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(57)  An embodiment provides an organic light emit-
ting diode display device that includes a substrate; a dis-
play unitformed on the substrate and includinga common
power supply line and a common electrode; a sealing
substrate attached to the substrate by a bonding layer
which surrounds the display unit, the sealing substrate
including a resin base and a carbon fiber, and the sealing
substrate including a first through-hole and a second
through-hole; a first conductive unit formed on an inner
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surface and an outer surface of the sealing substrate
through the first through-hole, and the first conductive
unit supplying a first signal to the common power supply
line; and a second conductive unit formed on both the
inner surface and the outer surface of the sealing sub-
strate through the second through-hole, and the second
conductive unit supplying a second signal to the common
electrode.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The presentinvention relates generally to a dis-
play device, and more particularly, to an organic light
emitting diode display device.

Description of the Related Art

[0002] A display device includes a flat type and self
luminescent organic light emitting diode display device.
[0003] The organic light emitting diode display device
includes an organic light emitting diode emitting light of
itself to display an image. When a display unit including
a plurality of organic light emitting diodes is exposed to
moisture and oxygen, its function may deteriorate. There-
fore, a technology of sealing the display unit to prevent
the moisture and oxygen from permeating from the out-
side is required.

[0004] The above information disclosed in this Back-
ground section is only for enhancement of understanding
of the background of the present invention and therefore
it 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 OF THE INVENTION

[0005] One aspect of the present invention has been
made in an effort to provide a display device and an or-
ganic light emitting diode display device having an im-
proved sealing function of a display unit.

[0006] An embodiment of the present invention pro-
vides a display device thatincludes a substrate; a display
unit formed on the substrate; a sealing substrate fixed to
the substrate by a bonding layer surrounding the display
unit, the sealing substrate including a resin base and a
plurality of carbon fibers and the sealing substrate includ-
ing a through-hole; a metallic film positioned on one sur-
face of the sealing substrate facing the substrate; and a
conductive connector extending through the trough-hole
and contacting the metallic film.

[0007] The plurality of carbon fibers may cross each
other in the resin base. The sealing substrate may be
constituted by a plurality of layers, and each of the plu-
rality of layers may include the resin base and the carbon
fiber. The carbon fiber disposed on at least one layer of
the plurality of layers and the carbon fiber disposed on
the other layer of the plurality of layers may cross each
other.

[0008] The metallic film may include a plurality of me-
tallic films which are spaced apart from each other, the
connector may include a plurality of connectors cor-
resonding to the plurality of metallic films, respectively,
and each of the plurlatiy of metallic films may be applied
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with different signals through a connector corresonding
thereto among the plurality of connectors.

[0009] Aninsulating layer may be positioned on an in-
ner surface of the sealing substrate and a side wall of
the through-hole, and the plurlatiy of metallic films and
the plurality of connectors may be positioned on the in-
sulating layer.

[0010] Each of the plurality of layers may be surround-
ed by the insulating layer and wire layers may be posi-
tioned among the plurality of layers. A plurality of elec-
tronic elements may be mounted on an outer surface of
a layer which is positioned furthest from the display unit
among the plurality of layers. At least two elecronic ele-
ments of the plurality of electronic elements may be con-
nected to each other through the wire layers, and at least
one electronic element may be connected with the me-
tallic film through the connector.

[0011] Another embodiment of the present invention
provides an organic light emitting diode display device
that includes a substrate; a display unit formed on the
substrate and including a common power supply line and
a common electrode; a sealing substrate attached to the
substrate by a bonding layer which surrounds the display
unit, the sealing substrate including a resin base and a
carbon fiber and including a first through-hole and a sec-
ond through-hole; a first conductive unit formed on an
inner surface and an outer surface of the sealing sub-
strate through the first through-hole and supplying a first
signal to the common power supply line; and a second
conductive unit formed on both the inner surface and the
outer surface of the sealing substrate through the second
through-hole and supplying a second signal to the com-
mon electrode.

[0012] The organic light emitting diode display device
may further include an insulating layer formed on the in-
ner surface and the outer surface of the sealing substrate,
the side wall of the first through-hole, and the side wall
of the second through-hole. The first conductive unit and
the second conductive unit may be positioned on the in-
sulating layer.

[0013] The second conductive unit may include a sec-
ond internal layer which is in contact with the bonding
layer on the inner surface of the sealing substrate and
faces the display unit. The first conductive unit may in-
clude afirst internal layer which is spaced apart from the
second internal layer by a predetermined distance and
is positioned outside of the second internal layer. The
second internal layer may be formed by any one of an
aluminum film, an aluminum alloy film, a copper film, and
a copper alloy film.

[0014] The first conductive unit may further include a
first connector which is in contact with the first internal
layer while the first connector extends through the first
through-hole and a first external layer which is in contact
with the first connector and is positioned on the outer
surface of the sealing substrate. The first external layer
may be larger than the first internal layer in at least one
of width and thickness.
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[0015] The second conductive unit may further include
a second connector which is in contact with the second
internal layer while the second connector extends
through the second through-hole and a second external
layer which is in contact with the second connector and
is positioned on the outer surface of the sealing substrate.
The second externallayer may be thicker than the second
internal layer.

[0016] The common power supply line may include a
first common power supply line and a second common
power supply line which cross each other. The first con-
ductive unit may include a third conductive unit which is
connected with afirst odd number-th common power sup-
ply line and a second odd number-th common power sup-
ply line to supply a third signal, and a fourth conductive
unit which is connected with a first even number-th com-
mon power supply line and a second even number-th
common power supply line to supply a fourth signal of
the first common power supply line and the second com-
mon power supply line.

[0017] Yet another embodiment of the present inven-
tion provides an organic light emitting diode display de-
vice that includes a substrate; a display unit formed on
the substrate and including a common power supply line
and a common electrode; a pad section positioned out-
side of the display unit, and the pad section including a
first pad section which is connected with the common
power supply line and a second pad section which is
connected with the common electrode; a sealing sub-
strate attached to the substrate by a bonding layer which
surrounds the display unit, the sealing substrate including
aresinbase and a carbon fiber, and the sealing substrate
including a first through-hole and a second through-hole;
a first conductive unit formed on an inner surface and an
outer surface of the sealing substrate through the first
through-hole and supplying a first signal to the common
power supply line; a second conductive unit formed on
both the inner surface and the outer surface of the sealing
substrate through the second through-hole and supply-
ing a second signal to the common electrode; and a con-
ductive bonding layer positioned between the first pad
section and the first conducive unit and between the sec-
ond pad section and the second conductive unit to elec-
trically connect the first pad section to the first conductive
unit and to electrically connect the second pad section
to the second conductive unit.

[0018] The common power supply line may include a
first common power supply line and a second common
power supply line which cross each other. The first pad
section and the second pad section may be alternately
and repetitively disposed in one direction of the substrate.
[0019] The conductive bonding layer may show elec-
trical conductivity in a thickness direction, show electrical
insulativity in directions other than the thickness direc-
tion, and may be overlapped with the first pad section
and the second pad section.

[0020] The first conductive unit may include a first in-
ternal layer which is overlapped with the first pad section
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and is in contact with the conductive bonding layer, a first
external layer positioned on the outer surface of the seal-
ing substrate, and a first connector which extends
through the first through-hole and connects the first in-
ternal layer and the first external layer with each other.
The second conductive unit may include a second inter-
nal layer which is overlapped with the second pad section
and is in contact with the conductive bonding layer, a
second external layer positioned on the outer surface of
the sealing substrate, and a second connector which ex-
tends through the second through-hole and connects the
second internal layer and the second external layer with
each other.

[0021] The second internal layer may extend to the
center of the sealing substrate to face the display unit,
and the first internal layer may be spaced apart from the
second internal layer by a predetermined distance out-
side of the second internal layer.

[0022] The first external layer may be positioned at
leastthree edges ofthe sealing substrate, and the second
external layer may be positioned at the rest edges of the
sealing substrate.

[0023] The firstconductive unitmay include a third con-
ductive unit which is connected with a first odd number-
th common power supply line and a second odd number-
th common power supply line to supply a third signal to
the first common power supply line and the second com-
mon power supply line, and a fourth conductive unit which
is connected with a first even number-th common power
supply line and a second even number-th common power
supply line to supply a fourth signal to the first common
power supply line and the second common power supply
line.

[0024] The first pad section may include a third pad
section connected with the first odd number-th common
power supply line and the second odd number-th com-
mon power supply line, and a fourth pad section which
is connected with the first even number-th common pow-
er supply line and the second even number-th common
power supply line. The first through-hole may be divided
into a third through-hole for the third conductive unit and
a fourth through-hole for the fourth conductive unit.
[0025] The third conductive unit may include a third
internal layer which is overlapped with the third pad sec-
tion and is in contact with the conductive bonding layer,
a third external layer positioned on the outer surface of
the sealing substrate, and a third connector which con-
nects the third internal layer and the third external layer
with each other while extending through the third through-
hole. The fourth conductive unit may include a fourth in-
ternal layer which is overlapped with the fourth pad sec-
tion and is in contact with the conductive bonding layer,
a fourth external layer positioned on the outer surface of
the sealing substrate, and a fourth connector which con-
nects the fourthinternal layer and the fourth external layer
with each other while extending through the fourth
through-hole.

[0026] The second internal layer may extend to the



5 EP 3 537 494 A1 6

center of the sealing substrate to face the display unit
and the third internal layer, and the fourth internal layer
may be positioned outside of the second internal layer.
Any one of the third internal layer and the fourth internal
layer may be positioned at four edges of the sealing sub-
strate.

[0027] The third external layer may be positioned at
four edges of the sealing substrate, and the fourth exter-
nal layer may be positioned in parallel to the third external
layer outside or inside of the third external layer. The
second external layer may be positioned between the
third external layer and the fourth external layer.

[0028] The organic light emitting diode display device
may further include an insulating layer formed on the in-
ner surface and the outer surface of the sealing substrate,
the side wall of the first through-hole, and the side wall
of the second through-hole. The first conductive unit and
the second conductive unit may be positioned on the in-
sulating layer.

[0029] Still another embodiment of the present inven-
tion provides an organic light emitting diode display de-
vice that includes a substrate; a display unit formed on
the substrate and including a common power supply line
and a common electrode; a sealing substrate attached
to the substrate by a bonding layer which surrounds the
display unit, the sealing substrate including a resin base
and a carbon fiber, and the sealing substrate including a
first through-hole and a second through-hole; a first pad
section positioned outside of the display unit and con-
nected with the common power supply line; a first con-
ductive unit formed on an inner surface and an outer sur-
face of the sealing substrate through the first through-
hole and connected with the first pad section by a con-
ductive bonding layer to supply a first signal to the com-
mon power supply line; and a second conductive unit
formed on both the inner surface and the outer surface
of the sealing substrate through the second through-hole
and being in close contact with the common electrode to
supply a second signal to the common electrode.
[0030] The second conductive unit may include a sec-
ond internal layer which is in close contact with the com-
mon electrode, a second external layer positioned on the
outer surface of the sealing substrate, and a second con-
nector which extends through the second through-hole
and connects the second internal layer and the second
external layer with each other.

[0031] The common electrode may include a plurality
of protrusions and the second internal layer may be in
close contact with the protrusion. The organic light emit-
ting diode display device may further include a plurality
of spacers positioned below the common electrode, and
the protrusions may be provided to correspond to the
plurality of spacers.

[0032] The second internal layer may have a larger
area than the display unit and the second internal layer
may be formed by any one of an aluminum film, an alu-
minum alloy film, a copper film, and a copper alloy film.
[0033] The first conductive unit may include a first in-
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ternal layer which is overlapped with the first pad section
and is in contact with the conductive bonding layer, a first
external layer positioned on the outer surface of the seal-
ing substrate, and a first connector which extends
through the first through-hole and connects the first in-
ternal layer and the first external layer with each other.
[0034] The organic light emitting diode display device
may further include an insulating layer formed on the in-
ner surface and the outer surface of the sealing substrate,
the side wall of the first through-hole, and the side wall
of the second through-hole. The first conductive unit and
the second conductive unit may be positioned on the in-
sulating layer.

[0035] At least some of the above and other features
of the invention are set out in the claims.

[0036] According to the embodiments of the present
invention, an organic light emitting diode display device
may simplify the entire structure and manufacturing proc-
ess by improving a sealing function of a display unit, in-
creasing luminance uniformity of a screen while imple-
menting the display unithaving alarge area, and reducing
the number of components.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] A more complete appreciation of the invention,
and many of the attendant advantages thereof, will be
readily apparent as the same becomes better understood
by reference to the following detailed description when
considered in conjunction with the accompanying draw-
ings in which like reference symbols indicate the same
or similar components, wherein:

FIG. 1 is a schematic cross-sectional view of an or-
ganic light emitting diode display device constructed
with a first embodiment;

FIG. 2 is a plan view of a substrate in the organic
light emitting diode display device shown in FIG. 1;
FIG. 3 is a plan view illustrating an inner surface of
a sealing substrate in the organic light emitting diode
display device shown in FIG. 1;

FIG. 4 is a plan view illustrating an outer surface of
a sealing substrate in the organic light emitting diode
display device shown in FIG. 1;

FIG. 5 is a cross-sectional view taken along line V-
V' of FIG. 4;

FIGS. 6 to 8 are partial enlarged cross-sectional
views of an organic light emitting diode display de-
vice constructed with the first embodiment;

FIG. 9 is a schematic enlarged plan view of a part of
a sealing substrate in the organic light emitting diode
display device shown in FIG. 1;

FIG. 10 as a modified example of FIG. 9 is an ex-
ploded perspective view illustrating a sealing sub-
strate in the organic light emitting diode display de-
vice shown in FIG. 1;

FIG. 11 is a schematic cross-sectional view of an
organic light emitting diode display device construct-
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ed with a second embodiment;

FIG. 12is a partially enlarged diagram ofthe organic
light emitting diode display device shown in FIG. 11;
FIG. 13 is a plan view of a substrate in an organic
light emitting diode display device constructed with
a third embodiment;

FIG. 14 is a plan view illustrating an inner surface of
a sealing substrate in the organic light emitting diode
display device constructed with the third embodi-
ment;

FIG. 15 is a plan view illustrating an outer surface of
a sealing substrate in the organic light emitting diode
display device constructed with the third embodi-
ment; and

FIGS. 16A and 16B are cross-sectional views of a
sealing substrate in an organic light emitting diode
display device constructed with a fourth embodi-
ment.

DETAILED DESCRIPTION

[0038] The present invention will be described more
fully hereinafter with reference to the accompanying
drawings, in which embodiments of the invention are
shown. As those skilled in the art would realize, the de-
scribed embodiments may be modified in various differ-
ent ways, all without departing from the scope of the
present invention.

[0039] The drawings and description are to be regard-
ed as illustrative in nature and not restrictive. Like refer-
ence numerals designate like elements throughout the
specification. Sizes and thicknesses of components
shown in the drawings are arbitrarily represented for bet-
ter comprehension and ease of description and therefore,
the present invention is not limited to the shown exam-
ples.

[0040] 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 ele-
ment or intervening elements may also be present.
[0041] FIG. 1is a schematic cross-sectional view of an
organic light emitting diode display device constructed in
accordance with a first embodiment of the invention.
[0042] Referring to FIG. 1, the organic light emitting
diode display device 100 includes a substrate 11, a dis-
play unit 110 formed on the substrate 11, a sealing sub-
strate 14 fixed to the substrate 11 by bonding layers 12
and 13 surrounding the display unit 110. The substrate
11 includes a display area A10 within which the display
unit 110 is positioned and a nondisplay area positioned
outside of the display area A10. The nondisplay area may
be partitioned into a wire and sealing area A20 and a pad
area A30.

[0043] The display unit 110 includes a plurality of pix-
els, and an organic light emitting diode and a driving cir-
cuit unit are formed in each pixel. The organic light emit-
ting diode includes a pixel electrode and an organic emis-
sion layer, and a common electrode 15. The common

10

15

20

25

30

35

40

45

50

55

electrode 15 is a 'conductor’ within the context of the
invention. The driving circuit unit is constituted by at least
two thin film transistors including a switching thin film
transistor and a driving thin film transistor and at least
one capacitor.

[0044] Further, a gate line and a data line, and a com-
mon power supply line 16 are positioned in each pixel.
The gate line transfers a scan signal and the data line
transfers a data signal. The common power supply line
16 is a 'conductor’ within the context of the invention and
applies common voltage to the driving thin film transistor.
The common power supply line 16 may be formed in
parallel to the data line or may be constituted by a first
common power supply line parallel to the data line and
a second common power supply line parallel to the gate
line.

[0045] A detailed structure of the display unit 110 will
be described later; in FIG. 1, the display unit 110 with the
common power supply line 16 and the common electrode
15 is schematically shown.

[0046] The bonding layers 12 and 13 include a first
bonding layer 12 surrounding the display unit 110 and a
second bonding layer 13 positioned outside of the first
bonding layer 12. The second bonding layer 13 sur-
rounds the first bonding layer 12. In addition, an electri-
cally conductive bonding layer 17 is positioned between
the first bonding layer 12 and the second bonding layer
13.

[0047] The firstbonding layer 12 and the second bond-
ing layer 13 do not include an electrically conductive ma-
terial and may be made of an inorganic material such as
glass frit or resins. A thermosetting resin, i.e., an epoxy
resin, a polyurethane resin, a phenol resin, a melamine
resin, and an unsaturated polyester resin may be used
to form the first bonding layer 12 and the second bonding
layer 13. The materials of the first bonding layer 12 and
the second bonding layers are not limited to the above-
mentioned examples, but all materials having a sealing
function and a bonding function may be adopted. A hy-
groscopic filler (not shown) may be positioned between
the substrate 11 and the sealing substrate 14 inside of
the first bonding layer 12.

[0048] Inthe organiclight emitting diode display device
100 of the first embodiment, the common power supply
line 16 and the common electrode 15 are not connected
with a flexible printed circuit (not shown) attached to the
pad area A30. Instead, the common power supply line
16 is electrically connected to a first conductive unit 20
formed on the sealing substrate 14 and is applied with a
first signal from the first conductive unit 20; the common
electrode 15 is electrically connected to a second con-
ductive unit 30 formed on the sealing substrate 14 and
is applied with a second signal from the second conduc-
tive unit 30.

[0049] Therefore,inthe organiclightemitting diode dis-
play device 100 the corresponding signal may be uni-
formly applied to the common power supply line 16 and
the common electrode 15 without forming the pad area
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A30 at all of upper and lower and left and right edges of
the substrate 11 while the display unit 110 having the
large area is implemented. As a result, it is possible to
simplify the entire structure and manufacturing process
of the organic light emitting diode display device 100
while luminance nonuniformity resulting from the manu-
facturing of the display unit 110 having the large area
may be prevented.

[0050] FIG.2isaplanview of a substrate in the organic
light emitting diode display device shown in FIG. 1.
[0051] Referring to FIGS. 1 and 2, the substrate 11 is
formed in a rectangular shape having a pair of long sides
and a pair of short sides and the wire and sealing area
A20 is positioned outside of four edges of the display
area A10. The sealing area A20 surrounds the display
area A10. The first bonding layer 12, the conductive
bonding layer 17, and the second bonding layer 13 are
positioned in the wire and sealing area A20. In addition,
the pad area A30 is positioned at any one edge of the
substrate 11 outside of the wire and sealing area A20.
[0052] In FIG. 2, the pad area A30 is positioned on a
lower long side of the substrate 11, but the position of
the pad area A30 is not limited to the shown example.
[0053] Afirst pad section 18 electrically connected with
the common power supply line 16 of the display unit 110
and a second pad section 19 electrically connected with
the common electrode 15 of the display unit 110 are po-
sitioned in the wire and sealing area A20. The first pad
section 18 and the second pad section 19 are formed in
all of four wire and sealing areas A20, and the first pad
section 18 and the second pad section 19 are alternately
and repetitively disposed in a horizontal direction (x-axis
direction of the figure) and in a vertical direction (y-axis
direction of the figure) of the substrate 11.

[0054] InFIG.2,thesecond padsection 19isdisplayed
with a dot pattern in order to discriminate the first pad
section 18 and the second pad section 19 from each oth-
er. Afirst pad section 18 positioned on the long side L11
of the substrate 11 among the plurality of first pad sec-
tions 18 is electrically connected with a first common pow-
er supply line, and a first pad section 18 positioned on
the short side S11 of the substrate 11 is electrically con-
nected with a second common power supply line. The
first pad section 18 and the second pad section 19 shown
in FIG. 2 are schematized and the positions and the
number thereof are not limited to the shown example.
[0055] The first pad section 18 and the second pad
section 19 are formed at positions corresponding to the
conductive bonding layer 17. At this time, the conductive
bonding layer 17 shows electrical conductivity only in a
thickness direction (z-axis direction of the figure) and
does not show electrical conductivity in other directions.
Therefore, even though one conductive bonding layer 17
is in contact with both the first pad section 18 and the
second pad section 19, the first pad section 18 and the
second pad section 19 are not short-circuited from each
other.

[0056] As such when the conductive bonding layer 17
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formed by a single member is provided, a bonding proc-
ess ofthe substrate 11 and the sealing substrate 14 using
the first and second bonding layers 12 and 13 and the
conductive bonding layer 17 may be simplified. There-
fore, the manufacture of the organic light emitting diode
display device 100 may be simplified.

[0057] In another embodiment, a conductive bonding
layer having electrical conductivity in all directions may
be used. In this case, the conductive bonding layer 17
may be divided into a first conductive bonding layer (not
shown) positioned to correspond to the first pad section
18 and a second conductive bonding layer (not shown)
corresponding to the second pad section 19. At this time,
the first conductive bonding layer and the second con-
ductive bonding layer are spaced apart from each other
by a predetermined distance so as to be prevented from
being short-circuited from each other.

[0058] FIGS. 3 and 4 are plan views respectively illus-
trating an inner surface 114 and an outer surface 014 of
the sealing substrate 14 in the organic light emitting diode
display device shown in FIG. 1 and FIG. 5 is a cross-
sectional view taken along line V-V’ of FIG. 4.

[0059] Referring to FIGS. 1 to 5, the sealing substrate
14 has a size to cover the display area A10 and four wire
and sealing areas A20 of the substrate 11. Therefore,
the pad area A30 of the substrate 11 is not overlapped
with the sealing substrate 14 and is exposed to the out-
side of the sealing substrate 14.

[0060] In the sealing substrate 14, a first through-hole
25 for applying a signal of the common power supply line
16 and a second through-hole 26 for applying a signal of
the common electrode 15 are formed. In addition, the
first conductive unit 20 is formed throughout the inner
surface of the sealing substrate 14 and the outer surfaces
of the first through-hole 25 and the sealing substrate 14,
and the second conductive unit 30 is formed throughout
the inner surface 14 of the sealing substrate 14 and the
outer surfaces of the second through-hole 26 and the
sealing substrate 14. The first through-hole 25 and the
second through-hole 26 are formed at positions facing
the wire and sealing area A20.

[0061] The first conductive unit 20 includes a first in-
ternal layer 21 formed on the inner surface of the sealing
substrate 14, a first connector 22 which is in contact with
the first internal layer 21 and extends through the first
through-hole 25, and a first external layer 23 which is in
contact with the first connector 22 and is formed on the
outer surface of the sealing substrate 14. The first exter-
nal layer 23 serves as a pad section which is applied with
the first signal of the common power supply line 16.
[0062] The second conductive unit 30 includes a con-
ductor in the form of a second internal layer 31 formed
on the inner surface of the sealing substrate 14, a second
connector 32 which is in contact with the second internal
layer 31 and extends through the second through-hole
26, and a second external layer 33 which is in contact
with the second connector 32 and is formed on the outer
surface of the sealing substrate 14. The second external



11 EP 3 537 494 A1 12

layer 33 serves as a pad section which is applied with
the second signal of the common electrode 15.

[0063] The entirety of the first conductive unit 20 and
the entirety of the second conductive unit 30 may be
made of an electrically conductive material, and the first
conductive unit 20 and the second conductive unit 30 are
disposed spaced apart from each other to be prevented
from being short-circuited from each other. That is, the
firstinternal layer 21 and the second internal layer 31 are
spaced apart from each other on the inner surface of the
sealing substrate 14 by a distance d1 (see FIGS. 3 and
5) and the first external layer 23 and the second external
layer 33 are spaced apart from each other on the outer
surface of the sealing substrate 14 by a distance d2 (see
FIG. 4).

[0064] The firstinternal layer 21 is overlapped with the
first pad section 18 of the substrate 11 and is in contact
with the conductive bonding layer 17. The second internal
layer 31 is overlapped with the second pad section 19 of
the substrate 11 and is in contact with the conductive
bonding layer 17. At this time, the second internal layer
31 extends to the center of the sealing substrate 14 to
face the display unit 110, and the second internal layer
31 is overlapped with the first bonding layer 12. The sec-
ond internal layer 31 may be formed by a single member,
and the first internal layer 21 may be divided into plural
numbers. The first internal layer 21 is positioned outside
of the second internal layer 31 to be spaced apart from
the second internal layer 31.

[0065] The second internal layer 31 is formed by a me-
tallic film having low resistance and excellent moisture
and oxygen interception effects. For example, the second
internal layer 31 may be formed by an aluminum film an
aluminum alloy film, a copper film, or a copper alloy film.
Further, the second internal layer 31 may be formed by
metallic foil including aluminum or copper.

[0066] The second internal layer 31 is in close contact
with the first bonding layer 12 to protect the display unit
110 and prevents moisture and oxygen from permeating
from the outside. The second internal layer 31 is in direct
physical contact with the first bonding layer 12. There-
fore, in the organic light emitting diode display device 100
of the first embodiment, the second internal layer 31
serves as a metal encapsulation which seals the display
unit 110.

[0067] The first external layer 23 may be formed at
three or more edges of the sealing substrate 14 and the
second external layer 33 may be formed at the restedges
ofthe sealing substrate 14.In FIG. 4, the second external
layer 33 is positioned at a part of any one long-side edge
of the sealing substrate 14 and the first external layer 23
is positioned at the entirety of the rest edge of the sealing
substrate 14. However, shapes of the first external layer
23 and the second external layer 33 are not limited to the
shown example and may be variously modified.

[0068] An external connection terminal (not shown) is
attached to the first external layer 23 and the second
external layer 33. As a result, the first external layer 23
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is applied with the first signal of the common power supply
line 16 from the external connection terminal, and the
first external layer 23 transfers the corresponding first
signal to the first internal layer 21; the second external
layer 33 is applied with the second signal of the common
electrode 15 from the external connection terminal, and
the second external layer 33 transfers the corresponding
second signal to the second internal layer 31.

[0069] The first external layer 23 is larger than the first
internal layer 21 in at least one of width and thickness,
and the second external layer 33 is formed thicker than
the second internal layer 31. In all cases, the first internal
layer 21 and the second internal layer 31 have the same
thickness as each other, and the first external layer 23
and the second external layer 33 have the same thick-
ness as each other to prevent a step from being gener-
ated in a bonding process of the substrate 11 and the
sealing substrate 14. The above-mentioned structure
may be usefully applied to the organic light emitting diode
display device having a large current and a large area.
[0070] Inthe organiclight emitting diode display device
100, since the substrate 11 is subjected to dozens of
heat-treatment processes for forming a driving circuit unit
and an organic light emitting diode thereon, glass or pol-
ymer resin having a low thermal expansion coefficient is
used. The sealing substrate 14 is manufactured by aresin
base and a carbon composite material including a plu-
rality of carbon fibers. The sealing substrate 14 may have
substantially the same thermal expansion coefficient as
the thermal expansion coefficient of the substrate 11 by
adjusting the amount of a carbon fiber and the amount
of the resin base.

[0071] Therefore, when the substrate 11 and the seal-
ing substrate 14 are bonded to each other by curing the
first and second bonding layers 12 and 13 and the con-
ductive bonding layer 17 at high temperature, the sealing
substrate 14 is not bent because the substrate 11 has
the same thermal expansion coefficient as the sealing
substrate 14; after the substrate 11 and the sealing sub-
strate 14 are bonded to each other, a bending problem
does not occur in an environmental reliability test.
[0072] Meanwhile, the sealing substrate 14 manufac-
tured by carbon composites has electrical conductivity.
When the first conductive unit 20 and the second con-
ductive unit 30 are directly formed on the surface of the
sealing substrate 14, the first conductive unit 20 and the
second conductive unit 30 are short-circuited from each
other through the sealing substrate 14. Therefore, as
shown in FIG. 5, an electrically insulating layer 41 is
formed on the inner surface and the outer surface of the
sealing substrate 14, the side wall of the first through-
hole 25, and the side wall of the second through-hole 26
are formed to prevent the first conductive unit 20 and the
second conductive unit 30 from being short-circuited from
each other.

[0073] A detailed structure and constituent materials
of the sealing substrate 14 will be described later. FIGS.
6 to 8 are partially enlarged cross-sectional views of an



13 EP 3 537 494 A1 14

organic light emitting diode display device constructed
with the first embodiment.

[0074] In FIG. 6, the first common power supply line
and the first pad section are shown in detail; in FIG. 7,
the second common power supply line and the first pad
section are shown in detail. The first common power sup-
ply line crosses the second common power supply line.
The first common power supply line and the second com-
mon power supply line may be respectively disposed in
different layers. In addition, in FIG. 8, the common elec-
trode and the second pad section are shown in detail.
[0075] Referring to FIGS. 6 to 8, the organic light emit-
ting diode 60 and the driving circuit unit are formed in
each pixel of the display unit as described above. The
driving circuit unit is constituted by at least two thin film
transistors and at least one capacitor. In FIGS. 6 to 8, it
is schematically shown that one thin film transistor 50
and the one organic light emitting diode 60 are positioned
in the display unit.

[0076] The thin film transistor 50 includes a semicon-
ductor layer 51, a gate electrode 52, a source electrode
53, and a drain electrode 54. The semiconductor layer
51 is formed by a polycrystalline silicon film and includes
achanneldomain 511, a source domain 512, and a drain
domain 513. The channel domain 511 is an intrinsic sem-
iconductor undoped with impurities, and the source do-
main 512 and the drain domain 513 are impurity semi-
conductors doped with the impurities.

[0077] Thegate electrode 52 is positioned on the chan-
nel domain 511 of the semiconductor layer 51 with a gate
insulating layer 43 interposed therebetween. The source
electrode 53 and the drain electrode 54 are positioned
onthe gate electrode 52 with an interlayer insulating layer
44 interposed therebetween and connected to the source
domain 512 and the drain domain 513 through a contact
hole formed on the interlayer insulating layer 44, respec-
tively. A planarization layer 45 is formed on the source
electrode 53 and the drain electrode 54 and a pixel elec-
trode 61 is positioned on the planarization layer 45. The
pixel electrode 61 is connected with the drain electrode
54 through a contact hole of the planarization layer 45.
[0078] A pixel defined layer 46 is positioned above the
pixel electrode 61 and the planarization layer 45. The
pixeldefined layer 46 exposes a part of the pixel electrode
61 by forming afirstopening 461 in each pixel. An organic
emissionlayer62isformed above the exposed pixel elec-
trode 61 and the common electrode 15 is formed in the
entirety of the display area A10 to cover the organic emis-
sion layer 62 and the pixel defined layer 46. The pixel
electrode 61, the organic emission layer 62, and the com-
mon electrode 15 constitute the organic light emitting di-
ode 60.

[0079] The pixel electrode 61 may be a hole injection
electrode and the common electrode 15 may be an elec-
troninjection electrode. Inthis case, the organic emission
layer 62 includes a hole injection layer, a hole transport-
ing layer, a light emitting layer, an electron transporting
layer, and an electron injection layer that are sequentially
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laminated from the pixel electrode 61. Holes and elec-
trons are injected into the organic emission layer 62 from
the pixel electrode 61 and the common electrode 15 and
when excitons formed by combining the injected holes
and electrons with each other fall from an excited state
to a ground state, light is emitted.

[0080] The pixel electrode 61 is formed by a transmis-
sive conductive layer, and the common electrode 15 is
formed by a reflective conductive layer. Light emitted
from the organic emission layer 62 is reflected by the
common electrode 15 and discharged to the outside
through the substrate 11. Such an emission structure is
called a bottom emission type. The pixel electrode 61
may be formed by triple layers of ITO, silver (Ag), and
ITO and the common electrode 15 may include any one
of silver (Ag), aluminum (Al), a silver alloy, and an alu-
minum alloy.

[0081] A first common power supply line 161 and a
second common power supply line 162 may be formed
on the same layer as any one electrode of the gate elec-
trode 52, and the source and drain electrodes 53 and 54.
In FIG. 6, the first common power supply line 161 may
be formed on the same layer as and made of the same
material as the source and drain electrodes 53 and 54;
in FIG. 7, the second common power supply line 162 may
be formed on the same layer as and made of the same
material as the gate electrode 52.

[0082] Referring to FIGS. 6 and 7, the ends of the first
common power supply line 161 and the second common
power supply line 162 extend to the wire and sealing area
A20. In addition, at least one insulating layer among four
insulating layers formed in the display unit extends to the
wire and sealing area A20. The end of the first common
power supply line 161 is covered with the planarization
layer 45 and the end of the second common power supply
line 162 is covered with the interlayer insulating layer 44
and the planarization layer 45.

[0083] The planarization layer 45 exposes the end of
the first common power supply line 161 by forming a sec-
ond opening 451 and a first pad conductive layer 47 is
formed on the planarization layer 45 to be electrically
connected with the first common power supply line 161
through the second opening 451. The first pad section
18 positioned on the long side of the substrate 11 may
be defined by the first pad conductive layer 47.

[0084] The interlayer insulating layer 44 and the
planarization layer 45 expose the end of the second com-
mon power supply line 162 by forming a third opening 48
and a second pad conductive layer 49 is formed on the
planarization layer 45 to be electrically connected with
the second common power supply line 162 through the
third opening 48. The first pad section 18 positioned on
the short side of the substrate 11 may be defined by the
second pad conductive layer 49.

[0085] The first pad conductive layer 47 of FIG. 6 and
the second pad conductive layer 49 of FIG. 7 may be
formed on the same layer as and made of the same ma-
terial as the pixel electrode 61. Therefore, since an ad-
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ditional patterning process for forming the first and sec-
ond pad conductive layers 47 and 49 may be omitted, it
is possible to simplify a manufacturing process.

[0086] Referring to FIG. 8, the common electrode 15
is positioned inside of the first bonding layer 12 and the
second pad section 19 is formed both inside and outside
of the first bonding layer 12 to conduct the common elec-
trode 15 and the conductive bonding layer 17.

[0087] The second pad section 19 includes a third pad
conductive layer 70, a fourth pad conductive layer 71,
and a fifth pad conductive layer 72. The third pad con-
ductive layer 70 is positioned inside of the first bonding
layer 12 and is in contact with the common electrode 15.
The fourth pad conductive layer 71 is connected to the
third pad conductive layer 70 through a fourth opening
452 of the planarization layer 45 and positioned both in-
side and outside of the first bonding layer 12. The fifth
pad conductive layer 72 is positioned between the con-
ductive bonding layer 17 and the planarization layer 45,
and the fifth pad conductive layer 72 is connected with
the fourth pad conductive layer 71 through a fifth opening
453 of the planarization layer 45.

[0088] The third pad conductive layer 70 and the fifth
pad conductive layer 72 are formed on the same layer
as and made of the same material as the pixel electrode
61. In addition, the fourth pad conductive layer 71 is
formed on the same layer as and made of the same ma-
terial as any one electrode of the gate electrode 52 and
the source and drain electrodes 53 and 54. Therefore,
since an additional patterning process for forming the
second pad section 19 may be omitted, it is possible to
simplify the manufacturing process.

[0089] In FIG. 8, the fourth pad conductive layer 71 is
formed on the same layer as the source and drain elec-
trodes 53 and 54 as an example. However, a detailed
structure of the second pad section 19 is not limited to
the shown example and all configurations capable of con-
ducting the common electrode 15 of the display unit and
the conductive bonding layer 17 of the wire and sealing
area are applicable.

[0090] Inthe organiclightemitting diode display device
100, the substrate 11 may be manufactured by transpar-
ent glass or transparent plastic having a low thermal ex-
pansion coefficient. The substrate 11 made of the trans-
parent plastic may include any one of polyethersulfone,
polyacrylate, polyetherimide, polyethylene, naphthalate,
polyethylene terephtharate, polyphenylen sulfide, pol-
yarylate, polyimide, polycarbonate, cellulose tri acetate,
and cellulose acetate propionate.

[0091] A plurality of processes for forming a plurality
of pixels on the substrate 11 are performed and since
heat is applied during the processes, the substrate 11 is
expanded by heat. Since the expansion of the substrate
11 reduces the durability of the organic light emitting di-
ode display device 100 and the accuracy of the display
area A10, a material having a low thermal expansion co-
efficient is selected at the time of selecting the material
of the substrate 11. The substrate 11 made of the glass
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or plastic have thermal expansion coefficients in the
range of approximately 3x10-6/K to 4x10-6/K.

[0092] FIG. 9 is a schematic enlarged plan view of a
part of a sealing substrate in the organic light emitting
diode display device shown in FIG. 1.

[0093] Referring to FIG. 9, the sealing substrate 14 is
manufactured by a carbon composite material including
a resin base 73 and a plurality of carbon fibers 74. The
sealing substrate 14 may be formed by impregnating the
plurality of carbon fiber 74 in the resin base 73.

[0094] The carbon fiber 74 has a lower thermal expan-
sion coefficient than the substrate 11. In particular, the
longitudinal thermal expansion coefficient of the carbon
fiber 74 has a minus value. In contrast, the resin base 73
has a higher thermal expansion coefficient than the sub-
strate 11. Therefore, it is possible to the thermal expan-
sion coefficient of the sealing substrate 14 by adjusting
the quantity of the carbon fiber 74 and the quantity of the
resin base 73.

[0095] That is, when the sealing substrate 14 is man-
ufactured by mixing the carbon fiber 74 and the resin
base 73 with each other, the thermal expansion coeffi-
cient ofthe sealing substrate 14 and the thermal expan-
sion coefficient of the substrate 11 may be controlled to
be the same as or similar to each other by adjusting a
ratio between the resin base 73 and the carbon fiber 74.
[0096] Since the carbon fiber 74 does notabsorb mois-
ture, the carbon fiber 74 improves the moisture perme-
ation preventing performance of the sealing substrate
14. Further, since the sealing substrate 14 including the
carbon fiber 74 has an excellent mechanical property,
large mechanical rigidity may be implemented with small
thickness. Therefore, it is possible to reduce the entire
thickness of the organic light emitting diode display de-
vice 100. Further, the sealing substrate 14 serves to sup-
press the thermal expansion of the first internal layer 21
and the second internal layer 31.

[0097] The plurality of carbon fibers 74 cross each oth-
er, and for example, the carbon fibers 74 may have a
pattern weaved by being tied with a longitudinal line and
a latitudinal line. In FIG. 9, the carbon fibers 74 are per-
pendicular to each other, but the present invention is not
limited thereto and the carbon fibers 74 may cross each
other at angles other than the right angle. By the above-
mentioned configuration, the sealing substrate 14 having
a uniform and low thermal expansion coefficient may be
formed in the entire area and the durability of the sealing
substrate 14 may be improved.

[0098] FIG. 10 as a modified example of FIG. 9 is an
exploded perspective viewillustrating a sealing substrate
140 in the organic light emitting diode display device
shown in FIG. 1.

[0099] Referring to FIG. 10, the sealing substrate 140
may be constituted by a plurality of layers. For example,
the sealing substrate 140 may be configured in a lami-
nation structure of a first layer 141, a second layer 142,
a third layer 143, and a fourth layer 144. The layers 141,
142, 143, and 144 include the resin base 73 and the
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plurality of carbon fibers 741, 742, 743, and 744.
[0100] The carbon fibers 741 and 744 of the first layer
141 and the fourth layer 144 are arranged in a first direc-
tion and the carbon fibers 742 and 743 of the second
layer 142 and the third layer 143 are arranged in a second
direction. The first direction and the second direction are
perpendicular to each other but they need not be. In FIG.
10, the first direction and the second direction are per-
pendicular to each other as an example. When the plu-
rality of carbon fibers 741, 742, 743, and 744 are ar-
ranged as above, it is possible to improve the flatness of
the sealing substrate 140 by preventing the sealing sub-
strate 140 from being twisted.

[0101] In order to adjust the thermal expansion coeffi-
cient of the sealing substrate 140, an angle between the
arrangement direction of the carbon fibers 741 and 744
provided on the first layer 141 and the fourth layer 144
and the arrangement direction of the carbon fibers 742
and 743 provided on the second layer 142 and the third
layer 143 may be variously set. Of course, it is possible
to easily adjust the thermal expansion coefficient of each
of the layers 141, 142, 143, and 144 by adjusting the
quantities of the resin base 74 and the carbon fibers 741,
742,743, and 744 included in the layers 141, 142, 143,
and 144.

[0102] FIG. 11 is a schematic cross-sectional view of
an organiclight emitting diode display device constructed
in accordance with a second embodiment and FIG. 12
is a partially enlarged diagram of the organic light emitting
diode display device shown in FIG. 11.

[0103] Referring to FIGS. 11 and 12, the organic light
emitting diode display device 200 of the second embod-
iment has a similar configuration to the organic light emit-
ting diode display device of the first embodiment except
for a configuration in which the second pad section is
omitted and the second internal layer 31 formed on the
sealing substrate 14 is in contact with the common elec-
trode 150. The same members as the first embodiment
refer to the same reference numerals.

[0104] In the display unit 110, the common electrode
150 has an uneven structure, that is, a plurality of pro-
trusions 151 and the protrusions 151 are in close contact
with the second internal layer 31 formed on the sealing
substrate 14. Therefore, the common electrode 150 is
directly connected with the second conductive unit 30
without passing through the conductive bonding layer to
be applied with the second signal therefrom.

[0105] The uneven structure of the common electrode
150 is implemented by a plurality of spacers 75 formed
on the pixel defined layer 46 and the common electrode
150 is formed in the entirety of the display area A10 while
covering the plurality of spacers 75. The common elec-
trode 150 is in close contact with the second internal layer
31 to be electrically connected with the second conduc-
tive unit 30 when the substrate 11 and the sealing sub-
strate 14 are bonded to each other under a pressing con-
dition.

[0106] FIG. 13isaplanview ofasubstrateinanorganic
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light emitting diode display device constructed in accord-
ance with a third embodiment of the invention and FIGS.
14 and 15 are plan views illustrating an inner surface and
an outer surface of a sealing substrate in the organic light
emitting diode display device, respectively.

[0107] Referringto FIG. 13, inthe organic light emitting
diode display device 300 of the third embodiment, the
first common power supply line is divided into a first odd
number-th common power supply line and a first even
number-th common power supply line, and the second
common power supply line is divided into a second odd
number-th common power supply line and a second even
number-th common power supply line. The first odd
number-th common power supply line and the second
odd number-th common power supply line are applied
with a third signal and the first even number-th common
power supply line and the second even number-th com-
mon power supply line are applied with a fourth signal.
Such a structure is in use for driving interlace scanning.
[0108] Thefirstpad sectionforthe common powersup-
ply line formed on the substrate 11 includes a third pad
section 76 for the first odd number-th common power
supply line and the second odd number-th common pow-
er supply line and a fourth pad section 77 for the first
even number-th common power supply line and the sec-
ond even number-th common power supply line. The
third pad section 76 and the fourth pad section 77 are
alternately and repetitively disposed in a horizontal di-
rection and a vertical direction of the substrate 11. In
addition, the second pad section 19 for the common elec-
trode is positioned between the third pad section 76 and
the fourth pad section 77 in four wire and sealing areas
A20.

[0109] InFIG. 13, the second pad section 19 is shown
in a circular shape in order to discriminate the second
pad section 19 from the third pad section 76 and the
fourth pad section 77 and the fourth pad section 77 is
shown as a dot pattern. The second pad section 19 and
the third pad section 76 and the fourth pad section 77
shown in FIG. 13 are schematized and the positions and
the number thereof are not limited to the shown example.
[0110] Referring to FIGS. 14 and 15, the first conduc-
tive unit includes a third conductive unit 80 for the first
odd number-th common power supply line and the sec-
ond odd number-th common power supply line and a
fourth conductive unit 90 for the firsteven number-th com-
mon power supply line and the second even number-th
common power supply line. The sealing substrate 14 in-
cludes a third through-hole for the third conductive unit
80 and a fourth through-hole for the fourth conductive
unit 90.

[0111] The third conductive unit 80 includes a third in-
ternal layer 81 formed on the inner surface of the sealing
substrate 14, a third connector 82 which is in contact with
the third internal layer 81 and extends through the third
through-hole, and a third external layer 83 which is in
contact with the third connector 82 and is formed on the
outer surface of the sealing substrate 14. The fourth con-



19 EP 3 537 494 A1 20

ductive unit 90 includes a fourth internal layer 91 formed
on the inner surface of the sealing substrate 14, a fourth
connector 92 which is in contact with the fourth internal
layer 91 and extends through the fourth through-hole,
and a fourth external layer 93 which is in contact with the
fourth connector 92 and is formed on the outer surface
of the sealing substrate 14.

[0112] The second internal layer 31, the third internal
layer 81, and the fourth internal layer 91 are spaced apart
from each other by a predetermined distance on the inner
surface of the sealing substrate 14. The second external
layer 33, the third external layer 83, and the fourth exter-
nal layer 93 are spaced apart from each other by a pre-
determined distance on the outer surface of the sealing
substrate 14.

[0113] The second internal layer 31 is overlapped with
the second pad section 19 of the substrate 11 and is in
contact with the conductive bonding layer 17. The third
internal layer 81 is overlapped with the third pad section
76 ofthe substrate 11 andis in contactwith the conductive
bonding layer 17. The fourth internal layer 91 is over-
lapped with the fourth pad section 77 of the substrate 11
and is in contact with the conductive bonding layer 17.
At this time, the second internal layer 31 extends to the
center of the sealing substrate 14 to face the display unit
110 and may be overlapped with the first bonding layer
12.

[0114] Thethirdinternal layer 81 and the fourth internal
layer 91 are positioned outside of the second internal
layer 31 and any one of the third internal layer 81 and
the fourth internal layer 91, for example, the third internal
layer 81 may be positioned at four edges of the sealing
substrate 14. In this case, the fourth internal layer 91 are
divided into plural numbers between the second internal
layer 31 and the third internal layer 81.

[0115] Thethird externallayer 83 is positioned at fourth
edges of the sealing substrate 14, the fourth external
layer 93 is positioned in parallel to the third external layer
83, and the fourth external layer 93 is surrounded by the
third external layer 83. The third external layer 83 and
the fourth external layer 93 have a quadrangular frame
shape, and the second external layer 33 are divided into
plural numbers between the third external layer 83 and
the fourth external layer 93.

[0116] The third external layer 83 is thicker than the
third internal layer 81, and the fourth external layer 93 is
thicker and wider than the fourth internal layer 91 to be
usefully applied to the large-sized organic light emitting
diode display device having large current capacity.
[0117] In the above-mentioned third embodiment, the
third conducive unit 80 may be the fourth conductive unit
90 and the fourth conductive unit 90 may be the third
conductive unit 80. That is, the third conductive unit 80
having the above-mentioned configuration may be a con-
ductive unit for the first even number-th common power
supply line and the second even number-th common
power supply line, and the fourth conductive unit 90 hav-
ing the above-mentioned configuration may be a conduc-
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tive unit for the first odd number-th common power supply
line and the second odd number-th common power sup-
ply line.

[0118] The organic light emitting diode display device
300 of the third embodiment has a similar configuration
as the organic light emitting diode display device of the
first embodiment except for the above-mentioned con-
figuration.

[0119] FIGS. 16A and 16B are cross-sectional views
of a sealing substrate in an organic light emitting diode
display device according to a fourth embodiment of the
invention. FIGS. 16A and 16bB show cross sections ac-
quired by cutting the same sealing substrate at different
positions.

[0120] Referring to FIGS. 16A and 16B, the organic
light emitting diode display device constructed in accord-
ance with the fourth embodiment has a configuration sim-
ilar to any one of the first to third embodiments described
above except that a plurality of wire layers 35 are posi-
tioned in the sealing substrate 140 and a plurality of elec-
tronic elements 36 are mounted on the outer surface of
the sealing substrate 140. In FIGS. 16A and 16B, only
the sealing substrate 140 is shown for convenience and
a detailed description of duplicate contents with the em-
bodiments will be omitted.

[0121] Inthe organiclight emitting diode display device
of the fourth embodiment, the sealing substrate 140 are
configured by a plurality of layers and each of the layers
is surrounded by the insulating layer 41. Although a case
in which the sealing substrate 140 includes the first layer
141 and the second layer 142 is shown as an example
in FIGS. 16A and 16B, the number of the layers consti-
tuting the sealing substrate 140is not limited to the shown
example. Each of the first layer 141 and the second layer
142 may include a resin base and a plurality of carbon
fibers, and the carbon fibers of the first layer 141 and the
carbon fibers of the second layer 142 may cross each
other.

[0122] The plurality of electronic elements 36 are
mounted on the outer surface of the first layer 141 posi-
tioned furthest from the display unit (see reference nu-
meral 110 in FIG. 1). At least two electronic elements of
the plurality of electronic elements 36 share one wire
layer 35 by a fifth connector 37 penetrating the first layer
141 and are thus connected through the wire layer 35.
In addition, at least one electronic element of the plurality
of electronic elements 36 is connected with metallic films
391, 392, and 393 corresponding thereto by a sixth con-
nector 38 penetrating the first layer 141 and the second
layer 142.

[0123] InFIGS. 16A and 16B, four electronic elements
36 are shown as an example. The electronic elements
may be anembedded signal unit361, anintegrated circuit
362, passive components 363 such as a capacitor and
a resistor, and a power signal unit 364. The integrated
circuit 362 is connected with each of the embedded signal
unit 361, the passive components 363, and the power
signal unit 364, and the passive components 363 may
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be connected with the power signal unit 364.

[0124] In FIGS. 16A and 16B, a first wire layer 351
connecting the embedded signal unit 361 and the inte-
grated circuit 362, a second wire layer 352 connecting
the passive components 363 and the power signal unit
364, and a third wire layer 353 connecting the integrated
circuit 362 and the passive components 363 are shown
as an example.

[0125] The passive components 363 are used to gen-
erate voltages required to operate the integrated circuit
362 and the integrated circuit 362 may include a level
shifter that shifts an embedded signal to a voltage level
suitable for driving the display unit. The embedded signal
unit 361, the power signal unit 364, and the integrated
circuit 362 may be connected to the metallic films 391,
392, and 393 corresponding thereto, respectively.
[0126] A driving signal of the embedded signal unit
361, a power voltage of the power signal unit 364, and
the signal shifted by the integrated circuit 362 are applied
to the display unit through the corresponding metallic
films 391, 392, and 393, and a conductive bonding layer
(not shown). In this case, pad sections (not show) corre-
sponding to the embedded signal unit 361, the power
signal unit 364, and the integrated circuit 362, respec-
tively are formed in parts on the outer surface of the dis-
play unit connected with the conductive bonding layer
(not shown).

[0127] Types of the electronic elements 36 and the po-
sition of the wire layer 35 are not limited to the above-
mentioned example and may be changed variously. For
example, all the electronic elements required to drive the
display unit may be mounted on the sealing substrate
140. In this case, the sealing substrate 140 may substi-
tute for a flexible printed circuit (FPC) and a printed circuit
board (PCB) in the related art.

[0128] Whilethisdisclosure hasbeen describedin con-
nection with what is presently considered to be practical
embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the
contrary, is intended to cover various modifications and
equivalent arrangements included within the scope of the
appended claims.

[0129] Exemplary aspects of the invention are de-
scribed in the following clauses:

1. A display device, comprising:

a substrate;

a display unit disposed on the substrate;

a sealing substrate bonded to the substrate by
abonding layer which surrounds the display unit,
the sealing substrate comprising a resin base
and a plurality of carbon fibers, and the sealing
substrate comprising a through-hole;

atleast one conductor located between the sub-
strate and the sealing substrate; and

an electrically conductive first connector extend-
ing through the through-hole and contacting at
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least one of the said at least one conductors.

2. A display device according clause 1, wherein:
the plurality of carbon fibers cross each other in the
resin base.

3. A display device of clause 1 or 2, wherein:

the sealing substrate is constituted by a plurality
of layers, and

each of the plurality of layers includes the resin
base and the carbon fiber.

4. A display device according clause 3, wherein:
the carbon fibers disposed on at least one layer of
the plurality of layers and the carbon fibers disposed
on another layer of the plurality of layers cross each
other.

5. A display device according to any preceding
clause, wherein:

the said at least one conductor includes a plu-
rality of metallic films which are spaced apart
from each other,

the first connector includes a plurality of connec-
tors corresponding to the plurality of metallic
films, respectively, and

each metallic film is adapted to be supplied with
an independent signal through each corre-
sponding connector.

6. A display device according clause 5, wherein:

an insulating layer is disposed on an inner sur-
face of the sealing substrate and a side wall of
the through-hole, and

the plurality of metallic films and the plurality of
connectors are positioned on the insulating lay-
er.

7. A display device according to clause 3 or any
clause dependent upon claim 3, wherein:

each of the plurality of layers is surrounded by an
insulating layer and wire layers are positioned
among the plurality of layers.

8. A display device according to clause 7, wherein:
a plurality of electronic elements are mounted on an
outer surface of a layer which is disposed furthest
from the display unit among the plurality of layers.

9. A display device according to clause 8, wherein:
at least two electronic elements of the plurality of
electronic elements are electrically connected to
each other through the wire layers, and at least one
electronic element is electrically connected with the
metallic film through the electrically conductive con-
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nector.
10. A display device according to clause 1:

wherein the said at least one conductor com-
prises a common power supply line and a com-
mon electrode;

the sealing substrate comprises a further
through-hole;

the first connector is formed on an inner surface
and an outer surface of the sealing substrate
and extends through the said through-hole for
supplying a first signal to the common power
supply line; and

a second connector is formed on both the inner
surface and the outer surface of the sealing sub-
strate and extends through the further through-
hole for supplying a second signal to the com-
mon electrode.

11. A display device according to clause 10, further
comprising:

an insulating layer formed on the inner surface
and the outer surface of the sealing substrate,
the side wall of the said through-hole, and the
side wall of the further through-hole,

wherein the first connector and the second con-
nector are disposed on the insulating layer.

12. Adisplay device according to clause 11, wherein:

the second connectorincludes a second internal
layer which is in contact with the bonding layer
onthe inner surface of the sealing substrate and
faces the display unit, and

the first connector includes a first internal layer
which is spaced apart from the second internal
layer by a predetermined distance and is posi-
tioned outside of the second internal layer.

13. Adisplay device according to clause 12, wherein:
the second internal layer is formed by any one of an
aluminum film, an aluminum alloy film, a copper film,
and a copper alloy film.

14. A display device according to clause 12 or 13,
wherein:

the first connector comprises a first external lay-
er which is positioned on the outer surface of
the sealing substrate, and

the first external layer is larger than the first in-
ternallayerin atleastone of width and thickness.

15. A display device according to clause 12, 13 or
14, wherein:
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the second connector further comprises a sec-
ond external layer which s positioned on the out-
er surface of the sealing substrate, and

the second external layer is thicker than the sec-
ond internal layer.

16. A display device according to clause 10 to 15,
wherein:

the common power supply line comprises a first com-
mon power supply line and a second common power
supply line which cross each other.

17. Adisplay device according to clause 16, wherein:
the first connector comprises a first conductive unit
which is connected with a first odd number-th com-
mon power supply line and a second odd number-
th common power supply line to supply a third signal
to the firstcommon power supply line and the second
common power supply line, and a second conductive
unit which is connected with a first even number-th
common power supply line and a second even
number-th common power supply line to supply a
fourth signal to the first common power supply line
and the second common power supply line.

18. A display device according to one of clause 10
to 17:

a pad section positioned outside of the display
unit, the pad section comprising a first pad sec-
tion which is connected with the common power
supply line and a second pad section which is
connected with the common electrode; and

an electrically conductive bonding layer posi-
tioned between the first pad section and the first
connector and between the second pad section
and the second connector, the electrically con-
ductive bonding layer electrically connecting the
first pad section to the first connector and elec-
trically connecting the second pad section to the
second connector.

19. Adisplay device according to clause 18, wherein:
the first pad section and the second pad section are
alternately and repetitively disposed in one direction
of the substrate.

20.Adisplay device according to clause 19, wherein:
the conductive bonding layer shows an electrical
conductivity in a thickness direction, shows an elec-
trical insulativity in directions otherthan the thickness
direction, and is overlapped with the first pad section
and the second pad section.

21. A display device of clause 20, wherein:

thefirst connector comprises afirstinternal layer
which is overlapped with the first pad section
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and is in contact with the conductive bonding
layer, and a first external layer positioned on the
outer surface of the sealing substrate and

the second connector comprises a second in-
ternal layer which is overlapped with the second
pad section and is in contact with the conductive
bonding layer, and a second external layer po-
sitioned on the outer surface of the sealing sub-
strate.

22. Adisplay device according to clause 21, wherein:

the second internal layer extends to the center
of the sealing substrate to face the display unit,
and

the first internal layer is disposed outside of the
second internal layer and is spaced apart from
the second internal layer by a predetermined
distance.

23. A display device according to clause 21 or 22,
wherein:

the first external layer is positioned at at least
three edges of the sealing substrate, and

the second external layer is positioned at the
rest edges of the sealing substrate.

24. A display device according to clause 20 when
dependent upon clause 17, wherein:

the first pad section comprises a third pad sec-
tion connected with the first odd number-th com-
mon power supply line and the second odd
number-th common power supply line and a
fourth pad section which is connected with the
first even number-th common power supply line
and the second even number-th common power
supply line,

the first through-hole comprises a third through-
hole for passing the first conductive unit and a
fourth through-hole for passing the second con-
ductive unit.

25. Adisplay device according to clause 24, wherein:

the first conductive unit comprises a third inter-
nal layer which is overlapped with the third pad
section and is in contact with the conductive
bonding layer, a third external layer positioned
on the outer surface of the sealing substrate,
and a third connector which connects the third
internal layer and the third external layer with
each other while extending through the third
through-hole, and

the second conductive unit comprises a fourth
internal layer which is overlapped with the fourth
pad section and is in contact with the conductive
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bonding layer, a fourth external layer positioned
on the outer surface of the sealing substrate,
and afourth connector which connects the fourth
internal layer and the fourth external layer with
each other while extending through the fourth
through-hole.

26.Adisplay device according to clause 25, wherein:

the second internal layer extends to the center
of the sealing substrate and faces the display
unit,

the third internal layer and the fourth internal lay-
er are positioned outside of the second internal
layer, and

any one of the third internal layer and the fourth
internal layer is positioned at four edges of the
sealing substrate.

27. A display device according to clause 25 or 26,
wherein:

the third external layer is positioned at four edg-
es of the sealing substrate,

the fourth external layer is positioned in parallel
to the third external layer outside or inside of the
third external layer, and

the second external layer is positioned between
the third external layer and the fourth external
layer.

28. A display device according to clause 10, com-
prising:

a first pad section disposed outside of the dis-
play unit and connected with the common power
supply line;

wherein the first connector is connected with the
first pad section by an electrically conductive
bonding layer; and

the second connector is in direct physical con-
tact with the common electrode.

29. Adisplay device according to clause 28, wherein:
the second connector comprises a second internal
layer which is in direct physical contact with the com-
mon electrode, and a second external layer posi-
tioned on the outer surface of the sealing substrate.

30. Adisplay device according to clause 29, wherein:
the common electrode includes a plurality of protru-
sions, and the second internal layer is in directly
physical contact with the protrusions.

31. A display device according to clause 30, further
comprising:

a plurality of spacers positioned below the common
electrode, wherein each protrusion is provided to
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correspond to each spacer.

32. A display device according to one of clauses 29
to 31, wherein:

the second internal layer has a larger area than
the display unit, and

the second internal layer is formed by any one
of an aluminum film, an aluminum alloy film, a
copper film, and a copper alloy film.

33. A display device according to one of clauses 28
to 32, wherein:

the first connector comprises a first internal layer
which is overlapped with the first pad section and is
in contact with the conductive bonding layer, and a
first external layer positioned on the outer surface of
the sealing substrate.

34. A display device according to one of clauses 28
to 33, further comprising:

an insulating layer formed on the inner surface
and the outer surface of the sealing substrate,
and the side wall of the first through-hole and
the side wall of the second through-hole,
wherein the first connector and the second con-
nector are formed on the insulating layer.

Claims

A display device, comprising:

a substrate (11);

a display part (110) disposed on the substrate;
a sealing substrate (140) bonded to the sub-
strate by a bonding layer (12, 13, 17) which sur-
rounds the display part;

wherein the sealing substrate (140) is constitut-
ed by a plurality of layers (141, 142), wherein
each of the plurality of layers is electrically con-
ductive and comprises a resin base and a plu-
rality of carbon fibers, wherein each of the plu-
rality of layers is surrounded by an insulating
layer (41) and includes a first through-hole and
wire layers (35) are positioned among the plu-
rality of layers;

atleast one conductor located between the sub-
strate and the sealing substrate; and

afirst electrically conductive unitincluding a first
connector extending through each first through-
hole and contacting at least one of the said at
least one conductors;

wherein the insulating layer (41) is disposed on
the inner surface and outer surface of each of
the plurality of layers and a side wall of each first
through hole;
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wherein the display part (110) comprises a plu-
rality of pixels, each comprising an organic light
emitting diode and a driving circuit unit, wherein
the organic light emitting diode includes a pixel
electrode, and organic emission layer and a
common electrode (15) and wherein the driving
circuit unit included a driving thin film transistor;
wherein the said at least one conductor com-
prises a common power supply line (16) config-
ured to apply a common voltage to the thin film
transistors, and the common electrode;

each of the plurality of layers of the sealing sub-
strate comprises a second through-hole;

the first electrically conductive unit is formed on
aninner surface and an outer surface of the seal-
ing substrate and the first connector extends
through the said first through-hole of each of the
plurality of layers for supplying a first signal to
the common power supply line (16);

a second electrically conductive unit including a
second connector is formed on both the inner
surface and the outer surface of the sealing sub-
strate and the second connector extends
through the second through-hole of each of the
plurality of layers for supplying a second signal
to the common electrode (15);

a first pad section disposed outside of the dis-
play part and connected with the common power
supply line;

wherein the first electrically conductive unit is
connected with the first pad section by an elec-
trically conductive bonding layer; and

the second electrically conductive unit compris-
es a second internal layer on the inner surface
ofthe sealing substrate whichisin direct physical
contact with the common electrode, and a sec-
ond external layer positioned on the outer sur-
face of the sealing substrate.

A display device according claim 1, wherein:
the plurality of carbon fibers cross each other in the
resin base.

A display device according claim 1 or 2, wherein:
the carbon fibers disposed on at least one layer of
the plurality of layers and the carbon fibers disposed
on another layer of the plurality of layers cross each
other.

A display device according to any preceding claim,
wherein:

the first electrically conductive unit includes a
plurality of metallic films (391, 392, 393) which
are spaced apart from each other and positioned
on one surface of the sealing substrate (140)
facing the substrate (11),

the first electrically conductive unit includes a
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plurality of connectors (37, 38) corresonding to
the plurality of metallic films, respectively, and
each metallic film is adapted to be supplied with
an independent signal through each corre-
sponding connector.

A display device according claim 4, wherein:

the plurality of metallic films (391, 392, 393) and the
plurality of connectors (37, 38) are positioned on the
insulating layer.

A display device according to claim 4 or 5, wherein:
a plurality of electronic elements (36) are mounted
on an outer surface of a layer which is disposed fur-
thest from the display part among the plurality of lay-
ers.

A display device according to claim 6, wherein:
atleasttwo elecronic elements ofthe plurality of elec-
tronic elements (36) are electrically connected to
each other through the wire layers (35), and at least
one electronic element is electrically connected with
one of the metallic films (391, 392, 393) through one
of the plurality of connectors (37, 38).

A display device according to claim 1, wherein:

the insulating layer (41) is formed on the inner
surface and the outer surface of each of the plu-
rality of layers of the sealing substrate, the side
wall of the said first through-hole of each of the
plurality of layers, and the side wall of the second
through-hole of each of the plurality of layers,
wherein the first electrically conductive unit and
the second electrically conductive unit are dis-
posed on the insulating layer.

9. Adisplay device according to claim 8, wherein:

the second electrically conductive unit includes
a second internal layer which is in contact with
the bonding layer on the inner surface of the
sealing substrate facing the display part and fac-
es the display part, and

the first electrically conductive unit includes a
first internal layer;

wherein the first internal layer and the second
internal layer are formed on the inner surface of
the sealing substrate facing the display part and
are spaced apart from each other on the inner
surface of the sealing substrate.

10. A display device according to claim 9, wherein:

the second internal layer is formed by any one of an
aluminum film, an aluminum alloy film, a copper film,
and a copper alloy film.

11. Adisplay device according to claim 9 or 10, wherein:
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the first electrically conductive unit comprises a
first external layer whichis positioned on the out-
er surface of the sealing substrate, and

the first external layer is larger than the first in-
ternallayerin atleast one of width and thickness.

12. A display device according to claim 9, 10 or 11,

wherein:

the second electrically conductive unit further
comprises a second external layer which is po-
sitioned on the outer surface of the sealing sub-
strate, and

the second external layer is thicker than the sec-
ond internal layer.

13. A display device according to any of claims 1 to 12,

wherein:

the common power supply line (16) comprises a first
common power supply line and a second common
power supply line which cross each other.

14. A display device according to claim 13, wherein:

the first common power supply line is divided
into a first odd number-th common power supply
line and a first even number-th common power
supply line, and the second common power sup-
ply line is divided into a second odd number-th
common power supply line and a second even
number-th common supply line; and

the first electrically conductive unit comprises a
third electrically conductive unit which is con-
nected with the first odd number-th common
power supply line and the second odd number-
th common power supply line to supply a third
signal to the first common power supply line and
the second common power supply line, and a
fourth electrically conductive unit which is con-
nected with the first even number-th common
power supply line and the second even number-
th common power supply line to supply a fourth
signal to the first common power supply line and
the second common power supply line.

15. A display device according to claim 1, wherein:

the common electrode includes a plurality of pro-
trusions, and

the second internal layer is in directly physical
contact with the protrusions.

16. A display device according to claim 15, further com-

prising:

a plurality of spacers positioned below the com-
mon electrode,
wherein each protrusion is provided to corre-
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17. Adisplay device according to one of claims 15to 16,
wherein:

the second internal layer has a larger area than

the display part, and

the second internal layer is formed by any one

of an aluminum film, an aluminum alloy film, a
copper film, and a copper alloy film. 10

18. A display device according to one of claims 15to 17,
wherein:
the first electrically conductive unit comprises a first
internal layer which is overlapped with the first pad 75
section and is in contact with the conductive bonding
layer, and a first external layer positioned on the out-
er surface of the sealing substrate.

19. Adisplay device according to one of claims 15to 18, 20
further comprising:

an insulating layer formed on the inner surface

and the outer surface of the sealing substrate,

and the side wall of each first through-hole and 25
the side wall of each second through-hole,

wherein the first electrically conductive unit and

the second electrically conductive unit are

formed on the insulating layer.
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