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(54) LIGHT APPARATUS USING ORGANIC LIGHT-EMITTING DIODE AND METHOD OF 
FABRICATING THE SAME

(57) A lighting apparatus using an organic light-emit-
ting diode and a method of fabricating the same are char-
acterized in that an organic emissive material and a con-
ductive film used as a cathode are deposited on the entire
surface of a substrate, and then an organic emissive layer
in a lighting area and contact areas becomes separated
(broken or cut) by laser ablation, simultaneously with the

formation of a contact hole for contact with an anode.
Next, cathode contact and encapsulation processes are
performed using an adhesive containing conductive par-
ticles and a metal film. This simplifies the fabrication proc-
ess of the lighting apparatus without using an open mask
(metal mask), which is a complicated tool, thus making
it useful especially in roll-to-roll manufacturing.
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Description

1. Field

[0001] The present disclosure relates to a lighting ap-
paratus using an organic light-emitting diode and a meth-
od of fabricating the same, and more particularly, to a
lighting apparatus using an organic light-emitting diode,
which allows for a simplified fabrication process by pat-
terning the organic light-emitting diode without using an
open mask, and a method of fabricating the same.

2. Description of the Conventional Art

[0002] Common lighting apparatuses currently being
used include fluorescent lamps and incandescent lamps.
Incandescent lamps have a good color rendering index
(CRI) but very low energy efficiency, and fluorescent
lamps have good efficiency but a low color rendering in-
dex and contain mercury, posing environmental con-
cerns.
[0003] A color rendering index, which indicates how
accurately colors are reproduced, is a measure of the
ability of a light source to reveal the color of an object
faithfully in comparison with a reference light source. The
CRI of sunlight is 100.
[0004] To resolve the problems with related art lighting
apparatuses, light-emitting diodes (LEDs) are being pro-
posed these days. The LEDs are made from inorganic
emissive materials and have the highest luminous effi-
ciency at blue wavelengths, and their luminous efficiency
decreases towards red wavelengths and green wave-
lengths, which is where the eye is most sensitive. Thus,
when a red LED, a green LED, and a blue LED combine
to emit white light, the luminous efficiency is low.
[0005] Lighting apparatuses using an organic light-
emitting diode (OLED) are being developed as another
alternative. A typical lighting apparatus using an OLED
has an anode made of ITO over a glass substrate. Then,
an organic emissive layer and a cathode are formed, and
a passivation layer and a laminate film are formed on top
of them, followed by cover glass substrate attachment
and encapsulation processes.
[0006] The deposition process of the organic emissive
layer and the electrodes, which is the core process, is
usually performed in high vacuum atmosphere, so it re-
quires as many deposition chambers for maintaining high
vacuum as there are thin films to be deposited.
[0007] In recent years, the use of flexible substrates
instead of glass substrates is actively under research and
development. In this case, a flexible substrate, usually
wound on a roll, is installed on equipment - that is, roll-
to-roll equipment for continuous feeding and deposition.
However, this adds to the total number of processes;
especially, in the OLED process after the formation of
the anode, the organic emissive layer, cathode, and pas-
sivation layer are deposited using different open masks
(metal masks) for the different layers. After the deposition

using open masks, a cleaning process is needed at every
step, and the substrate and the open masks should be
aligned with each other. Misalignment may create shad-
ow and pattern tolerance, leading to defects.

SUMMARY

[0008] The present disclosure is directed to solving the
above-described problems, and an aspect of the present
disclosure is to provide a lighting apparatus using an or-
ganic light-emitting diode, which allows for depositing an
organic light-emitting diode without using an open mask
(metal mask), and a method of fabricating the same.
[0009] These and other aspects and features of the
present disclosure will become better understood with
reference to the appended claims.
[0010] An exemplary embodiment of the present dis-
closure provides a lighting apparatus using an organic
light-emitting diode, including: a substrate divided into a
lighting area and first and second contact areas, a first
electrode on the substrate and a passivation layer on the
first electrode.
[0011] The lighting apparatus using the organic light-
emitting diode of the exemplary embodiment of the
present disclosure further includes an organic emissive
layer and a second electrode on the entire surface of the
substrate where the passivation layer is provided, a
trench provided along the edge of the lighting area and
separating the organic emissive layer in the lighting area
and the organic emissive layer in the first and second
contact areas and a metal film attached over the sub-
strate in the lighting area and the second contact area.
[0012] The metal film may be attached over the sub-
strate with an adhesive.
[0013] Another exemplary embodiment of the present
disclosure provides a method of fabricating a lighting ap-
paratus using an organic light-emitting diode, the method
including: forming an organic emissive layer and a sec-
ond electrode on the entire surface of the substrate where
the passivation layer is formed, forming a trench by re-
moving the organic emissive layer and the second elec-
trode from the edge of the lighting area, the trench sep-
arating the organic emissive layer in the lighting area and
the organic emissive layer in the first and second contact
areas and attaching a metal film over the substrate in the
lighting area and the second contact area, with an adhe-
sive in between.
[0014] The first and second contact areas may be lo-
cated outside the lighting area.
[0015] The lighting apparatus may further include a first
contact electrode provided in the first contact area and
configured as an extension of the first electrode to the
first contact area.
[0016] The lighting apparatus may further include a
contact hole exposing the first contact electrode, provid-
ed by removing the organic emissive layer and second
electrode in the first contact area.
[0017] The lighting apparatus may further include a
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conductive film in the contact hole and over the second
electrode in the first contact area, and electrically con-
nected to the first contact electrode via the contact hole.
[0018] The lighting apparatus may further include a
second contact electrode provided in the second contact
area and made of the metal film.
[0019] The lighting apparatus may further include a
protective film provided on the metal film in the lighting
area.
[0020] The protective film may include an open hole
exposing the second contact electrode.
[0021] The adhesive may contain conductive particles,
and the metal film may be electrically connected to the
second electrode by the conductive particles.
[0022] The conductive particles may be composed of
nickel, carbon, or solder balls.
[0023] The organic emissive layer and the second
electrode may be exposed through the sides of the sub-
strate.
[0024] As described above, the lighting apparatus us-
ing an organic light-emitting diode and the method of fab-
ricating the same according to an exemplary embodiment
of the present disclosure may simplify the fabrication
process of the lighting apparatus without using an open
mask (metal mask), which is a complicated tool. Accord-
ingly, it is possible to reduce costs and simplify the proc-
esses and equipment, making them adaptable to a vari-
ety of models without additional cost.
[0025] Moreover, the lighting apparatus using an or-
ganic light-emitting diode and the method of fabricating
the same according to an exemplary embodiment of the
present disclosure allow for patterning organic light-emit-
ting diodes by using simple equipment, without using an
open mask and other tools, making them suitable for roll-
to-roll manufacturing. This improves productivity while
reducing manufacturing costs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings, which are includ-
ed to provide a further understanding of the disclosure
and are incorporated in and constitute a part of this spec-
ification, illustrate exemplary embodiments and together
with the description serve to explain the principles of the
disclosure.
[0027] In the drawings:

FIG. 1 is a cross-sectional view exemplifying a light-
ing apparatus using an organic light-emitting diode
according to an exemplary embodiment of the
present disclosure;
FIG. 2 is a plan view schematically showing a lighting
apparatus using an organic light-emitting diode ac-
cording to an exemplary embodiment of the present
disclosure;
FIG. 3 is a schematic cross-section view of the light-
ing apparatus using an organic light-emitting diode
according to an exemplary embodiment of the

present disclosure, taken along line I-I’ of FIG. 2;
FIG. 4 is a cross-sectional view exemplifying the con-
cept of roll-to-roll equipment;
FIG. 5 is a flowchart sequentially showing a method
of fabricating a lighting apparatus using an organic
light-emitting diode according to an exemplary em-
bodiment of the present disclosure;
FIG. 6 is a flowchart sequentially showing a method
of fabricating a lighting apparatus using an organic
light-emitting diode according to a comparative ex-
ample;
FIGS. 7A to 7G are plan views sequentially showing
a method of fabricating the lighting apparatus using
an organic light-emitting diode, shown in FIG. 2, ac-
cording to an exemplary embodiment of the present
disclosure;
FIG. 8 is an enlarged view of a portion of the lighting
area of FIG. 7B;
FIGS. 9A to 9F are plan views sequentially showing
a method of fabricating the lighting apparatus using
an organic light-emitting diode, shown in FIG. 3, ac-
cording to an exemplary embodiment of the present
disclosure;
FIG. 10 is a plan view schematically showing a light-
ing apparatus using an organic light-emitting diode
according to another exemplary embodiment of the
present disclosure;
FIG. 11 is a schematic cross-section view of the light-
ing apparatus using an organic light-emitting diode
according to another exemplary embodiment of the
present disclosure, taken along line II-II’ of FIG. 10;
FIG. 12 is a plan view schematically showing a light-
ing apparatus using an organic light-emitting diode
according to still another exemplary embodiment of
the present disclosure; and
FIG. 13 is a schematic cross-section view of the light-
ing apparatus using an organic light-emitting diode
according to still another exemplary embodiment of
the present disclosure, taken along line III-III’ of FIG.
12.

DETAILED DESCRIPTION

[0028] Hereinafter, a lighting apparatus using an or-
ganic light-emitting diode and a method of fabricating the
same according to a preferred embodiment of the present
disclosure will be described in sufficient detail to enable
a person of ordinary skill in the art to readily practice the
disclosure.
[0029] Advantages and features of the present disclo-
sure and methods of accomplishing the same may be
understood more readily by reference to the following
detailed description of preferred embodiments and the
accompanying drawings. The present disclosure may,
however, be embodied in many different forms and
should not be construed as being limited to the embod-
iments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
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plete and will fully convey the concept of the disclosure
to those skilled in the art, and the present disclosure will
only be defined by the appended claims. Like numbers
refer to like elements throughout the specification. In the
drawings, the sizes and relative sizes of layers and re-
gions may be exaggerated for clarity.
[0030] It will be understood that when an element or a
layer is referred to as being "on" or "above" another ele-
ment or layer, it can be directly on or above the other
element or layer or intervening elements or layers may
be present. In contrast, when an element or a layer is
referred to as being "directly on" or "directly above" an-
other element or layer, there are no intervening elements
or layers present.
[0031] Spatially relative terms, such as "below", "be-
neath", "lower", "above", "upper", and the like, may be
used herein for ease of description to describe one ele-
ment or feature’s relationship to another element(s) or
feature(s) as illustrated in the figures. It will be understood
that the spatially relative terms are intended to encom-
pass different orientations of the device in use or opera-
tion, in addition to the orientation depicted in the figures.
For example, if an element illustrated in the drawings is
turned over, the element described to be "below" or "be-
neath" another element may be put "above" the other
element. Accordingly, the exemplary wording "below"
may include both directions corresponding to "below" and
"above".
[0032] The terms used in the present specification are
used to describe example embodiments of inventive con-
cepts, and not to limit the inventive concepts. A singular
form may include a plural form, unless otherwise defined.
The terms "comprise" and/or "comprising" specify the ex-
istence of mentioned components, steps, operations
and/or elements thereof, and do not exclude the exist-
ence or addition of one or more components, steps, op-
erations and/or elements thereof.
[0033] FIG. 1 is a cross-sectional view exemplifying a
lighting apparatus using an organic light-emitting diode
according to an exemplary embodiment of the present
disclosure.
[0034] FIG. 2 is a plan view schematically showing a
lighting apparatus using an organic light-emitting diode
according to an exemplary embodiment of the present
disclosure.
[0035] FIG. 3 is a schematic cross-section view of the
lighting apparatus using an organic light-emitting diode
according to an exemplary embodiment of the present
disclosure, taken along line I-I’ of FIG. 2.
[0036] The present disclosure provides a lighting ap-
paratus using an organic light-emitting diode made of
organic material, rather than a lighting apparatus using
an inorganic light-emitting diode made of inorganic ma-
terial.
[0037] An OLED made of organic emissive material
has relatively good green and red emission efficiency
compared to an inorganic light-emitting diode. Another
advantage of the OLED is that it offers an improved color

rendering index because of its relatively broad red, green,
and blue emission peak widths compared to the inorganic
light-emitting diode, thereby generating light more similar
to sunlight.
[0038] In the description below, the lighting apparatus
of the disclosure is described as a lighting apparatus that
flexibly bends, but the present disclosure may be applied
not only to a bendable lighting apparatus, but also to gen-
eral lighting apparatuses that are not bendable.
[0039] Referring to FIGS. 1 to 3, a lighting apparatus
100 using an organic light-emitting diode according to an
exemplary embodiment of the present disclosure may
include an organic light-emitting diode part 101 where
surface emission occurs, and a sealing part 102 that
seals the organic light-emitting diode part 101.
[0040] In this case, an external light extraction layer
145 for increasing haze may be added to the bottom of
the organic light-emitting diode part 101.
[0041] The external light extraction layer 145 is made
of scattering particles of TiO2, etc. dispersed in resin, and
may be attached to the bottom of a substrate 110 through
an adhesive layer (not shown).
[0042] The organic light-emitting diode part 101 is
made up of organic light-emitting diodes placed on the
substrate 110. In this case, an internal light extraction
layer 140 may be added between the substrate 110 and
the organic light-emitting diodes.
[0043] A planarization layer (not shown) may be added
to the top of the internal light extraction layer 140.
[0044] In this case, the substrate 110 may be divided
into a lighting area EA that actually emits light and sends
it out, and contact areas (pad areas) CA1 and CA2 that
are electrically connected externally via contact elec-
trodes (pad electrodes) 127 and 128 and apply signals
to the lighting area EA.
[0045] The contact areas CA1 and CA2 may be elec-
trically connected externally via the contact electrodes
127 and 128 as they are not covered by a metal film 170,
used as a sealing means, and/or a protective film 175.
The first contact electrode 127 is electrically connected
externally as it is exposed via a contact hole 114, and
the second contact electrode 128, formed from a portion
of the metal film 170, may be electrically connected ex-
ternally as it is not covered by the protective film 175. In
this case, the first contact electrode 127 may be electri-
cally connected externally through a conductive film such
as anisotropic conductive film (ACF). However, the
present disclosure is not limited to this, and an external
electrical connection may be made through a given con-
ductive layer that may be formed in the contact hole 114.
[0046] The contact areas CA1 and CA2 may be located
outside the lighting area EA. For example, referring to
FIG. 2, the contact areas CA1 and CA2 are located out-
side the upper part of the lighting area EA - that is, the
first contact area CA1 may be located on the left side,
and the second contact area CA2 may be located on the
right side. This makes the module easier to process.
However, the present disclosure is not limited to this con-
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figuration. The metal film 170 may be attached to the
entire surface of the lighting area EA and second contact
area CA2 of the substrate 110, but not to the first contact
area CA1, and the protective film 175 may be attached
to the entire surface of the lighting area EA of the sub-
strate 110, but not to the contact areas CA1 and CA2.
[0047] An organic light-emitting diode is formed by a
first electrode 116 and a second electrode 126 positioned
on the substrate 110 and an organic emissive layer 130
situated between the first and second electrodes 116 and
126. In the lighting apparatus 100 of such a structure,
when a signal is applied to the first electrode 116 and
second electrode 126 of the organic light-emitting diode,
the organic emissive layer 130 produces and emits light
through the lighting area EA.
[0048] The organic emissive layer 130 may be made
up of light-emitting layers that produce white light. In an
example, the organic emissive layer 130 may be made
up of blue, red, and green emitting layers or may be made
up of a blue emitting layer and a yellow-green emitting
layer stacked in tandem. However, the organic emissive
layer 130 of this disclosure is not limited to the above-
described structure, but various structures may be ap-
plied to it.
[0049] The organic emissive layer 130 of this disclo-
sure may further include an electron injection layer and
a hole injection layer that respectively inject electrons
and holes into the emitting layers, an electron transport
layer and a hole transport layer that respectively transport
the injected electrons and holes to the emitting layers,
and a charge generating layer that generates electric
charges such as electrons and holes.
[0050] In this case, a trench T exposing a passivation
layer 115a may be formed by removing the organic emis-
sive layer 130 and the second electrode 126 from the
edge of the lighting area EA. The trench T is formed in
the shape of a closed curve or polygon along the edge
of the lighting area EA, and functions to prevent moisture
from penetrating the organic emissive layer 130 in the
lighting area EA. Generally, polymers used as organic
emissive materials, when combined with moisture, de-
grade quickly in their light-emitting characteristics, and
the luminous efficiency of the organic emissive layer 130
therefore decreases. Especially when the organic emis-
sive layer 130 in the lighting apparatus 100 is partially
exposed to the outside, moisture spreads into the lighting
apparatus 100 along the organic emissive layer 130,
thereby lowering the luminous efficiency of the lighting
apparatus 100. To overcome this, in the present disclo-
sure, the trench T is formed along the edge of the lighting
area EA, so as to prevent moisture from penetrating the
organic emissive layer 130 in the lighting area EA of the
lighting apparatus 100 from which light is actually pro-
duced and emitted.
[0051] Referring to FIG. 2, the trench T of this disclo-
sure may be formed in the shape of an overall rectangular
frame, but the present disclosure is not limited to this
shape.

[0052] The trench T may separate (break or cut) the
organic emissive layer 130 along the edge of the lighting
area EA, thereby preventing moisture from spreading into
the lighting area EA along the organic emissive layer 130.
In particular, the trench T of this disclosure may simplify
the process by laser ablation without using any photoli-
thography process.
[0053] In this case, the first electrode 116 including the
first contact electrode 127 is positioned on the substrate
110 made of transparent material. The substrate 110,
which may be made of a hard material such as glass,
may be made of a flexible material such as plastic to
make the lighting apparatus 100 bendable. Moreover,
the present disclosure allows for roll-to-roll processing
by using a flexible plastic material as the substrate 110,
thus enabling rapid fabrication of the lighting apparatus
100.
[0054] The first electrode 116 including the first contact
electrode 127 is formed in the lighting area EA and the
first contact area CA1, and may be made of a transparent
conductive material with a high work function. For exam-
ple, in the present disclosure, the first electrode 116 in-
cluding the first contact electrode 127 may be made of a
conductive material of tin oxide, such as ITO (indium tin
oxide) or a conductive material of zinc oxide, such as IZO
(indium zinc oxide), or may also be made of a transparent
conductive polymer.
[0055] The first electrode 116 may extend to the first
contact area CA1 outside the lighting area EA and con-
stitute the first contact electrode 127.
[0056] An auxiliary electrode 111 may be placed in the
lighting area EA and first contact area CA1 of the sub-
strate 110 and be electrically connected to the first elec-
trode 116. The first electrode 116 has the advantage of
being made of a transparent conductive material and
transmitting emitted light therethrough, but also has the
disadvantage that it has very high electrical resistance
compared to opaque metals. Accordingly, in the fabrica-
tion of a large-area lighting apparatus 100, an electric
current applied to a wide lighting area is not uniformly
distributed due to the high resistance of the transparent
conductive material, and this nonuniform current distri-
bution makes it impossible for the large-area lighting ap-
paratus 100 to emit light with uniform brightness.
[0057] The auxiliary electrode 111 is positioned across
the entire lighting area EA, in the shape of a matrix of
thin lines, a mesh, a hexagon, an octagon, or a circle so
that an electric current is evenly applied to the first elec-
trode 116 over the entire lighting area EA, thus enabling
the large-area lighting apparatus 100 to emit light with
uniform brightness.
[0058] Although FIG. 3 illustrates an example where
the auxiliary electrode 111 is positioned below the first
electrode 116 including the first contact electrode 127,
the present disclosure is not limited to this example, and
the auxiliary electrode 111 may be positioned over the
first electrode 116 including the first contact electrode
127. The auxiliary electrode 111 placed in the first contact
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area CA1 may be used as a current transfer path to the
first electrode 116, and also may function as a contact
electrode that comes into contact with the outside and
applies an external current to the first electrode 116.
[0059] The auxiliary electrode 111 may be made of a
metal with high conductivity, such as Al, Au, Cu, Ti, W,
Mo, or an alloy thereof. The auxiliary electrode 111 may
have a two-layer structure of an upper auxiliary electrode
111 a and a lower auxiliary electrode 111b, but the
present disclosure is not limited to this structure, and the
auxiliary electrode 111 may consist of a single layer.
[0060] The passivation layer 115a may be stacked in
the lighting area EA and second contact area CA2 of the
substrate 110. Although FIG. 2 illustrates that the passi-
vation layer 115a is in the shape of a rectangular frame
of a certain width, the present disclosure is not limited to
this shape.
[0061] The passivation layer 115a in the lighting area
EA is configured to cover the auxiliary electrode 111 and
the overlying first electrode 116, but the passivation layer
115a is not formed in the light-emission area where light
is actually emitted. In particular, the passivation layer
115a in the lighting area EA reduces the difference in
level caused by the auxiliary electrode 111 as it surrounds
the auxiliary electrode 111, which allows for stable for-
mation of various layers that are to be formed later, with-
out separation of the layers (i.e. a discontinuity in the
layers).
[0062] The passivation layer 115a may be made of an
inorganic material such as SiOx or SiNx. Alternatively,
the passivation layer 115a may be made of an organic
material such as photoacryl or be made of a plurality of
layers of inorganic and organic materials.
[0063] The lighting apparatus 100 using an organic
light-emitting diode according to an exemplary embodi-
ment of the present disclosure is characterized in that
the organic emissive layer 130 and the second electrode
126 are positioned on the entire surface of the substrate
110 where the first electrode 116 and the passivation
layer 115a are placed.
[0064] That is, the lighting apparatus 100 using an or-
ganic light-emitting diode according to an exemplary em-
bodiment of the present disclosure is characterized in
that the organic emissive layer 130 and the second elec-
trode 126 are deposited on the entire surface, without
using an open mask, which is a separate, complicated
tool, and then the organic emissive layer 130 in the light-
ing area EA and contact areas CA1 and CA2 becomes
separated (broken or cut) by laser ablation, and at the
same time, the contact hole 114 for contact with the an-
ode is formed.
[0065] In this case, the trench T is formed by removing
the organic emissive layer 130 and second electrode 126
from the edge of the lighting area EA of the substrate 110
by laser ablation. Hereupon, the surface of the first pas-
sivation layer 115a may be exposed via the trench T.
[0066] Moreover, the contact hole 114 exposing the
first contact electrode 127 may be formed in the first con-

tact area CA1 of the substrate 110 by removing a certain
part of the organic emissive layer 130 and second elec-
trode 126 by laser ablation.
[0067] As such, the first contact electrode 127 may be
formed from the first electrode 116 or as an additional
electrode (not shown), and the second contact electrode
128 may be formed from the metal film 170.
[0068] When using an open mask as in the conven-
tional art, different open masks should be used on the
organic emissive layer 130 and second electrode 126,
respectively. This requires elaborate manufacturing of
masks and tools. Moreover, in roll-to-roll processing, con-
tinuous feeding should be done roll-to-sheet in one-pass
rather than in individual sheets. Thus, complicated line
equipment is required, and it is difficult to achieve preci-
sion.
[0069] Accordingly, the present disclosure, without us-
ing open masks, may reduce costs and simplify the proc-
esses and equipment, making them adaptable to a vari-
ety of models without additional cost. Moreover, OLEDs
may be patterned using simple equipment, without using
an open mask and other tools, which is suitable for roll-
to-roll manufacturing.
[0070] That is, the present disclosure allows for micro-
pattern forming, without using complicated masks and
tools, in roll-to-roll processing as well as in glass process-
ing. Conventionally, open masks of different shapes have
been manufactured and used for different types of prod-
ucts. On the other hand, when a laser is used, all that
has to be done is to change design information and enter
it in the equipment, without any alteration of open masks.
This allows for easy adaptation to various types of prod-
ucts.
[0071] As described above, the organic emissive layer
130 is a white organic emissive layer, and may be made
up of blue, red, and green emitting layers or be made up
of a blue emitting layer and a yellow-green emitting layer
stacked in tandem. Moreover, the organic emissive layer
130 may include an electron injection layer and a hole
injection layer that respectively inject electrons and holes
into the emitting layers, an electron transport layer and
a hole transport layer that respectively transport the in-
jected electrons and holes to the emitting layers, and a
charge generating layer that generates electric charges
such as electrons and holes.
[0072] The second electrode 126 may be made of met-
al, such as Al, Mo, Cu, and Ag, or an alloy such as MoTi.
[0073] The first electrode 116, organic emissive layer
130, and second electrode 126 in the lighting area EA
constitute an organic light-emitting diode. The first elec-
trode 116 is the anode of the organic light-emitting diode,
and the second electrode 126 is the cathode. When an
electric current is applied to the first electrode 116 and
the second electrode 126, electrons are injected into the
organic emissive layer 130 from the second electrode
126, and holes are injected into the organic emissive lay-
er 130 from the first electrode 116. Thereafter, an exciton
is created in the organic emissive layer 130, and the de-
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cay of the exciton results in generating light that is equiv-
alent to the difference in energy between the lowest un-
occupied molecular orbital and highest occupied molec-
ular orbital (HOMO and LUMO) of the emissive layer,
causing the light to radiate downward (towards the sub-
strate 110 in the figure).
[0074] Since the passivation layer 115a is positioned
over the auxiliary electrode 111 in the lighting area EA,
the organic emissive layer 130 above the auxiliary elec-
trode 111 does not come into direct contact with the first
electrode 116 and therefore the organic light-emitting di-
ode is not present on the auxiliary electrode 111. That
is, the organic light-emitting diode in the lighting area EA
is formed only in the light-emission area within the aux-
iliary electrode 111 that has the shape of a matrix, for
example.
[0075] As the above-described trench T is formed on
the edge of the lighting area EA of the substrate 110, the
organic emissive layer 130 in the lighting area EA and
the organic emissive layer 130 in the contact areas CA1
and CA2 may be separated from each other. In the
present disclosure, since the organic emissive layer 130
in the lighting area EA and the organic emissive layer
130 in the contact areas CA1 and CA2 are separated by
the trench T, moisture penetrating the outer region of the
organic emissive layer 130 may be prevented from
spreading along the organic emissive layer 130 into the
lighting area EA from which light is actually emitted. More-
over, in the present disclosure, the organic emissive layer
130 becomes separated by laser ablation without addi-
tion of any open mask or photolithography process,
thereby avoiding an additional fabrication process and
the resulting increase in cost.
[0076] Likewise, the second electrode 126 in the light-
ing area EA and the second electrode 126 in the contact
areas CA1 and CA2 are separated from each other by
the above-described trench T because the second elec-
trode 126 is positioned over the organic emissive layer
130 in the lighting area EA and contact areas CA1 and
CA2.
[0077] An adhesive 118 such as PSA (pressure sen-
sitive adhesive) is applied to the lighting area EA and
second contact area CA2 of the substrate 110 where the
second electrode 126 is formed, and the metal film 170
is positioned over the adhesive 118 so that the metal film
170 is attached to the substrate 110 to seal the lighting
apparatus 100.
[0078] Then, a given protective film 175 may be at-
tached to the entire surface of the lighting area EA of the
substrate 110, but not to the contact areas CA1 and CA2.
[0079] The adhesive 118 may be a light curing adhe-
sive or a heat curing adhesive.
[0080] The adhesive 118 according to an exemplary
embodiment of the present disclosure contains conduc-
tive particles 160, and the metal film 170 including the
second contact electrode 128 is electrically connected
to the second electrode 126 by the conductive particles
160.

[0081] The conductive particles 160 may be nickel, car-
bon, solder balls, etc.
[0082] In this case, as described above, the contact
hole 114 is formed in the first contact area CA1 of the
substrate 110 by removing a certain part of the organic
emissive layer 130 and second electrode 126, and the
first contact electrode 127 connected to the first electrode
116 may be exposed externally via the contact hole 114.
The second contact electrode 128 is formed from a por-
tion of the metal film 170, and the second contact elec-
trode 128 may be electrically connected to the second
electrode 126 by the conductive particles 160 in the ad-
hesive 118. Thus, the first contact electrode 127 and the
second contact electrode 128 are electrically connected
to an external power source to apply an electrical current
to the first electrode 116 and the second electrode 126,
respectively.
[0083] Moreover, as described above, in the present
disclosure, the organic emissive layer 130 and the sec-
ond electrode 126 are stacked on the entire surface of
the substrate 110, and the trench T is formed by laser
ablation to separate the organic emissive layer 130,
thereby preventing moisture from penetrating and
spreading into the organic emissive layer 130 in the light-
ing area EA.
[0084] Moreover, the present disclosure allows for roll-
to-roll manufacturing since the substrate 110 is made of
a flexible plastic film and the organic emissive layer 130
and the second electrode 126 are deposited on the entire
surface. This enables rapid fabrication of the lighting ap-
paratus 100 and reduction of manufacturing costs.
[0085] FIG. 4 is a cross-sectional view exemplifying
the concept of roll-to-roll equipment for manufacturing a
flexible lighting apparatus that can bend.
[0086] Referring to FIG. 4, the roll-to-roll equipment for
manufacturing a flexible lighting apparatus includes a film
feed roller 52 feeding a plastic film 10, a film recovery
roller 54 recovering the plastic film 10, and a guide roller
56 guiding the plastic film 10.
[0087] Moreover, the roll-to-roll equipment includes a
mask feed roller 62 feeding an open mask 60 (or metal
mask), a mask recovery roller 64 recovering the open
mask 60, and an evaporator 80 depositing an organic
material or metal.
[0088] In the roll-to-roll equipment thus constructed,
the plastic film 10 used as a substrate for the lighting
apparatus is fed from the film feed roller 52 to the evap-
orator 80, and at the same time, the open mask 60 is fed
from the mask feed roller 62 to the evaporator 80. With
the open mask 60 positioned on the entire surface of the
plastic film 10, the evaporator 80 deposits an organic
material or metal in some part of the plastic film 10.
[0089] After the deposition, the open mask 60 is sep-
arated from the plastic film 10, and the plastic film 10 is
recovered by the film recovery roller 54 and the open
mask 60 is recovered by the mask recovery roller 64.
[0090] Using the roll-to-roll equipment with this struc-
ture, the plastic film 10 is continuously fed by the film
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feed roller 52, thereby enabling rapid fabrication of the
lighting apparatus in a continuous process. However, this
roll-to-roll equipment has the following problems.
[0091] The roll-to-roll equipment may be used in form-
ing a variety of metal patterns - especially useful when
forming the organic emissive layer, second electrode,
etc. This is achieved easily by roll-to-roll manufacturing
because the organic emissive layer or second electrode
is deposited across the entire area of the substrate, rather
than being patterned by a photolithography process in a
certain part of the substrate.
[0092] However, when an organic emissive layer is
formed by depositing an organic emissive material on
the entire surface of the substrate by the roll-to-roll equip-
ment, the side of the organic emissive layer deposited
over the entire surface is formed at the same level as the
side of the substrate, thus causing the organic emissive
layer to be exposed to the outside through the side of the
lighting apparatus. The organic emissive material is sus-
ceptible to moisture and, when combined with moisture,
degrades quickly, causing the moisture to spread easily.
Accordingly, the organic emissive layer should be kept
from being exposed externally in the fabrication of the
lighting apparatus, in order to prevent the lighting appa-
ratus from becoming defective due to the spread of mois-
ture through the externally exposed organic emissive lay-
er.
[0093] Hence, as the open mask blocks the perimeter
area of the substrate, the organic emissive layer is not
deposited in the perimeter area of the substrate when
depositing the organic emissive material. Moreover, by
sealing the perimeter area with a sealant or adhesive,
the side of the organic emissive layer is sealed, and this
prevents the organic emissive layer from being exposed
to the outside.
[0094] However, when forming an organic emissive
layer using the open mask 60, as shown in FIG. 4, a
system (a feed roll, guide roll, recovery roll, etc.) that
feeds the plastic film 10 and a system that feeds the open
mask 60 should be integrated inline. This increases not
only the length of the process line but also the length of
the open mask 60. Moreover, the plastic film 10 and the
open mask 60 should be fed in sync, and also need to
be aligned in a continuous process. In addition, the open
mask 60 should be cleaned after use, which is difficult
due to the long length of the open mask 60.
[0095] In other words, although a roll-to-roll manufac-
turing process requires the use of an open mask to enable
rapid fabrication of a lighting apparatus, the open mask
makes it practically difficult to fabricate the lighting ap-
paratus by using the roll-to-roll equipment.
[0096] On the other hand, in the present disclosure, a
trench is formed by removing the organic emissive layer
from the edge of the lighting area of the substrate by laser
ablation. As such, the organic emissive layer becomes
separated by the trench, even when an organic emissive
layer is deposited across the entire area of the substrate
and the side of the organic emissive layer is therefore

exposed to the outside, thereby preventing moisture from
penetrating into the lighting area through the exposed
organic emissive layer. Accordingly, a lighting apparatus
according to the present disclosure is fabricated without
using an open mask, and this simplifies the fabrication
process of the lighting apparatus, making it useful espe-
cially in roll-to-roll manufacturing.
[0097] In what follows, a lighting apparatus according
to an exemplary embodiment of the present disclosure
and a method of fabricating a lighting apparatus with a
typical structure by roll-to-roll processing will be de-
scribed to explain the benefits of the fabrication process
of a lighting apparatus according to an exemplary em-
bodiment of the present disclosure.
[0098] FIG. 5 is a flowchart sequentially showing a
method of fabricating a lighting apparatus using an or-
ganic light-emitting diode according to an exemplary em-
bodiment of the present disclosure.
[0099] Referring to FIG. 5, firstly, an auxiliary electrode
and a first electrode are formed on a substrate made of
a flexible, transparent plastic film (S110), and then a pas-
sivation layer is formed by stacking and etching an inor-
ganic material (S120). The auxiliary electrode, first elec-
trode, and passivation layer may be formed inside roll-
to-roll equipment by a photolithographic process using a
photoresist and a photomask.
[0100] Subsequently, an organic emissive layer is
formed by depositing an organic emissive material on
the entire surface of the substrate by using the roll-to-roll
equipment shown in FIG. 4 (S130). Since, in the present
disclosure, an organic emissive material is deposited
without using an open mask, the roll-to-roll equipment
shown in FIG. 4 does not require the use of an open
mask, mask feed roller, and mask recovery roller.
[0101] Afterwards, a second electrode is formed by de-
positing a metal on the entire surface of the substrate
(S140).
[0102] Subsequently, using laser ablation, a trench is
formed along the edge of the lighting area of the substrate
by removing the organic emissive layer and the second
electrode by laser ablation, and at the same time a con-
tact hole exposing a first contact electrode is formed in
a first contact area (S150).
[0103] Afterwards, a metal film is attached for sealing
using an adhesive containing conductive particles, and
at the same time a second contact electrode of a metal
film is electrically connected to the second electrode
through the conductive particles (S160). Then, a protec-
tive film is attached to the entire surface of the lighting
area of the substrate.
[0104] FIG. 6 is a flowchart sequentially showing a
method of fabricating a lighting apparatus using an or-
ganic light-emitting diode according to a comparative ex-
ample.
[0105] Referring to FIG. 6, firstly, an auxiliary electrode
and a first electrode are formed on a substrate made of
a flexible, transparent plastic film (S10), and then a first
passivation layer is formed by stacking and etching an
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inorganic material (S20).
[0106] Subsequently, a first open mask (metal mask)
is placed on the entire surface of the substrate, and then
an organic emissive layer is formed by depositing an or-
ganic emissive material (S30 and S40).
[0107] Afterwards, the first open mask placed on the
entire surface of the substrate is replaced with a new,
second open mask, and then a metal is deposited to form
a second electrode (S50 and S60).
[0108] Subsequently, the second open mask placed
on the entire surface of the substrate is replaced with a
new, third open mask, and then second and third passi-
vation layers are formed (S70 and S80).
[0109] Afterwards, a metal film is attached with an ad-
hesive, thereby completing a lighting apparatus (S90).
[0110] As described above, the present disclosure re-
quires no open mask when fabricating a lighting appara-
tus by using roll-to-roll equipment. Thus, the step of plac-
ing an open mask and the step of replacing the open
mask are not needed, unlike with the lighting apparatus
according to the comparative example. Therefore, the
lighting apparatus according to an exemplary embodi-
ment of the present disclosure allows for rapid fabrica-
tion.
[0111] Moreover, in the case of the lighting apparatus
according to the comparative example, the open masks
used in the previous process should be cleaned after
completion of the process on the plastic film on the feed
roller, before a plastic film is fed to the feed roller to
resume the process. By contrast, the fabrication of a light-
ing apparatus according to an exemplary embodiment of
the present disclosure does not require cleaning of open
masks. Accordingly, no cleaning equipment is required
when fabricating a lighting apparatus according to an ex-
emplary embodiment of the present disclosure. This may
reduce costs and prevent environmental contamination
caused by cleaning. Moreover, no cleaning process is
required between two consecutive deposition processes,
thereby making the fabrication even more rapid.
[0112] Additionally, the lighting apparatus according to
the comparative example requires equipment for posi-
tioning an open mask in front of the substrate, whereas
the exemplary embodiment of the present disclosure
does not require such equipment, thereby simplifying the
manufacturing equipment and reducing costs.
[0113] FIGS. 7A to 7G are plan views sequentially
showing a method of fabricating the lighting apparatus
using an organic light-emitting diode, shown in FIG. 2,
according to an exemplary embodiment of the present
disclosure;
[0114] FIG. 8 is an enlarged view of a portion of the
lighting area of FIG. 7B;
[0115] FIGS. 9A to 9F are plan views sequentially
showing a method of fabricating the lighting apparatus
using an organic light-emitting diode, shown in FIG. 3,
according to an exemplary embodiment of the present
disclosure;
[0116] While the fabrication method here is illustrated

with reference to a process carried out on roll-to-roll
equipment, the present disclosure is not limited to the
roll-to-roll equipment but may be applicable equally to
general manufacturing equipment using a glass sub-
strate.
[0117] First of all, referring to FIGS. 7A and 9A, a metal
such as Al, Au, Cu, Ti, W, Mo, or an alloy thereof is de-
posited on a substrate 110 which is divided into a lighting
area and contact areas, and then etched to form an aux-
iliary electrode 111 consisting of a single layer or a plu-
rality of layers in the lighting area and the first contact
area.
[0118] Although 9A illustrates an example where the
auxiliary electrode 111 is formed of a two-layer structure
of an upper auxiliary electrode 111a and a lower auxiliary
electrode 111b, the present disclosure is not limited to
this example, as stated above.
[0119] The auxiliary electrode 111 may be positioned
across the entire lighting area EA, in the shape of a matrix
of thin lines (see FIG. 8), a mesh, a hexagon, an octagon,
or a circle.
[0120] Afterwards, a transparent conductive material
such as ITO or IZO is stacked on the entire substrate 110
and etched to form a first electrode 116 and a first contact
electrode 127 in the lighting area and the first contact
area. In this case, the first electrode 116 may extend to
the first contact area outside the lighting area and con-
stitute the first contact electrode 127.
[0121] While FIGS. 7A and 9A illustrate an example
where the auxiliary electrode 111 is formed below the
first electrode 116 including the first contact electrode
127, the present disclosure is not limited to this example,
and the auxiliary electrode 111 may be formed over the
first electrode 116 including the first contact electrode
127. The auxiliary electrode 111 placed in the first contact
area may be used as a current transfer path to the first
electrode 116, and also may function as a contact elec-
trode that comes into contact with the outside and applies
an external current to the first electrode 116.
[0122] Subsequently, referring to FIGS. 7B and 9B, an
inorganic material such as SiNx or SiOx or an organic
material such as photoacryl is stacked in the lighting area
and second contact area of the substrate 110. After-
wards, the inorganic material or organic material is
etched to form a passivation layer 115a on the top and
side of the auxiliary electrode 111 in the lighting area and
in a certain part of the second contact area.
[0123] The passivation layer 115a in the lighting area
is configured to cover the auxiliary electrode 111 and the
overlying first electrode 116, but the passivation layer
115a is not formed in the light-emission area where light
is actually emitted (although in practice, referring to FIG.
8, the passivation layer 115a may be formed in a matrix
shape in the light-emission area to cover the auxiliary
electrode 111 arranged in a matrix shape). In particular,
the passivation layer 115a in the lighting area reduces
the difference in level caused by the auxiliary electrode
111 as it surrounds the auxiliary electrode 111, which
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allows for stable formation of various layers that are to
be formed later, without separation of the layers (i.e. a
discontinuity in the layers). Although FIG. 7B illustrates
that the passivation layer 115a is in the shape of a rec-
tangular frame of a certain width, the present disclosure
is not limited to this shape.
[0124] Subsequently, referring to FIGS. 7C, 7D, and
9C, an organic emissive layer 130 and a second elec-
trode 126 are formed by sequentially depositing an or-
ganic emissive material and a metal across the entire
surface of the substrate 110.
[0125] In this case, the organic emissive layer 130 is
a white organic emissive layer, and may be made up of
blue, red, and green emitting layers or be made up of a
blue emitting layer and a yellow-green emitting layer
stacked in tandem. Moreover, the organic emissive layer
130 may include an electron injection layer and a hole
injection layer that respectively inject electrons and holes
into the emitting layers, an electron transport layer and
a hole transport layer that respectively transport the in-
jected electrons and holes to the emitting layers, and a
charge generating layer that generates electric charges
such as electrons and holes.
[0126] The second electrode 126 may be made of met-
al, such as Al, Mo, Cu, and Ag, or an alloy such as MoTi.
[0127] The first electrode 116, organic emissive layer
130, and second electrode 126 in the lighting area con-
stitute an organic light-emitting diode.
[0128] Since the passivation layer 115a is positioned
over the auxiliary electrode 111 in the lighting area, the
organic emissive layer 130 above the auxiliary electrode
111 does not come into direct contact with the first elec-
trode 116 and therefore the organic light-emitting diode
is not present on the auxiliary electrode 111. That is, the
organic light-emitting diode in the lighting area is formed
only in the light-emission area defined by the auxiliary
electrode 111 that has the shape of a matrix, for example
(see FIG. 8).
[0129] As such, in the lighting apparatus using an or-
ganic light-emitting diode according to the exemplary em-
bodiment of the present disclosure, the organic emissive
layer 130 and the second electrode 126 are deposited
on the entire surface, without using an open mask, which
is a separate, complicated tool, and this may reduce costs
and simplify the processes and equipment, making them
adaptable to a variety of models without additional cost.
Moreover, OLEDs may be patterned using simple equip-
ment, without using an open mask and other tools, which
is suitable for roll-to-roll manufacturing.
[0130] Subsequently, referring to FIGS. 7E and 9D, a
trench T exposing the surface of the passivation layer
115a is formed along the edge of the lighting area of the
substrate 110 by partially removing the organic emissive
layer 130 and second electrode 126 which are deposited
over the entire surface.
[0131] Additionally, using laser ablation, a contact hole
114 exposing the first contact electrode 127 may be
formed by removing the organic emissive layer 130 and

second electrode 126 in the first contact area of the sub-
strate 110.
[0132] As the above-described trench T is formed on
the edge of the lighting area of the substrate 110, the
organic emissive layer 130 in the lighting area and the
organic emissive layer 130 in the contact areas may be
separated from each other. In the present disclosure,
since the organic emissive layer 130 in the lighting area
and the organic emissive layer 130 in the contact areas
are separated by the trench T, moisture penetrating the
outer region of the organic emissive layer 130 may be
prevented from spreading along the organic emissive lay-
er 130 into the lighting area from which light is actually
emitted. Moreover, in the present disclosure, the organic
emissive layer 130 becomes separated by laser ablation
without addition of any open mask or photolithography
process, thereby avoiding an additional fabrication proc-
ess and the resulting increase in cost.
[0133] Subsequently, referring to FIGS. 7F and 9E, an
adhesive 118 made of a light curing adhesive material
or a heat curing adhesive material is applied over the
substrate 110. Further, the metal film 170 is positioned
over the adhesive 118, and then the adhesive 118 is
cured to attach the metal film 170.
[0134] The adhesive 118 and the metal film 170 used
as a sealing means may be attached to the lighting area
and second contact area of the substrate 110 where the
second electrode 126 is formed.
[0135] The adhesive 118 according to an exemplary
embodiment of the present disclosure contains conduc-
tive particles 160, and the metal film 170 including the
second contact electrode 128 is electrically connected
to the second electrode 126 by the conductive particles
160.
[0136] Afterwards, referring to FIGS. 7G and 9F, a giv-
en protective film 175 may be attached to the entire sur-
face of the lighting area of the substrate 110, but not to
the contact areas, thereby completing the lighting appa-
ratus.
[0137] As described above, in the first contact area of
the substrate 110, the first contact electrode 127 con-
nected to the first electrode 116 may be exposed exter-
nally via the contact hole 114. The second contact elec-
trode 128 is formed from a portion of the metal film 170,
and at the same time, may be electrically connected to
the second electrode 126 by the conductive particles 160
in the adhesive 118. Thus, the first contact electrode 127
and the second contact electrode 128 are electrically
connected to an external power source to apply an elec-
trical current to the first electrode 116 and the second
electrode 126, respectively.
[0138] In this case, although the protective film 175
according to an exemplary embodiment of the present
disclosure is attached to the entire surface of the lighting
area of the substrate 110, but not to the contact area, the
present disclosure is not limited to this. In the present
disclosure, instead of forming the protective film in the
second contact area, an open hole may be formed to
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expose part of the second contact electrode, which will
be described in detail with respect to another exemplary
embodiment of the present disclosure.
[0139] FIG. 10 is a plan view schematically showing a
lighting apparatus using an organic light-emitting diode
according to another exemplary embodiment of the
present disclosure;
[0140] FIG. 11 is a schematic cross-section view of the
lighting apparatus using an organic light-emitting diode
according to another exemplary embodiment of the
present disclosure, taken along line II-II’ of FIG. 10.
[0141] The lighting apparatus using an organic light-
emitting diode according to another exemplary embodi-
ment of the present disclosure, shown in FIGS. 10 and
11, have substantially the same components as the light-
ing apparatus using an organic light-emitting diode ac-
cording to the foregoing exemplary embodiment of the
present disclosure, except for the protective film.
[0142] That is, a lighting apparatus using an organic
light-emitting diode according to another exemplary em-
bodiment of the present disclosure may include an or-
ganic light-emitting diode part where surface emission
occurs, and a sealing part that seals the organic light-
emitting diode part.
[0143] The organic light-emitting diode part is made up
of organic light-emitting diodes placed on the substrate.
Referring to FIGS. 10 and 11, the substrate 210 may be
divided into a lighting area EA that actually emits light
and sends it out, and contact areas CA1 and CA2 that
are electrically connected externally via contact elec-
trodes 227 and 228 and apply signals to the lighting area
EA.
[0144] The contact areas CA1 and CA2 may be elec-
trically connected externally via the contact electrodes
227 and 228 as they are not covered by a metal film 270,
used as a sealing means, and/or a protective film 275.
The first contact electrode 227 is electrically connected
externally as it is exposed via a contact hole 214, and
the second contact electrode 228, formed from a portion
of the metal film 270, may be electrically connected ex-
ternally as it is exposed via an open hole H formed in the
protective film 275.
[0145] The contact areas CA1 and CA2 may be located
outside the lighting area EA. For example, referring to
FIG. 10, the contact areas CA1 and CA2 are located out-
side the upper part of the lighting area EA - that is, the
first contact area CA1 may be located on the left side,
and the second contact area CA2 may be located on the
right side. This makes the module easier to process.
However, the present disclosure is not limited to this con-
figuration. The metal film 270 may be attached to the
entire surface of the lighting area EA and second contact
area CA2 of the substrate 210, but not to the first contact
area CA1, and the protective film 275 may be attached
to the entire surface of the lighting area EA of the sub-
strate 110 and the second contact area CA2, but not to
the first contact area CA1 and the open hole H.
[0146] An organic light-emitting diode is formed by a

first electrode 216 and a second electrode 226 positioned
on the substrate 210 and an organic emissive layer 230
situated between the first and second electrodes 216 and
226.
[0147] In this case, a trench T exposing a passivation
layer 215a may be formed along the edge of the lighting
area EA by removing the organic emissive layer 230 and
the second electrode 226. The trench T is formed in the
shape of a closed curve or polygon along the edge of the
lighting area EA, and functions to prevent moisture from
penetrating the organic emissive layer 230 in the lighting
area EA.
[0148] Referring to FIG. 10, the trench T of this disclo-
sure may be formed in the shape of an overall rectangular
frame, but the present disclosure is not limited to this
shape.
[0149] The trench T may separate (break or cut) the
organic emissive layer 230 along the edge of the lighting
area EA, thereby preventing moisture from spreading into
the lighting area EA along the organic emissive layer 230.
In particular, the trench T of this disclosure may simplify
the process by laser ablation without using any photoli-
thography process.
[0150] In this case, the first electrode 216 including the
first contact electrode 227 is positioned on the substrate
210 made of transparent material. The substrate 210,
although may be made of hard material such as glass,
may be made of flexible material such as plastic to make
the lighting apparatus 200 bendable. Moreover, the
present disclosure allows for roll-to-roll processing by us-
ing a flexible plastic material as the substrate 210, thus
enabling rapid fabrication of the lighting apparatus 200.
[0151] The first electrode 216 including the first contact
electrode 227 is formed in the lighting area EA and the
first contact area CA1, and may be made of a transparent
conductive material with a high work function.
[0152] The first electrode 216 may extend to the first
contact area CA1 outside the lighting area EA and con-
stitute the first contact electrode 227.
[0153] An auxiliary electrode 211 may be placed in the
lighting area EA and first contact area CA1 of the sub-
strate 210 and electrically connected to the first electrode
216.
[0154] The auxiliary electrode 211 is positioned across
the entire lighting area EA, in the shape of a matrix of
thin lines, a mesh, a hexagon, an octagon, or a circle so
that an electric current is evenly applied to the first elec-
trode 216 over the entire lighting area EA, thus enabling
the large-area lighting apparatus 200 to emit light with
uniform brightness.
[0155] Although FIG. 11 illustrates an example where
the auxiliary electrode 211 is positioned below the first
electrode 216 including the first contact electrode 227,
the present disclosure is not limited to this example, and
the auxiliary electrode 211 may be positioned over the
first electrode 216 including the first contact electrode
227. The auxiliary electrode 211 placed in the first contact
area CA1 may be used as a current transfer path to the
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first electrode 216, and also may function as a contact
electrode that comes into contact with the outside and
applies an external current to the first electrode 216.
[0156] The auxiliary electrode 211 may be made of a
metal with high conductivity, such as Al, Au, Cu, Ti, W,
Mo, or an alloy thereof. The auxiliary electrode 211 may
have a two-layer structure of an upper auxiliary electrode
211a and a lower auxiliary electrode 211b, but the
present disclosure is not limited to this structure, and the
auxiliary electrode 211 may consist of a single layer.
[0157] The passivation layer 215a may be stacked in
the lighting area EA and second contact area CA2 of the
substrate 210. Although FIG. 10 illustrates that the pas-
sivation layer 215a is in the shape of a rectangular frame
of a certain width, the present disclosure is not limited to
this shape.
[0158] The passivation layer 215a in the lighting area
EA is configured to cover the auxiliary electrode 211 and
the overlying first electrode 216, but the passivation layer
215a is not formed in the light-emission area where light
is actually emitted. In particular, the passivation layer
215a in the lighting area EA reduces the difference in
level caused by the auxiliary electrode 211 as it surrounds
the auxiliary electrode 211, which allows for stable for-
mation of various layers that are to be formed later, with-
out separation of the layers (i.e. a discontinuity in the
layers).
[0159] The passivation layer 215a may be made of an
inorganic material such as SiOx or SiNx. Alternatively,
the passivation layer 215a may be made of an organic
material such as photoacryl or be made of a plurality of
layers of inorganic and organic materials.
[0160] Like the foregoing exemplary embodiment of
the present disclosure, the lighting apparatus 200 using
an organic light-emitting diode according to another ex-
emplary embodiment of the present disclosure is char-
acterized in that the organic emissive layer 230 and the
second electrode 226 are positioned on the entire surface
of the substrate 210 where the first electrode 216 and
the passivation layer 215a are placed.
[0161] That is, the lighting apparatus 200 using an or-
ganic light-emitting diode according to another exempla-
ry embodiment of the present disclosure is characterized
in that the organic emissive layer 230 and the second
electrode 226 are deposited on the entire surface, without
using an open mask, which is a separate, complicated
tool, and then the organic emissive layer 230 in the light-
ing area EA and contact areas CA1 and CA2 becomes
separated (broken or cut) by laser ablation, and at the
same time, the contact hole 214 for contact with the an-
ode is formed.
[0162] In this case, the trench T is formed by removing
the organic emissive layer 230 and second electrode 226
from the edge of the lighting area EA of the substrate 210
by laser ablation. Hereupon, the surface of the first pas-
sivation layer 215a may be exposed via the trench T.
[0163] Moreover, the contact hole 214 exposing the
first contact electrode 227 may be formed by removing

a certain part of the organic emissive layer 230 and sec-
ond electrode 226 in the first contact area CA1 of the
substrate 210 by laser ablation.
[0164] As such, the first contact electrode 227 may be
formed from the first electrode 216 or as an additional
electrode (not shown), and the second contact electrode
228 may be formed from the metal film 270.
[0165] As described above, the organic emissive layer
230 is a white organic emissive layer, and may be made
up of blue, red, and green emitting layers or be made up
of a blue emitting layer and a yellow-green emitting layer
stacked in tandem. Moreover, the organic emissive layer
230 may include an electron injection layer and a hole
injection layer that respectively inject electrons and holes
into the emitting layers, an electron transport layer and
a hole transport layer that respectively transport the in-
jected electrons and holes to the emitting layers, and a
charge generating layer that generates electric charges
such as electrons and holes.
[0166] The second electrode 226 may be made of met-
al, such as Al, Mo, Cu, and Ag, or an alloy such as MoTi.
[0167] An adhesive 218 such as PSA (pressure sen-
sitive adhesive) is applied to the lighting area EA and
second contact area CA2 of the substrate 210 where the
second electrode 226 is formed, and the metal film 270
is positioned over the adhesive 218 so that the metal film
270 is attached to the substrate 210 to seal the lighting
apparatus 200.
[0168] Then, a given protective film 275 may be at-
tached onto the metal film 270. In another exemplary
embodiment of the present disclosure, instead of forming
the protective film 275 in the second contact area CA2,
an open hole H may be formed to expose part of the
second contact electrode 228. In this case, the second
contact electrode 228 is less exposed externally com-
pared to the foregoing exemplary embodiment of the
present disclosure, thereby minimizing external effects
such as corrosion.
[0169] The adhesive 218 may be a light curing adhe-
sive or a heat curing adhesive.
[0170] The adhesive 218 according to another exem-
plary embodiment of the present disclosure contains con-
ductive particles 260, and the metal film 270 including
the second contact electrode 228 is electrically connect-
ed to the second electrode 226 by the conductive parti-
cles 260.
[0171] The conductive particles 260 may be nickel, car-
bon, solder balls, etc.
[0172] As described above, in the first contact area
CA1 of the substrate 210, the first contact electrode 227
connected to the first electrode 216 may be exposed ex-
ternally via the contact hole 214. The second contact
electrode 228 may be formed from a portion of the metal
film 270 and exposed externally via the open hole H, and
the second contact electrode 228 may be electrically con-
nected to the second electrode 226 by the conductive
particles 260 in the adhesive 218. Thus, the first contact
electrode 227 and the second contact electrode 228 are
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electrically connected to an external power source to ap-
ply an electrical current to the first electrode 216 and the
second electrode 226, respectively.
[0173] Moreover, as described above, in the present
disclosure, the organic emissive layer 230 and the sec-
ond electrode 226 are stacked on the entire surface of
the substrate 210, and the trench T is formed by laser
ablation to separate the organic emissive layer 230,
thereby preventing moisture from penetrating and
spreading into the organic emissive layer 230 in the light-
ing area EA.
[0174] As described above, a given conductive layer
may be formed in the contact hole, and an electrical con-
nection to the first contact electrode may be made
through the conductive layer, which will be described in
detail with respect to still another exemplary embodiment
of the present disclosure.
[0175] FIG. 12 is a plan view schematically showing a
lighting apparatus using an organic light-emitting diode
according to still another exemplary embodiment of the
present disclosure.
[0176] FIG. 13 is a schematic cross-section view of the
lighting apparatus using an organic light-emitting diode
according to still another exemplary embodiment of the
present disclosure, taken along line III-III’ of FIG. 12.
[0177] The lighting apparatus using an organic light-
emitting diode according to still another exemplary em-
bodiment of the present disclosure, shown in FIGS. 12
and 13, have substantially the same components as the
lighting apparatus using an organic light-emitting diode
according to the foregoing exemplary embodiments of
the present disclosure, except that a conductive layer is
additionally formed in the first contact area.
[0178] That is, a lighting apparatus using an organic
light-emitting diode according to still another exemplary
embodiment of the present disclosure may include an
organic light-emitting diode part where surface emission
occurs, and a sealing part that seals the organic light-
emitting diode part.
[0179] The organic light-emitting diode part is made up
of organic light-emitting diodes placed on the substrate.
Referring to FIGS. 12 and 13, the substrate 310 may be
divided into a lighting area EA that actually emits light
and sends it out, and contact areas CA1 and CA2 that
are electrically connected externally via contact elec-
trodes 327 and 328 and apply signals to the lighting area
EA. In still another exemplary embodiment of the present
disclosure, the first contact electrode 327 may be elec-
trically connected externally through a conductive film
337 formed in a contact hole 314.
[0180] The contact areas CA1 and CA2 may be elec-
trically connected externally via the contact electrodes
327 and 328 as they are not covered by a metal film 370,
used as a sealing means, and/or a protective film 375.
The first contact electrode 327 is electrically connected
externally as it is connected to the overlying conductive
film 337 via the contact hole 314, and the second contact
electrode 328, formed from a portion of the metal film

370, may be exposed and electrically connected exter-
nally.
[0181] The contact areas CA1 and CA2 may be located
outside the lighting area EA. For example, referring to
FIG. 12, the contact areas CA1 and CA2 are located out-
side the upper part of the lighting area EA - that is, the
first contact area CA1 may be located on the left side,
and the second contact area CA2 may be located on the
right side. This makes the module easier to process.
However, the present disclosure is not limited to this con-
figuration. The metal film 370 may be attached to the
entire surface of the lighting area EA and second contact
area CA2 of the substrate 310, but not to the first contact
area CA1, and the protective film 375 may be attached
to the entire surface of the lighting area EA of the sub-
strate 310, but not to the first and second contact areas
CA1 and CA2.
[0182] An organic light-emitting diode is formed by a
first electrode 316 and a second electrode 326 positioned
on the substrate 310 and an organic emissive layer 330
situated between the first and second electrodes 316 and
326.
[0183] In this case, a trench T exposing a passivation
layer 315a may be formed along the edge of the lighting
area EA by removing the organic emissive layer 330 and
the second electrode 326. The trench T is formed in the
shape of a closed curve or polygon along the edge of the
lighting area EA, and functions to prevent moisture from
penetrating the organic emissive layer 330 in the lighting
area EA.
[0184] Referring to FIG. 12, the trench T of this disclo-
sure may be formed in the shape of an overall rectangular
frame, but the present disclosure is not limited to this
shape.
[0185] The trench T may separate (break or cut) the
organic emissive layer 330 along the edge of the lighting
area EA, thereby preventing moisture from spreading into
the lighting area EA along the organic emissive layer 330.
In particular, the trench T of this disclosure may simplify
the process by laser ablation without using any photoli-
thography process.
[0186] In this case, the first electrode 316 including the
first contact electrode 327 is positioned on the substrate
310 made of transparent material. The substrate 310,
which may be made of a hard material such as glass,
may be made of a flexible material such as plastic to
make the lighting apparatus 300 bendable. Moreover,
the present disclosure allows for roll-to-roll processing
by using a flexible plastic material as the substrate 310,
thus enabling rapid fabrication of the lighting apparatus
300
[0187] The first electrode 316 including the first contact
electrode 327 is formed in the lighting area EA and the
first contact area CA1, and may be made of transparent
conductive material with a high work function.
[0188] The first electrode 316 may extend to the first
contact area CA1 outside the lighting area EA and con-
stitute the first contact electrode 327.
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[0189] An auxiliary electrode 311 may be placed in the
lighting area EA and first contact area CA1 of the sub-
strate 310 and electrically connected to the first electrode
316.
[0190] The auxiliary electrode 311 is positioned across
the entire lighting area EA, in the shape of a matrix of
thin lines, a mesh, a hexagon, an octagon, or a circle so
that an electric current is evenly applied to the first elec-
trode 316 over the entire lighting area EA, thus enabling
the large-area lighting apparatus 300 to emit light with
uniform brightness.
[0191] Although FIG. 13 illustrates an example where
the auxiliary electrode 311 is positioned below the first
electrode 316 including the first contact electrode 327,
the present disclosure is not limited to this example, and
the auxiliary electrode 311 may be positioned over the
first electrode 316 including the first contact electrode
327. The auxiliary electrode 311 placed in the first contact
area CA1 may be used as a current transfer path to the
first electrode 316, and also may function as a contact
electrode that comes into contact with the outside and
applies an external current to the first electrode 316.
[0192] The auxiliary electrode 311 may be made of a
metal with high conductivity, such as Al, Au, Cu, Ti, W,
Mo, or an alloy thereof. The auxiliary electrode 311 may
have a two-layer structure of an upper auxiliary electrode
311a and a lower auxiliary electrode 311b, but the
present disclosure is not limited to this structure, and the
auxiliary electrode 311 may consist of a single layer.
[0193] The passivation layer 315a may be stacked in
the lighting area EA and second contact area CA2 of the
substrate 310. Although FIG. 12 illustrates that the pas-
sivation layer 315a is in the shape of a rectangular frame
of a certain width, the present disclosure is not limited to
this shape.
[0194] The passivation layer 315a in the lighting area
EA is configured to cover the auxiliary electrode 311 and
the overlying first electrode 316, but the passivation layer
315a is not formed in the light-emission area where light
is actually emitted. In particular, the passivation layer
315a in the lighting area EA reduces the difference in
level caused by the auxiliary electrode 311 as it surrounds
the auxiliary electrode 311, which allows for stable for-
mation of various layers that are to be formed later, with-
out separation of the layers (i.e. a discontinuity in the
layers).
[0195] The passivation layer 315a may be made of an
inorganic material such as SiOx or SiNx. Alternatively,
the passivation layer 315a may be made of an organic
material such as photoacryl or be made of a plurality of
layers of inorganic and organic materials.
[0196] Like the foregoing exemplary embodiments of
the present disclosure, the lighting apparatus 300 using
an organic light-emitting diode according to still another
exemplary embodiment of the present disclosure is char-
acterized in that the organic emissive layer 330 and the
second electrode 326 are positioned on the entire surface
of the substrate 310 where the first electrode 316 and

the passivation layer 315a are placed.
[0197] That is, the lighting apparatus 300 using an or-
ganic light-emitting diode according to still another ex-
emplary embodiment of the present disclosure is char-
acterized in that the organic emissive layer 330 and the
second electrode 326 are deposited on the entire sur-
face, without using an open mask, which is a separate,
complicated tool, and then the organic emissive layer
330 in the lighting area EA and contact areas CA1 and
CA2 becomes separated (broken or cut) by laser abla-
tion, and at the same time, the contact hole 314 for con-
tact with the anode is formed.
[0198] In this case, the trench T is formed by removing
the organic emissive layer 330 and second electrode 326
from the edge of the lighting area EA of the substrate 310
by laser ablation. Hereupon, the surface of the first pas-
sivation layer 315a may be exposed via the trench T.
[0199] Moreover, the contact hole 314 exposing the
first contact electrode 327 may be formed by removing
a certain part of the organic emissive layer 330 and sec-
ond electrode 326 in the first contact area CA1 of the
substrate 310 by laser ablation.
[0200] As such, the first contact electrode 327 may be
formed from the first electrode 316 or as an additional
electrode (not shown), and the second contact electrode
328 may be formed from the metal film 370.
[0201] As described above, the organic emissive layer
330 is a white organic emissive layer, and may be made
up of blue, red, and green emitting layers or be made up
of a blue emitting layer and a yellow-green emitting layer
stacked in tandem. Moreover, the organic emissive layer
330 may include an electron injection layer and a hole
injection layer that respectively inject electrons and holes
into the emitting layers, an electron transport layer and
a hole transport layer that respectively transport the in-
jected electrons and holes to the emitting layers, and a
charge generating layer that generates electric charges
such as electrons and holes.
[0202] The second electrode 326 may be made of met-
al, such as Al, Mo, Cu, and Ag, or an alloy such as MoTi.
[0203] An adhesive 318 such as PSA (pressure sen-
sitive adhesive) is applied to the lighting area EA and
second contact area CA2 of the substrate 310 where the
second electrode 326 is formed, and the metal film 370
is positioned over the adhesive 318 so that the metal film
370 is attached to the substrate 310 to seal the lighting
apparatus 300.
[0204] Then, a given protective film 375 may be at-
tached onto the metal film 370.
[0205] The adhesive 318 may be a light curing adhe-
sive or a heat curing adhesive.
[0206] The adhesive 318 according to still another ex-
emplary embodiment of the present disclosure contains
conductive particles 360, and the metal film 370 including
the second contact electrode 328 is electrically connect-
ed to the second electrode 326 by the conductive parti-
cles 360.
[0207] The conductive particles 360 may be nickel, car-
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bon, solder balls, etc.
[0208] As described above, the conductive film 337 is
formed in the first contact area CA1 of the substrate 310,
and the conductive film 337 may be electrically connect-
ed to the first contact electrode 327 via the contact hole
314. The conductive film 337 may be formed in the con-
tact hole 314 and over the second electrode 326 in the
second contact area CA2 by an Ag printing process, for
example. However, the present disclosure is not limited
to the aforementioned printing process, and a variety of
methods such as screen printing or inkjet printing.
[0209] The second contact electrode 328 may be
formed from a portion of the metal film 370 and exposed
externally, and the second contact electrode 328 may be
electrically connected to the second electrode 326 by the
conductive particles 360 in the adhesive 318. Thus, the
first contact electrode 327 and the second contact elec-
trode 328 are electrically connected to an external power
source to apply an electrical current to the first electrode
316 and the second electrode 326, respectively.
[0210] Moreover, as described above, in the present
disclosure, the organic emissive layer 330 and the sec-
ond electrode 326 are stacked on the entire surface of
the substrate 310, and the trench T is formed by laser
ablation to separate the organic emissive layer 330,
thereby preventing moisture from penetrating and
spreading into the organic emissive layer 330 in the light-
ing area EA.
[0211] Although the above description contains spe-
cific examples, these should not be construed as limiting
the scope of the disclosure, but as merely providing il-
lustrations of some of the preferred embodiments of this
disclosure. Therefore, the scope of the disclosure is de-
fined not by the detailed description, but by the claims
and their equivalents.

Claims

1. A lighting apparatus (100) using an organic light-
emitting diode, comprising:

a substrate (110) divided into a lighting area (EA)
and first and second contact areas (CA1, CA2);
a first electrode (116) on the substrate;
a passivation layer (115a) on the first electrode;
an organic emissive layer (130) and a second
electrode (126) on the passivation layer;
a trench (T) separating the organic emissive lay-
er in the lighting area from the organic emissive
layer in the first and second contact areas; and
a metal film (170) attached over the substrate in
the lighting area and the second contact area.

2. The lighting apparatus of claim 1, further comprising
a first contact electrode (127) provided in the first
contact area and configured as an extension of the
first electrode to the first contact area.

3. The lighting apparatus of claim 2, further comprising
a contact hole (114) exposing the first contact elec-
trode, provided by removing the organic emissive
layer and second electrode in the first contact area,
optionally
further comprising a conductive film (337) in the con-
tact hole and over the second electrode in the first
contact area, and electrically connected to the first
contact electrode via the contact hole.

4. The lighting apparatus of any preceding claim, fur-
ther comprising a second contact electrode (128)
provided in the second contact area and made of the
metal film, optionally
further comprising a protective film (175) provided
on the metal film in the lighting area, further optionally
wherein the protective film comprises an open hole
(H) exposing the second contact electrode.

5. The lighting apparatus of any preceding claim,
wherein the metal film is attached over the substrate
with an adhesive (118), optionally
wherein the adhesive contains conductive particles
(160), and the metal film is electrically connected to
the second electrode by the conductive particles, fur-
ther optionally,
wherein the conductive particles are composed of
nickel, carbon, or solder balls.

6. The lighting apparatus of any preceding claim,
wherein the organic emissive layer and the second
electrode are exposed through the sides of the sub-
strate.

7. The lighting apparatus of any preceding claim,
wherein the first and second contact areas are lo-
cated outside the lighting area.

8. A method of fabricating a lighting apparatus (100)
using an organic light-emitting diode, the method
comprising:

forming a first electrode (116) on a substrate
(110) divided into a lighting area (EA) and first
and second contact areas (CA1, CA2);
forming a passivation layer (115a) on the sub-
strate where the first electrode is formed;
forming an organic emissive layer (130) and a
second electrode (126) on the passivation layer;
forming a trench (T) by removing the organic
emissive layer and the second electrode to sep-
arate the organic emissive layer in the lighting
area from the organic emissive layer in the first
and second contact areas; and
attaching a metal film (170) over the substrate
in the lighting area and the second contact area,
with an adhesive (118) in between.
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9. The method of claim 8, wherein the first electrode
extends to the first contact area to form a first contact
electrode (127).

10. The method of claim 9, further comprising, when
forming the trench, forming a contact hole (114) ex-
posing the first contact electrode by removing the
organic emissive layer and second electrode in the
first contact area.

11. The method of claim 10, further comprising forming
a conductive film (337) in the contact hole and over
the second electrode in the first contact area, the
conductive film being electrically connected to the
first contact electrode via the contact hole.

12. The method of any preceding claim, wherein the met-
al film in the second contact area forms a second
contact electrode (128).

13. The method of claim 12,
further comprising attaching a protective film (175)
onto the metal film in the lighting area.

14. The method of claim 12, further comprising attaching
a protective film (175) onto the metal film in the light-
ing area and second contact area, and forming an
open hole (H) in the protective film in the second
contact area to expose the second contact electrode.

15. The method of any preceding claim, wherein the ad-
hesive contains conductive particles (160), and the
metal film is electrically connected to the second
electrode by the conductive particles.
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