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ORGANIC LIGHT-EMITTING DIODE (OLED)
DISPLAY AND METHOD OF FABRICATING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0156147, filed on
Dec. 16,2013, in the Korean Intellectual Property Office, the
entire contents of which are incorporated herein by reference
in their entirety.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to an
organic light-emitting diode (OLED) display and method of
fabricating the same.

[0004] 2. Description of the Related Technology

[0005] OLED displays device are flat panel displays
including an organic emission layer interposed between
opposing electrodes. Electrons injected from one electrode
are combined with holes injected from the other electrode in
the organic emission layer and light emission molecules of
the organic emission layer are excited. When the excited light
emission molecules return to a ground state, they emit light.
[0006] OLED displays have favorable qualities such as
excellent visibility, light weight, thin profile, and low power
consumption, and are thus attracting attention as a next gen-
eration display device.

[0007] Organic light-emitting diode (OLED) displays can
experience degradation in performance when ambient oxy-
gen or moisture from the environment enters the display. In
order to prevent environmental reactions, OLED displays are
sealed with an inorganic sealant, such as glass frit. It should
be noted that when frit is used as a sealant, the space between
two substrates such as glass plates can be substantially com-
pletely sealed after curing the frit. Thus, it is generally unnec-
essary to use an absorbent material in an OLED display sealed
with frit.

[0008] When fritis used as aseal in an OLED display, laser
or infrared radiation is used to cure the frit seal. In order to
minimize damage to other components of the display (such as
signal drivers), the frit seal is spaced apart from the other
components so that the laser or infrared radiation is not
directly radiated onto the other components.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0009] One inventive aspect is an OLED display having an
improved reliability and mechanical strength to substantially
prevent damage to the OLEDs due to external impacts and a
method of fabricating the same.

[0010] Another aspect is an OLED display including a first
substrate including a display area in which an OLED formed
of a first electrode, a second electrode, and an organic emis-
sion layer interposed between the two electrodes is formed,
and a non-display area formed at an outer side of the display
area and including a driver driving the OLED, a conductive
layer patterned so as to surround a lateral surface of the driver
in the non-display area, a first seal provided between the
non-display area of the first substrate and the second substrate
and configured to seal the first and second substrates, and a
second seal located at an outer side of the first seal and formed
on the driver surrounded by the patterned conductive layer.
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[0011] The first and second seals may be formed of differ-
ent materials.

[0012] The first seal may be glass frit.

[0013] The second seal may be epoxy resin.

[0014] The conductive layer may include an opening

exposing a part of a passivation layer provided at the driver.
[0015] The conductive layer may be formed of the same
material as the first electrode.

[0016] The conductive layer and the first electrode may be
formed of transparent conductive materials.

[0017] The conductive layer and the first electrode may be
formed of opaque conductive materials.

[0018] Another aspect is a method of fabricating an OLED
display including providing a first substrate including a dis-
play area in which an OLED formed of a first electrode, a
second electrode, and an emission layer is formed, and a
non-display area formed at an outer side of the display area,
forming a first metal pattern on the non-display area of the
first substrate, forming an insulating layer on the first metal
pattern, forming a second metal pattern overlapping the first
metal pattern on the insulating layer, forming a passivation
layer on the second metal pattern and patterning the passiva-
tion layer so as to surround all of the first and second metal
patterns, forming a conductive layer formed on the patterned
passivation layer and patterned so as to expose a part of the
passivation layer and surround the remaining portion, form-
ing a first seal between the display area and the non-display
area, forming a second seal located at an outer side of the first
seal on the patterned conductive layer and the partially
exposed passivation layer, bonding a second substrate
opposed to the first substrate to the first substrate, and curing
the second seal formed between the first and second sub-
strates.

[0019] The first and second seals may be formed of differ-
ent materials.

[0020] The first seal may be glass frit.

[0021] The second seal may be epoxy resin.

[0022] The conductive layer may be formed of the same

material as that of the first electrode of the OLED.

[0023] The method may further include bonding the first
and second substrates by irradiating laser light to the first seal.
[0024] When laser light is irradiated to the first seal, the
passivation layer located under the first seal may be burned,
so that a hole exposing a part of the insulating layer may be
formed, and the first seal may be formed inside the hole.
[0025] Another aspect is an OLED display including a first
substrate including a display area and a peripheral area sur-
rounding the display area, wherein the display area includes a
plurality of pixels each including an OLED and wherein the
peripheral area includes a signal driver electrically connected
to the pixels, a conductive layer formed over the signal driver
and on opposing sides of the signal driver, a second substrate
formed over the first substrate, a first seal interposed between
the first and second substrates in the peripheral area and
substantially sealing the first and second substrates, and a
second seal surrounding the first seal and formed over the
signal driver.

[0026] The first and second seals are formed of different
materials. The first seal is formed at least in part of glass frit.
The second seal is formed at least in part of an epoxy resin.
The signal driver includes a passivation layer and the conduc-
tive layer has an opening formed over a portion of the passi-
vation layer. Each of the OLEDs includes a pixel electrode
and the conductive layer is formed of the same material as the
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pixel electrodes. Each of the conductive layer and the pixel
electrodes is formed of a transparent conductive material.
Each of the conductive layer and the pixel electrodes is
formed of an opaque conductive material.

[0027] Another aspect is a method of fabricating an OLED
display including providing a first substrate including a dis-
play area and a peripheral area surrounding the display area,
forming a first metal pattern on the peripheral area, forming
an insulating layer over the first metal pattern, forming a
second metal pattern substantially overlapping the first metal
pattern over the insulating layer, forming a passivation layer
over the second metal pattern, patterning the passivation layer
so as to substantially surround the first and second metal
patterns, forming a conductive layer over the patterned pas-
sivation layer and on opposing sides of the patterned passi-
vation layer, patterning the conductive layer to expose a pot-
tion of the passivation layer, forming a first seal in the
peripheral area, forming a second seal at least partially over-
lapping the exposed portion of the passivation layer and sur-
rounding the first seal, attaching a second substrate to the first
substrate, and curing the second seal.

[0028] The first and second seals are formed of different
materials. The first seal is formed of glass frit. The second seal
is formed of an epoxy resin. The method further includes
forming an OLED in the display area, wherein the OLED
includes a pixel electrode and wherein the conductive layer is
formed of the same material as the pixel electrode. The attach-
ing includes irradiating laser light onto the first seal. The
irradiating includes burning the passivation layer located
under the first seal so that a hole is formed exposing a portion
of the insulating layer and wherein the first seal is located
inside the hole.

[0029] Another aspect is an OLED display including a sub-
strate including a display area and a peripheral area surround-
ing the display area, a plurality of pixels formed in the display
area, a signal driver formed in the peripheral area and elec-
trically connected to the pixels, a first seal formed in the
peripheral area surrounding the pixels, and a second seal at
least partially overlapping the signal driver and surrounding
the first seal.

[0030] The height of the first seal is greater than that of the
second seal, wherein the height is measured in a direction
substantially perpendicular to the substrate. The width of the
first seal is less than that of the second seal, wherein the width
is measured in a direction substantially parallel to the sub-
strate. The first and second seals do not contact each other.
The first and second seals are formed of different materials.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1is a top plan view schematically illustrating
an OLED display according to an exemplary embodiment.
[0032] FIG. 2 is a cross-sectional view illustrating the
OLED display of FIG. 1 taken along line A-A'".

[0033] FIGS. 3A to 3E are cross-sectional views sequen-
tially illustrating a process of fabricating the OLED display of
FIG. 2.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0034] Exemplary 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
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forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete and will fully
convey the scope of the embodiments to those skilled in the
art. The term “substantially” as used in this disclosure means
completely, almost completely, or to any significant degree.
[0035] Inthe drawings, the dimensions may be exaggerated
for clarity of illustration. It will be understood that when an
element is referred to as being “between” two elements, it can
be the only element between the two elements, or one or more
intervening elements may also be present. Like reference
numerals refer to like elements throughout.

[0036] Other detailed matters of the exemplary embodi-
ments are included in the detailed description and the draw-
ings.

[0037] Various advantages and features of the described
technology and methods accomplishing the same will
become apparent from the following detailed description of
exemplary embodiments with reference to the accompanying
drawings.

[0038] However, the described technology is not limited to
the exemplary embodiments set forth below and may be
embodied in various other forms. The present exemplary
embodiments are intended to render the description of the
described technology complete and are set forth to provide a
complete understanding of the scope of the described tech-
nology to a person with ordinary skill in the technical field to
which the described technology pertains. The described tech-
nology will only be defined by the scope of the claims Like
reference numerals indicate like elements throughout the
specification and drawings.

[0039] Thesize and thickness of the components shown the
drawings may be exaggerated for better understanding and
ease of description and the described technology is not lim-
ited to the examples shown in the drawings.

[0040] Inthe drawings, the thicknesses may be enlarged to
clearly express various portions and areas. It will be under-
stood 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.

[0041] Hereinafter, an OLED display according to an
exemplary embodiment and a method of fabricating the same
will be described with reference to the drawings.

[0042] Hereinafter, characteristics of first and second seals
will be described while schematically describing an OLED
included on a substrate with reference to FIGS. 1 and 2.
[0043] Referring to FIGS. 1 and 2, an OLED display
includes a first substrate 100 on which an OLED E and driv-
ing elements (a thin film transistor or a capacitor (not illus-
trated)) for driving the OLED E are formed. The OLED
display also includes a second substrate 200 opposing the first
substrate 100, a first seal 300 for sealing the first and second
substrates 100 and 200, and a second seal 400 located at an
outer side of the first seal 300 and improving the mechanical
strength of the first and second substrates 100 and 200. For
example, the second seal 400 surrounds the first seal 300.
[0044] The first substrate 100 is divided into an active area
A/A (also referred to as a display area) displaying images and
anon-display area N/A (also referred to as a peripheral area)
surrounding the edge of the active area A/A.

[0045] Theactive area A/A includes a plurality of scan lines
S1 to Sn extending in a first direction and a plurality of data
lines D1 to Dm extending in a second direction crossing the
first direction. Pixel regions P are defined at the intersections
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between the scan lines S1 to Sn and the data lines D1 to Dm.
Further, the active area A/A may further include power lines
(not illustrated) spaced apart from the data lines D1 to Dm to
provide the pixel regions P with a power source voltage or the
like.

[0046] The non-display area N/A may be divided based on
the locations of driving circuits or other components. For
example, as illustrated in FIGS. 1 and 2, when a first circuit
unit or a scan driver 170 driving the scan lines S1 to Sn is
formed at a right side of the first substrate 100, the non-
display area N/A located at the right side of the first substrate
100 is divided into first and second non-display areas @ and

[0047] The first substrate 100 further includes a pad part P
in which a second circuit unit or data driver 180 driving the
data lines D1 to Dm is located.

[0048] The first and second substrates 100 and 200 may be
substrates formed of glass, but are not limited thereto, and
may be substrates formed of metal or plastic.

[0049] The active area A/A of the first substrate 100
includes a buffer layer 110, a semiconductor layer 112 formed
on the buffer layer 110 and including an active layer 112a and
source and drain regions 1125 and 112¢. The active area A/A
also includes a gate insulating layer 113 formed on the semi-
conductor layer 112, a gate electrode 114a formed on one
region of the gate insulating layer 113 and having a size
corresponding to the width of the active layer 1124, and an
interlayer insulating layer 115 formed on the gate electrode
114a. The active area A/A further includes source and drain
electrodes 116a and 1165 formed on the interlayer insulating
layer 115, and a passivation layer 117 formed on the source
and drain electrodes 116¢ and 1164.

[0050] Further, the first substrate 100 further includes a first
electrode 118 formed on the passivation layer 117, a pixel
defining layer 115 including an opening exposing one region
of the first electrode 118, an organic emission layer 119
formed in the opening of the pixel defining layer 125, and a
second electrode 120 formed on the organic emission layer
119 and the pixel defining layer 125.

[0051] The first and second electrodes 118 and 120 and the
organic emission layer 119 interposed therebetween form the
OLEDE.

[0052] Further, the first circuit unit 170 is formed in the
second non-display area N/A @ of the first substrate 100.
The first circuit unit 170 includes the buffer layer 110 formed
on the first substrate 100, the gate insulating layer 113 formed
on the buffer layer 110, and a first metal pattern 1144 formed
on the gate insulating layer 113. The first circuit unit 170 also
includes an interlayer insulating layer 115 formed on the first
metal pattern 1145, second metal patterns 1165 formed on the
interlayer insulating layer 115 and spaced apart from each
other at a predetermined interval, and the passivation layer
117 formed on the second metal patterns 1164.

[0053] The first metal pattern 1145 of the first circuit unit
1701s formed of the same material and by the same process as
the gate electrode 114a of the active area A/A. The second
patterns 116¢ are formed of the same material and by the same
process as the source and drain electrodes 116a and 1165 of
the active area A/A.

[0054] The first circuit unit 170 further includes a conduc-
tive layer 130 including an opening exposing a part of the
passivation layer 117 and surrounding a lateral side of the
passivation layer 117.
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[0055] Theconductive layer 130 of the first circuit unit 170
is formed of the same material as the first electrode 118 of the
OLED E of the active area A/A.

[0056] The first seal 300 is formed of glass frit to block the
inflow of moisture and oxygen from the environment and is
formed in the first non-display area N/A @ The first seal 300
forms a rectangular closed loop so as to surround the display
area 101 of the first substrate 100.

[0057] The first seal 300 may be selectively applied onto
the non-display area N/A by using a publicly known method.
Examples of methods for applying the first seal include appli-
cation methods, such as dispense and inkjet methods, and
printing methods, such as a screen printing method. When
applying the first seal 300 to a large substrate, an application
method such as a dispense method can be used.

[0058] A glass material used as glass frit may include one or
more compounds selected from the group of, for example,
magnesium oxide, calcium oxide, barium oxide, lithium
oxide, sodium oxide, potassium oxide, boric oxide, vanadium
oxide, zinc oxide, tellurium oxide, aluminum oxide, silicon
dioxide, lead oxide, tin oxide, phosphorous pentoxide, ruthe-
nium oxide, iron oxide, copper oxide, titanium oxide, tung-
sten oxide, bismuth oxide, antimony oxide, lead borate glass,
tin phosphoric acid glass, vanadate, and borosilicate glass.
[0059] The glass frit can be heated by laser irradiation
curing. Light absorbent material can be added to the glass frit
to increase the heat transferred from the laser light to the glass
frit. The optimum absorbent material may be selected and
used in accordance with a wavelength of the laser light.

[0060] The second seal 400 is formed to be spaced apart
from the first seal 300 by a predetermined interval in the
non-display area N/A. Particularly, the second seal 400 is
formed so as to overlap the first circuit unit 170 in the non-
display area N/A @ located at the right side of the first
substrate 100 and to be spaced apart from the first seal 300 by
a predetermined interval at the outer side of the first seal 300.

[0061] The second seal 400 may be formed of, for example,
an organic material. One or more material selected from the
group of epoxy acrylate and silicon materials (for example,
bisphenol A epoxy, cyclo-aliphatic epoxy resin, phenyl sili-
conresin or rubber, and acrylic epoxy resin) can be used as the
organic material. In some embodiments, the second seal 400
is formed of an epoxy resin having excellent adhesion with a
glass material between the first and second substrates 100 and
200.

[0062] Thesecond seal 400 is formed of epoxy resin, so that
the second seal 400 increases the sealing effect together with
the first seal 300 when the first and second substrates 100 and
200 are bonded together, and can thereby effectively prevent
the inflow of moisture and oxygen from the environment into
the OLED E.

[0063] When impact is applied to the two substrates 100
and 200, even though the first seal 300 may be damaged due
its fragile properties, the combination of the two substrates
100 and 200 maintain a seal since the second seal 400 is not
damaged. As a result, the second seal 400 improves the
mechanical strength of the two substrates 100 and 200.

[0064] Particularly, in OLED displays having a reduced
size non-display area N/A, the width of the first seal 300 is
decreased in accordance with the decreased size non-display
area N/A. Tt can be difficult to effectively block the inflow of
moisture and oxygen from the environments with such a first
seal 300 and when an impact is applied to the OLED display,
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the first seal 300 can be easily broken due to its material
properties, reducing the reliability of the OLED display.
[0065] According to at least one embodiment, the second
seal 400 overlaps the first circuit unit 170 enabling a mini-
mum process margin within the non-display area N/A to
reduce the width corresponding to the area occupied by the
first circuit unit 170. Accordingly, it is possible to solve the
abovementioned problems associated with the decreased
width of the first seal 300.

[0066] Further, the second seal 400 is formed overlapping
the first circuit unit 170 in the second non-display area N/A
@. The second seal 400 can be formed along a boundary
between adjacent cells on a mother panel and the mother
panel can be cut along the second seal 400 to separate the
adjacent cells. In these embodiments, the second seal 400 is
formed in a cutting region and cut such that the first circuit
unit 170 is not damaged in the cutting process.

[0067] Moreover, the conductive layer 130 is patterned so
as to include an opening exposing a portion of the passivation
layer 117 and surround an edge of the passivation layer 117.
The second seal 400 is formed over the conductive layer 130
and the conductive layer 130 blocks the inflow of oxygen and
moisture into the first circuit unit 170.

[0068] The conductive layer 130 is formed of the same
material as the first electrode 118 and the adhesion between
the conductive layer 130 and the second seal 400 formed of
epoxy region deteriorates. According to at least one embodi-
ment, the second seal 400 is in direct contact with the passi-
vation layer 117 via an opening in the conductive layer 130,
thereby improving adhesion with the second seal 400 in the
second non-display area N/A @

[0069] Hereinafter, a method of fabricating the OLED dis-
play according to an exemplary embodiment will be
described in detail.

[0070] FIGS. 3A to 3E are cross-sectional views sequen-
tially illustrating a method of fabricating the OLED display of
FIG. 2.

[0071] Referring to FIG. 3A, the buffer layer 110 is formed
on the first substrate 100 and the semiconductor layer 112 is
formed in the active area A/A of the buffer layer 110. The
semiconductor layer 112 is divided into the active layer 112a
and source and drain regions 1125 and 112¢ by performing an
ion doping process on a predetermined region.

[0072] A material having excellent mechanical strength
and stability is selected as the material of the first substrate
100 for forming the display. Examples of the material of the
first substrate 100 includes a glass plate, a metal plate, a
ceramic plate, or plastic (polycarbonate resin, acrylic resin,
polyvinyl chloride resin, polyethylene terephthalate resin,
polyimide resin, polyester resin, epoxy resin, silicon resin,
and fluorine resin), but the material of the first substrate 100 is
not limited thereto.

[0073] The buffer layer 110 may be formed in order to
protect driving elements formed in a subsequent process from
impurities, such as alkali ions, discharged from the first sub-
strate 100, and may be omitted depending on the material
used to form the first substrate 100.

[0074] Next, as illustrated in FIG. 3B, the gate insulating
layer 113 is formed on the first substrate 100 and the gate
electrode 114a is formed on a region corresponding to the
active layer 112a on the gate insulating layer 113. The first
metal pattern 1144 is formed of the same material as the gate
electrode 1144 and is simultaneously formed in the second
non-display area N/A @
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[0075] The gate insulating layer 113 is formed of a silicon
oxide (SiOx) layer, a silicon nitride (SiNx) layer, or a dual
layer thereof, and serves to insulate the gate electrode 114a
from the semiconductor layer 112.

[0076] The gate electrode 114a and the first metal pattern
1145 are conductive metal and may be one or more selected
from the group of aluminum (Al), an aluminum alloy (Al
alloy), tungsten (W), molybdenum (Mo), chrome (Cr), and
titanium (Ti).

[0077] Subsequently. as illustrated in FIG. 3C, the inter-
layer insulating layer 115 is formed on the gate insulating
layer 113 including the gate electrode 114a and the first metal
pattern 114b. A through-hole is formed in at least one region
of the gate insulating layer 113 and the interlayer insulating
layer 115 in the active area A/A.

[0078] The source and drain electrodes 116a and 1165 are
formed to respectively connect to the source and drain regions
1126 and 112¢ through via through-holes. The second metal
patterns 116¢ are simultaneously formed in a region corre-
sponding to the first metal pattern 1144 in the second non-
display area N/A @

[0079] The source and drain electrodes 116a and 1165 and
the second metal patterns 116¢ are formed of one or more
material selected from the group of chrome (Cr), molybde-
num (Mo), tungsten (W), molybdenum tungsten (Mo W), tita-
nium (T1), aluminum (Al), and an aluminum alloy (Al alloy).
[0080] The semiconductor layer 112, the gate electrode
114a, and the source and drain electrodes 116a and 1165 form
adriving thin film transistor for driving the OLED E (see FIG.
2) and the first and second metal patterns 1144 and 116¢ form
the first circuit unit 170 (see FIG. 1).

[0081] Next, as illustrated in FIG. 3D, the passivation layer
117 protecting the source and drain electrodes 116a and 1165
and the second metal patterns 116¢ is formed on the first
substrate 100. The passivation layer 117 planarizes the con-
cave-convex portions (or step structures) formed by the thin
film transistor and other components on the first substrate
100.

[0082] The passivation layer 117 may be formed of an
organic insulating material, such as photo acryl or benzocy-
clobutene (BCB), or may be formed of a single layer, such as
Si0,, SiN, and SiON, or a stacked layer in which a plurality
of single layers are stacked.

[0083] The first electrode 118 is electrically connected to
the drain electrode 1165 and is formed on the passivation
layer 117. The conductive layer 130 is formed of the same
material as that of the first electrode 118 and is simulta-
neously formed on the second non-display area N/A @
[0084] The pixel defining layer 125 is formed on the pas-
sivation layer 117 and on the first electrode 118. The pixel
defining layer 125 includes an opening exposing a partial
region and the opening is formed by a photo process. Next, the
organic emission layer 119 is formed in the opening of the
pixel defining layer 125 and the second electrode 120 is
formed on the organic emission layer 119.

[0085] A low molecular or high molecular organic layer
may be used as the organic emission layer 119. When the low
molecular organic layer is used, the organic emission layer
119 may be formed by stacking a Hole Injection Layer (HIL),
aHole Transport Layer (HTL), an Emission Layer (EML), an
Electron Transport Layer (ETL), and an Electron Injection
Layer (EIL) in a single or complex structure.

[0086] The first electrode 118 serves as an anode electrode
and is referred to as a pixel electrode. The second electrode
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120 serves as a cathode electrode and is referred to as a
common electrode. In other embodiments, the polarities of
the first and second electrodes 118 and 120 are opposite to the
aforementioned polarities.

[0087] In some embodiments, the OLED display is a bot-
tom emission display in which images are viewed from
through the first substrate 100. In these embodiments, the first
electrode 118 is a transparent electrode and the second elec-
trode 120 is a reflective electrode. The first electrode 118 may
be formed of ITO, IZO, ZnO, or In,0; having a high work
function and the second electrode 120 may be formed of a
metal having a small work function, for example, Ag, Mg, Al
Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, or a combination thereof.
[0088] In other embodiments, the OLED display is a top
emission display in which images are view through the sec-
ond substrate 200. In these embodiments, the first electrode
118 is a reflective electrode and the second electrode 120 is a
transparent electrode. The reflective electrode, that is, the first
electrode 118 includes a reflective layer formed of Ag, Mg,
Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, or a compound thereof,
or ITO, IZO, ZnO, or In,0, having a high work function.
Further, the transparent electrode, that is, the second elec-
trode 120 is formed by depositing a metal having a small work
function, that is, Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, L, Ca,
or a compound thereof, and then forming an auxiliary elec-
trode layer or a bus electrode line formed of a transparent
conductive layer, such as ITO, IZ0O, ZnO, or In,0,.

[0089] In yet other embodiments, the OLED display is a
dual emission display and both of first and second electrodes
118 and 120 are formed as transparent electrodes.

[0090] The materials of the first and second electrodes 118
and 120 are not limited to the aforementioned materials and
the first and second electrodes 118 and 120 may be formed of
a conductive organic material or a conductive paste including
conductive particles, such as Ag, Mg, or Cu. When the con-
ductive paste is used, printing may be performed by an inkjet
printing method, and after the printing, the conductive paste is
heated to be formed as the electrode.

[0091] Next, as illustrated in FIG. 3E, the conductive layer
130 is patterned so as to include the opening exposing a
portion of the passivation layer 117 in the non-display area
N/A of the first substrate 100. The conductive layer 130
including the opening is finally formed to surround the lateral
surfaces of the patterned passivation layer 117 in the second
non-display area N/A @

[0092] Subsequently, the first seal 300 is formed at a border
of the first substrate 100 and sealing the first and second
substrates 100 and 200 and the second seal 400 is formed to be
spaced apart from the first seal 300 by a predetermined inter-
val at the outer side of the first seal 300. The two substrates
100 and 200 are bonded by attaching the second substrate 200
to the first substrate 100.

[0093] A curing process using laser is performed to cure the
first seal 300. If the passivation layer 117 is located under or
near the first seal 300 it is burned by the laser, forming a hole
h through which a portion of the interlayer insulating layer
115 is exposed. Since the first seal 300 is applied inside the
hole h, the first seal 300 has a height corresponding to the
distance between the upper surface of the interlayer insulat-
ing layer 115 and the second substrate 200.

[0094] Thesecondseal 400 is formed at the outer side of the
first seal 300 and is spaced apart from the first seal 300 by the
predetermined interval after applying the first seal 300 on the
first substrate 100 and curing the first seal 300.
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[0095] The second seal 400 may be formed of an organic
material, such as epoxy resin, and improves the sealing effect
between the first and second substrates 100 and 200 together
with the first seal 300. Further, the second seal 400 blocks the
inflow of moisture and oxygen from the environment and
improves the mechanical strength between the first and sec-
ond substrates 100 and 200 so as to protect against impact.
[0096] By way of summation and review, as OLED dis-
plays are manufactured to be larger, the area of the frit for
sealing the two substrates increases, and thus the size of the
non-display area increases, increasing the difficulty in imple-
menting thin profiled displays. Further, due to the fragile
material properties of frit, when an impact is applied to the
display, stress is concentrated at the contact surface between
the frit and the substrate, leading to the generation of cracks at
the contact surface, thereby degrading the reliability of the
display.

[0097] According to at least one embodiment, the first seal
is formed of frit and is formed between the display area and
the non-display area and the second seal is formed of epoxy
resin and is formed on the driver so as to be located at the outer
side of the first seal and to overlap the driver. Accordingly, the
mechanical strength of the substrates is improved thereby
protecting the OLED display from impact. Example embodi-
ments 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 the purpose of
limitation. In some instances, as would be apparent to one of
ordinary skill in the art as of the filing of the present applica-
tion, features, characteristics, and/or elements described in
connection with a particular embodiment may be used singly
or in combination with features, characteristics, and/or ele-
ments described in connection with other embodiments
unless otherwise specifically indicated. Accordingly, it will
be understood by those of 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.

What is claimed is:

1. An organic light-emitting diode (OLED) display, com-

prising:

a first substrate including a display area and a peripheral
area surrounding the display area, wherein the display
area comprises a plurality of pixels each including an
OLED and wherein the peripheral area includes a signal
driver electrically connected to the pixels;

a conductive layer formed over the signal driver and on
opposing sides of the signal driver;

a second substrate formed over the first substrate;

a first seal interposed between the first and second sub-
strates in the peripheral area and substantially sealing
the first and second substrates; and

a second seal surrounding the first seal and formed over the
signal driver.

2. The OLED display of claim 1, wherein the first and

second seals are formed of different materials.

3. The OLED display of claim 1, wherein the first seal is

formed at least in part of glass frit.

4. The OLED display of claim 1, wherein the second seal is

formed at least in part of an epoxy resin.

5. The OLED display of claim 1, wherein the signal driver

includes a passivation layer and wherein the conductive layer
has an opening formed over a portion of the passivation layer.
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6. The OLED display of claim 1, wherein each of the
OLEDs includes a pixel electrode and wherein the conductive
layer is formed of the same material as the pixel electrodes.

7. The OLED display of claim 6, wherein each of the
conductive layer and the pixel electrodes is formed of a trans-
parent conductive material.

8. The OLED display of claim 6, wherein each of the
conductive layer and the pixel electrodes is formed of an
opaque conductive material.

9. A method of fabricating an organic light-emitting diode
(OLED) display, comprising:

providing a first substrate including a display area and a

peripheral area surrounding the display area;

forming a first metal pattern on the peripheral area;

forming an insulating layer over the first metal pattern;

forming a second metal pattern substantially overlapping
the first metal pattern over the insulating layer;

forming a passivation layer over the second metal pattern;

patterning the passivation layer so as to substantially sur-
round the first and second metal patterns;

forming a conductive layer over the patterned passivation

layer and on opposing sides of the patterned passivation
layer;

patterning the conductive layer to expose a portion of the

passivation layer;

forming a first seal in the peripheral area;

forming a second seal at least partially overlapping the

exposed portion of the passivation layer and surrounding
the first seal;

attaching a second substrate to the first substrate; and

curing the second seal.

10. The method of claim 9, wherein the first and second
seals are formed of different materials.

11. The method of claim 9, wherein the first seal is formed
of glass frit.
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12. The method of claim 9, wherein the second seal is
formed of an epoxy resin.

13. The method of claim 9, further comprising forming an
OLED in the display area, wherein the OLED includes a pixel
electrode and wherein the conductive layer is formed of the
same material as the pixel electrode.

14. The method of claim 9, wherein the attaching com-
prises irradiating laser light onto the first seal.

15. The method of claim 14, wherein the irradiating com-
prises burning the passivation layer located under the first seal
so that a hole is formed exposing a portion of the insulating
layer and wherein the first seal is located inside the hole.

16. An organic light-emitting diode (OLED) display, com-
prising:

a substrate including a display area and a peripheral area

surrounding the display area;

a plurality of pixels formed in the display area;

a signal driver formed in the peripheral area and electri-

cally connected to the pixels;

a first seal formed in the peripheral area surrounding the

pixels; and

a second seal at least partially overlapping the signal driver

and surrounding the first seal.

17. The OLED display of claim 16, wherein the height of
the first seal is greater than that of the second seal, wherein the
height is measured in a direction substantially perpendicular
to the substrate.

18. The OLED display of claim 17, wherein the width of
the first seal is less than that of the second seal, wherein the
width is measured in a direction substantially parallel to the
substrate.

19. The OLED display of claim 16, wherein the first and
second seals do not contact each other.

20. The OLED display of claim 16, wherein the first and
second seals are formed of different materials.
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