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DESCRIPTION QUARTZ GLASS TOOL FOR HEAT TREATMENT OF
SILICON WAFER AND  PROCESS FOR PRODUCING THE SAME
Technical Field The present invention relates to a
tool for silicon  wafer heat treatment having a
transparent grooved surface  and a process for
producing the tool. More particularly,  the present
invention relates to a quartz glass tool for  silicon
wafer heat treatment having, as a grooved surface  of
a wafer mount member provided in the quartz glass
tool,  a transparent grooved surface with a reduced
amount of  materials such as particles with which a
silicon wafer is  contaminated, and to a process for
producing the tool.  Background Art Quartz glass tools
having comparatively high heat  resistance and high
purity have been used for  transporting silicon wafers
and holding silicon wafers in  heating furnaces. An
example of such quartz glass tools  is a tool for use
in a vertical furnace, such as shown in  Figure 1, in
which (four) wafer mount members 2 having  grooved
portions 3 are welded to a top plate 4 and toga  base
plate 5. It is necessary to form grooves in the  wafer
mount members with a constant pitch with high
accuracy. Grooving is ordinary performed with a
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blade. With working on quartz glass with a diamond
blade,  however, there is a problem that since quartz
glass is a  brittle material, minute.concaves and
convexes and  microcracks are generated in the worked
surface to cause  damage to a silicon wafer, or
various transition metal  element foreign matters
derived from a bonding material  on the diamond blade
are attached to and remain on or in  the minute
concaves and convexes and microcracks and are  molten
and diffused at the time of a heat treatment on a
silicon wafer to contaminate the silicon wafer.
Cleaning  by lightly etching with a fluoric acid
solution after  cutting with a diamond blade has
therefore been practiced,  with the result that the
grooved surface is not  completely cleaned; various
transition metal element  foreign matters remain to
cause contaminations on silicon  wafers. With further
etching with a fluoric acid, a  problem has arisen
that minute concaves and convexes  based on opening of
microcracks in the grooved surface  are made acute
such as to damage a silicon wafer. In particular, in
recent years, the degree of  integration of
semiconductor devices has been increased  and devices
such as flush memories seriously badly  influenced by
impurities have been developed, so that the  desired
purity with respect to silicon wafers cannot be
ensured as long as the above-described quartz glass
tool  is used. Therefore a method of finishing by
heat- treating a surface of a groove with a burner at
an angle 3  of 5 to 45 degrees from above the grooves
(patent  



document 1), a method of polishing a groove surface
with  a polishing brush (patent document 2) and the
like have  been proposed. With the method in patent
document 1,  however, remaining of the trace of a
grindstone in the  grooved surface and attachment of
particles of a foreign  matter, glass dust or the like
to the trace of the  grindstone, or a change in size
of the grooved portion,  i.e., a groove sag, or the
like have occurred. Also,  with the method in patent
document 2, there has been a  problem such as a
silicon wafer contamination problem due  to remaining
of the trace of a grindstone and attachment  of
particles of a foreign matter, glass dust or the like
to the trace of the grindstone. Patent document 1:
Japanese Patent Laid-Open No. 11- 349338 Patent
document 2: Japanese Patent Laid-Open No. 2000- 127020
Disclosure of the Invention The inventors of the
present invention have  earnestly made studies under
such circumstances and found  that a quartz glass tool
free from attachment of  particles, e.g., particles of
glass dust due to collapse  of acute irregularities
based on minute concaves and  convexes or opening of
microcracks or particles of  various transition metal
element foreign matters 4  generated from a diamond
blade or the like, capable of  maintaining a high
degree of cleanness during use for a  long time,
having finer concaves and convexes in a  



grooved surface of a wafer mount member ground with a
diamond blade and having a reduced change in size even
during cleaning with fluoric acid can be obtained by
making the grooved surface transparent, setting the
surface roughness of the entire grooved surface to
0.03  to 0.3 m in center-line average roughness (Ra)
and 0.2  to 3.0 gm in maximum roughness (Rmax) and by
setting the  rates of change in the center line
average roughness (Ra)  and the maximum roughness
(Rmax) after etching with a 5%  hydrogen fluoride
aqueous solution for 24 hours to 50% or  less. The
inventors also found that the above-described  quartz
glass tool can be easily produced by grinding the
portion to be grooved of the wafer mount member of the
quartz glass tool with a diamond blade of a coarse
particle size, again grinding the grooved portion with
a  diamond blade of a small particle size, and making
the  ground portion transparent by fire finishing with
oxyhydrogen gas flame. That is, an object of the
present invention is to  provide a quartz glass tool
for silicon wafer heat  treatment having a transparent
grooved surface, free from  attachment of particles of
glass dust due to collapse of  acute irregularities
based on minute concaves and  convexes or opening of
microcracks or particles of a - 5  transition metal
element foreign matter due to a diamond  blade or the
like, having a reduced change in size even  during
cleaning with fluoric acid and capable of  maintaining
a high degree of cleanness during use for a  



long time. Another object of the present invention is
to  provide a process for producing the
above-described  quartz glass tool. The present
invention in achieving the above- described object
relates to a quartz glass tool for  silicon wafer heat
treatment provided with a wafer mount  member having a
grooved surface formed by grinding,  characterized in
that the entire grooved surface of the  wafer mount
member is transparent; the surface roughness  of the
grooved surface is 0.03 to 0.3 gm in center-line
average roughness (Ra) and 0.2 to 3.0 m in maximum
roughness (Rmax); and the rates of change in the
center  line average roughness (Ra) and the maximum
roughness  (Rmax) after etching with a 5% hydrogen
fluoride aqueous  solution for 24 hours are 50% or
less, and to a process  for producing the quartz glass
tool. The wafer mount member provided in the quartz
glass  tool for silicon wafer heat treatment according
to the  present invention is a member which has a
transparent  grooved surface, which is grooved by
grinding, in which  the surface roughness of the
grooved surface is 0.03 to  0.3 pm in center-line
average roughness (Ra) and 0.2 to 6  3.0 pm in maximum
roughness (Rmax) and the rates of  change in the
center line average roughness (Ra) and the  maximum
roughness (Rmax) after etching with a 5% hydrogen
fluoride aqueous solution for 24 hours are 50% or
less.  Because of having this grooved surface, the
quartz glass  



tool for silicon wafer heat treatment is free from
attachment of particles of glass dust due to collapse
of  acute irregularities based on minute concaves and
convexes or opening of microcracks or particles of a
transition metal element foreign matter due to a
diamond  blade or the like. Further, the concaves and
convexes in  the grooved surface are fine and the
quartz glass tool  has a reduced change in size even
during cleaning with  fluoric acid and can be used for
a long time. It is not  practical in terms of
productivity and cost to perform  grinding so that the
center-line average roughness is  lower than 0.03 gm.
If the center-line average roughness  exceeds 0.3 gm,
minute concaves and convexes or  microcracks remain in
the ground surface even after fire  finishing to cause
damage to a silicon wafer or generate  particles with
which a silicon wafer is contaminated. If  the rates
of change in the center line average roughness  (Ra)
and the maximum roughness (Rmax) after etching with  a
5% hydrogen fluoride aqueous solution for 24 hours
exceed 50%, the concaves and convexes in the grooved
surface are changed by cleaning with fluidic acid to
make  long-time stable use impossible. The rates of
change in 7  the center line average roughness (Ra)
and the maximum  roughness (Rmax) are the ratios of
the changes in the  center line average roughness (Ra)
and the maximum  roughness (Rmax) to the original
values of the center  line average roughness (Ra) and
the maximum roughness  (Rmax) at each of time periods
from 0 to 24 hours during  



which the wafer mount member is immersed in the 5%
hydrogen fluoride aqueous solution. As shown in
Figures 2 and 3, the above-described  wafer mount
member is produced by roughly grinding a  quartz glass
raw workpiece in the form of a cylinder or a  prism
cylindrical or prism form with a diamond blade of a
coarse particle size or a particle size of #250 to
350,  with a groove width (d) of 3 to 5 mm, a pitch
(p) of 3 to  6 mm and a groove depth of 4.5 to 10 mm,
again grinding  the workpiece with a diamond blade of
a small particle  size or a particle size of #600 to
2000, with a machining  allowance of 0.06 to 0.1 mm,
cleaning the workpiece with  fluoric acid after
grinding, and fire-finishing the  grooved surface with
oxyhydrogen gas flame obtained from  hydrogen gas and
oxygen gas so that the grooved surface  becomes
transparent. This wafer mount member is  incorporated
in the assembly of the quartz glass tool by  being
welded to a top plate and to a base, and undergoes
annealing and fluoric acid cleaning. The diamond blade
used in the above-described rough  grinding is, for
example, a metal-bond-type diamond blade, - 8  a
resin-bond-type diamond blade or a vitrified-bond-type
diamond blade. As the diamond blade used in
regrinding,  the above-mentioned diamond blade having
a fine particle  size of #600 to 2000 is used. More
preferably, a diamond  blade obtained by pulverizing
metal-bonded diamond and  sintering the pulverized
diamond with a resin bond. The quartz glass tool for
silicon wafer heat  



treatment according to the present invention is free
from  attachment of particles of glass dust due to
collapse of  acute irregularities based on minute
concaves and convexes or opening of microcracks or
particles of a  transition metal element foreign
matter due to a diamond  blade or the like, has a
reduced change in size even  during cleaning with
fluoric acid and can be used for a  long time. This
quartz glass tool can be easily produced  by
performing grinding with a diamond blade of a coarse
particle size, again performing grinding with a
diamond  blade of a small particle size, and
performing fire  finishing on the grooved surface.
Brief Description of the Drawings Figure 1 is a
perspective view of a .quartz glass  tool for use in a
vertical furnace; Figure 2 is an enlarged view of a
wafer mount  member; Figure 3 is a diagram for
explaining the formation  of a wafer mount groove; 9
Figure 4 is a graph showing the rate of change in Ra
of the groove bottom surface of the wafer mount member
during immersion in fluoric acid solution for a long
time; Figure 5 is a graph showing the rate of change
in  Rmax of the groove bottom surface of the wafer
mount  .member during immersion in fluoric acid
solution for a  long time; Figure 6 is a graph showing
the rate of change in Ra  



of the groove wall surface of the wafer mount member
during immersion in fluoric acid solution for a long
time; and Figure 7 is a graph showing the rate of
change in  Rmax of the groove wall surface of the
wafer mount member  during immersion in fluoric acid
solution for a long time.  The Best Mode for Carrying
Out the Invention The present invention will be
described in detail  with respect to concrete examples
thereof. The present  invention, however, is not
limited to the examples. The surface roughness in the
examples and the like  described below is the value
measured with a surface  roughness tester (HANDY SURF
E-35A from ACCRETECH (Tokyo  Seimitsu Co., Ltd.)).
Values for particles were measured  by a "method of
counting particles increased in pure  water with an
in-liquid particle counter". Example 1 10  A solid rod
having a diameter of 12 mm was ground by  using a #325
diamond blade at a peripheral velocity of  800 m/min.
and at a feed rate of 100 mm/min. with a  groove depth
of 6 mm, a groove width of 3.4 mm and a  groove pitch
of 3.5 mm. The grooved rod obtained was  again ground
by using a #1000 diamond blade with a side  surface
machining allowance of 0.075 mm and a bottom  surface
machining allowance of 0.07 mm, as shown in  Figure 3,
and fire-finished with a gas burner to be made
transparent. Four wafer mount members with grooves
having a groove width of 3.55 mm and a pitch width of
3.6  



mm were made in this way. The wafer mount members were
cleaned with 5% fluoric acid aqueous solution for 10
minutes and thereafter assembled in a wafer port 1
shown  in Figure 1 by being welded to a quartz glass
top plate 4  and a base plate 5. Table 1 shows the
surface roughness  of the grooved surface of the wafer
mount member. The  center-line average roughness (Ra)
and the center-line  maximum roughness (Rmax) of the
groove bottom surface in  Table 1 were values measured
at arbitrary three points on  the bottom surface of
the grooved portion of the wafer  mount member. Ra and
Rmax of the groove wall surfaces  are values measured
with respect to an end portion, a  central portion and
a bottom portion of the grooved side  wall surfaces of
the wafer mount member. As is apparent  from Table 1,
the grooved surface of the wafer mount  member
according to the present invention had a low - 11
surface roughness and was transparent, and
substantially  no generation of particles such as
glass dust due to  collapse of minute concaves and
convexes or microcracks  was observed. Further,
particles were measured when the  wafer mount member
was set standing in pure water for 5  minutes
(hereinafter referred to as standing processing)  and
when ultrasonic waves were applied during the
immersion in pure water for 5 minutes (hereinafter
referred to as application processing). As shown in
Table 2, the amount of generation of particles when
application processing was performed was smaller.
Further, the grooved surface was observed with the eye
to  



find that the grooved surface was as transparent as
the  surrounding quartz glass portion without
whitishness due  to a grinding trace. Example 2 A
grooved wafer mount member with grooves having a
groove width of 3.55 mm and a pitch width of 3.6 mm
was  made by grinding a solid rod having a diameter of
12 mm  with a #325 diamond blade at a peripheral
velocity of 800  m/min. and at a feed rate of 100
mm/min., with a groove  depth of 6 mm, a groove width
of 3.4 mm and a groove  pitch of 3.5 mm, again
grounding the rod with a #1000  diamond blade, with a
side surface machining allowance of  0.075 mm and a
bottom surface machining allowance of 0.07  mm, and
making the grooves transparent by fire finishing  with
a gas burner, as was that in Example 1. To check 12
size stability of the wafer mount member with grooves
under fluoric acid cleaning, the groove bottom and
groove  wall surfaces were examined for Ra and Rmax
when the  wafer mount member was immersed in 5%
fluoric acid  cleaning solution for 1 to 24 hours.
Table 3 shows the  results of this examination, which
are also indicated by  symbol 0 in Figures 4 to 7.
Table 3 shows average values  with respect to three
points on the groove bottom and  groove wall surfaces
measured in the same manner as those  in Example 1.
Figures 4 to 7 are graphs in which the  corresponding
values are plotted. As is apparent from  Table 3 and
Figures 4 to 7, even in the case of immersion  in
fluoric acid solution for 24 hours, the wafer mount  



member with grooves according to the present invention
had low Ra and Rmax change rates: Ra change rate of
about 10% and Rmax change rate of about 12%, and
enabled  performing heat treatment on silicon wafers
with  stability. Comparative Example 1 A quartz glass
solid rod was ground as in Example 1  by using a #325
diamond blade at a peripheral velocity of  800 m/min.
and at a feed rate of 100 mm/min. with a  groove depth
of 6 mm, a groove width of 3.4 mm and a  groove pitch
of 3.5 mm, cleaned with fluoric acid and had  the
grooved surface made transparent by using a gas
burner, as was that in Example 1. Table 1 shows Ra and
Rmax of the grooved surface of the obtained wafer
mount 13  member. Also, Table 2 shows values as a
result of  measurement of particles. The amount of
particles  attached was large in each of standing
processing and  application processing, as shown in
Table 2. Further,  the grooved surface was observed
with the eye. A whitish  grindstone trace was thereby
observed. This wafer mount  member was immersed in 5%
fluoric acid cleaning solution  for a long time: 1 to
24 hours, as was that in Example 2,  thereby examining
the groove bottom and groove wall  surfaces for Ra and
Rmax during immersion in the solution.  Table 3 shows
the results of this examination, which are  also
indicated by symbol ^ in Figures 4 to 7. As is
apparent from Table 3 and Figures 4 to 7, Ra and Rmax
of  the wafer mount member were largely changed during



immersion in the fluoric acid cleaning solution for a
long time. The change rate exceeded 50% and hindrance
to  heat treatment on silicon wafers was caused. - 14
- (Table 1] Processing Position Example 1 Comparative
Example 1  Ra (ju rn) Rmax ( m) Ra ( m) Rmax (Jl m)  1
0.26 2.12 0.26 2.12 Groove 2 0.18 1.70 0.18 1.70
bottom surface 3 0.30 2.42 0.30 2.42  Grinding Average
0.25 2.08 0.26 2.08  with #325 End portion 0.32 3.36
0.32 3.38  grindstone Groove Central 0.30 3.54 0.30
3.54  wall Bportion ottom  surface rtion 0.32 3.86
0.32 3.86  Diamond Average 0.31 3.59 0.31 3.59
grinding 1 0.16 1.18 Groove 2 0.12 1.06  Grinding
bottom 3 0.12 1.26  with surface #1000 Average 0.13
1.17  grindstone End portion 0.12 1.04  after grinding
Groove C r 0.10 0.80 pon shown wall Bottom above
surface portion 0.14 1.12  Average 0.12 0.99 1 0.04
0.22 0.14 1.48  



Groove 2 0.04 0.94 0.18 1.70  bottom 3 0.08 124 0.14
0.90  surface Average 0.05 0.80 0.15 1.36  Fire
finishing End portion 0.06 0.34 0.46 3.88  Groove
Central 0.06 0.46 0.40 2.98  wall Bportion ottom
surface rtion 0.10 1.00 0.38 3.70  Average 0.07 0.60
0.41 3.52 1 0.04 0.20 0.10 1.46  Groove bottom 2 0.04
0.36 0.26 2.76  surface 3 0.06 0.96 0.18 1.44  Average
0.05 0.51 0.18 1.89 5% HF processing End portion 0.06
0.56 0.24 2.32  Groove Central 0.08 0.66 0.22 2.10
wall Botrtion tom  surface rtion 0.12 0.80 0.20 1.54
Average 0.09 0.67 .0.22 1.99 In table 1 above, Ra and
Rmax in diamond grinding  are values 8 minutes after
5% fluoric acid processing, 15  and Ra and Rmax in
fire finishing are values 10 minutes  after 5% fluoric
acid processing. [Table 2] Particle ;->O. 2= ;->O. 3W
20.5jun 21.OEun 2t2.Om  size 



Example 1 1.1x103 5.1x102 8.7x10 2.Ox1O 0  Standing
processing Comparative 2.1x10' 7.8x103 1.3x103 2.7x102
5.3x10  Example 1 Example 1 6.2x105 2.0x105 3.2x104
5.3x103 1.3x103  Application processing Comparative
2.2x10' 1.1x10' 2.3x105 4.Ox105 8.7x104  Example 1
[Table 3] Example 2 Comparative  Processing Example 1
time (h) Position Ra (gm) Rmax Ra (pm) Rmax (pm) ( )
Groove bottom 0.05 1.05 0.49 2.59  0 surface Groove
side 0.09 2.51 0.19 7.59  surface Groove bottom 0.05
0.81 0.15 1.91  1 surface Groove side 0.15 3.68 0.31
5.00  surface Groove bottom 0.05 1.99 0.21 2.36  3
surface Groove side 0.11 1.37 0.42 5.87  surface
Groove bottom 0.08 0.98 0.14 2.21  6 surface Groove
side 0.05 1.39 0.43 5.97  surface 



Groove bottom 0.07 1.14 0.16 2.62  12 surface Groove
side 0.08 2.31 0.69 11.60  surface Groove-bottom 0.05
0.87 0.20 2.46  24 surface Groove side 0.10 2.25 2.30
24.06  surface Industrial Applicability - 16  The
quartz glass tool for silicon wafer heat  treatment
according to the present invention is capable  of
maintaining a high degree of cleanness over a long
term without contaminating silicon wafers with
particles,  and is useful in heat treatment on a
highly integrated  semiconductor device, particularly
in a diffusion step. 1 . 7 - CLAIMS  1. A quartz glass
tool for silicon wafer heat treatment  provided with a
wafer mount member having a grooved  surface formed by
grinding, characterized in that the  entire grooved
surface of the wafer mount member is  transparent; the
surface roughness of the grooved surface  is 0.03 to
0.3 m in center-line average roughness (Ra)  and 0.2
to 3.0 m in maximum roughness (Rmax); and the  rates
of change in the center line average roughness (Ra)
and the maximum roughness (Rmax) after etching with a
5%  hydrogen fluoride aqueous solution for 24 hours
are 50%  



or less. 2. A process for producing a quartz glass
tool for  silicon wafer heat treatment, characterized
by roughly  grinding a wafer mount member with a
coarse diamond blade  having a particle size of #250
to 350, performing  regrinding the wafer mount member
with a fine diamond  blade having a particle size of
#600 to 2000, and fire  finishing a groove inner
portion so that the entire  groove inner portion
becomes transparent. 3. The process for producing a
quartz glass tool for  silicon wafer heat treatment
according to claim 2,  characterized in that a
machining allowance in regrinding  is in a range from
0.06 to 0.1 mm. 


