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COMPOSITE BOARD STRUCTURE AND
FLEXIBLE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefits of U.S.
provisional application Ser. No. 61/942,046, filed on Feb. 20,
2014. The entirety of the above-mentioned patent application
is hereby incorporated by reference herein and made a part of
this specification.

TECHNICAL FIELD

[0002] The disclosure relates to a composite plate structure
and a flexible apparatus including the composite plate struc-
ture.

BACKGROUND

[0003] In general, when a flexible apparatus is manufac-
tured, a flexible substrate may be used to achieve the flexible
characteristic thereof. To manufacture a flexible device on the
flexible substrate, the flexible substrate may be adhered onto
arigid carrier plate or machine to provide suitable support via
the carrier plate or machine. In current techniques, the flexible
substrate and the rigid carrier plate are bonded via a release
layer. The flexible substrate can be peeled from the rigid
carrier plate after the manufacture of the flexible device is
complete. Since the adhesion of the release layer and the
flexible substrate is not good, the release layer remains on the
rigid carrier plate when peeled therefrom. To increase the
effectiveness of a flexible product, how to more effectively
adopt release layer techniques is an important current topic.

SUMMARY

[0004] A composite plate structure of an embodiment of the
disclosure includes a flexible substrate and a release layer.
The flexible substrate has an upper surface and a lower sur-
face. The release layer is disposed on the lower surface of the
flexible substrate, and includes a hydrophobic material and a
bonding material. The hydrophobic material includes at least
one fluorine atom. The bonding material at least includes an
amide functional group or an epoxy functional group. The
bonding material is bonded to the flexible substrate through
the amide functional group or the epoxy functional group.
[0005] A flexible apparatus of another embodiment of the
disclosure includes a flexible substrate, a device layer, and a
release layer. The flexible substrate has an upper surface and
a lower surface. The device layer is disposed on the upper
surface of the flexible substrate. The release layer is disposed
on the lower surface of the flexible substrate, and includes a
hydrophobic material and a bonding material. The hydropho-
bic material includes at least one fluorine atom. The bonding
material at least includes an amide functional group or an
epoxy functional group. The bonding material is bonded to
the flexible substrate through the amide functional group or
the epoxy functional group.

[0006] Several exemplary embodiments accompanied with
figures are described in detail below to further describe the
disclosure in details.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The accompanying drawings are included to pro-
vide further understanding, and are incorporated in and con-
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stitute a part of this specification. The drawings illustrate
exemplary embodiments and, together with the description,
serve to explain the principles of the disclosure.

[0008] FIG. 1A is a composite plate structure according to
an embodiment of the disclosure.

[0009] FIG. 1B is a composite plate structure after the
flexible substrate of FIG. 1A is peeled from the carrier plate.
[0010] FIG. 2A is a composite plate structure according to
another embodiment of the disclosure.

[0011] FIG. 2B is a composite plate structure after the
flexible substrate of FIG. 2A is peeled from the carrier plate.
[0012] FIG. 3A is a composite plate structure according to
another embodiment of the disclosure.

[0013] FIG. 3B is a composite plate structure after the
flexible substrate of FIG. 3 A is peeled from the carrier plate.
[0014] FIG. 4A is a composite plate structure according to
another embodiment of the disclosure.

[0015] FIG. 4B is a composite plate structure after the
flexible substrate of FIG. 4A is peeled from the carrier plate.
[0016] FIG. 5 is a flexible apparatus according to an
embodiment of the disclosure.

[0017] FIGS. 6A to 6C are flexible apparatuses according
to another embodiment of the disclosure.

[0018] FIG. 7 is a flexible apparatus according to another
embodiment of the disclosure.

[0019] FIG. 8 is a flexible apparatus according to another
embodiment of the disclosure.

[0020] FIG. 9 is a flexible apparatus according to another
embodiment of the disclosure.

[0021] FIG. 10 is a flexible apparatus according to another
embodiment of the disclosure.

[0022] FIG. 11 is a flexible apparatus according to another
embodiment of the disclosure.

[0023] FIG. 12 is a flexible apparatus according to another
embodiment of the disclosure.

[0024] FIG. 13 is a flexible apparatus according to another
embodiment of the disclosure.

[0025] FIG. 14 is a flexible apparatus according to another
embodiment of the disclosure.

[0026] FIG. 15 is a flexible apparatus according to another
embodiment of the disclosure.

DETAILED DESCRIPTION OF DISCLOSED
EMBODIMENTS

[0027] FIG. 1A is a composite plate structure according to
anembodiment of the disclosure. FIG. 1B is a composite plate
structure after the flexible substrate of FIG. 1A is peeled from
the carrier plate. Referring first to FIG. 1A, the composite
plate structure includes a flexible substrate 110, a release
layer 120, and a carrier plate 130. In the present embodiment,
the release layer 120 is formed on the carrier plate 130, and
the flexible substrate 110 is formed on the release layer 120.
In other words, the flexible substrate 110 has an upper surface
and a lower surface, and the release layer 120 is disposed on
the lower surface of the flexible substrate 110 and located
between the flexible substrate 110 and the carrier plate 130.
The material of the flexible substrate 110 includes polyimide
or poly(amic) acid. The material of the release layer 120
includes a hydrophobic material 120A and a bonding material
(not shown). The hydrophobic material 120A includes a
material having a fluorine atom, and therefore can provide
waterproof efficacy to the composite plate structure. Based on
the above, the hydrophobic material 120A may include at
least one of formula 1 to formula 2 below:
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(formula 1)
F F F
F
F F
F F F
F O F F
(formula 2)
F
N=" H,
N—C —Si F.
ST
N CH;
[0028] The bonding material includes an amide functional

group or an epoxy functional group. The bonding material
having an amide functional group includes at least one of
formula 3 to formula 6 below:

(formula 3)
e CH HCo oy
/ \ /7
H;C— Tl Ti —CH;
H;C N N CH;
7~
> Si \Ce/ ~ Si
HC™ | | | ~cH;
CH; N CH;
jive //Sl Sl\ —~— o,
H;C cH; HiC CHs
(formula 4)
(formula 5)
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-continued
(formula 6)
O
HO—S=0
i
N NH,

[0029] The bonding material having an epoxy functional

group includes at least one of formula 7 to formula 12 below:

(formula 7)
0 THs
%o—(Hzch—Ti—ocm
OCH;
(formula 8)
(l)CH3
L )i
O OCH;
(formula 9)
(l)csz
& R
O OC,H;
(formula 10)
o (l)CH3
A/O—(HZC)g—Ti—Ocm
OCH;
(formula 11)
o (l)C2H5
%o—(HZCh—Ti—OCZHs
OC,H;
(formula 12)
0O THs
A/O—(HZC)g—Ti—OCZHs.
OC,H;

[0030] The bonding material may be bonded to the flexible
substrate 110 through the amide functional group or the
epoxy functional group. For instance, when the flexible sub-
strate 110 is polyamic acid, the release layer 120 may react
with an amine group or hydroxyl group (NH—OH) on
polyamic acid through the amide functional group or the
epoxy functional group to form a chemical bond. The epoxy
functional group is readily opened an epoxy ring and may
therefore react with polyamic acid to form a bond. Based on
the above, when the release layer 120 is bonded to polyamic
acid, a ring-closing reaction can be performed on the
polyamic acid through a heating process to form a polyimide
release layer 120. Moreover, when the flexible substrate 110
is polyimide, the release layer 120 can form a hydrogen bond
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with an oxygen atom of polyimide through the amide func-
tional group, or form a hydrogen bond with an amine group
(NH) of polyimide through an oxygen atom of the epoxy
functional group, such that the release layer 120 is bonded to
the flexible substrate 110. Since the release layer 120 is
bonded to the flexible substrate 110 through the bonding
material, the affinity of the release layer 120 and the flexible
substrate 110 is higher than the affinity of the release layer
120 and the carrier plate 130. In the composite plate structure
of the present embodiment, a subsequent device process can
be further performed above the flexible substrate 110, such as
forming a flexible device, but is not limited thereto.

[0031] Referring to FIG. 1B, if the flexible substrate 110 is
directly peeled from the carrier plate 130 without performing
a device process above the flexible substrate 110, the com-
posite plate structure shown in, for instance, FIG. 1B, is
formed. Since the release layer 120 is bonded to the flexible
substrate 110 through the bonding material, when the flexible
substrate 110 is peeled from the carrier plate 130, the release
layer 120 and the flexible substrate 110 are separated from the
carrier plate 130 together. In other words, the release layer
120 including the hydrophobic material 120A can provide
waterproof efficacy to the composite plate structure of FIG.
1B.

[0032] FIG. 2A is a composite plate structure according to
another embodiment ofthe disclosure. FIG. 2B is acomposite
plate structure after the flexible substrate of FIG. 2A is peeled
from the carrier plate. Referring first to FIG. 2A, the compos-
ite plate structure includes a flexible substrate 210, a release
layer 220, and a carrier plate 130. In the present embodiment,
the release layer 220 is formed on the carrier plate 130, and
the flexible substrate 210 is formed on the release layer 220.
Moreover, the flexible substrate 210 and the release layer 220
completely cover the carrier plate 130. The flexible substrate
210 has an upper surface and a lower surface, and the release
layer 220 is disposed on the lower surface of the flexible
substrate 210 and located between the flexible substrate 210
and the carrier plate 130. The material of the flexible substrate
210 includes polyimide or poly(amic) acid. The material of
the release layer 220 includes a hydrophobic material 220A
and a bonding material (not shown). The hydrophobic mate-
rial 220A includes a material having a fluorine atom, and
therefore can provide waterproof efficacy to the composite
plate structure. Moreover, the hydrophobic material 220A
and the bonding material of the present embodiment can be
similar to the hydrophobic material 120A and the bonding
material of the embodiments of FIG. 1A and FIG. 1B, and are
therefore not repeated herein. Since the release layer 220 is
bonded to the flexible substrate 210 through the bonding
material, when the flexible substrate 210 is peeled from the
carrier plate 130, the release layer 220 and the flexible sub-
strate 210 are separated from the carrier plate 130 together. In
other words, the release layer 220 including the hydrophobic
material 220A can provide waterproof efficacy to the com-
posite plate structure of FIG. 2B.

[0033] FIG. 3A is a composite plate structure according to
another embodiment of the disclosure. FIG. 3B is acomposite
plate structure after the flexible substrate of FIG. 3A is peeled
from the carrier plate. The embodiments of FIG. 3A and FIG.
3B are similar to the embodiments of FIG. 1A and FIG. 1B,
and therefore the same devices are represented by the same
reference numerals and are not repeated herein. The release
layer 120 of each of the composite plate structures shown in
FIGS. 3A and 3B further includes a plurality of nanoparticles
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120B disposed in the release layer 120 of the hydrophobic
material 120A. The nanoparticles 120B can include silicon
oxide or aluminum oxide nanoparticles, but are not limited
thereto. In particular, the silicon oxide or aluminum oxide
nanoparticles can be formed by, for instance, a sol-gel
method, and can be formed into a film with the hydrophobic
material 120A through curing.

[0034] In an embodiment, silicon oxide nanoparticles can
be formed via, for instance, compounds having silicon shown
in formula 7 to formula 12 in a sol-gel method. Specifically,
the compounds of formula 7 to formula 12 each include a
silane functional group, and therefore can be used in a
hydrolysis and condensation reaction to form silicon oxide
nanoparticles. In other words, the compounds shown in for-
mula 7 to formula 12 can be used as both the bonding material
and the nanoparticles 120B. Based on the above, the hydro-
phobic material 120A has hydrophobic function, and can be
used to reduce contact with water vapor, and the nanoparticles
120B can extend the penetrating path of, for instance, water
and oxygen, and can provide the functions of water blocking
and gas blocking. Moreover, when the flexible substrate 110
is peeled from the carrier plate 130, the release layer 120 and
the flexible substrate 110 are separated from the carrier plate
130 together to form the composite plate structure shown in,
for instance, FIG. 3B. Although the release layer 120 of the
present embodiment is currently shown to have an area less
than those of the flexible substrate 110 and the carrier plate
130, the disclosure is not limited thereto. For instance, the
composite plate structure of the present embodiment can also
be similar to the composite plate structures shown in the
embodiments of FIG. 2A and FIG. 2B, such that the flexible
substrate 110 and the release layer 120 completely cover the
carrier plate 130.

[0035] FIG. 4A is a composite plate structure according to
another embodiment ofthe disclosure. FIG. 4B is a composite
plate structure after the flexible substrate of FIG. 4A is peeled
from the carrier plate. The embodiments of FIG. 4A and FIG.
4B are similar to the embodiments of FIG. 1A and FIG. 1B,
and therefore the same devices are represented by the same
reference numerals and are not repeated herein. The release
layer 120 of each of the composite plate structures shown in
FIGS. 4A and 4B further includes a water-blocking material
120C, and the water-blocking material 120C and the hydro-
phobic material 120A form a stacked layer. The water-block-
ing material 120C can be an inorganic material including
metal, silicon oxide, or silicon nitride, but is not limited
thereto. In the present embodiment, the hydrophobic material
120A has hydrophobic function, and can be used to reduce
contact with water vapor, and the water-blocking material
120C can provide the functions of water blocking and gas
blocking. Moreover, when the flexible substrate 110 is peeled
from the carrier plate 130, the release layer 120 and the
flexible substrate 110 are separated from the carrier plate 130
together to form the composite plate structure shown in, for
instance, FIG. 4B. Although the release layer 120 of the
present embodiment is currently shown to have an area less
than those of the flexible substrate 110 and the carrier plate
130, the disclosure is not limited thereto. For instance, the
composite plate structure of the present embodiment can also
be similar to the composite plate structures shown in the
embodiments of FIG. 2A and FIG. 2B, such that the flexible
substrate 110 and the release layer 120 completely cover the
carrier plate 130.
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[0036] FIG. 5 is a flexible apparatus according to an
embodiment of the disclosure. Referring to FIG. 5, the flex-
ible apparatus includes a flexible substrate 110, a release layer
120, a waterproof layer 410, a device layer 420, an adhesive
layer 430, and a cover 440. A flexible apparatus 400 shown in
FIG. 5 can include the composite plate structure peeled from
the carrier plate 130 selected from FIG. 1B, FIG. 2B, FIG. 3B,
or FIG. 4B. For instance, the flexible substrate 110 shown in
FIG. 5 has an upper surface and a lower surface, and the
material of the flexible substrate 110 includes polyimide or
polyamic acid. The release layer 120 shown in FIG. 5 is
disposed on the lower surface of the flexible substrate 110,
and can be selected from the release layers 120 and 220 of
FIG. 1, FIG. 2, FIG. 3, or FIG. 4. Alternatively, the release
layer 120 can be formed through a combination of the hydro-
phobic materials 120A and 220A, the nanoparticles 120B,
and the water-blocking material 120C as needed. Moreover,
the features and efficacies of the release layer 120 of FIG. 5
are similar to those of the release layers 120 and 220 shown in
FIG. 1, FIG. 2, FIG. 3, or FIG. 4, and are therefore not
repeated herein.

[0037] In the present embodiment, the waterproof layer
410 is disposed on the upper surface of the flexible substrate
110. The waterproof layer 410 can include, for instance, a
hydrophobic material 410A and a water-blocking material
410B, and the hydrophobic material 410A and the water-
blocking material 410B form a stacked layer. The hydropho-
bic material 410A and the water-blocking material 410B of
the waterproof layer 410 can be the same as the hydrophobic
material 120A and the water-blocking material 120C of the
release layer 120, but are not limited thereto. The device layer
420 is disposed on the upper surface of the flexible substrate
110 and can be located above the waterproof layer 410. The
device layer 420 includes, for instance, a buffer layer 421, a
thin film transistor layer 422, an organic light-emitting device
layer 423, and an encapsulating layer 424. The adhesive layer
430 can be disposed above the device layer 420 to adhere the
device layer 420 and the cover 440. The cover 440 can
include, for instance, a flexible cover material. The water-
proof layer 410 of the present embodiment is disposed
between the device layer 420 and the flexible substrate 110,
and includes ahydrophobic material 410A and a water-block-
ing material 410B, and can further strengthen the functions of
waterproofing, water blocking, oxygen blocking, and anti-
fouling of the flexible apparatus.

[0038] In the present embodiment, the device layer 420 is
exemplified by an organic light-emitting diode (OLED)
device, but is not limited thereto. In other embodiments, the
device layer 420 can also be the device layer of a liquid crystal
display panel (including a device such as a pixel structure),
the device layer of a touch panel structure (including a device
such as a touch electrode layer), or the device layer of other
electronic apparatuses. Of course, the present text does not
limit the device layer 420 to be the device layer of an elec-
tronic apparatus, and the device layer 420 can also be the
device layer of other non-electronic apparatuses.

[0039] FIG. 6A, FIG. 6B, and FIG. 6C are flexible appara-
tuses according to other embodiments in the disclosure. The
embodiments shown in FIG. 6A, FIG. 6B, and FIG. 6C are
similar to the embodiment shown in FIG. 5, and therefore the
same devices are represented by the same reference numerals
and are not repeated herein. The waterproof layer 410 shown
in FIG. 6 A includes a plurality of nanoparticles 410C located
in the hydrophobic material 410A. The nanoparticles 410C of
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FIG. 6A can include silicon oxide or aluminum oxide nano-
particles, but are not limited thereto. Based on the above, the
silicon oxide or aluminum oxide nanoparticles can be formed
by, for instance, a sol-gel method, and can be formed into a
film with the hydrophobic material 410 A through curing. The
waterproof layer 410 of FIG. 6A is disposed between the
device layer 420 and the flexible substrate 110, and includes
a hydrophobic material 410A and a plurality of nanoparticles
410C, and can further strengthen the functions of waterproot-
ing, water blocking, oxygen blocking, and antifouling of the
flexible apparatus.

[0040] The flexible apparatuses of FIG. 6B and FIG. 6C are
similar to the flexible apparatus of FIG. 6A. In the embodi-
ment of FIG. 6A, the nanoparticles 410C are randomly
arranged in the hydrophobic material 410A. In the embodi-
ment of FIG. 6B, the nanoparticles 410C are arranged on one
surface away from the flexible substrate 110. In the embodi-
ment of FIG. 6C, the nanoparticles 410C are arranged on one
surface close to the flexible substrate 110. According to the
above embodiments, those skilled in the art can adjust the
arrangement of the nanoparticles 410C according to require-
ments of different flexible apparatuses to delay the paths of
water and oxygen penetrating the waterproof layer 410 and
achieve the effects of water blocking and gas blocking. More-
over, the waterproof layer 410 of each of FIGS. 6A to 6C is
disposed between the device layer 420 and the flexible sub-
strate 110, and includes a hydrophobic material 410A and
nanoparticles 410C, and can further strengthen the functions
of waterproofing, water blocking, oxygen blocking, and anti-
fouling of the flexible apparatus.

[0041] FIG. 7 is a flexible apparatus according to another
embodiment of the disclosure. The embodiment shown in
FIG. 7 is similar to the embodiment shown in FIG. 5, and
therefore the same devices are represented by the same ref-
erence numerals and are not repeated herein. The waterproof
layer 410 shown in FIG. 7 includes a hydrophobic material
410A, a water-blocking material 410B, and a plurality of
nanoparticles 410C located in the hydrophobic material
410A. The nanoparticles 410C of FIG. 7 can include silicon
oxide or aluminum oxide nanoparticles, but are not limited
thereto. Based on the above, the silicon oxide or aluminum
oxide nanoparticles can be formed by, for instance, a sol-gel
method, and can be formed into a film with the hydrophobic
material 410A through curing. The waterproof layer 410 of
FIG. 7 is disposed between the device layer 420 and the
flexible substrate 110, and includes a hydrophobic material
410A, a water-blocking material 410B, and a plurality of
nanoparticles 410C, and can further strengthen the functions
of waterproofing, water blocking, oxygen blocking, and anti-
fouling of the flexible apparatus.

[0042] FIG. 8 is a flexible apparatus according to another
embodiment of the disclosure. The embodiment shown in
FIG. 8 is similar to the embodiment shown in FIG. 7, and
therefore the same devices are represented by the same ref-
erence numerals and are not repeated herein. The cover 440
shown in FIG. 8 further includes a water-blocking material
440A, a hydrophobic material 440B, and a flexible cover
440C, and the water-blocking material 440A and the hydro-
phobic material 440B can form a stacked layer. The water-
blocking material 440A and the hydrophobic material 440B
of'the cover 440 can be the same as the hydrophobic material
120A and the water-blocking material 120C of the release
layer 120, but are not limited thereto. The cover 440 of the
present embodiment is disposed above the device layer 420
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and includes a water-blocking material 440A and a hydro-
phobic material 440B, and can further strengthen the func-
tions of waterproofing, water blocking, oxygen blocking, and
antifouling of the flexible apparatus.

[0043] FIG. 9 is a flexible apparatus according to another
embodiment of the disclosure. The embodiment shown in
FIG. 9 is similar to the embodiment shown in FIG. 8, and
therefore the same devices are represented by the same ref-
erence numerals and are not repeated herein. The cover 440
shown in FIG. 9 includes a hydrophobic material 440B, a
flexible cover 440C, and a plurality of nanoparticles 440D
located in the hydrophobic material 440B. The nanoparticles
440D of FIG. 9 can include silicon oxide or aluminum oxide
nanoparticles, but are not limited thereto. Based on the above,
the silicon oxide or aluminum oxide nanoparticles can be
formed by, for instance, a sol-gel method, and can be formed
into a film with the hydrophobic material 440B through cur-
ing. The cover 440 of FIG. 9 is disposed above the device
layer 420 and includes a hydrophobic material 440B and
nanoparticles 440D, and can further strengthen the functions
of waterproofing, water blocking, oxygen blocking, and anti-
fouling of the flexible apparatus.

[0044] FIG. 10 is a flexible apparatus according to another
embodiment of the disclosure. The embodiment shown in
FIG. 10 is similar to the embodiment shown in FIG. 8, and
therefore the same devices are represented by the same ref-
erence numerals and are not repeated herein. The cover 440
shown in FIG. 10 further includes a plurality of nanoparticles
440D located in the hydrophobic material 440B. The nano-
particles 440D of FIG. 10 can include silicon oxide or alumi-
num oxide nanoparticles, but are not limited thereto. Based on
the above, the silicon oxide or aluminum oxide nanoparticles
can be formed by, for instance, a sol-gel method, and can be
formed into a film with the hydrophobic material 440B
through curing. The cover 440 of FIG. 10 is disposed above
the device layer 420 and includes a water-blocking material
440A, a hydrophobic material 440B, and nanoparticles 440D,
and can further strengthen the functions of waterproofing,
water blocking, oxygen blocking, and antifouling of the flex-
ible apparatus.

[0045] FIG. 11 is a flexible apparatus according to another
embodiment of the disclosure. The embodiment shown in
FIG. 11 includes a flexible apparatus 900 shown in FIG. 10,
and therefore the same devices are omitted and not repeated
herein. The flexible apparatus shown in FIG. 11 further
includes at least one side cover 1010 covering at least one side
of' the flexible apparatus 900. The side cover 1010 includes a
hydrophobic material 1010A, a water-blocking material
1010B, and a flexible cover 1010C, and the hydrophobic
material 1010A and the water-blocking material 101B form a
stacked layer. The side cover 1010 is adhered to the flexible
apparatus 900 through an adhesive layer 1020. The hydro-
phobic material 1010A and the water-blocking material
1010B of the side cover 1010 can be the same as the hydro-
phobic material 120A and the water-blocking material 120C
of' the release layer 120, but are not limited thereto. The side
cover 1010 of FIG. 11 is disposed on at least one side of the
flexible apparatus 900 and includes a hydrophobic material
1010A and a water-blocking material 1010B, and can further
strengthen the functions of waterproofing, water blocking,
oxygen blocking, and antifouling of the flexible apparatus.
[0046] FIG. 12 is a flexible apparatus according to another
embodiment of the disclosure. The embodiment shown in
FIG. 12 is similar to the embodiment shown in FIG. 11, and
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therefore the same devices are represented by the same ref-
erence numerals and are not repeated herein. The side cover
1010 shown in FIG. 12 includes a hydrophobic material
1010A, a flexible cover 1010C, and a plurality of nanopar-
ticles 1010D located in the hydrophobic material 1010A. The
nanoparticles 1010D of FIG. 12 can include silicon oxide or
aluminum oxide nanoparticles, but are not limited thereto.
Based on the above, the silicon oxide or aluminum oxide
nanoparticles can be formed by, for instance, a sol-gel
method, and can be formed into a film with the hydrophobic
material 1010A through curing. The side cover 1010 of FIG.
12 is disposed on at least one side of the flexible apparatus 900
and includes a hydrophobic material 1010A and nanopar-
ticles 1010D, and can further strengthen the functions of
waterproofing, water blocking, oxygen blocking, and anti-
fouling of the flexible apparatus.

[0047] FIG. 13 is a flexible apparatus according to another
embodiment of the disclosure. The embodiment shown in
FIG. 13 is similar to the embodiment shown in FIG. 11, and
therefore the same devices are represented by the same ref-
erence numerals and are not repeated herein. The side cover
1010 shown in FIG. 13 includes a hydrophobic material
1010A, a water-blocking material 1010B, a flexible cover
1010C, and a plurality of nanoparticles 1010D located in the
hydrophobic material 101 OA. The nanoparticles 101 OD of
FIG. 13 can include silicon oxide or aluminum oxide nano-
particles, but are not limited thereto. Based on the above, the
silicon oxide or aluminum oxide nanoparticles can be formed
by, for instance, a sol-gel method, and can be formed into a
film with the hydrophobic material 101 OA through curing.
The side cover 1010 of FIG. 13 is disposed on at least one side
of the flexible apparatus 900 and includes a hydrophobic
material 1010A, a water-blocking material 1010B, and nano-
particles 1010D, and can further strengthen the functions of
waterproofing, water blocking, oxygen blocking, and anti-
fouling of the flexible apparatus.

[0048] FIG. 14 is a flexible apparatus according to another
embodiment of the disclosure. The embodiment shown in
FIG. 14 is similar to the embodiment shown in FIG. 10, and
therefore the same devices are represented by the same ref-
erence numerals and are not repeated herein. The flexible
apparatus shown in FIG. 14 further includes a waterproof thin
film 510, and the waterproof thin film 510 completely covers,
for instance, the outside of the flexible apparatus 900 of FIG.
10. The waterproof thin film 510 can include a hydrophobic
material 51 OA, and the hydrophobic material 51 OA can be
the same as the hydrophobic material 120A of the release
layer 120, but is not limited thereto. In the present embodi-
ment, the flexible apparatus 900 shown in, for instance, FI1G.
10, is dipped in a solution of the hydrophobic material 510A
such that the hydrophobic material 510A can completely
cover the flexible apparatus 900 after film forming and form
the flexible apparatus shown in, for instance, FIG. 14. The
waterproof thin film 510 of FIG. 14 completely covers the
outside of the flexible apparatus, and can further strengthen
the functions of waterproofing and antifouling of the flexible
apparatus.

[0049] FIG. 15 is a flexible apparatus according to another
embodiment of the disclosure. The embodiment shown in
FIG. 15 is similar to the embodiment shown in FIG. 14, and
therefore the same devices are represented by the same ref-
erence numerals and are not repeated herein. The waterproof
thin film 510 shown in FIG. 15 includes a hydrophobic mate-
rial 510A and a plurality of nanoparticles 510B. The nano-
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particles 510B of FIG. 15 can include silicon oxide or alumi-
num oxide nanoparticles, but are not limited thereto. Based on
the above, the silicon oxide or aluminum oxide nanoparticles
can be formed by, for instance, a sol-gel method. In the
present embodiment, the flexible apparatus 900 shown in, for
instance, FIG. 10, is dipped in a solution of the hydrophobic
material 510A and the nanoparticles 510B such that the
hydrophobic material 510A and the nanoparticles 510B can
completely cover the flexible apparatus 900 after film form-
ing and form the flexible apparatus shown in, for instance,
FIG. 15. The waterproof thin film 510 of FIG. 15 completely
covers the outside of the flexible apparatus, and can further
strengthen the functions of waterproofing, water blocking,
oxygen blocking, and antifouling of the flexible apparatus.
[0050] A composite plate structure in an embodiment of the
disclosure may have a release layer, and the release layer is
bonded to a flexible substrate through a bonding material.
When the flexible substrate is peeled from the carrier plate,
the release layer and the flexible substrate are separated from
the carrier plate together. The release layer may include one of
a hydrophobic material, a water-blocking material, and a
plurality of nanoparticles or a combination thereof, and may
provide the functions of waterproofing, water blocking, oxy-
gen blocking, and antifouling to the composite plate struc-
ture.

[0051] In the flexible apparatus including the composite
plate structure, the release layer is disposed on the lower
surface of the flexible substrate, and may delay the penetra-
tion of water vapor to the device layer, thus extending the
service lifetime of the electronic device. A flexible apparatus
of' an embodiment of the disclosure may further include one
of'a waterproof layer, a cover, a side cover, and a waterproof
thin film or a combination thereof. The waterproof layer, the
cover, the side cover, or the waterproof thin film may option-
ally include a hydrophobic material, a water-blocking mate-
rial, and/or a plurality of nanoparticles. Therefore, the func-
tions of waterproofing, water blocking, oxygen blocking, and
antifouling of the flexible apparatus may be further strength-
ened. Those having ordinary skill in the art should understand
that, the flexible apparatus of the embodiments of the disclo-
sure may arbitrarily adopt one of a hydrophobic material, a
water-blocking material, and a plurality of nanoparticles or a
combination thereof in a release layer, a waterproof layer, a
cover, a side cover, or a waterproof thin film, or adjust the
arrangement of the nanoparticles in the belonging layer to
achieve a flexible apparatus having the desired efficacy.
[0052] It will be clear that various modifications and varia-
tions can be made to the structure of the disclosed embodi-
ments without departing from the scope or spirit of the dis-
closure. In view of the foregoing, it is intended that the
disclosure cover modifications and variations of this disclo-
sure provided they fall within the scope of the following
claims and their equivalents.

1. A composite plate structure, comprising:

a flexible substrate, wherein the flexible substrate has an
upper surface and a lower surface;

a release layer disposed on a lower surface of the flexible
substrate, wherein a material of the release layer com-
prises:

a hydrophobic material, wherein the hydrophobic mate-
rial comprises at least one fluorine atom; and

abonding material, wherein the bonding material at least
comprises an amide functional group or an epoxy
functional group, and the bonding material is bonded
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to the flexible substrate through the amide functional
group or the epoxy functional group.

2. (canceled)

3. The composite plate structure of claim 1, wherein the
hydrophobic material comprises at least one of formula 1 to
formula 2 below:

(formula 1)
F F F
F
F. F
F F F
F ¢} F F
(formula 2)
F
N=" H,
N—C —Si F.
P |
N CH;

4. The composite plate structure of claim 1, wherein the
bonding material comprises one of formula 3 to formula 12
below:

(formula 3)
mc CHs H3C\ CHy
H;C—Si Ti—CH3
H3C\Si N\C/N\Si/CH3
e © ~
H;e” | | | ~cHs
CH; N CH;
H3C//Sl SI\\CH3
(formula 4)
(formula 5)
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-continued
(formula 6)
e}
HO—S=0
N
ll
N NH,
(formula 7)
0 THs
%o— (HZC)3—7i—OCH3
OCH;
(formula 8)
OCH3
(H,C),—Si—OCH;
O OCH;
(formula 9)
OC,H;

(H>C),—Si—0C,H;

O OC,H;
(formula 10)
0 (|)CH3
A/O — (HC)3— Ti —OCH;
OCH;
(formula 11)
0 (|)C2H5
A/O — (IL,0);— Ti —0C,Hs
OC,H;
(formula 12)
0 ?Hz
A/O —(H,C);— Ti —OGC,Hs.
0OC,H;s

5. (canceled)

6. The composite plate structure of claim 1, wherein the
release layer further comprises a plurality of nanoparticles,
and the nanoparticles comprise silicon oxide or aluminum
oxide.

7. The composite plate structure of claim 1, wherein the
release layer further comprises a water-blocking material,
and the water-blocking material and the hydrophobic mate-
rial form a stacked layer.

8. The composite plate structure of claim 1, further com-
prising a carrier plate, and the release layer is disposed
between the flexible substrate and the carrier plate.

9. A flexible apparatus, comprising:

a flexible substrate, wherein the flexible substrate has an
upper surface and a lower surface;

a device layer disposed on an upper surface of the flexible
substrate;
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a release layer disposed on a lower surface of the flexible
substrate, wherein a material of the release layer com-
prises:

a hydrophobic material, wherein the hydrophobic mate-
rial comprises at least one fluorine atom; and

abonding material, wherein the bonding material at least
comprises an amide functional group or an epoxy
functional group, and the bonding material is bonded
to the flexible substrate through the amide functional
group or the epoxy functional group.

10. (canceled)

11. The flexible apparatus of claim 9, wherein the hydro-
phobic material comprises one of formula 1 to formula 2
below:

(formula 1)
F F F
F
F. F
F F F
F ¢} F F
(formula 2)
F
N= 20y
|\ N—C —Si F
>~ |
N CH;

12. The flexible apparatus of claim 9, wherein the bonding
material comprises at least one of formula 3 to formula 12
below:

(formula 3)
CH; H3C
H;C 3 H3 CH;
H3C—Ti Si—CH;
H3C\SI/N\C /N\SI/CHg
b © ~
H;C” | | | ~cH;
CH; N CH;
H3C//Sl SI\CH3
(formula 4)
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-continued
(formula 5)
HO.
N
NH |
(formula 6)
I
HO—S=0
I|\|I
N NH,
(formula 7)
0 THz
A/O — (H,C)3— 7i —OCH;
OCH;
(formula 8)
(|)CH3
& I
O OCH;
(formula 9)
(|)C2H5
L)
O 0C,Hs
(formula 10)
o) (l)CHs
%o — (L,C)— Ti —0OCH;
OCH;
(formula 11)
0 (l)Csz
A/O —(H,C);— Ti —OC,H;s
OC,H;
(formula 12)
0 THz
A/O — (HC)— Ti —OGC,Hs.
0OC,H;s

13. (canceled)

14. The flexible apparatus of claim 9, wherein the release
layer further comprises a plurality of nanoparticles, and the
nanoparticles comprise silicon oxide or aluminum oxide.

15. The flexible apparatus of claim 9, further comprising a
waterproof layer located between the flexible substrate and
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the device layer, wherein the waterproof layer comprises a
hydrophobic material and a water-blocking material, and the
hydrophobic material and the water-blocking material form a
stacked layer.

16. The flexible apparatus of claim 9, further comprising a
waterproof layer located between the flexible substrate and
the device layer, wherein the waterproof layer comprises a
hydrophobic material and a plurality of nanoparticles, and the
nanoparticles are located in the hydrophobic material.

17. The flexible apparatus of claim 9, further comprising a
waterproof layer located between the flexible substrate and
the device layer, wherein the waterproof layer comprises a
hydrophobic material, a water-blocking material, and a plu-
rality of nanoparticles, the hydrophobic material and the
water-blocking material form a stacked layer, and the nano-
particles are located in the hydrophobic material.

18. The flexible apparatus of claim 9, further comprising a
cover disposed above the device layer, wherein the cover
comprises a hydrophobic material and a water-blocking
material, and the hydrophobic material and the water-block-
ing material form a stacked layer.

19. The flexible apparatus of claim 9, further comprising a
cover disposed above the device layer, wherein the cover
comprises a hydrophobic material and a plurality of nanopar-
ticles, and the nanoparticles are located in the hydrophobic
material.

20. The flexible apparatus of claim 9, further comprising a
cover disposed above the device layer, wherein the cover
comprises a hydrophobic material, a water-blocking material,
and a plurality of nanoparticles, the hydrophobic material and
the water-blocking material form a stacked layer, and the
nanoparticles are located in the hydrophobic material.

21. The flexible apparatus of claim 9, further comprising at
least one side cover covering at least one side of the flexible
apparatus, wherein the at least one side cover comprises a
hydrophobic material and a water-blocking material, and the
hydrophobic material and the water-blocking material form a
stacked layer.

22. The flexible apparatus of claim 9, further comprising at
least one side cover covering at least one side of the flexible
apparatus, wherein the at least one side cover comprises a
hydrophobic material and a plurality of nanoparticles, and the
nanoparticles are located in the hydrophobic material.

23. The flexible apparatus of claim 9, further comprising at
least one side cover covering at least one side of the flexible
apparatus, wherein the at least one side cover comprises a
hydrophobic material, a water-blocking material, and a plu-
rality of nanoparticles, the hydrophobic material and the
water-blocking material form a stacked layer, and the nano-
particles are located in the hydrophobic material.

24. The flexible apparatus of claim 9, further comprising a
waterproof thin film, wherein the waterproof thin film covers
an outside of the flexible apparatus, and the waterproof thin
film comprises a hydrophobic material and a plurality of
nanoparticles.



