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same, an organic light-emitting display device including the
same, and a method of manufacturing the organic light-emit-
ting display device are disclosed. The light-scattering sub-
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of metal nanoparticles which are attached to at least a surface
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LIGHT-SCATTERING SUBSTRATE, METHOD
OF MANUFACTURING THE SAME,
ORGANIC LIGHT-EMITTING DISPLAY
DEVICE INCLUDING THE SAME, AND
METHOD OF MANUFACTURING THE
ORGANIC LIGHT-EMITTING DISPLAY
DEVICE

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C. §119 from an application earlier filed in the Korean
Intellectual Property Office on Dec. 6, 2010 and there duly
assigned Serial No. 10-2010-0123603.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a light-scattering
substrate, a method of manufacturing the same, an organic
light-emitting display device including the same, and a
method of manufacturing the organic light-emitting display
device. More particularly, the present invention relates to a
light-scattering substrate which can be thinned and which has
improved thermal resistance, a method of manufacturing the
same, an organic light-emitting display device including the
same, and a method of manufacturing the organic light-emit-
ting display device.

[0004] 2. Description of the Related Art

[0005] Therecenttrend toward larger displays is increasing
interest in a uniformly bright screen, and a key factor in
achieving a uniformly bright screen is scattering. Many dis-
play devices use a light-scattering sheet or film to effectively
utilize a light source.

[0006] A light-scattering film causes light incident in a
certain direction to spread in various directions. A light-scat-
tering film typically includes a polymer film and light-scat-
tering particles inserted into the polymer film. To achieve
light-scattering characteristics, attempts are being continu-
ously made to control the refractive index, the size, and the
shape of the light-scattering particles. However, due to the
light-scattering particles, the light-scattering film should be
formed to a thickness of approximately 5 to 10 um so as to
achieve a desired level of light-scattering characteristics.
Thus, itis difficult to thin the light-scattering film. In addition,
if the light-scattering film is made of a conventional plastic
film having low thermal resistance, its charactetistics may
deteriorate when the plastic light-scattering film is exposed to
a subsequent process for forming thin-film transistors (TFTs)
during the manufacturing of a display device.

SUMMARY OF THE INVENTION

[0007] The present invention provides a light-scattering
substrate which can be thinned and which has improved ther-
mal resistance.

[0008] The present invention also provides a method of
manufacturing the light-scattering substrate.

[0009] The present invention further provides an organic
light-emitting display device including the light-scattering
substrate.

[0010] Finally, the present invention provides a method of
manufacturing the organic light-emitting display device.
[0011] However, aspects of the present invention are not
restricted to the ones set forth herein. The above and other
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aspects of the present invention will become more apparent to
one of ordinary skill in the art to which the present invention
pertains by referencing the detailed description of the present
invention given below.

[0012] According to an aspect of the present invention, a
light-scattering substrate comprises a light-scattering layer
composed of a plurality of metal nanoparticles which are
attached to at least a surface of a substrate, wherein the metal
nanoparticles are formed by agglomeration of a metal on the
substrate and show a surface plasmon phenomenon.

[0013] According to another aspect of the present inven-
tion, a method of manufacturing a light-scattering substrate
includes: forming a metal thin film on a substrate; and form-
ing a light-scattering layer composed of metal nanoparticles
by annealing the metal thin film to agglomerate a metal of the
metal thin film into the metal nanoparticles.

[0014] According to another aspect of the present inven-
tion, an organic light-emitting display device comprises: a
first light-scattering layer composed of metal nanoparticles
which are attached to a surface of a transparent substrate; a
buffer layer formed on the substrate to contain the metal
nanoparticles; an active layer formed on the buffer layer and
including a channel region and source and drain regions; a
gate insulating film formed on the substrate and the active
layer; a gate electrode formed on the gate insulating film so as
to overlap the channel region; an interlayer insulating film
formed on the gate insulating film so as to cover the gate
electrode and including contact holes which expose predeter-
mined regions of the source and drain regions, respectively;
source and drain electrodes formed on the interlayer insulat-
ing film and connected to the source and drain regions,
respectively, by the contact holes; a passivation layer formed
on the interlayer insulating film so as to cover the source and
drain electrodes; a first electrode formed on the passivation
layer and connected to any one of the source and drain elec-
trodes; and a pixel defined layer formed on the passivation
layer and exposing a predetermined region of the first elec-
trode.

[0015] According to another aspect of the present inven-
tion, an organic light-emitting display device comprises: an
active layer formed on a substrate and including a channel
region and source and drain regions; a gate insulating film
formed on the substrate and the active layer; a gate electrode
formed on the gate insulating film so as to overlap the channel
region; an interlayer insulating film formed on the gate insu-
lating film so as to cover the gate electrode and including first
contact holes which expose the source and drain regions,
respectively; source and drain electrodes formed on the inter-
layer insulating film and connected to the source and drain
regions, respectively, by the first contact holes; a passivation
layer formed on the interlayer insulating film and including a
second contact hole which exposes any one of the source and
drain electrodes; a first electrode formed on the passivation
layer and connected to any one of the source and drain elec-
trodes by the second contact hole; a pixel defined layer
formed on the interlayer insulating film and exposing a pre-
determined region of the first electrode; an organic light-
emitting layer formed on the predetermined region of the first
electrode which is exposed by the pixel defined layer; a trans-
parent second electrode formed on the pixel defined layer and
the organic light-emitting layer; and a light-scattering layer
composed of a plurality of metal nanoparticles which are
attached to a top surface of the second electrode.
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[0016] According to another aspect of the present inven-
tion, a method of manufacturing an organic light-emitting
display device comprises: forming a plurality of metal par-
ticles attached to a transparent substrate by stacking a metal
thin film on the substrate and annealing the metal thin film to
agglomerate a metal of the metal thin film; and forming a
buffer layer on the substrate to contain the metal particles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
Junction with the accompanying drawings, in which like ref-
erence symbols indicate the same or similar components,
wherein:

[0018] FIG.1isa cross-sectional view of a light-scattering
substrate according to an exemplary embodiment of the
present invention;

[0019] FIG. 2is a cross-sectional view of a light-scattering
substrate according to another exemplary embodiment of the
present invention;

[0020] FIG. 3 is a flowchart illustrating a method of manu-
facturing a light-scattering substrate according to an exem-
plary embodiment of the present invention;

[0021] FIGS. 4 thru 6 are cross-sectional views respec-
tively illustrating processes in the method of manufacturing a
light-scattering substrate according to the exemplary embodi-
ment of the present invention;

[0022] FIG. 7is a cross-sectional view of an organic light-
emitting display device according to an exemplary embodi-
ment of the present invention;

[0023] FIG. 81s a cross-sectional view of an organic light-
emitting display device according to another exemplary
embodiment of the present invention;

[0024] FIG. 9is a cross-sectional view of an organic light-
emitting display device according to another exemplary
embodiment of the present invention;

[0025] FIG.10is across-sectional view of an organic light-
emitting display device according to another exemplary
embodiment of the present invention;

[0026] FIG.11is across-sectional view of an organic light-
emitting display device according to another exemplary
embodiment of the present invention;

[0027] FIGS. 12 thru 23 are cross-sectional views respec-
tively illustrating processes in a method of manufacturing an
organic light-emitting display device according to an exem-
plary embodiment of the present invention; and

[0028] FIG. 24 is a graph illustrating haze with respect to
the thickness of a light-scattering layer of a light-scattering
substrate according to an exemplary embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0029] Advantages and features of the present invention
and methods of accomplishing the same may be understood
more readily by reference to the following detailed descrip-
tion of exemplary embodiments and the accompanying draw-
ings. The present invention may, however, be embodied in
many different forms and should not be construed as being
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete and will fully convey the concept of
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the invention to those skilled in the art, and the present inven-
tion will only be defined by the appended claims. In the
drawings, sizes and relative sizes oflayers and regions may be
exaggerated for clarity.

[0030] It will be understood that when an element or layer
is referred to as being “on” another element or layer, the
element or layer can be directly on another element or layer or
intervening elements or layers may also be present. In con-
trast, when an element is referred to as being “directly on”
another element or layer, there are no intervening elements or
layers present. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

[0031] Spatially relative terms, such as “below”,
“beneath”, “lower”, “above”, “upper”, and the like, may be
used herein for ease of description to describe the relationship
of one element or feature to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device in use or operation, in addition to
the orientation depicted in the figures. Like reference numer-
als refer to like elements throughout the specification.
[0032] Embodiments of the invention are described herein
with reference to planar and cross-section illustrations which
are schematic illustrations of idealized embodiments of the
invention. As such, variations from the shapes of the illustra-
tions as a result, for example, of manufacturing techniques
and/ortolerance are to be expected. Thus, embodiments of the
invention should not be construed as limited to the particular
shapes of regions illustrated herein but are to include devia-
tions in shapes which result, for example, from manufactur-
ing. Thus, the regions illustrated in the figures 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
limit the scope of the invention.

[0033] Hereinafter, exemplary embodiments of the present
invention will be described in further detail with reference to
the accompanying drawings.

[0034] A light-scattering substrate according to an exem-
plary embodiment of the present invention will now be
described with reference to FIG. 1.

[0035] FIG. 1is a cross-sectional view of a light-scattering
substrate according to an exemplary embodiment of the
present invention.

[0036] Referring to FIG. 1, the light-scattering substrate
100 according to the exemplary embodiment of the present
invention includes a light-scattering layer 120 formed on a
substrate 110.

[0037] The substrate 110 may be a silicon substrate, a sili-
con-on-insulator (SOI) substrate, a gallium arsenic substrate,
a silicon germanium (SiGe) substrate, a ceramic substrate, a
quartz substrate, or a glass substrate for displays. Any sub-
strate for displays can be used as the substrate 110. In addi-
tion, the substrate 110 may be formed of a material or a
mixture of materials selected from the group consisting of
cellulose derivatives such as cellulose triacetate (TAC), poly-
ethylene terephthalate (PET), polybutylene terephthalate
(PBT), polyester resin such as polyester acrylate, polysulfone
resin such as polyethersulfone (PES), polyetherketone resin
such as polyetherketone (PEK), polyetheretherketone
(PEEK), polycarbonate resin, polyolefin acrylic resin, sty-
rene resin, and a copolymer of these materials.

[0038] The substrate 110 may be formed to a thickness of
10 to 100 nm. The substrate 110 formed to a thickness in the
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above range contributes to the thinning of the light-scattering
substrate 100 and provides appropriate strength to the light-
scattering substrate 100.

[0039] The light-scattering layer 120 is formed on the sub-
strate 110 and is composed of a plurality of metal nanopar-
ticles.

[0040] The metal nanoparticles are attached to an upper
surface of the substrate 110. Here, the metal nanoparticles
may not necessarily cover the entire surface of the substrate
110, exposing part of the substrate 110. The light-scattering
layer 120 according to the current exemplary embodiment is
not in the form of a sheet or film into which light-scattering
particles have been inserted. Instead, a plurality of metal
nanoparticles attached onto the substrate 110 form the light-
scattering layer 120. Therefore, no film or sheet for accom-
modating the metal nanoparticles is required, thus contribut-
ing to the thinning of the light-scattering substrate 100.
[0041] The metal nanoparticles can have any shape such as
a circular, oval or amorphous shape. Also, they may overlap
each other in multiple layers.

[0042] The metal nanoparticles may have a diameter of 50
to 500 nm. Sine the metal nanoparticles are not uniform in
diameter, the diameter denotes an average diameter. When the
diameter of the metal nanoparticles is in the above range, the
thinning of the light-scattering substrate 100 can be achieved.
Furthermore, light-scattering efficiency can be improved,
which, in turn, makes a display screen have uniform bright-
ness and high luminance.

[0043] Themetal nanoparticles may be formed using metal
which shows a surface plasmon phenomenon. Metals show-
ing the surface plasmon phenomenon easily emit electrons in
response to an external stimulus and have a negative dielectric
constant. Specifically, the metal nanoparticles may be made
of a metal or a mixture of metals selected from the group
consisting of Cu, Ni, Co, Fe, Zn, Ti, Cr, Ag, Au, Pt, Al, Pd, and
an alloy of these metals. If possible, the metal nanoparticles
may be made of Ag or Au, which exhibits superior light-
scattering properties and surface stability, or an alloy of Ag or
Au and one or more of Cu and Pd.

[0044] Surface plasmons refer to quasiparticles which
describe the collective oscillation of free electrons at the
surface of a metal. In the current exemplary embodiment,
light arriving at the surface of the metal nanoparticles which
shows the surface plasmon phenomenon causes the metal
nanoparticles to oscillate. In so doing, the light is scattered.
[0045] The metal nanoparticles are formed by agglomera-
tion of a metal coated on the substrate 110. The agglomeration
of the metal may result in partial exposure of the substrate
110.

[0046] Theagglomeration ofthe metal may be caused by an
annealing process. Therefore, the metal nanoparticles may be
made of a metal which can agglomerate on the substrate 110
during the annealing process due to its high surface energy,
among metals showing the surface plasmon phenomenon.
Specifically, the metal nanoparticles may be made of Ag, Au,
a mixture of Ag and Au, or an alloy of Ag or Au and one or
more of Cu, Ni, Co, Fe, Zn, Ti, Cr, Pt, Al and Pd. Here, the Ag
or Aumay be added at 80 wt % or more based on a total weight
of the alloy. When added at 80 wt % or more, the Ag or Aucan
agglomerate into metal nanoparticles and exhibit a superior
light-scattering effect.

[0047] The light-scattering layer 120 according to the cur-
rent exemplary embodiment is advantageous to the thinning
of the light-scattering substrate 100 since it is formed not by
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the insertion of metal nanoparticles into a sheet or film, but by
the agglomeration of metal particles on the substrate 110.
Since no film or sheet is used, the thermal resistance of the
light-scattering layer 120 can be improved. In particular,
when the substrate 110 is made of glass, silicon or quartz
instead of plastic, the thermal resistance of the light-scatter-
ing substrate 100 can be further improved.

[0048] Hereinafter, alight-scattering substrate according to
another exemplary embodiment of the present invention will
be described with reference to FIG. 2.

[0049] FIG. 2 isa cross-sectional view of a light-scattering
substrate 200 according to another exemplary embodiment of
the present invention.

[0050] Referring to FIG. 2, the light-scattering substrate
200 according to the current exemplary embodiment has the
same configuration as the light-scattering substrate 100 of
FIG. 1, except that it includes multiple light-scattering layers
and transparent conductive layers. The following description
will focus on these differences, and elements substantially
identical to those of the previous embodiment are indicated
by like reference numerals, and thus a detailed description
thereof will be omitted.

[0051] Referring to FIG. 2, the light-scattering substrate
200 according to the current exemplary embodiment includes
a substrate 110, a first transparent conductive layer 230, a
second transparent conductive layer 210, a first light-scatter-
ing layer 220, and a second light-scattering layer 240.
[0052] The first transparent conductive layer 230 may be
formed on the second transparent conductive layer 210 and
the first light-scattering layer 220, and the first light-scatter-
ing layer 220 may be contained in the first transparent con-
ductive layer 230. The first transparent conductive layer 230
maximizes the light-scattering effect of metal nanoparticles
of the first light-scattering layer 220, and prevents the metal
nanoparticles from agglomerating again when a subsequent
process is performed at a high temperature.

[0053] The first transparent conductive layer 230 may be
made of any transparent material which gives conductivity. If
possible, the first transparent conductive layer 230 may be
made of'a material superior in transparency, conductivity and
thermal resistance, such as indium tin oxide (ITO), indium
zine oxide (IZO), ZnO or In,0;.

[0054] The first transparent conductive layer 230 may be
formed to a thickness of 1 to 50 nm. When formed to a
thickness in the above range, the first transparent conductive
layer 230 can further improve the light-scattering effect and
add heat-resisting properties to a light-scattering sheet.
[0055] Thesecondtransparent conductive layer 210 may be
formed between the substrate 110 and the first light-scattering
layer 220. The second transparent conductive layer 210 maxi-
mizes the light-scattering effect of the metal nanoparticles,
gives heat-resisting properties to the light-scattering substrate
200, and increases the adhesion of the first light-scattering
layer 220 to the substrate 110.

[0056] Thesecondtransparent conductive layer 210 may be
made of any transparent material which gives conductivity. If
possible, the second transparent conductive layer 210 may be
made of a material superior in transparency, conductivity, and
thermal resistance, such as 1TO, 1Z0, ZnO or In,0;. The
second transparent conductive layer 210 can be omitted as
desired by those of ordinary skill in the art.

[0057] The light-scattering substrate 200 shown in FIG. 2
includes two transparent conductive layers and two light-
scattering layers. However, the present invention is not lim-
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ited thereto. For example, the first transparent conductive
layer 230 may be formed on the first light-scattering layer 220
s0 as to contain the first light-scattering layer 220, and the
second light-scattering layer 240 may be formed on the first
transparent conductive layer 230. By repeating this process, a
light-scattering substrate having a plurality of light-scattering
layers may be formed. The plurality of light-scattering layers
further improves the light-scattering effect of the light-scat-
tering substrate.

[0058] As described above, there is no need to insert a film
or sheet into a light-scattering substrate according to the
present invention, and this absence of a film or sheet makes
the thinning of the light-scattering substrate possible. Fur-
thermore, the light-scattering substrate offers better thermal
resistance than conventional films or sheets.

[0059] Hereinafter, amethod of manufacturing a light-scat-
tering substrate according to an exemplary embodiment ofthe
present invention will be described with reference to FIGS. 3
and 4 thru 6.

[0060] FIG. 3 is a flowchart illustrating a method of manu-
facturing a light-scattering substrate according to an exem-
plary embodiment of the present invention; and FIGS. 4 thru
6 are cross-sectional views respectively illustrating processes
in the method of manufacturing a light-scattering substrate
according to the exemplary embodiment of the present inven-
tion.

[0061] Referring to FIG. 3, the method of manufacturing a
light-scattering substrate according to the current exemplary
embodiment includes forming a metal thin film (operation
S10), performing an annealing process (operation S20), and
forming a transparent conductive layer (operation S30).
[0062] Referring to F1G. 4, a metal thin film 320 is formed
on a substrate 310 in the forming of the metal thin film
(operation S10).

[0063] Specifically, the metal thin film 320 is deposited on
at least a surface of the substrate 310 by sputtering, chemical
vapor deposition (CVD), or the like.

[0064] The substrate 310 may be a silicon substrate, an SOI
substrate, a gallium arsenic substrate, an SiGe substrate, a
ceramic substrate, a quartz substrate, or a glass substrate for
displays. Any substrate for displays can be used as the sub-
strate 310. The substrate 310 may also be made of resin. If
possible, resin having superior thermal resistance, such as
TAC, may be used.

[0065] The metal thin film 320 may be formed on at least a
surface of the substrate 310. The metal thin film 320 may also
be formed on both surfaces of the substrate 310.

[0066] The metal thin film 320 may be made of Ag, Au, a
mixture of Ag and Au, or an alloy of Ag or Auand one or more
of Cu, Ni, Co, Fe, Zn, Ti, Cr, Pt, Al and Pd. Since Ag or Auhas
a high surface energy, it may agglomerate together during
annealing and may show the surface plasmon phenomenon.
Specifically, the metal thin film 320 may be made of an alloy
of Ag, Pd, and Cu. Here, the Ag may be added at 80 wt % or
more based on a total weight of the alloy.

[0067] The metal thin film 320 may be formed to a thick-
ness of 100to 200 A. When formed to a thickness in the above
range, metal particles of the metal thin film 320 may agglom-
erate into metal nanoparticles in the performance of the
annealing process (operation S20), thereby contributing to
the thinning of a light-scattering substrate.

[0068] Referring to FIG. 5, the metal thin film 320 is
annealed in the performance of the annealing process (opera-
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tion S20). As a result, a light-scattering layer 330 composed
of metal nanoparticles is formed.

[0069] Specifically, the metal thin film 320 is annealed to
agglomerate the metal particles therein into a plurality of
metal nanoparticles attached onto the substrate 310.

[0070] When the metal thin film 320 is heated, Ag or Au
having a high surface energy agglomerates with its ambient
particles to form metal nanoparticles. The metal nanopar-
ticles have various sizes and shapes. When light reaches the
metal nanoparticles attached onto the substrate 310, the metal
nanoparticles scatter the light due to the surface plasmon
phenomenon.

[0071] As thethickness of the metal thin film 320 increases,
the diameter of the metal nanoparticles tends to increase. In
addition, under the same conditions, the metal thin film 320
tends to be formed into metal nanoparticles having a greater
diameter when made of pure metal than when made of an
alloy. Specifically, when metal nanoparticles are formed by
depositing and annealing pure Ag, the area of a region of a
substrate, which is exposed by the agglomeration of Ag, is
relatively large. However, when metal nanoparticles are
formed by depositing and annealing an alloy of Ag, Pd and
Cu, Pd or Cu acts to hinder the agglomeration of Ag. thereby
reducing the area of a region of the substrate which is
exposed. An increase in the diameter of the metal nanopar-
ticles results in higher haze. However, those of ordinary skill
in the art can adjust the diameter of the metal nanoparticles by
selecting a metal material in view of a desired haze level.
Specifically, the metal nanoparticles may be formed to an
average diameter of 50 to 500 nm. The metal nanoparticles
have high haze values in the above diameter range.

[0072] The annealing process may be performed using a
thermal annealing method using a furnace, a laser annealing
method, or a rapid thermal annealing (RTA) method. In addi-
tion, the annealing process may be performed at a tempera-
ture of 200 to 350° C. for one hour in the atmosphere of an
inert gas such as air or nitrogen. The conditions under which
the annealing process is performed can be arbitrarily changed
by those of ordinary skill in the art. If possible, however, the
annealing process may be performed at a temperature of 200
to 350° C. In the above temperature range, metal particles can
agglomerate actively without affecting other properties of the
substrate 310. As described above, the light-scattering layer
330 according to the current exemplary embodiment is com-
posed of metal nanoparticles formed by annealing the metal
thin film 320 on the substrate 310, instead of inserting metal
nanoparticles into a film or sheet. The light-scattering layer
330 thus formed can contribute to the thinning of the light-
scattering substrate and improve the thermal resistance of the
light-scattering substrate.

[0073] Referring to FIG. 6, in the formation of the trans-
parent conductive layer (operation S30), a transparent con-
ductive material is deposited on the substrate 310 so as to
form a transparent conductive layer 340 containing the metal
nanoparticles.

[0074] Specifically, a transparent material having superior
conductivity, suchas ITO or IZO, is deposited on the substrate
310 and the light-scattering layer 330 by, e.g., CVD, thereby
forming the transparent conductive layer 340.

[0075] The transparent conductive layer 340 further
increases the light-scattering effect of the metal nanoparticles
and protects the metal nanoparticles when the metal mano-
particles are exposed to high heat in a subsequent process.
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[0076] The forming of the metal thin film (operation S10),
the performing of the annealing process (operation S20), and
the forming of the transparent conductive layer (operation
S30) may be repeatedly performed to form a light-scattering
substrate having multiple transparent conductive layers and
multiple light-scattering layers. In addition, a transparent
conductive layer may be formed on a substrate before the
forming of the metal thin film (operation S10), and a metal
thin film may be formed on the transparent conductive layer.
[0077] Hereinafter, an organic light-emitting display
device according to an exemplary embodiment of the present
invention will be described with reference to FIG. 7.

[0078] FIG. 7is a cross-sectional view of an organic light-
emitting display device according to an exemplary embodi-
ment of the present invention.

[0079] Referring to FIG. 7, the organic light-emitting dis-
play device according to the current exemplary embodiment
includes a substrate 110, a light-scattering layer 120, a buffer
layer 20, an active layer 30, a gate insulating film 40, a gate
electrode 41, aninterlayer insulating film 51, source and drain
electrodes 52 and 53, respectively, a passivation layer 61, a
first electrode 70, and a pixel defined layer 80.

[0080] The substrate 110 may be appropriately selected by
those of ordinary skill in the art from a transparent substrate,
aquartz substrate, a ceramic substrate, a silicon substrate, and
a flexible substrate made of, e.g., plastic. If possible, the
substrate 110 may be made of a transparent glass material
containing Si0, as its main component. The plastic may be an
organic material selected from the group consisting of poly-
ethyelenennapthalate, polyimide, polyallylate, polyphenyle-
nesulfide, polyethersulphone, polyacrylate, polycarbonate,
polyethyeleneterepthalate, polysulphone, polyetherimide,
cellulosetriacetate, and celluloseacetatepropionate.

[0081] The light-scattering layer 120 is composed of metal
nanoparticles formed by depositing a metal thin film on the
entire surface of the substrate 110 using a method such as
sputtering or CVD and annealing the metal thin film. Since
the organic light-emitting display device according to the
current exemplary embodiment includes the light-scattering
layer 120 composed of metal nanoparticles formed directly
on the substrate 110, there is no need to insert a light-scatter-
ing sheet or film into the organic light-emitting display
device.

[0082] The light-scattering layer 120, composed of a plu-
rality of metal nanoparticles which exhibit the surface plas-
mon phenomenon, scatters light generated by an organic
light-emitting layer (not shown) of the organic light-emitting
display device. The metal nanoparticles come in various
diameters, and can have any shape such as a circular or oval.
In addition, the metal nanoparticles may overlap each other in
multiple layers. As the metal nanoparticles are formed, the
substrate 110 may be partially exposed. The metal nanopar-
ticles may be formed to an average diameter of 50 to 500 nm.

[0083] The buffer layer 20 forms a smooth surface on the
substrate 110 and keeps impurities from infiltrating into the
substrate 110. The buffer layer 20 may be made of any mate-
rial which enables the buffer layer 20 to perform the above
function. If possible, the buffer layer 20 may be made of Si0,
and/or SiN_..

[0084] The buffer layer 20 is formed on the entire surface of
the substrate 110 so as to completely cover the light-scatter-
ing layer 120. That is, the metal nanoparticles of the light-
scattering layer 20 are contained in the buffer layer 20.
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[0085] The active layer 30 is formed on the buffer layer 20
and may be made of an inorganic semiconductor, such as
amorphous silicon or polycrystalline silicon, or an organic
semiconductor. The active layer 30 includes a channel region
32 unimplanted with impurity ions and source and drain
regions 31 and 33, respectively, disposed on both sides of the
channel region 32 and implanted with p- or n-type impurity
ions. The impurity ions may vary according to the type of
transistor. For example, donor impurity ions, such as P, As or
Sh, may be injected to manufacture an N-type thin-film tran-
sistor (TFT). On the other hand, acceptor impurity ions, such
as B, Al, Ga or In, may be injected so as to manufacture a
P-type TFT.

[0086] The gate insulating film 40 is formed on the entire
surface of the substrate 110, the buffer layer 20, and the active
layer 30. The gate insulating film 40 may be formed using a
conventional method known in the art, such as CVD or
plasma-enhanced chemical vapor deposition (PECVD). The
gate insulating film 40 may be made of an inorganic material,
an organic material, or a mixture of the inorganic material and
the organic material. Examples of the inorganic material may
include Si0,, SiN_, and SiON.

[0087] The gate electrode 41 is formed on the gate insulat-
ing film 40 and overlaps the channel region 32 of the active
layer 30. The gate electrode 41 may be formed of a single
layer of a material or a mixture of materials selected from the
group consisting of Mo, W, AINd, Ti, Al, Ag, and an alloy of
these materials. Alternatively, the gate electrode 41 may be
formed of a double- or multi-layer of Mo, Al or Ag, which is
a material with low resistivity, in order to reduce wiring
resistance. That is, to reduce wiring resistance, multiple con-
ductive layers may be sequentially stacked. Specifically, the
gate electrode 41 may have a multi-layer structure composed
of Mo/Al/Mo, MoW/AINd/MoW, Mo/Ag/Mo, Mo/Ag alloy/
Mo, or Ti/Al/Mo.

[0088] The interlayer insulating film 51 is formed on the
gate insulating film 40 so as to cover the gate electrode 41. An
upper surface of the interlayer insulating film 51 may be
planar. Contact holes 54 and 55 exposing the source and drain
regions 31 and 33, respectively, of the active layer 30 are
formed in the interlayer insulating film 51.

[0089] The interlayer insulating film 51 may be formed of
an inorganic insulating film or an organic insulating film.
Examples of the inorganic insulating film which forms the
interlayer insulating film 51 include SiO,, SiN,, SiON,
ALO,, TiO,, Ta,0,, HfO,, 7ZrO,, BST and PZT, and
examples of the organic insulating film include general-pur-
pose polymer (such as polymethylmethacrylate (PMMA) or
polystyrene (PS)), polymer derivatives having a phenol
group, acrylic polymer, imide polymer, aryl ether polymer,
amide polymer, fluoride polymer, p-xylene polymer, vinyl
alcohol polymer, and a blend of these materials. Also, the
interlayer insulating film 51 may be formed of a stack of an
inorganic insulating film and an organic insulating film.
[0090] The source and drain electrodes 52 and 53, respec-
tively, are formed on the interlayer insulating film 51 and are
connected to the source and drain electrodes 31 and 33,
respectively, of the active layer 30 by the contact holes 54 and
55, respectively.

[0091] Each of the source and drain electrodes 52 and 53,
respectively, may be formed of a single layer of a material or
a mixture of materials selected from the group consisting of
Mo, W, MoW, AINd, Ti, Al, Al alloy, Ag, and Ag alloy.
Alternatively, each of the source and drain electrodes 52 and
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53, respectively, may be formed of a double- or multi-layer of
Mo, Al or Ag, which is a material with low resistivity, in order
to reduce wiring resistance. That is, each of the source and
drain electrodes 52 and 53, respectively, may have a multi-
layer structure composed of Mo/Al/Mo, MoW/AINd/MoW,
Ti/Al/Ti, Mo/Ag/Mo, or Mo/Ag alloy/Mo.

[0092] The passivation layer 61 is formed on the interlayer
insulating film 51 and the source and drain electrodes 52 and
53, respectively, and a contact hole 62 exposing any one of the
source and drain electrodes 52 and 53, respectively, is formed
in the passivation layer 61. The passivation layer 61 may be
formed of an inorganic insulating layer or an organic insulat-
ing layer.

[0093] The first electrode 70 is formed on the passivation
layer 61 and is connected to any one of the source and drain
electrodes 52 and 53, respectively, by the contact hole 62. The
first electrode 70 may be formed of a transparent conductive
film containing one or more transparent materials selected
from ITO, 1Z0O, ZnO, and In,O;.

[0094] The pixel defined layer 80 is formed on the passiva-
tion layer 61 and exposes the first electrode 70. The pixel
defined layer 80 may be made of a material or a mixture of
materials selected from the group consisting of polyacrylic
resin, epoxy rein, phenol resin, polyamide resin, polyimide
resin, unsaturated polyester resin, polyphenylene resin,
polyphenylene sulfide resin, and benzocyclobutene.

[0095] Hereinafter, an organic light-emitting display
device according to another exemplary embodiment of the
present invention will be described with reference to FIG. 8.

[0096] FIG. 81s a cross-sectional view of an organic light-
emitting display device according to another exemplary
embodiment of the present invention.

[0097] The organic light-emitting display device according
to the current exemplary embodiment has the same configu-
ration as the organic light-emitting display device of FIG. 7,
except that it includes a transparent conductive layer 130. The
following description will focus on these differences, and
elements substantially identical to those of the previous
embodiment are indicated by like reference numerals, and
thus a detailed description thereof will be omitted.

[0098] Referring to FIG. 8, the organic light-emitting dis-
play device according to the current exemplary embodiment
includes a substrate 110, a light-scattering layer 120, a trans-
parent conductive layer 130, a buffer layer 20, an active layer
30, a gate insulating film 40, a gate electrode 41, an interlayer
insulating film 51, source and drain electrodes 52 and 53,
respectively, a passivation layer 61, a first electrode 70, and a
pixel defined layer 80.

[0099] The transparent conductive layer 130 is formed on
the substrate 110 and the light-scattering layer 120 so as to
cover the light-scattering layer 120. Therefore, metal nano-
particles of the light-scattering layer 120 are contained in the
transparent conductive laver 130. The transparent conductive
layer 130 increases the light-scattering effect of the metal
nanoparticles of the light-scattering layer 120, and prevents
the metal nanoparticles from agglomerating again when
exposed to high heat in a subsequent process. The transparent
conductive layer 130 may be made of 1TO, IZ0, ZnO, or
In,0,.

[0100] The transparent conductive layer 130 may be
formed to a thickness of 1 to 50 nm. The transparent conduc-
tive layer 130 formed to a thickness in the above range can
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further increase the light-scattering effect and enhance the
thermal resistance of the organic light-emitting display
device.

[0101] InFIG. 8, each of the light-scattering layer 120 and
the transparent conductive layer 130 is formed as a single
layer. However, the present invention is not limited thereto. A
second light-scattering layer (not shown) composed of metal
nanoparticles may be formed by forming a metal thin film on
the transparent conductive layer 130 and annealing the metal
thin film, and a second transparent conductive layer (not
shown) may be formed on the second light-scattering layer.
This process may be repeatedly performed so as to manufac-
ture an organic light-emitting display device having multiple
light-scattering layers and multiple transparent conductive
layers.

[0102] Hereinafter, an organic light-emitting display
device according to another exemplary embodiment of the
present invention will be described with reference to FIG. 9.
[0103] FIG. 9 is a cross-sectional view of an organic light-
emitting display device according to another exemplary
embodiment of the present invention.

[0104] Theorganic light-emitting display device according
to the current exemplary embodiment has the same configu-
ration as the organic light-emitting display device of FIG. 8,
except that a light-scattering layer 120 and a transparent
conductive layer 130 are formed under a substrate 110. The
following description will focus on these differences, and
elements substantially identical to those of the previous
embodiment are indicated by like reference numerals and
thus a detailed description thereof will be omitted.

[0105] Referring to FIG. 9, the organic light-emitting dis-
play device according to the current exemplary embodiment
includes the light-scattering layer 120, the transparent con-
ductive layer 130, the substrate 110, a buffer layer 20, an
active layer 30, a gate insulating film 40, a gate electrode 41,
an interlayer insulating film 51, source and drain electrodes
52 and 53, respectively a passivation layer 61, a first electrode
70, and a pixel defined layer 80.

[0106] The light-scattering layer 120 is formed on a lower
surface of the substrate 110 and composed of a plurality of
metal nanoparticles. The light-scattering layer 120 is in the
form of the metal nanoparticles attached to the lower surface
of the substrate 110. Since the light-scattering layer 120 is
formed directly on the substrate 110, the metal nanoparticles
are attached to the substrate and all of the metal nanoparticles
are connected to the substrate 110. The organic light-emitting
display device according to the current exemplary embodi-
ment has a bottom emission structure in which light is emitted
in the direction of the substrate 110. The substrate 110 may be
made of a transparent material. As light is emitted through the
substrate 110, it is scattered by the metal nanoparticles of the
light-scattering layer 120.

[0107] The transparent conductive layer 130 is formed
under the substrate 110 so as to be thicker than the light-
scattering layer 120. Accordingly, the metal nanoparticles of
the light-scattering layer 120 are contained within the trans-
parent conductive layer 130.

[0108] Hereinafter, an organic light-emitting display
device according to another exemplary embodiment of the
present invention will be described with reference to FIG. 10.
[0109] FIG. 10 is a cross-sectional view of an organic light-
emitting display device according to another exemplary
embodiment of the present invention.
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[0110] Theorganic light-emitting display device according
to the current exemplary embodiment has the same configu-
ration as the organic light-emitting display device of FIG. 7,
except that a light-scattering layer 140, a transparent conduc-
tive layer 141, an organic light-emitting layer 71, and a sec-
ond electrode 72 are formed on a first electrode 70. The
following description will focus on these differences, and
elements substantially identical to those of the previous
embodiment are indicated by like reference numerals, and
thus a detailed description thereof will be omitted.

[0111] The light-scattering layer 140 is formed on the first
electrode 70 and is composed of a plurality of metal nanopar-
ticles. The metal nanoparticles are attached onto the first
electrode 70 so as to form the light-scattering layer 140. The
organic light-emitting display device according to the current
exemplary embodiment is a bottom emission type in which an
image is formed in the direction of the substrate 110. Accord-
ingly, the first electrode 70 may be made of a transparent
material. Light generated by the organic light-emitting layer
71 is scattered by the light-scattering layer 140 before passing
through the first electrode 70.

[0112] The light-scattering layer 140 may be formed in the
same way as the light-scattering layer 120 of the organic
light-emitting display device shown in FIG. 7. More specifi-
cally, the metal nanoparticles are formed by depositing a
metal thin film on an exposed region of the first electrode 70
using a method such as sputtering or CVD, and annealing the
metal thin film to induce the agglomeration of a metal of the
metal thin film. The metal nanoparticles remain attached onto
the first electrode 70 and scatter light generated by the organic
light-emitting layer 71.

[0113] The transparent conductive layer 141 is formed on
the first electrode 70 so as to be thicker than the light-scatter-
ing layer 140. Accordingly, the metal nanoparticles of the
light-scattering layer 140 are contained in the transparent
conductive layer 141. The transparent conductive layer 141
may be made of ITO, IZO, ZnO or In,0;, and the metal
nanoparticles increase the light-scattering effect. The trans-
parent conductive layer 141 may be omitted as desired by
those of ordinary skill in the art. The organic light-emitting
layer 71 can also be formed immediately on the light-scattet-
ing layer 140.

[0114] The organic light-emitting layer 71 is formed on the
transparent conductive layer 141 and emits light in response
to the electrical driving of the first electrode 70 and the second
electrode 72. The organic light-emitting layer 71 may be
made of a low or high molecular weight organic material.
When the organic light-emitting layer 71 is made of a low
molecular weight organic material, a hole transport layer and
a hole injection layer are stacked in the direction of the first
electrode 70 with respect to the organic light-emitting layer
71, and an electron transport layer and an electron injection
layer are stacked in the direction of the second electrode 72
with respect to the organic light-emitting layer 71. Also,
various layers, other than the above layers, may be stacked as
desired. Examples of the organic material include, but are not
limited to, copper phthalocyanine (CuPc), N,N'-Di (naphtha-
lene-1-y1)-N,N'-diphenyl-benzidine (NPB), tris-8-hydrox-
yquinoline aluminum (Alg3).

[0115] When the organic light-emitting layer 71 is a high
molecular weight organic layer made of a high molecular
weight organic material, only a hole transport layer may be
formed in the direction ofthe first electrode 70 with respect to
the organic light-emitting layer 71. The hole transport layer is

Mar. 5, 2015

formed of poly-(2,4)-ethylene-dihydroxythiophene (PE-
DOT) orpolyaniline (PANI) on the first electrode 70 by using
an inkjet printing or spin coating method. Polyphenylene
vinylene (PPV), soluble PPV’s, cyano-PPV, or polyfluorene
may be used for the organic light-emitting layer 71. In addi-
tion, a color pattern may be formed using a conventional
method, such as inkjet printing, spin coating, or thermal trans-
fer using a laser.

[0116] The second electrode 72 is formed on the organic
light-emitting layer 71. In the organic light-emitting display
device according to the current exemplary embodiment, the
first electrode 70 is used as an anode electrode, and the second
electrode 72 is used as a cathode electrode. However, the
polarities of the first and second electrodes 70 and 71, respec-
tively, can also be reversed. When the organic light-emitting
display device is a bottom emission type in which an image is
formed in the direction of the substrate 110, the first electrode
70 is a transparent electrode, and the second electrode 72 is a
reflective electrode. The second electrode 72 may be made of
ametal having a small work function, such as Ag, Mg, Al, Pt,
Pd, Au, Ni, Nd, Ir, Cr, Li, or Ca. A sealant (not shown) may
further be provided on the second electrode 72 in order to
protect the organic light-emitting layer 71 from external
moisture or oxygen.

[0117] Hereinafter, an organic light-emitting display
device according to another exemplary embodiment of the
present invention will be described with reference to FIG. 11.

[0118] FIG. 11 is across-sectional view of an organic light-
emitting display device according to another exemplary
embodiment of the present invention.

[0119] The organic light-emitting display device according
to the current exemplary embodiment has the same configu-
ration as the organic light-emitting display device of FIG. 7,
except that no light-scattering layer is formed on a substrate
110 while a light-scattering layer 150 and a transparent con-
ductive layer 160 are formed on a second electrode 72. The
following description will focus on these differences, and
elements substantially identical to those of the previous
embodiment are indicated by like reference numerals, and
thus a detailed description thereof will be omitted.

[0120] The light-scattering layer 150 is formed on the sec-
ond electrode 72. Like the light-scattering layers 120 and 140
shown in FIG. 10, the light-scattering layer 150 is composed
of a plurality of metal nanoparticles attached onto the second
electrode 72. The organic light-emitting display device
according to the current exemplary embodiment is a top emis-
sion type in which an image is formed in an opposite direction
of the substrate 110. In the top emission organic light-emit-
ting display device, the second electrode 72 is a transparent
electrode, and the first electrode 70 is a reflective electrode.
Therefore, there is no need to form a light-scattering layer on
or under the substrate 110. Light generated by the organic
light-emitting layer 71 passes through the second electrode
72 and is scattered by the metal nanoparticles of the light-
scattering layer 150.

[0121] The transparent conductive layer 160 is formed on
the second electrode 72, and may be formed of the same
material as the second electrode 72. The transparent conduc-
tivelayer 160 is formed on the second electrode 72 so as to be
thicker than the light-scattering layer 150, and the metal
nanoparticles, of the light-scattering layer 150 are contained
in the transparent conductive layer 160. The transparent con-
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ductive layer 160 increases the light-scattering effect of the
metal nanoparticles and may be omitted as desired by those of
ordinary skill in the art.

[0122] As described above, an organic light-emitting dis-
play device according to the present invention includes a
light-scattering layer formed directly on a substrate. There-
fore, no light-scattering film or sheet is needed. In addition,
the light-scattering layer is not in the form of an organic or
inorganic layer into which light-scattering particles have been
inserted. Instead, the light-scattering layer 1s in the form of
metal nanoparticles attached directly onto the substrate. This
structure is advantageous to the thinning of the organic light-
emitting display device, and enables the organic light-emit-
ting display device to exhibit superior thermal resistance.
[0123] A light-scattering substrate according to the present
invention can be used not only in the above organic light-
emitting display device, but also in optical devices and appa-
ratuses such as liquid crystal displays (LCDs).

[0124] An LCD includes a TFT substrate having TFTs, a
substrate facing the TFT substrate, and a liquid crystal layer
interposed between the two substrates. A light-scattering sub-
strate according to an exemplary embodiment of the present
invention may be used as the TFT substrate or the substrate
facing the TFT substrate in the LCD. When the light-scatter-
ing substrate, in which a light-scattering layer according to an
exemplary embodiment of the present invention is formed
directly on a substrate, is used as the TFT substrate or the
substrate facing the TFT substrate, there is no need to install
a light-scattering film. Metal nanoparticles attached onto the
light-scattering substrate scatter light incident upon a panel,
thereby making a display screen bright and capable of dis-
playing a clear image.

[0125] When the substrate is made of resin, the light-scat-
tering substrate according to the present invention may be
inserted into an LCD or an organic light-emitting display
device in the form of a film or sheet.

[0126] A backlight (or transmissive) LCD includes a liquid
crystal cell and a backlight unit placed behind the liquid
crystal cell and providing light to the liquid crystal cell. The
liquid crystal cell includes a pair of substrates (a TFT sub-
strate and a substrate facing the TFT substrate) and a liquid
crystal layer interposed between the substrates. The backlight
unit includes a light source, and a light guide plate (LGP) and
a reflective plate which guide light emitted from the light
source to the liquid crystal cell. A light-scattering substrate
according to exemplary embodiments of the present inven-
tion can be placed at any position. For example, the light-
scattering substrate may be disposed between the LGP and
the liquid crystal cell, on a surface of the LGP, on a rear
surface of the liquid crystal cell, or on a surface of the liquid
crystal cell.

[0127] A reflective LCD includes a liquid crystal celland a
reflector which is placed behind the liquid crystal cell and
reflects incident light. A light-scattering substrate according
to exemplary embodiments of the present invention can be
placed at any position as long as it is located in front of the
reflector. In a TFT LCD, a light-scattering substrate accord-
ing to exemplary embodiments of the present invention may
be positioned between a substrate facing a TFT substrate and
apolarizing film. However, the light-scattering substrate can
be placed at any position.

[0128] An organic light-emitting display device comprises
adisplay panel which includes a cathode formed on a surface
of a substrate, an organic electroluminescent layer, and an
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anode. A light-scattering substrate according to exemplary
embodiments of the present invention may be disposed on a
surface of the substrate, but can be placed at any position.

[0129] Hereinafter, a method of manufacturing an organic
light-emitting display device according to an exemplary
embodiment of the present invention will be described with
reference to FIGS. 12 thru 23.

[0130] FIGS. 12 thru 23 are cross-sectional views respec-
tively illustrating processes in a method of manufacturing an
organic light-emitting display device according to an exem-
plary embodiment of the present invention.

[0131] Referring to FIG. 12, a metal thin film 121 is depos-
ited on a substrate 110.

[0132] The substrate 110 may be made of a glass material
having SiO, as its main component. However, the present
invention is not limited thereto. That is, the substrate 110 may
be made of various materials, such as a plastic material.
However, since the organic light-emitting display device
according to the current exemplary embodiment is a bottom
emission type in which an image is formed in the direction of
the substrate 110, the substrate 110 must be made of a trans-
parent material.

[0133] The metal thin film 121 may be deposited on the
substrate 110 using, e.g., sputtering or CVD. The metal thin
film 121 may be made of a metal which can agglomerate on
the substrate 110 during an annealing process due to its high
surface energy, among metals showing the surface plasmon
phenomenon. Specifically, the metal thin film 121 may be
made of Ag, Au, a mixture of Ag and Au, or an alloy of Ag or
Au and one or more of Cu, Ni, Co, Fe, Zn, Ti, Cr, Pt, Al and
Pd. Here, the Ag or Aumay be added at 80 wt % or more based
on a total weight of the alloy. When added at 80 wt % or more,
the Ag or Au can agglomerate into metal nanoparticles and
exhibits a superior light-scattering effect.

[0134] Referring to FIGS. 12 and 13, a light-scattering
layer 120 is formed by annealing the metal thin film 121. The
annealing process may be performed using a thermal anneal-
ing method using a furnace, a laser annealing method, or an
RTA method. In addition, the annealing process may be per-
formed at a temperature of 200 to 350° C. for one hour in the
atmosphere of an inert gas such as air or nitrogen. The con-
ditions under which the annealing process is performed can
be arbitrarily changed by those of ordinary skill in the art. If
possible, however, the annealing process may be performed at
a temperature of 200 to 350° C. When the metal thin film 121
1s annealed, the metal which forms the metal thin film 121
agglomerates into a plurality of metal nanoparticles attached
onto the substrate 110. In addition, as the metal agglomerates
into the metal nanorparticles, the substrate 110 is partially
exposed. The method of forming the light-scattering layer
120 is the same as the above-described method of manufac-
turing a light-scattering substrate, and thus a detailed descrip-
tion thereof is omitted.

[0135] Referring to FIG. 14, a buffer layer 20 is formed on
the substrate 110 so as to form a smooth surface on the
substrate 110 and prevent the infiltration of impurity elements
into the substrate 110. To form the buffer layer 20, SiO,
and/or SiN,_ may be deposited using various methods such as
PECVD, atmospheric pressure CVD (APCVD), and low
pressure CVD (LPCVD). Since the buffer layer 20 is formed
on the substrate 110 so as to be thicker than the light-scatter-
ing layer 120, the metal nanoparticles of the light-scattering
layer 120 are contained in the buffer layer 20.
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[0136] Referring to FIG. 15, an active layer 30 is formed by
stacking a semiconductor layer on the buffer layer 20 and
patterning the semiconductor layer. The semiconductor layer
may be made of amorphous silicon or polycrystalline silicon.
The patterning process may be a photolithography process
using a mask. The polycrystalline silicon may be deposited
directly on the buffer layer 20. Alternatively, after the amor-
phous silicon is deposited, it may be crystallized using vari-
ous methods, such as an RTA method, a solid phase crystal-
lization (SPC) method, an excimer laser annealing (ELA)
method, a metal induced crystallization (MIC) method, a
metal induced lateral crystallization (MILC) method, and a
sequential lateral solidification (SLS) method.

[0137] Referring to FIG. 16, a gate insulating film 40 is
formed by depositing an insulating material on the buffer
layer 20 and the active layer 30 using sputtering or CVD. The
gate insulating film 40 may be made of an inorganic material,
an organic material, or a mixture of the inorganic material and
the organic material. Examples of the inorganic material may
include Si0,, SiN,, and SiON.

[0138] Referring to FIG. 17, a conductive film for forming
a gate electrode is formed on the gate insulating film 40 using,
e.g., sputtering and is then patterned, thereby forming a gate
electrode 41 which overlaps a channel region 32 of the active
layer 30.

[0139] Theconductive film may be formed ofa single layer
of amaterial or a mixture of materials selected from the group
consisting of Mo, W, AINd, Ti, Al, Ag, and an alloy of these
materials. Alternatively, the conductive film may be formed
of a double- or multi-layer of Mo, Al or Ag, which is a
material with low resistivity, in order to reduce wiring resis-
tance.

[0140] Referring to FIG. 18, the active layer 30, including
the channel region 32 and source and drain regions 31 and 33,
respectively, is formed by implanting N- or P-type impurities
using the gate electrode 41 as a mask. The channel region 32
serves as a passage for electrons and is unimplanted with
impurities. The source and drain regions 31 and 33, respec-
tively, are formed by implanting impurities into both sides of
the channel region 32. Forexample, donor impurity ions, such
as P, As or Sb, may be injected so as to manufacture an N-type
TFT. Onthe other hand, acceptor impurity ions, such as B, Al,
Ga or In, may be injected so as to manufacture a P-type TFT.
[0141] Referring to FIG. 19, aninterlayer insulating film 51
is formed on the gate insulating film 40 so as to be higher than
the gate electrode 41 relative to the substrate 110. The inter-
layer insulating film 51 may be formed by sputtering or CVD
and may be formed of two or more layers as desired by those
of ordinary skill in the art. Fach layer in this multi-layer
structure may be formed to various thicknesses as desired by
those of ordinary skill in the art. In addition, a topmost inter-
layer insulating film in the multi-layer structure may be
formed to have a planar top surface. The interlayer insulating
film 51 may be formed of an inorganic insulating film, an
organic insulating film, or a composite of the inorganic insu-
lating film and the organic insulating film.

[0142] Contact holes 54 and 55, exposing the source and
drain regions 31 and 33, respectively, of the active layer 30
may be formed in the interlayer insulating film 51 by a pho-
tolithography process. Here, the interlayer insulating film 51
may be dry-etched or wet-etched.

[0143] Referring to FIG. 20, a conductive film for forming
source and drain electrodes is formed on the interlayer insu-
lating film 51 so as to fill the contact holes 54 and 55, respec-
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tively, and is then patterned, thereby forming source and drain
electrodes 52 and 53, respectively.

[0144] Referring to FIG. 21, a passivation layer 61 is
formed on the interlayer insulating film 51 so as to cover the
source and drain electrodes 52 and 53, respectively. Specifi-
cally, the passivation layer 61 is formed by depositing an
organic material or an inorganic material on the interlayer
insulating film 51 using sputtering or CVD. In addition, a
contacthole 62 exposing a region of any one of the source and
drain electrodes 52 and 53, respectively, is formed in the
passivation layer 61. The contact hole 62 may be formed by a
photolithography process using a mask. Here, a wet-etching
or dry-etching process may be performed.

[0145] Referring to FIG. 22, a conductive film for forming
a first electrode is deposited on the passivation layer 61 using
sputtering or CVD so as to fill the contact hole 62. Then, the
conductive film is patterned by a photolithography process,
thereby forming a first electrode 70. Since the organic light-
emitting display device according to the current exemplary
embodiment is a bottom emission type, the first electrode 70
is formed to be a transparent electrode.

[0146] Referring to FIG. 23, a material for forming a pixel
defined layer is deposited on the passivation layer 61 and the
first electrode 70 using, e.g., CVD. Then, the material is
patterned to expose a region of the first electrode 70. As a
result, a pixel defined layer 80 is formed. The pixel defined
layer 80 not only defines a light-emitting region but also
widens the gap between an edge of the first electrode 70 and
a second electrode 72. The widened gap prevents an electric
field from being concentrated on the edge of the first electrode
70, thereby averting a short circuit between the first electrode
70 and the second electrode 72.

[0147] A metal thin film is deposited on the region of the
first electrode 70 which is exposed by the pixel defined layer
80. Then, the metal thin film is annealed to form a plurality of
nanoparticles attached to a top surface of the first electrode
70. Accordingly, a light-scattering layer composed of the
metal nanoparticles is formed on the first electrode 70. The
light-scattering layer may be formed in the same way as the
above-described light-scattering layer 120. In addition, a
transparent conductive layer may be formed on the light-
scattering layer on the first electrode 70 so as to contain the
metal nanoparticles of the light-scattering layer.

[0148] As described above, in the method of manufacturing
an organic light-emitting display device according to the
present invention, a light-scattering layer is formed directly
on a substrate. Therefore, an organic light-emitting display
device having a superior light-scattering effect can be manu-
factured.

[0149] Hereinafter, effects of a light-scattering substrate
according to an exemplary embodiment of the present inven-
tion will be described in greater detail by way of example. The
following example is intended as a detailed description of the
present invention, but does not limit the scope of the present
invention.

Example

Haze Measurement

[0150] An alloy of Ag, Pd, and Cu was deposited to a
predetermined thickness on a glass substrate and annealed at
250° C. for one hour in the presence of N, to form metal
nanoparticles. Then, haze with respect to the thickness of a
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thin film of the Ag—Pd—Cu alloy was measured, and the
measurement results are shown in FIG. 24.
[0151] FIG. 24 is a graph illustrating haze with respect to
the thickness of a light-scattering layer of a light-scattering
substrate according to an exemplary embodiment of the
present invention.
[0152] As shown in FIG. 24, a metal thin film formed to a
thickness of 100 to 200 A shows a high haze value, and larger
metal nanoparticles result in higher haze values. In the case of
ametal thin film formed to a thickness of approximately 150
A, for example, an average diameter of metal nanoparticles is
approximately 400 nm.
[0153] Inamethod of manufacturing a light-scattering sub-
strate according to an exemplary embodiment of the present
invention, metal nanoparticles can be formed directly on a
substrate so that they are attached to at least a surface of the
substrate.
[0154] Inalight-scattering substrate according to an exem-
plary embodiment of the present invention, metal nanopar-
ticles attached onto a substrate bring about a light-scattering
effect. Therefore, there is no need to insert light-scattering
particles into a film or sheet.
[0155] A light-scattering substrate according to an exem-
plary embodiment of the present invention can be thinned
since it does not require a film or sheet for accommodating
light-scattering particles.
[0156] A light-scattering substrate according to an exem-
plary embodiment of the present invention exhibits superior
thermal resistance, and its properties do not change even
when the light-scattering substrate is exposed to high heat in
a subsequent process for manufacturing a display device
which includes the light-scattering substrate.
[0157] A light-scattering substrate according to an exem-
plary embodiment of the present invention can be used in
place of a substrate in LCDs or organic light-emitting display
devices. When a light-scattering substrate according to an
exemplary embodiment is used as a substrate of a display
device, there is no need to install a light-scattering sheet or
film.
[0158] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and detail may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims. The
exemplary embodiments should be considered in a descrip-
tive sense only, and not for purposes of limitation.
1.-9. (canceled)
10. A method of manufacturing a light-scattering substrate,
the method comprising the steps of:
forming a metal thin film on a substrate; and
forming a light-scattering layer including metal nanopar-
ticles by annealing the metal thin film so as to agglom-
erate a metal of the metal thin film into the metal nano-
particles.
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11. The method of claim 10, wherein the metal thin film is
formed to a thickness in a range of 100 to 200 A.
12. The method of claim 10, wherein the metal thin film is
formed by depositing an alloy of Ag, Pd, and Cu.
13. The method of claim 10, wherein the annealing of the
metal thin film is performed at a temperature in a range of 200
to 350° C.
14. The method of claim 10, further comprising the step of
forming a transparent conductive layer by depositing a trans-
parent conductive material on the substrate and the light-
scattering layer after the forming of the light-scattering layer.
15. The method of claim 14, wherein the transparent con-
ductive material is one of ITO and 1Z0.
16.-23. (canceled)
24. A method of manufacturing an organic light-emitting
display device, the method comprising the steps of:
forming a plurality of metal particles attached to a trans-
parent substrate by stacking a metal thin film on the
substrate and annealing the metal thin film so as to
agglomerate a metal of the metal thin film; and

forming a buffer layer on the substrate so as to contain the
metal particles.

25. The method of claim 24, comprising the steps of form-
ing a transparent conductive layer on the substrate so as to
contain the metal particles before the forming of the buffer
layer, and forming a buffer layer on the transparent conduc-
tive layer.

26. The method of claim 24, further comprising the steps
of:

forming anactive layer, which includes a source region and

a drain region, on the buffer layer;

forming a gate insulating film on the substrate and the

active layer;

forming a gate electrode on the gate insulating film so as to

overlap a channel region of the active layer;

forming an interlayer insulating film on the gate insulating

film so as to cover the gate electrode;

forming a source electrode and a drain electrode, which are

connected to the source region and the drain region,
respectively, on the interlayer insulating film;
forming a passivation layer on the interlayer insulating film
and on the source electrode and the drain electrode;

forming a transparent first electrode, which is connected to
one of the source electrodes and the drain electrodes, on
the passiavtion layer;

forming a pixel defined layer, which exposes a predeter-

mined region of the first electrode, on the passivation
layer and the first electrode;

forming a plurality of metal nanoparticles attached to the

first electrode by stacking a metal thin film on the pre-
determined region of the first electrode, the predeter-
mined region of the first electrode being exposed by the
pixel defined layer, and by annealing the metal thin film.

* #* * #* #®
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