(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(10) International Publication Number

(43) International Publication Date WO 2024/253987 Al
12 December 2024 (12.12.2024) WIRPOIPCT
(51) International Patent Classification: CA,CH, CL,CN, CO, CR, CU, CV, CZ,DE, DJ, DK, DM,
CO3B 40/00 (2006.01) C09.J 123/00 (2006.01) DO, DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT,
B32B 17/10 (2006.01) C09.J 183/04 (2006.01) HON, HR, HU, ID, IL, IN, IQ, IR, IS, IT, IM, JO, JP, KE,

B32B 7/12 (2006.01)

(21) International Application Number:
PCT/US2024/032195

(22) International Filing Date:
03 June 2024 (03.06.2024)

KG, KH, KN, KP, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC. SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM. TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA, ZM, ZW.

(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
L . . kind of regional protection available): ARIPO (BW, CV,

(26) Publication Language: English GH, GM,KE, LR, LS, MW, MZ, NA, RW, SC, SD, SL, ST,
(30) Priority Data: SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
10-2023-0073083 07 June 2023 (07.06.2023) KR RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,

(71) Applicant: CORNING INCORPORATED [US/US]; 1
Riverfront Plaza, Corning, New York 14831 (US).

(72) Inventor: LEE, Goo Soo; 13-36, Baekjegobun-ro 20-gil,
401-ho, Songpa-gu, Seoul 05578 (KR).

(74) Agent: BROOKINS, Irene L.; Corning Incorporated, In-
tellectual Property Department, SP-TI-03-1, Corning, New
York 14831 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SL, SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: GLASS ROLL

FIG. 2

I_L

20_B

20 50

wo 20247253987 A1 |0 0000 KOO0 00000 0
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the carrier film includes an adhesive face in contact with the glass ribbon and a non-adhesive face opposite the adhesive face, and

wherein the carrier film includes a peel adhesion of less than or equal to 2.9 gf/inz.
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GLASS ROLL

BACKGROUND

1. Cross-Reference To Related Applications
[0001] This application claims the benefit of priority under 35 U.S.C. § 119 of Korean
Patent Application Serial No. 10-2023-073083 filed on June 7, 2023, the content of
which is relied upon and incorporated herein by reference in its entirety.

2. Field
[0002] The disclosure relates to a glass roll. More particularly, the disclosure relates to
a glass roll including a glass ribbon wound on a winding core and a carrier film.

3. Description of the Related Art
[0003] Glass may be processed to a thin thickness and suitable for a roll-to-roll process.
Glass that is suitable for a roll-to-roll process may have appropriate optical sharpness,
surface quality, bendability, flexibility, and excellent thermodynamic stability. Glass
with such flexibility may be employed in various applications, such as photovoltaic
cells, flexible displays, and wearable electronic devices. In particular, various attempts
have been proposed to integrate components of electronic devices on a glass surface
using the roll-to-roll process of glass. As the roll-to-roll process is integrated into thin
film coating processes, such as a coating process, a print process, and a deposition
process of a metal layer, a semiconductor layer, a transparent electrode layer, an
inorganic material layer, an organic material layer, or the like, manufacturing yield may
be improved. On the other hand, the coating process of a metal layer, a semiconductor
layer, a transparent electrode layer, an inorganic material layer, or an organic material
layer for some applications is performed under vacuum at a relatively high temperature,
and thus, it is necessary to develop a carrier film that has excellent compatibility with

this process and can prevent damage to the glass during the roll-to-roll process.

SUMMARY

[0004] Provided is a glass roll that may prevent damage to glass and facilitates
transportation of glass in a high temperature process and a roll-to-roll process.
[0005] According to an aspect of the disclosure, a glass roll includes a winding core

having a central axis, a carrier film wound on the winding core about the central axis,
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and a glass ribbon wound on the carrier film about the central axis and attached onto
the carrier film, wherein the carrier film may include an adhesive face in contact with
the glass ribbon and a non-adhesive face opposite the adhesive face, and wherein the

carrier film may include a peel adhesion of less than or equal to 2.9 gf/in2.

[0006] In some embodiments, the carrier film may have a modulus of 250 MPa to 15
GPa.

[0007] In some embodiments, the glass ribbon may have a thickness of 10
micrometers to 100 micrometers, and the carrier film may have a thickness of 10
micrometers to 200 micrometers.

[0008] In some embodiments, the carrier film may have a roughness of less than or
equal to about 30 nm.

[0009] In some embodiments, the carrier film may have a peel adhesion of less than

or equal to 1.1 gf/in2.

[0010] In some embodiments, the carrier film may include a base film including a first
surface and a second surface, and an adhesive layer attached onto the first surface
of the base film, and wherein a face of the adhesive layer defines the adhesive face
of the carrier film.

[0011] In some embodiments, the carrier film may further include a non-adhesive layer
attached on the second surface of the base film, and the surface of the non-adhesive
layer may define the non-adhesive face of the carrier film.

[0012] In some embodiments, the second surface of the base film defines the non-
adhesive face of the carrier film.

[0013] In some embodiments, the base film may include at least one of polypropylene
and polyethylene, and the adhesive layer may include at least one of polyolefin
plastomers, alpha olefin copolymers, silicone resins, and photoreactive adhesive
materials.

[0014] In some embodiments, the non-adhesive face of the carrier film may have no
adhesion to a portion of the glass ribbon that is arranged adjacent to the non-adhesive
face to be in contact with the non-adhesive face, and when stored for more than 5

days at a temperature of 20°C under a load of 1.97 gf/mm?2 in a state of the non-

adhesive face of the carrier film contacting the portion of the glass ribbon, any

component of the carrier film may not be transferred onto a surface of the glass ribbon.
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[0015] In some embodiments, the adhesive face of the carrier film may have a peel
adhesion of less than or equal to 2.9 gf/in? at a temperature of 20°C to 170°C.

[0016] According to another aspect of the disclosure, a glass roll including a winding
core having a central axis, a carrier film wound on the winding core about the central
axis, and a glass ribbon wound on the carrier film about the central axis and attached
onto the carrier film, wherein the carrier film may include a base film including a first
surface and a second surface opposite the first surface, an adhesive layer attached
on the first surface of the base film, wherein the carrier film may include an adhesive
face and a non-adhesive face opposite the adhesive face, the second surface of the
base film forms the non-adhesive face, and the carrier film is attached to the glass
ribbon such that the adhesive layer is in contact with the glass ribbon, and wherein the

carrier film may include a peel adhesion of less than or equal to 2.9 gf/in2.

[0017] In some embodiments, the carrier film may have a modulus of 250 MPa to 15
GPa, and the glass ribbon may have the thickness of 10 micrometers to 100
micrometers.

[0018] In some embodiments, the carrier film may have a roughness of less than or
equal to 30 nm.

[0019] In some embodiments, the carrier film may have a peel adhesion of less than

or equal to 1.1 gf/in2.

[0020] According to another aspect of the disclosure, a glass roll including a winding
core having a central axis, a carrier film wound on the winding core about the central
axis, and a glass ribbon wound on the carrier film about the central axis and attached
onto the carrier film, wherein the carrier film may include an adhesive face and a non-
adhesive face opposite the adhesive face, and wherein the carrier film may include a

peel adhesion of less than or equal to 2.9 gf/in? and a modulus ranging from 250 MPa

to 15 GPa.

[0021] In some embodiments, the base film may include at least one of polypropylene
and polyethylene, and the adhesive layer may include at least one of polyolefin
plastomers, alpha olefin copolymers, silicone resins, and photoreactive adhesive
materials.

[0022] In some embodiments, the non-adhesive face of the carrier film may have no
adhesion to a portion of the glass ribbon that is arranged adjacent to the non-adhesive

face to be in contact with the non-adhesive face, and when stored for more than 5
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days at a temperature of 20°C under a load of 1.97 gf/mm? in a state of the non-

adhesive face of the carrier film contacting the portion of the glass ribbon, any
component of the carrier film may not be transferred onto a surface of the glass ribbon.
[0023] In some embodiments, the adhesive face of the carrier film may have a peel

adhesion of less than or equal to 2.9 gf/in? at a temperature of 20°C to 170°C.

[0024] In some embodiments, the glass roll may further include a leader film arranged
at a front side of the glass ribbon and attached on the adhesive face of the carrier film,
one end of the leader film being attached on the winding core and overlapping a portion
of the carrier film in a state to be unwound in a planar shape, and a trailer film arranged

at a rear side of the glass ribbon, and attached on the adhesive face of the carrier film.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] These and/or other aspects will become apparent and more readily appreciated
from the following description of the embodiments, taken in conjunction with the
accompanying drawings in which:

[0026] FIG. 1 is a schematic view of a glass roll according to some embodiments;
[0027] FIG. 2 is a cross-sectional view of the glass roll of FIG. 1 in an unwound state;
[0028] FIG. 3 is an enlarged view of a region A of FIG. 1 showing a glass roll in a
winding state;

[0029] FIG. 4 is an enlarged view of a region B of FIG. 2;

[0030] FIG. 5 is a cross-sectional view of a portion of a glass roll according to some
embodiments;

[0031] FIG. 6 is a schematic view of a roll-to-roll manufacturing apparatus by using the
glass roll according to some embodiments; and

[0032] FIG. 7 is a schematic view of an aging test method by using the glass roll

according to some embodiments.

DETAILED DESCRIPTION

[0033] Reference will now be made in detail to embodiments, examples of which are

illustrated in the accompanying drawings, wherein like reference numerals refer to like

elements throughout. In this regard, the present embodiments may have different
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forms and should not be construed as being limited to the descriptions set forth herein.
Accordingly, the embodiments are merely described below, by referring to the figures,
to explain aspects of the present description. As used herein, the term "and/or"
includes any and all combinations of one or more of the associated listed items.
Expressions such as "at least one of," when preceding a list of elements, modify the
entire list of elements and do not modify the individual elements of the list.

[0034] Embodiments of the disclosure will be described below in detail with reference
to the accompanying drawings. The disclosure may, however, be embodied in many
different forms and should not be construed as being limited to the embodiments set
forth herein; rather, these embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the concept of the disclosure to those of
ordinary sKkill in the art. Throughout the drawings, like reference numerals denote like
elements. Furthermore, various components and regions in the drawings are
schematically illustrated. Accordingly, the present invention is not limited by the
relative size or distance drawn in the accompanying drawings.

[0035] FIG. 1 is a schematic view of a glass roll 1 according to some embodiments.
FIG. 2 is a cross-sectional view of the glass roll 1 of FIG. 1 in an unwound state. FIG.
3 is an enlarged view of a region A of FIG. 1 showing the glass roll 1 in a winding state.
[0036] Referring to FIGS. 1 to 3, the glass roll 1 may include a winding core 10 and a
stack body of a carrier film 20 and a glass ribbon 30 wound on the winding core 10.
[0037] The winding core 10 may have an outer surface 10s having a cylinder shape,
and the stack body of the carrier film 20 and the glass ribbon 30 may be wound on the
outer surface 10s of the winding core 10. The stack body of the carrier film 20 and the
glass ribbon 30, which is wound around the winding core 10, may be configured to be
continuously unwound from the winding core 10 through a roll-to-roll process, for
example, in a release direction DX. The winding core 10 may have an empty or a
hollow cylindrical shape, or in other embodiments, the winding core 10 may be a filled
or a solid cylindrical shape. In some embodiments, the diameter of the winding core
10 may be about 6 inches or more, but the disclosure is not limited thereto.

[0038] The carrier film 20 may include an adhesive face 20_A and a non-adhesive face
20_B, and the glass ribbon 30 may be attached on the adhesive face 20_A of the
carrier film 20. The carrier film 20 may be attached on the glass ribbon 30 over the

entire area of the glass ribbon 30.
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[0039] When the glass ribbon 30 is unwound from the winding core 10 in a roll-to-roll
process and a device manufacturing process such as a deposition process, a coating
process, a cleaning process, and the like, is applied to a surface of the glass ribbon
30, the carrier film 20 may be used as a carrier for supporting the glass ribbon 30.
Furthermore, when the glass ribbon 30 is transferred or transported by being wound
in the form of a glass roll, the carrier film 20 may function as a buffer material for
preventing the telescoping phenomenon of the glass ribbon 30. The telescoping
phenomenon refers to that a portion of a glass roll (for example, the winding core 10
and an inner portion of the glass roll 1 wound close to the winding core 10) slides in a
lateral direction along a central axis AX so that the winding core 10 and a portion of
the glass ribbon 30 expand from the glass roll 1 in the lateral direction.

[0040] In some embodiments, the carrier film 20 may have a peel adhesion of less than

or equal to 2.9 gf/in? or less. For example, the carrier film 20 may have a peel adhesion
of less than or equal to 2.9 gf/in> or less, a peel adhesion of less than or equal to 2.7
gf/in?, a peel adhesion of less than or equal to 2.5 gf/in?, a peel adhesion of less than
or equal to 2.3 gf/in2, a peel adhesion of less than or equal to 2.1 gf/in?, a peel adhesion
of less than or equal to 1.9 gf/in2, a peel adhesion of less than or equal to 1.7 gf/in?, a
peel adhesion of less than or equal to 1.5 gf/in?, a peel adhesion of less than or equal
to 1.3 gffin?, a peel adhesion of less than or equal to 1.1 gf/in?, or a peel adhesion of
less than or equal to 1.0 gf/in>. In some specific embodiments, the carrier film 20 may
have a peel adhesion of less than or equal to 1.1 gf/in2.

[0041] In some embodiments, the carrier film 20 may have a peel adhesion of less than
or equal to 2.9 gf/in? or less at a temperature of 20°C to 170°C. For example, the carrier

film 20 may include a material having excellent thermal stability, and have, for example,
a peel adhesion of less than or equal to 2.9 gf/in? or less under a temperature range
of 20°C to 170°C. Accordingly, even when a device manufacturing process performed
at a relatively high temperature is applied to the stack body of the carrier film 20 and
the glass ribbon 30, for example, the carrier film 20 is exposed to a high temperature
for several minutes to several days, the carrier film 20 may have a stable peel adhesion

characteristic.
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[0042] When the carrier film 20 has a peel adhesion of greater than 2.9 ¢f/in> after

exposed to a high temperature, for example, after a device manufacturing process,
such as a vacuum-based deposition or coating process and a cleaning process, is
applied to the glass ribbon 30, in a process of removing the carrier film 20 from the
glass ribbon 30, the carrier film 20 may not be easily separated or removed from the
glass ribbon 30. In this case, there may be an adverse effect on the electrical or optical
performance of devices manufactured on the glass ribbon 30.

[0043] In some embodiments, the carrier film 20 may have a peel adhesion of greater

than 0.0 gf/in?, for example, a peel adhesion of greater than 0.1 gf/in?, a peel adhesion
of greater than 0.3 gf/in?, a peel adhesion of greater than 0.5 gf/in2, or a peel adhesion
of greater than 0.7 gf/in>. For example, when the carrier film 20 has no peel adhesion,

and a device manufacturing process, such as a vacuum-based deposition or coating
process and a cleaning process is applied to the glass ribbon 30, it may be difficult to
stably support the glass ribbon 30 on the carrier film 20.

[0044] In some embodiments, the carrier film 20 may have a modulus of 250 MPa to
15 GPa. In some embodiments, the carrier film 20 may have a modulus of 250 MPa
to 1 GPa. In some embodiments, the carrier film 20 may have a modulus of 1 GPa to
15 GPa. In some embodiments, the carrier film 20 may have a modulus in any one
range of 250 MPa to 2 GPa, 250 MPa to 5 GPa, 250 MPa to 10 GPa, 350 MPa to 1
GPa, 350 MPato 2 GPa, 350 MPa to 5 GPa, 350 MPa to 10 GPa, 350 MPa to 15 GPa,
500 MPa to 1 GPa, 500 MPa to 2 GPa, 500 MPa to 5 GPa, 500 MPa to 10 GPa, 500
MPa to 15 GPa, 1 GPato 2 GPa, 1 GPato 3 GPa, 1 GPato 5 GPa, 1 GPa to 10 GPa,
2 GPato 5 GPa, 2 GPato 10 GPa, 2 GPato 15 GPa, 3 GPato 5 GPa, 3 GPato 10
GPa, and 3 GPa to 15 GPa.

[0045] In some embodiments, as the carrier film 20 has a modulus of 250 MPa to 15
GPa, when a mechanical shock or vacuum is applied to the stack body of the carrier
film 20 and the glass ribbon 30 that is being transferred or transported by being wound
on the winding core 10, the carrier film 20 provides a buffering force to the glass ribbon
30 so that the telescoping phenomenon may be prevented or reduced.

[0046] In some embodiments, the carrier film 20 may have a roughness of less than or
equal to 30 nm. For example, the carrier film 20 may have a roughness of less than or
equal to 30 nm, less than or equal to 25 nm, less than or equal to 20 nm, less than or

equal to 15 nm, less than or equal to 10 nm, less than or equal to 5 nm, or less than
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or equal to 3 nm. As the carrier film 20 has a roughness of less than or equal to 30 nm,
the glass ribbon 30 may be attached on the carrier film 20 forming a stable interface,
and the surface morphology of the carrier film 20 may prevent local stress from being
applied to the glass ribbon 30.

[0047] In some embodiments, the carrier film 20 may have a thickness of 10 to 200
micrometers. When the thickness of the carrier film 20 is less than 10 micrometers, it
may be difficult to provide sufficient stiffness to support the glass ribbon 30 in the roll-
to-roll process and/or in a device manufacturing process performed at a relatively high
temperature. When the thickness of the carrier film 20 is greater than 200 micrometers,
the volume occupied by the carrier film 20 in the glass roll 1 increases so that the
length of the glass ribbon 30 may be reduced. Accordingly, when the thickness of the
carrier film 20 is in a range of 10 to 200 micrometers, sufficient stiffness to support the
glass ribbon 30 may be provided, and simultaneously, the glass ribbon 30 having a
relatively long length may be accommodated in the glass roll 1.

[0048] The glass ribbon 30 may be attached on the adhesive face 20_A of the carrier
film 20. The glass ribbon 30 may include, for example, silicate glass, borosilicate glass,
aluminosilicate glass, boroaluminosilicate glass, or a combination thereof, each of
which may or may not include an alkali element(s). The glass ribbon 30 may be, for
example, Willow® glass, which is obtainable from Corning Incorporated.

[0049] In some embodiments, the thickness of the glass ribbon 30 may be a range of
about 10 to 100 micrometers. In some embodiments, the thickness of the glass ribbon
30 may have a range of about 10 to 40 micrometers, about 10 to 50 micrometers,
about 10 to 60 micrometers, about 10 to 80 micrometers, about 20 to 40 micrometers,
about 20 to 50 micrometers, about 20 to 60 micrometers, about 30 to 50 micrometers,
about 30 to 60 micrometers, about 30 to 80 micrometers, about 40 to 60 micrometers,
about 40 to 80 micrometers, about 50 to 80 micrometers, about 50 to 100 micrometers,
about 60 to 80 micrometers, or about 60 to 100 micrometers.

[0050] In some embodiments, when the thickness of the glass ribbon 30 is less than
10 micrometers, handling the glass ribbon 30 may be difficult in the roll-to-roll process
and/or the device manufacturing process performed at a relatively high temperature
the glass ribbon 30, and when the thickness of the glass ribbon 30 is greater than 100
micrometers, it may be difficult to wind the glass ribbon 30 on the winding core 10.
[0051] In some embodiments, the glass ribbon 30, when unwound in the release

direction DX, may have a length of 10 to 200 meters. An appropriate value may be
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selected as the length of the glass ribbon 30 by reflecting the manufacturing process
applied to the glass ribbon 30. In some embodiments, the thickness of the glass ribbon
30 may be greater than the thickness of the carrier film 20, and the stack body of the
carrier film 20 and the glass ribbon 30 may be wound on the winding core 10 by a
relatively large length.

[0052] The stack body of the carrier film 20 and the glass ribbon 30 may be stored or
transferred by being wound on the outer surface 10s of the winding core 10, that is, in
the form of the glass roll 1. As illustrated in FIG. 3, while the glass roll 1 is in a winding
state, a portion of the glass ribbon 30 is attached on the adhesive face 20_A of the
carrier film 20 forming a stack ST of the carrier film 20 and the glass ribbon 30, and
the non-adhesive face 20_B of the carrier film 20 may be arranged in contact with a
portion P1 of the glass ribbon 30 adjacent thereto. Even when the non-adhesive face
20_B of the carrier film 20 contacts the portion P1 of the glass ribbon 30 adjacent
thereto, the non-adhesive face 20_B of the carrier film 20 may not adhere to the portion
P1 of the glass ribbon 30.

[0053] For example, when the non-adhesive face 20_B of the carrier film 20 and the
portion P1 of the glass ribbon 30 are brought in contact with each other and stored

under a load of 1.97 gf/mm? at a temperature of 20°C for more than 5 days, the non-

adhesive face 20_B of the carrier film 20 may not be attached on the portion P1 of the
glass ribbon 30. When the glass roll 1 is in a winding state or when the non-adhesive

face 20_B of the carrier film 20 and the portion P1 of the glass ribbon 30 are brought

in contact with each other and stored under a load of 1.97 gf/mm? at a temperature of
20°C for more than 5 days, by separating the non-adhesive face 20_B of the carrier

film 20 from the portion P1 of the glass ribbon 30, and observing a surface of the
portion P1 of the glass ribbon 30 with the naked eye or analyzing the composition of
an organic material, it may be confirmed that a portion of the carrier film 20 is not left.
[0054] A leader film 40 may be attached to a first end of the stack body of the carrier
film 20 and the glass ribbon 30, and a trailer film 50 may be attached to a second end
of the stack body of the carrier film 20 and the glass ribbon 30. The leader film 40 and
the trailer film 50 may be attached on the adhesive face 20_A of the carrier film 20.
For example, the leader film 40 may be closely attached to a front end 30_F of the
glass ribbon 30, and the trailer film 50 may be closely attached to a rear end 30_R of

the glass ribbon 30. The stack body of the carrier film 20 and the glass ribbon 30 may
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be connected to the winding core 10 through the trailer film 50, and arranged to be
wound on the outer surface 10s of the winding core 10.

[0055] The rear end 30_R of the glass ribbon 30 may refer to an end of the glass ribbon
30 disposed adjacent to the winding core 10, and the front end 30_F of the glass ribbon
30 may refer to an end of the glass ribbon 30 disposed far from the winding core 10.
For example, when the stack body of the carrier film 20 and the glass ribbon 30 is
unwound from the glass roll 1, the front end 30_F of the glass ribbon 30 may be first
unwound in a planar shape and then the rear end 30_R of the glass ribbon 30 may be
finally unwound in a planar shape. The trailer film 50 may prevent the glass ribbon 30
from being damage in a process in which the stack body of the carrier film 20 and the
glass ribbon 30 is wound on the winding core 10, and the leader film 40 may prevent
the glass ribbon 30 from being damaged in a process in which the stack body of the
carrier film 20 and the glass ribbon 30 is unwound from a state of the glass roll 1.
[0056] In some embodiments, the leader film 40 and the trailer film 50 may include
polyethylene (PE), polypropylene (PP), polyethylene terephthalate (PET), or a
combination thereof.

[0057] In some embodiments, the leader film 40 may be omitted, and an end of the
carrier film 20 (for example, an end of the adhesive face 20_A of the carrier film 20)
may be attached directly on the outer surface 10s of the winding core 10. In this case,
as the front end 30_F of the glass ribbon 30 and the end of the carrier film 20 are
arranged apart from each other by a relatively large distance, the glass ribbon 30 may
not be in direct contact with the outer surface 10s of the winding core 10.

[0058] FIG. 4 is an enlarged view of a region B of FIG. 2.

[0059] Referring to FIG. 4, the carrier film 20 may have a double layer structure. In
some embodiments, the carrier film 20 may include a base film 22 and an adhesive
layer 24 attached on a first surface of the base film 22. A surface of the adhesive layer
24, for example, a surface opposite to the surface of the adhesive layer 24 contacting
the first surface of the base film 22 may form the adhesive face 20_A of the carrier film
20.

[0060] In some embodiments, the base film 22 may include at least one of
polypropylene and polyethylene. In some embodiments, the base film 22 may include
atactic polypropylene. The first surface and the second surface of the base film 22
may be non-adhesive, and the second surface of the base film 22 may form the non-

adhesive face 20_B of the carrier film 20.

10
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[0061] In some embodiments, the adhesive layer 24 may include at least one of
polyolefin plastomers, alpha olefin copolymers, silicone resins, and photoreactive
adhesive materials. In some embodiments, the adhesive layer 24 may be formed on
the first surface of the base film 22 uniformly and to a relatively thin thickness. For
example, the thickness of the adhesive layer 24 may correspond to 10% to 50% of the
thickness of the carrier film 20.

[0062] The adhesive layer 24 may form a stable interface over the entire area of the
base film 22, and cover the first surface of the base film 22. Accordingly, appearance
defects, such as air bubbles, bubbles, wrinkles, or bumps, may not be provided
between the adhesive layer 24 and the first surface of the base film 22.

[0063] In some embodiments, the base film 22, with the adhesive layer 24, may provide
a modulus or roughness required for the carrier film 20, and the adhesive layer 24 is
attached on the base film 22 to exert a stable peel adhesion with respect to the glass
ribbon 30. For example, the adhesive layer 24 may have a peel adhesion of less than

or equal to 2.9 gf/in? or less, even at a relatively high temperature.

[0064] In some embodiments, the carrier film 20 may be provided in a state in which a
liner (not shown) is further attached on the adhesive layer 24, and in a process in
which the glass ribbon 30 is attached on the carrier film 20, the liner may be removed
and the glass ribbon 30 may be attached on the adhesive face 20_A of the carrier film
20 (for example, the surface of the adhesive layer 24 exposed after the liner is
removed).

[0065] FIG. 5 is a cross-sectional view of a portion of a glass roll 1a according to some
embodiments.

[0066] Referring to FIG. 5, a carrier film 20a may have a triple layer structure. In some
embodiments, the carrier film 20a may include the base film 22, the adhesive layer 24
attached on the first surface of the base film 22, and a non-adhesive layer 26 attached
on the second surface of the base film 22. The surface of the adhesive layer 24, for
example, a surface opposite to the surface of the adhesive layer 24 in contact with the
first surface of the base film 22, may form the adhesive face 20_A of the carrier film
20, and a surface of the non-adhesive layer 26, for example, a surface opposite to the
surface of the non-adhesive layer 26 in contact with the second surface of the base

film 22, may form the non-adhesive face 20_B of the carrier film 20.

11



WO 2024/253987 PCT/US2024/032195

[0067] In some embodiments, the base film 22 may include at least one of
polypropylene and polyethylene. In some embodiments, the base film 22 may include
atactic polypropylene. The first surface and the second surface of the base film 22
may be non-adhesive, and the second surface of the base film 22 may form the non-
adhesive face 20_B of the carrier film 20.

[0068] In some embodiments, the adhesive layer 24 may include at least one of
polyolefin plastomers, alpha olefin copolymers, silicone resins, and photoreactive
adhesive materials. In some embodiments, the adhesive layer 24 may be formed on
the first surface of the base film 22 uniformly and to a relatively thin thickness. For
example, the thickness of the adhesive layer 24 may correspond to 10% to 50% of the
thickness of the carrier film 20.

[0069] In some embodiments, the non-adhesive layer 26 may include at least one of
atactic polypropylene and polyethylene.

[0070] The adhesive layer 24 may form a stable interface over the entire area of the
base film 22, and cover the first surface of the base film 22. Accordingly, appearance
defects, such as air bubbles, bubbles, wrinkles, or bumps, may not be provided
between the adhesive layer 24 and the first surface of the base film 22. Furthermore,
the non-adhesive layer 26 may form a stable interface over the entire area of the base
film 22, and cover the second surface of the base film 22. Accordingly, appearance
defects such as air bubbles, bubbles, wrinkles, or bumps may not be provided between
the non-adhesive layer 26 and the second surface of the base film 22.

[0071] FIG. 6 is a schematic view of a roll-to-roll manufacturing apparatus 100 by using
the glass roll according to some embodiments.

[0072] Referring to FIG. 6, the roll-to-roll manufacturing apparatus 100 may be an
apparatus for performing a roll-to-roll manufacturing method by using the glass roll 1
according to some embodiments described with reference to FIGS. 1 to 5, for example,
an apparatus for forming electronic devices on the glass ribbon 30 wound around the
glass roll 1. In some embodiments, the roll-to-roll manufacturing apparatus 100 may
be integrated into an apparatus for manufacturing a device, such as a solar cell, smart
glass, or a display device.

[0073] The roll-to-roll manufacturing method using the roll-to-roll manufacturing
apparatus 100 may include a plurality of material layer forming units 120 to 160 for
coating, depositing, or printing a metal layer, a semiconductor layer, a transparent

electrode layer, an inorganic material layer, an organic material layer, or the like, on
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the glass ribbon 30 to form constituent elements of a device, such as a solar cell, smart
glass, or a display device. In some embodiments, at least one of the material layer
forming units 120 to 160 for coating, deposition, or printing a metal layer, a
semiconductor layer, a transparent electrode layer, an inorganic material layer, an
organic material layer, or the like may be performed at a relatively high temperature,
for example, at a temperature of 20°C to 170°C.

[0074] In some embodiments, the glass roll 1 may be installed on an unwinder 110 and
may be configured such that a glass stack GS is unwound from the unwinder 110 in a
roll-to-roll method. The glass stack GS may be configured to sequentially pass through
a first material layer forming unit 120, a second material layer forming unit 130, a third
material layer forming unit 140, a fourth material layer forming unit 150, and a fifth
material layer forming unit 160. The glass stack GS may be wound into the glass roll
1 again through a rewinder 170 after sequentially passing through the first to fifth
material layer forming units 120 to 160.

[0075] In some embodiments, any one of the first to fifth material layer forming units
120 to 160 may be configured to form, on the glass stack GS, a metal layer, a
semiconductor layer, a transparent electrode layer, an inorganic material layer, an
organic material layer, or the like, by a printing method, any one of a plurality of the
first to fifth material layer forming units 120 to 160 may be configured to form, on the
glass stack GS, a metal layer, a semiconductor layer, a transparent electrode layer,
an inorganic material layer, an organic material layer, or the like, by a dry deposition
method, and any one of the first to fifth material layer forming units 120 to 160 may be
configured to form, on the glass stack GS, a metal layer, a semiconductor layer, a
transparent electrode layer, an inorganic material layer, an organic material layer, or
the like, by a coating method.

[0076] In some embodiments, the glass stack GS has a structure in which the glass
ribbon 30 (see FIG. 2) is attached on the carrier film 20 (see FIG. 2), and may have
an appropriate degree of flexibility to sequentially pass through the first to fifth material
layer forming units 120 to 160 by the roll-to-roll process. Furthermore, the carrier film
20 may have sufficient mechanical stiffness to prevent damage to the glass ribbon 30
when sequentially passing through the first to fifth material layer forming units 120 to
160 by the roll-to-roll process.

[0077] In some embodiments, any one of the first to fifth material layer forming units

120 to 160 may be a vacuum-based manufacturing apparatus and may have a
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relatively high temperature. When passing through the vacuum-based and/or relatively
high temperature material layer forming unit, in the glass stack GS, an organic material
may not be evaporated or separated from the carrier film 20, and may have about a

peel adhesion of less than or equal to 2.9 gf/in2. After exposed to a high temperature,

the carrier film 20 having a peel adhesion of less than or equal to 2.9 gf/in> may be

easily separated or removed from the glass ribbon 30 after a device manufacturing
process, such as a vacuum-based deposition or coating process or a cleaning process,
is applied to the glass ribbon 30.

[0078] Experimental Example

[0079] Table 1 below shows an accelerated test method using a glass roll according to

some embodiments.

[Table 1]
Test ltem Test Condition Target Result
Stage 1: 170°C, 30 sec
t 2:100°C, 3 mi
Accelerated Stage _ OC’ min No Cracks, Bubbles, and
Environment Test 1 Stage 3: 170°C, 40 sec Visual Changes Pass
Stage 4: 100°C, 3 min
Stage 5: 170°C, 30 sec
Accelerated o o No Cracks, Bubbles, and
Environment Test 2 85°C, 85%RH, 7 days Visual Changes Pass
?2;0“ Absorption | A oM D4169 No Damage Pass
Peel Adhesion Legs than or equal to 1.1 Pass
gf/in?
Edge Strength 150 MPa Pass
Surface Strength 500 MPa Pass

[0080] Referring to Table 1, Accelerated Environment Test 1 is to test compatibility with
a high temperature condition of a device manufacturing process, in which a glass stack
in which a glass ribbon is attached on a carrier film sequentially passed through Stage
1 to Stage 5, each having a different temperature condition. The glass stack having
passed through Accelerated Environment Test 1 has no cracks, bubbles, or visual
changes observed. Accelerated Environment Test 2 is a high temperature storage test,
in which no cracks, bubbles, or visual changes are observed after the glass stack has
been stored under conditions of 85°C and 85%RH for 7 days.

[0081] The shock absorption test has been performed according to the ASTM D4169
standard, and no damage to the glass roll is observed after the shock absorption test

has been performed. Furthermore, a peel adhesion of the carrier film to the glass
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ribbon is measured to be less than or equal to 1.1 gf/in2. Furthermore, the edge

strength and surface strength of glass ribbon is 150 MPa and 500 Mpa, respectively,
and it is confirmed that the glass ribbon has sufficient strength.

[0082] FIG. 7 is a schematic view of an aging test method by using the glass roll
according to some embodiments.

[0083] Referring to FIG. 7, a glass sheet stack body GS_e includes a plurality of carrier
films 20 and a plurality of glass ribbon 30, which are sequentially stacked on each
other. For example, the carrier film 20 was prepared in a size of 100 mm * 100 mm,
and the glass ribbon 30 was prepared in a size of 150 mm * 150 mm. The glass sheet

stack body GS_e was disposed in a clean room, and a load of 19.7 kg or 1.97 gf/mm?

was applied to the glass sheet stack body GS_e through a load plate LDP. After the
glass sheet stack body GS_e with the load applied thereto has been stored in the
clean room for 5 days, the glass sheet stack body GS_e was disassembled and
whether an organic material remains on the surface of the glass ribbon 30 was
measured with the naked eye, and by a pyrolysis-gas chromatograph/mass
chromatograph (pyrolysis GC/MS) analysis method. As a result of aging test, it is
confirmed that no residue of the organic material remains on the glass ribbon 30.
[0084] It should be understood that embodiments described herein should be
considered in a descriptive sense only and not for purposes of limitation. Descriptions
of features or aspects within each embodiment should typically be considered as
available for other similar features or aspects in other embodiments.

[0085] While one or more embodiments have been described with reference to the
figures, it will be understood by those of ordinary skill in the art that various changes
in form and details may be made therein without departing from the spirit and scope

of the disclosure as defined by the following claims.
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WHAT IS CLAIMED IS:

1. A glass roll comprising:

a winding core having a central axis;

a carrier film wound on the winding core about the central axis; and

a glass ribbon wound on the carrier film about the central axis and attached
onto the carrier film,

wherein the carrier film includes an adhesive face in contact with the glass
ribbon and a non-adhesive face opposite the adhesive face, and

wherein the carrier film includes a peel adhesion of less than or equal to 2.9

gffinz.

2.  The glass roll of claim 1, wherein the carrier film has a modulus of 250
MPa to 15 GPa.

3. The glass roll of claim 1 or claim 2, wherein the glass ribbon has a
thickness of 10 micrometers to 100 micrometers, and

the carrier film has a thickness of 10 micrometers to 200 micrometers.

4.  The glass roll of any of claims 1 to 3, wherein the carrier film has a

roughness of less than or equal to about 30 nm.

5. The glass roll of any of claims 1 to 4, wherein the carrier film has a peel

adhesion of less than or equal to 1.1 gf/in2.

6. The glass roll of any of claims 1 to 5, wherein the carrier film comprises:
a base film including a first surface and a second surface; and

an adhesive layer attached onto the first surface of the base film, and
wherein a face of the adhesive layer defines the adhesive face of the carrier

film.

7.  The glass roll of claim 6, wherein the carrier film further includes a non-

adhesive layer attached on the second surface of the base film, and
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the surface of the non-adhesive layer defines the non-adhesive face of the

carrier film.

8. The glass roll of claim 6 or claim 7, wherein the second surface of the

base film defines the non-adhesive face of the carrier film.

9. The glass roll of any of claim 6 to claim 8, wherein the base film includes
at least one of polypropylene and polyethylene, and
the adhesive layer includes at least one of polyolefin plastomers, alpha olefin

copolymers, silicone resins, and photoreactive adhesive materials.

10. The glass roll of any of claims 1 to 9, wherein the non-adhesive face of
the carrier film has no adhesion to a portion of the glass ribbon that is arranged
adjacent to the non-adhesive face to be in contact with the non-adhesive face, and

when stored for more than 5 days at a temperature of 20°C under a load of

1.97 gf/mm?2in a state of the non-adhesive face of the carrier film contacting the portion

of the glass ribbon, any component of the carrier film is not transferred onto a surface

of the glass ribbon.

11. The glass roll of any of claims 1 to 10, wherein the adhesive face of the
carrier film has a peel adhesion of less than or equal to 2.9 ¢f/in> at a temperature of

20°C to 170°C.

12. A glass roll comprising:

a winding core having a central axis;

a carrier film wound on the winding core about the central axis; and

a glass ribbon wound on the carrier film about the central axis and attached
onto the carrier film,

wherein the carrier film includes:

a base film including a first surface and a second surface opposite the first
surface;

an adhesive layer attached on the first surface of the base film;

wherein the carrier film includes an adhesive face and a non-adhesive face
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opposite the adhesive face, the second surface of the base film defines the non-
adhesive face, and the carrier film is attached to the glass ribbon such that the
adhesive layer is in contact with the glass ribbon, and

wherein the carrier film includes a peel adhesion of less than or equal to 2.9

gffin2.

13. The glass roll of claim 12, wherein the carrier film has a modulus of 250
MPa to 15 GPa, and

the glass ribbon has a thickness of 10 micrometers to 100 micrometers.

14. The glass roll of claim 12 or claim 13, wherein the carrier film has a

roughness of less than or equal to 30 nm.

15.  The glass roll of any of claim 12 to claim 14, wherein the carrier film has

a peel adhesion of less than or equal to 1.1 gf/in2

16. A glass roll comprising:

a winding core having a central axis;

a carrier film wound on the winding core about the central axis; and

a glass ribbon wound on the carrier film about the central axis and attached
onto the carrier film,

wherein the carrier film includes an adhesive face and a non-adhesive face
opposite the adhesive face, and

wherein the carrier film includes a peel adhesion of less than or equal to 2.9

gf/in2 and a modulus ranging from 250 MPa to 15 GPa.

17. The glass roll of claim 16, wherein the base film includes at least one of
polypropylene and polyethylene, and
the adhesive layer includes at least one of polyolefin plastomers, alpha olefin

copolymers, silicone resins, and photoreactive adhesive materials.

18. The glass roll of claim 16 or claim 17, wherein the non-adhesive face of

the carrier film has no adhesion to a portion of the glass ribbon that is arranged

18



WO 2024/253987 PCT/US2024/032195

adjacent to the non-adhesive face to be in contact with the non-adhesive face, and

when stored for more than 5 days at a temperature of 20°C under a load of
1.97 gf/mm?2in a state of the non-adhesive face of the carrier film contacting the portion

of the glass ribbon, any component of the carrier film is not transferred onto a surface

of the glass ribbon.

19. The glass roll of any of claim 16 to claim 18, wherein the adhesive face

of the carrier film has a peel adhesion of less than or equal to 2.9 gf/in? at a temperature

of 20°C to 170°C.

20. The glass roll of any of claim 16 to claim 19, further comprising:

a leader film arranged at a front side of the glass ribbon and attached on the
adhesive face of the carrier film, one end of the leader film being attached on the
winding core and overlapping a portion of the carrier film in a state to be unwound in
a planar shape; and

a trailer film arranged at a rear side of the glass ribbon, and attached on the

adhesive face of the carrier film.
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