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Description
[Technical Field]

[0001] The present disclosure relates to a method of
manufacturing a flexible device and a method of manu-
facturing a flexible display, and more particularly, to a
method of manufacturing 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 trans-
parent and has a high work function and conductivity is
used forananode, 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 emis-
sion 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 de-
vice 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 de-
vice that does not require backlight. In addition, the or-
ganic light emitting device may be more affordable by
more customers due to the low cost because it can be
manufactured at a low temperature through simple proc-
esses. 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 emit-
ting 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 character-
istic, and a good conductivity thereof generates electrical
interference between devices. When a plastic substrate
is used, there is a difficulty in chemical treatment. Further,
there is also a difficulty in pattern formation and substrate
alignment because the plastic substrate is too flexible.
Therefore, mass production is difficult. In particular, since
the plastic substrate has a low thermal stability, the proc-
ess should be performed at a low temperature. There-
fore, 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 oper-
ation voltage of the organic light emitting device is in-
creased. Additionally, a sealing process and a manufac-
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turing process of an electric field device cannot be per-
formed at a high temperature, which leads to a decrease
in device characteristics.

[0004] US2006/132461 A1 discloses a flexible display
being an active matrix flexible display in which a TFT is
provided for each pixel. In the flexible display, an adhe-
sive layer, a protective layer, a gate electrode forthe TFT,
which is buried in the protective layer, a gate insulating
layer for the TFT, source and drain electrodes for the
TFT, a pixel electrode electrically connected to the drain
electrode, an organic active layer for the TFT, an organic
EL layer including a red (R) emitting layer, a green (G)
emitting layer and a blue (B) emitting layer, which are
formed on a plurality of the pixel electrodes, a metal elec-
trode, and a sealing layer are formed on a plastic film.
[0005] US 2003/032210 A1 discloses a peeling off
method without giving damage to the peeled off layer,
and aims at being capable of peeling off not only a peeled
off layer having a small area but also a peeled off layer
having a large area over the entire surface at excellent
yield ratio. The metal layer or nitride layer is provided on
the substrate, and further, the oxide layer being contact
with the foregoing metal layer or nitride layer is provided,
and furthermore, if the lamination film formation or the
heat processing of 500 °C or more in temperature is car-
ried out, it can be easily and clearly separated in the layer
or on the interface with the oxide layer by the physical
means.

[0006] As described above, there are limitations in
manufacturing a flexible device, and even though the
flexible device is manufactured, the device characteristic
becomes poor compared to typical other devices.

[Disclosure]
[Technical Problem]

[0007] The present disclosure provides a method of
manufacturing a flexible device as claimed in claim 1 and
a method of manufacturing a flexible display as claimed
in claim 9.

[Technical Solution]

[0008] 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 directly on the releasing layer; forming an
insulating layer on the metal layer; forming a semicon-
ductor 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 there between to remove the mother sub-
strate characterized in that the releasing layer is formed
of one of MgO, MnO, Mn304, MoOy, Sn02, SeOx, SiOx,
GaOx, InO, TixOy, VxQOy, ZrOy, WOy, Al203, SrO, Tex-
Oy, TeO2, ZnO, ITO, 1ZO, SiN, BN, VN NbN, Ga and
combinations thereof. The releasing layer may be formed
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to have a thickness of 1 nm or more.

[0009] The metal layer 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.
The metal layer may be formed to have a thickness of 1
nm or more.

[0010] The insulating layer may be formed of an insu-
lator including one of silicon oxide (Si02), silicon nitride
(SiNx), photoresist, polyimide and combinations thereof.
The semiconductor device layer may include atleast one
of an organic light emitting diode and an organic field
transistor.

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

in accordance 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 directly on the releasing layer; form-
ing an insulating layer on the metal layer; forming a sem-
iconductor 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 there
between to remove the mother substrate characterized
in that the releasing layer may be formed of one of MgO,
MnO, Mn304, MoOy, Sn0O2, SeOx, SiOx, GaOx, InO,
TixOy, VxOy, ZrOy, WOy, Al203, SrO, TexOy, TeO2,
Zn0, ITO, IZO, SIN, BN VN, NbN, Ga and combinations
thereof.

[0012] The metal layer 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.
The insulating layer may be formed of an insulator in-
cluding one of silicon oxide (SiO2), silicon nitride (SiNx),
photoresist, polyimide and combinations thereof.
[0013] The semiconductor device layer may include at
least one of an organic light emitting diode and an organic
field transistor.

[0014] A glass substrate may be used as the mother
substrate, and a plastic substrate may be used as the
flexible substrate.

[Advantageous Effects]

[0015] As described above, a flexible device is manu-
factured by forming a releasing layer on a substrate:
stacking a metal layer, an insulating layer, and areleased
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. There-
fore, the following effects can be obtained.

[0016] The manufacturing cost can be reduced be-
cause conventional equipment for a glass substrate can
be used compatibly.

[0017] In addition, a device having a superior perform-
ance can be manufactured compared with a flexible de-
vice manufactured on a plastic substrate, since there is
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no limitation in a process temperature for manufacturing
a device.

[0018] Furthermore, use of the glass substrate reduc-
es deformation caused by heat and chemicals in manu-
facturing a device, and it is easy to align the substrate.

[Description of Drawings]

[0019] Exemplary embodiments can be understood In
more detail from the following description taken in con-
junction with the accompanying drawings, in which:

FIG. 1is a cross-sectional view of a flexible electrical
device in accordance with an exemplary embodi-
ment;

FIGS. 2 to 6 are cross-sectional views illustrating a
process of manufacturing a flexible electrical device
in accordance with the exemplary embodiment;
FIGS. 7 to 10 are cross-sectional views illustrating
a process of manufacturing a flexible electrical de-
vice in accordance with another exemplary embod-
iment;

FIGS. 11 and 12 are graphs showing measured re-
sults of an energy-dispersive X-ray spectrometer af-
ter 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 ac-
cordance with an experimental example; and
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 accord-
ance with an experimental example.

[Best Mode]

[0020] Preferred embodiments of the present disclo-
sure will be described below in more detail with reference
to the accompanying drawings. The present disclosure
may, however, be embodied in different forms and should
not be construed 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.

[0021] In the figures, the dimensions of layers and re-
gions are exaggerated for clarity of illustration. Like ref-
erence 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, re-
gions, or substrates, may also be present.

<Embodiment 1>

[0022] FIG. 1isacross-sectional view of aflexible elec-
trical device in accordance with an exemplary embodi-
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ment.

[0023] Referringto 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 auxiliary substrate. The flexible electrical device
further includes a flexible substrate 340 attached on a
surface of the semiconductor device layer 330.

[0024] At least one semiconductor device including a
semiconductor 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 so as to correspond to a plurality
of unit pixels, however, FIG. 1 illustrates only one OLED
for convenience.

[0025] The OLED 330includes acathode 331, an elec-
tron transport layer 332, an emission layer 333, a hole
transport layer 334, and an anode 336 that are sequen-
tially 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 currentis applied through the two elec-
trodes of the OLED 330, electrons injected from the elec-
tron 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
corresponding 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 hav-
ing a single or multiple quantum well structure by alter-
nately 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 emit-
ting material may be selected depending on a required
output wavelength.

[0026] The OLED 330 of 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 addition, the OLED 330 of this exemplary em-
bodimentis configured as a top emission type where light
is emitted upwardly. Therefore, an upper portion of the
emission layer 333 including the anode 336 and the flex-
ible 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. Alterna-
tively, the OLED 330 of this exemplary embodiment may
be configured as a bottom emission type where light is
emitted in a downward direction. In the bottom emission
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
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an upper portion of the emission layer 333 including the
anode 336 and the flexible substrate 340 may serve as
a reflective layer.

[0027] The flexible electrical device is obtained by
forming a multi-layered thin film including a releasing lay-
er (not shown), the metal layer 310, the insulating layer
320, and the semiconductor device layer 330, then at-
taching 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 moth-
er substrate. The flexible substrate 340 may be formed
after removing the mother substrate.

[0028] A manufacturing process of the flexible electri-
cal device having the above structure will be described
with reference to FIGS. 210 6. FIGS. 2 to 6 are cross-sec-
tional views illustrating a process of manufacturing a flex-
ible electrical device in accordance with the exemplary
embodiment.

[0029] 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 proc-
ess technology may be used as the mother substrate
100. The releasing layer 200 may be formed of a material
having low surface energy, e.g., one of MgO, MnO,
Mn304, MoQOy, Sn02, SeOx, SiOx, GaOx, InO, TixOy,
VxOy, ZrOy, WOy, AlI203, SrO, TexOy, Te02, ZnO, ITO,
12O, SiN, TiN, TaN, AIN, BN, MO2N, VN, ZrN, NbN, CrN,
Ga and combinations thereof. The releasing layer 200
may be formed to have a thickness of approximately 1
nm or more. If the releasing layer 200 is too thin, a bond-
ing 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 separate the mother
substrate 100.

[0030] Referring to FIG. 3, a metal layer 310 and an
insulating 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 deposition methods, e.g.,
electron beam deposition, hot filament deposition, sput-
ter 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 um 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 externalforce. The insulating layer 320 may be formed
by depositing an insulator, e.g., silicon oxide (Si02), sil-
icon nitride (SiNx), or the like having good insulating and
adhesive properties through metal organic chemical va-
por deposition (MOCVD), or the like. The insulating layer
320 may be formed by applying an insulator such as pho-
toresist or polyimide through spin coating in order to re-
duce the process time. The insulating layer 320 electri-
cally separates electrical devices of a semiconductor de-
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vice layer which is formed thereon to prevent mutual in-
terference.

[0031] ReferringtoFIG. 4, a semiconductor device lay-
er 330 is formed on an entire surface of the resultant
structure including the insulating layer 320. For example,
the semiconductor device layer 330 may include a green
OLED outputting a wavelength range of approximately
520 nm. The green OLED is formed by sequentially stack-
ing an Al cathode 331, an Alqg3 electron transport layer
332, an emission layer 333, an a-NPD hole transport
layer 334, a CuPc hole injection layer 335, and an Au
anode 336 from the bottom to the top. Of course, since
a wavelength of an output light is varied depending on
an organic light emitting material contained in the emis-
sion layer 333, a proper organic light emitting material
may be selected depending on a required output wave-
length.

[0032] Referring to FIG. 5, a flexible substrate 340 is
bonded to an entire surface of the resultant structure in-
cluding the semiconductor device layer 330. Here, the
flexible substrate 340 may be formed of plastic which has
good physical/chemical stability and good flexibility and
is inexpensive.

[0033] Referring to FIG. 6, after the upper structure
including the releasing layer 200, the metal layer 310,
the insulating layer 320, the semiconductor device layer
330, and the flexible substrate 340 is formed on the moth-
er substrate 100, the mother substrate 100 is then sep-
arated from the upper structure 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
additionally performed. After the separated mother sub-
strate 100 is removed, only the upper structure including
the metal layer 310, the insulating layer 320, the semi-
conductor device layer 330, and the flexible substrate
340is remained. Therefore, various flexible electrical de-
vices may be manufactured using the above process.

<Embodiment 2>

[0034] 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 releasing layer pattern in which predetermined
regions are removed, stacking a metal layer, an insulat-
ing layer, and a semiconductor device layer on the re-
leasing layer pattern, bonding plastic on the semiconduc-
tor device layer, and thereafter separating an interface
between the mother substrate and the releasing layer
pattern.

[0035] By formingthereleasing layer pattern, a contact
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area between the releasing layer and the metal layer in-
creases 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. Hereinafter, a method of
manufacturing the flexible electrical device in accord-
ance with the present exemplary embodiment will be de-
scribed in more detail.

[0036] FIGS. 7 to 10 are cross-sectional views illus-
trating a process of manufacturing a flexible electrical
device in accordance with the present exemplary em-
bodiment.

[0037] Referring to FIGS. 7 and 8, a releasing layer
410isformed on amother 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 photolithography process using a mask is
performed to form a photoresist 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 re-
leasing layer pattern, a contact area between the releas-
ing layer 410 and a metal layer increases to maximize
an adhesive force therebetween. Therefore, a semicon-
ductor device layer can be easily formed even though an
adhesive force between the releasing layer 410 and the
metal layer is small.

[0038] Referring to FIG. 9, a multi-layered thin film in-
cluding a metal layer 310, an insulating layer 320, a sem-
iconductor device layer 330 is formed on an entire surface
ofthe resultant structure including the releasing layer pat-
tern 400, and a flexible substrate 340 is bonded to a sur-
face of the multi-layered thin film. The flexible substrate
may include a plastic substrate that has good flexibility
and is inexpensive.

[0039] Referring to FIG. 10, after an upper structure
including 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 in-
creases to maximize an adhesive force therebetween,
and even though an adhesive force between the releas-
ing layer and the metal layer 310 is small, the semicon-
ductor device layer 330 can be easily formed.

[0040] 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 substrate, 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
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a unit pixel uniquely emitting at least one of the three
primary colors, to manufacture a display device capable
of reproducing an image.

[0041] In addition, the flexible electrical device in ac-
cordance with the above described embodiments has
various advantages because a glass substrate is used
as a mother substrate. Since conventional process
equipment using the glass substrate can be used com-
patibly, the manufacturing cost can be reduced. In addi-
tion, since the glass substrate has less limitation in the
process temperature compared with the plastic sub-
strate, an electric device having a superior performance
can be manufactured. Further, the glass substrate has
good thermal/chemical stability and is less deformed
compared with the plastic substrate, whereby process
control such as substrate alignment becomes easier.
[0042] 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 experi-
mental 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 sep-
arating the metal layer with an external force when an
MgO releasing layer and an Ag metal layer are used.
[0043] ReferringtoFIG. 11, after separation of the met-
al layer, a small amount of MgOx remains under the Ag
metal layer. Referring to FIG. 12, after separation of the
metal layer, alarge 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.

[0044] FIGS. 13 to 16 are photographs sequentially
showing a process of a metal layer separation in accord-
ance with an experimental example.

[0045] Referring to FIGS. 13 to 16, separation occurs
atthe interface between the metal layer and the releasing
layer when an external force is applied, because the Ag
metal layer is formed on the MgO releasing layer, not
directly on the glass substrate. Therefore, the glass sub-
strate can be easily separated from the metal layer with
a relatively small force (strength of a force: 1 gf/lcm2 or
more).

[0046] FIGS. 17 to 19 are photographs and graphs
showing the characteristic of an organic light emitting de-
vice before and after a metal layer separation in accord-
ance with an experimental example. FIG. 17 is a photo-
graph showing an operation of the device before the met-
al layer separation, FIG. 18 is a photograph showing an
operation of the device after the metal layer separation,
and FIG. 19 shows a currentdensity versus voltage graph
and aluminance versus current density graph before and
after the metal layer separation.

[0047] Referring to FIG. 17 the device operates nor-
mally before the metal layer separation. Referring to FIG.
18; the device operates normally even after the metal
layer separation. Referring to the current density versus
voltage graph of FIG. 19, the electrical characteristic
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does not change before and after the metal layer sepa-
ration. Referring to the luminance versus current density
graph of FIG. 19, there is no change in the optical char-
acteristic of the device. These results indicate that a
method of separating the metal layer in accordance with
the embodiments is very effective in realizing the flexible
electrical device.

[0048] Although the method of manufacturing the flex-
ible device and the method of manufacturing the flexible
display have been described with reference to the spe-
cific embodiments 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 without departing from the scope
of the present invention is defined by the appended
claims.

Claims

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

forming a releasing layer on a mother substrate;
forming a metal layer directly on the releasing
layer;

forming an insulating layer on the metal layer;
forming a semiconductor device layer on the in-
sulating layer;

bonding a flexible substrate to the semiconduc-
tor device layer; and

separating the mother substrate and the releas-
ing layer ataninterface there between toremove
the mother substrate,

characterized in that

the releasing layer is formed of one of MgO,
MnO, Mn304, MoOy, Sn0O2, SeOx, SiOx,
GaOx, InO, TixQy, VxQy, ZrOy, WOy, Al203,
SrO, TexOy, Te02,Zn0,ITO, IZO, SiN, BN, VN,
NbN, Ga and combinations thereof.

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

3. 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.

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

5. The method of claim 1, wherein the insulating layer
is formed of an insulator comprising one of silicon
oxide (SiO2), silicon nitride (SiNx), photoresist, poly-
imide and combinations thereof.
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The method of claim 1, wherein the semiconductor
device layer comprises at least one of an organic
light emitting diode and an organic field effect tran-
sistor.

The method of any one of claims 1to 6, wherein a
glass substrate is used as the mother substrate.

The method of any one of claims 1 to 6, wherein a
plastic substrate is used as the flexible substrate.

A method of manufacturing a flexible display where
a light emitting device of a semiconductor device lay-
er functions as a unit pixel, the method comprising:

forming a releasing layer on a mother substrate;
forming a metal layer directly on the releasing
layer;

forming an insulating layer on the metal layer;
forming a semiconductor device layer compris-
ing a light emitting device on the insulating layer;
bonding a flexible substrate to the semiconduc-
tor device layer; and

separating the mother substrate and the releas-
inglayer ataninterface there between to remove
the mother substrate,

characterized in that

the releasing layer is formed of one of MgO,
MnO, Mn304, MoOy, SnO2, SeOx, SiOx,
GaOx, InO, TixOy, VxOy, ZrOy, WOy, Al203,
SrO, TexOy, Te02,Zn0,ITO, 120, SiN, BN, VN,
NbN, Ga and combinations thereof.

The method of claim 9, 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.

The method of claim 9, wherein the insulating layer
is formed of an insulator comprising one of silicon
oxide (Si02), silicon nitride (SiNx), photoresist, poly-
imide and combinations thereof.

The method of claim 9, wherein the semiconductor
device layer comprises at least one of an organic
light emitting diode and an organic field transistor.

The method of any one of claims 9 to 12, wherein a
glass substrate is used as the mother substrate and
a plastic substrate is used as the flexible substrate.

Patentanspriiche

1.

Verfahren zur Herstellung einer flexiblen Vorrich-
tung, wobei das Verfahren

das Bilden einer Trennschicht auf einem Basissub-
strat,
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das Bilden einer Metallschicht direkt auf der Trenn-
schicht,

das Bilden einer Isolierschicht auf der Metallschicht,
das Bilden einer Schicht eines Halbleiterelements
auf der Isolierschicht,

das Binden eines flexiblen Substrats an die Schicht
eines Halbleiterelements; und

das Trennen des Basissubstrats und der Trenn-
schicht an einer dazwischenliegenden Grenzflache
zur Entfernung des Basissubstrats umfasst, und das
dadurch gekennzeichnet ist, dass

die Trennschicht aus einer der Verbindungen aus
MgO, MnO, Mn304, MoOy, Sn0O2, SeOx, SiOx,
GaOx, InO, TixQy, VxQy, ZrOy, WQy, Al203, SrO,
TexQy, TeO2, Zn0O, ITI, 1ZO, SiN, BN, VN, NbN, Ga
und Kombinationen davon gebildet ist.

Verfahren nach Anspruch 1, wobei die Trennschicht
so gebildet ist, dass sie eine Dicke von naherungs-
weise 1 nm oder mehr aufweist.

Verfahren nach Anspruch 1, wobei die Metallschicht
aus einem der Elemente aus 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 und Kombinationen davon gebildet
ist.

Verfahren nach Anspruch 3, wobei die Metallschicht
so gebildet ist, dass sie eine Dicke von naherungs-
weise 1 nm oder mehr aufweist.

Verfahren nach Anspruch 1, wobei die Isolierschicht
aus einem lIsolator, umfassend eine der Verbindun-
gen aus Siliziumoxid (SiO2), Siliziumnitrid (SiNx),
Fotolack, Polyimid und Kombinationen davon, gebil-
det ist.

Verfahren nach Anspruch 1, wobei die Schicht des
Halbleiterelements wenigstens eines der Elemente
aus einer organischen lichtemittierenden Diode und
einem organischen Feldeffekttransistor umfasst.

Verfahren nach einem der Anspriiche 1 bis 6, wobei
als Basissubstrat ein Glassubstrat verwendet wird.

Verfahren nach einem der Anspriiche 1 bis 6, wobei
als flexibles Substrat ein Kunststoffsubstrat verwen-
det wird.

Verfahren zur Herstellung eines flexiblen Displays,
wobei ein lichtemittierendes Element einer Schicht
eines Halbleiterelements als eine Pixeleinheit arbei-
tet, wobei das Verfahren

das Bilden einer Trennschicht auf einem Basissub-
strat,

das Bilden einer Metallschicht direkt auf der Trenn-
schicht,

das Bilden einer Isolierschicht auf der Metallschicht,
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das Bilden einer ein lichtemittierendes Element um-
fassenden Schicht eines Halbleiterelements auf der
Isolierschicht,

das Binden eines flexiblen Substrats an die Schicht
eines Halbleiterelements; und

das Trennen des Basissubstrats und der Trenn-
schicht an einer dazwischenliegenden Grenzflache
zur Entfernung des Basissubstrats umfasst, und das
dadurch gekennzeichnet ist, dass

die Trennschicht aus einer der Verbindungen aus
MgO, MnO, Mn304, MoOy, Sn02, SeOx, SiOx,
GaOx, InO, TixQy, VxOy, ZrOy, WOy, Al203, SrO,
TexOy, TeO2, Zn0O, ITI, 1IZO, SiN, BN, VN, NbN, Ga
und Kombinationen davon gebildet ist.

Verfahren nach Anspruch 9, wobei die Metallschicht
aus einem der Elemente aus 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 und Kombinationen davon gebildet
ist.

Verfahren nach Anspruch 9, wobei die Isolierschicht
aus einem Isolator, umfassend eine der Verbindun-
gen aus Siliziumoxid (Si02), Siliziumnitrid (SiNx), Fo-
tolack, Polyimid und Kombinationen davon, gebildet
ist.

Verfahren nach Anspruch 9, wobei die Schicht eines
Halbleiterelements wenigstens eines der Elemente
aus einer organischen lichtemittierenden Diode und
einem organischen Feldeffekttransistor umfasst.

Verfahren nach einemder Anspriiche 9 bis 12, wobei
als Basissubstrat ein Glassubstrat verwendet wird
und als flexibles Substrat ein Kunststoffsubstrat ver-
wendet wird.

Revendications

1.

Procédé de fabrication d’un dispositif flexible, le pro-
cédé comprenant :

la formation d’'une couche de libération sur un
substrat mere :

la formation d’'une couche métallique directe-
ment sur la couche de libération ;

laformation d’'une couche isolante sur la couche
métallique ;

la formation d’'une couche de dispositif semi-
conducteur sur la couche isolante :

le collage d’un substrat flexible sur la couche de
dispositif semi-conducteur ; et

la séparation du substrat mére et de la couche
de libération au niveau d’une interface entre eux
pour retirer le substrat mére,

caractérisé en ce que

la couche de libération estformée d’'un composé
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parmi MgO, MnO, Mn304, MoQOy, Sn02, SeOx,
SiOx, GaOx, InO, TixOy, VxOy, ZrOy, WOy,
Al203, SrO, TexOy, Te02, ZnO, ITO, 120, SiN,
BN, VN, NbN, Ga et de combinaisons de ceux-
Ci.

Procédé selon larevendication 1, dans lequel la cou-
che delibération estformée pour avoir une épaisseur
d’environ 1 nm ou plus.

Procédé selon larevendication 1, dans lequel la cou-
che métallique est formée d’au moins un composé
parmi 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 et de
combinaisons de ceux-ci.

Procédé selon larevendication 3, dans lequel la cou-
che métallique est formée pour avoir une épaisseur
d’environ 1 nm ou plus.

Procédé selon larevendication 1, dans lequel la cou-
che isolante est formée d’un isolant comprenant un
composeé parmi I'oxyde de silicium (SiO2), le nitrure
de silicium (SiNx), une résine photosensible, un po-
lyimide et des combinaisons de ceux-ci.

Procédé selon larevendication 1, dans lequel la cou-
che de dispositif semi-conducteur comprend au
moins un élément parmi une diode électrolumines-
cente organique et un transistor a effet de champ
organique.

Procédé selon 'une quelconque des revendications
1 a 6, dans lequel un substrat de verre est utilisé
comme substrat mére.

Procédé selon 'une quelconque des revendications
1 a 6, dans lequel un substrat plastique est utilisé
comme substrat flexible.

Procédé de fabrication d’un affichage flexible ou un
dispositif électroluminescent d’une couche de dis-
positif semi-conducteur fonctionne comme pixel uni-
taire, le procédé comprenant :

la formation d’'une couche de libération sur un
substrat mére ;

la formation d’'une couche métallique directe-
ment sur la couche de libération ;

laformation d’une couche isolante surla couche
métallique ;

la formation d’'une couche de dispositif semi-
conducteur comprenant un dispositif électrolu-
minescent sur la couche isolante ;

le collage d'un substrat flexible sur la couche de
dispositif semi-conducteur ; et

la séparation du substrat mére et de la couche
de libération au niveau d’une interface entre eux
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pour retirer le substrat mére,

caractérisé en ce que

la couche de libération estformée d’'un composé
parmi MgO, MnO, Mn304, MoOy, Sn02, SeOx,
SiOx, GaOx, InO, TixOy, VxOy, ZrOy, WOy,
Al203, SrO, TexOy, Te02, ZnO, ITO, I1Z0O, SiN,
BN, VN, NbN, Ga et de combinaisons de ceux-
ci.

Procédé selon larevendication 9, dans lequel la cou-
che métallique est formée d’au moins un composé
parmi 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 et de
combinaisons de ceux-ci.

Procédé selon larevendication 9, dans lequel la cou-
che isolante est formée d’un isolant comprenant un
composé parmi I'oxyde de silicium (Si02), le nitrure
de silicium (SiNx), une résine photosensible, un po-
lyimide et des combinaisons de ceux-ci.

Procédé selon larevendication 9, dans lequel la cou-
che de dispositif semi-conducteur comprend au
moins un élément parmi une diode électrolumines-
cente organique et un transistor a effet de champ
organique.

Procédé selon I'une quelconque des revendications
9 a 12, dans lequel un substrat de verre est utilisé
comme substrat mere et un substrat plastique est
utilisé comme substrat flexible.
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[Figure 5]
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[Figure 9]
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[Fig. 11]
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[Fig. 15]
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[Figure 19]
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