 20, the first inner layer 111 and the
second inner layer 121 may have the same thickness and the
first outer layer 113 and the second outer layer 123 may have
same thickness. The above-described structure may be use-
fully applied to a large-sized OLED display having a large
current capacity without, e.g., extension of the outer size of
the display unit 40.

The first inner layer 211 forming the first conductive por-
tion 210 may be integrally formed with the first connection
layer 212 and the first outer layer 213. The second inner layer
221 forming the second conductive portion 220 may be inte-
grally formed with the second connection layer 222 and the
second outer layer 223.

The first conductive portion 210 and the second conductive
portion 220 may be formed by, e.g., providing a metal foil
having good flexibility, such as aluminum foil or copper foil,
and attaching the metal foil to the inner surface, the side
surface, and the outer surface of the encapsulation substrate
20. According to other exemplary embodiments, the first and
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second conductive portions 210 and 220 may be formed by
depositing or printing conducting material on the inner sut-
face, the outer surface, and the side surface of the encapsula-
tion substrate 20.

The encapsulation substrate 20 may be formed of, e.g., a
carbon composite material including a resin matrix and a
plurality of carbon fibers. Without intending to be bound by
this theory, a glass or a polymer resin having a low thermal
expansion coefficient may be used for the substrate 10 of the
display 100 because the substrate 10 may need to undergo
several heat treatments for forming the driving circuit and the
organic light emitting element thereon. The encapsulation
substrate 20 may have a thermal expansion coefficient that is
similar to that of the substrate 10 by controlling the content of
the carbon fiber and the content of the resin matrix. Thus, if
the substrate 10 and the encapsulation substrate 20 are sealed
to each other by, e.g., hardening the first adhering layer 31 at
a high temperature, torsion of the two substrates 10 and 20
due to a thermal expansion coefficient difference therebe-
tweenmay not occur, and a bending problem may notoccur in
an environment reliability test after sealing.

The encapsulation substrate 20 formed of the carbon com-
posite material may have conductivity. Without intending to
be bound by this theory, when the first and second conductive
portions 210 and 220 are directly formed on the surface of the
encapsulation substrate 20, the first conductive portion 210
and the second conductive portion 220 are short-circuited
through the encapsulation substrate 20. Thus, as shown in
FIG. 5, insulating films 34 may be formed at the inner and
outer surfaces of the encapsulation substrate 20, and the first
conductive portion 210 and the second conductive portion
220 may be formed on the insulating films 34 to prevent a
short-circuit between the first conductive portion 210 and the
second conductive portion 220. A detailed structure and con-
stituents of the encapsulation substrate 20 will be described
later.

FIG. 6 to FIG. 8 illustrate partial enlarged cross-sectional
views of the display according to the first exemplary embodi-
ment. FIG. 6 shows a first common power line and a first pad
portion in detail. FIG. 7 shows a second common power line
and a first pad portion in detail. FIG. 8 shows a common
electrode and a second pad portion in detail.

Referring to FIG. 6 to FIG. 8, the above-described display
area A10 may include an organic light emitting element 25
and a driving circuit per each pixel. The driving circuit may
include at least two thin film transistors and at least one
capacitor. FIG. 6 to FIG. 8 simply illustrate an exemplary one
thin film transistor 50 and an exemplary one organic light
emitting element 25, which are positioned at the display area
Al0.

The thin film transistor 50 may include a semiconductor
layer 51, a gate electrode 52, a source electrode 53, and adrain
electrode 54. The semiconductor layer 51 may be formed as a
polycrystalline silicon film. The semiconductor layer 51 may
include a channel area 511, a source area 512, and a drain area
513. The channel area 511 may be an intrinsic semiconductor
not doped with an impurity, and the source area 512 and the
drain area 513 may be impurity-doped impurity semiconduc-
tors.

The gate electrode 52 may be disposed on the channel area
511 of the semiconductor layer 51. A gate insulating layer 11
may be interposed between the gate electrode 52 and the
channel area 511. The source electrode 53 and the drain
electrode 54 may be disposed on the gate electrode 52. An
interlayer insulating layer 12 may be interposed between the
gate electrode 52 and each of the source electrode 53 and the
drain electrode 54. The source electrode 53 and the drain
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electrode 54 may be connected with the respective source
area 512 and the drain area 513 through a contact hole formed
in at least one of the interlayer insulating layer 12 and the gate
insulating layer 11. A planarization layer 13 may be formed
on the source electrode 53 and the drain electrode 54. A pixel
electrode 26 may be formed on the planarizationlayer 13. The
pixel electrode 26 may be connected with the drain electrode
54 through a contact hole in the planarization layer 13.

A pixel definition layer 14 may be formed on the pixel
electrode 26 and the planarization layer 13. The pixel defini-
tion layer 14 may partially expose the pixel electrode 26 by
forming an opening 141 in each pixel. An organic emission
layer 27 may be formed on the exposed pixel electrode 26.
The common electrode 42 may be formed in the entire area of
the display unit 40 to cover the organic emission layer 27 and
the pixel definition layer 14. The organic light emitting ele-
ment 25 may include the pixel electrode 26, the organic
emission layer 27, and the common electrode 42.

According to an exemplary embodiment, the pixel elec-
trode 26 may be a hole injection electrode, and the common
electrode 42 may be an electron injection electrode. In this
embodiment, the organic emission layer 27 may include a
hole injection layer (HIL), a hole transport layer (HTL), an
emission layer, an electron transport layer (ETL). and an
electron injection layer (EIL) that are sequentially stacked on
the pixel electrode 26. Holes and electrons may be injected to
the organic emission layer 27 from the pixel electrode 26 and
the common electrode 42, and emission of light from the
organic emission layer 27 may occur when, e.g., excitons
being combinations of the injected holes and electrons drop
from an excited state to a ground state.

The pixel electrode 26 may be formed as a transflective
conductivelayer. The common electrode 42 may be formed as
a reflective conductive layer. Light emitted from the organic
emission layer 27 may be reflected by the common electrode
42 and then emitted to the outside through the substrate 10.
Such a light emission structure is called a rear light emission
type. The pixel electrode 26 may include, e.g., a triple-layered
film of ITO/silver (Ag)/ITO. The common electrode 42 may
include, e.g., at least one of silver (Ag), aluminum (Al), a
silver alloy, and an aluminum alloy.

A first common power line 411 and a second common
power line 412 may be formed on the same layer of one of the
gate electrode 52, the source electrode 53, and the drain
electrode 54. As shown in FIG. 6, the first common power line
411 may be formed on the same layer of the source and drain
electrodes 53 and 54. The common power line 411 may be
formed with the same material as the source and drain elec-
trodes 53 and 54. As shown in FIG. 7, the second common
power line 412 may be formed on the same layer of the gate
electrode 52. The second common power line 412 may be
formed with the same material as the gate electrode 52.

Referring to FIG. 6 and FIG. 7, end portions of the first
common power line 411 and the second common power line
412 may be extended to the wire and sealing area A20 outside
the display unit 40. In addition, at least one insulating layer,
e.g., among four insulating layers formed in the display umt
40, may be extended to the wire and sealing area A20. The end
portion of the first common power line 411 may be covered by
the planarization layer 13. The end portion of the second
common power line 412 may be covered by the interlayer
insulating layer 12 and the planarization layer 13.

The planarization layer 13 may include a second opening
131 that exposes the end portion of the first common power
line 411. A first pad conductive layer 15 may be formed onthe
planarization layer 13 and may be electrically connected with
the first common power line 411 through the second opening
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131. The first pad portion 43 disposed in the long side of the
substrate 10 may be defined as the first pad conductive layer
15.

The interlayer insulating layer 12 and planarization layer
13 may include a third opening 16 that exposes an end portion
of the second common power line 412. A second pad conduc-
tive layer 17 may be formed on the planarization layer 13 and
may be electrically connected with the second common
power line 412 through the third opening 16. The first pad
portion 43 may be disposed at the short side of the substrate
10 and may be defined as the second pad conductive layer17.

The first pad conductive layer 15 and second pad conduc-
tive layer 17 may be formed on the same layer of the pixel
electrode 26. The first and second conductive layers 15 and 17
may include the same material as the pixel electrode 26. Then,
an additional patterning process for forming the first and
second pad conductive layers 15 and 17 may be omitted,
thereby the manufacturing process can be simplified.

Referring to FIG. 8, the common electrode 42 may be
disposed at an inner side of the first adhering layer 31. The
second pad portion 44 may be disposed crossing around the
inner and outer sides of the first adhering layer 31 such that
the common electrode 42 and the conductive adhering layer
33 are conductively connected to each other.

The second pad portion 44 may include a third pad con-
ductive layer 46, a fourth pad conductive layer 47, and a fifth
pad conductive layer 48. The third pad conductive layer 46
may be disposed at the inner side of the first adhering layer 31,
and may contact, e.g., directly contact, the common electrode
42. The fourth pad conductive layer 47 may be connected to
the third pad conductive layer 46 through a fourth opening
132 of the planarization layer 13, and may be disposed cross-
ing along the inner and outer sides of the first adhering layer
31. The fifth pad conductive layer 48 may be disposed
between the conductive adhering layer 33 and the planariza-
tion layer 13, and may be connected with the fourth pad
conductive layer 47 through a fifth opening 133 in the pla-
narization layer 13.

The third pad conductive layer 46 and the fifth pad con-
ductive layer 48 may be formed on the same layer as the pixel
electrode 26. The third and fifth pad conductive layers 46 and
48 may be formed of the same material as the pixel electrode
26. The fourth pad conductive layer 47 may be formed on the
same layer of one of the gate electrode 52 and the source and
drain electrodes 53 and 54. The fourth pad conductive layer
47 may be formed of the same material as one of the gate
electrode 52 and the source and drain electrodes 53 and 54.
Thus, an additional patterning process for forming the second
pad portion 44 may be omitted; thereby the manufacturing
process can be simplified.

FIG. 8 exemplarily illustrates that the fourth pad conduc-
tive layer 47 is formed on the same layer of the source and
drain electrodes 53 and 54. The detailed structure of the
second pad 44 is not limited to the illustrated example. For
example, any structure in which the common electrode 42 of
the display area A10 and the conductive adhering layer 33 of
the wire and sealing area A20 are conductive to each other
may be applicable.

Without intending to be bound by this theory, the display
100 of the first exemplary embodiment can evenly apply the
corresponding electric signals to the common power line 41
and the common electrode 42, e.g., in four (up, down, right,
and left) directions of the display area A10, without forming
the pad areas A30 at four edges of the substrate 10 while
realizing a large-sized display unit 40. As a result, the entire
structure and the manufacturing process of the display 100 of
the first exemplary embodiment may be simplified and the
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luminance uniformity may be improved while realizing a
large-sized display unit 40 while reducing the number of
parts.

In the previously-stated display 100, the substrate 10 may
be made of, e.g., transparent glass or transparent plastic. The
substrate 10 made of a transparent plastic material may
include, e.g., at least one of polyether sulfone, polyacrylate,
polyether imide, polyethylene naphthalate, polyethylene
terephthalate, polyphenylene sulfide, polyarylate, polyimide,
polycarbonate, cellulose triacetate, and cellulose acetate pro-
pionate.

A plurality of processes for forming a plurality of pixels on
the substrate 10 may be performed. Heat may be applied to the
substrate 10 during the processes, such that the substrate 10
may expand by the heat. Without intending to be bound by
this theory, expansion of the substrate 10 may reduce dura-
bility of the display 100, e.g., an OLED display, and reduce
the density of the display unit 40. Therefore, a material having
a low thermal expansion coefficient may be selected for the
substrate 10. The substrate 10 may be made of glass or plastic
having a thermal expansion coefficient approximately
between 3x10-6/K to 4x10-6/K.

FIG. 9 illustrates a partial enlarged top plan view of an
encapsulation substrate of the display shown in FIG. 1.

Referring to FIG. 9, according to an exemplary embodi-
ment, the encapsulation substrate 20 may be made of'a carbon
composite material including a resin matrix 61 and a plurality
of carbon fibers 62. The encapsulation substrate 20 may have
a structure in which the plurality of carbon fibers 62 are
saturated in the resin matrix 61.

The carbon fiber 62 may have a lower thermal expansion
coefficient than the substrate 10. Particularly, the thermal
expansion coeflicient in the length direction of the carbon
fiber 62 may be a negative (-) value. The resin matrix 61 may
have a higher thermal expansion coefficient than the substrate
10. Thus, the thermal expansion coefficient of the encapsula-
tion substrate 20 may be controlled by controlling the amount
of carbon fibers 62 and the amount of the resin matrix 61. For
example, when manufacturing the encapsulation substrate 20
by compounding the carbon fibers 62 and the resin matrix 61,
the thermal expansion coefficient of the encapsulation sub-
strate 20 may be controlled to be equivalent or similar to that
of the substrate 10 by controlling the ratio of the resin matrix
61 and the carbon fibers 62.

Without intending to be bound by this theory, the carbon
fibers 62 may not absorb moisture so they increase the water-
proof ability of the encapsulation substrate 20. The encapsu-
lation substrate 20 including the carbon fibers 62 may have
excellent mechanical properties so that high mechanical
strength can be realized with a small thickness. Thus, the
entire thickness of the 100 can be reduced. The encapsulation
substrate 20 may function to suppress the thermal expansion
of the first inner layer 211 and the second inner layer 221.

The plurality of carbon fibers 62 in the encapsulation sub-
strate 20 may be arranged to cross each other. For example,
the plurality of carbon fibers 62 may be woven with wefts and
warps. Although FIG. 9 shows when the carbon fibers 62
perpendicularly cross each other, the embodiments are not
limited to the example shown in FIG. 9. For example, the
carbon fibers 26 may cross each other at predetermined
angles other than aright angle. According to the configuration
described above, the encapsulation substrate 20 may have a
low thermal expansion coefficient throughout the region and
the durability of the encapsulation substrate 20 may be
increased.
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FIG. 10 illustrates an exploded perspective view of an
encapsulation substrate of the display shown in FIG. 1 as an
exemplary variation of F1G. 9.

Referring to FIG. 10, an encapsulation substrate 230 may
be formed of a plurality of layers. For example, the encapsu-
lation substrate 230 may have a structure formed by stacking
a first layer 231, a second layer 232, a third layer 233, and a
fourth layer 234. Each of the layers 231, 232, 233, and 234
may include a plurality of carbon fibers 621, 622, 623, and
624, respectively, and a resin matrix 61.

The carbon fibers 621 and 624 of the first layer 231 and the
fourth layer 234, respectively, may be arranged along a first
direction. The carbon fibers 622 and 623 of the second and
third layers 232 and 233, respectively, may be arranged along
a second direction. The first direction and the second direc-
tion may or may not perpendicularly cross each other. F1G. 10
exemplarily illustrates that the first direction and the second
direction perpendicularly cross each other. Without intending
to be bound by this theory, when the plurality of carbon fibers
621, 622, 623, and 624 have the above-described arrange-
ment, torsion of the encapsulation substrate 230 may be sup-
pressed such that the planarity of the encapsulation substrate
230 may be increased.

In order to control the thermal expansion coefficient of the
encapsulation substrate 230, an angle formed by an arrange-
ment direction of the carbon fibers 621 and 624 in the firstand
fourth layers 231 and 234, respectively, and an arrangement
direction ofthe carbon fibers 622 and 623 of'in the second and
third layers 232 and 233, respectively, may be variously set.
The thermal expansion coefficient of each of the respective
layers 231, 232, 233, and 234 can be easily controlled by
controlling the amount of the resin matrix 61 and the amount
of the corresponding carbon fibers 621, 622, 623, and 624.

FIG. 11 illustrates a top plan view of a substrate of a
display, e.g., an organic light emitting diode (OLED) display,
according to the second exemplary embodiment.

Referring to FIG. 11, a display 200 of the second exem-
plary embodiment may be similar to the display of the first
exemplary embodiment except that at least a first conductive
adhering layer 331 corresponding to the first pad portion 43
and a second conductive adhering layer 332 corresponding to
the second pad portion 44 may be separately positioned. Like
reference numerals designate like elements to those of the
first exemplary embodiment.

The first conductive adhering layer 331 and the second
conductive adhering layer 332 may have conductivity in all
directions. Accordingly, the first conductive adhering layer
331 and the second conductive adhering layer 332 may have
a distance therebetween to prevent a short-circuit therebe-
tween. For example, the first and second conductive adhering
layers 331 and 332 may be spaced apart.

The first conductive adhering layer 331 may be positioned
between the first pad portion 43 and the first inner layer 211
(referring FIG. 3), such that the first pad portion 43 and the
first inner layer 211 may be electrically connected to each
other. The second conductive adhering layer 332 may be
positioned between the second pad portion 44 and the exten-
sion portion 224 (referring to FIG. 3) of the second inner layer
221 such that the second pad portion 44 and the second inner
layer 221 may be electrically connected to each other.

FIG. 12 illustrates a cross-sectional view of an encapsula-
tion substrate of a display, e.g., of an organic light emitting
diode (OLED) display, according to the third exemplary
embodiment.

Referring to FIG. 12, a display 300 of the third exemplary
embodiment is similar to the display of the first exemplary
embodiment or the second exemplary embodiment except for
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at least the first conductive portion 210 and the second con-
ductive portion 220 that have overlapping connection layers.
Like reference numerals designate like elements of the first
exemplary embodiment.

The first inner layer 211 and the second inner layer 221
may be formed on the inner surface of the encapsulation
substrate 20, and the first outer layer 213 and the second outer
layer 223 may be formed on the outer surface of the encap-
sulation substrate 20. A first connection layer 215 may be
formed on the side surface of the encapsulation substrate 20,
on overlapping portions of the first inner layer 211 and the
first outer layer 213. A second connection layer 225 may be
formed on the side surface of the encapsulation substrate 20
while overlapping portions of the second inner layer 221 and
the second outer layer 223.

In this case, the first connection layer 215 may be made of
a conducting material different from the first inner layer 211
and the first outer layer 213. The first connection layer 215
may be formed at or attached to the encapsulation substrate 20
through a different method from the first inner layer 211 and
the second outer layer 223. The second connection layer 225
may be made of a conducting material different from the
second inner layer 221 and the second outer layer 223. The
second connection layer 225 may be formed at or attached to
the encapsulation substrate 20 through a different method
from the second inner layer 221 and the second outer layer
223.

FIG. 13 illustrates a cross-sectional view of a display, e.g.,
an organic light emitting diode (OLED) display, according to
the fourth exemplary embodiment. FIG. 14 illustrates a par-
tial enlarged view of the display shown in FIG. 13.

Referring to FIG. 13 and FIG. 14, a display 400, e.g., an
organic light emitting diode (OLED) display, of the fourth
exemplary embodiment is similar to the display of one exem-
plary embodiment among the first exemplary embodiment to
the third exemplary embodiment, except for at least the sec-
ond pad portion that is omitted and the second inner layer 221
of the encapsulation substrate 20 that contacts the common
electrode 42. Like reference numerals designate like elements
to those of the first exemplary embodiment.

In the display area A10, the common electrode 42 may
form a protrusion and depression structure, e.g., a plurality of
protruding portions 65. The protruding portions 65 may be
close to the second inner layer 221 formed at the encapsula-
tion substrate 20. Accordingly, the common electrode 42 may
be directly connected to the second conductive portion 220.
Therefore, the common electrode 42 may receive the second
electric signal without passing through the conductive adher-
ing layer.

The protrusion and depression structure of the common
electrode 42 may be realized by, e.g., spacers 66. For
example, a plurality of spacers 66 may be formed on a pixel
definition layer 14, and the common electrode 42 may be
formed on the entire display area A10 while covering the
plurality of spacers 66. The common electrode 42 may be
sealed to the second inner layer 221 when sealing the sub-
strate 10 and the encapsulation substrate 20 by pressing.
Accordingly, the common electrode 42 may be electrically
connected with the second conductive portion 220.

In the display 400 of the fourth exemplary embodiment,
only a first pad portion may be disposed in a wire and sealing
area A20 for applying a first electric signal of a common
power line 41. In addition, the second inner layer 221 formed
in the encapsulation substrate 20 may not include the exten-
sion portion only extended toward the second pad portion
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without contacting the second connection layer among the
plurality of extension portions described in the first exem-
plary embodiment.

Exemplary embodiments have been disclosed herein, and
although specific terms are employed, they are used and are to
be interpreted in a generic and descriptive sense only and not
for purpose of limitation. Accordingly, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made without departing from the
spirit and scope of the present invention as set forth in the
following claims. It will also be understood that the invention
is not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. An organic light emitting diode display, comprising:

a substrate;

adisplay unit on the substrate, the display unit including a
common power line and a common electrode;

an encapsulation substrate attached to the substrate by an
adhering layer enclosing the display unit, the encapsu-
lation substrate including a resin matrix and a plurality
of carbon fibers;

a first conductive portion on a first inner surface region, a
first side surface region, and a first outer surface region
of the encapsulation substrate, the first conductive por-
tion being adapted to supply a first electrical signal to the
common power line; and

a second conductive portion on a second inner surface
region, a second side surface region, and a second outer
surface region of the encapsulation substrate, the second
conductive portion being adapted to supply a second
electrical signal to the common electrode.

2. The organic light emitting diode display of claim 1,
wherein the plurality of carbon fibers are intersected inside
the resin matrix.

3. The organic light emitting diode display of claim 1,
wherein

the encapsulation substrate includes a plurality of layers,
and each of the plurality of layers includes a resin matrix
and a plurality of carbon fibers, and

a first carbon fiber of a first plurality of carbon fibers
positioned in at least one layer of the plurality of layers
crosses a second carbon fiber of a second plurality of
carbon fibers positioned in at least another layer of the
plurality of layers.

4. The organic light emitting diode display of claim 1,
further comprising an insulating layer on an inner surface, a
side surface, and an outer surface of the encapsulation sub-
strate, the first conductive portion and the second conductive
portion being positioned on the insulating layer.

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

the second conductive portion includes a second inner
layer facing the display unit and contacting the adhering
layer, and

the first conductive portion includes a first inner layer posi-
tioned at the edge of the encapsulation substrate and
separated from the second inner layer.

6. The organic light emitting diode display of claim 5,
wherein the first inner layer and the second inner layer include
at least one of an aluminum layer, an aluminum alloy layer, a
copper layer, and a copper alloy layer.

7. The organic light emitting diode display of claim 5,
wherein:
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the first conductive portion includes a first outer layer con-
nected to the first inner layer, and

the first outer layer has at least one of a greater width or
greater thickness than the first inner layer.

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

wherein:

the second conductive portion includes a second outer
layer connected to the second inner layer, and

the second outer layer has at least one of a greater width or
greater thickness than the second inner layer.

9. The organic light emitting diode display of claim 4,
wherein the first conductive portion and the second conduc-
tive portion are made of a metal foil and are attached to the
insulating layer.

10. The organic light emitting diode display of claim 4,
wherein the first conductive portion and the second conduc-
tive portion include inner layers positioned at the inner sur-
face of the encapsulation substrate, outer layers positioned at
the outer surface of the encapsulation substrate, connection
layers positioned at the side surface of the encapsulation
substrate, and overlapping portions that overlap the inner
layers and the outer layers.

11. An organic light emitting diode display comprising:

a substrate;

a display unit on the substrate, the display unit including a
first common power line, a second common power line,
and a common electrode;

a first pad portion positioned outside the display unit, the
first pad portion being connected to the first common
power line and the second common power line;

an encapsulation substrate attached to the substrate by an
adhering layer enclosing the display unit, the encapsu-
lation substrate including a resin matrix and a plurality
of carbon fibers;

a first conductive portion on a first inner surface region, a
first side surface region, and a first outer surface region
of the encapsulation substrate, the first conductive por-
tion being connected to the first pad portion by the con-
ductive adhering layer and being adapted to supply a first
electrical signal to the first common power line and the
second common power line; and

a second conductive portion on a second inner surface
region, a second side surface region, and a second outer
surface region of the encapsulation substrate, the second
conductive portion being adapted to supply a second
electrical signal to the common electrode.

12. The organic light emitting diode display of claim 11,
further comprising a second pad portion positioned outside
the display unit and connected to the common electrode, the
first pad portion and the second pad portion being alternately
and repeatedly positioned according to one direction of the
substrate.

13. The organic light emitting diode display of claim 12,
wherein the adhering layer is conductive in a thickness direc-
tion and insulating in other directions except for the thickness
direction, and the adhering layer overlaps the first pad portion
and the second pad portion.

14. The organic light emitting diode display of claim 12,
wherein the adhering layer includes a first conductive adher-
ing layer positioned between the first pad portion and the first
conductive portion, and a second conductive adhering layer
separated from the first conductive adhering layer and posi-
tioned between the second pad portion and the second con-
ductive portion.

15. The organic light emitting diode display of claim 12,
wherein:
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the first conductive portion includes a first inner layer posi-
tioned at the first inner surface region of the encapsula-
tion substrate, a first connection layer positioned at the
first side surface region of the encapsulation substrate,
and a first outer layer positioned at the first outer surface
region of the encapsulation substrate, and

the second conductive portion includes a second inner

layer positioned at the second inner surface region of the
encapsulation substrate, a second connection layer posi-
tioned at the second side surface region of the encapsu-
lation substrate, and a second outer layer positioned at
the second outer surface region of the encapsulation
substrate.

16. The organic light emitting diode display of claim 15,
wherein the second inner layer has a larger area than the
display unit, and includes a plurality of extension portions
overlapping the second pad portion and the conductive adher-
ing layer.

17. The organic light emitting diode display of claim 16,
wherein the first inner layer is positioned between the exten-
sion portions and overlaps the first pad portion and the con-
ductive adhering layer.

18. The organic light emitting diode display of claim 15,
wherein:

the first outer layer is on at least three edges of the encap-

sulation substrate, and

the second outer layer is on the remaining edge of the

encapsulation substrate.
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19. The organic light emitting diode display of claim 11,
wherein:

the common electrode includes a plurality of protruding

portions, and

the second conductive portion is close to the plurality of

protruding portions.

20. The organic light emitting diode display of claim 19,
wherein the second conductive portion includes a second
inner layer positioned at the second inner surface region of the
encapsulation substrate and close to the protruding portion, a
second connection layer positioned at the second side surface
region of the encapsulation substrate, and a second outer layer
positioned at the second outer surface region of the encapsu-
lation substrate.

21. The organic light emitting diode display of claim 20,
wherein the second inner layer has a larger area than the
display unit, and includes at least one of an aluminum layer,
an aluminum alloy layer, a copper layer, and a copper alloy
layer.

22. The organic light emitting diode display of claim 19,
further comprising a plurality of spacers under the common
electrode, the plurality of protruding portions of the common
electrode correspond to the plurality of spacers.

23. The organic light emitting diode display of claim 11,
further comprising an insulating layer on an inner surface, a
side surface, and an outer surface of the encapsulation sub-
strate, the first conductive portion and the second conductive
portion being positioned on the insulating layer.
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