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(57) ABSTRACT

A display device including a first substrate, an organic light
emitting layer on the first substrate and including a protru-
sion, and a pixel circuit including a passivation film having
a recess engaged with the protrusion, wherein the protrusion
is located at a position corresponding to the recess and
adhered to the pixel circuit in the recess by a conductive
adhesive.
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DISPLAY DEVICE AND FABRICATING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the ben-
efit of Korean Patent Application No. 10-2016-0072776,
filed on Jun. 10, 2016, which is hereby incorporated by
reference for all purposes as if fully set forth herein.

BACKGROUND

Field

[0002] The invention relates generally to a display device
and method of making the display device, and, more par-
ticularly, to a display device and a fabricating method
thereof that result in a thinner and more flexible device.

Discussion of the Background

[0003] Various types of display devices that display infor-
mation have been developed. Examples of these display
devices may include liquid crystal displays, plasma display
panel devices, electrophoretic display devices, and organic
light emitting displays.

[0004] In general, a display device uses an optically clear
adhesive (OCA) to maintain interlayer adhesion between
structures stacked over a substrate. Typically, the OCA is
situated between a window and a polarization layer such that
the light emitted from a pixel layer passes through the OCA
after being emitted by the pixel layer. Thus, the OCA is
generally optically clear. Also, typically, the various layers
are adhered to each other using OCA heat treatment.
[0005] However, the optically clear adhesive (OCA) may
make it difficult to fold, twist, compress, stretch, roll or
otherwise intentionally bend the display device due to
differences in materials of interlayer structures at low and
high temperatures. In addition, the thickness of the optically
clear adhesive (OCA) may prevent the display device from
being as thin as it could be if the display device excluded the
OCA.

[0006] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the context of the inventive concepts, and, therefore, it may
contain information that does not form the prior art that is
already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0007] One or more exemplary embodiments of the inven-
tion provide a thinner and/or a more easily bent display
device and a fabricating method thereof. Exemplary meth-
ods of manufacture of the apparatus minimize or avoid the
use of heat treatment to adhere various layers.

[0008] One or more exemplary embodiments provide an
adhesive in a location such that light emitted from the pixel
layer to a viewer would not typically pass through the
adhesive. Accordingly, it is possible in these embodiments to
utilize an adhesive material that is not optically clear, i.e.
opaque.

[0009] Additional aspects will be set forth in the detailed
description which follows, and, in part, will be apparent
from the disclosure, or may be learned by practice of the
inventive concept.
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[0010] According to one aspect of the invention, a display
device includes a first substrate, an organic light emitting
layer disposed on the first substrate and including a protru-
sion, a conductive adhesive disposed on the organic light
emitting layer, a pixel circuit disposed on the conductive
adhesive and including a passivation film having a recess
engaged with the protrusion, and a second substrate dis-
posed on the pixel circuit, wherein the protrusion is located
at a position corresponding to the recess and adhered to the
organic light emitting layer by the conductive adhesive.
[0011] The protrusion may be inserted into the recess.
[0012] The organic light emitting layer may include a first
electrode disposed on the first substrate, a pixel defining
layer disposed on the first substrate and dividing a pixel area,
an emitting layer disposed on the first electrode, and a
second electrode disposed on the emitting layer, wherein the
protrusion is the pixel defining layer.

[0013] The pixel area may be provided as a plurality of
pixel areas and the second electrode may be disposed to each
of the plurality pixel areas.

[0014] The first electrode may be an anode and the second
electrode may be a cathode.

[0015] The pixel circuit may include a thin film transistor
disposed on the second substrate, the passivation film dis-
posed on the thin film transistor and including a contact hole
through which a portion of a drain electrode of the thin film
transistor is exposed, and a contact electrode provided on the
passivation film and connected to the drain electrode
through the contact hole.

[0016] The thin film transistor may include an active
pattern disposed on the second substrate, a gate electrode
disposed on the active pattern, and a source electrode and a
drain electrode connected to the active pattern, wherein the
active pattern includes an oxide semiconductor.

[0017] The recess may be the contact hole.

[0018] The contact electrode may be connected to the
organic light emitting layer with the conductive adhesive
interposed therebetween.

[0019] The conductive adhesive may be disposed in the
contact hole.
[0020] The conductive adhesive may be disposed on an

entire surface of the second substrate.

[0021] The display device may further include a touch
sensor disposed on the first substrate to sense a touch.
[0022] The touch sensor may include sensing electrodes
and connection lines connected to the sensing electrodes.
[0023] The touch sensor may further include a pressure
sensing electrode separated from the sensing electrodes and
forming capacitance with the sensing electrodes.

[0024] The touch sensor may include a self-capacitance
touch sensor.

[0025] The touch sensor may be a mutual capacitance
touch sensor.

[0026] The touch sensor may include a black matrix
overlapping with at least one between the sensing electrodes
and the connection lines.

[0027] The touch sensor may include color filters corre-
sponding to the plurality of pixel regions and displaying
different colors.

[0028] The conductive adhesive may be an anisotropic
conductive film.

[0029] The conductive adhesive may be opaque and
include an organic polymer and nano-sized conductive par-
ticles provided in the organic polymer.
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[0030] The display device may further include a polarizing
layer disposed between the first substrate and the organic
light emitting layer.

[0031] The polarizing layer may be formed by stacking at
least one black metal layer and at least one insulating layer.
[0032] The polarizing layer may be formed by stacking a
dielectric layer between a first metal layer and a second
metal layer.

[0033] At least one of the first metal layer and the second
metal layer may be a black metal layer.

[0034] At least one of the first substrate and the second
substrate may have flexibility.

[0035] The second substrate may include a metal layer.
[0036] According to another aspect of the invention, a
method of fabricating a display device includes forming an
organic light emitting layer on a first substrate, forming a
pixel circuit on a second substrate, forming a conductive
adhesive on the pixel circuit, and coupling the organic light
emitting layer and the pixel circuit to each other by adhesion
through the use of the conductive adhesive.

[0037] The step of coupling the organic light emitting
layer and the pixel circuit to each other includes disposing
the conductive adhesive between the organic light emitting
layer and the pixel circuit.

[0038] The organic light emitting layer may include a
protrusion protruding in a direction of the pixel circuit, the
pixel circuit may include a recess, and the protrusion may be
inserted into the recess when the organic light emitting layer
and the pixel circuit are coupled to each other.

[0039] The step of forming of the organic light emitting
layer may include forming a first electrode on the first
substrate, forming a pixel defining layer dividing a pixel area
on the first substrate, forming an organic emitting layer on
the first electrode, and forming a second electrode on the
organic emitting layer, wherein the protrusion is the pixel
defining layer.

[0040] The step of pressing may electrically couple the
organic light emitting layer and the pixel circuit to each
other.

[0041] The method of fabricating a display device may
further include forming a pressure sensing electrode on a
second substrate before forming the pixel circuit.

[0042] According to yet another aspect of the invention, a
display device may include a first substrate, an organic light
emitting layer disposed on the first substrate and including
a protrusion, and a pixel circuit including a passivation film
having a recess engaged with the protrusion, wherein the
protrusion is located at a position corresponding to the
recess and adhered to the pixel circuit in the recess by a
conductive adhesive.

[0043] The conductive adhesive may be disposed on the
organic light emitting layer.

[0044] The conductive adhesive may be disposed on the
organic light emitting layer only at the protrusion, wherein
the pixel circuit is disposed on the conductive adhesive, and
wherein the protrusion is adhered to the organic light emit-
ting layer by the conductive adhesive only at the correspond-
ing position of the protrusion and recess.

[0045] The protrusion may have a bottom, a top and
sidewalls connecting the bottom to the top, and the conduc-
tive adhesive may be disposed on the organic light emitting
layer at a lower level of the bottom of the protrusion, and
also on the sidewalls and the top of the protrusion at an upper
level, wherein the pixel circuit is disposed on the conductive
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adhesive, and wherein the protrusion is adhered to the
organic light emitting layer by the conductive adhesive at the
lower level, at the upper level, and at the sidewalls.

[0046] According to yet another aspect of the invention, a
flexible display device may include an organic light emitting
layer, a pixel circuit, and a conductive adhesive having a first
density and being in electrical communication with the
organic light emitting layer and the pixel circuit, wherein
during bending certain portions of the conductive adhesive
are compressed to a second density higher than the first
density and certain other portions of the conductive adhesive
are expanded to a third density lower than the first density.
[0047] The foregoing general description and the follow-
ing detailed description are exemplary and explanatory and
are intended to provide further explanation of the claimed
subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] The accompanying drawings, which are included
to provide a further understanding of the inventive concept,
and are incorporated in and constitute a part of this speci-
fication, illustrate exemplary embodiments of the inventive
concepts, and, together with the description, serve to explain
principles of the inventive concepts.

[0049] FIG. 1 a schematic cross-sectional view of a dis-
play device constructed according to the principles of the
invention.

[0050] FIG. 2 is a partial cross-sectional view illustrating
a display device constructed according to a first exemplary
embodiment of the invention.

[0051] FIG. 3 is a flowchart illustrating an exemplary
method of fabricating the display device shown in FIG. 2.
[0052] FIGS. 4 to 8 are partial cross-sectional views
sequentially illustrating the exemplary method of fabricating
the display device as shown in FIG. 3.

[0053] FIG. 9 is a schematic plan view illustrating an
exemplary embodiment of a conductive adhesive disposed
over the first substrate of the exemplary embodiment shown
in FIG. 2.

[0054] FIG. 10 is a partial cross-sectional view illustrating
a display device according to a second exemplary embodi-
ment of the invention.

[0055] FIG. 11 is a partial cross-sectional view illustrating
a display device according to a third exemplary embodiment
of the invention.

[0056] FIG. 12 is a partial cross-sectional view illustrating
the position of a pixel defining layer in the display device
shown in FIG. 11.

[0057] FIG. 13 is a partial cross-sectional view illustrating
a display device according to a fourth exemplary embodi-
ment of the invention.

[0058] FIG. 14 is a partial cross-sectional view illustrating
a display device according to a fifth exemplary embodiment
of the invention.

[0059] FIG. 15 is a partial cross-sectional view illustrating
a display device according to a sixth exemplary embodiment
of the invention.

[0060] FIG. 16 is a partial cross-sectional view illustrating
a display device according to a seventh exemplary embodi-
ment of the invention made by a roll to roll fabrication
method.

[0061] FIG. 17 is a flowchart of an exemplary method of
fabricating the display device shown in FIG. 16.
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[0062] FIG. 18 is a partial cross-sectional view illustrating
a display device according to an eighth exemplary embodi-
ment of the invention made by a roll to roll fabrication
method.

[0063] FIG. 19 is a schematic view illustrating an exem-
plary embodiment of a circuit for a single pixel of the
exemplary embodiment of the display device shown in FIG.
2.

[0064] FIG. 20 is a partial plan view illustrating the single
pixel shown in FIG. 19.

[0065] FIG. 21 is a partial cross-sectional view taken
along line I-I' of FIG. 20.

[0066] FIG. 22 is a schematic cross-sectional view of the
exemplary embodiment of an organic light emitting layer
having the single pixel circuit shown in FIG. 19.

[0067] FIG. 23 is a detailed, schematic cross-sectional
view of the exemplary embodiment of the organic light
emitting layer shown in FIG. 22.

[0068] FIG. 24 is a plan view of an exemplary embodi-
ment of color filters and a black matrix of a touch sensor of
the exemplary embodiment of the display device shown in
FIG. 10.

[0069] FIG. 25 is a partial cross-sectional view taken
along line II-IF of FIG. 24.

[0070] FIG. 26 is a partial plan view of an exemplary
embodiment of a portion of the touch sensor of the exem-
plary embodiment of the display device shown in FIG. 10
where the touch sensor is a self-capacitance touch sensor.

[0071] FIG. 27 is a cross-sectional view taken along line
of FIG. 26.
[0072] FIG. 28 is a partial plan view of an exemplary

embodiment of a portion of the touch sensor of the exem-
plary embodiment of the display device shown in FIG. 10
where the touch sensor is a mutual capacitance touch sensor.

[0073] FIG. 29 is an enlarged plan view of a portion P1 of
FIG. 28.
[0074] FIG. 30 is a cross-sectional view taken along line

IV-IV' of FIG. 29.

[0075] FIG. 31 is a partial plan view of an exemplary
embodiment of a portion of the touch sensor of the exem-
plary embodiment of the display device shown in FIG. 10
where the touch sensor is a piezoresistive sensor.

[0076] FIG. 32 is a cross-sectional view taken along line
V-V' of FIG. 31.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0077] In the following description, for the purposes of
explanation, numerous specific details are set forth in order
to provide a thorough understanding of various exemplary
embodiments. It is apparent, however, that various exem-
plary embodiments may be practiced without these specific
details or with one or more equivalent arrangements. In
other instances, well-known structures and devices are
shown in block diagram form in order to avoid unnecessarily
obscuring various exemplary embodiments.

[0078] Unless otherwise specified, the illustrated exem-
plary embodiments are to be understood as providing exem-
plary features of varying detail of various exemplary
embodiments. Therefore, unless otherwise specified, the
features, components, modules, layers, films, panels,
regions, and/or aspects of the various illustrations may be
otherwise combined, separated, interchanged, and/or rear-
ranged without departing from the disclosed exemplary
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embodiments. Further, in the accompanying figures, the size
and relative sizes of layers, films, panels, regions, etc., may
be exaggerated for clarity and descriptive purposes. When
an exemplary embodiment may be implemented differently,
a specific process order may be performed differently from
the described order. For example, two consecutively
described processes may be performed substantially at the
same time or performed in an order opposite to the described
order. Also, like reference numerals denote like elements.

[0079] When an element or layer is referred to as being
“on,” “connected to,” or “coupled to” another element or
layer, it may be directly on, connected to, or coupled to the
other element or layer or intervening elements or layers may
be present. When, however, an element or layer is referred
to as being “directly on,” “directly connected to,” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Further, the DR1-
axis, the DR2-axis, and the DR3-axis are not limited to three
axes of a rectangular coordinate system, and may be inter-
preted in a broader sense. For example, the DR1-axis, the
DR2-axis, and the DR3-axis may be perpendicular to one
another, or may represent different directions that are not
perpendicular to one another. For the purposes of this
disclosure, “at least one of X, Y, and 7Z” and “at least one
selected from the group consisting of X, Y, and Z” may be
construed as X only, Y only, Z only, or any combination of
two or more of X, Y, and Z, such as, for instance, XYZ,
XYY, YZ, and 7Z7. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0080] Although the terms “first,” “second,” etc. may be
used herein to describe various elements, components,
regions, layers, and/or sections, these elements, components,
regions, layers, and/or sections should not be limited by
these terms. These terms are used to distinguish one element,
component, region, layer, and/or section from another ele-
ment, component, region, layer, and/or section. Thus, a first
element, component, region, layer, and/or section discussed
below could be termed a second element, component,
region, layer, and/or section without departing from the
teachings of the present disclosure.

[0081] Spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper,” and the like, may be
used herein for descriptive purposes, and, thereby, to
describe one element or feature’s relationship to another
element(s) or feature(s) as illustrated in the drawings. Spa-
tially relative terms are intended to encompass different
orientations of an apparatus in use, operation, and/or manu-
facture in addition to the orientation depicted in the draw-
ings. For example, if the apparatus in the drawings is turned
over, elements described as “below” or “beneath” other
elements or features would then be oriented “above” the
other elements or features. Thus, the exemplary term
“below” can encompass both an orientation of above and
below. Furthermore, the apparatus may be otherwise ori-
ented (e.g., rotated 90 degrees or at other orientations), and,
as such, the spatially relative descriptors used herein inter-
preted accordingly.

[0082] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting. As used herein, the singular forms, “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. Moreover, the terms
“comprises,”

8
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comprising,” “includes,” and/or “including,”
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when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0083] Various exemplary embodiments are described
herein with reference to sectional illustrations that are sche-
matic illustrations of idealized exemplary embodiments and/
or intermediate structures. As such, variations from the
shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, exemplary embodiments disclosed herein
should not be construed as limited to the particular illus-
trated shapes of regions, but are to include deviations in
shapes that result from, for instance, manufacturing. For
example, an implanted region illustrated as a rectangle will,
typically, have rounded or curved features and/or a gradient
of implant concentration at its edges rather than a binary
change from implanted to non-implanted region. Likewise,
a buried region formed by implantation may result in some
implantation in the region between the buried region and the
surface through which the implantation takes place. Thus,
the regions illustrated in the drawings are schematic in
nature and their shapes are not intended to illustrate the
actual shape of a region of a device and are not intended to
be limiting.

[0084] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure is a part. Terms, such as those
defined in commonly used dictionaries, should be inter-
preted as having a meaning that is consistent with their
meaning in the context of the relevant art and will not be
interpreted in an idealized or overly formal sense, unless
expressly so defined herein.

[0085] The exemplary embodiments of the invention are
describe in relation to a display device but are applicable to
any electronic device capable of displaying an “image.” The
display device according to various exemplary embodiments
described herein is usable in connection with various elec-
tronic devices including cellular phones, smartphones, lap-
top computers, personal digital assistants (PDAs), portable
multimedia players (PMPs), navigations, slate Pcs, table
Pcs, ultrabooks, and wearable devices, such as smart-
watches, smart glasses and head mounted displays.

[0086] Referring to FIG. 1, a display device according to
an exemplary embodiment may include a first substrate
SUBL1, a polarizing layer POL, an organic light emitting
layer OLED, a pixel circuit PC, and a second substrate
SUB2. The first substrate SUB1 and the second substrate
SUB2 may be bonded to each other by a conductive adhe-
sive CA.

[0087] The first substrate SUB1 may include a material
which transmits light, for example, a transparent insulating
material. The first substrate SUB1 may include a rigid
substrate or a flexible substrate. For example, in various
exemplary embodiments, the rigid substrate may include at
least one of a glass substrate, a quartz substrate, a glass
ceramic substrate and a crystalline glass substrate. Similarly,
in various exemplary embodiments, the flexible substrate
may include a polymer, or fiber glass reinforced plastic glass
(FRP). Examples of the polymer may include polystyrene,
polyvinyl alcohol, polymethyl methacrylate, polyethersul-
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fone, polyacrylate, polyetherimide, polyethylene naphtha-
late, polyethylene terephthalate, polyphenylene sulfide, pol-
yarylate, polyimide, polycarbonate, triacetate cellulose, and
cellulose acetate propionate. However, the material of the
first substrate SUB1 is not limited the foregoing materials.

[0088] The polarizing layer POL may be arranged on the
first substrate SUB1 and polarize light generated from the
organic light emitting layere OLED in a predetermined
direction.

[0089] The organic light emitting layer OLED may be
arranged on the polarizing layer POL and generate light. As
will be discussed in detail below, the organic light emitting
layer OLED may include two electrodes and an emitting
layer arranged between the two electrodes. The emitting
layer may react to electrons and holes injected through the
two electrodes to generate light in a predetermined wave-
length range.

[0090] The second substrate SUB2 may include substan-
tially the same material as the first substrate SUB1. How-
ever, SUB2 may include different materials and in various
exemplary embodiments, the second substrate SUB2 may be
ametal substrate to ensure flexibility. For example, the metal
substrate may include, but is not limited to, at least one of
iron steel, carbon steel, stainless steel, cast iron, steel
casting, and nickel steel (Invar). The pixel circuit PC may be
arranged on the second substrate SUB2 and include a
plurality of pixel areas in which display devices (not illus-
trated) for displaying images are provided. Fach of the
plurality of pixel areas may include at least one pixel to
provide an image. The nature of the pixel is not particularly
limited as long as it can display an image. Various display
devices, such as an organic light emitting device, a liquid
crystal display, an electrowetting device, and an electropho-
retic device, may be used in connection with the subject
matter described herein.

[0091] The conductive adhesive CA may be arranged
between the first substrate SUB1 and the second substrate
SUB2. More specifically, one side of the conductive adhe-
sive CA may be connected to the organic light emitting layer
OLED and the other side of the conductive adhesive CA may
be connected to the pixel circuit PC. As a result, the organic
light emitting layer OLED and the pixel circuit PC may be
electrically connected to each other through the conductive
adhesive CA.

[0092] The conductive adhesive CA may include an
organic polymer and nano-sized conductive particles pro-
vided in the organic polymer. In some embodiments, the
conductive particles in the conductive adhesive may make
the conductive adhesive opaque.

[0093] In the display device according to various exem-
plary embodiments, since the pixel circuit PC and the
organic light emitting layer OLED are electrically connected
through the conductive adhesive CA, the first substrate
SUBI1 and the second substrate SUB2 may be bonded to
each other without using an optically clear adhesive.
[0094] Therefore, the display device according to various
exemplary embodiments may be thinner by firmly connect-
ing the first substrate SUB1 and the second substrate SUB2
to each other without using an optically clear adhesive
therebetween, which adds to the thickness of the device.
[0095] Hereinafter, display devices according to various
exemplary embodiments of the invention are described in
detail with examples.
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[0096] Referring to FIG. 2, the display device according to
the first exemplary embodiment may include a first substrate
SUBI1 and a second substrate SUB2 opposing each other. In
addition, the display device according to the first exemplary
embodiment may include a polarizing layer POL, an organic
light emitting layer OLED, and a pixel circuit PC which are
arranged between the two substrates SUB1 and SUB2.
[0097] The first substrate SUB1 may support various
components that are formed on the first substrate SUB1. The
first substrate SUB1 may include an insulating material. For
example, the first substrate SUB1 may include, but is not
limited to, a rigid substrate or a flexible substrate. The first
substrate SUB1 may include various materials.

[0098] The second substrate SUB2 may, or might not,
include substantially the same material as the first substrate
SUBL. In addition, the second substrate SUB2 may include
a metal substrate to ensure flexibility. For example, the
material of embodiments with the metal substrate may
include, but is not limited to nickel steel (Invar).

[0099] The polarizing layer POL may be disposed on the
first substrate SUB1 and polarize light generated from the
organic light emitting layer OLED in a predetermined direc-
tion.

[0100] The organic light emitting layer OLED may be
disposed on the polarizing layer POL and include two
electrodes EL1 and FL.2 and an emitting layer EML dis-
posed between the two electrodes EL1 and EL2.

[0101] The pixel circuit PC may be disposed on the second
substrate SUB2 and include a plurality of pixel areas each
including at least one thin film transistor. In addition, the
pixel circuit PC may further include a conductive adhesive
CA electrically connected to one or more of the thin film
transistors.

[0102] Hereinafter, the display device according to the
first exemplary embodiment is described according to an
exemplary stacking order. For convenience of explanation,
the first substrate SUB1 is described first, and the second
substrate SUB2 is then described.

[0103] The first substrate SUB1 may be provided.
[0104] Though not illustrated, a first buffer layer may be
disposed on the first substrate SUB1. The first buffer layer
may prevent diffusion of impurities into the organic light
emitting layer OLED. The first buffer layer may be omitted
depending on the material of the first substrate SUB1 and
process conditions.

[0105] The polarizing layer POL may be disposed on the
first substrate SUB1. The polarizing layer POL may mini-
mize loss of light generated from the organic light emitting
layer OLED and absorb externally incident light to further
enhance visualization of an image. In addition, the polariz-
ing layer POL may polarize light generated from the organic
light emitting layer OLED in a predetermined direction.
[0106] According to various exemplary embodiments, the
polarizing layer POL may include a linear polarization layer
and a phase delay layer formed by dyeing a polyvinyl
alcohol (PVA)-based resin film by absorption of a dichroic
dye and performing uniaxially stretching of the dyed resin
film to orient the dichroic dye. In addition, the polarizing
layer POL may include a cellulose acetate-based polariza-
tion protection film stacked on one or both surfaces thereof.
As the dichroic dye, anthraquinone, azo colorants, or iodine
may be used. However, the polarizing layer POL is not
limited thereto and may include various configurations such
as a wire grid polarizer.
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[0107] The first electrode EL1 may be disposed on the
polarizing layer POL. The first electrode EL1 may function
as an anode and have a plate shape. The first electrode EL1
may be provided to inject holes and include a material
having a high work function. For example, as shown in FIG.
2, when an image is provided toward a lower portion of the
first substrate SUB1, the first electrode EL1 may include a
transparent conductive material such as an indium tin oxide
(ITO), an indium zinc oxide (IZO), a zinc oxide (Zn0O),
and/or an indium tin zinc oxide (ITZO).

[0108] A pixel defining layer PDL dividing each of the
plurality of pixel areas may be provided on the first electrode
EL1. The pixel defining layer PDL may be disposed along
the circumference of the first electrode EL1 (if it is provided
with a circular shape) and include an opening through which
the first electrode EL1 is externally exposed. The pixel
defining layer PDL may include a protrusion protruding
toward the second substrate SUB2.

[0109] The emitting layer EML may be disposed over the
first electrode EL1 and the pixel defining layer PDL. The
emitting layer EML may include an organic light emitting
material displaying light of a color such as red, green or
blue, or of white light. In various exemplary embodiments,
the emitting layer EML is a single layer. However, in various
exemplary embodiments, the emitting layer EML may
include a multilayer film.

[0110] The second electrode EL2 may be disposed on the
emitting layer EML. The second electrode EL2 may func-
tion as a cathode and include a conductive material having
a lower work function than the first electrode EL1. For
example, the second electrode EL.2 may include a conduc-
tive material such as Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr,
Li, or Ca. The conductive material may include an opaque
layer, or a transparent layer having a predetermined thick-
ness or less. The second electrode EL.2 may be patterned and
provided to each of the plurality of pixel areas. In addition,
the second electrode EL.2 may be provided to the outermost
edge of the first substrate SUB1 and be electrically con-
nected to the pixel circuit PC.

[0111] When an image is provided toward the lower
portion of the first substrate SUBI, the second electrode EL.2
may include an opaque conductive material to reflect light
generated from the emitting layer EML in a direction of the
first substrate SUB1. In this example, the second electrode
EL2 may include a metal layer having a predetermined
thickness or more so as to facilitate movements of electrons
toward the emitting layer EML. According to various exem-
plary embodiments, the metal layer may include aluminum
(AD).

[0112] Subsequently, the second substrate SUB2 is
described according to an exemplary stacking order.
[0113] The second substrate SUB2 may be provided. The
second substrate SUB2 may include substantially the same
material as the first substrate SUB1 or it could include other
materials. The second substrate SUB2 may be a metal
substrate to ensure flexibility.

[0114] Though not illustrated, a second buffer layer may
be disposed on the second substrate SUB2. The second
buffer layer may block diffusion of impurities into the pixel
circuit PC provided on the second substrate SUB2.

[0115] An active pattern ACT may be disposed on the
second substrate SUB2. The active pattern ACT may include
a semiconductor material. The active pattern ACT may
include a source portion SP, a drain portion DP, and a
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channel portion CP disposed between the source portion SP
and the drain portion DP. The active pattern ACT may be a
semiconductor pattern including doped or undoped silicon,
for example, doped or undoped polysilicon, doped or
undoped amorphous silicon, or an oxide semiconductor.

[0116] According to various exemplary embodiments, the
active pattern ACT may be an oxide semiconductor. The
oxide semiconductor may include a metal oxide. Examples
of the metal oxide may include gallium (Ga), indium (In), tin
(Sn), and zinc (Zn). The metal oxide may further include
lithium (Li), beryllium (Be), natrium (Na), magnesium
(Mg), calcium (Ca), scandium (Sc), titanium (Ti), vanadium
(V), manganese (Mn), iron (Fe), nickel (Ni), copper (Cu),
yttrium (Y), zirconium (Zr), niobium (Nb), ruthenium (Ru),
palladium (Pd), cadmium (Cd), tantalum (Ta), tungsten (W),
boron (B), carbon (C), nitrogen (N), fluorine (F), aluminum
(Al), silicon (Si), phosphorus (P), and germanium (Ge).
More specifically, the active pattern ACT may include a
single oxide such as a gallium oxide, an indium oxide, a tin
oxide, and a zinc oxide, or a mixed metal oxide such as a
gallium indium zinc oxide (Ga203-In203-Zn0O: GIZ0), an
indium gallium tin oxide (In203-Ga203-SnQ), an indium
zine oxide (In203-Zn203), and a zinc aluminum oxide
(Zn,05—AL0O,).

[0117] When the active pattern ACT is a semiconductor
pattern including one of the above-described oxide semi-
conductors, electrical characteristics of the thin film transis-
tor including the active pattern ACT may be improved.
Therefore, it may be easier to manufacture the display
device with high resolution and large size.

[0118] A gate insulating layer GI may be disposed on the
active pattern ACT.

[0119] A gate electrode GE may be disposed on the gate
insulating layer GI. The gate electrode GE may cover a
region corresponding to the channel portion CP of the active
pattern ACT.

[0120] An interlayer insulating layer IL may be disposed
on the gate electrode GE to cover the gate electrode GE.

[0121] A source electrode SE and a drain electrode DE
may be disposed on the interlayer insulating layer IL. The
source electrode SE and the drain electrode DE may contact
the source portion SP and the drain portion DP, respectively,
through an opening formed in the gate insulating layer GI
and the interlayer insulating layer IL. Thus, the source
electrode SE and the drain electrode pass all the way through
the gate insulating layer GI and the interlayer insulating
layer IL to reach the source portion SP and the drain portion
DP, respectively, in the cross-sectional view of FIG. 2.

[0122] The active pattern ACT, the gate electrode GE, the
source electrode SE and the drain electrode DE may form
the thin film transistor. However, the configuration of the
thin film transistor is not necessarily limited thereto and the
thin film transistor may have various configurations. For
example, the thin film transistor may have a top gate
structure. However, the thin film transistor may also have a
bottom gate structure such that the gate electrode GE may be
arranged under the active pattern ACT. Nevertheless, for
ease of description, various exemplary embodiments herein
will be described in connection with the thin film transistor
including the active pattern ACT. But, it should be under-
stood that in various exemplary embodiments the thin film
transistor may have a variety of other structures as apparent
to the skilled artisam.
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[0123] A passivation film PSV may be disposed on the
source electrode SE and the drain electrode DE. The passi-
vation film PSV may cover the thin film transistor including
the active pattern ACT and include at least one layer. In
addition, the passivation film PSV may planarize the surface
of the lower structure by relieving irregularities thereof. The
passivation film PSV may include a contact hole H through
which a portion of the drain electrode DE is externally
exposed. The contact hole H may be formed in the passi-
vation film PSV at a position corresponding to the pixel
defining layer PDL.

[0124] As illustrated in FIG. 2, since the pixel defining
layer PDL protrudes, the pixel defining layer PDL may be
inserted into the contact hole H of the passivation film PSV.
As illustrated in FIG. 2, the contact hole H may have a
trapezoidal shape. However, in other exemplary embodi-
ments, the contact hole H may have various other shapes
such that the pixel defining layer PDL may be inserted into
the contact hole H.

[0125] The conductive adhesive CA may be provided in
the contact hole H of the passivation film PSV. The con-
ductive adhesive CA may be an anisotropic conductive film
(ACF). In addition, the conductive adhesive CA may include
an organic polymer and nano-sized conductive particles
provided in the organic polymer. The conductive adhesive
CA may be placed in the contact hole H in any number of
ways, including by printing or by using a nozzle.

[0126] The conductive adhesive CA may thus be placed in
the contact hole H. One side thereof may be connected to the
drain electrode DE of the thin film transistor including the
active pattern ACT and the other side thereof may be
connected to the second electrode EL2. As a result, the
organic light emitting layer OLED of the first substrate
SUBI1 and the pixel circuit PC of the second substrate SUB2
may be electrically connected to each other through the
conductive adhesive CA. In other words, the second elec-
trode EL2 of the organic light emitting layer OLED may
receive a driving signal from the thin film transistor includ-
ing the active pattern ACT of the pixel circuit PC through the
conductive adhesive CA.

[0127] As described above, the first substrate SUB1 on
which the organic light emitting layer OLED is formed and
the second substrate SUB2 on which the pixel circuit PC is
formed may be electrically connected to each other through
the conductive adhesive CA and also physically firmly
bonded to each other by the conductive adhesive CA.
[0128] As a result, the display device according to the first
exemplary embodiment may be thinner by bonding the two
substrates SUB1 and SUB2 to each other without using an
optically clear adhesive (OCA) to bond the two substrates
SUBL1 and SUB2 to each other.

[0129] In addition, since the display device according to
the first exemplary embodiment improves the electrical
characteristics of the thin film transistor including the active
pattern ACT through the use of the conductive adhesive CA,
high resolution and a large size of the display device may be
easily achieved.

[0130] Referring to FIGS. 2 and 3, the first substrate SUB1
may be prepared (S10). The polarizing layer POL may then
be formed on the first substrate SUB1 (S12). The organic
light emitting layer OLED may thereafier be formed on the
polarizing layer POL (S14).

[0131] Subsequently. or in a parallel process as illustrated,
the second substrate SUB2 may be prepared (S20). The pixel
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circuit PC may then be formed on the second substrate
SUB2 (S22). The conductive adhesive CA may thereafter be
formed on the pixel circuit PC (S24).

[0132] Subsequently, the first substrate SUB1 may be
positioned above the second substrate SUB2 and the first
substrate SUB1 and the second substrate SUB2 may be
bonded to each other (S30).

[0133] Through the above steps S10 to S30, the display
device according to the first exemplary embodiment may be
fabricated. This will be described in more detail with refer-
ence to FIGS. 4 to 8.

[0134] Referring to FIG. 4, the polarizing layer POL may
be formed on the first substrate SUB1. Subsequently, the
organic light emitting layer OLED may be formed on the
polarizing layer POL. The pixel defining layer PDL of the
organic light emitting layer OLED may be patterned so as to
divide the plurality of pixel areas, and include a protrusion
protruding upwards. In addition, the second electrode EL2
of the organic light emitting layer OLED may be patterned
to correspond to each of the plurality of pixel areas.
[0135] Referring to FIG. 5, a thin film transistor and the
passivation film PSV covering the thin film transistor includ-
ing the active pattern ACT may be formed on the second
substrate SUB2. The passivation film PSV may include the
contact hole H through which a portion of the drain electrode
DE of the thin film transistor including the active pattern
ACT is externally exposed. The contact hole H may be
located at a position corresponding to the pixel defining
layer PDL and have a size so that the pixel defining layer
PDL may be inserted into the contact hole H.

[0136] When the contact hole H is formed, in order to
remove a residual layer of the passivation film PSV which
may remain in the contact hole H, an ashing process using
plasma may be performed. During the ashing process using
plasma, the externally exposed portion of the drain electrode
DE may be etched by plasma to perform surface treatment
thereon. In this example, electrical characteristics of the
drain electrode DE may be improved.

[0137] Referring to FIG. 6, the conductive adhesive CA
may be formed in the contact hole H. The conductive
adhesive CA may be an anisotropic conductive film (ACF)
including an organic polymer and nano-sized conductive
particles provided in the organic polymer. The conductive
adhesive CA may be liquid and provided in the contact hole
H by printing or by using a nozzle.

[0138] The conductive adhesive CA may be formed in the
contact hole H and one side thereof (the bottom, for
example, in FIG. 7) may contact the drain electrode DE.
[0139] Referring to FIG. 7, the first substrate SUB1 may
be loaded and arranged above the second substrate SUB2.
The first substrate SUB1 may be arranged such that the pixel
defining layer PDL of the first substrate SUB1 may corre-
spond to the contact hole H of the second substrate SUB2.
[0140] Subsequently, by pressing together the first sub-
strate SUB1 and the second substrate SUB2, the first and
second substrates SUB1 and SUB2 may be bonded to each
other by way of the adhesive properties of the conductive
adhesive CA as shown in FIG. 8. When the first substrate
SUBL1 and the second substrate SUB2 are bonded to each
other, the pixel defining layer PDL of the first substrate
SUB1 may be inserted into the contact hole H of the second
substrate SUB2, so that the other side of the conductive
adhesive CA may contact the second electrode EL2 of the
first substrate SUB1. When the pixel defining layer PDL is
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inserted into the contact hole H, the conductive adhesive CA
may be pressed by the pixel defining layer PDL and move
along a sidewall of the passivation film PSV including the
contact hole H such that the conductive adhesive contacts
sidewalls of the second electrode EL2 of the first substrate
SUBL.

[0141] As a result, the first substrate SUB1 and the second
substrate SUB2 may be both electrically connected and
physically bonded to each other by the conductive adhesive
CA while eliminating the need for an optically clear adhe-
sive (OCA).

[0142] Referring to FIGS. 2 and 9, the conductive adhe-
sive CA may be provided at each of the plurality of pixel
areas of the first substrate SUB1. FIG. 9 depicts an exem-
plary embodiment with eleven pixel areas, but, of course,
other numbers of pixel areas may be used. For example, the
conductive adhesive CA may be provided to a predeter-
mined sub-set of pixel areas, such as pixel areas where light
of a predetermined color is emitted, or pixel areas in a
predetermined region or portion of the display. In other
words, the conductive adhesive CA may be regularly, by a
variety of different metrics, or randomly arranged on a
display area of the display device.

[0143] In addition, the conductive adhesive CA may be
irregularly or randomly arranged in a non-display area
surrounding the display area.

[0144] When the conductive adhesive CA is applied to a
flexible display device which is designed to be bent, the
conductive adhesive CA may be differently arranged
between a bent portion and a non-bent portion, i.e., a rigid
portion. As a result, the density of the conductive adhesive
CA may differ in the bent portion versus the rigid portion.
For example, in a bent portion, certain portions of the
conductive adhesive may be compressed to have a higher
density and/or expanded to have a lower density to facilitate
bending.

[0145] For convenience of explanation, a touch sensing
portion is omitted in connection with describing the above-
described display device according to the first exemplary
embodiment. However, the display device according to the
first exemplary embodiment may include the touch sensing
portion. Other display devices according to other exemplary
embodiments will be described below on the assumption
that they include the touch sensing portion as one of the
components.

[0146] Referring to FIG. 10, to avoid duplication of
description, some of the similarities between the display
device according to the second exemplary embodiment and
the display device according to the above-described first
exemplary embodiment will not be described. Portions of
the second exemplary embodiment which are not particu-
larly described below coincide with corresponding portions
of the display device according to the above-described
exemplary embodiment. The same reference numerals refer
to the same components and similar reference numerals refer
to similar components.

[0147] The display device according to the second exem-
plary embodiment may include the first substrate SUB1 and
the second substrate SUB2 opposing each other. In addition,
the display device according to the second exemplary
embodiment may include the polarizing layer POL, a touch
sensing portion TSP, the organic light emitting layer OLED,
and the pixel circuit PC that are disposed between the first
substrate SUB1 and the second substrate SUB2.



US 2017/0358637 Al

[0148] The first substrate SUB1 may include the polariz-
ing layer POL, the touch sensing portion TSP, and the
organic light emitting layer OLED that are sequentially
formed thereon.

[0149] The touch sensing portion TSP may be arranged on
the polarizing layer POL and sense a touch event on the
display device by a user’s hand or receive a separate input.
The touch sensing portion TSP may include sensing elec-
trodes and thereby sense touch and/or pressure. The touch
sensing portion TSP may be classified according to various
types, such as a capacitive type, a resistive type, an elec-
tromagnetic type, a piezoresistive type, and an optical type.
Other types of touch sensors may also be used. Embodi-
ments with the capacitive type of touch sensing portion may
include, for example, a mutual capacitance type in which
changes in capacitance caused by interactions between two
sensing electrodes are sensed or a self-capacitance type in
which changes in capacitance of the sensing electrodes
themselves are sensed. The touch sensing portion TSP may
include a first barrier layer BR1, a color filter CF, a black
matrix BM, a connection line CL, and a second barrier layer
BR2.

[0150] The organic light emitting layer OLED may
include the first electrode EL1, the second electrode EL.2,
and the emitting layer EML arranged between the two
electrodes EL1 and EL2.

[0151] The second substrate SUB2 may include the pixel
circuit PC. The pixel circuit PC may include a plurality of
pixel areas each including at least one thin film transistor.

[0152] Hereinafter, the display device according to the
second exemplary embodiment is described according to an
exemplary stacking order. For convenience of explanation,
the first substrate SUB1 is described first and the second
substrate SUB2 is then the described.

[0153] The first substrate SUB1 may be provided. The first
substrate SUB1 may be a rigid substrate or a flexible
substrate.

[0154] The polarizing layer POL may be disposed on the
first substrate SUBI.

[0155] The first barrier layer BR1 may be disposed on the
polarizing layer POL. The first barrier layer BR1 may block
intrusion of oxygen and moisture into the polarizing layer
POL and the first substrate SUB1. The first barrier layer BR1
may be in the form of a film in which an organic material is
coated with a single-layer or a multilayer inorganic material.
However, other materials and layer structures may be used
as well

[0156] The color filter CF and the black matrix BM may
be disposed on the first barrier layer BR1. The color filter CF
may impart color to light which transmits through the
plurality of pixel areas.

[0157] A connection line CL may be disposed on the black
matrix BM. The connection line CL may electrically connect
sensing electrodes (not illustrated) for sensing a user’s touch
and/or a touch input to a driving circuit (not illustrated). The
connection line CL may transfer a sensing input signal from
the driving circuit to the sensing electrodes, or transfer a
sensing output signal from the sensing electrodes to the
driving circuit. The connection line CL. may be directly
arranged on the black matrix BM and overlap with the black
matrix BM in order that the connection line CL may be
prevented from being viewable in externally incident light
that is reflected by the display. Various exemplary embodi-
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ments of a touch sensor including the connection line CL
and the sensing electrodes are described below.

[0158] The second barrier layer BR2 may be disposed on
the connection line CL. The second barrier layer BR2 may
planarize portions of the lower structures (CF, BM, and CL).
In addition, the second barrier layer BR2 may block intru-
sion of oxygen and moisture into structures such as CF, BM,
and CL. The second barrier layer BR2 may include substan-
tially the same material as the first barrier layer BR1, but is
not limited thereto.

[0159] The first electrode EL1 may be disposed on the
second barrier layer BR2. The first electrode EL1 may
function as an anode and have a plate shape. The first
electrode EL.1 may be provided to inject holes into the
conductive structure and include a material having a high
work function.

[0160] The pixel defining layer PDL may be disposed on
the first electrode ELL1 and divide each of the plurality of
pixel areas one from another. The pixel defining layer PDL
may be provided along the circumference of the first elec-
trode EL1 (if it is provided with a circular shape) and include
a protrusion protruding toward the second substrate SUB2.
[0161] The emitting layer EML may be disposed on the
first electrode EL1 and the pixel defining layer PDL.
[0162] The second electrode EL.2 may be disposed on the
emitting layer EML. The second electrode EL2 may func-
tion as a cathode, and be patterned and provided to each of
the plurality of pixel areas. The second electrode FL.2 may
include a conductive material having a lower work function
than the first electrode EL1. The second electrode EL2 may
be provided on the outermost edge of the first substrate
SUBI1 and electrically connected to the pixel circuit PC.
[0163] The second substrate SUB2 is described below
according to an exemplary stacking order.

[0164] The second substrate SUB2 may be provided.
[0165] A thin film transistor including the active pattern
ACT, which is the gate electrode GE, and the source and
drain electrodes SE and DE, may be disposed on the second
substrate SUB2.

[0166] The passivation film PSV may be disposed on the
thin film transistor including the active pattern ACT. The
passivation film PSV may include the contact hole H
through which a portion of the drain electrode DE is
externally exposed. The contact hole H may be arranged on
the passivation film PSV at a position corresponding to the
pixel defining layer PDL.

[0167] A contact electrode CNE may be disposed on the
passivation film PSV. The contact electrode CNE may be
arranged in the contact hole H of the passivation film PSV
and may be electrically connected to the drain electrode DE
of the thin film transistor including the active pattern ACT.
[0168] The conductive adhesive CA may be disposed on
the contact electrode CNE. The conductive adhesive CA
may be an anisotropic conductive film (ACF). The conduc-
tive adhesive CA may be liquid and may be provided in the
contact hole H by printing or by using a nozzle.

[0169] The conductive adhesive CA may be provided in
the contact hole H. One side of the conductive adhesive CA
may be connected to the thin film transistor including the
active pattern ACT through the contact electrode CNE and
the other side thereof may be connected to the second
electrode EL2. Therefore, the organic light emitting layer
OLED of the first substrate SUB1 and the pixel circuit PC
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of the second substrate SUB2 may be electrically connected
to each other through the conductive adhesive CA.

[0170] Referring to FIG. 11, to avoid duplication of
description, some of the similarities between the display
device according to the third exemplary embodiment and the
display devices according to the earlier described exemplary
embodiments will not be described. Portions of the third
exemplary embodiment which are not particularly described
below coincide with corresponding portions of the display
devices according to the above-described exemplary
embodiments. The same reference numerals refer to the
same components and similar reference numerals refer to
similar components. The display device according to the
third exemplary embodiment may include the first substrate
SUBI1 and the second substrate SUB2 opposing each other.
In addition, the display device according to the third exem-
plary embodiment may include the polarizing layer POL, the
touch sensing portion TSP, the organic light emitting layer
OLED, and the pixel circuit PC that are arranged between
the first substrate SUB1 and the second substrate SUB2.
[0171] The first substrate SUB1 may include the polariz-
ing layer POL, the touch sensing portion TSP, and the
organic light emitting layer OLED which may be sequen-
tially formed as described in greater detail elsewhere herein.
The touch sensing portion TSP may include the black matrix
BM, the color filter CF, sensing electrodes (not illustrated),
and the connection line CL. The organic light emitting layer
OLED may include the first electrode EL1, the second
electrode EL2, and the emitting layer EML arranged
between the two electrodes EL1 and EL2.

[0172] The second substrate SUB2 may include the pixel
circuit PC. The pixel circuit PC may include a plurality of
pixel areas including at least one thin film transistor (see
active pattern(s) ACT in the Figures) in each of the plurality
of pixel areas.

[0173] Hereinafter, the display device according to the
third exemplary embodiment is described according to an
exemplary stacking order. For convenience of explanation,
the first substrate SUB1 is described first, and the second
substrate SUB2 is then described.

[0174] The first substrate SUB1 may be provided. The first
substrate SUB1 may be a rigid substrate or a flexible
substrate.

[0175] The polarizing layer POL may be disposed on the
first substrate SUBI.

[0176] The touch sensing portion TSP may be disposed on
the polarizing layer POL.

[0177] The first electrode EL1 may be disposed on the
touch sensing portion TSP. The first electrode EL1 may
function as an anode, may be provided to inject holes into
the electrical conductor, and may include a material having
a high work function.

[0178] A pixel defining layer PDL dividing the plurality of
pixel areas may be disposed on the first electrode EL1. The
pixel defining layer PDL may be provided along the cir-
cumference of the first electrode EL1 (if it is provided with
a circular shape) and may include a protrusion protruding
toward the second substrate SUB2.

[0179] The protrusion may be provided in each of the
plurality of pixel areas. For example, as illustrated in FIG.
12, the protrusion may be provided in a predetermined pixel
area, a pixel area having light of a predetermined color, for
example, red is emitted, or a predetermined region. In other
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words, the protrusion may be regularly or randomly
arranged in a display area of the display device.

[0180] In another example, the protrusion may be dis-
posed more in the display area than in a peripheral region
surrounding the display area for touch recognition of the
touch sensing portion TSP.

[0181] The emitting layer EML may be disposed between
the first electrode EL1 and the pixel defining layer PDL.
[0182] The second electrode EL.2 may be disposed on the
emitting layer EML. The second electrode EL.2 may func-
tion as a cathode and be patterned and provided to each of
the plurality of pixel areas. When an image is provided
toward the lower portion of the first substrate SUB1 in the
display device, the second electrode EL2 may include an
opaque conductive material.

[0183] The second substrate SUB2 is described below
according to an exemplary stacking order.

[0184] The second substrate SUB2 may be provided. The
second substrate SUB2 may include a transparent insulating
material. However, other materials may be employed. For
example, the second substrate SUB2 may also, or alterna-
tively, include a metal material to ensure flexibility.

[0185] A active pattern ACT may be disposed on the
second substrate SUB2. According to various exemplary
embodiments, the active pattern ACT may be a semicon-
ductor pattern including an oxide semiconductor. Since the
active pattern ACT includes an oxide semiconductor, the
display device may achieve a higher resolution.

[0186] A gate insulating layer GI may be disposed on the
active pattern ACT.

[0187] A gate electrode GE may be disposed on the gate
insulating layer GI. The gate electrode GE may cover a
portion of the active pattern ACT at a position corresponding
to the channel portion CP.

[0188] An interlayer insulating layer IL. may be disposed
on the gate electrode GE.

[0189] A source electrode SE and a drain electrode DE
may be disposed on the interlayer insulating layer IL.
[0190] A passivation film PSV may be provided over the
source electrode SE and the drain electrode DE. The passi-
vation film PSV may include the contact hole H through
which a portion of the drain electrode DE is externally
exposed. The contact hole H may be formed in the passi-
vation film PSV at a position corresponding to the pixel
defining layer PDL.

[0191] A contact electrode CNE may be disposed on the
passivation film PSV.

[0192] A conductive adhesive CA may be disposed on the
contact electrode CNE and the passivation film PSV. The
conductive adhesive CA may be provided over an entire
surface of the second substrate SUB2. The conductive
adhesive CA may be an anisotropic conductive film (ACF)
including an organic polymer and nano-sized conductive
particles provided in the organic polymer. The nano-sized
conductive particles may have anisotropy and electrically
connect the contact electrode CNE and the second electrode
EL2 to each other at a region where the first substrate SUB1
and the second substrate SUB2 are spaced apart from each
other at a small distance, i.e., between the contact electrode
CNE and the second electrode EL2. The organic polymer
may serve as an adhesive which bonds the first substrate
SUBLI to the second substrate SUB2.

[0193] Since the conductive adhesive CA is disposed over
the entire surface of the second substrate SUB2, the con-
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ductive adhesive CA may also be disposed in the contact
hole H. Therefore, one side of the conductive adhesive CA
may be connected to the contact electrode CNE and the other
side thereof may be connected to the second electrode EL2.

[0194] As described above, the first substrate SUB1 and
the second substrate SUB2 may be electrically connected to
each other through the conductive adhesive CA and also
thereby physically firmly bonded to each other.

[0195] Referring to FIG. 13, to avoid duplication of
description, some of the similarities between the display
device according to the fourth exemplary embodiment and
the display devices according to the earlier described exem-
plary embodiments will not be described. Portions of the
fourth exemplary embodiment which are not particularly
described below coincide with corresponding portions of the
display devices according to the above-described exemplary
embodiments. The same reference numerals refer to the
same components and similar reference numerals refer to
similar components. The display device according to the
fourth exemplary embodiment may include the first sub-
strate SUB1 and the second substrate SUB2 opposing each
other. In addition, the display device according to the fourth
exemplary embodiment may include a polarizing layer POL'
arranged between the first substrate SUB1 and the second
substrate SUB2, the touch sensing portion TSP, the organic
light emitting layer OLED, and the pixel circuit PC.

[0196] The first substrate SUB1 may include the polariz-
ing layer POL, the touch sensor TSP, and the organic light
emitting layer OLED, and in various exemplary embodi-
ments, these layers are sequentially formed. The touch
sensor TSP may include the black matrix BM, the color filter
CF, sensing electrodes (not illustrated), and the connection
line CL. The organic light emitting layer OLED may include
the first electrode EL1, the pixel defining layer PDL, the
emitting layer EML, and the second electrode FL.2.

[0197] The polarizing layer POL' may include a first metal
layer ML1, a dielectric layer DL, and a second metal layer
ML2 that are sequentially stacked over the first substrate
SUBL. The first metal layer ML1 may be set to have lower
absorbance than the second metal layer ML2 so that the first
metal layer ML1 and the second metal layer M2 may
function as a black film. In this manner, the second metal
layer ML2 may effectively absorb external light internally
reflected from the organic light emitting layer OLED and
prevent it from being seen by a user of the display, and the
first metal layer ML1 may, at the same time, effectively
transmit light generated from the emitting layer EML of the
organic light emitting layer OLED so that the transmitted
light may be seen by the user of the display.

[0198] By considering these characteristics, the first metal
layer ML1 may include a metal material having high reflec-
tance and low absorbance, such as aluminum (Al) or silver
(Ag). In addition, the second metal layer ML2 may include
a metal material having low reflectance and high absor-
bance, such as chromium (Cr), molybdenum (Mo) or tita-
nium (Ti). The dielectric layer DI, may change a phase of
external light into the organic light emitting layer OLED to
induce destructive interference between portions of the
external light reflected by the various layers of the device.

[0199] The polarizing layer POL' having the above con-
figuration may be provided on the front surface of the
organic light emitting layer OLED to prevent external light
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from being reflected from the organic light emitting layer
OLED to reduce the bright room contrast ratio (ambient
contrast).

[0200] In other words, the polarizing layer POL' may
function as a black micro-cavity serving as both a micro-
cavity increasing brightness together with the organic light
emitting layer OLED and simultaneously function as a black
film increasing the ambient contrast.

[0201] Light generated from the emitting layer EML of the
organic light emitting layer OLED may be resonated by the
second electrode EL.2 and the first metal layer MLL1. Before
the light generated from the emitting layer EML is emitted
toward the lower portion (front surface) of the first substrate
SUBI, the light may be reflected from the second electrode
EL2 and the first metal layer ML1. The light may thereby be
emitted to the front surface as light with intensity at a
predetermined wavelength being enhanced. The first metal
layer MLL1 may be thin enough for the light to transmit
therethrough so that the light emitted from the emitting layer
EML may be emitted to the front surface of the organic light
emitting layer OLED. The second electrode EL2 may be so
thick that the light may not transmit therethrough.

[0202] In addition, most of the external light into the
organic light emitting layer OLED may be reflected by the
first metal layer M1 and the second metal layer ML2 and
offset by destructive interference between the foregoing
respective reflections. Further, some of the external light
supplied to the second electrode EL.2 may be absorbed again
by the first metal layer ML1 and disappear. Since little
external light is thus reflected by the polarizing layer POL',
the ambient contrast may be improved.

[0203] The second substrate SUB2 may include the pixel
circuit PC. The pixel circuit PC may include a plurality of
pixel areas each including at least one thin film transistor. In
addition, the pixel circuit PC may include the passivation
film PSV covering the thin film transistor including the
active pattern ACT.

[0204] The passivation film PSV may include the contact
hole H through which a portion of the drain electrode DE of
the thin film transistor including the active pattern ACT is
externally exposed. The contact hole H may be arranged on
the passivation film PSV at a position corresponding to the
pixel defining layer PDL.

[0205] The contact electrode CNE may be disposed on the
passivation film PSV.

[0206] The conductive adhesive CA may be provided in
the contact electrode CNE. The conductive adhesive CA
may be an anisotropic conductive film (ACF). In addition,
the conductive adhesive CA may include an organic polymer
and nano-sized conductive particles provided in the organic
polymer. The conductive adhesive CA may be liquid and
may be provided in the contact hole H by printing or by
using a nozzle.

[0207] The conductive adhesive CA may thus be provided
in the contact hole H. One side(s) of the conductive adhesive
CA may be connected to the contact electrode CNE and the
other side thereof may be connected to the second electrode
EL2. Therefore, the organic light emitting layer OLED of
the first substrate SUB1 and the pixel circuit PC of the
second substrate SUB2 may be electrically connected to
each other by the conductive adhesive CA.

[0208] Referring to FIG. 14, to avoid duplication of
description, some of the similarities between the display
device according to the fifth exemplary embodiment and the
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display devices according to the earlier described exemplary
embodiments will not be desctibed. Portions of the fifth
exemplary embodiment which are not particularly described
below coincide with corresponding portions of the display
devices according to the above-described exemplary
embodiments. The same reference numerals refer to the
same components and similar reference numerals refer to
similar components. The display device according to the
fifth exemplary embodiment may include the first substrate
SUBI1 and the second substrate SUB2 opposing each other.
In addition, the display device according to the fifth exem-
plary embodiment may include the polarizing layer POL, the
touch sensor TSP, the organic light emitting layer OLED, the
pixel circuit PC, and a pressure sensing electrode FSE that
are arranged between the first substrate SUB1 and the
second substrate SUB2.

[0209] The first substrate SUB1 may include the polariz-
ing layer POL, the touch sensor TSP, and the organic light
emitting layer OLED, and, in various exemplary embodi-
ments, these layers are sequentially formed. The touch
sensor TSP may include the black matrix BM, the color filter
CF, sensing electrodes (not illustrated), and the connection
line CL. The organic light emitting layer OLED may include
the first electrode EL1, the second electrode E12, and the
emitting layer EML arranged between the two electrodes
EL1 and EL2.

[0210] The second substrate SUB2 may include the pres-
sure sensing electrode FSE, a buffer layer BFL, and the pixel
circuit PC that are, in various exemplary embodiments,
sequentially formed.

[0211] The pressure sensing electrode FSE may be spaced
apart from the touch sensor TSP by a predetermined distance
and detect intensity of pressure applied when the user
touches the display device. For example, if pressure is
exerted when the user touches the surface of the display
device according to various exemplary embodiments, the
distance between the pressure sensing electrode FSE and the
touch sensor TSP may be changed. Therefore, the intensity
of the touch pressure may be detected by measuring changes
in capacitance according to the changes in distance between
the pressure sensing electrode FSE and the touch sensor
TSP.

[0212] The pressure sensing electrode FSE may be a
ground layer of the pixel circuit PC. The pressure sensing
electrode FSE may have a plane parallel to a plane of the
touch sensor TSP. In addition, the pressure sensing electrode
FSE may be formed into a predetermined pattern on the
plane parallel to the plane of the touch sensor TSP.

[0213] The pressure sensing electrode FSE may be
arranged in a peripheral region surrounding a display area of
the display device. However, other arrangements are pos-
sible.

[0214] The second substrate SUB2 may further include a
cushion layer (not illustrated) arranged between the pressure
sensing electrode FSE and the touch sensor TSP. The cush-
ion layer may have elasticity so that the cushion layer may
be compressed by an external pressure and restored into the
original state after the external pressure is released. For
example, the cushion layer may include a silicone-based
elastic adhesive layer or an elastic tape. The pressure sensing
electrode FSE, the cushion layer, and the sensing electrodes
of the touch sensor TSP may constitute the pressure sensing
Sensor.
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[0215] The buffer layer BFL may be disposed on the
pressure sensing electrode FSE. The buffer layer BFL may
block diffusion of impurities into the pixel circuit PC.
[0216] The pixel circuit PC may be disposed on the buffer
layer BFL. The pixel circuit PC may include a plurality of
pixel areas each including at least one thin film transistor. In
addition, the pixel circuit PC may include the passivation
film PSV covering the thin film transistor including the
active pattern ACT.

[0217] The passivation film PSV may include the contact
hole H through which a portion of the drain electrode DE of
the thin film transistor including the active pattern ACT is
externally exposed. The contact hole H may be formed in the
passivation film PSV at a position corresponding to the pixel
defining layer PDL.

[0218] The contact electrode CNE may be disposed on the
passivation film PSV.

[0219] The conductive adhesive CA may be provided in
the contact electrode CNE. The conductive adhesive CA
may be an anisotropic conductive film (ACF). In addition,
the conductive adhesive CA may include an organic polymer
and nano-sized conductive particles provided in the organic
polymer. The conductive adhesive CA may be liquid and
may be provided in the contact hole H by printing or by
using a nozzle.

[0220] The conductive adhesive CA may thus be provided
in the contact hole H. One or more side(s) thereof may be
coupled to the contact electrode CNE and the other side
thereof may be coupled to the second electrode EL2. There-
fore, the organic light emitting layer OLED of the first
substrate SUB1 and the pixel circuit PC of the second
substrate SUB2 may be electrically connected to each other
by the conductive adhesive CA.

[0221] Referring to FIG. 15, to avoid duplication of
description, some of the similarities between the display
device according to the sixth exemplary embodiment and the
display devices according to the earlier exemplary embodi-
ments will not be described. Portions of the sixth exemplary
embodiment which are not particularly described below
coincide with corresponding portions of the display devices
according to the above-described exemplary embodiments.
The same reference numerals refer to the same components
and similar reference numerals refer to similar components.
The display device according to the sixth exemplary
embodiment may include the first substrate SUB1 and the
second substrate SUB2 opposing each other. In addition, the
display device according to the sixth exemplary embodiment
may include the polarizing layer POL, the touch sensor TSP,
the organic light emitting layer OLED, and the pixel circuit
PC that are arranged disposed between the first substrate
SUB1 and the second substrate SUB2.

[0222] The first substrate SUB1 may include the polariz-
ing layer POL, the touch sensor TSP, and some of the
elements of the organic light emitting layer OLED that are,
in various exemplary embodiments, sequentially formed.
The touch sensor TSP may include the black matrix BM, the
color filter CF, sensing electrodes (not illustrated), and the
connection line CL. The organic light emitting layer OLED
may include the first electrode EL1 and the pixel defining
layer PDL dividing each of the plurality of pixel areas.
[0223] The second substrate SUB2 may include the pixel
circuit PC and the other elements of the organic light
emitting layer OLED that are, in various exemplary embodi-
ments, sequentially formed. The pixel circuit PC may
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include at least one thin film transistor (including the active
pattern ACT) included in each of the plurality of pixel areas.
The other elements of the organic light emitting layer OLED
may include the emitting layer EML and the second elec-
trode EL2 disposed on the emitting layer EML.

[0224] The first electrode EL1 may be disposed on the
touch sensor TSP formed on the first substrate SUB1. The
first electrode EL1 may function as an anode, be provided to
inject holes into the electrical conductor, and include a
material having a high work function. In addition, the first
electrode EL1 may include a transparent conductive material
to display an image toward a lower portion of the first
substrate SUBI.

[0225] The pixel defining layer PDL dividing each of the
plurality of pixel areas may be disposed on the first electrode
EL1. The pixel defining layer PDL may be provided along
the circumference of the first electrode EL1 (if it is provided
with a circular shape) and include a protrusion extending
toward the second substrate SUB2. The pixel defining layer
PDL may include an organic insulating material. For
example, the pixel defining layer PDL may include at least
one of polystyrene, polymethylmethacrylate (PMMA), poly-
acrylonitrile (PAN), polyamide (PA), polyimide (PI), pol-
varylether (PAE), heterocyclic polymer, parylene, epoxy,
benzocyclobutene (BCB), siloxane based resin and silane
based resin. The pixel defining layer PDL may be cured by
a heat treatment process.

[0226] The passivation film PSV may be disposed on the
second substrate SUB2 on which the at least one thin film
transistor (including the active pattern ACT) is formed. The
passivation film PSV may include the contact hole H
through which a portion of the drain electrode DE of the thin
film transistor including the active pattern ACT is externally
exposed. The contact hole H may be provided on the
passivation film PSV at a position corresponding to the pixel
defining layer PDL.

[0227] The second electrode EL.2 may be disposed on the
passivation film PSV. The second electrode EL2 may be
patterned and provided to each of the plurality of pixel areas.
The second electrode EL2 may include an opaque conduc-
tive material having a lower work function than the first
electrode EL1.

[0228] The emitting layer EML may be disposed between
the first electrode EL1 and the second electrode EL2. The
emitting layer EML may include an organic light emitting
material displaying white light. FIG. 15 illustrates that the
emitting layer EML may include a single layer. However, the
emitting layer EML may include a multilayer film.

[0229] The first substrate SUB1 and the second substrate
SUB2 having the above configurations may be bonded to
each other by inserting the pixel defining layer PDL into the
contact hole H by pressing. More specifically, the first
substrate SUB1 may be provided over the second substrate
SUB2 such that the pixel defining layer PDL of the first
substrate SUB1 may correspond to the contact hole H in the
second substrate SUB2. The first substrate SUB1 and the
second substrate SUB2 may then be pressed and bonded to
each other. Subsequently. the pixel defining layer PDL may
be cured by a heat treatment process to fix the first substrate
SUBI and the second substrate SUB2.

[0230] Accordingly, the first substrate SUB1 and the sec-
ond substrate SUB2 may be physically bonded to each other
without using an optically clear adhesive (OCA).
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[0231] Referring to FIG. 16, to avoid duplication of
description, some of the similarities between the display
device according to the seventh exemplary embodiment and
the display devices according to the earlier described exem-
plary embodiments will not be described. Portions of the
seventh exemplary embodiment which are not particularly
described below coincide with corresponding portions of the
display devices according to the above-described exemplary
embodiments. The same reference numerals refer to the
same components and similar reference numerals refer to
similar components. The display device according to the
seventh exemplary embodiment may include the polarizing
layer POL, the touch sensor TSP, the organic light emitting
layer OLED, and the pixel circuit PC that are sequentially
formed over the substrate SUB by a roll-to-roll method.
[0232] The touch sensor TSP may be in the form of a thin
film and disposed on the polarizing layer POL. The touch
sensor TSP may include the color filter CF, the black matrix
BM, sensing electrodes (not illustrated), and the connection
line CL.

[0233] The organic light emitting layer OLED may be
configured in the form of a thin film and disposed on the
touch sensor TSP. The organic light emitting layer OLED
may include the first electrode EL1, the second electrode
EL2, and the emitting layer EML arranged between the two
electrodes EL1 and EL2.

[0234] The pixel circuit PC may include a plurality of
pixel areas each including at least one thin film transistor.
[0235] The display device according to the seventh exem-
plary embodiment is described according to an exemplary
stacking order.

[0236] The substrate SUB may be provided. The substrate
SUB may include a material transmitting light such as a
transparent insulating material. According to various exem-
plary embodiments, the substrate SUB may include a trans-
parent polyimide (PI) film. However, other arrangements are
possible For example, the substrate SUB may include sap-
phire glass.

[0237] Though not illustrated, a light shielding pattern
may be disposed on the substrate SUB. The light shielding
pattern may prevent structures provided above the substrate
SUB from being viewed in reflections of external light when
an image is visible in a reflection toward the lower portion
of the substrate SUB. The light shielding pattern may be
formed on the substrate SUB by printing.

[0238] The polarizing layer POL may be provided over the
substrate SUB. The polarizing layer POL may be formed by
coating the substrate SUB with a liquid polarizing material.
[0239] The first barrier layer BR1 may be disposed on the
polarizing layer POL.

[0240] The color filter CF and the black matrix BM may
be disposed on the first barrier layer BR1.

[0241] The connection line CL. may be disposed on the
black matrix BM. The connection line CL may be directly
arranged on the black matrix BM and overlap with the black
matrix BM, so that the connection line CL. may be prevented
from being viewable in reflections of externally incident
light from within the device.

[0242] The second barrier layer BR2 may be disposed on
the connection line CL.

[0243] The first electrode EL1 may be disposed on the
second barrier layer BR2. The first electrode EL1 may
function as an anode, may inject holes into the emitting layer
EML, and may include a material having a high work
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function. According to various exemplary embodiments,
since an image is displayed toward the lower portion of the
substrate SUB, the first electrode EL1 may include a trans-
parent conductive material.

[0244] The pixel defining layer PDL dividing each of the
plurality of pixel areas may be disposed on the first electrode
EL1. The pixel defining layer PDL may include a protrusion
protruding the pixel circuit PC.

[0245] The emitting layer EML may be disposed between
the first electrode EL1 and the pixel defining layer PDL.

[0246] The second electrode EL2 may be disposed on the
emitting layer EML. The second electrode EL2 may func-
tion as a cathode and be patterned so as to be provided to
each of the plurality of pixel areas. Since an image is
provided toward the lower portion of the substrate SUB of
the display device, the second electrode EL2 may include an
opaque conductive material.

[0247] The passivation film PSV may be disposed on the
second electrode EL2. The passivation film PSV may
include the contact hole H to which the pixel defining layer
PDL is inserted and adhered.

[0248] At least one thin film transistor may be provided on
the passivation film PSV. The thin film transistor including
the active pattern ACT may include the drain electrode DE
at a position corresponding to the contact hole H, the source
electrode SE spaced apart from the drain electrode DE by a
predetermined distance, and the gate electrode GE arranged
under the source electrode SE and the drain electrode DE. In
addition, the thin film transistor may include the active
pattern ACT located under the gate electrode GE and par-
tially overlapped with the gate electrode GE. The active
pattern ACT may include but is not limited to a semicon-
ductor pattern including an oxide semiconductor. For
example, the active pattern ACT may be a semiconductor
pattern including a graphene material.

[0249] The buffer layer BFL may be disposed over the
passivation film PSV. The buffer layer BFL may cover the
thin film transistor including the active pattern ACT and
prevent diffusion of impurities into the thin film transistor
including the active pattern ACT.

[0250] The sealing layer SL may be disposed on the buffer
layer BFL.
[0251] As described above, since the polarizing layer

POL, the touch sensor TSP, the organic light emitting layer
OLED, and the pixel circuit PC are sequentially formed on
the substrate SUB by the roll-to-roll method, a display
device may be manufactured without an optically clear
adhesive (OCA). In addition, the above display device may
be thinned by forming each layer in the form of a thin film.

[0252] Referring to FIGS. 16 and 17, the substrate SUB
may be prepared by a roll-to-roll method (S40). The polar-
izing layer POL may be formed by coating the substrate
SUB with a liquid polarizing material (S42). The thin-film
touch sensor TSP may be formed by printing sensing pat-
terns including the connection line CL and the sensing
electrodes onto the polarizing layer POL (S44). Subse-
quently, the organic light emitting layer OLED may be
formed on the touch sensor TSP (546).

[0253] Next, the pixel circuit PC may be formed on the
organic light emitting layer OLED (S48). The sealing layer
SL may be formed to encapsulate the organic light emitting
layer OLED (S50).
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[0254] Through the above-described steps (S40 to S50),
the display device according to the seventh exemplary
embodiment may be fabricated.

[0255] Referring to FIG. 18, to avoid duplication of
description, some of the similarities between the display
device according to the eight exemplary embodiment and
the display devices according to the earlier described exem-
plary embodiments will not be described. Portions of the
eighth exemplary embodiment which are not particularly
described below coincide with corresponding portions of the
display devices according to the above-described exemplary
embodiments. The same reference numerals refer to the
same components and similar reference numerals refer to
similar components. The display device according to the
eighth exemplary embodiment may include the polarizing
layer POL, the touch sensor TSP, the organic light emitting
layer OLED, and the pixel circuit PC that are, in various
exemplary embodiments, sequentially formed over the sub-
strate SUB by a roll-to-roll method.

[0256] A metal layer ML may be disposed on the pixel
circuit PC. The metal layer ML may be provided so that a
display device according to various exemplary embodiments
may be restored to their original shape after being folded.
The metal layer ML may include a carbon nanotube having
high elasticity or an aluminum metal thin film.

[0257] The sealing layer SI may be disposed on the metal
layer ML.
[0258] According to the above-described exemplary

embodiments, pixels may be provided as follows.

[0259] Referring to FIGS. 2 and 19 to 22, the display
device may include the second substrate SUB2, a wiring unit
(discussed in its component parts below), and the pixel PXL.
The pixel PXL may display an image. As described above,
a plurality of the pixels PXL may be provided and arranged
in a matrix format. However, FIGS. 19 and 20 illustrate one
pixel PXL for convenience of explanation. FIG. 19 illus-
trates that the pixel PXL may have a rectangular shape.
However, the pixel PXL may be modified into various other
shapes.

[0260] The pixel PXL may be provided on the second
substrate SUB2.

[0261] The wiring unit may supply a signal to the pixel
PXL and include a scan line SL, a data line DL, and a driving
voltage line ELVDD.

[0262] The scan line S may extend in one direction. The
data line DL may extend in another direction crossing the
scan line SL. The driving voltage line ELVDD may extend
in substantially the same direction as one of the scan line SL
and the data line DL, for example, the data line DL as
depicted in FIG. 19. The scan line SL may transfer a scan
signal to the thin film transistor, the data line DL may
transfer a data signal to the thin film transistor, and the
driving voltage line ELVDD may provide a driving voltage
to the thin film transistor.

[0263] The pixel PXL may include the thin film transistor
connected to the wiring unit, an organic light emitting layer
OLED coupled to the thin film transistor, and a capacitor
Cst.

[0264] The thin film transistor may include a driving thin
film transistor TFT2 for controlling the organic light emit-
ting layer OLED and a switching thin film transistor TFT1
for switching the driving thin film transistor TFT2. Thus,
according to various exemplary embodiments, the pixel
PXL may include the two thin film transistors TFT1 and
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TFT2 and one capacitor Cst. However, various other
arrangements may be used. For example, according to other
exemplary embodiments, one pixel PXL may include one
thin film transistor or three or more thin film transistors, for
example, seven thin film transistors. The number of capaci-
tors may also be changed.

[0265] Referring to FIG. 20, the switching thin film tran-
sistor TFT1 may include a first gate electrode GE1, a first
source electrode SE1, and a first drain electrode DE1. The
first gate electrode GE1 may be connected to the scan line
SL. The first source electrode SE1 may be connected to the
data line DL. The first drain electrode DE1 may be coupled
to a gate electrode (i.e., second gate electrode GE2) of the
driving thin film transistor TFT2. The switching thin film
transistor TFT1 may transfer a data signal applied to the data
line DL to the driving thin film transistor TFT2 in response
to a scan signal applied to the scan line SL.

[0266] The driving thin film transistor TFT2 may include
a second gate electrode GE2, a second source electrode SE2,
and a second drain electrode DE2. The second gate electrode
GE2 may be connected to the switching thin film transistor
TFT1. The second source electrode SE2 may be connected
to the driving voltage line ELVDD. The second drain
electrode DE2 may be connected to the organic light emit-
ting layer OLED.

[0267] The switching thin film transistor TFT1 and the
driving thin film transistor TFT2 may include the first active
pattern ACT1 and the second active pattern ACT?2 including
semiconductor materials, respectively. FEach of the first
active pattern ACT1 and the second active pattern ACT2
may include the source portion SP, the drain portion DP, and
the channel portion CP. The first active pattern ACT1 and the
second active pattern ACT2 may include doped or undoped
silicon, for example, poly silicon or amorphous silicon, and
may be a semiconductor pattern including an oxide semi-
conductor.

[0268] The organic light emitting layer OLED may
include the emitting layer EML, and the first electrode EL1
and the second electrode EL2 opposing each other with the
emitting layer EML interposed therebetween. The first elec-
trode EL1 may be connected to the second drain electrode
DE2 of the driving thin film transistor TFT2. The first
electrode EL1 may function as an anode, be provided to
inject holes into the conductor(s), and may include a mate-
rial having a high work function. For example, the first
electrode EL1 may include a transparent conductive mate-
rial, such as an indium tin oxide (ITO), an indium zinc oxide
(IZ0), a zinc oxide (ZnO), or an indium tin zinc oxide
(ITZ0).

[0269] The emitting layer EML may emit light in response
to an output signal from the driving thin film transistor TFT2
and may, or may not, display an image by emitting light.
Light emitted from the emitting layer EML may have
varying characteristics depending on the material of the
emitting layer EML and may, for example, be colored light
or white light. According to various exemplary embodi-
ments, the emitting layer EML may be an organic light
emitting material displaying white light.

[0270] A common voltage may be applied to the second
electrode EL2 and arranged at a position corresponding to
the pixel PXL. The second electrode EL2 may function as a
cathode and include an opaque conductive material having
a lower work function than the first electrode EL1. For
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example, the second electrode EL.2 may include an opaque
conductive material such as Ag, Mg, Al, Pt, Pd, Au, Ni, Nd,
Ir, Cr, Li or Ca.

[0271] Referring to FIGS. 22 and 23, the organic light
emitting layer OLED may include a hole injection layer HIL
arranged between the first electrode ELL1 and the emitting
layer EML and a hole transport layer HTL arranged between
the hole injection layer HIL and the emitting layer EML.
[0272] The hole injection layer HIL may facilitate injec-
tion of holes into the emitting layer EML. The hole injection
layer HIL. may include a p type dopant to improve a rate at
which the holes are injected. The p type dopant may, in
various exemplary embodiments, include at least one of
MoQ;, MoO,, WO,, V,04, ReO,, NiO, Mo(tfd),, HAT-CN
and F,-TCNQ. The hole transport layer HTL may be
arranged on the hole injection layer HIL, receive holes from
the hole injection layer HIL, and transport the holes to the
emitting layer EML.

[0273] The hole injection layer HIL and the hole transport
layer HTL may be selectively omitted depending on the
types of materials forming the emitting layer EML.

[0274] In addition, the organic light emitting layer OLED
may further include an electron injection layer EIL arranged
between the second electrode EL2 and the emitting layer
EML and an electron transport layer ETL arranged between
the electron injection layer EIL and the emitting layer EML.
[0275] The electron injection layer EIL may facilitate
injection of holes into the emitting layer EML. The electron
transport layer ETL may be arranged on the electron injec-
tion layer FIL, receive electrons from the electron injection
layer FEIL, and transport the electrons to the emitting layer
EML. The electron injection layer EIL and the electron
transport layer ETL may be selectively omitted depending
on the types of materials forming the emitting layer EML.
[0276] The capacitor Cst may be connected between the
second gate electrode GE2 and the second source electrode
SE2 of the driving thin film transistor TFT2, and may charge
and maintain a data signal input to the second gate electrode
GE2 of the driving thin film transistor TFT2.

[0277] The passivation film PSV may be formed on the
switching thin film transistor TFT1 and the driving thin film
transistor TFT2. The passivation film PSV may cover the
switching thin film transistor TFT1 and the driving thin film
transistor TFT2 and may include at least one layer. The
passivation film PSV may include the contact hole H
through which a portion of the second drain electrode DE2
is externally exposed.

[0278] The contact electrode CNE may be disposed on the
passivation film PSV. The contact electrode CNE may be
arranged in the contact hole H of the passivation film PSV
and electrically connected to the second drain electrode DE2
of the driving thin film transistor TFT2.

[0279] According to the above-described exemplary
embodiments, the color filters and the black matrix of the
touch sensor may be configured as follows.

[0280] Referring to FIGS. 10, 24 and 25, the first barrier
layer BR1, the color filters CF, and the black matrix BM may
be provided over the polarizing layer POL.

[0281] The color filters CF may give color to light trans-
mitting through the plurality of pixel areas. The color filter
CF may, in various exemplary embodiments, be one of a red
color filter, a green color filter, and a blue color filter. In
addition, the color filter CF may be a cyan color filter, a
magenta color filter, and a yellow color filter. The black
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matrix BM may be provided at one side of each color filter
CF on the first barrier layer BR1 to divide the color filters
CF. In addition, the black matrix BM may block unnecessary
light when the display device displays an image.

[0282] According to the above-described exemplary
embodiments, the touch sensor may be configured as fol-
lows.

[0283] Referring to FIGS. 2, 26 and 27, the touch sensor
TSP may include sensing electrodes SEL arranged in a
matrix format. A predetermined voltage may be applied to
the sensing electrodes SEL. The connection line CL may be
connected to each sensing electrode SEL and a predetet-
mined voltage may be applied through the connection line
CL. When a user’s touch is made upon the touch sensor TSP,
capacitance of the touched portion of the sensing electrode
SEL may be changed. By obtaining the changes in the
predetermined voltage by the changes in capacitance,
whether or not a touch is made at a predetermined portion
may be determined.

[0284] Each of the sensing electrodes SEL and the con-
nection lines CL of the touch sensor TSP according to
various exemplary embodiments may be provided over the
first barrier layer BR1. The connection line CL. may be
disposed on the black matrix BM. In other words, the
connection line CL may be directly arranged over the black
matrix BM and overlap with the black matrix BM, so that the
connection line CL may be prevented from being viewed by
externally incident light.

[0285] Referring to FIGS. 2 and 28 to 30, the touch sensor
TSP may include a sensing cell SC and the connection line
CL. The connection line CL may be connected to the sensing
cell SC and electrically connect the sensing cell SC to an
external driving circuit (not illustrated).

[0286] The sensing cell SC may include a first sensing cell
SC1 and a second sensing cell SC2. The first sensing cell
SC1 may include first sensing electrodes SEL1 extending in
a first direction and a first bridge pattern BP1 connecting the
first sensing electrodes SEL1 to each other. The second
sensing cell SC2 may include second sensing electrodes
SEL2 extending in a second direction crossing the first
direction and a second bridge pattern BP2 connecting the
second sensing electrodes SEL2 to each other. The first
bridge pattern BP1 connecting the first sensing electrodes
SEL1 to each other and the second bridge pattern BP2
connecting the second sensing electrodes SEL2 may be
included in the connection line CL.

[0287] The first sensing electrodes SEL1 and the second
sensing electrodes SEL2 may be formed into independent
patterns which are not connected to each other. When the
first sensing electrodes SEL1 are connected to each other by
the first bridge pattern BP1 formed integrally with the first
sensing electrodes SEL1, the second sensing electrodes
SEL2 may be connected to each other by the second bridge
pattern BP2 separated by a interlayer insulating layer IL.

[0288] One of the first sensing electrodes SEL1 and the
second sensing electrodes SEL.2 may be driving electrodes
and the other sensing electrodes may serve as sensing
electrodes.

[0289] All of the first sensing electrodes SEL1, the second
sensing electrodes SEL2, and the connection line CL of the
touch sensor TSP according to an exemplary embodiment
may be provided on the first barrier layer BR1. The con-
nection line CL may be provided on the black matrix BM.
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[0290] Referring to FIGS. 10, 31 and 32, the touch sensor
TSP may include the sensing electrodes SEL including
materials whose resistances vary depending on pressure
being applied thereto. The sensing electrodes SEL may be
arranged in a matrix format. Connection lines may be
coupled to the sensing electrodes SEL and include a first
connection line CL.1 connected to one side of the sensing
electrodes SEL and a second connection line CL2 connected
to the other side thereof. According to various exemplary
embodiments, when a user’s touch is made upon the touch
sensor TSP, the resistance of the sensing electrode SEL
corresponding to the touched portion may change. Thus,
whether the user touches the touch sensor TSP at a prede-
termined position may be determined based on the changes
in the resistance of the sensing electrode.

[0291] The sensing electrodes SEL may be provided on
the first barrier layer BR1. The connection lines, i.e., the first
connection lines CL1 and the second connection lines CL.2
may be provided on a second insulating layer IL.2 and
connected to the respective sensing electrodes SEL corre-
sponding thereto through contact holes formed in a first
insulating layer IL1 and the second insulating layer 1L.2.
[0292] According to the principles of the invention and
various exemplary embodiments thereof, a thinner display
device and/or a more easily foldable display device may be
provided.

[0293] According to the principles of the invention and
various exemplary embodiments thereof, a method of fab-
ricating a thinner and/or more easily foldable display device
may be provided.

[0294] Although certain exemplary embodiments and
implementations have been described herein, other embodi-
ments and modifications will be apparent from this descrip-
tion. Accordingly, the inventive concept is not limited to
such embodiments, but rather to the broader scope of the
appended claims and various obvious modifications and
equivalent arrangements.

What is claimed is:

1. A display device, comprising:

a first substrate;

an organic light emitting layer disposed on the first
substrate and including a protrusion;

a conductive adhesive disposed on the organic light
emitting layer;

a pixel circuit disposed on the conductive adhesive and
including a passivation film having a recess engaged
with the protrusion; and

a second substrate disposed on the pixel circuit,

wherein the protrusion is located at a position correspond-
ing to the recess and adhered to the organic light
emitting layer by the conductive adhesive.

2. The display device of claim 1, wherein the protrusion

is inserted into the recess.

3. The display device of claim 2, wherein the organic light

emitting layer comprises:

a first electrode disposed on the first substrate;

a pixel defining layer disposed on the first substrate and
dividing a pixel area;

an emitting layer disposed on the first electrode;

a second electrode disposed on the emitting layer,

wherein the protrusion is the pixel defining layer.

4. The display device of claim 3, wherein the pixel area

is provided as a plurality of pixel areas and the second
electrode is disposed to each of the plurality pixel areas.
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5. The display device of claim 4, wherein the first elec-
trode is an anode and the second electrode is a cathode.

6. The display device of claim 2, wherein the pixel circuit
comprises:

a thin film transistor disposed on the second substrate;

the passivation film disposed on the thin film transistor

and including a contact hole through which a portion of
a drain electrode of the thin film transistor is exposed;
and

a contact electrode provided on the passivation film and

connected to the drain electrode through the contact
hole.

7. The display device of claim 6, wherein the thin film
transistor comprises:

an active pattern disposed on the second substrate;

a gate electrode disposed on the active pattern; and

a source electrode and a drain electrode connected to the

active pattern,

wherein the active pattern includes an oxide semiconduc-

tor.

8. The display device of claim 6, wherein the recess is the
contact hole.

9. The display device of claim 8, wherein the contact
electrode is connected to the organic light emitting layer
with the conductive adhesive interposed therebetween.

10. The display device of claim 8, wherein the conductive
adhesive is disposed in the contact hole.

11. The display device of claim 8, wherein the conductive
adhesive is disposed on an entire surface of the second
substrate.

12. The display device of claim 1, further comprising a
touch sensor disposed on the first substrate to sense a touch.

13. The display device of claim 12, wherein the touch
sensor includes sensing electrodes and connection lines
connected to the sensing electrodes.

14. The display device of claim 13, wherein the touch
sensor further includes a pressure sensing electrode sepa-
rated from the sensing electrodes and forming capacitance
with the sensing electrodes.

15. The display device of claim 13, wherein the touch
sensor includes a self-capacitance touch sensor.

16. The display device of claim 13, wherein the touch
sensor is a mutual capacitance touch sensor.

17. The display device of claim 13, wherein the touch
sensor includes a black matrix overlapping with at least one
between the sensing electrodes and the connection lines.

18. The display device of claim 13, wherein the touch
sensor includes color filters corresponding to the plurality of
pixel regions and displaying different colors.

19. The display device of claim 1, wherein the conductive
adhesive is an anisotropic conductive film.

20. The display device of claim 19, wherein the conduc-
tive adhesive is opaque and includes an organic polymer and
nano-sized conductive particles provided in the organic
polymer.

21. The display device of claim 1, further comprising a
polarizing layer disposed between the first substrate and the
organic light emitting layer.

22. The display device of claim 21, wherein the polarizing
layer is formed by stacking at least one black metal layer and
at least one insulating layer.

23. The display device of claim 21, wherein the polarizing
layer is formed by stacking a dielectric layer between a first
metal layer and a second metal layer.
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24. The display device of claim 23, wherein at least one
of the first metal layer and the second metal layer is a black
metal layer.

25. The display device of claim 1, wherein at least one of
the first substrate and the second substrate has flexibility.

26. The display device of claim 25, wherein the second
substrate includes a metal layer.

27. A method of fabricating a display device, the method
comprising:

forming an organic light emitting layer on a first substrate;

forming a pixel circuit on a second substrate;

forming a conductive adhesive on the pixel circuit; and

coupling the organic light emitting layer and the pixel

circuit to each other by adhesion through the use of the
conductive adhesive.

28. The method of claim 27, wherein the step of coupling
the organic light emitting layer and the pixel circuit to each
other comprises disposing the conductive adhesive between
the organic light emitting layer and the pixel circuit.

29. The method of claim 28, wherein the organic light
emitting layer includes a protrusion protruding in a direction
of the pixel circuit, the pixel circuit includes a recess, and the
protrusion is inserted into the recess when the organic light
emitting layer and the pixel circuit are coupled to each other.

30. The method of claim 29, wherein the step of forming
of the organic light emitting layer comprises:

forming a first electrode on the first substrate;

forming a pixel defining layer dividing a pixel area on the

first substrate;

forming an organic emitting layer on the first electrode;

and

forming a second electrode on the organic emitting layer,

wherein the protrusion is the pixel defining layer.

31. The method of claim 27, wherein the step of coupling
electrically couples the organic light emitting layer and the
pixel circuit to each other.

32. The method of claim 27, further comprising forming
a pressure sensing electrode on a second substrate before
forming the pixel circuit.

33. A display device, comprising:

a first substrate;

an organic light emitting layer disposed on the first

substrate and including a protrusion; and

a pixel circuit including a passivation film having a recess

engaged with the protrusion,

wherein the protrusion is located at a position correspond-

ing to the recess and adhered to the pixel circuit in the
recess by a conductive adhesive.

34. The display device of claim 33, wherein the conduc-
tive adhesive is disposed on the organic light emitting layer.

35. The display device of claim 33, wherein the conduc-
tive adhesive is disposed on the organic light emitting layer
only at the protrusion,

wherein the pixel circuit is disposed on the conductive

adhesive, and

wherein the protrusion is adhered to the organic light

emitting layer by the conductive adhesive only at the
corresponding position of the protrusion and recess.

36. The display device of claim 33, wherein the protrusion
has a bottom, a top and sidewalls connecting the bottom to
the top, and

the conductive adhesive is disposed on the organic light

emitting layer at a lower level of the bottom of the
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protrusion, and also on the sidewalls and the top of the
protrusion at an upper level,

wherein the pixel circuit is disposed on the conductive
adhesive, and

wherein the protrusion is adhered to the organic light
emitting layer by the conductive adhesive at the lower
level, at the upper level, and at the sidewalls.

37. A flexible display device, comprising:

an organic light emitting layer;

a pixel circuit; and

a conductive adhesive having a first density and being in
electrical communication with the organic light emit-
ting layer and the pixel circuit,

wherein during bending certain portions of the conductive
adhesive are compressed to a second density higher
than the first density and certain other portions of the
conductive adhesive are expanded to a third density
lower than the first density.
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