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A MULTI-PANE GLASS UNIT AND A METHOD FOR MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of Korean Patent Application No. 10-2019-
0170212, filed on December 18, 2019, in the Korean Intellectual Property Office, the

disclosure of which is incorporated herein in its entirety by reference.

BACKGROUND

1. Field
[0002] One or more embodiments of the disclosure relate to a multi-pane glass unit
and a method of manufacturing the multi-pane glass unit. In particular, one or more
embodiments of the disclosure relate to a multi-pane glass unit including a thin glass
and a method of manufacturing the multi-pane glass unit.

2. Description of Related Art
[0003] A multi-pane glass unit including a plurality of glass plates may be efficient for
heat insulation, soundproof, and/or preventing dew condensation. Such a multi-pane
glass unit may be used In buildings, transportation means such as cars, trains,
airplanes, etc., windows of electronic devices such as refrigerators or freezers, etc. In
general, as the number of glass panes included in the multi-pane glass unit increases,
heat insulation, soundproof, and/or anti-dew condensation performances may improve,

but a weight of the multi-pane glass unit increases.

SUMMARY

[0004] One or more embodiments include a multi-pane glass unit that is lightweight
and has an improved durability and a method of manufacturing the multi-pane glass
unit.

[0005] Additional aspects will be set forth in part in the description which follows and,
INn part, will be apparent from the description, or may be learned by practice of the
presented embodiments of the disclosure.

[0006] According to one or more embodiments, a multi-pane glass unit includes a
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first outer glass pane and a second outer glass pane facing each other, a first inner
glass pane between the first outer glass pane and the second outer glass pane, a first
spacer located between the first outer glass pane and the first inner glass pane, the
first spacer spacing the first inner glass pane apart from the first outer glass pane, and
a second spacer located between the second outer glass pane and the first inner glass
pane, the second spacer spacing the first inner glass pane apart from the second outer
glass pane, wherein a thickness of the first inner glass pane is less than a thickness
of the first outer glass pane and a thickness of the second outer glass pane, a
composition of the first inner glass pane is different from a composition of the first outer
glass pane and a composition of the second outer glass pane, and a circumference of

the first inner glass pane Is offset inward from a circumference of the first outer glass
pane and a circumference of the second outer glass pane.

[0007] In some embodiments, the thickness of the first inner glass pane may be about
0.2 mm to about 1.0 mm.

[0008] In some embodiments, a thermal expansion coefficient of the first inner glass
pane may be less than a thermal expansion coefficient of the first outer glass pane
and a thermal expansion coefficient of the second outer glass pane.

[0009] In some embodiments, the first inner glass pane may have not undergone a
strengthening process.

[0010] In some embodiments, a sunlight absorption of the first inner glass pane may
be less than a sunlight absorption of the first outer glass pane and a sunlight
absorption of the second outer glass pane.

[0011] In some embodiments, a sunlight transmittance of the first inner glass pane
may be greater than a sunlight transmittance of the first outer glass pane and a sunlight
transmittance of the second outer glass pane.

[0012] In some embodiments, a density of the first inner glass pane may be less than
a density of the first outer glass pane and a density of the second outer glass pane.
[0013] In some embodiments, each of the first outer glass pane and the second outer
glass pane may include soda lime glass, and the first inner glass pane may include
boroaluminosilicate glass.

[0014] In some embodiments, the multi-pane glass unit may further include a second
INner glass pane located between the first inner glass pane and the second outer glass
pane, the second inner glass pane being spaced apart from the first inner glass pane

by the second spacer, and a third spacer located between the second outer glass pane
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and the second inner glass pane, the third spacer spacing the second inner glass pane
apart from the second outer glass pane.

[0015] According to one or more embodiments, a window includes the multi-pane
glass unit, and a frame surrounding a circumference of the multi-pane glass unit.
[0016] According to one or more embodiments, a building includes the multi-pane
glass unit or the window.

[0017] According to one or more embodiments, a refrigerator includes the multi-pane
glass unit or the window.

[0018] According to one or more embodiments, a freezer includes the multi-pane
glass unit or the window.

[0019] According to one or more embodiments, a vehicle includes the multi-pane
glass unit or the window.

[0020] According to one or more embodiments, a multi-pane glass unit includes a
first outer glass pane and a second outer glass pane facing each other, an inner glass
pane between the first outer glass pane and the second outer glass pane, a first spacer
located between the first outer glass pane and the inner glass pane, the first spacer
spacing the first inner glass pane apart from the first outer glass pane, and a second
spacer located between the second outer glass pane and the inner glass pane, the
second spacer spacing the inner glass pane apart from the second outer glass pane,
wherein a circumference of the inner glass pane Is offset inward from a circumference
of the first outer glass pane and a circumference of the second outer glass pane, a
thickness of the Iinner glass pane iIs less than a thickness of the first outer glass pane
and a thickness of the second outer glass pane, at portion of a circumference of the
first spacer and a portion of a circumference of the second spacer are offset outward
with respect to the circumference of the inner glass pane, and a remaining portion of
the circumference of the first spacer and a remaining portion of the circumference of
the second spacer are offset inward with respect to the circumference of the inner
glass pane.

[0021] In some embodiments, a corner portion of the inner glass pane may protrude
outward with respect to the circumference of the first spacer and the circumference of
the second spacer.

[0022] In some embodiments, the circumference of the first spacer and the
circumference of the second spacer may be offset inward with respect to the

circumference of the first outer glass pane and the circumference of the second outer
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glass pane.

[0023] In some embodiments, the inner glass pane may include a first main surface
and a second main surface facing each other, and an edge surface extending between
the first main surface and the second main surface, and at least one of the first spacer
and the second spacer may be in contact with the edge surface of the inner glass pane.
[0024] In some embodiments, the circumference of the second spacer may be
misaligned with respect to the circumference of the first spacer.

[0025] According to one or more embodiments, a method of manufacturing a muilti-
pane glass unit includes attaching a first spacer to an inner glass pane, attaching the
INner glass pane to a first outer glass pane via the first spacer to make a circumference
of the Inner glass pane offset inward with respect to a circumference of the first outer
glass pane, attaching a second spacer to a second outer glass pane, and attaching
the second outer glass pane to the inner glass pane via the second spacer to make
the circumference of the inner glass pane offset inward with respect to a circumference
of the second outer glass pane, wherein a thickness of the inner glass pane Is less
than a thickness of the first outer glass pane and a thickness of the second outer glass
pane, and a composition of the inner glass pane is different from a composition of the
first outer glass pane and a composition of the second outer glass pane.

[0026] According to one or more embodiments, a method of manufacturing a multi-
pane glass unit includes attaching a first spacer to an inner glass pane so that at least
a portion of a circumference of the first spacer Is offset outward with respect to a
circumference of the inner glass pane, attaching the inner glass pane to a first outer
glass pane via the first spacer to make a circumference of the inner glass pane offset
iInward with respect to a circumference of the first outer glass pane, attaching a second
spacer to a second outer glass pane, and attaching the second outer glass pane to
the Inner glass pane via the second spacer so that the circumference of the inner glass
pane Is offset Inward with respect to the circumference of the second outer glass pane
and at least a portion of a circumference of the second spacer Is offset outward with
respect to the circumference of the inner glass pane, wherein a thickness of the inner
glass pane iIs less than a thickness of the first outer glass pane and a thickness of the
second outer glass pane.

[0027] According to one or more embodiments, a method of manufacturing a multi-
pane glass unit includes attaching a first spacer to a first main surface of an inner glass

pane so that at least a portion of a circumference of the first spacer is offset outward



WO 2021/126608 PCT/US2020/063864

with respect to a circumference of the inner glass pane, attaching a second spacer to
a second main surface of the inner glass pane so that at least a portion of a
circumference of the second spacer is offset outward with respect to the circumference
of the Inner glass pane, attaching the first outer glass pane to the first main surface of
the Inner glass pane via the first spacer to make the circumference of the inner glass
pane offset inward with respect to the circumference of the first outer glass pane, and
attaching the second outer glass pane to the second main surface of the inner glass
pane via the second spacer to make the circumference of the inner glass pane is offset
iInward with respect to the circumference of the second outer glass pane, wherein a
thickness of the inner glass pane is less than a thickness of the first outer glass pane
and a thickness of the second outer glass pane.

[0028] In some embodiments, the inner glass pane may be accommodated in at least

one of a groove of the first spacer and a groove of the second spacer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other aspects, features, and advantages of certain
embodiments of the disclosure will be more apparent from the following description
taken In conjunction with the accompanying drawings, in which:

[0030] FIG. 1A is a plan view of a multi-pane glass unit according to an embodiment
of the disclosure;

[0031] FIG. 1B is a cross-sectional view of the multi-pane glass unit taken along line
B1-B1' of FIG. 1A;

[0032] FIG. 1C is an enlarged view of a region C1 in FIG. 1B;

[0033] FIG. 2A is a plan view of a multi-pane glass unit according to an embodiment
of the disclosure;

[0034] FIG. 2B is a cross-sectional view of the multi-pane glass unit taken along line
B2-B2' of FIG. 2A;

[0035] FIG. 2C is an enlarged view of a region C2 in FIG. 2B;

[0036] FIG. 3 is a plan view of a multi-pane glass unit according to an embodiment
of the disclosure;

[0037] FIG. 4is an enlarged cross-sectional view of a multi-pane glass unit according
to an embodiment of the disclosure;

[0038] FIG. 51s an enlarged cross-sectional view of a multi-pane glass unit according
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to an embodiment of the disclosure;

[0039] FIG. 6is an enlarged cross-sectional view of a multi-pane glass unit according
to an embodiment of the disclosure;

[0040] FIG. 7 iIs a cross-sectional view of a multi-pane glass unit according to an
embodiment of the disclosure;

[0041] FIG. 8 i1s a cross-sectional view of a multi-pane glass unit according to an
embodiment of the disclosure;

[0042] FIG. 9A is a plan view of a window according to an embodiment of the
disclosure;

[0043] FIG. 9B is a cross-sectional view of the window taken along line B9-B9' of FIG.
9A;

[0044] FIGS. 10A to 10F are diagrams showing results of temperature profile
simulations for case 1 to case 6, respectively, when exposed to sunlight;

[0045] FIGS. 11A and 11B are cross-sectional views for illustrating a method of
manufacturing a multi-pane glass unit according to an embodiment of the disclosure;

[0046] FIGS. 12A and 12B are cross-sectional views for illustrating a method of
manufacturing a multi-pane glass unit according to an embodiment of the disclosure;

[0047] FIGS. 13A and 13B are cross-sectional views for illustrating a method of
manufacturing a multi-pane glass unit according to an embodiment of the disclosure;

and
[0048] FIG. 14 is a cross-sectional view for illustrating a method of manufacturing a

multi-pane glass unit according to an embodiment of the disclosure.

DETAILED DESCRIPTION

[0049] Herelinafter, one or more embodiments of the present disclosure will be
described In detail with reference to accompanying drawings. Various modifications,
additions and substitutions of the embodiment of the present disclosure are possible,
and thus 1t will be appreciated that the disclosure is not Iimited to the following
embodiments. The embodiments of the present disclosure are provided so that this
disclosure will be thorough and complete, and will fully convey the concept of the
present disclosure to one of ordinary skill in the art. Like reference numerals may
denote like elements throughout the specification. Moreover, various elements and

regions In the drawings are schematically illustrated. Accordingly, the disclosure is not
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limited by relative sizes or intervals illustrated in the attached drawings.

[0050] FIG. 1A is a plan view of a multi-pane glass unit 100 according to an
embodiment of the disclosure. FIG. 1B is a cross-sectional view of the multi-pane glass
unit 100 taken along line B1-B1' of FIG. 1A. FIG. 1C is an enlarged view of a region
C1in FIG. 1B.

[0051] Referring to FIGS. 1A to 1C, the multi-pane glass unit 100 may include a
plurality of glass panes 110, 120, and 130. For example, the multi-pane glass unit 100
may Iinclude a first glass pane 110, a second glass pane 120, and a third glass pane
130. The first and third glass panes 110 and 130 may be respectively referred to as
outer glass panes, and the second glass pane 120 located between the first glass
pane 110 and the third glass pane 130 may be referred to as an inner glass pane.
[0052] The first glass pane 110 may include two main surfaces 110M1 and 110M2
facing each other and a circumference surrounding the two main surfaces 110M1 and
110M2. The circumference of the first glass pane 110 may include one or more edge
surfaces 110E1, 110E2, 110E3, and/or 110E4 between the two main surfaces 110M1
and 110M2. For example, each of the two main surfaces 110M1 and 110M2 of the first
glass pane 110 may have a square shape, and the circumference of the first glass
pane 110 may Include first to fourth edge surfaces 110E1 to 110E4. In another
embodiment, each of the two main surfaces 110M1 and 110M2 of the first glass pane
110 may have another shape rather than the square shape, and the number of edge
surfaces included In the circumference of the first glass pane 110 may be greater or
less than 4. In some embodiments, the two main surfaces 110M1 and 110M2 of the
first glass pane 110 may be substantially parallel to each other. In another embodiment,
the two main surfaces 110M1 and 110M2 of the first glass pane 110 may not be
substantially parallel to each other.

[0053] Similarly, the third glass pane 130 may include two main surfaces 130M1 and
130M2 facing each other and a circumference surrounding the two main surfaces
130M1 and 130M2. The circumference of the third glass pane 130 may include one or
more edge surfaces 130E1, 130E2, 130E3, and/or 130E4 between the two main
surfaces 130M1 and 130M2. For example, each of the two main surfaces 130M1 and
130M2 of the third glass pane 130 may have a square shape and the circumference
of the third glass pane 130 may include first to fourth edge surfaces 130E1 to 130E4.
In another embodiment, each of the two main surfaces 130M1 and 130M2 of the third

glass pane 130 may have another shape rather than the square shape, and the
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number of edge surfaces included in the circumference of the third glass pane 130
may be greater or less than 4. In some embodiments, the two main surfaces 130M1
and 130M2 of the third glass pane 130 may be substantially parallel to each other. In
another embodiment, the two main surfaces 130M1 and 130M2 of the third glass pane
130 may not be substantially parallel to each other.

[0054] The second glass pane 120 may Iinclude two main surfaces 120M1 and
120M2 facing each other and a circumference surrounding the two main surfaces
120M1 and 120M2. The circumference of the second glass pane 120 may include one
or more edge surfaces 120E1, 120E2, 120E3, and/or 120E4 between the two main
surfaces 120M1 and 120M2. For example, each of the two main surfaces 120M1 and
120M2 of the second glass pane 120 may have a square shape and the circumference
of the second glass pane 120 may include first to fourth edge surfaces 120E1 to 120E4.
In another embodiment, each of the two main surfaces 120M1 and 120M2 of the
second glass pane 120 may have another shape rather than the square shape, and
the number of edge surfaces included in the circumference of the second glass pane
120 may be greater or less than 4. In some embodiments, the two main surfaces
120M1 and 120M2 of the second glass pane 120 may be substantially parallel to each
other. In another embodiment, the two main surfaces 120M1 and 120M2 of the second
glass pane 120 may not be substantially parallel to each other.

[0055] The first main surface 120M1 of the second glass pane 120 may face the
second main surface 110M2 of the first glass pane, and the second main surface
120M2 of the second glass pane 120 may face the first main surface 130M1 of the
third glass pane 130. In some embodiments, the first main surface 120M1 of the
second glass pane 120 may be substantially parallel to the second main surface
110M2 of the first glass pane 110, and the second main surface 120M2 of the second
glass pane 120 may be substantially parallel to the first main surface 130M1 of the
third glass pane 130. In another embodiment, the first main surface 120M1 of the
second glass pane 120 may not be substantially parallel to the second main surface
110M2 of the first glass pane 110, and the second main surface 120M2 of the second
glass pane 120 may not be substantially parallel to the first main surface 130M1 of the
third glass pane 130.

[0056] In some embodiments, a thickness t1 of the first glass pane 110 between the
two main surfaces 110M1 and 110M2 of the first glass pane 110 and a thickness t3 of
the third glass pane 130 between the two main surfaces 130M1 and 130M2 of the third
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glass pane 130 may each range from about 1 mm to about 50 mm. In some
embodiments, a thickness t2 of the second glass pane 120 between the two main
surfaces 120M1 and 120M2 of the second glass pane 120 may be less than the
thickness t1 of the first glass pane 110 and the thickness t3 of the second glass pane
130. For example, the thickness t2 of the second glass pane 120 may be about 0.2
mm to about 1.0 mm. As the thickness t2 of the second glass pane 120 is reduced, a
weight of the multi-pane glass unit 100 may be reduced and a light transmittance of
the multi-pane glass unit 100 may be increased. For example, when the thickness t2
of the second glass pane 120 is about 1/10 of the thickness t1 of the first glass pane
110 and the thickness t3 of the third glass pane 130, the weight of the multi-pane glass
unit 100 may be reduced by about 30% as compared with a case in which the
thickness t2 of the second glass pane 120 is equal to the thickness t1 of the first glass
pane 110 and the thickness t3 of the third glass pane 130. Also, as the thickness t2 of
the second glass pane 120 is reduced, a thickness of a gas layer between the second
main surface 110M2 of the first glass pane 110 and the first main surface 120M1 of
the second glass pane 120 and a thickness of a gas layer between the second main
surface 120M2 of the second glass pane 120 and the first main surface 130M1 of the
third glass pane 130 are increased, thereby improving the heat insulating performance.
However, when the thickness t2 of the second glass pane 120 iIs reduced, it may be
difficult to handle the second glass pane 120. In particular, when the thickness t2 of
the second glass pane 120 is less than about 1.0 mm, a strengthening process such
as a heat-strengthening or a chemical strengthening may not be performed. In some
embodiments, the second glass pane 120 may not undergo the strengthening process
such as the heat-strengthening or the chemical strengthening. Therefore, in this case,
the thickness t2 of the second glass pane 120 may be about 1.0 mm or less. However,
when the thickness t2 of the second glass pane 120 is less than about 0.2 mm, it is
difficult to handle the second glass pane 120 and it may be difficult to manufacture the
multi-pane glass unit 100. Therefore, the thickness t2 of the second glass pane 120
may be about 0.2 mm or greater.

[0057] When the thickness t2 of the second glass pane 120 is less than the thickness
t1 of the first glass pane 110 and the thickness t3 of the third glass pane 130, the
second glass pane 120 may be vulnerable to physical contact and/or impact as
compared with the first glass pane 110 and the third glass pane 130. In this case, In

order to protect the second glass pane 120 against the physical contact and/or impact,
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a circumference of the second glass pane 120 may be offset inward with respect to a
circumference of the first glass pane 110 and a circumference of the third glass pane
130. For example, the first edge surface 120E1 of the second glass pane 120 may be
offset inward (in -Z direction) with respect to the first edge surface 110E1 of the first
glass pane 110 and the first edge surface 130E1 of the third glass pane 130. The
second edge surface 120E2 of the second glass pane 120 may be offset inward (in
+X direction) with respect to the second edge surface 110E2 of the first glass pane
110 and the second edge surface 130E2 of the third glass pane 130. The third edge
surface 120E3 of the second glass pane 120 may be offset inward (in +Z direction)
with respect to the third edge surface 110E3 of the first glass pane 110 and the third
edge surface 130E3 of the third glass pane 130. The fourth edge surface 120E4 of the
second glass pane 120 may be offset inward (in -X direction) with respect to the fourth
edge surface 110E4 of the first glass pane 110 and the fourth edge surface 130E4 of
the third glass pane 130.

[0058] In some embodiments, an offset distance D1 of the first edge surface 120E1
of the second glass pane 120 inward (-Z direction) with respect to the first edge surface
110E1 of the first glass pane 110 and the first edge surface 130E1 of the third glass
pane 130, an offset distance D2 of the second edge surface 120E2 of the second
glass pane 120 inward (+X direction) with respect to the second edge surface 110E2
of the first glass pane 110 and the second edge surface 130E2 of the third glass pane
130, an offset distance D3 of the third edge surface of the second glass pane 120
iInward (+Z direction) with respect to the third edge surface of the first glass pane 110
and the third edge surface 130E3 of the third glass pane 130, and an offset distance
D4 of the fourth edge surface of the second glass pane 120 inward (-X direction) with
respect to the fourth edge surface 110E4 of the first glass pane 110 and the fourth
edge surface 130E4 of the third glass pane 130 may be substantially equal to one
another. In another embodiment, at least one pair of the offset distance D1 of the first
edge surface 120E1 of the second glass pane 120 inward (-Z direction) with respect
to the first edge surface 110E1 of the first glass pane 110 and the first edge surface
130E1 of the third glass pane 130, the offset distance D2 of the second edge surface
120E2 of the second glass pane 120 inward (+X direction) with respect to the second
edge surface 110E2 of the first glass pane 110 and the second edge surface 130E2
of the third glass pane 130, the offset distance D3 of the third edge surface of the

second glass pane 120 inward (+Z direction) with respect to the third edge surface of

-10 -
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the first glass pane 110 and the third edge surface 130E3 of the third glass pane 130,
and the offset distance D4 of the fourth edge surface of the second glass pane 120
iInward (-X direction) with respect to the fourth edge surface 110E4 of the first glass
pane 110 and the fourth edge surface 130E4 of the third glass pane 130 may be
substantially different from one another. Each of the offset distances D1 to D4 may be
about 0.1 mm to about 100 mm, for example, about 0.5 mm to about 10 mm, e.g.,
about 1 mm to about 5 mm.

[0059] In some embodiments, an area of the second glass pane 120, for example,
an area of each of the two main surfaces 120M1 and 120M2 of the second glass pane
120, may be less than an area of the first glass pane 110, for example, an area of
each of the two main surfaces 110M1 and 110M2 of the first glass pane 110, and an
area of the third glass pane 130, for example, an area of each of the two main surfaces
130M1 and 130M2 of the third glass pane 130. In some embodiments, a length of the
second glass pane 120 in the Z direction may be less than that of the first glass pane
110 and that of the third glass pane 130 in the Z direction, and a width of the second
glass pane 120 in the X direction may be less than that of the first glass pane 110 and
that of the third glass pane 130 in the X direction.

[0060] The first glass pane 110, the second glass pane 120, and the third glass pane
130 may each Include a glass material including soda lime, borosilicate glass,
aluminosilicate glass, boroaluminosilicate glass, or a combination thereof. In some
embodiments, the first glass pane 110 and the third glass pane 130 may include soda
lime glass that is frequently used Iin a window, and the second glass pane 120 may

INclude boroaluminosilicate glass. The second glass pane 120 may include, for

example, Eagle XG® available from Corning Incorporated. Table 1 below shows a

composition of general soda lime glass, and Table 2 below shows a composition of an

example of boroaluminosilicate glass.
[0061] [Table 1]

Composition (wt%)

SiO» 72~74
Na.O 13~14
CaO O~11

Al:Os 1.0~2.0

-11 -
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K20 0.01~0.3
MgO 0.01~4.0
Fe:Os 0.01~0.2

TiO2 0.01~0.1

[0062] [Table 2]
Composition (wt%)

SiO: 55~65
AlOs 15~20

B2Os 5~15

MgO 0.1~5

CaO 1~10

SrO 0.5~8.0

BaO 0.01~0.5

[0063] When the second glass pane 120 includes boroaluminosilicate glass, even
when the second glass pane 120 may have not undergone the strengthening process
due to the excessively small thickness of the second glass pane 120 (e.g., 1.0 mm or
less), a thermal expansion coefficient (e.g., about 3x10°/°C to about 4x10°/°C) of the
boroaluminosilicate glass may be less than that (e.g., about 9x10%/°C to about 1x10-
°/°C) of the soda lime glass, and accordingly, thermal stress caused by the
temperature difference in the second glass pane 120 may be reduced. Therefore, a
probability of generating a thermal damage due to the temperature variation in the
second glass pane 120 may be reduced.

[0064] When the thickness and/or composition of the second glass pane 120 are
different from the thickness and/or composition of each of the first glass pane 110 and
the third glass pane 130, a sunlight transmittance of the second glass pane 120 may
be greater than that of the first glass pane 110 and that of the third glass pane 130.
For example, the sunlight transmittance of the second glass pane 120 may be about
90% to about 95%, and the sunlight transmittance of each of the first glass pane 110
and the third glass pane 130 may be about 75% to about 85%. Therefore, the light
transmittance of the multi-pane glass unit 100 may be increased as compared with a
case In which the second glass pane 120 has the same thickness and composition as

those of the first glass pane 110 and the third glass pane 130.
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[0065] Also, when the thickness and/or composition of the second glass pane 120
are different from the thickness and/or composition of each of the first glass pane 110
and the third glass pane 130, a sunlight absorption of the second glass pane 120 may
be less than that of the first glass pane 110 and that of the third glass pane 130. For
example, the sunlight absorption of the second glass pane 120 may be about 0.1% to
about 1.0%, and the sunlight absorption of the first glass pane 110 and the third glass
pane 130 may be about 5.0% to about 15.0%. In the specification, a solar spectrum is
according to the NFRC100-2010 standard. When the sunlight absorption of the second
glass pane 120 iIs reduced, a temperature of the second glass pane 120 does not
largely increase when the second glass pane 120 is exposed to sunlight, and thus, a
risk of thermal damage to the second glass pane 120 may be reduced.

[0066] Also, when the composition of the second glass pane 120 is different from the
composition of each of the first glass pane 110 and the third glass pane 130, a density
of the second glass pane 120 may be less than that of the first glass pane 110 and

that of the third glass pane 130. For example, the density of the second glass pane

120 including the boroaluminosilicate glass may be about 2.3 g/cm? to about 2.5 g/cms,

and the density in each of the first glass pane 110 and the third glass pane 130

INcluding the soda lime glass may be about 2.5 g/cm? to about 2.6 g/cm?. When the

density of the second glass pane 120 is reduced, the weight of the second glass pane
120 Is reduced and the weight of the multi-pane glass unit 100 is also reduced.

[006/7] The multi-pane glass unit 100 may further include a plurality of spacers 140
and 150 for separating the plurality of glass panes 110 to 130 from one another. The
first glass pane 110 and the second glass pane 120 may be spaced apart from each
other due to the first spacer 140. That is, the first spacer 140 may be located between
the first glass pane 110 and the second glass pane 120. The third glass pane 130 and
the second glass pane 120 may be spaced apart from each other due to the second
spacer 150. That i1s, the second spacer 150 may be located between the third glass
pane 130 and the second glass pane 120. The first spacer 140 and the second spacer
150 may Include a material, for example, metal such as aluminum, or a plastic
composite material such as a warm edge spacer. A space defined by the first glass
pane 110, the second glass pane 120, and the first spacer 140 and a space defined
by the second glass pane 120, the third glass pane 130, and the second spacer 150

may be each filled with a gas including an inert gas such as , Ar, or Kr; air; or a
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combination thereof. The gas may improve a heat insulating performance of the muilti-
pane glass unit 100.

[0068] In some embodiments, the first spacer 140 and the second spacer 150 may
not protrude out of the circumference of the second glass pane 120. Moreover, In
some embodiments, a circumference 140E of the first spacer 140 and a circumference
150E of the second spacer 150 may be offset inward with respect to the circumference
of the second glass pane 120. For example, the circumference 140E of the first spacer
140 and the circumference 150E of the second spacer 150 may be offset inward (-Z
direction) with respect to the third edge surface 120E3 of the second glass pane 120.
[0069] FIG. 2A is a plan view of a multi-pane glass unit 100A according to an
embodiment of the disclosure. FIG. 2B is a cross-sectional view of the multi-pane glass
unit 100A taken along line B2-B2' of FIG. 2A. FIG. 2C is an enlarged view of a region
C2 in FIG. 2B. Hereinafter, differences between the multi-pane glass unit 100 shown
in FIGS. 1A to 1C and the multi-pane glass unit 100A shown in FIGS. 2A to 2C will be
described below.

[0070] Referring to FIG. 2A to FIG. 2C, a first spacer 140A and a second spacer
150A may partially protrude out the circumference of the second glass pane 120. That
IS, a circumference 140AE of the first spacer 140A and a circumference 150AE of the
second spacer 150A may be offset outward with respect to the circumference of the
second glass pane 120. For example, the circumference 140AE of the first spacer
140A and the circumference 150AE of the second spacer 150A may be offset outward
(-Z direction) with respect to the third edge surface 120E3 of the second glass pane
120. Since the first spacer 140A and the second spacer 150A partially protrude out
the circumference of the second glass pane 120, the first spacer 140A and the second
spacer 150A may further protect the second glass pane 120 against damage caused
by physical contact and/or impact. Therefore, the multi-pane glass unit 100A may have
Improved durability.

[0071] However, like in the multi-pane glass unit 100 shown in FIGS. 1A to 1C, the
first spacer 140A and the second spacer 150A may be offset inward with respect to
the circumference of the first glass pane 110 and the circumference of the third glass
pane 130. For example, the circumference 140AE of the first spacer 140A and the
circumference 150AE of the second spacer 150A may be offset inward (+Z direction)
with respect to the third edge surface 110E3 of the first glass pane 110 and the third
edge surface 130E3 of the third glass pane 130. A protruding portion of the first spacer

-14 -



WO 2021/126608 PCT/US2020/063864

140A and a protruding portion of the second spacer 150A outside the second glass
pane 120 may be spaced apart from each other.

[0072] FIG. 3 1s a plan view of a multi-pane glass unit 100B according to an
embodiment of the disclosure. Hereinafter, differences between the multi-pane glass
unit 100A shown in FIGS. 2A to 2C and the multi-pane glass unit 100B shown in FIG.
3 will be described below.

[0073] Referring to FIG. 3, at least a portion of a circumference 140BE of a first
spacer 140B and at least a portion of a circumference 150BE of a second spacer 150B
are offset outward with respect to the circumference of the second glass pane 120,
but a remaining portion of the circumference 140BE and a remaining portion of the
circumference 150BE may be offset inward with respect to the circumference of the
second glass pane 120. For example, when it is difficult to form the first spacer 140B
and the second spacer 150B to have sharp corners, a corner portion of the
circumference 140BE of the first spacer 140B and a corner portion of the
circumference 150BE of the second spacer 150B are offset with respect to the
circumference of the second glass pane 120, but a remaining portion of the
circumference 140BE of the first spacer 140B and a remaining portion of the
circumference 150BE of the second spacer 150B may be offset outward with respect
to the circumference of the second glass pane 120. That Is, a corner portion of the
second glass pane 120 may protrude out from the circumference 140BE of the first
spacer 140B and the circumference 150BE of the second spacer 150B.

[0074] FIG. 4 is an enlarged cross-sectional view of a multi-pane glass unit 100C
according to an embodiment of the disclosure. Hereinafter, differences between the
multi-pane glass unit 100A shown in FIGS. 2A to 2C and the multi-pane glass unit
100C shown in FIG. 4 will be described below.

[0075] Referring to FIG. 4, a protruding portion of a first spacer 140C and a protruding
portion of a second spacer 150C out of the circumference of the second glass pane
120 may be In contact with each other. In some embodiments, the protruding portion
of the first spacer 140C and the protruding portion of the second spacer 150C out of
the circumference of the second glass pane 120 may be In contact with the
circumference of the second glass pane 120. For example, the first spacer 140C and
the second spacer 150C may be in contact with the third edge surface 120E3 of the
second glass pane 120. In some embodiments, the second glass pane 120 may be

accommodated in a groove G1 In the first spacer 140C and in a groove G2 of the
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second spacer 150C. Since the circumference of the second glass pane 120 may be
protected by the first spacer 140C and the second spacer 150C, the first spacer 140C
and the second spacer 150C may further protect the second glass pane 120 against

the damage caused by the physical contact and/or impact. Therefore, the multi-pane
glass unit 100C may have improved durability.

[0076] FIG. 5 is an enlarged cross-sectional view of a multi-pane glass unit 100D
according to an embodiment of the disclosure. Hereinafter, differences between the
multi-pane glass unit 100C shown in FIG. 4 and the multi-pane glass unit 100D shown
in FIG. 5 will be described below.

[0077] Referring to FIG. 5, a first spacer 140D may be in contact with the third edge
surface 130E3 of the second glass pane 120, but a second spacer 150D may be
spaced apart from the third edge surface 120E3 of the second glass pane 120. In
some embodiments, the second glass pane 120 may be accommodated in a groove
G3 In the first spacer 140D and the first spacer 140D may be accommodated in a
groove G4 in the second spacer 150D. In another embodiment, the second spacer
150D may not include the groove (G4.

[0078] FIG. 6 Is an enlarged cross-sectional view of a multi-pane glass unit 100F
according to an embodiment of the disclosure. Hereinafter, differences between the
multi-pane glass unit 100A shown In FIGS. 2A to 2C and the multi-pane glass unit
100F shown in FIG. 6 will be described below.

[0079] Referring to FIG. 6, a circumference 150FE of a second spacer 150F may be
misaligned with respect to a circumference 140FE of the first spacer 140F. For
example, the circumference 150FE of the second spacer 150F may be offset in the Z
direction with respect to the circumference 140FE of the first spacer 140F. A
misalignment distance MA by which the circumference 150FE of the second spacer
150F Is shifted from the circumference 140FE of the first spacer 140F may be, for
example, about 0.1 mm to about 10 mm, e.g., about 0.5 mm to about 5 mm. For
example, when the second spacer 150F i1s attached to the third glass pane 130 or
when the third glass pane 130 to which the second spacer 150F Is attached is attached
to the second glass pane 120, misalignment may occur.

[0080] FIG. 7 is a cross-sectional view of a multi-pane glass unit 100G according to
an embodiment of the disclosure. Hereinafter, differences between the multi-pane
glass unit 100 shown in FIGS. 1A to 1C and the multi-pane glass unit 100G shown in
FIG. 7 will be described below.
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[0081] Referring to FIG. 7, the multi-pane glass unit 100G may include the first outer
glass pane 110 and the second outer glass pane 130 facing each other, and a plurality
of (first and second?) inner glass panes 121 and 122 between the first outer glass
pane 110 and the second outer glass pane 130. The first inner glass pane 121 may
INclude a first main surface 121M1 facing the second main surface 110M2 of the first
outer glass pane 110, a second main surface 121M2 facing a first main surface 122M1
of the second inner glass pane 122, and a circumference 121k extending between the
first main surface 121M1 and the second main surface 121M2. The second inner glass
pane 122 may include the first main surface 122M1 facing the second main surface
121M2 of the first inner glass pane 121, a second main surface 122M2 facing the first
main surface 130M1 of the second outer glass pane 130, and a circumference 122E
extending between the first main surface 122M1 and the second main surface 122M2.
A thickness t2-1 of the first inner glass pane 121 between the first main surface 121M1
and the second main surface 121M2 and a thickness t2-2 of the second inner glass
pane 122 between the first main surface 122M1 and the second main surface 122M2
may be less than the thickness t1 of the first outer glass pane 110 and the thickness
t3 of the second outer glass pane 130. Descriptions about the first inner glass pane
121 and the second inner glass pane 122 may be the same as the descriptions about
the second glass pane 120 provided above with reference to FIGS. 1A t0 6.

[0082] The multi-pane glass unit 100G may further include the first spacer 140
located between the first outer glass pane 110 and the first inner glass pane 121 for
spacing the first inner glass pane 121 apart from the first outer glass pane 110, the
second spacer 150 located between the first inner glass pane 121 and the second
INner glass pane 122 for spacing the second inner glass pane 122 apart from the first
INner glass pane 121, and a third spacer 160 located between the second outer glass
pane 130 and the second inner glass pane 122 for spacing the second inner glass
pane 122 apart from the second outer glass pane 130. As the number of the Inner
glass panes increases, the heat insulation, soundproof, and/or anti-dew condensation
performances may be improved. In addition, the first and second inner glass panes
121 and 122 that are thinner than the outer glass panes 110 and 130 are used, and
thus, the weight of the multi-pane glass unit 100G may be prevented from excessively
INncreasing even when the number of the inner glass panes increases.

[0083] FIG. 8 is a cross-sectional view of a multi-pane glass unit 100H according to

an embodiment of the disclosure. Hereinafter, differences between the multi-pane
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glass unit 100 shown in FIGS. 1A to 1C and the multi-pane glass unit 100H shown in
FIG. 8 will be described below.

[0084] Referring to FIG. 8, the multi-pane glass unit 100H may further include a
sealing material 1/0. The sealing material 1/0 surrounds the circumference 140k of
the first spacer 140 and the circumference 150k of the second spacer 150 and may
at least partially fill a space between the first glass pane 110 and the third glass pane
130. The sealing material 1/0 may prevent degradation of the heat insulating
performance of the multi-pane glass unit 100H caused by moisture that may infiltrate
INto a space defined by the first glass pane 110, the second glass pane 120, and the
first spacer 140 or a space defined by the second glass pane 120, the third glass pane
130, and the second spacer 150 or the gas In the space defined by the first glass pane
110, the second glass pane 120, and the first spacer 140 or the space defined by the
second glass pane 120, the third glass pane 130, and the second spacer 150 leaks
out of the multi-pane glass unit 100H. The sealing material 170 may Iinclude, for
example, a silicon resin or a polysulfide resin.

[0085] FIG. 9A is a plan view of a window 200 according to an embodiment of the
disclosure. FIG. 9B is a cross-sectional view of the window 200 taken along line B9-
B9' of FIG. 9A.

[0086] Referring to FIGS. 9A and 9B, the window 200 may include a multi-pane glass
unit 210 and a frame 220 surrounding the multi-pane glass unit 210. The multi-pane
glass unit 210 may include one of the multi-pane glass units 100 to 100H described
above with reference to FIGS. 1A to 8. In some embodiments, the frame 220 may
cover a circumferential portion of the first main surface 110M1 of the first glass pane
110 and a circumferential portion of the second main surface 130M2 of the third glass
pane 130. On the other hand, the frame 220 may not cover a central portion of the first
main surface 110M1 of the first glass pane 110 and a central portion of the second
main surface 130M2 of the third glass pane 130.

[0087] The multi-pane glass units 100 to 100H described above with reference to
FIGS. 1A to 8 and the window 200 described above with reference to FIG. 9 may be
used for heat insulation, soundproof, and/or anti-dew condensation In buildings,
transportation means such as vehicles, trains, or airplanes, electronic devices such as
refrigerators or freezers, etc.

[0088] Hereinafter, one or more embodiments of the disclosure will be described with

reference to six cases provided in table 3 below.
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[0089] [Table 3]

PCT/US2020/063864

| thickness of glass
kind of glass
(mm)
first glass pane soda lime 5
Case 1 INner glass pane
(first (second glass boroaluminosilicate 0.5
embodiment) pane)
third glass pane soda lime 5
first glass pane soda lime 5
Case 2 _
| INner glass pane
(first |
| (second glass soda lime 5
comparative
pane)
example)
third glass pane soda lime 5
first glass pane soda lime 5
Case 3 _
INner glass pane
(second |
| (second glass soda lime 0.5
comparative
pane)
example)
third glass pane soda lime 5
first glass pane soda lime 5
first Inner glass -
Case 4 boroaluminosilicate 0.5
pane
(second _
| second inner glass o
embodiment) boroaluminosilicate 0.5
pane
third glass pane soda lime 5
first glass pane soda lime 5
Case 5 first inner glass |
| soda lime 5
(third pane
comparative second inner glass |
soda lime 5
example) pane
third glass pane soda lime 5
Case 6 first glass pane soda lime 5
(fourth first inner glass |
| soda lime 0.5
comparative pane
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example) second Iinner glass |
soda lime 0.5
pane
third glass pane soda lime 5

[0090] Table 4 below illustrates simulation results of sunlight transmittance and
visible light transmittance for case 1 to case 6.
[0091] [Table 4]

Sunlight transmittance Visible light transmittance
(%) (70)
Case 1 (first embodiment) 62.7 /4.9
Case 2 (first comparative
56.4 /2.8
example)
Case 3 (second
| 62.3 /4.2
comparative example)
Case 4 (second
| 58.5 69.9
embodiment)
Case 5 (third comparative
47.6 06.1
example)
Case 6 (fourth
| 57.5 68.5
comparative example)

[0092] Referring to Table 4 above, case 1 (first embodiment) shows higher sunlight
transmittance and higher visible light transmittance than those of case 2 (first
comparative example) and case 3 (second comparative example), and case 4 (second
embodiment) shows higher sunlight transmittance and higher visible light
transmittance than those of case 5 (third comparative example) and case 6 (fourth
comparative example). That is, in the multi-pane glass units according to one or more
embodiments of the disclosure, a thin glass pane including boroaluminosilicate is used
as the second glass pane instead of the thick glass pane including soda lime, and thus,
the sunlight transmittance and the visible light transmittance may be improved.
Therefore, the multi-pane glass units according to one or more embodiments of the
disclosure may be more transparent.

[0093] FIGS. 10A to 10F are diagrams showing results of temperature profile
simulations for case 1 to case 6, respectively, when exposed to sunlight.

[0094] Referring to FIGS. 10A to 10F, case 1 (first embodiment) shows lower
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temperature of the inner glass pane (second glass pane) 120 than those of case 2
(first comparative example) and case 3 (second comparative example), and case 4
(second embodiment) shows lower temperatures of the inner glass panes 121 and
122 than those of case 5 (third comparative example) and sixth case (fourth
comparative example). That is, heat-insulation window units according to one or more
embodiments of the disclosure may have a lower probability of causing thermal
damage to the inner glass pane 120 or 121 and 122, because the temperature of the
INner glass pane 120 or inner glass panes 121 and 122 is less increased when they
are exposed to sunlight.

[0095] Table 5 below shows simulation results with regard to a difference between
temperatures of the central portion and the circumference of the second glass pane
and maximum principal stress generated In the second glass pane due to the
temperature difference.

[0096] [Table 9]

Temperature difference | Maximum principal stress

(°C) (MPa)
Case 1 (first embodiment) 1.76 0.441

Case 2 (first comparative
0.54 3.74

example)
Case 3 (second
| 2.34 1.33
comparative example)

[0097] Referring to Table 5 above, case 1 (first embodiment) shows less temperature
difference and less maximum principal stress as compared with case 2 (first
comparative example) and case 3 (second comparative example). Therefore, case 1
(first embodiment) shows a less probability of generating thermal damage as
compared with case 2 (first comparative example) and case 3 (second comparative
example). Thatis, in the multi-pane glass units according to one or more embodiments
of the disclosure, a thin glass pane including boroaluminosilicate i1s used as the second
glass pane Iinstead of the thick glass pane including soda lime, and thus, a risk of
generating thermal damage may be reduced.

[0098] FIGS. 11A and 11B are cross-sectional views for illustrating a method of
manufacturing a multi-pane glass unit according to an embodiment of the disclosure.
[0099] Referring to FIG. 11A, the first spacer 140 may be attached to the first main
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surface 120M1 of the inner glass pane 120, so that the circumference 140E of the first
spacer 140 may be offset inward with respect to the circumference 120E of the inner
glass pane 120. Next, the inner glass pane 120 may be attached to the second main
surface 110M2 of the first outer glass pane 110 via the first spacer 140 so that the
circumference 120E of the inner glass pane 120 may be offset inward with respect to
the circumference 110E of the first outer glass pane 110.

[00100] Referring to FIG. 11B, the second spacer 150 may be attached to the first
main surface 130M1 of the second outer glass pane 130 so that the circumference
150E of the second spacer 150 may be offset inward with respect to the circumference
130E of the second outer glass pane 130. Next, the second outer glass pane 130 may
be attached to the second main surface 120M2 of the inner glass pane 120 via the
second spacer 150, so that the circumference 120E of the inner glass pane 120 may
be offset inward with respect to the circumference 130E of the second outer glass
pane 130 and the circumference 150E of the second spacer 150 may be offset inward
with respect to the circumference 120E of the inner glass pane 120. As such, the multi-
pane glass unit 100 described above with reference to FIGS. 1A to 1C may be
manufactured.

[00101] In some embodiments, the sealing material 170 may be further provided on
the circumference 140E of the first spacer 140 and the circumference 150E of the
second spacer 150 In order to manufacture the multi-pane glass unit 100H described
above with reference to FIG. 8.

[00102] FIGS. 12A and 12B are cross-sectional views for illustrating a method of
manufacturing a multi-pane glass unit according to an embodiment of the disclosure.
[00103] Referring to FIG. 12A, the first spacer 140A may be attached to the first main
surface 120M1 of the inner glass pane 120, so that the circumference 140AE of the
first spacer 140A may be offset outward with respect to the circumference 120E of the
INner glass pane 120. Next, the inner glass pane 120 may be attached to the second
main surface 110M2 of the first outer glass pane 110 via the first spacer 140A so that
the circumference 140AE of the first spacer 140A may be offset inward with respect
to the circumference 110E of the first outer glass pane 110.

[00104] Referring to FIG. 12B, the second spacer 150A may be attached to the first
main surface 130M1 of the second outer glass pane 130 so that the circumference
150AE of the second spacer 150A may be offset inward with respect to the

circumference 130E of the second outer glass pane 130. Next, the second outer glass
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pane 130 may be attached to the second main surface 120M2 of the internal outer
glass pane 120 via the second spacer 150A so that the circumference 150AE of the
second spacer 150A may be offset outward with respect to the circumference 120E of
the Internal outer glass pane 120. As such, the multi-pane glass unit 100A described
above with reference to FIGS. 2A to 2C may be manufactured.

[00105] In some embodiments, referring to FIG. 3, when the first spacer 140B and
the second spacer 150B are formed to have round corners having relatively large
radius of curvature because it is difficult to form the first spacer 140B and the second
spacer 150B to have sharp corners, a corner portion of the circumference 140BE of
the first spacer 140B and a corner portion of the circumference 150BE of the second
spacer 150B are offset inward with respect to the circumference of the second glass
pane 120, while a remaining portion of the circumference 140BE of the first spacer
140B and a remaining portion of the circumference 150BE of the second spacer 150B
may be offset outward with respect to the circumference of the second glass pane 120.
As such, the multi-pane glass unit 100B described above with reference to FIG. 3 may
be manufactured.

[00106] In some embodiments, referring to FIG. 6, when misalignment occurs when
the second spacer 150F Is attached to the third glass pane 130 or when the third glass
pane 130, to which the second spacer 150F Is attached, is attached to the second
glass pane 120, the multi-pane glass unit 100F illustrated above with reference to FIG.
6 may be manufactured.

[00107] FIGS. 13A and 13B are cross-sectional views for illustrating a method of
manufacturing a multi-pane glass unit according to an embodiment of the disclosure.
Hereinafter, differences from the method of manufacturing the multi-pane glass unit
described above with reference to FIGS. 12A and 12B will be described below.
[00108] Referring to FIG. 13A, the groove G1 is formed in the first spacer 140C and
the inner glass pane 120 may be accommodated in the groove G1 of the first spacer

140C. For example, the groove G1 may be formed in the first spacer 140C by partially

removing the first spacer 140C. Next, the inner glass pane 120 may be attached to the
second main surface 110M2 of the first outer glass pane 110 via the first spacer 140C
so that the circumference 140CE of the first spacer 140C may be offset outward with
respect to the circumference 110E of the first outer glass pane 110.

[00109] Referring to FIG. 13B, the groove G2 is formed in the second spacer 150C,

and the second spacer 150C may be attached to the first main surface 130M1 of the
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second outer glass pane 130 so that the circumference 150CE of the second spacer
150 may be offset inward with respect to the circumference 130E of the second outer
glass pane 130. Next, the second outer glass pane 130 may be attached to the second
main surface 120M2 of the inner glass pane 120 via the second spacer 150C, such
that the inner glass pane 120 may be accommodated in the groove G2 of the second
spacer 150C. As such, the multi-pane glass unit 100C described above with reference
to FIG. 4 may be manufactured.

[00110] In some embodiments, referring to FIG. 4, the first spacer 140C is formed of
a deformable material on the inner glass pane 120, and then, a sufficient force iIs
applied to the inner glass pane 120 when the inner glass pane 120 is attached to the
first outer glass pane 110 via the first spacer 140C to deform the first spacer 140C to
have the groove G1. Also, the second spacer 150C is formed of a deformable material
on the second outer glass pane 130, and then, a sufficient force 1s applied to the
second outer glass pane 130 when the second outer glass pane 130 is attached to
the inner glass pane 120 via the second spacer 150C to deform the second spacer
150C to have the groove G2. As such, the multi-pane glass unit 100C described above
with reference to FIG. 4 may be manufactured.

[00111] In some embodiments, referring to FIG. 5, the groove GG3 is formed Iin the
first spacer 140D, and the inner glass pane 120 may be accommodated in the groove
G3 of the first spacer 140D. For example, the groove G3 may be formed in the first
spacer 140D by partially removing the first spacer 140D. Next, the inner glass pane
120 may be attached to the first outer glass pane 110 via the first spacer 140D, so that
the circumference 140DE of the first spacer 140D may be offset inward from the
circumference of the first outer glass pane 110. Next, the groove G4 is formed In the
second spacer 150D, and then the second spacer 150D may be attached to the
second outer glass pane 130 so that the circumference 150DE of the second spacer
150D may be offset inward with respect to the circumference 130E of the second outer
glass pane 130. Next, the second outer glass pane 130 may be attached to the inner
glass pane 120 via the second spacer 150D so that the first spacer 140D may be
accommodated in the groove G4 of the second spacer 150D. As such, the multi-pane
glass unit 100D described above with reference to FIG. 5 may be manufactured.
[00112] FIG. 14 is a cross-sectional view for illustrating a method of manufacturing a
multi-pane glass unit according to an embodiment of the disclosure.

[00113] Referring to FIG. 14, the first spacer 140C may be attached to the first main

- 24 -



WO 2021/126608 PCT/US2020/063864

surface 120M1 of the Inner glass pane 120 so that at least a portion of the
circumference 140CE of the first spacer 140C may be offset outward from the
circumference 120E of the inner glass pane 120. Also, the second spacer 150C may
be attached to the second main surface 120M2 of the inner glass pane 120 so that at
least a portion of the circumference 150CE of the second spacer 150C may be offset
outward from the circumference 120E of the inner glass pane 120. The first spacer
140C and the second spacer 150C may be simultaneously or sequentially attached to
the inner glass pane 120. In some embodiments, the inner glass pane 120 may be
accommodated in at least one of the groove G1 of the first spacer 140C and the groove
G2 of the second spacer 150C.

[00114] Next, the first outer glass pane 110 may be attached to the first main surface
120M1 of the inner glass pane 120 via the first spacer 140C, so that the circumference
120E of the Inner glass pane 120 may be offset inward with respect to the
circumference 110E of the first outer glass pane 110. Also, the second outer glass
pane 130 may be attached to the first main surface 120M1 of the inner glass pane 120
via the second spacer 150C, so that the circumference 120E of the inner glass pane
120 may be offset inward with respect to the circumference 130E of the second outer
glass pane 130. The first outer glass pane 110 and the second outer glass pane 130
may be simultaneously or sequentially attached to the inner glass pane 120. As such,
the multi-pane glass unit 100C described above with reference to FIG. 4 or the multi-
pane glass unit 100D described above with reference to FIG. 5 may be manufactured.
According to the manufacturing method described above with reference to FIG. 14,
the first spacer 140C and the second spacer 150C may be easily aligned with each
other.

[00115] The embodiments of the disclosure are intended to illustrate and not limit the
technical spirit of the disclosure, and the scope of the technical idea of the disclosure
IS not limited by these embodiments. The scope of which Is to be interpreted by the
following claims, and all technical ideas which are within the scope of the equivalence

should be interpreted as being included in the scope of the right.

-25.-



WO 2021/126608 PCT/US2020/063864

WHAT IS CLAIMED IS:

1. A multi-pane glass unit comprising:

a first outer glass pane and a second outer glass pane facing each other;

a first inner glass pane between the first outer glass pane and the second
outer glass pane;

a first spacer located between the first outer glass pane and the first inner
glass pane, the first spacer spacing the first inner glass pane apart from the first outer
glass pane; and

a second spacer located between the second outer glass pane and the first
INner glass pane, the second spacer spacing the first inner glass pane apart from the
second outer glass pane,

wherein a thickness of the first inner glass pane is less than a thickness of the
first outer glass pane and a thickness of the second outer glass pane,

a composition of the first inner glass pane is different from a composition of
the first outer glass pane and a composition of the second outer glass pane, and

a circumference of the first inner glass pane is offset inward with respect to a
circumference of the first outer glass pane and a circumference of the second outer

glass pane.

2. The multi-pane glass unit of claim 1, wherein the thickness of the first

INnner glass pane is about 0.2 mm to about 1.0 mm.

3. The multi-pane glass unit of claim 1 or 2, wherein a thermal expansion
coefficient of the first inner glass pane Is less than a thermal expansion coefficient of
the first outer glass pane and a thermal expansion coefficient of the second outer glass

pane.

4 The multi-pane glass unit of any of claims 1 to 3, wherein the first inner

glass pane has not undergone a strengthening process.
5. The multi-pane glass unit of any of claims 1 to 4, wherein a sunlight

absorption of the first inner glass pane iIs less than a sunlight absorption of the first

outer glass pane and a sunlight absorption of the second outer glass pane.
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0. The multi-pane glass unit of any of claims 1 to 5, wherein a sunlight
transmittance of the first inner glass pane iIs greater than a sunlight transmittance of

the first outer glass pane and a sunlight transmittance of the second outer glass pane.

/. The multi-pane glass unit of any of claims 1 to 6, wherein a density of
the first inner glass pane Is less than a density of the first outer glass pane and a

density of the second outer glass pane.

3. The multi-pane glass unit of any of claims 1 to 7, wherein
each of the first outer glass pane and the second outer glass pane comprises
soda lime glass, and

the first inner glass pane comprises boroaluminosilicate glass.

9. The multi-pane glass unit of any of claims 1 to 8, further comprising:

a second Inner glass pane located between the first inner glass pane and the
second outer glass pane, the second inner glass pane being spaced apart from the
first Inner glass pane by the second spacer; and

a third spacer located between the second outer glass pane and the second
INner glass pane, the third spacer spacing the second inner glass pane apart from the

second outer glass pane.
10. A window comprising:
the multi-pane glass unit according to claim 1; and

a frame surrounding a circumference of the multi-pane glass unit.

11. A building comprising the multi-pane glass unit according to claim 1 or

the window according to claim 10.

12. A refrigerator comprising the multi-pane glass unit according to claim 1

or the window according to claim 10.

13. A freezer comprising the multi-pane glass unit according to claim 1 or

the window according to claim 10.
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14. A vehicle comprising the multi-pane glass unit according to claim 1 or

the window according to claim 10.

15. A multi-pane glass unit comprising:

a first outer glass pane and a second outer glass pane facing each other;

an inner glass pane between the first outer glass pane and the second outer
glass pane;

a first spacer located between the first outer glass pane and the inner glass
pane, the first spacer spacing the inner glass pane apart from the first outer glass pane;
and

a second spacer located between the second outer glass pane and the inner
glass pane, the second spacer spacing the inner glass pane apart from the second
outer glass pane,

wherein a circumference of the inner glass pane iIs offset inward with respect
to a circumference of the first outer glass pane and a circumference of the second
outer glass pane,

a thickness of the inner glass pane is less than a thickness of the first outer
glass pane and a thickness of the second outer glass pane,

a portion of a circumference of the first spacer and a portion of a circumference
of the second spacer are offset outward with respect to the circumference of the inner
glass pane, and

a remaining portion of the circumference of the first spacer and a remaining
portion of the circumference of the second spacer are offset inward with respect to the

circumference of the Inner glass pane.

16. The multi-pane glass unit of claim 15, wherein a corner portion of the
INnner glass pane protrudes outward with respect to the circumference of the first

spacer and the circumference of the second spacer.

17.  The multi-pane glass unit of claim 15 or 16, wherein the circumference
of the first spacer and the circumference of the second spacer are offset inward from
the circumference of the first outer glass pane and the circumference of the second

outer glass pane.
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18. The multi-pane glass unit of any of claims 15 to 17/, wherein the first

spacer and the second spacer are in contact with each other.

19.  The multi-pane glass unit of any of claims 15 to 18, wherein

the Inner glass pane comprises a first main surface and a second main surface
facing each other, and an edge surface extending between the first main surface and
the second main surface, and

at least one of the first spacer and the second spacer Is In contact with the

edge surface of the inner glass pane.

20. The multi-pane glass unit of any of claims 15 to 19, wherein the
circumference of the second spacer is misaligned with respect to the circumference of

the first spacer.

21. A method of manufacturing a multi-pane glass unit, the method
comprising:

attaching a first spacer to an inner glass pane;

attaching the inner glass pane to a first outer glass pane via the first spacer
so that a circumference of the inner glass pane is offset inward with respect to a
circumference of the first outer glass pane;

attaching a second spacer to a second outer glass pane; and

attaching the second outer glass pane to the inner glass pane via the second
spacer so that the circumference of the inner glass pane is offset inward with respect
to a circumference of the second outer glass pane,

wherein a thickness of the inner glass pane is less than a thickness of the first
outer glass pane and a thickness of the second outer glass pane, and

a composition of the inner glass pane is different from a composition of the

first outer glass pane and a composition of the second outer glass pane.

22. A method of manufacturing a multi-pane glass unit, the method
comprising:
attaching a first spacer to an inner glass pane so that at least a portion of a

circumference of the first spacer is offset outward with respect to a circumference of
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the inner glass pane;

attaching the inner glass pane to a first outer glass pane via the first spacer
so that a circumference of the inner glass pane Is offset inward with respect to a
circumference of the first outer glass pane;

attaching a second spacer to a second outer glass pane; and

attaching the second outer glass pane to the inner glass pane via the second
spacer so that the circumference of the inner glass pane is offset inward with respect
to the circumference of the second outer glass pane and at least a portion of a
circumference of the second spacer is offset outward with respect to the circumference
of the Inner glass pane,

wherein a thickness of the inner glass pane Is less than a thickness of the first

outer glass pane and a thickness of the second outer glass pane.

23. A method of manufacturing a multi-pane glass unit, the method
comprising:

attaching a first spacer to a first main surface of an inner glass pane so that at
least a portion of a circumference of the first spacer is offset outward with respect to a
circumference of the Inner glass pane;

attaching a second spacer to a second main surface of the inner glass pane
so that at least a portion of a circumference of the second spacer 1s offset outward
with respect to the circumference of the inner glass pane;

attaching the first outer glass pane to the first main surface of the inner glass
pane via the first spacer so that the circumference of the inner glass pane is offset
iInward with respect to the circumference of the first outer glass pane; and

attaching the second outer glass pane to the second main surface of the inner
glass pane via the second spacer so that the circumference of the inner glass pane is
offset inward with respect to the circumference of the second outer glass pane,

wherein a thickness of the inner glass pane is less than a thickness of the first

outer glass pane and a thickness of the second outer glass pane.

24. The method of claim 23, wherein the inner glass pane is accommodated

IN at least one of a groove of the first spacer and a groove of the second spacer.
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