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There Is provided a strengthened glass capable of shortening a process time for maintaining the strength to improve the production
efficiency and forming an edge surface of the strengthened glass in any shape while preventing damage such as fracture due to
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(57) Abrege(suite)/Abstract(continued):

micro-cracks or the like. Strengthening layers 2 are formed on both surfaces of the glass plate 1, and protection films 3 are formed
IN regions except for cutting portions 4. Subsegquently, recessed portions 7 are formed by etching both surfaces of the glass plate at
the cutting portions 4 of the glass plate 1 not covered by the protection films 3. Subsequently, the glass plate 1 is cut using a cutter
3 along the recessed portions 7 to form separated strengthened glass 10, and a stepped portion 11 having a protruding cutting
surface and including an interior side surface 12 formed by etching a periphery of the glass plate 1 and an exterior side surface 13
formed by mechanical cutting Is formed. Also, an edge portion of the stepped portion 11 may be formed In any shape by
mechanical machining.
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ABSTRACT

There is provided a strengthened glass capable of shortening a process time for
maintaining the str'ength to improve the production efficiency and forming an edge
surface of the strengthened glass in any shape while preventing damage such as fracture
due to micro-cracks or the like. Strengthening layers 2 are tormed on both surfaces of the
olass plate 1, and protection films 3 are formed in regions except for cutting portions 4.
Subsequently, recessed portions 7 are formed by etching both surfaces of the glass plate
at the cutting portions 4 of the glass plate 1 not covered by the protection films 3.
Subsequently, the glass plate 1 is cut using a cutter 8 along the recessed portions 7 to
form separated strengthened glass 10, and a stepped portion 11 having a protruding
cutting surface and including an interior side surface 12 formed by etching a periphery of
the glass plate 1 and an exterior side surface 13 formed by mechanical cutting is formed.

Also, an edge portion of the stepped portion 11 may be formed in any shape by

mechanical machining.
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STRENGTHENED GLASS, TOUCH PANEL AND METHOD OF

MANUFACTURING STRENGTHENED GLASS

Technical Field

[0001] The present invention relates to a strengthened glass having strengthening
layers diSposed on both surfaces of a glass plate, more particularly, a strengthened glass
capable of preventing damage such as fracture or the like due to micro-cracks or chipping
generated when cutting the glass plate and capable of ensuring the strength against stress,

a touch panel using the strengthened glass, and a method of manufacturing the

strengthened glass.
Background Art
[0002] In recent years, as to electronic apparatus such as smart phone, tablet-type

terminal, vehicle navigation device or the like, there have been many products having a

touch panel sold on the market. In general, the touch panel is formed by bonding a cover

~ glass and an electrostatic sensor, wherein the cover glass is characterized in that it is

desired to be as thin as possible while the strength against stress is high.

10003] Strengthened glass is well-known as such a glass having high strength.
The strengthened glass is a glass having compressive stress layers (strengthening layers)
disposed on both surfaces of a glass plate to improve the strength and reduce the
possibility of damage such as fracture or the like compared with a common glass. Also,

in the case of manufacturing components such as the cover glass or the like in large scale

using the strengthening glass, a large glass plate having strengthening layers disposed on
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both surfaces thereof is prepared and then is cut by a wheel cutter or laser to manufacture
a plurality of separated strengthened glasses.

[0004] However, according to the method described above, numerous fine cracks
(i.e., so-called micro-cracks or chipping, which is referred to as “micro-cracks or the
like”) are formed on a cutting surface of the separated strengthened glass, and damage
such as fracture or the like may be caused due to stress concentrated at the micro-cracks
or the like, acting as an important factor causing decrease in the strength of the
strengthened glass. Therefore, in the related art, in order to maintain the strength of the
strengthened glass, an etching process is performed on the cutting surface of the
strengthened glass using a chemical liquid to etch, and thus, remove the micro-cracks.
[0005] However, the etching process must be performed on all of the cutting
surfaces of the separated strengthened glass, including four side surfaces of the glass
plate except for its front and back surfaces. Also, the chemical liquid used has a low
concentration, and thus, a long time 1s taken to complete the etching'process for removing
the micro-cracks or the like. Furthermore, the concentration of the chemical liquid may
be increased to shorten the process time, however, the increase 1n the concentration may
result in not only a danger but also a strong etching reaction to form large irregularities
on the cutting surface on which the etching process i1s performed. As such, the
manufacturing method by means of a conventional strengthened glass has a problem that
a long time is taken to perform the process for maintaining the strength of the
strengthened glass after cutting the glass plate, greatly deteriorating the production
efficiency.

[0006] Also, a method of cutting a large glass substrate after being etched is

described in the following Patent Literature 1 as a method of preventing damage due to
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the stress generated in the strengthened glass. However, according to the method,

after cutting the large glass substrate, protrusions remaining on edge portions of the
substrate are removed by grinding the edge portions of the substrate, and then edge
surfaces of the substrate is subjected to an etching process. Since the removing

process and a plurality of etching processes are required, the process time gets

longer and the production efficiency is degraded.
Prior Art Document

Patent Literature

[0007] [Patent document Literature 1] Japanese Published Unexamined
Application No. 2011-164508.

Summary of Invention

Problem to be solved by the invention

[0008] Some embodiments of the present invention were made to solve the
problem described above, and an object of some embodiments of the present
Invention Is to shorten a process time for maintaining the strength of the strengthened
glass to improve the production efficiency while substantially preventing damage

such as fracture due to micro-cracks or the like generated when cutting a glass plate.

Means for solving problem

[0009] The object of some embodiments may be achieved by providing a
strengthened glass comprising: a glass plate; and strengthening layers disposed on
both surfaces of the glass plate, wherein the glass plate includes a stepped portion
formed at a periphery of the glass plate and having a protruding cutting surface, and

the stepped portion has an interior side surface formed by an etching process and an

exterior side surface formed by mechanical cutting.
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[0010] According to the strengthened glass of some embodiments of the
present invention, the exterior side surface of the stepped portion may be formed to
have a curved shape, a light chamfer, or a straight edge. Also, a touch panel may be
manufactured using the strengthened glass according to some embodiments of the
present invention and a conductive film and an insulating film disposed on the glass

plate.

[0011] ' Also, the object of some embodiments may be achieved by providing a
method of manufacturing a strengthened glass, by which a large glass plate is
separated to manufacture a plurality of strengthened glasses, comprising: a step of
forming strengthening layers on both surfaces of the glass plate; a step of forming
protection films in regions except for cutting portions of the glass plate on which the
strengthening layers are formed; a step of forming recessed portions by etching both
surfaces of the glass plate at the cutting portions of the glass plate not covered by the
protection films; and a step of mechanically cutting the glass plate having the
recessed portions formed thereon along the recessed portions, and forming a
stepped portion at a periphery of the cut glass plate, the stepped portion having a

protruding cutting surface.

[0012] Also, the object of some embodiments may be achieved by providing
another method of manufacturing a strengthened glass, by which a large glass plate
IS separated to manufacture a plurality of strengthened glasses, comprising: a step of
forming strengthening layers on both surfaces of the glass plate; a step of
mechanically cutting the glass plate having the strengthening layers formed thereon:
a step of forming protection films in a region except for a periphery of the cut glass
plate; and a step of forming a stepped portion by etching both surfaces of the glass
plate at the periphery of the glass plate not covered by the protection films, the

stepped portion having a protruding cutting surface.
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[0013] Here, the method of manufacturing a strengthened glass according to
some embodiments of the present invention may further comprise a step of grinding
an exterior side surface of the stepped portion to have a curved shape, a light

chamfer, or a straight edge after the step of forming the stepped portion.
Advantageous effects of invention

[0014] According to some embodiments of the present invention, in the cut
strengthened glass, the stepped portion having the protruding cutting surface is
formed at the periphery of the glass plate and has two side surfaces in different
surface states, the interior side surface formed by the etching process and the
exterior side surface formed by mechanical cutting. Therefore, stress against the
strengthened glass is applied to the strengthening layers on both surfaces of the
glass plate and absorbed by the strengthening layers, generation of micro-cracks on
the Interior side surface of the stepped portion adjacent to the strengthening layers
may be prevented, and thus, fracture due to the micro-cracks does not occur either.
Also, even In a case where the exterior side surface of the stepped portion has micro-
cracks or the like generated when cutting, since the stress applied to both surfaces of
the glass plate will not accumulate at the micro-cracks or the like formed on the
exterior side surface spaced apart from said both surfaces of the glass plate, it may
be considered that there is no adverse effect on the strength. Therefore, according to

the strengthened glass manufactured by some embodiments of the present inventive
method, damage such as fracture due to micro-cracks or the like can be substantially

prevented, and the strength against stress can be ensured.

[0015] Also, the etching process is performed on all of the cutting surfaces of
the strengthened glass In the related method, while in the case of some embodiments
of the present inventive method, the exterior side surface of the stepped portion is
formed by cutting using a cutter such as a diamond cutter or the like, and thus, can

be formed In a short time. Therefore, some embodiments of the present invention
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may have effects as follows: the process time for maintaining the strength of the
strengthened glass after cutting the glass plate is shortened greatly so that the
production efficiency can be improved; and since the end surface of the stepped

portion is formed by machining, it may be processed into any shape.

According to one aspect of the present invention, there is provided a
strengthened glass, comprising: a glass plate; and strengthening layers disposed on
both surfaces of the glass plate, wherein the glass plate includes a stepped portion
formed at a periphery of the glass plate and having a protruding cutting surface, and
wherein the stepped portion has an interior side surface formed by an etching

process and an exterior side surface formed by mechanical cutting.

According to another aspect of the present invention, there is provided
a touch panel, comprising: the strengthened glass as described above; and a
conductive film and an insulating film disposed on the glass plate of the strengthened

glass.

According to still another aspect of the present invention, there Is
provided a method of manufacturing a strengthened glass, by which a large glass
plate is separated to manufacture a plurality of strengthened glasses, comprising: a
step of forming strengthening layers on both surfaces of the glass plate; a step of
forming protection films in regions except for cutting portions of the glass plate on
which the strengthening layers are formed; a step of forming recessed portions by
etching both surfaces of the glass plate at the cutting portions of the glass plate not

covered by the protection films; and a step of mechanically cutting the glass plate

having the recessed portions formed thereon along the recessed portions, and

forming a stepped portion at a periphery of the cut glass plate, the stepped portion
having a protruding cutting surface.
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According to yet another aspect of the present invention, there is
provided a method of manufacturing a strengthened glass, by which a large glass
plate is separated to manufacture a plurality of strengthened glasses, comprising: a
step of forming strengthening layers on both surfaces of the glass plate; a step of
mechanically cutting the glass plate having the strengthening layers formed thereon:

a step of forming protection films in a region except for a periphery of the cut glass
plate; and a step of forming a stepped portion by etching both surfaces of the glass
plate at the periphery of the glass plate not covered by the protection films, the

stepped portion having a protruding cutting surface.

Brief Description of Drawings

[0016] FIG. 1 is a plan view illustrating a glass plate for manufacturing the

strengthened glass according to an embodiment of the present invention.

FIG. 2 is a cross-sectional view for explaining an example of a
manufacturing process of the strengthened glass according to an embodiment of the

present invention.

FIG. 3 is an enlarged cross-sectional perspective view illustrating the
vicinity of a stepped portion of the strengthened glass according to an embodiment of

the present invention.

FIG. 4 is a cross-sectional view for explaining another example of a
manufacturing process of the strengthened glass according to an embodiment of the

present invention.

oa
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Description of the reference numerais in the drawings:
1..... glass plate

2..... strengthening layer

3..... protection film

4..... cutting portion

5..... exposure hole

ob
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6...photo mask

7...recessed portion

3...cutter

9...rotatable or rotating knife grinder
10...strengthened glass

11...stepped portion

12...intenor side surface

13...extenor side surface

Detailed Description of Invention

[0017] Hereinafter, modes for carrying out the present invention will be explained
with reference to the attached drawings.

[0018] As shown in FIG. 1, a thin and large glass plate 1 is used, and a plurality
of strengthened glasses 10, 10, .... are manutactured by separating a piece of glass plate 1
according to the present invention. The manufacturing method will be explained in a
process order. Also, the drawings referred by the following descﬁption may not be drawn
to scale, and characterizing parts will be illustrated while being enlarged compared with

other parts for clarity of the structure.
[0019] As shown in FIG. 2 (a), a thin and large glass plate 1 is prepared. The

glass plate 1 has a plate thickness T which 1s not particularly limited, but preferred
0.4~1.0 mm considering workability and the requirement of being thin. Also, if the glass
plate 1 has a thickness of 0.4 mm, the size of the glass plate 1 may be configured to be a

square shape having a side length of 500 mm, and if the glass plate 1 has a thickness of

0.7 mm, the size of the glass plate 1 may be configured to be a square shape having a side
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length of 1 m. A size of the unprocessed glass plate 1 may be appropriately determined
considering ease of handing relative to the plate thickness T.

[0020] Subsequently, as shown in FIG. 2 (b), a strengthening layer 2 1s formed on
the glass plate 1. An ion-exchange method (a method of forming a compressive stress
layer by dipping the glass plate into an aqueous solution containing ions) or an air-cooled
strengthening method (a method of forming a compressive stress layer by rapidly cooling
the glass plate with air blow after heating) may be used to form the strengthening layer 2.
In the current embodiment, strengthening layers 2 are formed on both front and back
surfaces of the glass plate 1, thereby improving the strength of the glass plate 1 and
reducing the possibility of damage such as fracture or the like compared with a common
glass.

10021} Subsequently, as shown in FIG. 2 (¢), a protection film 3 is formed on the
glass plate 1 on which the strengthening layer 2 is formed. The protection film 3 protects
the glass plate 1 from being etched in a subsequent etching process, and the protection
film 3 is limited to be formed in regions except for cutting portions 4 each having a width

of about 0.05~1.0mm as an outline of an product. The method for forming the protection
film 3 may be the same as a common photolithography method, in which firstly

transparent photoresist (photosensitive resin) is coated uniformly on a surface of the
strengthening layer 2 and dried, then a photo mask 6 having exposure holes 5 is covered
in the regions expect for the cutting portions 4, a pattern is printed by exposing the
photoresist with irradiation of UV light, and then the printed pattern i1s developed using
an alkali aqueous solution so that the protection film 3 is formed on the strengthening
layer 2 by patterning. Protection films 3 are formed on both front and back surfaces of the

glass plate 1. Also, the protection film 3 is peeled off after the etching process, and thus,
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a structure in which a peelable protection sheet is attached or a structure in which a
protection film 1s printed may be employed instead of the structure 1n which the pattern 1s
formed using the photoresist.

10022] Subsequently, as shoWn in FIG. 2 (d), an etching process is performed on
the cutt—ing portions 4 of the glass plate 1 which are not covered with the protection film 3.
In the current embodiment, the etching process may be a wet etching process performed
by contact with a chemical liquid such as hydrofluoric acid or the like, and by this, the
strengthening layer 2 and the glass plate 1 positioned at the cutting portions 4 are etched
to form recessed portions 7 having a specific depth. Then, after completing the etching
process, the undesired protection film 3 is peeled off to be removed by using a strong
alkali. Here, the recessed portions 7 are formed on both front and back surfaces of the
glass plate 1. Also, each of the recessed portions 7 has a preferred thickness D of about
>~30pum depending on the strengthening layer 2 and the plate thickness T of the glass
plate 1.

[0023] Subsequently, as shown in FIG. 2 (e), the glass plate 1 having the recessed
portions 7 formed on both surfaces thereof 1s cut by machining. In the cutting process, a
cutter such as a diamond cutter, a wheel cutter made of cemented carbide alloy, or a laser
or a diamond tool or the like may be used as the cutter 8, and the glaSs plate 1 i1s cut along
the centers of the recessed portions 7 to separate the glass plate 1 to manufacture a
plurality of strengthened glasses 10, 10, .... Such an individual strengthened glass 10 is
formed to have a shape in which a stepped portion 11 having a protruding cutting surface

is formed at a periphery of the glass plate 1. If the width W of the stepped portion 11 is

too long, the glass strength may become weak. If the width W of the stepped portion 11 is
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too short, the stepped portion 11 may be damaged while cutting so that the strength

cannot be ensured. Therefore, the width W 1s preferred about 50~500pm.

[0024] Finally, as shown 1n FIG. 2(f), the stepped portion 11 of the strengthened
glass 10 may be subjected to a post-process in which the stepped portion 11 1s ground.
During the post-process, it is preferred that the strengthened glass 10 is fixed, and 1is
ground while feeding a rotatable or rotating knife grinder 9 (9A) having a curved working

surface to form an end surface of the stepped portion 11 in a cured shape. Preferably, a

knife grinder having a fine granularity of about #800 is used as the rotatable knife grinder
9 (9A). Also, as an alternative to the rotatable knife grinder 9 (9A) for curving, a
rotatable knife grinder 9 (9B) for light chamfering or a rotatable knife grinder 9 (9C) for
forming a straight edge may be used to lightly chamfer or form the straight edge.

[0025] As shown in FIG. 3, the strengthened glass 10 manufactured as above has
the stepped portion 11 with a specific width formed at the periphery of the glass plate 1.
The stepped portion 11 has two side surfaces, an interior side surface 12 and an exterior
side suiface 13, however, since the two side surfaces are formed by different methods as
described above, they have different surface states. That 1s, the interior side surface 12 is
formed by the etching process, more particularly, it is a surface formed by etching the
glass plate 1 with the chemical liquid such as hydrofluoric acid or the like, and thus,
defects due to fracture such as micro-cracks or the like are substantially prevented. On
the contrary, the exterior side surface 13 is formed by the cutter 8 such as the diamond
cutter or the like, that is, it is a surface formed by machining, specifically, cutting the
glass plate 1, and thus, fine defects such as micro-cracks or the like may be caused.
10026} However, since stress against the strengthened glass 10 1s absorbed by its

application to both surfaces of the glass plate 1 (the surfaces on which the strengthening

10
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layers 2 are formed), fracture due to micro-cracks or the like does not occur as long as
there 1s no micro-crack on the interior side surface or surfaces 12 of the stepped portion
11 adjacent to said both surfaces. Also, even if the exterior side surface 13 of the stepped
portion 11 has micro-cracks or the like, as long as the micro-cracks or the like do not
reach at least the exterior side surface or surfaces 12, the stress applied to both surfaces of -
the glass plate 1 will not accumulate at the micro-cracks or the like formed on the exterior
side surface 13 spaced apart from the interior side surface 12, so it may be considered
that there 1s no adverse effect on the strength. Therefore, according to the strengthened
glass 10 manufactured by the present inventive method, damage such as fracture due to
micro-cracks or the like can be substantially prevented, and the strength against stress can
be ensured.

[0027] Also, according to the present inventive method, the time taken to perform
the process for maintaining the strength of the strengthened glass 10 after cutting the
glass plate 1 can be shortened. That 1s, the etching process i1s performed on all of the
cutting surfaces (four side surfaces except for the front and back surfaces of glass plate 1)
of the strengthened glass 10 in the related method, while in the case of the present
inventive method, since only the recessed portions 7 formed at the cutting portions 4 are
etched, and thus, the processing area according to the present invention 1s significantly
less than that in the related method. Also, the exterior side surface 13 of the stepped

portion 11 can be formed 1n a short time by cutting the glass plate 1 with the cutter 8 such
as the diamond cutter or the like. Therefore, the process time for maintaining the strength
1s shortened greatly, and the production efficiency can be improved. Furthermore, since

the exterior side surface 13 of the stepped portion 11 is formed by machining, it may be

11
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processed into any shape such as a curved shape shown in FIG. 3 (a), a lightly chamfered
shape shown in FIG. 3 (b), a straight edge shape shown in FIG. 3 (¢) and the like.

[0028] Also, although the glass plate 1 is separated by being cut after etching the
glass plate 1 in the manufacturing method described above, a method of performing an
etching process after cutting the glass plate 1 may be applied as an alternative to the
manufacturing method described above.

[0029] The method will be described with reference to FIG. 4. First,
strengthening layers 2 shown in FIG. 4(b) are formed on both surfaces of a large glass
plate 1 shown in FIG. 4(a). The forming method of the strengthening layers is the same as
the method described above, in particular, may be an ion-exchange method or an air-
cooled strengthening method. The strengthening layers 2 are formed on both surfaces of
the glass plate 1.

[0030] Subsequently, as shown in FIG. 4 (c), the glass plate 1 having the
strengthening layers 2 formed on botﬁ surfaces thereof 1s cut by machining. In the cutting
process, a cutter such as a diamond cutter, a wheel cutter made of cemented carbide alloy,
or a laser or a diamond tool or the like may be used as the cutter 8, and the glass plate 1 is
cut along cutting portions 4 to be an outline of a product to separate the glass plate 1 to
manufacture a plurality of strengthened glasses 10, 10, ....

[0031] Subsequently, as shown 1n FIG. 4 (d), a protection film 3 is formed in a
region except for a periphery (having a width of about 50~500 pum) of the cut glass plate
l. The forming method of the protection film 3 is the same as the method described
above, more particularly, a photolithography method, a method of attaching a protection
sheet, or a method of printing a protection film may be used. The photolithography

method may be performed by coating and drying a photoresist, covering a photo mask 6

12
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formed with an exposure hole 5 in a region except for the periphery, and - forming a

pattern by exposure and development. Protection films 3 are formed on both surfaces of

“the glass plate 1.

10032] Subsequently, as shown in FIG. 4 (¢), an etching process 1s performed on
the periphery of glass plate 1 which is not covered with the protection film 3. The etching
process may be the same as described above, that is, 1t may be a wet etching process
performed by contact with a chemical liquid such as hydrofluoric acid or the like. By
means of this, the strengthening layer 2 and the glass plate 1 positioned at the periphery
of the glass plate 1 are etched so that a stepped portion 11 having a protruding cutting
surface is formed by performing the etching process on both surfaces of the glass plate 1.
Here, the interior side surface 12 of the stepped portion 11 has a preferred thickness D of
about 5~50um depending on the strengthening layer 2 and the plate thickness T of the
glass plate 1.

[0033] Finally, as shown in FIG. 4 (f), a post-process of grinding an end surface
of the stepped portion 11 to have a curved shape, or a light chamfer, or a straight edge
may be performed.

[0034] The strengthened glass 10 manufactured according to the method
described above also has a stepped portion 11 With a specific width formed at the
periphery of the glass plate 1. The stepped portion 11 is formed to have the interior side
surface 12 formed by etching and the exterior side surface 13 formed by machining,

specially, cutting, and thus, according to the reason described above, damage such as

fracture due to micro-cracks or the like can be substantially prevented and the strength

against stress can be ensured.

13
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INDUSTRIAL APPLICABILITY
[0035] The strengthened glass according to the present invention may be used as
a component of electronic apparatus having a touch panel such as smart phone, tablet-
type terminal, vehicle navigation device or the like. For example, the strengthened glass
may be used in an electrostatic capacity-type touch panel formed by stacking a
transparent conductive film and an insulating film on one surface of the strengthened
glass or as a cover glass having a decorative layer disposed at the periphery .of the

strengthened glass.

14
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CLAIMS:
1. A strengthened glass, comprising:
a glass plate; and
strengthening layers disposed on both surfaces of the glass plate,

wherein the glass plate includes a stepped portion formed at a
periphery of the glass plate and having a protruding cutting surface, and

wherein the stepped portion has an interior side surface formed by an

etching process and an exterior side surface formed by mechanical cutting.

2. The strengthened glass of claim 1, wherein the exterior side surface of
the stepped portion is formed to have a curved shape, a light chamfer, or a straight
edge.

3. ' A touch panel, comprising:
the strengthened glass of claim 1 or 2; and

a conductive film and an insulating film disposed on the glass plate of

the strengthened glass.

4. - A method of manufacturing a strengthened glass, by which a large
glass plate is separated to manufacture a plurality of strengthened glasses,

comprising:

a step of forming strengthening layers on both surfaces of the glass
plate;

a step of forming protection films in regions except for cutting portions
of the glass plate on which the strengthening layers are formed:;

15
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a step of forming recessed portions by etching both surfaces of the
glass plate at the cutting portions of the glass plate not covered by the protection
films; and

a step of mechanically cutting the glass plate having the recessed
portions formed thereon along the recessed portions, and forming a stepped portion
at a periphery of the cut glass plate, the stepped portion having a protruding cutting

surface.

5. A method of manufacturing a strengthened glass, by which a large
glass plate is separated to manufacture a plurality of strengthened glasses,
comprising:

a step of forming strengthening layers on both surfaces of the glass

plate;

a step of mechanically cutting the glass plate having the strengthening
layers formed thereon;

a step of forming protection films in a region except for a periphery of
the cut glass plate; and

a step of forming a stepped portion by etching both surfaces of the
glass plate at the periphery of the glass plate not covered by the protection films, the
stepped portion having a protruding cutting surface.

6. The method of manufacturing the strengthened glass of claim 4 or
claim 5, further comprising a step of grinding an exterior side surface of the stepped
portion to have a curved shape, a light chamfer, or a straight edge after the step of
forming the stepped portion.

16
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DRAWINGS
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