Descri ption

Title of Invention: METHOD FOR MANUFACTURI NG ANNULAR
MEMBER AND ANNULAR MEMBER

Technical Field

[ 0001] The present invention relates to a nethod of
manuf acturing an annul ar nenber, and to the annul ar
menber .

Background Art

[ 0002] A dry etching apparatus using plasma is used as
substrate processing apparatuses in nmanufacture of a

sem conductor integrated device such as an LSI. The dry
et chi ng apparatus includes a cylindrical vacuum chanber.
A hi gh-frequency voltage is applied between a cat hode of
a planar el ectrode and a counter el ectrode (anode) by a
hi gh-frequency oscillator while a wafer to be etched is
pl aced on the cathode and etching gas is introduced into
t he vacuum chanber, thereby plasna of the etching gas is
gener ated between the el ectrodes. Positive ions as
activated gas in the plasna enter a surface of the wafer
to etch the wafer

[ 0003] Various annul ar nenbers are used inside the vacuum
chanber of the dry etching apparatus. Representative
exanpl es of the annul ar nmenber include a focus ring that
has a doughnut shape surrounding the wafer to be etched,
and an annular ground ring that is disposed so as to
cover a side surface of a columar susceptor base portion
on which the wafer is placed. The representative
exanpl es of the annul ar menber further include a
protection nmenber such as an annul ar shield ring provided
on a peripheral edge part of the counter electrode, and a
side wall nenber covering an inner wall side surface of
the vacuum chanber (Patent Literature 1).



[ 0004] When there is a netal conponent inside the vacuum
chanber of the dry etching apparatus, netal contam nation
occurs. Therefore, a silicon conponent is desirably used.
It is necessary for each of the focus ring, the ground
ring, and the annul ar protection nenber to have a

di aneter larger than a dianmeter of the wafer to be etched.
A silicon conmponent for 300 nmwafer, which is mainly in
current use, i s expensive because the silicon conponent

is fabricated froma silicon crystal ingot having a

di aneter of 320 mmor nore. |In particular, sone of the
annul ar side wall nenbers have a dianeter of 700 nm or
nore, and it is substantially inpossible in sone cases to
fabricate the annul ar side wall nmenber froma silicon
crystal ingot.

Citation List

Patent Literature

[ 0005] Patent Literature 1: Japanese Patent Lai d-Open No.
2008- 251744

Summary of Invention

Techni cal Probl em

[0006] If the silicon conponent is nmanufactured by
joining a plurality of silicon nenbers not as an

I ntegrated conponent, the silicon conponent is fabricable
froma silicon crystal ingot that has a snaller dianeter.
Therefore, various advantages such as nmanufacturing cost
reducti on are expected.

[ 0007] An object of the present invention is to provide a
nmet hod of manufacturing an annul ar nenber in which a
plurality of silicon nenbers are joined, and the annul ar
menber.

Sol ution to Probl em



[ 0008] A nethod of manufacturing an annul ar nmenber
according to the present invention is a nethod of

manuf acturi ng an annul ar nmenber to be placed in a process
chanber of a substrate processing apparatus that perforns
pl asma processing on a substrate accommodated in the
process chanber, and the nethod includes: arrangi ng one
silicon nenber and another silicon nenber to cause one
abutting surface of the one silicon nenber and anot her
abutting surface of the other silicon nenber to abut on
each other; heating the one abutting surface and the

ot her abutting surface through optical heating by a xenon
| anp or a halogen lanp to nelt silicon on a surface of
the one abutting surface and silicon on a surface of the
ot her abutting surface such that silicon nelt is caused
to flowinto a gap between the one abutting surface and
the other abutting surface; and cooling the one abutting
surface and the other abutting surface to crystallize the
silicon nelt formng a silicon adhesion part such that
the one silicon nenber and the other silicon nenber are
joined to each other with the silicon adhesion part.

[ 0009] An annul ar nenber according to the present
invention is an annul ar nenber to be placed in a process
chanber of a substrate processing apparatus that perforns
pl asma processing on a substrate accomodated in the
process chanber, and the annul ar nenber includes a
plurality of silicon nmenbers, and a silicon adhesion part
that is provided to fill a gap between one abutting
surface of one of the silicon nenbers and anot her
abutting surface of another one of the silicon nenbers,
and joins the one abutting surface and the other abutting
surface. The silicon adhesion part is made fromsilicon
melt at an end surface of the one silicon nenber and
silicon nelt at an end surface of the other silicon
menber to cone into contact with each other that have
flown into the gap due to capillary phenonenon and have



been crystallized, wherein one silicon adhesion part made
of nonocrystalline silicon taking over crystallinity of
the one abutting surface and another silicon adhesion
part made of nonocrystalline silicon taking over
crystallinity of the other abutting surface are
integrated at atom c |evel

Advant ageous Effects of Invention

[ 0010] According to the present invention, it is possible
to manufacture the annul ar nmenber by conbining the
plurality of silicon nmenbers each cut out froma silicon
crystal ingot that has a size snmaller than an outer

di aneter of the annular nmenber. Accordingly, for the
annul ar nmenber, it is unnecessary to use the silicon
crystal ingot that has a size larger than the outer

di anmeter of the annul ar nenber, and thus the cost can be
reduced accordingly.

Brief Description of Draw ngs

[0011] FIG 1 is a cross-sectional view schenmatically
illustrating a configuration of a dry etching apparatus
provided with a focus ring that is fabricated from an
annul ar nmenber according to a first enbodi nent.

FIG 2 is a perspective viewillustrating the annul ar
nmenber according to the first enbodi nent.

FIG 3 is a cross-sectional viewillustrating an abutting
surface according to the first enbodi nent.

FIG 4 is a cross-sectional view schematically
illustrating an apparatus that manufactures the annul ar
menber .

FIG 5 is a cross-sectional viewillustrating a nethod of
manuf acturi ng an annul ar nenber according to a variation
of the first enbodi nment.



FIG 6 is a cross-sectional viewillustrating a silicon
adhesi on part manufactured by the manufacturing method
according to the variation of the first enbodi nent.

FIG 7 is a perspective view illustrating an annul ar
menber according to a second enbodi nent.

FIG 8 is a cross-sectional viewillustrating an abutting
surface according to the second enbodi nent, where FIG 8A
Is an abutting surface in a first ring body, and FIG 8B
is an abutting surface in a second ring body.

FIG 9 is a perspective view illustrating an annul ar
menber according to a third enbodi nent, where FIG 9A
illustrates upper surface side, and FIG 9B illustrates

| ower surface side.

FIG 10 is a cross-sectional viewillustrating an
abutting surface according to the third enbodi nent, where
FIG 10A is a cross-sectional view, and FIG 10B is a
bottom vi ew.

FIG 11 is a diagramillustrating an enbedded silicon
menber, where FIG 1l1A illustrates a variation (1), and
FIG 11B illustrates a variation (2).

Descri ption of Enbodi nents
[0012] Sone enbodi nents of the present invention are
described in detail below wth reference to draw ngs.
[0013] 1. First enbodi nent
(1) Entire Configuration

A dry etching apparatus 10 illustrated in FIG 1
i ncl udes a vacuum chanber 12 as a process chanber, an
upper el ectrode plate 14, and a base 16. The vacuum
chanber 12 has a substantially cylindrical shape, and
internally includes a process space 31 surrounded by a
cylindrical side wall. An inner surface of the side wal
of the vacuum chanber 12 is covered with a side wal
menber 13. An inner surface around the upper el ectrode
plate 14 on an upper wall of the vacuum chanber 12 is



covered with an upper wall nenber 17. The side wal

menber 13 and the upper wall nenber 17 are annul ar
menbers to protect the inner wall of the vacuum chanber
12 exposed to plasnma, and are nade of silicon.

[0014] A baffle plate 25 is provided inside the vacuum
chanber 12 that partitions the inside of the vacuum
chanber 12 in a height direction. An exhaust space 26 is
provided on a |l ower part inside the vacuum chanber 12
partitioned by the baffle plate 25, and the process space
31 is provided on an upper part inside the vacuum chanber
12. The baffle plate 25 is a protection nenber to
prevent backfl ow of etching gas, and is made of silicon.
The baffle plate 25 includes an annul ar nmai n body, and

i ncl udes fl ow passages 27 that penetrate through the main
body in a thickness direction. As illustrated in the
figure, the baffle plate 25 is provided at a
substantially center in the height direction inside the
vacuum chanber 12.

[ 0015] The upper electrode plate 14 is a disc-Ilike nenber,
and is fixed to the upper part inside the vacuum chanber
12. A peripheral edge part of the upper electrode plate
14 is covered with a protection ring 20. A shield ring
21 made of quartz is provided between the upper el ectrode
plate 14 and the protection ring 20. The protection ring
20 is a nenber to protect the inner wall of the vacuum
chanber 12 fromthe plasma generated near the upper

el ectrode plate 14, and is nade of silicon. The
protection ring 20 is grounded in sone cases. In the
figure, a surface of the protection ring 20 on the inside
of the vacuum chanber 12 protrudes fromthe shield ring
21, and has the sanme height as the height of the upper
wal | menber 17. The upper electrode plate 14 includes a
plurality of through holes 15 penetrating through the
upper electrode plate 14 in a thickness direction. The
upper electrode plate 14 is electrically connected with



an unillustrated high-frequency power supply. The upper
el ectrode plate 14 is connected with a gas supply pipe 24.
[ 0016] The etching gas supplied through the gas supply
pipe 24 flows into the vacuum chanber 12 fromthe through
hol es 15 of the upper electrode plate 14. The etching
gas flowed into the vacuum chanber 12 flows into the
exhaust space 26 through the flow passages 27, and is
exhausted to outside froman exhaust port 28.

[0017] The base 16 is disposed inside the process space
31 on the upper side of the baffle plate 25 inside the
vacuum chanber 12, and is surrounded by a ground ring 30.
The ground ring 30 is made of silicon and is grounded. A
focus ring 18 is provided on the base 16. The focus ring
18 is made of silicon, and a concave part 19 supporting a
peri pheral edge of a wafer 22 is provided over an entire
i nner circunference. A power supply that applies a
voltage to stabilize the plasma during the etching is

el ectrically connected to the focus ring. A cover ring
23 that protects a side surface of the focus ring 18 may
be provided around the focus ring 18. The cover ring 23
I's made of quartz, and a concave part 33 supporting a
peri pheral edge of the focus ring 18 is provided over an
entire inner circunference.

[0018] The dry etching apparatus 10 is supplied with the
et ching gas through the upper el ectrode plate 14. Wen

t he hi gh-frequency voltage is applied fromthe high-
frequency power supply, the plasnma is generated between
the upper electrode plate 14 and the wafer 22. The
surface of the wafer 22 is etched by this pl asma.

[ 0019] The annul ar nenber according to the present

enbodi ment is applicable to the focus ring 18, the
protection ring 20, the ground ring 30, the side wal
menber 13, the upper wall nenber 17, and the baffle plate
25 descri bed above that are silicon conponents. The
annul ar nmenber is not limted to the above-descri bed



silicon conmponents. The annular nenber is applicable to
an electrode ring as a silicon conponent that is placed

i nside the vacuum chanber 12 of the dry etching apparatus
10 and is supplied wwth the voltage or is grounded, or a
protection nenber ring that is a silicon conmponent other
than the above. The annul ar nmenber nmay have an interna
di aneter of about 290 mm or nore, and an outer dianeter
of about 800 nmm or | ess.

[ 0020] As an exanpl e, the annul ar nmenber according to the
present enbodi nent that serves as the nenber for the
focus ring 18 is described below As illustrated in FIG
2, an annul ar nenber 32 includes a plurality of (three in
the figure) first silicon nenbers 34, 36, and 38. Note
that, in the follow ng description, the plurality of
first silicon nenbers 34, 36, and 38 are collectively
referred to as silicon nenbers in a case where the
plurality of first silicon nenbers 34, 36, and 38 are not
particul arly distingui shed fromone another. The silicon
menbers each have an arc shape, and are integrated in a
ring shape by being joined in one direction through
silicon adhesion parts (not illustrated in the figure) at
abutting surfaces 37 that are end surfaces in a

| ongi tudi nal direction. The silicon nenbers each nay be
nmonocrystalline silicon or polycrystalline silicon. A
manuf acturing nethod, purity, crystal orientation, etc.
thereof are not limted. A size of each of the silicon
menbers is not particularly Iimted, and for exanple,
each of the silicon nenbers nay have a thickness of about
1 mmor nore and about 100 mmor |ess, and a width of
about 10 nm or nore and about 100 nmm or | ess.

[0021] As illustrated in FIG 3, a silicon adhesion part
39A i s provided between the abutting surfaces 37 of the
silicon nenbers. FIG 3 illustrates the abutting
surfaces 37 of the first silicon nenbers 34 and 36.



[0022] In a case where the silicon nenbers each contain
nonocrystalline silicon, the nonocrystalline silicon that
takes over crystallinity of the end surfaces of the
silicon nenbers contacted at the abutting surfaces 37 is
integrated in the silicon adhesion part 39A. In the
figure, in the silicon adhesion part 39A, one silicon
adhesion part that is nmade of nonocrystalline silicon
taking over the crystallinity of the end surface of the
silicon nenber 34 and the other silicon adhesion part
that is nade of nonocrystalline silicon taking over the
crystallinity of the end surface of the silicon nenber 36
are integrated. In other words, crystal orientation of
the one silicon adhesion part is the sane as crystal
orientation at the end surface of the silicon nenber 34,
and crystal orientation of the other silicon adhesion
part is the same as crystal orientation at the end
surface of the silicon nenber 36.
[0023] (2) Manufacturing Method

Next, a method of manufacturing the annul ar nenber
32 is described. First, surface treatnent is perforned
on the silicon nenbers. WMre specifically, surfaces of
the silicon nmenbers are treated by grinding, polishing,
or the like, to preferably formmrror surfaces. The
surfaces of the silicon nenbers nmay be etched by m xed
solution of hydrofluoric acid and nitric acid. As the
m xed sol ution, chem cal polishing solution (hydrofluoric
acid (4999 : nitric acid (70% : acetic acid (100% = 3 :
5 : 3) standardized as JIS H 0609 may be used.
[ 0024] Subsequently, the three first silicon nenbers 34,
36, and 38 are arranged in the ring shape. The silicon
adhesi on parts 39A at the abutting surfaces 37 of the
first silicon nenbers 34, 36, and 38 are forned by
heating and nelting silicon near each of the abutting
surfaces 37. A gap between the abutting surfaces in the
first silicon nenbers 34, 36, and 38 that are arranged in
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the ring shape is preferably O mmto 1 nm A vol une of
the silicon is reduced when nelted. For exanple, if the
gap between the first silicon nenbers 34 and 36 exceeds 1
mm silicon nelt at the end surface of the first silicon
menber 34 and silicon nelt at the end surface of the
first silicon nmenber 36 do not cone into contact with
each other. Accordingly, a silicon adhesion part at the
end surface of the first silicon nmenber 34 and a silicon
adhesion part at the end surface of the first silicon
menber 36 are not integrally joined.

[0025] In a case where the gap is equal to or |ower than
1 mm the silicon nelt at the end surface of the first
silicon nenber 34 and the silicon nelt at the end surface
of the first silicon nenber 36 conme into contact with
each other due to surface tension, and the silicon nelt
at the end surface of the first silicon nenber 34 and the
silicon nelt at the end surface of the first silicon
menber 36 flow into the gap due to capillary phenonenon.
As a result, the silicon adhesion part at the end surface
of the first silicon nmenber 34 and the silicon adhesion
part at the end surface of the first silicon nenber 36
are integrally joined at atomc |evel.

[ 0026] The heating can be performed through optica
heating. In the optical heating, positions to be heated
can easily be shifted, and a heating anobunt can easily be
changed according to the supplied power. For exanple,
various kinds of |anps and | asers are used for the

opti cal heating.

[0027] In the present enbodi nent, an apparatus
illustrated in FIG 4 is usable. The apparatus
illustrated in the figure includes at |east one lanp 42
and at |east one elliptical mrror 44 serving as a |ight
condensi ng portion that condenses light emtted fromthe
lanp 42. As the lanp 42, a xenon | anp or a hal ogen | anp
that is commonly used in an infrared crystal growth
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apparatus is usable. An output of the lanp is preferably
about 1 kWto about 30 kW As the laser, an infrared

| aser having a wavel ength of 780 nmto 1600 nmis usable.
Further, in terns of handling easiness and a lifetinme of
a light source, a package-type light source that is
obt ai ned by nodul arizing a plurality of sem conductor

| asers and has a wavel ength of 780 nmto 980 nm and an
out put of about 200Wto about 400Wis preferably used.

[ 0028] The heating may be performed in an oblique
direction without being limted to a direction

perpendi cular to the silicon nmenbers as long as the
heating is performed froman outside of the abutting
surfaces 37.

[0029] A |ight condensed region normally has a di aneter
of about 10 mmto about 30 nm The dianmeter of the |ight
condensed region is increased to about 30 mmto about 100
nm when a |ight em ssion position of the lanp 42 is out
of position froma focal point of the elliptical mrror
44. The |ight condensed region thus expanded nmekes it
possi bl e to expand a heated range. The |ight condensed
region is preferably be noved to scan the entire region
of the upper surface of the annular nenber 32
corresponding to the abutting surfaces 37, to effect
heat i ng.

[0030] First, the lanp position is adjusted such that one
focal position of the elliptical mrror 44 and a position
of a light em ssion portion of the |lanp 42 are coinci dent
wi th each other, and heights of the upper surfaces of the
silicon nenbers are adjusted to the other focal position
of the elliptical mrror 44. This adjusts a spread of
the elliptical mrror 44 at an irradiation position to
about 3 M*m In this state, the elliptical mrror 44 is
aligned to the position of the abutting surfaces 37 and
the power of the lanp 42 is increased. Once the heating
Is started, the upper surfaces of the abutting surfaces
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37 are nelted to generate the silicon nelt. More
specifically, the upper surfaces start to nelt at 60% of
lanp rating (surface tenperature is estimted to be
1420°C). At 90% of the lanp rating, silicon at the
abutting surfaces 37 is nelted and the silicon nelt flows
into the gap between the abutting surfaces 37 due to
capi |l |l ary phenonmenon, to plug a part of the gap between
the abutting surfaces 37. In this state, the elliptica
mrror 44 is noved to scan along the abutting surfaces 37
at a constant speed, for exanple, at a speed of 5
mmmnute. As a result, the gap between the abutting
surfaces 37 is filled with the silicon nelt and is

pl ugged. The elliptical mrror 44 is noved to scan outer
edges of the abutting surfaces 37 on the upper surface
side of the annular nenber 32, to effect heating. In
addition, the abutting surfaces 37 on the | ower surface
side of the annular nenber may be heated in a simlar
manner .

[ 0031] Next, the nelted upper surfaces of the abutting
surfaces 37 are cooled to crystallize the silicon nelt
according to crystallinity of the silicon nenbers. Mbore
specifically, the power of the lanp 42 is reduced, in two
mnutes, to 60% of the lanp rating at which the silicon
melt starts to be solidified, and the state i s maintained
for five mnutes. The surface tenperature at this tine
is 1400°C to 1415°C. The silicon nelt becomes the silicon
adhesi on part 39A that takes over the crystallinity of
the end surfaces of the silicon nenbers contacted at the
abutting surfaces 37. In the case where the silicon
menbers each contain nonocrystalline silicon, in the
silicon adhesion part 39A, the one silicon adhesion part
that is made of nonocrystalline silicon taking over the
crystallinity of the end surface of the one silicon
menber and the other silicon adhesion part that is nade
of nonocrystalline silicon taking over the crystallinity
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of the end surface of the other silicon nenber are
i nt egr at ed.
[ 0032] The silicon adhesion part 39A is simlarly forned
at all of the abutting surfaces 37 by the above-descri bed
procedure, which nmakes it possible to join the first
silicon nenbers 34, 36, and 38 to formthe annul ar nmenber
32.
[ 0033] The annul ar nenber 32 obtained in the above-
descri bed manner may serve as the focus ring 18 by being
provided with a concave part over the entire inner
ci rcunference by machi ni ng.
[ 0034] The annul ar nmenber 32 is manufacturabl e by
conbi ning three or nore silicon nenbers that are each cut
out froma silicon crystal ingot for wafer having a size
smal l er than the outer dianeter of the silicon conponent.
Accordingly, it is unnecessary for the annul ar nmenber 32
to use the silicon crystal ingot for wafer that has a
size larger than the outer dianeter of the silicon
conmponent, which allows for reduction of the cost.
[0035] In the annul ar nenber 32 according to the present
enbodi nent, the abutting surfaces 37 are joined by the
silicon adhesion part 39A. Even if the annular nenber 32
is irradiated with plasma inside the vacuum chanber 12,
the inside of the vacuum chanber 12 is not contam nat ed.
[0036] (3) Variation

In the present enbodi ment, the case where silicon at
the end surfaces contacted at the abutting surfaces 37 is
nelted to formthe silicon adhesion part 39A has been
descri bed; however, the present invention is not limted
thereto. As illustrated in FIG 5, a nonocrystalline or
pol ycrystalline silicon piece 40 nmay be placed on the
abutting surfaces, and the silicon piece 40 may be nelted
to forma silicon adhesion part 39B. In a case where the
silicon piece 40 is not used, silicon on the upper
surface side of the abutting surfaces 37 is nelted and
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flows into the gap between the abutting surfaces 37,
whi ch nay cause a recess on the upper surface side of the
abutting surfaces 37. Formng the silicon adhesion part
39B with use of the silicon piece 40 nakes it possible to
prevent upper surfaces 55 of the abutting surfaces 37
frombeing recessed after the silicon adhesion part 39B
is formed (FIG 6). The silicon piece 40 preferably has
the sane volune as the volune of the gap between the
abutting surface 37.
[0037] 2. Second Enbodi nment

Next, an annul ar nmenber according to a second
enbodi nent is described. Note that conponents simlar to
those in the above-described first enbodi nent are denoted
by simlar reference nunerals, and description of such
conponents is omtted. An annular nenber 46 illustrated
in FIG 7 includes a first ring body 35 and a second ring
body 47. The first ring body 35 illustrated in the
figure includes first silicon nenbers 41, 43, and 45, and
has a wwdth snmaller than the width of the annul ar nenber
32 in the above-described first enbodi nent, as a
di fference. The second ring body 47 includes a plurality
of (three in the figure) second silicon nenbers 48, 50,
and 52. The second silicon nmenber 48, 50, and 52 are the
same as the first silicon nenbers 41, 43, and 45 even
t hough the reference nuneral s are changed for convenience
of description. The first ring body 35 and the second
ring body 47 are coaxially superposed through a joining
surface 54 while abutting surfaces 49 of the silicon
menbers of the first ring body are out of positionin a
circunferential direction fromabutting surfaces 49 of
the silicon nmenbers of the second ring body 47.
[0038] FIG 8A illustrates the abutting surfaces 49 the
first silicon nmenbers 41 and 43, and FIG 8B illustrates
the abutting surfaces 49 of the second silicon nenbers 48
and 52. An arrow direction in the figures indicates an
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outside direction in a radial direction of the annul ar
menber 46.

[0039] Afirst silicon adhesion part 51 is forned between
the abutting surfaces 49 of the first silicon nenbers 41
and 43 (FIG 8A). A second silicon adhesion part 53 is
formed on the joining surface 54 between the first ring
body 35 and the second ring body 47. No first silicon
adhesion part is provided between the abutting surfaces
49 between the second silicon nenbers 48 and 52 (FI G 8B)
[ 0040] The first silicon adhesion part 51 plugs each of
gaps of the abutting surfaces 49 of the first silicon
menbers 41, 43, and 45, and a gap at the joining surface
54 between the first ring body 35 and the second ring
body 47 in this manner.

[ 0041] Next, a nethod of manufacturing the annul ar nenber
46 according to the present enbodi nent is described.

Not e that description of processes simlar to those in

t he above-described first enbodinent is omtted if not
necessary. The three second silicon nenbers 48, 50, and
52 subjected to the surface treatnment are first arranged
in aring shape. Next, the three first silicon nenbers
41, 43, and 45 are placed on upper surfaces of the second
silicon nenbers 48, 50, and 52. The first silicon
nmenbers 41, 43, and 45 are di sposed so as to be out of
position, by half of a length in a |ongitudinal direction,
fromthe second silicon nenbers 48, 50, and 52 that have
been al ready di sposed. A state where the first silicon
menbers 41, 43, and 45 are stacked on the second silicon
menbers 48, 50, and 52 is established in the above-

descri bed manner.

[ 0042] Next, heating is perforned fromthe first silicon
nmenbers 34, 36, and 38 side, to generate silicon nelt in
the gaps of the abutting surfaces 49 of the first silicon
menbers 41, 43, and 45, thereby formng the first silicon
adhesion parts 51. A heating condition and a cooling
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condition my be set simlarly to the above-descri bed
first enbodi nent.

[ 0043] Subsequently, silicon at the joining surface 54
between the first ring body 35 and the second ring body
47 is heated and nelted. The nelted silicon flows into
the gap at the joining surface 54 in a horizontal
direction due to capillary phenonenon, to formthe second
silicon adhesion part 53.

[0044] I n the annul ar nenber 46 according to the present
enbodi nent, the abutting surfaces 49 are joined by the
first silicon adhesion parts 51, and the joining surface
54 is joined by the second silicon adhesion part 53.
This nmakes it possible to achieve effects simlar to
those by the above-described first enbodi nent.

[0045] In the present enbodi nent, the case where the
silicon of the end surfaces contacted at the abutting
surfaces 49 is nelted to formthe first silicon adhesion
part 51 has been described; however, the present
invention is not limted thereto. As illustrated in FIG
5 descri bed above, the silicon piece 40 nmay be placed on
the abutting surfaces, and the silicon piece 40 may be
melted to formthe first silicon adhesion part.

[0046] In the present enbodi ment, the case where the

wi dth of the annular nmenber is smaller than the w dth of
t he annul ar nenber 32 according to the above-descri bed
first enbodi mrent has been descri bed; however, the present
invention is not limted thereto. The width of the
annul ar nmenber may be appropriately selected as | ong as
the first ring body and the second ring body are joined
at the joining surface with sufficient nmechanica
strengt h.

The case where the first silicon adhesion part is
not provi ded between the abutting surfaces 49 of the
second silicon nenbers 48 and 52 has been descri bed,;
however, the present invention is not limted thereto.
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The first silicon adhesion part nay be provided between
the abutting surfaces 49 of the second silicon nmenbers 48
and 52.
[0047] 3. Third Enbodi nent

Next, an annul ar nmenber according to a third
enbodi nent is described. An annul ar nenber 56
illustrated in FIGS. 9A and 9B includes a plurality of
(three in the figures) first silicon nenbers 58, 60, and
62, and a plurality of (three) enbedded silicon nmenbers
64A that are enbedded at positions across two of the
first silicon nenbers 58, 60, and 62. The enbedded
silicon nenbers 64A are provi ded on side opposite to side
of the annular nmenber 56 irradiated with plasm, that is,
| ower surface side in the figure.
[ 0048] The enbedded silicon nenbers 64A are preferably
made of the sanme material as the silicon nmenbers. Four
corners of each of the enbedded silicon nenbers 64A are
preferably processed to be round. The four corners of
each of the enbedded silicon nenbers 64A are processed to
be round. This can hel p preventing damage such as
chi pping. The corner radius of each of the corners is
preferably 3 nmm or nore.
[ 0049] Each of the enbedded silicon nenbers 64A is
preferably fornmed such that a height of a | ower surface
is equal to a height of the |ower surface of each of the
silicon nenbers. A thickness of each of the enbedded
silicon nenbers 64A is preferably 20%to 80% of the
t hi ckness of each of the silicon nenbers, and is nore
preferably 40%to 60% of the thickness of each of the
silicon nenbers.
[ 0050] Each of the enbedded silicon nenbers 64A is
preferably nmade of a rectangul ar plate nenber, and
preferably has a size not protruding fromthe annul ar
menber 56 in a planar view. A |length of each of the
enbedded silicon nenbers 64A in a |ongitudinal direction
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Is preferably 2% to 10% of an outer peripheral |ength of
t he annul ar nenber 56.

[ 0051] More specifically, the size of each of the silicon
menbers may be a size that is obtained by dividing, into
three pieces, a ring having an inner peripheral dianeter
of 340 mm an outer peripheral dianeter of 420 nm and a
thi ckness of 4 nm Each of the enbedded silicon nenbers
64A may have 5 mmrounded four corners, and have a | ength
of 60 M a width of 25 mm and a thickness of 2 nm

Hol es fornmed on the | ower surfaces of the silicon nenbers
each have a shape corresponding to a shape of a snal

pi ece of silicon, and has a depth of 2 mMm |In this case,
the thickness of each of the enbedded silicon nenbers 64A
I's 50% of the thickness of each of the silicon nenbers,
and the length of each of the enbedded silicon nenbers
64A in the longitudinal direction is 5% of the outer

peri pheral |ength of the annul ar nenber 56.

[0052] As illustrated in FIGS. 10A and 10B, hol es each

i ncluding a bottomsurface are provided at end parts in
the | ongitudinal direction on the | ower surfaces of the
silicon nenbers. FIGS. 10A and 10B illustrate abutting
surfaces 63A of the first silicon nenbers 58 and 60. The
enbedded silicon nenbers 64A are respectively enbedded in
the holes. A first silicon adhesion part 68 is provided

i n each of gaps of the abutting surfaces 63A of the first
silicon nenbers 58, 60, and 62. A second silicon
adhesion part 70 is provided between a peripheral edge of
each of the enbedded silicon nenbers 64A and a
correspondi ng hole inner surface of the first silicon
menbers 58, 60, and 62.

[ 0053] The first silicon adhesion part 68 between the
abutting surfaces according to the present enbodinent is
formed in a manner simlar to the above-described first
enbodi nent. The second silicon adhesion part 70 is
formed by heating, in a manner simlar to the above-



- 19 -

descri bed first enbodi ment, silicon on the periphera
edge of each of the enbedded silicon nenbers 64A and
silicon near the hole inner surface of each of the first
silicon nenbers 58, 60, and 62 fromthe | ower surface
side of the silicon nmenbers, to generate silicon nelt.
[0054] In the annul ar nenber 56 according to the present
enbodi nent, providing the enbedded silicon nenbers 64A
makes it possible to increase a joining area between the
silicon nenbers. This nmakes it possible to nore increase
mechani cal strength. Further, in the annul ar nenber 56,
the abutting surfaces 63A are joined by the first silicon
adhesion part 68. This nakes it possible to achieve
effects simlar to the effects by the above-descri bed
first enbodi nent.

[ 0055] Each of the enbedded silicon nenbers 64A does not
necessarily have a rectangul ar shape. For exanple, as
illustrated in FIGS. 11A and 11B, an enbedded silicon
menber 64B having an oval shape (FIG 11A), or an
enbedded silicon nenber 64C having an arc shape (FIG
11B) may be used. Further, end parts of each of the
enbedded silicon nenbers 64B and 64C in the | ongitudina
direction may be each forned in a sem circul ar shape as
illustrated in the figures.

[0056] I n the present enbodi nent, the case where silicon
of the end surfaces contacted at the abutting surfaces
63A is nelted to formthe first silicon adhesion part 68
has been descri bed; however, the present invention is not
limted thereto. As illustrated in FIG 5, the silicon
pi ece 40 nay be placed on the abutting surfaces, and the
silicon piece 40 may be nelted to formthe first silicon
adhesi on part.

Ref erence Si gns Li st
[ 0057] 12 Vacuum chanber (process chanber)
22 Wafer (substrate)



32  Annul ar nenber

34, 36, 38 First silicon nmenber (silicon nenber)

37 Abutting surface

39A, 39B Silicon adhesion part

41, 43, 45 First silicon nmenber (silicon nenber)

48, 50, 52 Second silicon nmenber (silicon nmenber)

49  Abutting surface

51 First silicon adhesion part (silicon adhesion part)
53 Second silicon adhesion part (silicon adhesion part)
58, 60, 62 First silicon nmenber (silicon nenber)

63A Abutting surface

64A, 64B, 64CEnbedded silicon nmenber

68 First silicon adhesion part (silicon adhesion part)
70 Second silicon adhesion part (silicon adhesion part)



- 21 -

Cl ai ns

1. A net hod of manufacturing an annul ar nenber to be
pl aced in a process chanber of a substrate processing
apparatus that perforns plasma processing on a substrate
accommodat ed in the process chanber, the nethod
conpri si ng:

arrangi ng one silicon nmenber and another silicon
menber to cause one abutting surface of the one silicon
menber and anot her abutting surface of the other silicon
menber to abut on each other;

heati ng the one abutting surface and the ot her
abutting surface through optical heating by a xenon |anp
or a halogen lanp to nelt silicon on a surface of the one
abutting surface and silicon on a surface of the other
abutting surface such that silicon nelt is caused to flow
into a gap between the one abutting surface and the other
abutting surface; and

cooling the one abutting surface and the ot her
abutting surface to crystallize the silicon nelt form ng
a silicon adhesion part such that the one silicon nenber
and the other silicon nenber are joined to each ot her
with the silicon adhesion part.

2. A met hod of manufacturing an annul ar nmenber to be
pl aced in a process chanber of a substrate processing
apparatus that perforns plasma processing on a substrate
accommodated in the process chanber, the nethod
conpri si ng:

arranging one silicon nmenber and anot her silicon
nmenber to cause one abutting surface of the one silicon
nmenber and anot her abutting surface of the other silicon
menber to abut on each other through a gap;

heati ng the one abutting surface and the ot her
abutting surface through optical heating to nelt silicon
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on a surface of the one abutting surface and silicon on a
surface of the other abutting surface to cone into
contact with each other such that silicon nelt is caused
to flowinto the gap between the one abutting surface and
the other abutting surface by capillary phenonenon; and

cooling the one abutting surface and the other
abutting surface to crystallize the silicon nelt formng
a silicon adhesion part such that the one silicon nenber
and the other silicon nmenber are joined to each other
with the silicon adhesion part.

3. The net hod of manufacturing the annul ar nenber
according to claim?2, wherein the optical heating is
perfornmed by a xenon | anp or a hal ogen | anp.

4. An annul ar nenber to be placed in a process chanber
of a substrate processing apparatus that perforns plasma
processi ng on a substrate accommodated in the process
chanber, the annul ar nenber conpri sing:

a plurality of silicon nenbers; and

a silicon adhesion part that is provided to fill a
gap between one abutting surface of one of the silicon
menbers and anot her abutting surface of another one of
the silicon nmenbers, and joins the one abutting surface
and the other abutting surface, wherein

the silicon adhesion part is made fromsilicon nelt
at an end surface of the one silicon nenber and silicon
melt at an end surface of the other silicon nenber to
cone into contact with each other that have flown into
the gap due to capillary phenonenon and have been
crystallized, and wherein one silicon adhesion part nade
of nonocrystalline silicon taking over crystallinity of
the one abutting surface and another silicon adhesion
part made of nonocrystalline silicon taking over
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crystallinity of the other abutting surface are
integrated at atom c |evel

5. The annul ar nmenber according to claim4, wherein the
gap has a size of 1 mmor |ess.

6. The annul ar nenber according to claim4 or 5,
wherein the annul ar nenber has a thickness of 4 nm or
nore and 100 mm or | ess.



