
QUARTZ GLASS HAVING EXCELLENT RESISTANCE AGAINST
PLASMA  CORROSION AND METHOD FOR PRODUCING THE SAME
BACKGROUND OF THE INVENTION 1. Field of the Invention
5 [0001] The present invention relates to quartz glass
and a quartz glass jig for  use in producing a
semiconductor and having excellent plasma corrosion
resistance, and to a method for producing any one of
the quartz glass and the  quartz glass jig. 10 2.
Description of the Related Art  [0002] In such
production of the semiconductor, for example, in the
production of  a semiconductor wafer, in accordance
with a recent trend in increasing a  diameter thereof,
an improvement of processing efficiency is performed
by using 15 a plasma reaction apparatus in an etching
process and the like. For example, in  a process of
etching the semiconductor wafer, an etching treatment
is performed  by using a plasma gas such as a fluorine
(F)-based plasma gas. [0003] However, when
conventional quartz glass is placed, for example, in
an  20 F-based plasma gas atmosphere, Si02 and the
F-based plasma gas are allowed to react with each
other on a surface of the quartz glass, to thereby
generate SiF4.  Since a boiling point of the
thus-generated SiF4 is -86C, it is easily sublimated
and, then, the quartz glass is corroded to a great
extent causing a reduction in  thickness or roughening
the surface thereof. Thus, the quartz glass was found
1 to be unsuitable for use as a jig in an atmosphere
of the F-based plasma gas.  



[0004] As described above, in the conventional quartz
glass, a serious problem  was generated in corrosion
resistance, namely, plasma corrosion resistance, in a
5 plasma reaction at the time of producing the
semiconductor, particularly, an  etching treatment
using the F-based plasma gas. Under these
circumstances,  proposals in which aluminum or an
aluminum compound covers a surface of a  quartz glass
member to improve the plasma corrosion resistance
(refer to  JP1997-95771A, JP1997-95772A and
JP1998-139480A) or another proposal for 10 plasma
corrosion resistant glass in which aluminum is allowed
to be contained in  quartz glass to improve the plasma
corrosion resistance (JP1999-228172A) have  been made.
[0005] According to the present technique, quartz
glass was prepared by  15 heat-fusing a quartz glass
powder mixed with 5wt% of alumina powder in vacuum.
The plasma corrosion resistance of the thus-prepared
quartz glass was  investigated. As a result, an
etching rate thereof was reduced by 40% to 50%
compared with a quartz glass member without containing
any dopant at all.  [0006] 20 As a reason for that, it
is assumed that a boiling point of A1F3 that is
generated on the reaction with the F-based plasma gas
is 1290C that is far  higher than that of SiF4.
Therefore it is considered that, while a SiF4 portion
is  corroded to a great extent, sublimation on a
surface of an AlF3 portion occurs to a  small extent
and, accordingly, a difference in an etched quantity
becomes large  25 therebetween. 2 [00071 



In a same way of thinking, quartz glass containing 0.1
to 20wt% of a total  of two types or more of metallic
elements which comprises a first metallic  element
that is a type belonging to 3B of the periodic table
and a second metallic  element that is at least one
type selected from the group consisting of Zr, Y,
lanthanoids and actinoids is also proposed
(JP2002-220257A). [0008] The first and second metallic
elements contained in the above-described  quartz
glass each have a higher boiling point in a fluoride
form thereof than that 10 of Si, to thereby reduce an
etching rate. For example, since a boiling point of
NdF3 is 2327C, when the plasma corrosion resistance is
investigated, the  etching rate thereof has reduced by
50% to 70% as compared with that of the  quartz glass
member without containing any dopant at all. SUMMARY
OF THE INVENSION 15 [00091 Although the above
described technique can obtain a remarkable effect in
improvement of the plasma corrosion resistance, such
second metallic elements  which have been doped are
released with the progress of etching and, then, a
portion thereof is adhered on a silicon wafer and the
like, to thereby become a  20 factor of a defect.
[0010] In order to solve the above-described problems,
the present inventors  have exerted an intensive study
and, as a result, found quartz glass having 0.1 to
20wt% of a total of the first and second metallic
elements, in which, by allowing a 3 maximum
concentration of each of the second metallic elements
to be 2.Owt% or  less, preferably 1.Owt% or less, an
excellent corrosion resistance is imparted, a  



concentration of the second metallic elements to be
released in an atmosphere is  decreased with the
progress of the etching in an etching process and,
even when 5 the thus-released second metallic element
is adhered on the silicon wafer, it is at  a level of
a detection limit or lower. [0011] Namely, the quartz
glass being excellent in plasma corrosion resistance
according to the present invention, which is quartz
glass containing 0.1 to 20wt% 10 of a total of two
types or more of metallic elements, is characterized
in that the  metallic elements comprise a first
metallic element which is at least one type  selected
from 3B group of the periodic table and a second
metallic element which  is at least one type selected
from the group consisting of Mg, Ca, Sr, Ba, Sc, Y,
Ti,  Zr, Hf, lanthanoids and actinoids in which a
maximum concentration of each of 15 such second
metallic elements is 2.Owt% or less and, preferably,
1.Owt% or less.  [0012] It is preferable that two
types or more of the above-described second  metallic
elements are contained. Further, it is favorable that
a total of the  second metallic elements are 2.Owt% or
more and, preferably, 1.Owt% or more. 20 [0013] It is
preferable that the above-described first metallic
element is Al and  the above-described second metallic
element contains at least one type selected  from the
group consisting of Y, La, Ce, Nd, Sin and Gd. [0014]
25 It is favorable that a blending ratio between the
above-described first 4 metallic element (M1) and one
type or a total of two types or more of the second
metallic elements (M2) is in a relation of
(M1)1(M2)=0.1 to 20 in terms of an  



atomic number ratio. [0015]  5 It is preferable that,
in the quartz glass according to the present
invention, contents of bubbles and foreign matters are
less than 100 mm2 in  terms of a projected area per
100 cm3. [0016] A quartz glass jig according to the
present invention is characterized in  10 that a
metallic element- containing layer comprising quartz
glass according to the present invention is formed in
a thickness of up to at least 1mm from a surface
thereof. [0017] A first aspect of a method for
producing the quartz glass according to the  15
present invention, which is a method for producing
quartz glass excellent in plasma corrosion resistance
from quartz powder by a Verneuil method using a
furnace comprising a burner which supplies raw
material powder and a gas, and  a rotatable platform,
is characterized in that, at the time a quartz glass
ingot is  prepared by supplying the raw material
powder prepared by blending quartz 20 powder with
powder of the above-described first and second
metallic elements or  powder of compounds thereof into
the burner and, then, heating, fusing it and,
thereafter, dropping the resultant article on the
platform, a temperature of a surface of the quartz
glass ingot is raised to 1800C or higher.  [0018] 25
On this occasion, as the platform, a platform
comprising, as a raw 5 material, any one of quartz
glass doped with a metallic element, graphite,
alumina ceramics, zirconia ceramics, ceramics
containing alumina and zirconia,  



and other ceramics, or another platform prepared by
combining any one of these  raw materials and quartz
glass is favorably used. 5 [0019] As-for an upper
ceiling of the above-described furnace, long sheets
each  having a strip shape and using any one of
alumina ceramics and other ceramics,  as a raw
material, are aligned and, then, used or a SUS sheet
cooled by water is  favorably used. 10 [0020] It is
also favorable that an electric heater is disposed on
a sidewall of the  furnace and, then, a side face in a
heating area is allowed to be controllably  heated by
the electric heater. [00211  15 It is also favorable
that, in the Verneuil method using an oxyhydrogen
flame, the burner having a structure in which the
oxyhydrogen flame forms a  focus is used. [00221 It is
also favorable that an atmosphere in the heating area
in the furnace  20 is in a reducing state containing
hydrogen. [0023] In the case of the Verneuil method
using the oxyhydrogen flame, it is  favorable that a
ratio of hydrogen/oxygen to be supplied to a heating
atmosphere  area in the furnace is 2.5 or more. Even
in the case of the Verneuil method  25 using are
plasma, same effect as in the above can be obtained. 6
[0024] A second aspect of the method for producing the
quartz glass according to  



the present invention is characterized in that a
solution prepared by dissolving  the above-described
first and second metallic elements, oxides thereof or
5 compounds thereof and the quartz powder, while
mixing with one another, in  pure water, an acidic
solution, an alkaline solution, or an organic solvent
is dried  to prepare a formed body and, then, the
thus-prepared formed body is heat-fused  at 1300C or
higher in a non-acidic atmosphere and, accordingly, an
ingot is  prepared. 10 [0025] A third aspect of the
method for producing the quartz glass according to
the present invention is characterized in that powder
prepared by mixing the  above described first and
second metallic elements, oxides thereof or compounds
thereof with quartz powder is packed in a quartz tube
and, then, heat-fused at 15 1300C or higher from an
outside face of the tube while allowing an inside of
the  tube to be in a reduced pressure by sucking the
air therein, to thereby prepare an  ingot. [0026] A
fourth aspect of the method for producing the quartz
glass according to  20 the present invention is
characterized in that a volatile compound gas of the
above described first and second metallic elements is
diffused in a quartz soot  having a hydroxyl group
and, then, after subjected to a heating treatment in
the  temperature range of from 200C to 1100C,
heat-fused at 1300C or higher in a  non-acidic
atmosphere, to thereby prepare an ingot. 25 [0027] 7 A
fifth aspect of the method for producing the quartz
glass according to  the present invention is
characterized in that a quartz soot is dipped in a
solution  



prepared by mix-dissolving the above described first
and second metallic  elements or compounds thereof
which are dissolvable in pure water, an acidic 5
solution, an alkaline solution, or an organic solvent,
in the pure water, the acidic  solution, the alkaline
solution, or the organic solvent, dried and, then,
heat-fused  at a temperature of 1300C or higher in a
non-acidic atmosphere. [0028] In the first to fifth
aspects of the method for producing the quartz glass
10 according to the present invention, it is
preferable that the thus-prepared quartz glass ingot
is heat-formed at a temperature of 1300C or higher
under a pressure  of 2 kg/cm2 or higher in an inert
gas atmosphere. [0029] A method for preparing a quartz
glass jig according to the present  15 invention is
characterized in that a solution prepared by
mix-dissolving any of the first and second metallic
elements, oxides thereof or compounds thereof  which
are dissolvable in pure water, an acidic solution, an
alkaline solution, or an  organic solvent, in the pure
water, the acidic solution, the alkaline solution, or
the organic solvent is coated on a surface of a
previously prepared quartz glass jig  20 and, then,
the thus-coated surface is heat-fused. [0030] In the
method for producing the quartz glass jig according to
the present  invention, it is preferable that the
thus-produced quartz glass jig is heat-formed  at a
temperature of 1300C or higher under a pressure of 2
kglcm2 or higher in an  25 inert gas atmosphere. 8
[00311 The quartz glass and the quartz glass jig
according to the present  



invention are, as a jig material for plasma reaction
for use in production of a  semiconductor, ' excellent
in plasma corrosion resistance, particularly, the 5
corrosion resistance against an F-based plasma gas and
have an effect such that  they can be used without
causing any abnormal feature on a silicon wafer.
Further, the method according to the present invention
has an advantage in that  the quartz glass and the
quartz glass jig excellent in the plasma corrosion
resistance can efficiently be produced. 10 BRIEF
DESCRIPTION OF THE DRAWINGS  [00321 Fig. I is a
schematic explanation view showing an example of an
apparatus employed in a method of producing a quartz
glass according to the  invention. 15 Fig. 2 is a
schematic perspective view showing an example of an
upper  ceiling of a furnace. Fig. 3 is a top view
showing another example of an upper ceiling of a
furnace. DETAILED DESCRIPTION OF THE INVENTION 20
[00331 Hereinafter, embodiments according to the
present invention will be  described with reference to
the accompanying drawings; however, they are
representative and shown only for illustrative
purposes and it goes without  saying that various
modifications and alterations can be made without
departing 9 from the scope of the general inventive
concept of the present invention.  [0034] Quartz glass
according to the present invention, which is quartz
glass  



containing 0.1 to 20wt% of a total of two types or
more of metallic elements, is 5 characterized in that
the metallic elements comprise a first metallic
element  which is at least one type selected from 3B
group of the periodic table and a  second metallic
element which is at least one type selected from the
group  consisting of Mg, Ca, Sr, Ba, Sc, Y, Ti, Zr,
Hf, lanthanoids and actinoids in which  a maximum
concentration of each of such second metallic elements
is 2.Owt% or  10 less and, preferably, 1.Owt% or less.
[0035] Although an entire concentration of the
above-described metallic  elements to be contained is
0.1 to 20wt%, when it is less than O.lwt%, there is no
improvement of etching resistance, while, when it is
more than 20wt%, bubbles 15 are generated to a great
extent and, accordingly, the quartz glass can no more
be  used as a glass body. From the standpoint of the
improvement of corrosion  resistance, the entire
concentration of the metallic elements to be contained
is  preferably 1 to 20wt% and, more preferably, 2 to
20wt%. [0036]  20 When Al which is the first metallic
element is contained together with the  second
metallic element, Al is incorporated in a quartz
network to cause a  negative charge and, then, the
thus-caused negative charge and the second  metallic
element which holds a positive charge attract with
each other to  alleviate charges therebetween and, as
a result, metallic elements are suppressed 25 from
being solidified as oxides thereof. As for the first
metallic elements which 10 each tend to have a
negative charge in a same manner as in Al, a metallic
element belonging to 3B of the periodic table can be
selected; however, since Al is  an element which has
no problem in a production process of a semiconductor,
Al  



is most suitable as the first metallic element.
Further, as for the second metallic 5 elements, since
Y, La, Ce, Nd, Sm and Gd are high in the
above-described effect,  easily handled, at low cost
and easily available in the market, they are
favorable.  [00371 It is preferable that a blending
ratio between the above-described first  metallic
element (M1) and one type or a total of two types or
more of the second 10 metallic elements (M2) is in a
relation of (M1)/(M2) O.1 to 20 in terms of atomic
number ratio. When this ratio is less than 0.1, the
above-described effect of  alleviation cannot be
obtained and turbidity is generated, while, when it is
more  than 20, charge stability is collapsed, to
thereby generate bubbles and foreign  matters in a
transparent glass body to a great extent. 15 [0038]
When the glass body produced while satisfying
above-described  conditions is used in a dry-etching
process, an etched substance is scattered in a
gaseous state in an etching chamber and, then, a
portion of the etched substance  is adhered on an Si
wafer; therefore, a gas cleaning of the etching
chamber and a 20 liquid cleaning of the Si wafer are
periodically performed every about 100 hours.  On this
occasion, when the second metallic element on the Si
wafer is equal to or  less than the detection limit,
there causes no problem in a succeeding production
process of a semiconductor device. As a result of a
study executed by the present  inventors, it has been
found that, when the quartz jig placed in the -etching
25 chamber was doped with more than 2.Owt% of each of
the second metallic 11 elements, although etching
corrosion resistance was improved, a large amount of
second metal impurities were, after being scattered,
deposited on the Si wafer  and was detected even after
the Si wafer was subjected to cleaning, while, when 



it was doped with 2.Owt% or less thereof, the second
metal impurities were no  5 more detected on the Si
wafter, after the Si wafer was subjected to cleaning.
Measurements were performed by a fluorescent X ray.
[0039] Namely, by allowing a maximum concentration of
each of the second  metallic elements to be 2.Owt% or
less and, preferably, 1.Owt% or less, a 10
concentration of the second metallic elements to be
released in the atmosphere  with the progress of
etching is reduced and, then, even when they are
adhered on  the silicon wafer, the concentration
thereof becomes at a level of the detection  limit or
lower. [0040]  15 However, when a stronger etching
corrosion resistance is required, since  the etching
corrosion resistance and a concentration of a doped
metal are in a  proportional relation with each other,
a doping concentration of 2.Owt% or more  becomes
necessary. In order to solve both the problem of
metallic element  detection on the Si wafer and the
etching corrosion resistance, the second 20 metallic
elements are allowed to be 2 types or more and, while
restricting a  concentration of each of them to be
2.Owt% or less and, preferably, 1.Owt% or less,  a
concentration of an entire amount thereof is allowed
to be 2.Owt% or more and,  preferably, 1.Owt% or more
and, as a result, it has become possible to assure
non-detection of each of the metallic elements and a
sufficient effect of the  25 etching corrosion
resistance. 12 [00411 When a doped quartz material as
having such excellent etching corrosion  resistance as
described above is used as a quartz jig, an entire
body of the jig is  



not necessarily made of the doped quartz material. By
forming a metallic 5 element-containing layer which
contains 0.1 to 20wt% of the above-described  metallic
elements in a thickness of up to at least 1 mm from
the surface thereof, a  portion of the doped quartz
material is present on the surface of the jig at least
in  an actual production process of etching. [00421
10 A first aspect of a production method according to
the present invention is  a method for producing
quartz glass excellent in plasma corrosion resistance
from quartz powder by the Verneuil method. The first
aspect of the method  according to the present
invention will be described below with reference to
FIGS.  1 to 3. FIG. 1 is a schematic explanatory
diagram showing an example of an 15 apparatus by the
Verneull method to be used in a method for producing
quartz  glass according to the present invention. FIG.
2 is a schematic perspective  explanatory diagram
showing an example of an upper ceiling of a furnace.
FIG.  3 is a top view of another example of the upper
ceiling of the furnace. [00431  20 In FIG. 1, 10
denotes a furnace which comprises an upper ceiling 14
on  which a burner 12 that supplies raw material
powder and a gas is disposed, a  sidewall 16 and a
rotatable platform 18. Raw material powder which is
mixed  powder of powder of the above-described first
and second metallic elements or  compounds thereof and
quartz power is supplied to the burner 12 and, then,
25 heat-fused and dropped on the rotating platform 18,
to thereby prepare a quartz 13 glass ingot 22. On this
occasion, by raising a temperature of a surface of the
quarts glass ingot 22 to 1800C or higher, the quartz
powder is sufficiently  fuse-liquefied and the
metallic element powder can sufficiently be diffused
in the  



thus-fuse-liquefied quartz powder. Further, In FIG. 1,
an exhaust port 13 is 5 disposed in an upper portion
of the furnace; however, a position of the exhaust
port is not particularly limited according to the
present invention and the  exhaust port may be
disposed in a sidewall or a lower portion of the
furnace.  Still further, a shape or the like of the
furnace is not particularly limited and a  known
furnace to be used in the Verneuil method can widely
be used. 10 [00441 As for the platform 18 on which the
quartz powder mixed with the  metallic elements is
dropped, it is favorable that a platform which uses,
as a raw  material, any one of quartz glass doped with
a metallic element, graphite,  alumina ceramics,
zirconia ceramics, ceramics containing alumina or
zirconia 15 and other ceramics than the
above-described ceramics is used or another  platform
which is prepared by using any one of these raw
materials and quartz  glass in combinations is used.
This is because, since the platform 18 is severely
heated for a long time and tends to be deformed or
broken, it is indispensable  that the platform 18 is
excellent in heat resistance and strength. 20 [00451
FIG. 2 is a perspective schematic explanatory diagram
showing an  example of an upper ceiling 14 disposed in
an upper portion of a heating area 20.  In FIG. 2, the
upper ceiling 14a is formed by aligning a plurality of
long sheets 15  each having a strip shape in parallel.
FIG. 3 is a top view of another example of 25 the
upper ceiling 14. In FIG. 3, the upper ceiling 14b,
which is made of a 14 stainless steel sheet (SUS
sheet) provided with a baffle plate 17 inside, is
cooled  by allowing water to be flowed in from a water
inlet 21, flowed along a water  channel 19 and, then,
discharged from a water outlet 23. 



[0046]  5 As for the upper ceiling 14 of the heating
area 20, it is favorable that, as  shown in FIG. 2,
long sheets each having a strip shape in which alumina
ceramics or other ceramics than the alumina ceramics
are used as raw materials  are used after being
aligned or, as shown in FIG. 3, the SUS sheet cooled
by  water is used. The upper ceiling portion tends.to
be broken in a same manner 10 as in the platform and,
even when such breakage is minute, a foreign matter
caused by the breakage is scattered and dropped on the
ingot 22, to thereby cause  a bubble. In order to
prevent the bubble from being generated, it is
necessary to  allow not only the raw material itself
but also the shape thereof to be such  material and
shape which are hard to cause the minute breakage and,
the long 15 sheet having a strip shape is effective.
Further, when the SUS sheet cooled by  water is used,
the minute breakage is not generated at all and,
therefore, it is  extremely effective means. [0047] As
shown in FIG. 1, it is also favorable that an electric
heater 24 is  20 disposed on the sidewall 16 and,
then, a side face of the heating area 20 is allowed to
be controllably heated by the electric heater 24. This
is because, in a  process of preparing the quartz
ingot 22, by heating the side face, an  oxyhydrogen
flame to be used can be small in quantity and, then,
heat loads to  the furnace upper ceiling 14, the
sidewall 16 and the platform 18 can be reduced, 25 to
thereby remarkably stabilize a production state.
Further, after the quartz 15 ingot 22 is prepared,
when the oxyhydrogen flame is extinguished, a
temperature  of the heating area is sharply decreased,
and the quartz glass is also quenched  and distorted,
to thereby generate a crack inside the glass body. For
this  



account, it is extremely effective in preventing the
crack from being generated  that, after such
extinguishment, the side face of the furnace is heated
by the  electric heater to allow the quartz glass to
be gradually cooled. [00481 In the Verneuil method
using the oxyhydrogen flame, it is also favorable  to
use the burner having a structure in which the
oxyhydrogen flame forms a 10 focus. This is because a
burning energy of an oxyhydrogen gas can be
concentrated and, then, mixed powder of the metallic
elements and quartz glass  powder to be dropped can be
exposed to such concentrated burning energy and,  for
this account, a heating effect becomes extremely
large. [00491  15 It is favorable that an atmosphere
of the heating area 20 is in a reducing  state
containing hydrogen. This is because, when the
metallic element is the  oxide thereof, a reductive
reaction of the oxide is progressed and, then, the
metallic element becomes easily fused in the quartz
glass. Further, remaining  oxygen that causes bubble
formation is changed into H2O and, then, removed. 20
[00501 In the above-described Uerneuil method, when
the oxyhydrogen flame is  used as a heating source, by
allowing a ratio of hydrogen/oxygen to be supplied
from the burner 12 into a heating 'atmosphere area 20
to be 2.5 or more, the  reductive reaction of the
oxide is progressed and, then, the metallic element 25
becomes easily fused in the quartz glass. When the
Verneui.l method is used, are 16 plasma may be used as
the heating source. Even with such are heating source,
it is effective in a same manner as in the above to
maintain an atmosphere in a  reducing state. 



[0051] 5 A second aspect is a production method which
is characterized in that a  solution prepared by
dissolving the above described first and second
metallic  elements, oxides thereof or compounds
thereof with quartz powder, while mixing  with one
another, in pure water, an acidic solution, an
alkaline solution, or an  organic solvent is dried to
prepare a formed body and, then, the thus-prepared 10
formed body is heat-fused at 1300C or higher in a
non-acidic atmosphere, to  thereby prepare an ingot.
[0052] A third aspect is a production method which is
characterized in that  powder prepared by mixing the
above described first and second metallic 15 elements,
oxides thereof or compounds thereof with quartz powder
is packed in a  quartz tube and, then, heat-fused at
1300C or higher from an outside face of the  tube
while allowing an inside of the tube to be in a
reduced pressure by sucking  the air therein, to
thereby prepare an ingot. [0053]  20 A fourth aspect
is a production method in which a volatile compound
gas  of the above described first and second metallic
elements is diffused in a quartz  soot having a
hydroxide group and, then, after subjected to a
heating treatment  in the temperature range of from
200C to 1100C, heat-fused at 1300C or  higher in a
non-acidic atmosphere, to thereby prepare an ingot. 25
[0054] 17 A fifth aspect is a production method which
is characterized in that a  quartz soot is dipped in a
solution prepared by mix-dissolving the
above-described first and second metallic elements or
compounds thereof which  



are dissolvable in pure water, an acidic solution, an
alkaline solution, or an 5 organic solvent, in the
pure water, the acidic solution, the alkaline
solution, or  the organic solvent, dried and, then,
heat-fused at a temperature of 1300C or  higher in a
non-acidic atmosphere, to thereby prepare an ingot.
[0055] A sixth aspect is a method for producing a
quartz glass jig by applying a  10 solution prepared
by mix-dissolving the above described first and second
metallic elements, oxides thereof or compounds thereof
which are dissolvable in pure  water, an acidic
solution, an alkaline solution, or an organic solvent,
in pure  water, an acidic solution, an alkaline
solution or an organic solvent on a surface  of a
previously prepared quartz glass jig and, then,
heat-fusing the surface. 15 [0056] Although there is a
case in which bubbles each having a size of about 1.0
mm~ sometimes remain partially in such doped quartz
glass member as produced  in the above-described
aspects, the bubbles can be compress-removed by
heat-forming the doped quartz glass member at a
temperature of 1300C or 20 higher under a pressure of
2 kglcm2 or higher in an inert gas atmosphere. The
inert gas is favorably an Ar gas and a temperature of
the heat forming is  favorably 1450C or higher. [0057]
In such plasma corrosion resistant quartz glass ingot
as prepared in the  25 above-described aspects,
contents of the bubbles and the foreign matters are
less 18 than 100 mm2 in terms of a projected area per
100 cm3. [00581 As has been described above, according
to the present invention, the  



bubbles and the foreign matters which will cause a
problem at the time when the 5 glass body is used for
a semiconductor industry are not found in the glass
body  and, accordingly, the quartz glass which has
improved in the plasma corrosion  resistance and has
decreased in the etching rate by 50% or more as
compared  with natural or synthetic quartz glass can
be obtained and, also, the metal  impurities at such a
level as at which a problem is caused are not found on
the  10 silicon wafer all through the etching process.
[00591 The present invention is described below by way
of examples, but it goes  without saying that the
following examples are given to illustrate the present
invention and should not be interpreted as limiting it
in any way. 15 [00601 (Example 1) Powder prepared by
mixing 27120 g of quartz particles, 1440 g of A1203
powder, 240 g of Y203 powder, 240 g of Ce02 powder,
240 g of Nd203 powder, 240  g of La203 powder, 240 g
of Gd203 powder and 240 g of Sm203 powder by a ball 20
mill made of quartz glass was fused and dropped at a
rate of 50 glmin on a target  of 300 mm4 x 100 mint
rotating at a rate of 1 rpm in an oxyhydrogen flame
which  used a burner having a focusing distance of 200
mm, to thereby prepare quartz  ingot of 200 mm~ x 400
mm. The target comprised quartz glass in a thickness
of  up to 40 mmt from the surface and graphite in the
subsequent lower portion of 25 from 40 to 100 mmt. Gas
conditions employed were set as that H2 was 300 19
Llmin; and 02 was 100 L/min. An upper ceiling in a
heating area was fabricated  by aligning alumina
sheets each having a strip shape of 40 x 6 x 1000 in
sizes.  During such preparation of the ingot, a
side-face heating was performed by a  



rod-shaped electric heater disposed on a side face of
the ingot and, after the flame 5 was distinguished,
the ingot was gradually cooled down to 800C consuming
4  hours by gradually weakening an intensity of the
heating by the heater. The  ingot thus prepared was
placed in a heating treatment furnace and, then,
formed  by being held for one hour at 1800C under a
pressure of 3 kglcm2 in an Ar  atmosphere, to thereby
prepare a formed body of 500 mm~ x 60 mm. 10 [00611
When the bubbles and foreign matters inside the ingot
were checked by  an optical visual observation method,
amounts of the bubbles and foreign matters  contained
were 50 mm2 in terms of a projected area per 100 cm3.
Further, an  internal transmission of visible light
was 70%/cm. A sample was cut out from 15 the glass
formed body thus obtained and, then, when a
concentration of the  metallic element in the glass
body was measured by using a fluorescent X ray,
results as shown in Table 1 were obtained. [00621
Further, a jig having a ring shape of outer diameter:
400 mm~ x inner  20 diameter: 370 mm4 x 200 mint was
cut out from the glass formed body and, then,
machined. [00631 A silicon wafer was set in an inner
portion of the thus-cut out jig, set in  an etching
apparatus and, then, while a plasma gas comprising
CF4+02 (20%) 25 was flown at a rate of 50 sccm in a
one-time-use manner, was subjected to an 20 etching
test under conditions of 30 mtorr, 1 kw and 100 hours.
An etching rate  was calculated based on the change in
thickness before and after the test, to  thereby
obtain a result of 30 nm/min. Further, when an
analysis of the  



impurities on the silicon wafer was executed by using
the fluorescent X ray, every 5 metallic impurity
except Al was less than 1 x108 atoms/cm2, which was
not  problematic. The results are shown in Table 1. 21
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W WW W 22 [00651 In Table 1, evaluation references of
the ingot bubble and turbidity  (foreign matter) are
as follows: 0: Contents of bubbles and foreign matters
are less than 100 mm2  5 in terms of a projected area
per 100 ems; and x: Contents of bubbles and foreign
matters are 100 mm2 or more  in terms of a projected
area per 100 cm3. [0066] (Example 2) 10 Same
treatments were performed as in Example 1 except for
doping 27840 g of quartz particles, 1440 g of A1203
powder, 120 g of Y203  powder, 120 g of Ce02 powder,
120 g of Nd203 powder, 120 g of La203  powder, 120 g
of Gd203 powder and 120 g of Sm203 powder, to thereby
obtain results as shown in Table 1. The etching rate
was 40 nmlmin. 15 [00671 (Example 3) Same treatments
were performed as in Example 1 except for  doping
27840 g of quartz particles, 1440 g of A1203 powder,
240 g of Y203  powder, 240 g of Nd203 powder and 240 g
of Sm203 powder, to thereby 20 obtain results as shown
in Table 1. The etching rate was 40 nmlmin.  [00681 



(Example 4) Same treatments were performed as in
Example 1 except for  doping 28320 g of quartz
particles, 1440 g of A1203 powder and 240 g of  25
Y203 powder, to thereby obtain results as shown in
Table 1. The etching 23 rate was 50 nm/min.  [00691
(Example 5) Same treatments were performed as in
Example 1 except for  5 using arc plasma as a heating
source of the Verneuil method, to thereby  obtain
similar evaluation results to those in Example 1.
[00701 (Example 6) Same treatments were performed as
in Example 1 except that a  10 solution prepared by
mix-dissolving quartz particles and a metallic oxide
to be doped in a starting solution was dried and,
accordingly, a formed  body was prepared, to thereby
obtain a quartz glass formed body. When  a similar
sample to that in Example 1 was prepared and, then,
each  evaluation was performed on the thus-prepared
sample, similar  15 evaluation results to those in
Example I were obtained. [00711 (Example 7) Same
treatments were performed as in Example 1 except that
powder prepared by mixing quartz particles and a
metallic oxide to be 20 dopes was packed in a quartz
tube and, then, heated from an outer face  of the tube
to be fused while allowing the inside of the tube to
be in a  



reduced pressure by sucking the air therein and,
accordingly, an ingot  was prepared, to thereby obtain
a quartz glass formed body. When a  similar sample to
that in Example 1 was prepared and, then, each 25
evaluation was performed on the thus-prepared sample,
similar 24 evaluation results to those in Example 1
were obtained.  [0072] (Example 8) Same treatments
were performed as in Example 1 except that a  5
volatile gaseous compound of a metal to be doped was
allowed to be diffused in a quartz soot having a
hydroxyl group, subjected to a heating  treatment at
600C and, then, heat-fused and, accordingly, an ingot
was  prepared, to thereby obtain a quartz glass formed
body. When a similar  sample to that in Example 1 was
prepared and, then, each evaluation 10 was performed
on the thus-prepared sample, similar evaluation
results  to those in Example 1 were obtained. [0073]
(Example 9) Same treatments were performed as in
Example 1 except that a  15 quartz soot body was
dipped in a solution prepared by mix-dissolving a
metallic compound to be doped, dried and, then,
heat-fused, to thereby  obtain a quartz glass formed
body. When a similar sample to that in  Example 1 was
prepared and, then, each evaluation was performed on
the thus-prepared sample, similar evaluation results
to those in Example  20 1 were obtained. [0074] 



(Example 10) A solution prepared by mix-dissolving a
metallic compound to be  doped was applied on a
surface of a quartz glass jig and, then, the  25
surface was heat-fused, to thereby produce a quartz
glass jig. Further, 25 the metallic compound to be
doped was same as in Example 1. When a  plasma etching
test was performed on the thus-produced quartz glass
jig  in a same manner as in Example 1, an etching rate
was 30 nm/min and  metallic impurities except for Al
were not found on a silicon wafer. 5 [0075] (Examples
11 to 14) Same treatments were performed as in Example
1 except for  using, as a metallic compound to be
doped, B203 powder, Ga203 powder,  In203 powder or
T1203 power in place of A1203 powder, to thereby
obtain a 10 quartz glass formed body. When a similar
sample to that in Example 1  was prepared and, then,
each evaluation was performed on the  thus-prepared
sample, similar evaluation results to those in Example
1  were obtained. [0076]  15 (Examples 15 to 26) Same
treatments were performed as in Example 3 except for
using, as a metallic compound to be doped, MgO powder,
CaO powder,  SrO powder, BaO powder, Sc203 powder,
La203 powder, CeO2 powder,  Gd203 powder, Am203
powder, Ti02 powder, Zr02 powder or Hf02 powder 20 in
place of Sm203 powder, to thereby obtain a quartz
glass formed body.  When a similar sample to that in
Example 3 was prepared and, then,  



each evaluation was performed on the thus-prepared
sample, similar  evaluation results to those in
Example 3 were obtained. [0077]  25 (Comparative
Example 1) 26 30000 g of quartz particles was filled
in a carbon casting mold  and, then, subjected to a
heating treatment at 1,800C for one hour in a  vacuum
atmosphere, to thereby prepare a transparent glass
body of 500  mmu x 65 mm. Further, when a similar
sample to that in Example 1 5 was prepared and
subjected to a plasma etching test, it was found that
an etching rate was 120 nmlmin. Other evaluation
results than the  etching rate were same as in Example
1. [00781 (Comparative Example 2) 10 A sample was
prepared in a similar manner to that in Example 3
except for doping 27840 g of quartz particles, 1440 g
of A1203 powder and  720 g of Y203 powder and, then,
subjected to evaluations. The etching  rate was 45
nmlmin. As' a result of an analysis of impurities on a
silicon  wafer, Y was detected as being 1 x 10-6
atomslcm2, which was  15 problematic. [00791
(Experimental Example 1) 28510 g of quartz particles,
50 g of A1203 powder, 240 g of Y203  powder, 240 g of
Ce02 powder, 240 g of Nd203 powder, 240 g of La203  20
powder, 240 g of Gd203 powder and 240 g of Sm203
powder were mixed, fused and dropped at a rate of 50
g/min on a target ingot rotating at a  



rate of 1 rpm in an oxyhydrogen flame, to thereby
prepare a quartz ingot  of 200 mm~ x 400 mm. Gas
conditions employed were set as that H2  was 300
Llmin; and 02 was 100 L/min. The thus-prepared ingot
was 25 placed in a heating treatment furnace and,
then, formed to be 500 mmt x 27 60 mm by being held
for one hour at 1800C under a pressure of 3 kg/cm2  in
an N2 atmosphere. A multiplicity of turbidity points
(foreign  matters) remained in the ingot. [0080] 5
(Experimental Example 2) An ingot was prepared in a
similar manner to that in Example 1  except for using
an oxyhydrogen flame by the Verneuil method and
setting gas conditions in which H2 was 300 L/min and
02 was 150 L/min.  A multiplicity of turbidity points
(foreign matters) remained in the ingot.  10 [0061]
(Experimental Example 3) An ingot prepared in a
similar manner to that in Example I was set in a
heating treatment furnace and, then, formed to be 500
mm4 x 60  mm by being held for one hour at 1800C under
a pressure of 1 kg/cm2 in 15 an N2 atmosphere. A
multiplicity of bubbles of about 40.5 mm to about
X1.0 mm remained in the ingot. 28 CLAIMS  1. A quartz
glass having excellent resistance against plasma
corrosion, characterized in that it is a quartz glass
containing 0.1 to 20  wt% in total of two or more
types of metallic elements, said metallic 



5 elements comprising at least one type of metallic
element selected from  Group 3B of the periodic table
as a first metallic element and at least  one type of
metallic element selected from the group consisting of
Mg, Ca,  Sr, Ba, Sc, Y, Ti, Zr, Hf, lanthanoids, and
actinoids as a second metallic  element, provided that
the maximum concentration of each of the second  10
metallic elements is 2.0 wt% or less. 2. A quartz
glass according to claim 1, characterized in that two
or  more types of metallic elements are contained as
said second metallic  elements. 3. A quartz glass
according to claim 1 or 2, characterized in that the
15 total concentration of said second metallic
elements is 2.0 wt% or more. 4. A quartz glass
according to any of claims 1 to 3, characterized in
that said first metallic element is Al, and said
second metallic element  contains at least one type
selected from the group consisting of Y, La, Ce,  Nd,
Sm, and Gd. 20 5. A quartz glass according to any of
claims 1 to 4, characterized in  that the blend ratio
of said first metallic element (Ml) and the total of
one or two types or more of said second metallic
elements (M2),  (M1)/(M2), in atomic number ratio, is
in a range of from 0.1 to 20. 6. A quartz glass
according to any of claims 1 to 5, characterized in
25 that the total content of the bubbles and foreign
matter accounts for less 29 than 100 mm2 as expressed
by the projected area per 100 cm3. 7. A quartz glass
jig characterized in that a layer comprising the
quartz glass containing the metallic element according
to any of claims 1  to 6 is formed to a depth of at
least 1 mm from the surface. 



5 8. A method of producing a quartz glass according to
any of claims 1  to 6, which is a method of producing
quartz glass having excellent  resistance against
plasma corrosion by Verneuil method using a furnace
equipped with a rotating table and a burner which
supplies the powder  raw material and gases,
characterized in that it comprises supplying the 10
powder raw material prepared by mixing quartz powder
with the  powders of said first and second metallic
elements or the powder of the  compound thereof to the
burner, and in case of dropping the hot-molten
product to said table to produce the quartz glass
ingot, the surface  temperature of said quartz glass
ingot is heated to 1800 C or higher. 15 9. A method of
producing a quartz glass according to claim 8,
characterized in that said table is made from one
selected from the group  consisting of a metal-doped
quartz glass, graphite, alumina ceramics,  zirconia
ceramics, a ceramics containing alumina and zirconia,
or other  types of ceramics, or is made by combining
these raw materials with  20 quartz glass. 10. A
method of producing a quartz glass according to claim
8 or 9,  characterized in that, as the upper ceiling
of said furnace, there used are  either rectangular
long plates made of alumina ceramics or one of other
types of ceramics arranged in parallel, or a
water-cooled SUS plate. 25 11. A method of producing a
quartz glass according to any of claims 8 30 to 10,
characterized in that an electric heater is provided
to the sidewall  of said furnace, so that heating of
the side plane of the heating area  inside said
furnace is made controllable by said electric heater.
12, A method of producing a quartz glass according to
any of claims 8  



5 to 11, characterized in that the method is Verneuil
method using  oxyhydrogen flame, which uses a burner
having a structure as such that  the oxyhydrogen flame
can be focused. 13. A method of producing a quartz
glass according to any of claims 8  to 12,
characterized in that the atmosphere inside the
heating area of  10 said furnace is under a reducing
state containing hydrogen. 14. A method of producing a
quartz glass according to any of claims 8  to 13,
characterized in that, in Verneuil method using
oxyhydrogen flame,  hydrogen/oxygen ratio of the gas
supplied to the atmosphere in the  heating area inside
said furnace is 2.5 or higher. 15 15. A method of
producing a quartz glass according to any of claims 8
to 13, characterized in that Verneuil method using arc
plasma is  employed. 16. A method of producing a
quartz glass according to any of claims I  to 6,
characterized in that the method comprises: drying a
solution  20 prepared by mixing and melting said first
and second metallic elements or the oxides or the
compounds thereof with quartz powder in pure water,
an acidic solution, a basic solution, or an organic
solvent; producing a  shaped body therefrom; and
preparing an ingot by heating and melting  the shaped
body in a non-oxidizing atmosphere at 1300 'C or
higher. 25 17. A method of producing a quartz glass
according to any of claims I 31 to 6, characterized in
that the method comprises= charging, in a quartz
tube, a powder prepared by mixing said first and
second metallic  elements or the oxides or the
compounds thereof with quartz powder;  and preparing
an ingot by heating to 1300 C or higher from the outer



5 plane of the tube, thereby melting the powder inside
the quartz tube  while reducing the pressure inside
the tube. 18. A method of producing a quartz glass
according to any of claims 1  to 6, characterized in
that the method comprises: diffusing a gas of
volatile compound of said first and second metallic
elements inside a soot 10 of quartz having hydroxyl
groups; subjecting them to heat treatment in  the
temperature range of 200 to 1100 C; and preparing an
ingot by  heating and melting the shaped body in a
non-oxidizing atmosphere at  1300 C or higher. 19. A
method of producing a quartz glass according to any of
claims 1  15 to 6, characterized in that the method
comprises: preparing a solution by  mixing and
dissolving said first and second metallic elements
soluble in  pure water, an acidic solution, a basic
solution, or an organic solvent, into pure water, an
acidic solution, a basic solution, or an organic
solvent; immersing a quartz soot body into the
solution; and after drying, 20 heating and melting the
resulting body in a non-oxidizing atmosphere at  1300
C or higher. 20. A method of producing quartz glass
according to any of claims 8  to 19, characterized in
that thus prepared quartz glass ingot is heated  and
shaped at a temperature of 1300 C or higher in an
inert gas  25 atmosphere under a pressure of 2 kglcm2
or higher. 32 21. A method for producing a quartz
glass jig according to claim 7,  characterized in that
the method comprises: preparing a solution by  mixing
and dissolving said first and second metallic elements
soluble in  pure water, an acidic solution, a basic
solution, or an organic solvent, 



5 into pure water, an acidic solution, a basic
solution, or an organic  solvent; applying the
resulting solution to the surface of a previously
prepared quartz glass jig; and heating and melting the
resulting surface.  22. A method for producing a
quartz glass jig according to claim 21,  characterized
in that the prepared quartz glass jig is heated and
shaped 10 at a temperature of 1300 C or higher in an
inert gas atmosphere under  a pressure of 2 kg/cm2 or
higher. 33 


