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ABSTRACT

A flexible substrate, a method of manufacturing the same, and
an organic light emitting diode display, the flexible substrate
including a first flexible layer; a polysilicon layer on the first
flexible layer, the polysilicon layer having a plurality of pro-
trusions on a surface thereof; and a second flexible layer on

the polysilicon layer.
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FIG. 5
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FLEXIBLE SUBSTRATE, METHOD OF
MANUFACTURING THE SAME, AND
ORGANIC LIGHT EMITTING DIODE

DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2013-0040651,
filed on Apr. 12, 2013, in the Korean Intellectual Property
Office, and entitled: “Flexible Substrate, Method of Manu-
facturing the Same, and Organic Light Emitting Diode Dis-
play,” is incorporated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Embodimentsrelate to a flexible substrate, a method
of manufacturing the same, and an organic light emitting
diode display.

[0004] 2. Description of the Related Art

[0005] An organic light emitting diode display is a self-
light emitting display device that displays an image using an
organic light emitting diode emitting light. The organic light
emitting diode display does not require a separate light
source, unlike a liquid crystal display. Thus, a thickness and a
weight of the organic light emitting diode display may be
significantly reduced. Further, the organic light emitting
diode display may have high quality characteristics such as
low power consumption, high luminance, and high reaction
speed. Thus, the organic light emitting diode display may be
a next generation display device of a portable electronic
device.

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

SUMMARY

[0007] Embodiments are directed to a flexible substrate, a
method of manufacturing the same, and an organic light emit-
ting diode display.

[0008] The embodiments may be realized by providing a
flexible substrate including a first flexible layer; a polysilicon
layer on the first flexible layer, the polysilicon layer having a
plurality of protrusions on a surface thereof; and a second
flexible layer on the polysilicon layer.

[0009] The protrusions may be irregularly disposed on the
polysilicon layer.

[0010] The plurality of protrusions may be regularly
arranged.
[0011] Theplurality of protrusions may have a linear shape

or a polygonal shape.

[0012] The polysilicon layer may have a thickness of about
10 A to about 100 A.

[0013] A height of each protrusion may be about two times
or less of the thickness of the polysilicon layer.

[0014] A height of each protrusion is smaller than a thick-
ness of the second flexible layer.

[0015] The flexible substrate may further include a barrier
layer between the polysilicon layer and the first flexible layer.
[0016] The barrier layer may be formed of silicon oxide or
silicon nitride.
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[0017] The flexible substrate may further include a barrier
layer on the second flexible layer, the second flexible layer
being between the barrier layer and the polysilicon layer.
[0018] The first flexible layer and the second flexible layer
may be formed of polyimide.

[0019] Theembodiments may also be realized by providing
an organic light emitting diode display including the flexible
substrate according to an embodiment; a thin film transistor
array on the flexible substrate; an organic light emitting diode
connected to the thin film transistor array; and an encapsula-
tion member on the organic light emitting diode.

[0020] Theembodiments may also be realized by providing
a method of manufacturing a flexible substrate, the method
including forming a first flexible layer on a suppott substrate;
forming an amorphous silicon layer on the first flexible layer;
crystallizing the amorphous silicon layer to form a polysili-
con layer having a plurality of protrusions on a surface
thereof; and forming a second flexible layer on the polysilicon
layer.

[0021] The first flexible layer and the second flexible layer
may be formed by a solution process.

[0022] Thecrystallization may be performed by an excimer
laser annealing method or a sequential lateral solidification
method.

[0023] The crystallization may be performed by the exci-
mer laser annealing method such that the plurality of protru-
sions are irregularly disposed on the polysilicon layer.
[0024] The crystallization may be performed by the
sequential lateral solidification method such that the plurality
of protrusions are regularly arranged.

[0025] Theamorphous silicon layer may be formed to have
a thickness of about 10 A to about 100 A.

[0026] The amorphous silicon layer may be formed by a
CVD method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Features will become apparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0028] FIG. 1 illustrates a schematic cross-sectional view
of a flexible substrate according to an exemplary embodi-
ment.

[0029] FIGS. 2 1o 4 illustrate a schematic top plan view of
a protrusion according to the exemplary embodiment.
[0030] FIG. 5 illustrates a flowchart of a method of manu-
facturing a flexible substrate according to an embodiment.
[0031] FIGS. 6 and 7 illustrate cross-sectional views
sequentially showing a process of manufacturing the flexible
substrate according to the exemplary embodiment.

[0032] FIGS. 8 to 10 illustrate cross-sectional views of a
flexible substrate according to another exemplary embodi-
ment.

[0033] FIG. 11 illustrates an equivalent circuit view of one
pixel of an organic light emitting diode display according to
the exemplary embodiment.

[0034] FIG. 12 illustrates a cross-sectional view of the
organic light emitting diode display according to the exem-
plary embodiment.

DETAILED DESCRIPTION

[0035] Theembodiments will be described more fully here-
inafter with reference to the accompanying drawings, in
which exemplary embodiments are shown. As those skilled in
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the art would realize, the described embodiments may be
modified in various different ways, all without departing from
the spirit or scope of the embodiments.

[0036] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0037] Hereinafter, a flexible substrate according to an
exemplary embodiment will be specifically described with
reference to the drawings.

[0038] FIG. 1 illustrates a schematic cross-sectional view
of a flexible substrate according to an exemplary embodi-
ment, and FIGS. 2 to 4 illustrate a schematic top plan view of
a protrusion according to the exemplary embodiment.

[0039] As illustrated in FIG. 1, a flexible substrate 100
according to an exemplary embodiment may include a first
flexible layer 10, a polysilicon layer 20 on the first flexible
layer 10, and a second flexible layer 30 on the polysilicon
layer 20.

[0040] The first flexible layer 10 and the second flexible
layer 30 may be formed of polyimide. Each ofthe first flexible
layer 10 and the second flexible layer 20 may have a thickness
within about 10 um, e.g., up to about 10 pm.

[0041] Protrusions 7 may be formed on a surface of the
polysilicon layer 20. In an implementation, the protrusions 7
may have an irregular size on the surface of the polysilicon
layer. As illustrated in FIG. 2, the protrusions 7 may be
irregularly disposed. In an implementation, the protrusions 7
may be regularly arranged in a predetermined form. For
example, as illustrated in FIGS. 3 and 4, linear protrusions
may be arranged at a regular interval or may form a lattice.

[0042] A height (H) of the protrusion 7 may be about two
times or less of a thickness of the polysilicon layer 20. For
example, the height H of the protrusions (which are a part of
the polysilicon layer 20) may be about two times of less of a
thickness of a portion of the polysilicon layer 20 that does not
include the protrusions 7 thereon, such as a thickness of a
portion in valleys between peaks of the protrusions. In an
implementation, the height H of the protrusions 7 may be
smaller than the thickness of the second flexible layer 30.

[0043] Hereinafter, a method of manufacturing the flexible
substrate of FIG. 1 will be specifically described.

[0044] FIG. 5 illustrates a flowchart of a method of manu-
facturing a flexible substrate according to an embodiment,
and FIGS. 6 and 7 illustrate cross-sectional views sequen-
tially showing a process of manufacturing the flexible sub-
strate according to the exemplary embodiment.

[0045] As illustrated in FIG. 5, the method may include a
step of forming a first flexible layer (8100), a step of forming
apolysilicon layer on the first flexible layer (S102), and a step
of forming a second flexible layer on the polysilicon layer
(S104).

[0046] First, as illustrated in FIGS. 5 and 6, the first flexible
layer 10 may be formed on a support substrate 500 (S100).
[0047] The first flexible layer 10 may be formed by apply-
ing a polymer material, e.g., PET, PEN, polysulfone, poly-
carbonate, polybeneimidazole, and/or polyimide, in a solu-
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tion form and then performing a curing step. The first flexible
layer 10 may be formed to have a thickness of about 10 um or
less.

[0048] Next, an amorphous silicon layer 2 may be formed
on the first flexible layer 10.

[0049] The amorphous silicon layer 2 may be formed by
being deposited by a chemical vapor deposition method, or
the like. The amorphous silicon layer 2 may be formed to have
a thickness of about 10 A to about 100 A.

[0050] Next, as illustrated in FIGS. 5 and 7, a polysilicon
layer 20 may be formed by crystallizing the amorphous sili-
con layer.

[0051] Crystallization may be performed by using a crys-
tallization method using a laser, e.g., excimer laser annealing
(ELA) or sequential lateral solidification (SLS).

[0052] In an excimer laser annealing process, crystalliza-
tion may be performed while scanning the laser along the
amorphous silicon layer 2, and the amorphous silicon layer 2
may be melted by the laser and then form crystals. In this case,
protrusions 7 may be formed on a surface of the polysilicon
layer 20, and may be irregularly arranged while having an
irregular size.

[0053] Inthesequentiallateral solidification, after a mask is
disposed, the amorphous silicon layer may be melted by using
the laser and then crystallized, and the protrusions 7 may be
formed at a boundary of the mask. Accordingly, the protru-
sions 7 may have a linear or polygon form as illustrated in
FIG. 4, according to a form and disposal of the mask.

[0054] Thereafter, after a second flexible layer 30 may be
formed on the polysilicon layer 20, and the support substrate
500 may be removed to prepare a flexible substrate 100. As
illustrated in FIGS. 11 and 12, when the organic light emitting
diode display is manufactured, after all of a thin film transis-
tor, a light emitting diode, and an encapsulation member are
formed on the flexible substrate 100, the support substrate
500 may be removed.

[0055] The second flexible layer 30 may be formed of a
same material and by a same method as the first flexible layer
10.

[0056] In the exemplary embodiment, a close contacting
property between the second flexible layer 30 and the poly-
silicon layer 20 may be improved by forming the protrusions
7 on the surface of the polysilicon layer 20, on which the
second flexible layer 30 is formed, to increase a surface
roughness of the polysilicon layer 20. In other words, as will
be apparent to a person of ordinary skill in the art from the
foregoing description and from the drawings, the protrusions
7 of the polysilicon layer 20 may be formed on a surface of the
polysilicon layer 20 that faces the second flexible layer 30,
and may extend into the second flexible layer 30 (as shown in
the inset of FIG. 1).

[0057] FIGS. 8 to 10 illustrate cross-sectional views of a
flexible substrate according to another exemplary embodi-
ment.

[0058] As illustrated in FIG. 8, a flexible substrate 200
according to the exemplary embodiment may include a first
flexible layer 10, a barrier layer 14 on the first flexible layer
10, a polysilicon layer 20 on the barrier layer 14, and a second
flexible layer 30 on the polysilicon layer 20. For example, the
barrier layer 14 may be between the first flexible layer 10 and
the polysilicon layer 20.
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[0059] The barrier layer 14 may help prevent transmission
of moisture from the outside, may be formed of silicon oxide
or silicon nitride, and may be a single layer or a plurality of
layers.

[0060] In an implementation, the barrier layer 14 may be
formed on the second flexible layer 30, as in the flexible
substrate 300 of FIG. 9. In an implementation, the barrier
layer 14 and a flexible layer 40 may be repeatedly laminated
like in the flexible substrate 400 of FIG. 10. For example, the
barrier layer 14 and a flexible layer 40 may be repeatedly and
alternately stacked, with the polysilicon layer 20 between the
repeated stacks.

[0061] Hereinafter, an organic light emitting diode display
including the flexible substrate of FIGS. 1 to 10 will be
specifically described.

[0062] FIG. 11 illustrates an equivalent circuit view of one
pixel of an organic light emitting diode display according to
the exemplary embodiment.

[0063] As illustrated in FIG. 11, the organic light emitting
diode display according to the exemplary embodiment may
include a plurality of signal lines 121, 171, and 172 and a
plurality of pixels (PX) connected thereto and arranged in an
approximate matrix form.

[0064] Thesignal lines may include a plurality of gate lines
121 transferring a gate signal (or a scan signal), a plurality of
data lines 171 transferring a data signal, and a plurality of
driving voltage lines 172 transferring a driving voltage (Vdd).
The gate lines 121 may extend in an approximate row direc-
tion and may be almost parallel to each other, and vertical
direction portions of the data line 171 and the driving voltage
line 172 may extend in an approximate column direction and
may be almost parallel to each other.

[0065] Each pixel PX may include a switching thin film
transistor (Qs), a driving thin film transistor (Qd), a storage
capacitor (Cst), and an organic light emitting diode (OLED)
(LD).

[0066] The switching thin film transistor (Qs) may have a
control terminal, an input terminal, and an output terminal,
the control terminal may be connected to the gate line 121, the
input terminal may be connected to the data line 171, and the
output terminal may be connected to the driving thin film
transistor (Qd). The switching thin film transistor (Qs) may
respond to the scan signal applied to the gate line 121 to
transfer the data signal applied to the data line 171 to the
driving thin film transistor (Qd).

[0067] Further, the driving thin film transistor (Qd) may
have the control terminal, the input terminal, and the output
terminal, and the control terminal may be connected to the
switching thin film transistor (Qs), the input terminal may be
connected to the driving voltage line 172, and the output
terminal may be connected to the organic light emitting diode
(LD). The driving thin film transistor (Qd) may allow an
output current (ILD) having a magnitude varying according
to a voltage applied between the control terminal and the
output terminal to flow.

[0068] The capacitor (Cst) may be connected between the
control terminal and the input terminal of the driving thin film
transistor (Qd). This capacitor (Cst) may charge the data
signal applied to the control terminal of the driving thin film
transistor (Qd) and may maintain the data signal after the
switching thin film transistor (Qs) is turned off.

[0069] The organic light emitting diode (LD) may have an
anode connected to the output terminal of the driving thin film
transistor (Qd), and a cathode connected to a common voltage
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(Vss). The organic light emitting diode (LD) may display an
image by emitting light while changing the intensity thereof
according to the output current (ILD) of the driving thin film
transistor (Qd).

[0070] Further, the connection relationship of the thin film
transistors (Qs, Qd), the capacitor (Cst), and the organic light
emitting diode (D) may be changed.

[0071] FIG. 12 illustrates a cross-sectional view of the
organic light emitting diode display according to the exem-
plary embodiment.

[0072] Since interlayer constitutions of the switching tran-
sistor and the driving thin film transistor of the organic light
emitting diode display according to one exemplary embodi-
ment are similar to each other, the driving transistor will be
mainly described.

[0073] The organic light emitting diode display according
to the exemplary embodiment may include a substrate 110, a
buffer layer 120 on the substrate 110, and a semiconductor
135 on the buffer layer 120.

[0074] The substrate 110 may be a flexible substrate, and
may be a flexible substrate of FIGS. 11010, e.g., according to
an embodiment.

[0075] Thebuffer layer 120 may be formed on the substrate
110, and when the substrate is formed of the flexible substrate
of FIG. 10, the buffer layer 120 may be a barrier layer 14 of
FIG. 10.

[0076] Accordingly, the barrier layer 120 may be formed to
have a single layer of silicon nitride (SiN,) or a plurality of
layers where silicon nitride (SiN,) and silicon oxide (Si0O,)
are laminated. The barrier layer 120 may help prevent unnec-
essary or undesirable components such as an impurity or
moisture from permeating and may planarize the surface.
[0077] A semiconductor 135 formed of polysilicon may be
formed on the buffer layer 120. The semiconductor 135 may
have a thickness of about 450 A or more.

[0078] The semiconductor 135 may be divided into a chan-
nel region 1355, and a source region 1356 and a drain region
1357 formed at both sides of the channel region 1355. The
channel region 1355 of the semiconductor 135 may be poly-
silicon not doped with the impurity, e.g., an intrinsic semi-
conductor. The source region 1356 and the drain region 1357
of the semiconductor 135 may be polysilicon doped with a
conductive impurity, e.g., an impurity semiconductor.
[0079] The impurity doped on the source region 1356 and
the drain region 1357 may include any one of a p-type impu-
rity and an n-type impurity.

[0080] A gate insulating layer 140 may be formed on the
semiconductor 135.

[0081] The gate insulating layer 140 may be a single layer
or a plurality of layers including at least one of tetraethoxysi-
lane (tetracthyl orthosilicate, TEOS), silicon nitride, and sili-
con oxide.

[0082] A gate electrode 155 may be formed on the gate
insulating layer 140.

[0083] The gate electrode 155 may be formed of a single
layer or a plurality of layers of a low resistance material, e.g.,
Al, Ti, Mo, Cu, Ni, or an alloy thereof, or a material having
strong corrosion resistance. For example, the gate electrode
may be a triple layer of Ti/Cu/Ti, Ti/Ag/Ti, or Mo/Al/Mo.
[0084] A firstinterlayerinsulating layer 160 may be formed
on the gate line 155.

[0085] The first interlayer insulating layer 160 may be
formed of a single layer or a plurality of layers of tetraethox-
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ysilane (tetraethyl orthosilicate, TEOS), silicon nitride, or
silicon oxide, like the gate insulating layer 140.

[0086] A source electrode 176 and a drain electrode 177
may be formed on the first interlayer insulating layer 160, and
the source electrode 176 and the drain electrode 177 may be
connected through contact holes 166 and 167 to the source
region 1356 and the drain region 1357, respectively.

[0087] The source electrode 176 and the drain electrode
177 may be formed of a single layer or a plurality of layers of
a low resistance material, e.g., Al, Ti, Mo, Cu, Ni, or an alloy
thereof, or a material having strong corrosion resistance. For
example, the source electrode and the drain electrode may be
a triple layer of Ti/Cu/Ti, Ti/Ag/Ti, or Mo/Al/Mo.

[0088] The gate electrode 155, the source electrode 176,
and the drain electrode 177 may each form a thin film tran-
sistor (TFT) together with the semiconductor 135. Channels
of the thin film transistor may each be formed in the semi-
conductor 135 between the source electrode 176 and the drain
electrode 177.

[0089] A second interlayer insulating layer 180 may be
formed on the source electrode 176 and the drain electrode
177.

[0090] The second interlayer insulating layer 180 may be
formed of a single layer or a plurality of layers of tetraethox-
ysilane (tetraethyl orthosilicate, TEOS), silicon nitride, or
silicon oxide like the first interlayer insulating layer.

[0091] A first electrode 710 may be formed on the second
interlayer insulating layer 180. The first electrode 710 may be
an anode of the organic light emitting diode of FIG. 11.
[0092] A pixel defining layer 190 (having an opening 195
through which the first electrode 710 is exposed) may be
formed on the second interlayer insulating layer 180.

[0093] The pixel defining layer 190 may have the opening
195 through which the first electrode 710 is exposed. The
pixel defining film 190 may include a resin, e.g., polvacry-
lates or polyimides, silica-based inorganic materials, or the
like.

[0094] An organic emission layer 720 may be formed on
the first electrode 710 in the opening 195.

[0095] The organic emission layer 720 may be formed of a
plurality of layers including one or more of an emission layer,
a hole injection layer (HIL), a hole transport layer (HTL), an
electron transport layer (ETL), and an electron injection layer
(EIL).

[0096] In the case where the organic emission layer 720
includes all of the above-described layers, the hole injection
layer (HIL) may be disposed on the first electrode 710 that is
the anode, and the hole transport layer (HTL), the emission
layer, the electron transport layer (ETL), and the electron
injection layer (EIL) may be sequentially laminated thereon.
[0097] A second electrode 730 may be formed on the
organic emission layer 720 and the pixel defining layer 190.
The second electrode 730 may be a cathode of the organic
light emitting diode of FIG. 11.

[0098] The first electrode 710, the organic emission layer
720, and the second electrode 730 may form an organic light
emitting diode 70.

[0099] The organic light emitting diode display may have a
structure of a front surface display type, a rear surface display
type, and a double-sided display type, according to a direction
of light emitted by the organic light emitting diode 70.
[0100] In the front surface display type, the first electrode
710 may be formed of a reflective layer, and the second
electrode 730 may be formed of a semi-transmission layer or
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a transmission layer. In the case of the rear surface display
type, the first electrode 710 may be formed of the semi-
transmission layer, and the second electrode 730 may be
formed of the reflective layer. In addition, in the case of the
double-sided display type, the first electrode 710 and the
second electrode 730 may both be formed of a transparent
layer or the semi-transmission layer.

[0101] The reflective layer and the semi-transmission layer
may be made by using one or more metals of magnesium
(Mg), silver (Ag), gold (Au), calcium (Ca), lithium (Li),
chromium (Cr), and aluminum (Al), or an alloy thereof. The
reflective layer and the semi-transmission layer may be deter-
mined by the thickness, and the semi-transmission layer may
be formed to have a thickness of about 200 nm or less. Trans-
mittance of light may be increased as the thickness is reduced,
butif the thickness is very small, resistance may be increased.
[0102] The transparent layer may be formed of a material
such as ITO (indium tin oxide), IZO (indium zinc oxide), ZnO
(zinc oxide), or In,Q; (indium oxide).

[0103] An encapsulation member (not illustrated) may be
formed on the second electrode 730. The encapsulation mem-
ber may be an inorganic layer or an organic layer, and may be
alternately laminated. The encapsulation member may pro-
tect a pixel from the external air.

[0104] One or more organic layers and one or more inor-
ganic layers may be alternately laminated. The inorganic
layer or the organic layer may be each provided in plural.
[0105] The organic layer may be formed of a polymer. For
example, the organic layer may be a single layer or a lami-
nated layer formed of any one of polyethylene terephthalate,
polyimide, polycarbonate, epoxy, polyethylene, and poly-
acrylate. In an implementation, the organic layer may be
formed of polyacrylate, and specifically, includes a matter
where a monomer composition including a diacrylate-based
monomer and a triacrylate-based monomer is polymerized. A
monoacrylate-based monomer may be further included in the
monomer composition. Further, a suitable photoinitiator such
as TPO may be further included in the monomer composition,
but is not limited thereto.

[0106] The inorganic layer may be a single layer or a lami-
nated layer including metal oxide or metal nitride. For
example, the inorganic layer may include any one of SiN_,
Al,O;, Si0,, and TiO,.

[0107] The uppermost layer, which is exposed to the out-
side, of the encapsulation member may be formed of the
inorganic layer in order to help prevent permeation of mois-
ture to the organic light emitting diode.

[0108] Theencapsulation member may include at least one
sandwich structure in which at least one organic layer is
inserted between at least two inorganic layers. Further, the
encapsulation member may include at least one sandwich
structure in which at least one inorganic layer is inserted
between at least two organic layers.

[0109] A halogenated metal layer (including, e.g., LiF)
may be further included between the second electrode 730
and the inorganic layer. The halogenated metal layer may help
prevent a display portion including the second electrode 730
from being damaged when the inorganic layer is formed by a
sputtering manner or a plasma deposition manner.

[0110] The encapsulation member may be replaced by an
encapsulation substrate such as a metal substrate or a glass
substrate, instead of forming the organic layer and the inor-
ganic layer.
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[0111] By way of summation and review, in an organic light
emitting diode display market, a flexible display device
manufactured so as to be bendable by using a substrate of a
flexible material that easily has a large area and is capable of
being reduced in thickness and weight, such as plastic or foil,
has been considered.

[0112] The flexible substrate may have a single layer or a
plurality of layers. However, the flexible substrate may be
exposed to repeated bending, due to a characteristic thereof.
Thus, a rift may be formed between the flexible substrates
formed of a plurality of layers due to the repeated bending.
[0113] The embodiments provide a flexible substrate, a
method of manufacturing the same, and an organic light emit-
ting diode display, in which a rift is not generated between
flexible substrates formed of a plurality of layers due to
repeated bending.

[0114] Manufacturing a flexible substrate according to an
embodiment may help ensure that even though the flexible
substrates formed of a plurality of layers are repeatedly bent,
a rift may not be formed between the flexible substrates.
Accordingly, it is possible to provide a high-quality organic
light emitting diode display.

[0115] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims.

What is claimed is:

1. A flexible substrate, comprising;

a first flexible layer:;

apolysilicon layer on the first flexible layer, the polysilicon

layer having a plurality of protrusions on a surface
thereof; and

a second flexible layer on the polysilicon layer.

2. The flexible substrate as claimed in claim 1, wherein the
protrusions are irregularly disposed on the polysilicon layer.

3. The flexible substrate as claimed in claim 1, wherein the
plurality of protrusions are regularly arranged.

4. The flexible substrate as claimed in claim 3, wherein the
plurality of protrusions have a linear shape or a polygonal
shape.

5. The flexible substrate as claimed in claim 1, wherein the
polysilicon layer has a thickness of about 10 A toabout 100 A.

6. The flexible substrate as claimed in claim 5, wherein a
height of each protrusion is about two times or less of the
thickness of the polysilicon layer.
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7. The flexible substrate as claimed in claim 1, wherein a
height of each protrusion is smaller than a thickness of the
second flexible layer.

8. The flexible substrate as claimed in claim 1, further
comprising a barrier layer between the polysilicon layer and
the first flexible layer.

9. The flexible substrate as claimed in claim 8, wherein the
barrier layer is formed of silicon oxide or silicon nitride.

10. The flexible substrate as claimed in claim 1, further
comprising a barrier layer on the second flexible layer, the
second flexible layer being between the barrier layer and the
polysilicon layer.

11. The flexible substrate as claimed in claim 1, wherein
the first flexible layer and the second flexible layer are formed
of polyimide.

12. An organic light emitting diode display, comprising:

the flexible substrate as claimed in claim 1;

a thin film transistor array on the flexible substrate;

an organic light emitting diode connected to the thin film

transistor array; and

an encapsulation member on the organic light emitting

diode.

13. A method of manufacturing a flexible substrate, the
method comprising:

forming a first flexible layer on a support substrate;

forming an amorphous silicon layer on the first flexible

layer;

crystallizing the amorphous silicon layer to form a poly-

silicon layer having a plurality of protrusions on a sut-
face thereof, and

forming a second flexible layer on the polysilicon layer.

14. The method of manufacturing a flexible substrate as
claimed in claim 13, wherein the first flexible layer and the
second flexible layer are formed by a solution process.

15. The method of manufacturing a flexible substrate as
claimed in claim 13, wherein the crystallization is performed
by an excimer laser annealing method or a sequential lateral
solidification method.

16. The method of manufacturing a flexible substrate as
claimed in claim 15, wherein the crystallization is performed
by the excimer laser annealing method such that the plurality
of protrusions are irregularly disposed on the polysilicon
layer.

17. The method of manufacturing a flexible substrate as
claimed in claim 15, wherein the crystallization is performed
by the sequential lateral solidification method such that the
plurality of protrusions are regularly arranged.

18. The method of manufacturing a flexible substrate as
claimed in claim 13, wherein the amorphous silicon layer is
formed to have a thickness of about 10 A to about 100 A.

19. The method of manufacturing a flexible substrate as
claimed in claim 13, wherein the amorphous silicon layer is
formed by a CVD method.
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