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METHOD OF MANUFACTURING A
FLEXIBLE DEVICE AND METHOD OF
MANUFACTURING A FLEXIBLE DISPLAY

TECHNICAL FIELD

[0001] The present disclosure relates to a method of manu-
facturing a flexible device and a method of manufacturing a
flexible display, and more particularly, to a method of manu-
facturing a flexible device and a method of manufacturing a
flexible display capable of utilizing a stable glass substrate
process technology.

BACKGROUND ART

[0002] An ordinary organic light emitting device has a
stacked structure for maximizing light emitting efficiency
through recombination of holes and electrons. Glass is used
for a substrate, indium tin oxide (ITO) that is transparent and
has a high work function and conductivity is used for an
anode, and a metal having a low work function such as Mg/Ag
or Al is used for a cathode. Holes injected from an anode and
electrons injected from a cathode are recombined in an
organic material layer that is an emission layer to generate
excitons. As the excitons diffuse, light corresponding to a
band gap of the emission layer is emitted toward a transparent
electrode. A display device using the organic light emitting
device can realize a good display image without drawbacks
associated with image sticking and viewing angle. Further,
the display device using the organic light emitting device has
low power consumption because it is a self-light emitting
device that does not require backlight. In addition, the organic
light emitting device may be more affordable by more cus-
tomers due to the low cost because it can be manufactured at
a low temperature through simple processes. In particular, a
flexible organic light emitting device has been focused
recently because degree of freedom of a product can be
remarkably improved.

[0003] To manufacture a flexible organic light emitting
device, a method of manufacturing an organic light emitting
device on a mother substrate such as a thin glass substrate, a
metal substrate and a plastic substrate have been studied,
however, there are several limitations to be overcome. The
thin glass substrate has a limitation in the flexibility. On the
other hand, a rough surface of the metal substrate causes a
decrease of device characteristic, and a good conductivity
thereof generates electrical interference between devices.
When a plastic substrate is used, there is a difficulty in chemi-
cal treatment. Further, there is also a difficulty in pattern
formation and substrate alignment because the plastic sub-
strate is too flexible. Therefore, mass production is difficult.
In particular, since the plastic substrate has a low thermal
stability, the process should be performed at a low tempera-
ture. Therefore, it is difficult to decrease a resistance of
indium tin oxide (ITO) used for a cathode of the organic light
emitting device to a value below 70 ohm/cm2, by which an
operation voltage of the organic light emitting device is
increased. Additionally, a sealing process and a manufactur-
ing process of an electric field device cannot be performed at
a high temperature, which leads to a decrease in device char-
acteristics.

[0004] As described above, there are limitations in manu-
facturing a flexible device, and even though the flexible
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device is manufactured, the device characteristic becomes
poor compared to typical other devices.

DISCLOSURE

Technical Problem

[0005] The present disclosure provides a method of manu-
facturing a flexible device and a method of manufacturing a
flexible display capable of utilizing a conventional stable
glass substrate process technology by forming a releasing
layer, a metal layer, an insulating layer, and a semiconductor
device layer on a glass substrate, bonding a flexible substrate
onto the semiconductor device layer, and thereafter removing
the rigid glass substrate.

Technical Solution

[0006] In accordance with an exemplary embodiment, a
method of manufacturing a flexible device includes: forming
a releasing layer on a mother substrate; forming a metal layer
on the releasing layer; forming an insulating layer on the
metal layer; forming a semiconductor device layer on the
insulating layer; bonding a flexible substrate to the semicon-
ductor device layer; and separating the mother substrate and
the releasing layer at an interface therebetween to remove the
mother substrate.

[0007] The releasing layer may be formed of one of MgO,
MnO, Mn304, MoOy, SnO2, SeOx, SiOx, GaOx, InO,
TixOy, VxOy, ZrOy, WOy, A1203, SrO, TexOy, TeO2, ZnO,
ITO, 1Z0, SiN, TiN, TaN, AIN, BN, MO2N, VN, ZrN, NbN,
CrN, Ga and combinations thereof. The releasing layer may
be formed to have a thickness of 1 nm or more.

[0008] The metal layer may be formed of one of Ag, Au,
Cu, Cr, W, Al, W, Mo, Zn, Ni, Pt, Pd, Co, In, Mn, Si, Ta, Ti, Sn,
Zn, Pb,V, Ru, Ir, Zr, Rh and combinations thereof. The metal
layer may be formed to have a thickness of 1 nm or more.
[0009] The insulating layer may be formed of an insulator
including one of silicon oxide (SiO2), silicon nitride (SiNx),
photoresist, polyimide and combinations thereof.

[0010] Thesemiconductordevice layer may include at least
one of an organic light emitting diode and an organic field
transistor.

[0011] A glass substrate may be used as the mother sub-
strate, and a plastic substrate may be used as the flexible
substrate.

[0012] Inaccordance with another exemplary embodiment,
a method of manufacturing a flexible display, the method
includes: forming a releasing layer on a mother substrate;
forming a metal layer on the releasing layer; forming an
insulating layer on the metal layer; forming a semiconductor
device layer comprising a light emitting device on the insu-
lating layer; bonding a flexible substrate to the semiconductor
device layer; and separating the mother substrate and the
releasing layer at an interface therebetween to remove the
mother substrate.

[0013] The releasing layer may be formed of one of MgO,
MnO, Mn304, MoOy, SnO2, SeOx, SiOx, GaOx, InO,
TixQOy, VxOy, ZrOy, Cy, A1203, SrO, TexOy, TeO2, ZnO,
ITO, 1Z0, SiN, TiN, TaN, AIN, BN, MO2N, VN, ZrN, NbN,
CrN, Ga and combinations thereof.

[0014] The metal layer may be formed of one of Ag, Au,
Cu, Cr, W, Al, W, Mo, Zn, Ni, Pt, Pd, Co, In, Mn, Si, Ta, Ti, Sn,
Zn, Pb, V, Ru, Ir, Zr, Rh and combinations thereof.
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[0015] The insulating layer may be formed of an insulator
including one of silicon oxide (SiO2), silicon nitride (SiNx),
photoresist, polyimide and combinations thereof.

[0016] Thesemiconductor devicelayer may include at least
one of an organic light emitting diode and an organic field
transistor.

[0017] A glass substrate may be used as the mother sub-
strate, and a plastic substrate may be used as the flexible
substrate.

ADVANTAGEOUS EFFECTS

[0018] As described above, a flexible device is manufac-
tured by forming a releasing layer on a substrate; stacking a
metal layer, an insulating layer, and a released layer on the
releasing layer; bonding a plastic substrate to the stacked
structure; and separating the substrate and the releasing layer
using an external force. Therefore, the following effects can
be obtained.

[0019] The manufacturing cost can be reduced because a
conventional equipment for a glass substrate can be used
compatibly.

[0020] Inaddition, a device having a superior performance
can be manufactured compared with a flexible device manu-
factured on a plastic substrate, since there is no limitation in
a process temperature for manufacturing a device.

[0021] Furthermore, use of the glass substrate reduces
deformation caused by heat and chemicals in manufacturing
a device, and it is easy to align the substrate.

DESCRIPTION OF DRAWINGS

[0022] Exemplary embodiments can be understood in more
detail from the following description taken in conjunction
with the accompanying drawings, in which:

[0023] FIG. 1 is a cross-sectional view of a flexible electri-
cal device in accordance with an exemplary embodiment;
[0024] FIGS. 2 to 6 are cross-sectional views illustrating a
process of manufacturing a flexible electrical device in accor-
dance with the exemplary embodiment;

[0025] FIGS.7to 10 are cross-sectional views illustrating a
process of manufacturing a flexible electrical device in accor-
dance with another exemplary embodiment;

[0026] FIGS. 11 and 12 are graphs showing measured
results of an energy-dispersive X-ray spectrometer after a
metal layer separation in accordance with an experimental
example; FIGS. 13 through 16 are photographs sequentially
showing a process of separating a metal layer in accordance
with an experimental example; and

[0027] FIGS. 17 to 19 are photographs and graphs showing
the characteristic of an organic light emitting device before
and after a metal layer separation in accordance with an
experimental example.

BEST MODE

[0028] Preferred embodiments of the present disclosure
will be described below in more detail with reference to the
accompanying drawings. The present disclosure may, how-
ever, be embodied in different forms and should not be con-
strued as 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 scope of the
present disclosure to those skilled in the art.

[0029] In the figures, the dimensions of layers and regions
are exaggerated for clarity of illustration. Like reference
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numerals refer to like elements throughout. It will also be
understood that when a layer, a film, a region, or a substrate is
referred to as being on another layer, film, region, or substrate,
it can be directly on the other layer, film, region, or substrate,
or intervening layers, films, regions, or substrates, may also
be present.

EMBODIMENT 1

[0030] FIG. 1is a cross-sectional view of a flexible electri-
cal device in accordance with an exemplary embodiment.
[0031] Referring to FIG. 1, the flexible electrical device
includes an insulating layer 320 and a semiconductor device
layer 330 disposed on a metal layer 310 serving as an auxil-
iary substrate. The flexible electrical device furtherincludes a
flexible substrate 340 attached on a surface of the semicon-
ductor device layer 330.

[0032] Atleastone semiconductor device including a semi-
conductor thin film is formed on the semiconductor device
layer 330. For example, an organic light emitting diode
(OLED), an organic field effect transistor or the like may be
formed. In this exemplary embodiment, OLEDs are arranged
in a matrix form in the semiconductor device layer 330 to
serve as a unit pixel that uniquely emits at least one of three
primary colors. Here, the OLED may be provided in plurality
s0 as to correspond to a plurality of unit pixels, however, FIG.
1 illustrates only one OLED for convenience. The OLED 330
includes a cathode 331, an electron transport layer 332, an
emission layer 333, a hole transport layer 334, and an anode
336 that are sequentially provided from the bottom to the top.
The OLED 330 may further include a hole injection layer 335
disposed between the hole transport layer 334 and the anode
336. When an external current is applied through the two
electrodes of the OLED 330, electrons injected from the
electron transport layer 332 and holes injected from the hole
transport layer 334 are recombined in the emission layer 333
to generate excitons. As the excitons diffuse, light corre-
sponding to an energy band gap of the emission layer 333 is
emitted. Here, the emission layer 333 may be formed as a
multi-layered semiconductor thin film having a single or mul-
tiple quantum well structure by alternately stacking a well
layer containing an organic light emitting material and a
barrier layer. Since a wavelength of an output light is varied
depending on the contained organic light emitting material, a
proper organic light emitting material may be selected
depending on a required output wavelength.

[0033] The OLED 330 of the this exemplary embodiment
outputs one light of the three primary colors to reproduce
natural colors. Meanwhile, alternatively, three primary color
filters may be disposed on an entire surface of an OLED
outputting a white color to reproduce natural colors. In addi-
tion, the OLED 330 of this exemplary embodiment is config-
ured as a top emission type where light is emitted upwardly.
Therefore, an upper portion of the emission layer 333 includ-
ing the anode 336 and the flexible substrate 340 may be
formed of a light-transmissive material, and at least one layer
of a lower portion of the emission layer 333 including the
cathode 331 and the metal layer 310 may serve as a reflective
layer. Alternatively, the OLED 330 of this exemplary embodi-
ment may be configured as a bottom emission type where
light is emitted in a downward direction. In the bottom emis-
sion type, a lower portion of the emission layer 333 including
the cathode 331 and the metal layer 310 may be formed of a
light-transmissive material, and at least one layer of an upper
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portion of the emission layer 333 including the anode 336 and
the flexible substrate 340 may serve as a reflective layer.
[0034] The flexible electrical device is obtained by forming
a multi-layered thin film including a releasing layer (not
shown), the metal layer 310, the insulating layer 320, and the
semiconductor device layer 330, then attaching the flexible
substrate 340 on the multi-layered thin film, and separating
the releasing layer and the metal layer 310 at an interface
therebetween to remove a mother substrate. The flexible sub-
strate 340 may be formed after removing the mother sub-
strate.

[0035] A manufacturing process of the flexible electrical
device having the above structure will be described with
reference to FIGS. 2 to 6. FIGS. 2 to are cross-sectional views
illustrating a process of manufacturing a flexible electrical
device in accordance with the exemplary embodiment.
[0036] Referring to FIG. 2, a releasing layer 200 is formed
on a mother substrate 100. A glass substrate which can be
processed by a stable semiconductor process technology may
be used as the mother substrate 100.

[0037] Thereleasing layer 200 may be formed of a material
having low surface energy, e.g., one of MgO, MnO, Mn304,
MoOy, SnO2, SeOx, SiOx, GaOx, InO, TixOy, VxOy, ZrOy,
WOy, A1203, SrO, TexOy, TeO2, ZnO, ITO, 1Z0, SiN, TiN,
TaN, AIN, BN, MO2N, VN, ZrN, NbN, CrN, Ga and combi-
nations thereof. The releasing layer 200 may be formed to
have a thickness of approximately 1 nm or more. If the releas-
ing layer 200 is too thin, a bonding force between the mother
substrate 100 and a metal layer which is formed on the mother
substrate 100 may become strong to make it difficult to sepa-
rate the mother substrate 100.

[0038] Referring to FIG. 3, a metal layer 310 and an insu-
lating layer 320 are sequentially stacked on entire surface of
the resultant structure including the releasing layer 200. The
metal layer 310 may be formed of one of Ag, Au, Cu, Cr, W,
Al, Mo, Zn, Ni, Pt, Pd, Co, In, Mn, Si, Ta, Ti, Sn, Zn, Pb, V, Ru,
Ir, Zr, Rh and combinations thereof using various metal depo-
sition methods, e.g., electron beam deposition, hot filament
deposition, sputter deposition, or electroplating. The metal
layer 310 is used as an auxiliary substrate for supporting the
thin film structure existing thereon when the mother substrate
100 is separated and removed, and thus may be formed to
have a thickness of approximately 1 gm or more. If the metal
layer 310 is too thin, it may be torn out when the mother
substrate 100 is separated and removed using an external
force. The insulating layer 320 may be formed by depositing
an insulator, e.g., silicon oxide (SiO2), silicon nitride (SiNx),
or the like having good insulating and adhesive properties
through metal organic chemical vapor deposition (MOCVD),
or the like. The insulating layer 320 may be formed by apply-
ing an insulator such as photoresist or polyimide through spin
coating in order to reduce the process time. The insulating
layer 320 electrically separates electrical devices of a semi-
conductor device layer which is formed thereon to prevent
mutual interference.

[0039] Referring to FIG. 4, a semiconductor device layer
330 is formed on an entire surface of the resultant structure
including the insulating layer 320. For example, the semicon-
ductor device layer 330 may include a green OLED output-
ting a wavelength range of approximately 520 nm. The green
OLED is formed by sequentially stacking an Al cathode 331,
an Alqg3 electron transport layer 332, an emission layer 333,
an o-NPD hole transport layer 334, a CuPc hole injection
layer 335, and an Au anode 336 from the bottom to the top. Of
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course, since a wavelength of an output light is varied depend-
ing on an organic light emitting material contained in the
emission layer 333, a proper organic light emitting material
may be selected depending on a required output wavelength.
[0040] Referring to FIG. 5, a flexible substrate 340 is
bonded to an entire surface of the resultant structure including
the semiconductor device layer 330. Here, the flexible sub-
strate 340 may be formed of plastic which has good physical/
chemical stability and good flexibility and is inexpensive.
[0041] Referringto FIG. 6, after the upper structure includ-
ing the releasing layer 200, the metal layer 310, the insulating
layer 320, the semiconductor device layer 330, and the flex-
ible substrate 340 is formed on the mother substrate 100, the
mother substrate 100 is then separated from the upper struc-
ture at the interface between the releasing layer 200 and the
metal layer 310. That is, an external force, i.e., a shear stress,
is applied to the mother substrate 100 and the upper structure
in opposite directions, and thereby the releasing layer 200 and
the metal layer 310 are separated at the interface therebe-
tween. Here, if the separation is not easy, a laser lift-off
process of radiating excimer laser to the releasing layer 200
from the bottom of the mother substrate 100 may be addition-
ally performed. After the separated mother substrate 100 is
removed, only the upper structure including the metal layer
310, the insulating layer 320, the semiconductor device layer
330, and the flexible substrate 340 is remained. Therefore,
various flexible electrical devices may be manufactured using
the above process.

EMBODIMENT 2

[0042] A flexible electrical device in accordance with
another exemplary embodiment can be manufactured by
forming a releasing layer on a glass substrate that is a mother
substrate, and patterning the releasing layer to form a releas-
ing layer pattern in which predetermined regions are
removed, stacking a metal layer, an insulating layer, and a
semiconductor device layer on the releasing layer pattern,
bonding plastic on the semiconductor device layer, and there-
after separating an interface between the mother substrate and
the releasing layer pattern.

[0043] By forming the releasing layer pattern, a contact
area between the releasing layer and the metal layer increases
to maximize an adhesive force. Therefore, the semiconductor
device layer can be easily formed even though an adhesive
force between the releasing layer and the metal layer is small.
[0044] Hereinafter, a method of manufacturing the flexible
electrical device in accordance with the present exemplary
embodiment will be described in more detail.

[0045] FIGS.7to 10 are cross-sectional views illustrating a
process of manufacturing a flexible electrical device in accor-
dance with the present exemplary embodiment.

[0046] Referring to FIGS. 7 and 8, a releasing layer 410 is
formed on a mother substrate 100, and a patterning process
using a mask is performed to form a releasing layer pattern
420. In the patterning process, photoresist is applied on the
releasing layer 410 to have a uniform thickness, a photoli-
thography process using a mask is performed to form a pho-
toresist pattern, and an etching process is performed on the
releasing layer 410 using the photoresist pattern as an etch
mask. As such, some region of the releasing layer 410 that is
not shielded by the etch mask is removed to form the releasing
layer pattern 420 in a predetermined form. By forming the
releasing layer pattern, a contact area between the releasing
layer 410 and a metal layer increases to maximize an adhesive
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force therebetween. Therefore, a semiconductor device layer
can be easily formed even though an adhesive force between
the releasing layer 410 and the metal layer is small. Referring
to FIG. 9, a multi-layered thin film including a metal layer
310, an insulating layer 320, a semiconductor device layer
330 is formed on an entire surface of the resultant structure
including the releasing layer pattern 400, and a flexible sub-
strate 340 is bonded to a surface of the multi-layered thin film.
The flexible substrate may include a plastic substrate that has
good flexibility and is inexpensive.

[0047] Referringto FIG. 10, after an upper structure includ-
ing the releasing layer pattern 420, the metal layer 310, the
insulating layer 320, the semiconductor device layer 330, and
the flexible substrate 340 is formed on the mother substrate
100, the releasing layer pattern 420 and the metal layer 310
are separated from each other at the interface, whereby the
mother substrate 100 is separated from the upper structure. As
described above, by forming the releasing layer pattern 420,
a contact area between the releasing layer and the metal layer
310 increases to maximize an adhesive force therebetween,
and even though an adhesive force between the releasing
layer and the metal layer 310 is small, the semiconductor
device layer 330 can be easily formed.

[0048] The flexible electrical device in accordance with the
above described embodiments can be easily bent within a
predetermined range due to the flexibility of the flexible sub-
strate, and thus can be applied to various products. For
example, a plurality of OLEDs may be formed in a matrix
form so that each OLED can serve as a unit pixel uniquely
emitting at least one of the three primary colors, to manufac-
ture a display device capable of reproducing an image.
[0049] In addition, the flexible electrical device in accor-
dance with the above described embodiments has various
advantages because a glass substrate is used as a mother
substrate. Since a conventional process equipment using the
glass substrate can be used compatibly, the manufacturing
cost can be reduced. In addition, since the glass substrate has
less limitation in the process temperature compared with the
plastic substrate, an electric device having a superior perfor-
mance can be manufactured. Further, the glass substrate has
good thermal/chemical stability and is less deformed com-
pared with the plastic substrate, whereby process control such
as substrate alignment becomes easier.

[0050] FIGS. 11 and 12 are graphs showing measured
results of an energy-dispersive X-ray spectrometer after a
metal layer separation in accordance with an experimental
example. Specifically, FIGS. 11 and 12 shows measured
results of a surface of an Ag metal layer and a surface of the
glass substrate, respectively, after separating the metal layer
with an external force when an MgO releasing layer and an
Ag metal layer are used. Referring to FIG. 11, after separation
of the metal layer, a small amount of

[0051] MgOx remains under the Ag metal layer. Referring
to FIG. 12, after separation of the metal layer, a large amount
of MgOx remains on the glass substrate. This result indicates
that separation occurs at the interface between the MgOx
releasing layer and the Ag metal layer when the metal layer is
separated by an external force.

[0052] FIGS. 13 to 16 are photographs sequentially show-
ing a process of ametal layer separation in accordance with an
experimental example.

[0053] Referringto FIGS. 13 to 16, separation occurs at the
interface between the metal layer and the releasing layer
when an external force is applied, because the Ag metal layer
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is formed on the MgO releasing layer, not directly on the glass
substrate. Therefore, the glass substrate can be easily sepa-
rated from the metal layer with a relatively small force
(strength of a force: 1 gf/em?2 or more).

[0054] FIGS. 17 to 19 are photographs and graphs showing
the characteristic of an organic light emitting device before
and after a metal layer separation in accordance with an
experimental example. FIG. 17 is a photograph showing an
operation of the device before the metal layer separation, FIG.
18 is a photograph showing an operation of the device after
the metal layer separation, and FIG. 19 shows a current den-
sity versus voltage graph and a luminance versus current
density graph before and after the metal layer separation.
[0055] Referring to FIG. 7A, the device operates normally
before the metal layer separation. Referring to FIG. 7B, the
device operates normally even after the metal layer separa-
tion. Referring to the current density versus voltage graph of
FIG. 19, the electrical characteristic does not change before
and after the metal layer separation. Referring to the lumi-
nance versus current density graph of FIG. 19, there is no
change in the optical characteristic of the device. These
results indicate that a method of separating the metal layer in
accordance with the embodiments is very effective in realiz-
ing the flexible electrical device.

[0056] Although the method of manufacturing the flexible
device and the method of manufacturing the flexible display
have been described with reference to the specific embodi-
ments and drawings, they are not limited thereto. Therefore, it
will be readily understood by those skilled in the art that
various modifications and changes can be made thereto with-
out departing from the spirit and scope of the present inven-
tion is defined by the appended claims.

1. A method of manufacturing a flexible device, the method
comprising;

forming a releasing layer on a mother substrate;

forming a metal layer on the releasing layer;

forming an insulating layer on the metal layer;

forming a semiconductor device layer on the insulating

layer;

bonding a flexible substrate to the semiconductor device

layer; and

separating the mother substrate and the releasing layer at

an interface therebetween to remove the mother sub-
strate.

2. The method of claim 1, wherein the releasing layer is
formed of one of MgO, MnO, Mn;0,, MoOy, SnO,, SeOx,
SiOx, GaOx, InO, TixOy, VxOy, ZrOy, WOy, Al,O,, SrO,
TexOy, TeO,, ZnO, ITO, 1ZO, SiN, TiN, TaN, AIN, BN,
MO,N, VN, ZrN, NbN, CrN, Ga and combinations thereof.

3. The method of claim 1, wherein the releasing layer is
formed to have a thickness of approximately 1 nm or more.

4. The method of claim 1, wherein the metal layer is formed
of one of Ag, Au, Cu, Cr, W, Al, Mo, Zn, Ni, Pt, Pd, Co, In,
Mn, Si, Ta, Ti, Sn, Zn, Pb, V, Ru, Ir, Zr, Rh and combinations
thereof.

5. The method of claim 4, wherein the metal layer is formed
to have a thickness of approximately 1 nm or more.

6. The method of claim 1, wherein the insulating layer is
formed of an insulator comprising one of silicon oxide
(Si0,), silicon nitride (SiNx), photoresist, polyimide and
combinations thereof.

7. The method of claim 1, wherein the semiconductor
device layer comprises at least one of an organic light emit-
ting diode and an organic field effect transistor.
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8. The method of any one of claims 1, wherein a glass
substrate is used as the mother substrate.

9. The method of any one of claims 1, wherein a plastic
substrate is used as the flexible substrate.

10. A method of manufacturing a flexible display where a
light emitting device of a semiconductor device layer func-
tions as a unit pixel, the method comprising:

forming a releasing layer on a mother substrate;

forming a metal layer on the releasing layer;

forming an insulating layer on the metal layer;

forming a semiconductor device layer comprising a light

emitting device on the insulating layer;

bonding a flexible substrate to the semiconductor device

layer; and

separating the mother substrate and the releasing layer at

an interface therebetween to remove the mother sub-
strate.

11. The method of claim 10, wherein the releasing layer is
formed of one of MgO, MnO, Mn;0,, MoOy, SnO,, SeOx,
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SiOx, GaOx, InO, TixOy, VxOy, ZrOy, WOy, Al,O;, SrO,
TexOy, TeO,, ZnO, ITO, WO, SiN, TiN, TaN, AIN, BN,
MO,N, VN, ZrN, NbN, CrN, Ga and combinations thereof

12. The method of claim 10, wherein the metal layer is
formed of one of Ag, Au, Cu, Cr, W, Al, Mo, Zn, Ni, Pt. Pd,
Co, In, Mn, Si, Ta, Ti, Sn, Zn, Pb V, Ru, Ir, Zr, Rh and
combinations thereof.

13. The method of claim 10, wherein the insulating layer is
formed of an insulator comprising one of silicon oxide
(Si0,), silicon nitride (SiNx), photoresist, polyimide and
combinations thereof.

14. The method of claim 10, wherein the semiconductor
device layer comprises at least one of an organic light emit-
ting diode and an organic field transistor.

15. The method of any one of claims 10, wherein a glass
substrate is used as the mother substrate.

16. The method of any one of claims 10, wherein a plastic
substrate is used as the flexible substrate.
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