
DESCRIPTION  SILICON WAFER SUPPORTING METHOD, HEAT TREATMENT JIG AND
HEAT-TREATED WAFER  TECHNICAL FIELD [0001] The present invention relates to
a method of supporting  a silicon wafer on the back side thereof on the
occasion of  heat treatment thereof, a heat treatment jig for heat treatment
of a silicon wafer, and a heat-treated wafer obtained by heat  treatment.
BACKGROUND ART  [0002] In the process for silicon wafer production, there
are  a number of steps in which silicon wafers directly contacted  and
supported on their back sides by a supporting member are  subjected to heat
treatment. For example, a heat treatment  step using a vertical boat, an RTA
(rapid thermal annealing)  step, a single-feed type epitaxial growth step
and an SOI heat  treatment step are relevant, and in such many heat
treatments,  silicon wafers directly contacted and supported on their back
sides by a supporting member are subjected to various processes.  [0003]
For example, in the heat treatment of silicon wafers in a vertical
batch-wise heat treatment furnace, use is made of  a wafer supporter
(hereinafter referred to as "supporting  boat") , as shown in Fig. 1, which
supports each wafer at three  or four points in an outer peripheral portion
on the back of  the wafer. Thus, the supporting boat 1 comprises three or
four  columns 3, a top end plate 5 and a bottom end plate 6 that
respectively are attached to the upper and lower ends of the  columns 3, and
a sideways opening 2. Each of the columns 3  has a row of wafer-supporting
elements 4 and, after placing  silicon wafers on such supporting elements 4
through the  sideways opening 2, the whole boat is inserted into a vertical
1 



heat treatment furnace for each intended heat treatment.  [0004] However,
when silicon wafers are placed on such  supporting boat and subjected to
heat treatment, a problem is  encountered; namely, crystal defects called
slip initiating  from the damage incurred at the point of contact between
the  wafer and each supporting element surface may appear in each  silicon
wafer, and such slip grows and develops under the  influence of the thermal
stress caused during heat treatment,  with the result that a wafer yield is
decreased. In the case  of wafers having a diameter of 300 mm or larger,
such slip growth  and extension may also be caused by the stress resulting
from  the wafer's own weight (gravity stress). [0005] As a means for solving
such problem, there is known a  wafer supporting jig in which an area of
contact between each  wafer and each supporting element is widened so that
the load  incurred by the wafer's own weight may be dispersed and the
gravity stress may be reduced as much as possible. [0006] However, a groove
(corresponding to a gap between  surfaces of two neighboring wafer
supporting elements 4 in the  supporting boat shown in Fig. 1) in this
supporting jig should  have different machining accuracy or induce different
contact  surface conditions (flatness and surface roughness) and, for  some
grooves, the stress incurred by wafer's own weight may  not be dispersed all
over the contact surface but may be  concentrated at a specific position,
for example single point,  and this contact point may act as an initiation
point for slip  generation. [0007] For avoiding the state such that the
contact point may  act as an initiation point for slip generation in the
wafer  supporting jig, control is made so that each wafer may come  into
contact with the whole relevant surface of each supporting  element at each
groove; however, this is actually difficult.  



2 Thus, the supporting jig having an increased wafer-supporting  contact
area cannot be said to exhibit a satisfactory slip  inhibiting effect.
[0008] On the other hand, it is known with regard to silicon  crystals that
the stress contributing to slip extension varies  depending on the crystal
orientation. Japanese Patent  Application Publication (Kokai) No. Hei
09-139352 discloses  an invention concerning a wafer boat for a vertical
furnace  by which stress generation by wafer's own weight can be reduced;
in this document, the calculation of critical shear stresses  upon
application of a predetermined thermal stress to a silicon  wafer are made
for twelve crystal slip systems governing slip  generation in silicon
wafers. [0009] According to those results, along the crystal  orientations
<110> and <100>, slip generation hardly occurs,  and it is concluded that
the slip generation can be suppressed  by supporting the wafer having
crystalline (001) face in a  direction of the crystal orientation <100> or
<110> on its back  side. [0010] However, even if this technology is utilized
to suppress  slip generation, it is difficult to suppress slip growth using
the above-mentioned wafer supporting jig having an increased
wafer-supporting contact area in the support since the crystal  orientation
varies according to directions on the wafer surface  and the stress (shear
stress) contributing to slip extension  varies accordingly and the
wafer-supporting element contact  point which acts as an initiation point
for the slip cannot  be singled out. [0011] This problem of slip generation
is not limited to a  vertical batch-wise heat treatment furnace but common
to  processes in which wafers locally supported on their back sides  



are subjected to heat treatment, for example in a single-feed 3 type heat
treatment furnace or epitaxial growth treatment  furnace. DISCLOSURE OF
INVENTION  [0012] As mentioned above, heat treatment of a silicon wafer
supported on the back side thereof may result in slip generation  in the
silicon wafer as the wafer-supporting element contact  point serves as an
initiation point, followed by slip growth  and extension under the influence
of the thermal stress, among  others, during the heat treatment, with the
result that a wafer  yield is reduced; it is difficult to effectively
prevent this  problems. [0013] The present invention has been made to solve
such  problems as mentioned above, and an object thereof is to provide  (a)a
method of supporting a silicon wafer with the crystal  orientation <100> or
<110>, according to which the wafer-supporting positions are specified to
minimize the  stress (shear stress) contributing to slip extension and to
suppress slip growth, thereby markedly improving a silicon  wafer yield in
heat treatment, (b)a heat treatment jig to be  used in carrying out such
method, and (c)a high quality  heat-treated wafer obtained by such method
and with such jig.  [0014] The present inventor made investigations to
accomplish  the above object. As a result, the inventor found that shear
stress contributing to slip extension greatly varies according  to positions
in a circumferential direction in a silicon wafer  with crystal orientation
<110> or <100> and that the shear  stress can be suppressed to a low level
and slip growth and  extension can be suppressed when each wafer-supporting
position (supporting area) is adequately specified. [0015] These findings
have now led to completion of the present  



invention, which consists in (1) a method of supporting silicon  wafers, (2)
a heat treatment jig and (3) heat-treated wafers,  4 respectively mentioned
below.  [0016] (1) A method of supporting a silicon wafer having crystal
plane {100} on its main surface (hereinafter, simply referred  to as
"silicon wafer having crystal orientation <100>" or  "<100> wafer") or a
silicon wafer having crystal plane {110}  on its main surface (hereinafter,
simply referred to as "silicon  wafer having crystal orientation <110>" or
"<110> wafer) for  heat treatment thereof, is characterized in that: (i)in
the  case of the <110> wafer, the silicon wafer back side is  supported (a)
in "a fan-shaped region of wafer surface in the  range of 40 to 60 relative
to the reference direction in  parallel to the silicon wafer surface" (datum
region), the  reference direction being from the center of the silicon wafer
toward <100>, and (b) in other regions of wafer surface which  are
determined by rotations of the datum region by 90 each  time; and (ii) in
the case of the <100> wafer, the silicon wafer  back side is supported (a)in
"a fan-shaped region of wafer  surface region in the range of 40 to 60
relative to the  reference direction" (datum region), the reference
direction  being toward <110> and (b)in other regions of wafer surface
which are determined by rotations of the datum region by 90  each time.
[0017]  The term "fan-shaped region of wafer surface in the range  of 40 to
60" as used herein means a fan-shaped region defined  by (a) a radial line
segment in a direction of the above-defined  angle of 40,(b)a radial line
segment in a direction of the  above-defined angle of 60, both being
connected with the  center of the wafer as the vertex of the fan, and (c) a
wafer  circumference portion as an arc portion of the fan between the  two
radial line segments. This fan-shaped region of wafer  surface constitutes a
datum region/part of the  



wafer-supporting positions. The range of "40 to 60 may be  settled either in
the positive direction (the counterclockwise  direction being referred to
herein as "positive direction") 5 or in the reverse direction with respect
to the above the  reference direction. [0018] The above-mentioned "other
regions of wafer surface  which are determined by rotations of the datum
region by 90  each time" indicate other positions for supporting the wafer.
Thus, those supporting positions are in the fan-shaped regions  of wafer
surface resulting from rotations (shifts) of the datum  region mentioned
above by 90 each time in a circumferential  direction. Since rotations are
made each time by 90 (in other  words, shifts are made each time by 90 in
the positive  direction or in the reverse direction) , four-times shifts,
for  instance, of the datum region, the fan-shaped region in the  range of
40 to 60, either in the positive direction or in  the reverse direction
should cause the fourth rotated region  to overlap the datum region, the
first 40-60fan-shape region.  Thus, there are four wafer-supporting
candidate locations  (areas) where the shear stress contributing to slip
extension  can be suppressed to a low level. In carrying out the  supporting
method of the invention, the wafer is generally  supported in three areas
out of four of these. [0019]  (2) A silicon wafer heat treatment jig which
is configured  so as to support a silicon wafer having crystal orientation
<100> or a silicon wafer having crystal orientation <110> on  the back side
thereof, is characterized in that: (i) in the case  of the <110> wafer, the
jig comprises a supporting member for  supporting the silicon wafer (a)in "a
fan-shaped region of  wafer surface in the range of 40 to 60 relative to the
reference direction in parallel to the silicon wafer surface"  (datum
region) , the reference direction being from the center  of the silicon
wafer toward a direction <100>, and (b) in other  



regions of wafer surface which are determined by rotations  of the datum
region by 90 each time; and (ii)in the case of  the <100> wafer, the jig
comprises a supporting member for  supporting the silicon wafer (a) in "a
fan-shaped region of  6 wafer surface in the range of 400 to 60 relative to
the  reference direction" (datum region), the reference direction  being
toward <110> and (b) in other regions of wafer surface  which are determined
by rotations of the datum region by 90  each time. [0020]  (3) A
heat-treated silicon wafer having crystal orientation  <100> or a
heat-treated silicon wafer having crystal  orientation of <110>, is
characterized in that: (i) in the case  of the <110> wafer, the wafer is
heat-treated as being supported  (a)in "a fan-shaped region thereof in the
range of 40 to 60  relative to the reference direction in parallel to the
silicon  wafer surface" (datum region) , the reference direction being  from
the center of the silicon wafer toward <100> , and (b)in  other regions of
wafer surface which are determined by  rotations of the datum region by 90
each time; and (ii) in  the case of the <100> wafer, the wafer is
heat-treated as being  supported (a) in "a fan-shaped region of wafer
surface in the  range of 40 to 60 relative to the reference direction"
(datum  region), the reference direction being toward <110> and (b) in
other regions of wafer surface which are determined by  rotations of the
datum region by 90 each time. [0021] According to the silicon wafer
supporting method of the  invention, it is possible, in heat treatment of a
silicon wafer  having crystal orientation <100> or <110> which is supported
on the back side thereof, to reduce the stress (shear stress)  contributing
to slip extension and suppress slip growth and  thereby markedly improve a
heat-treated silicon wafer yield.  [0022] Further, this supporting method
can be carried with ease  



using the silicon wafer heat treatment jig of the invention  and can provide
the high quality silicon wafer of the invention  as having few slip and, in
particular, having no long and large  slip. BRIEF DESCRIPTION OF THE
DRAWINGS  7 [0023] Fig. 1 shows an example of configuration of a
semiconductor silicon substrate-supporting boat for use in a  vertical heat
treatment furnace. Fig. 2 shows maximum resolved shear stresses in different
positions on the wafer circumference for a silicon wafer having  a diameter
of 300 mm and crystal orientation <100>. Fig. 3 shows maximum resolved shear
stresses in different  positions on the wafer circumference for a silicon
wafer having  a diameter of 300 mm and crystal orientation <110>. Fig. 4 is
an explanatory drawing of an embodiment of the  invention and shows an
example in which a silicon wafer having  crystal orientation <100> is
supported at three points. Fig. 5 is an explanatory drawing of an embodiment
of the  invention and shows an example in which a silicon wafer having
crystal orientation <110> is supported at three points. Fig. 6 is a
schematic representation of main parts of  a supporting member in a
four-point support heat treatment jig  for use in a vertical heat treatment
furnace. Fig. 7 shows positions which turn to slip initiating  points in the
silicon wafer as employed in the examples. Fig.  7 (a) is for the case of a
wafer having crystal orientation <100>  and Fig. 7(b) is for the case of a
wafer having crystal  orientation <110>. BEST MODES FOR CARRYING OUT THE
INVENTION  [0024] In the following, the silicon wafer-supporting method,
the heat treatment jig and the heat-treated wafer obtained  thereby and
therewith, each according to the present invention,  are described in more
specifically. 



[0025] The silicon wafer-supporting method of the invention is,  as
mentioned above, a method of supporting a silicon wafer  having crystal
orientation of <100> or a silicon wafer having  crystal orientation of <110>
for heat treatment thereof and  is characterized in that: (i) in the case of
the <110> wafer,  8 the silicon wafer's back side is supported (a) in "a
fan-shaped  region of wafer surface in the range of 40 to 60 relative  to
the reference direction in parallel to the silicon wafer  surface" (datum
region), the reference direction being from  the center of the silicon wafer
toward <100>, and (b) in other  regions of wafer surface which are
determined by rotations of  the datum region by 90 each time; and (ii) in
the case of the  <100> wafer, the silicon wafer back side is supported (a)in
"a fan-shaped region of wafer surface in the range of 40 to  60 relative to
the reference direction" (datum region), the  reference direction being
toward <110> and (b) in other regions  of wafer surface which are determined
by rotations of the datum  region by 90 each time. [0026] In carrying out
this silicon wafer-supporting method,  the heat treatment encompasses a heat
treatment using a  vertical heat treatment boat, an RTA treatment by which
the  heat treatment duration time can be markedly reduced, a  single-feed
type epitaxial growth and an SOI heat treatment,  among others. In these
treatment steps, the heat treatment  is carried out in a state such that the
silicon wafer's back  side is directly contacted and supported by a
supporting member  and, when the wafer is supported near the edge portions
thereof  by the supporting elements, for instance, in comparing the  wafer
center vicinity with the edge vicinity a temperature  difference AT (AT - !
Tc - Tel , where Tc denotes the wafer center  temperature and To denotes the
wafer edge temperature), is  unavoidably generated in the wafer plane due to
the difference  in the thermal energy given by radiation from the furnace
wall,  



in particular during raising or lowering temperature in heat  treatment.
[0027] This temperature difference AT causes thermal stress,  which
contributes to slip growth and extension occurring in  the wafer at the
wafer-supporting element contact points.  Thus, the stress acts as a driving
force for slip growth and  9 extension. This thermal stress varies as the
temperature  difference AT in the wafer plane varies in response to the gap
difference between neighboring wafers placed on  wafer-supporting elements
in the furnace and to variations in  temperature raising or lowering rate.
[0028] The thermal stress thus produced in the silicon wafer  on the
occasion of heat treatment acts as shear stress which  causes slip growth
and extension and causes scooting  deformation (shearing deformation), and
this shear stress  varies greatly depending on positions in a wafer
circumferential direction, as described later herein.  [0029] The slip
generated in a silicon wafer as mentioned above  moves on a silicon crystal
(111) face in three [110] directions.  A silicon crystal has four equivalent
(111) faces, so that a  total of twelve slip systems can be considered.
However, they  can be categorized into a certain number of slip systems. The
number of slip systems thus categorized varies depending on  wafer crystal
orientations; in the case of a silicon wafer  having face orientation <100>,
for instance, it is only  necessary to take into consideration five slip
systems, namely  resolved shear stresses in five directions (stress resolved
in a respective slip direction on a slip plane). [0030] Therefore, first, a
principal stress component in a wafer  plane was determined by a finite
element method and then  resolved in slip directions, and resolved shear
stresses in  



respective directions of slip extension were thus calculated.  [0031] The
data shown in Fig. 2 were obtained by subjecting a  silicon wafer having a
diameter of 300 mm and crystal  orientation of <100> to heat treatment and
determining, by the  finite element method, a maximum resolved shear stress
on each  point of the wafer circumference during raising temperature.  As
mentioned above, the resolved shear stresses are stresses 10 resolved in
slip directions on the slip plane at the time that  the slip is generated,
so that in the figure, the value  calculated is referred to as "maximum
resolved shear stress"  and this means the value obtained as a result of
combination  of several resolved shear stresses respectively acting in a
predetermined position in the vicinity of the circumference  of the silicon
wafer having crystal orientation <100>.  [0032] In Fig. 2, the abscissa
denotes the position on the wafer  circumference as expressed in terms of
angle () relative to  the reference direction which defined as being from
the center  of the wafer toward <110> in parallel to the silicon wafer
surface. The angle 0 indicates the circumference position  (reference
position) where the reference direction as being  from the wafer center
toward <110> intersects the wafer  circumference. When the wafer is placed
horizontally in a  manner such that the position 0 (reference position) is
set  on the near side, namely at 6 o'clock position in case of a  top view,
the position 90 indicates the right-hand side edge  (3 o' clock) position on
the wafer circumference and the position  -90 indicates the left-hand side
edge (9 o'clock) position  on the wafer circumference. [0033] As shown in
Fig. 2, the maximum resolved shear stress  gets to a relative maximum at the
position 0 (reference  position) and gets to a relative minimum in the
position away  by 45 from the reference position. The relative minimum  



stress is about half of the stress at the position 0. While,  in the figure,
data are shown for the semicircle (-90 to 90)  of the wafer, the same is
true in the other semicircle; the  positions (angles) of the relative
maximum resolved shear  stress and the positions (angles) of the relative
minimum  resolved shear stress respectively appear at 90 intervals.  [0034]
The relative maximum value and relative minimum value  of maximum resolved
shear stresses and the positions where to  11 have these values (wafer
circumference positions) remain  constant irrespective of differences in
heat treatment  conditions. This applies also to the silicon wafer having
crystal orientation <110>, which is mentioned below.  [0035] The data shown
in Fig. 3 were obtained by calculating  the maximum resolved shear stresses
in positions on the wafer  circumference of a silicon wafer having crystal
orientation  <110> in the same manner by the finite element method. Each
maximum resolved shear stress shown in the figure is the value  obtained as
a result of combination of several resolved shear  stresses respectively
acting on the silicon wafer with the  crystal orientation <110>, similarly
to the case of the wafer  with the crystal orientation <100>. [0036] Since
the slip systems in this case are different from  those in the case of the
silicon wafer with the crystal  orientation <100>, the maximum resolved
shear stress profile  is different from the case of the wafer with the
crystal  orientation <100>. In Fig. 3, the coverage of the abscissa  is
further extended from 900 to the whole circumference (-90  to 270). [0037]
In Fig. 3, the abscissa denotes the position on the wafer  circumference as
expressed in terms of angle () relative to  the reference direction which is
defined as being from the  



center of the wafer toward <100> in parallel to the silicon  wafer surface;
the position 0 indicates the reference  position. [0038] As shown in Fig. 3,
the maximum resolved shear stress  gets to a relative maximum in the
vicinity (within the range  of -15 to 15) of the reference position (0). In
the case  of this wafer with the crystal orientation <110>, the maximum
resolved shear stress gets to a relative minimum in positions  separated by
50 from the reference position (i.e. at -50,  12 50) and the relative
minimum value is a little less than a  half of the stress in the vicinity of
the reference position.  [0039] As is evident from Fig. 3, the positions
(angles) where  the maximum resolved shear stress gets to a relative maximum
appear at intervals of 90 in the case of the wafer with the  crystal
orientation <110>. On the other hand, as for the  positions (angles) where
the stress becomes a relative minimum,  the first position is at -50, the
second at 50 (hence the  interval between the first and the second is 100),
and the  third at 130 (hence the interval between the second and the  third
is 80). The next (the fourth) is at 230 and, in  conclusion, the positions
(angles) where the stress becomes  a relative minimum periodically appear at
irregular 100 or  80 interval alternately. [0040] In the wafer-supporting
method of the invention, the  silicon wafer back side is supported in a
fan-shaped region  of wafer surface in the range of 40 to 60 (namely either
in the range of -40 to -60 or in the range of 40 to 60)  relative to the
reference direction in parallel to the silicon  wafer surface, the reference
direction being from the center  of the silicon wafer toward <100> in the
case of the <110>  silicon wafer, or the reference direction being from the
center  of the silicon wafer toward <110> in the case of the <100> wafer,  



and the objects are to suppress the maximum resolved shear  stress, which
act on the slip, generated at each wafer-supporting element contact point as
low as possible to  thereby suppress slip growth and extension by supporting
the  wafer in positions where the maximum resolved shear stress  becomes a
relative minimum or close to it. [0041] In the case of a silicon wafer
having crystal orientation  <100>, a position where the maximum resolved
shear stress  becomes a relative minimum is at -45 or 45, so that the
position is included within the range specified above (-40  13 to -60, or
401 to 60). Thus, the above-mentioned range of  40 to 60 corresponds to the
position where the maximum  resolved shear stress becomes a relative minimum
or the  position where the stress shows a value close to the relative
minimum value. Any position in the above-mentioned fan-shaped  region of
wafer surface is within the range of 40 to 60.  [0042] Therefore, when the
wafer is supported in this fan-shaped  region thereof, it is possible to
suppress the maximum resolved  shear stress to a relative minimum value or a
value close  thereto. The wafer-supporting position may be in any arbitrary
location (area) within the above-mentioned  fan-shaped region; it is also
possible to support the wafer  on the whole plane of the fan-shaped region
of wafer surface.  [0043] Similarly, also in the case of a silicon wafer
having  crystal orientation <110>, the position (-50, 50)where the  maximum
resolved shear stress becomes a relative minimum are  included within the
above-specified range (-40 to -60, 40  to 60). Thus, this specified range
corresponds to the  positions where the maximum resolved shear stress
becomes a  relative minimum or the position where the stress shows a value
close to the relative minimum value. [0044] 



Therefore, in the case of a silicon wafer having crystal  orientation <100>
or <110>, the maximum resolved shear stress  possibly causing the slip can
be reduced to a low level by  supporting the wafer in a fan-shaped region of
wafer surface  in the range of 40 to 60 relative to a reference direction
in parallel to the silicon wafer surface, the reference  direction being
from the center of the silicon wafer toward  <100> in the case of the <110>
wafer and the reference direction  being toward <110> in the case of the
<100> wafer. [0045] And the reason why in the wafer-supporting method of the
invention, in either silicon wafer having crystal orientation  14 <110> or
<100>, the other silicon wafer-supporting positions  are selected in either
wafer surface by rotations of the datum  region (first set fan-shaped region
of wafer surface mentioned  above) by 90 each time is to suppress the
maximum resolved  shear stress, which acts on the slip, as low as possible
to  thereby suppress slip growth and extension by supporting the  wafer in
positions where the maximum resolved shear stress  becomes a relative
minimum or shows a value close to the  relative minimum. [0046] In the
silicon wafer with crystal orientation <100>, the  range of 40 to 60 broadly
designates the range of -40 to  -60 or the range of 40 to 60, and among
them, for instance,  rotations of the range of 40 to 60, which lies on the
positive  direction side relative to the reference position (01) , in the
positive direction by 90 each time provides with the range  of 130 to 150
and further the range of 220 to 240. On the  other hand, the positions where
the maximum resolved shear  stress becomes a relative minimum are first 45,
135 next and  225 further next and these are included in the above-mentioned
respective specified ranges (130 to 150, 220 to 240).  [0047] As regards the
silicon wafer with the crystal orientation  



<110>, positions where the maximum resolved shear stress  becomes a relative
minimum are first 50, 130 next and 230  further next, as shown in Fig. 3,
and both 130 and 230 are  included in the specified ranges (130 to 150, 220
to 240)  although the angle 130 corresponds to the lower limit to the
specified range (130 to 150). Thus, for both the silicon  wafers, whether
the crystal orientation is <100> or <110>,  those specified ranges
corresponds to the respective positions  where the maximum resolved shear
stress becomes a relative  minimum or shows a value close to the relative
minimum.  0048] Therefore, when the silicon wafer, whether the crystal
orientation is <100> or <110>, is supported in those wafer  15 surface
regions resulting from turns, each time by 900, of the  datum fan-shaped
region of wafer surface mentioned above, the  maximum resolved shear stress,
which acts on the slip, can be  similarly suppressed to a low level. Each
wafer-supporting  position may be any arbitrary location (area) in each of
those  wafer surface regions resulting from the above-mentioned turns  by 90
each time; it is also possible to support the wafer on  the whole plane of
each of such specified regions existing at  90 intervals. [0049] Here, more
preferable supporting positions for a silicon  wafer having crystal
orientation <100> or <110> are shown as  follows. Referring to Fig. 2, more
preferable supporting  positions for a silicon wafer having crystal
orientation <100>  are the range of -45  5 (namely the range of -50 to -40)
or the range of 45  5 (the range of 40 to 50) as being  datum range, and
further, extended ranges resulting from turns  of the datum range (45  5) in
the positive direction by 90  each time, namely the range of 135  5 (the
range of 130  to 140) and the range of 225  5 (the range of 220 to 230)
[0050] 



Thus, more preferable positions for supporting a silicon  wafer having
crystal orientation <100> lie in "a fan-shaped  region of wafer surface in
the range of 45  5 relative to  a reference direction in parallel to the
silicon wafer surface"  (datum region) , the reference direction being from
the center  of the silicon wafer toward <110>, and also lie in those other
regions of wafer surface which are determined by rotations of  the datum
region mentioned above by 90 each time. As mentioned  above, the datum range
of "45  5" can be set either on the  positive direction side or on the
reverse direction side  relative to the reference direction. Also, the
above-mentioned 90 turns may be made either in the positive  direction or in
the reverse direction. [0051] 16 On the other hand, referring to Fig. 3,
more preferable  positions for supporting a silicon wafer having crystal
orientation <110>, when expressed in terms of those angles on  a wafer
circumference where a maximum resolved shear stress  becomes a relative
minimum, lie in a fan-shaped region of wafer  surface in the range of 50  5
and in a fan-shaped region  wafer surface in the range of 130  5, relative
to the  reference direction in parallel to the silicon wafer surface,  the
reference direction being from the center of the silicon  wafer toward <100>
(thus, with the angle 0 as reference point) .  This is because, in the case
of the wafer with crystal  orientation <110>, the positions (angles) where
the stress  becomes a relative minimum appear alternately at irregular 100
and 80 intervals, so that the relative minimum stress position  (angle) next
to 50  5 is 130 (50 + 80). The range of  "50  5" can be on the positive
direction side or on the reverse  direction side relative to the reference
direction/point.  [0052] Therefore, more preferable positions for supporting
a  silicon wafer having crystal orientation <110> are  specifically as
follows: 50  5, -50  5, 130  5 and  



-130  5 ( the same with 230 1 5) relative to the reference  direction/point.
[0053] When, in subjecting a silicon wafer having either crystal
orientation <100> or <110> to heat treatment, the silicon wafer  back side
is supported in more preferable supporting positions  as above, the wafer is
assured to be supported in positions  where a maximum resolved shear stress
acting on the slip becomes  a relative minimum or shows a value close to the
relative  minimum and, therefore, slip growth and extension can be more
effectively suppressed. [0054] Fig. 4 is an explanatory illustration of an
embodiment  of the silicon wafer-supporting method of the invention and
shows, by way of example, the case of three-point supporting  17 of a
silicon wafer having crystal orientation <100>. The  crystal orientation of
the target silicon wafer is as shown  in the illustration. [0055] The
silicon wafer 7 is placed on a set of relevant  wafer-supporting elements 4
provided in a row along each column  (not shown) of a supporting boat. The
ranges shaded (shaded  portions) on the surface of the wafer 7 are the
supporting  position ranges specified herein; there are shown (a) "a
fan-shaped region of wafer surface in the range of 40 to 60  relative to a
reference direction in parallel to the silicon  wafer surface" (datum
region) , the reference direction being  from the center of the silicon
wafer toward <110> (shown by  a broken line in the illustration) and (b)
other regions of  wafer surface which are determined by rotations of the
datum  region by 90 each time. [0056] As shown in Fig. 4, all the three
wafer-supporting  elements 4 supporting the wafer are disposed within the
supporting position ranges (shaded portions) specified herein.  



[0057] Fig. 5 is also an explanatory illustration of another  embodiment of
the silicon wafer-supporting method of the  invention and shows the case of
three-point supporting of a  silicon wafer having crystal orientation <110>.
The crystal  orientation of the target silicon wafer is as shown in the
illustration. [0058] The shaded portions on the surface of the silicon wafer
7 are the supporting position ranges specified herein and, as  shown in the
illustration, all the three wafer-supporting  elements 4 supporting the
wafer are disposed within the  supporting position ranges specified herein.
[0059] The modes of embodiment as shown in Fig. 4 and Fig. 5  are both
examples of wafer supporting at three points, and this  18 three-point
supporting system is generally employed. However,  the supporting method of
the invention is not limited to this  but use may also be made of a
supporting boat of the four-point  supporting type. [0060] As explained
hereinabove, when the silicon  wafer-supporting positions lie (a) in "a
fan-shaped region of  wafer surface in the range of 40 to 60 relative to a
reference  direction in parallel to the silicon wafer surface" (datum
region), and (b) in other regions of wafer surface which are  determined by
rotations of the datum region each time by 90,  the reference direction
being from the center of the silicon  wafer toward <100> in the case of the
<110> wafer and the  reference direction being from the center of wafer
surface  toward <110> in the case of the <100> wafer, as specified in  the
silicon wafer-supporting method of the invention, the  resolved shear
stresses can be reduced by at most about 50%  as compared with the cases in
which the supporting positions  are outside these ranges. As a result, slip
growth and  



extension can be suppressed and the silicon wafer yield on the  occasion of
heat treatment can be greatly improved accordingly.  [0061] The silicon
wafer heat treatment jig of the invention  is, as mentioned above, a heat
treatment jig which is configured  so as to support a silicon wafer having
crystal orientation  <100> or a silicon wafer having crystal orientation
<110> on  the back side thereof and comprises a supporting member for
supporting the silicon wafer (a)in "a fan-shaped region of  wafer surface in
the range of 40 to 60 relative to a reference  direction in parallel to the
silicon wafer surface" (datum  region) and (b) in other regions which are
determined by turns  of the datum region each time by 90, the reference
direction  being from the center of wafer surface toward <100> in the case
of the <110> wafer and the reference direction being from the  center of
wafer surface toward <110> in the case of the <100>  wafer. 19 [0062] This
heat treatment jig can be used as a heat treatment  jig for supporting a
silicon wafer having either crystal  orientation <100> or <110> on the back
side thereof in  subjecting the silicon wafer not only to heat treatment
using  a vertical heat treatment boat but also to such treatments as  an RTA
treatment, a single-feed type epitaxial growth or an  SOT heat treatment
(lamination treatment). [0063] The term "supporting member" as used herein
includes,  within the meaning thereof, members for directly contacting  and
supporting of silicon wafers and ancillary members thereof.  For example, in
the case of the heat treatment jig (supporting  boat 1) for use in a
vertical batch-wise heat treatment furnace  as shown in Fig. 1, it includes
a number of wafer-supporting  elements 4 for directly contacting and
supporting silicon  wafers and columns 3 each provided with said
wafer-supporting  elements 4 in a row. 



[0064] The reason why the heat treatment jig of the invention  supports a
silicon wafer having crystal orientation <100> or  <110> (a) in "a
fan-shaped region of wafer surface in the range  of 40 to 60 relative to a
reference direction in parallel  to the silicon wafer surface" (datum
region) and (b) in other  regions of wafer surface which are determined by
turns of the  datum region by 90 each time, the reference direction being
from the center of the wafer toward <100> in the case of the  <110> wafer
and toward <110> in the case of the <100> wafer  (hereinafter all of those
wafer surface regions are referred  to also as "supporting regions specified
herein" or "specified  supporting regions" for short) is to suppress a
maximum  resolved shear stress, which acts on the slip generated at each
wafer-supporting element contact point, to a low level to  thereby suppress
slip growth and extension, as mentioned above.  Each wafer-supporting
position can be in any arbitrary location  or area in each of the supporting
regions specified herein; 20 it is also possible to support the wafer on the
whole surface  of specified supporting regions. [0065] Several modes of
embodiment of the heat treatment jig  provided with a supporting member
enabling such wafer  supporting are described below. In Fig. 4 or Fig. 5, a
set of wafer-supporting elements  4 supporting the silicon wafer 7 supports
the wafer in the  supporting regions specified herein as shaded and
constitute  a supporting member of the heat treatment jig of the invention.
In this case, the three-point supporting system for supporting  the wafer at
three supporting elements in the same plane is  employed. [0066] Fig. 6 is a
schematic representation of the main parts  of a supporting member with a
four-point support type for a  heat treatment jig for use in a vertical heat
treatment furnace.  



Although the heat treatment jig is the one that has a multistage  structure
capable of multistage-wise accommodating a number  of wafers, each being
horizontally positioned, Fig. 6 just  shows a plan view of an arbitrary
stage of the jig. Figs. 6(a)  to 6 (c) show how a silicon wafer is supported
in the specified  supporting regions. Figs. 6(d) and 6(e) each shows a
supporting member (supporting disk) capable of supporting a  wafer in the
specified supporting regions. [0067] A heat treatment jig to be used in a
vertical heat  treatment furnace is required to be provided with at least
one  opening through which silicon wafers can be inserted into the  heat
treatment jig, irrespective of whether it is of the  three-point or
four-point supporting type. Such  consideration has been given to all the
heat treatment jigs  shown in Figs. 6(a) to 6(d). [0068] In the heat
treatment jig shown in Fig. 6(a), the  supporting member is constituted of
four columns 8 and four  21 extended arms 9 respectively fixed to the
columns 8. The silicon wafer 7 is inserted into the heat treatment  jig in
the direction indicated by an outlined arrow in the  figure, and directly
contacted and supported by the four  extended arms 9. The fan-shaped regions
shown by  dashed-dotted, designated by the symbol S on the surface 7 of  the
silicon wafer, comprise (a) "a fan-shaped region of wafer  surface in the
range of 40 to 60 or its mirror-image region  (namely, the range of -40 to
-60 or the range of 40 to 60)  relative to a reference direction in parallel
to the silicon  wafer surface" (datum region) and (b) other region which is
determined by rotation of the datum region by 90 (specifically,  the
fan-shaped region in the range of -130 to -150 or in the  range of 130 to
150), the reference direction being from the  center of the silicon wafer 7
toward <100> in the case of a  <110> wafer and toward <110> in the case of a
<100> wafer (in  



either case, the reference direction is shown by a broken line) .  As shown,
the silicon wafer 7 is supported in these specified  supporting regions, so
that maximum resolved shear stress,  which acts on the slip, is suppressed
to a low level and slip  extension is suppressed. [0069] In the heat
treatment jig shown in Fig. 6(b), the  supporting member includes four
columns 8 and two extended arms  9 as fixed to two columns 8 among the four
columns. The other  two columns 8 with no extended arm 9 are provided with
grooves  for supporting wafers (column grooves). [0070] The silicon wafer 7
inserted into the heat treatment jig  is supported, in the specified
supporting regions indicated  by the symbol S, by the two extended arms 9
and the column grooves  respectively provided in the columns 8, as shown in
the figure.  By using such a heat treatment jig comprising the supporting
member thus configured, it becomes possible to suppress maximum  resolved
shear stress, which acts on the slip, to a low level  and suppress slip
extension and, further, somewhat simplify  22 the heat treatment jig and
reduce the size thereof.  [0071] In the heat treatment jig shown in Fig.
6(c), the  supporting member includes four columns 8, 8a (two columns 8  out
of them being provided with column grooves) and two extended  arms 10,
similarly to the heat treatment jig shown in Fig. 6 (b) ;  the two columns
8a with the extended arms 10 fixed thereto are,  however, differently
arranged. Thus, the two columns 8a are  disposed so as to be positioned on
opposite sides of the wafer  7, and each arm 10 extends toward a wafer
insertion opening.  Furthermore, as shown in the A-A arrow view, a
cylindrical  protrusion 11 for supporting the wafer back side is formed on
the tip of each extended arm 10. [0072] The silicon wafer 7 inserted into
the heat treatment jig  



is supported, as shown in the figure, by column grooves formed  on the two
columns 8 and protrusions 11, each formed on the  tip of the extended arm
10, in the specified supporting regions  indicated by the symbol S. The
protrusions 11 are formed so  that the extended arms 10 may not come into
contact with the  silicon wafer 7 at areas other than the specified
supporting  regions. When a heat treatment jig comprising the
thus-configured  supporting member is used, it is possible to suppress slip
extension, facilitate the insertion of silicon wafers into the  heat
treatment jig and reduce the size of the heat treatment  jig. [0073] The
supporting member shown in Fig. 6 (d) is a supporting  disk 12. At four
sites on the surface of this supporting disk  12, there are formed
cylindrical protrusions 14 capable of  supporting a wafer in the supporting
regions specified herein.  Further, the supporting disk 12 has an open slot
13 formed so  as to permit forward and backward movements of a wafer
transfer  arm carrying the silicon wafer. For holding this supporting  disk
12, the method comprising providing the columns with  23 grooves and
inserting the supporting disk 12 into the grooves  for holding it can be
applied, for example. [0074] The silicon wafer (not shown) inserted into the
heat  treatment jig comprising such supporting member is supported  by the
cylindrical protrusions 14 formed on the supporting disk  12 in the
specified supporting regions, so that the slip  extension which tends to
occur on the wafer on the occasion  of heat treatment can be suppressed.
[0075] The supporting member shown in Fig. 6(e) is also a  supporting disk
15 and, on the surface thereof, there are formed  elevated supporting parts
16 completely matching the  configuration of the whole wafer-supporting
regions specified  



herein. [0076] When a heat treatment jig comprising such supporting  member
is used, the thermal stress acting on the silicon wafer  is dispersed, so
that the slip suppressing effect is improved.  Further, when it is used as a
susceptor in epitaxial growth,  a space is partially formed between the
wafer back and the  susceptor, so that the effect of discharging the gas
otherwise  retained on the wafer back side is enhanced and a preventive
effect on the phenomenon of autodoping can also be expected.  [0077]
Desirable as materials for the supporting member are  quartz, single crystal
silicon, polycrystalline silicon,  silicon carbide and silicon- impregnated
silicon carbide, among  others. The material and shape, among others, of the
supporting member can be properly selected according to the  thermal
environment in the relevant step. [0078] The heat-treated wafer of the
invention is, as mentioned  above, a silicon wafer having crystal
orientation <100> or  <110> as subjected to heat treatment in a state
supported (a)  in "a fan-shaped region of wafer surface in the range of 40
24 to 60 relative to a reference direction in parallel to the  silicon wafer
surface" (datum region) and (b) in other regions  of wafer surface which are
determined by rotations of the datum  region by 90 each time, the reference
direction being from  the center of the silicon wafer toward <100> in the
case of  the <110> wafer and toward <110> in the case of the <100) wafer.
The term "heat treatment" as used herein refers to heat  treatment using a
vertical heat treatment boat, RTA treatment,  single-feed type epitaxial
growth, SOI heat treatment or the  like. [0079] The heat-treated wafer of
the invention does not show  any difference in appearance from the silicon
wafers supported  



and heat-treated by the conventional methods. However, the  heat-treated
wafer of the invention, which is one supported  in the specified supporting
regions and subjected to heat  treatment, as mentioned above, shows
suppressed slip growth  and extension as a result of suppression of maximum
resolved  shear stress acting on the slip formed at the point of contact
between the wafer and each supporting position during heat  treatment to a
low level. [0080] Therefore, as compared with the silicon wafers supported
by the conventional methods and subjected to heat treatment,  the
heat-treated wafer of the invention is characterized in  that it has few
slip and, in particular, has no long and large  slip. Therefore, the use of
this heat-treated wafer is  advantageous in that the yield in device
fabrication can be  improved. EXAMPLES  [0081]  (Example 1) Fig. 7 shows
locations where each silicon wafer was  provided with slip initiating points
in the examples of the  present invention. In Example 1, as shown in Fig. 7
(a) , silicon  wafers having a diameter of 200 mm and crystal orientation
<100>  25 were provided with slip initiating points at the location "a"
(indicated by al in the figure) in the vicinity of the reference  position
(0) and at the location (indicated by a2) away from  the location "a" by
900(case 1). [00821 Alternatively, the same silicon wafers as mentioned
above were provided with slip initiating points at the location  "b"
(indicated by bl) away from the reference position (0)  by 45 in a
circumferential direction and at the location  (indicated by b2) away from
the location "b" (case 2) by 90.  The locations (bl, b2) where slip
initiating points are given  in case 2 fall within the wafer-supporting
regions specified  



herein. Each slip initiating point was provided by giving an  indentation to
the outermost peripheral wafer surface using  a Vickers hardness tester
under a load of 1 kg weight.  [00831 These silicon wafers were subjected to
heat treatment,  and then, for each wafer, the lengths of the slips
generated  and grown initiating from the point "a" and the point separated
by 90 from the point "a" were measured and the maximum value  was
determined. Likewise, the lengths of slips generated and  grown initiating
from the point "b" and the point separated  by 90 from the point "b" were
measured and the maximum value  was determined for each wafer. The means of
maximal slip lengths in case 1 and case 2  are shown in Table 1. 26 [0084]
[Table 1] Table 1 Case Position of slip initiating point Slip length  (mean)
1 Point "a" and point separated by 90 12 mm  from point "a" 2 Point "b" and
point separated by 90 6 mm  from point "b" 3 Point "c" and point separated
by 90 12 mm  from point "c" 4 Point "d" and point separated by 90 6 mm  from
point "d" [0085] While the mean slip length in case 1 was 1.2 mm, the mean
slip length in case 2 was 6 mm, indicating that, in case 2 in  which the
slip initiating points were provided in the  wafer-supporting regions
specified herein, the slip length  could be reduced to half in case 1. This
is presumably because,  in case 2, maximum resolved shear stress was
suppressed to a  low level, as mentioned above, hence slip growth was  



suppressed. [0086]  (Example 2) In Example 2, silicon wafers having a
diameter of 200  mm and crystal orientation <110> as shown in Fig. 7(b) were
provided with slip initiating points at the point "c"  (indicated by cl in
the figure) in the vicinity of the reference  position (0) and at the point
(indicated by c2) separated by  90 from the point "c" (case 3), like in
Example 1. [0087] Alternatively, the same silicon wafers as mentioned  above
were provided with slip initiating points at the point  "d" (indicated by
dl) separated by 45 in the circumferential  direction from the reference
position (0) and at the point  (indicated by d2) separated by 90 from the
point "d" (case  4). The positions (dl, d2) given slip initiating points in
27 case 4 fall within the wafer-supporting regions specified  herein. The
measurement results are shown also in Table 1.  [0088] While the mean slip
length in case 3 was 12 mm, the mean  slip length in case 4 was 6 mm. It is
thus presumable that  when slip initiating points were provided in the
wafer-supporting regions specified herein, slip growth could  be suppressed
also in silicon wafers having crystal orientation  <110>. INDUSTRIAL
APPLICABILITY  [0089] The silicon wafer-supporting method of the invention
is  a method consisting in specifying the wafer-supporting regions  on the
occasion of heat treatment in a vertical heat treatment  furnace. In silicon
wafers having crystal orientation <100>  or <110>, this method can reduce
the shear stress, which  contributes to the extension of the slip generated
at each  wafer-supporting element contact point as an initiation,  



suppress slip growth and markedly improve the yield of  heat-treated wafers.
This supporting method can be carried  out with ease using the silicon wafer
heat treatment jig of  the invention. [0090] The silicon wafer obtained by
using the supporting method  and the heat treatment jig has few slip, in
particular has no  long and large slip, and is high in quality. Therefore,
the silicon wafer-supporting method, heat  treatment jig and heat-treated
wafer of the invention can be  widely utilized in the production of silicon
wafers having  crystal orientation <100> or <110> and of devices derived
therefrom. 28 CLAIMS  1. A method of supporting "a silicon wafer having
crystal  orientation <100>" (<100> wafer) or "a silicon wafer having
crystal orientation <110>" (<110> wafer) for heat treatment  thereof,
characterized in that: (i)in the case of the <110>  wafer, the silicon wafer
back side is supported (a)in "a  fan-shaped region of wafer surface in the
range of 40 to 60  relative to a reference direction in parallel to the
silicon  wafer surface" (datum region) , the reference direction being  from
the center of the silicon wafer toward <100> and (b)in  other regions which
are determined by rotations of the datum  region by 90 each time; and (ii)
in the case of the <100> wafer,  the silicon wafer back side is supported
(a)in "a fan-shaped  region of wafer surface in the range of 40 to 60
relative  to a reference direction" (datum region), the reference  direction
being toward <110> and (b) in other regions which  are determined by
rotations of the datum region by 90 each  time. 2. A jig for silicon wafer
heat treatment which is  configured so as to support "a silicon wafer having
crystal  orientation <100>" (<100> wafer) or "a silicon wafer having
crystal orientation <110>" (<110> wafer) on the back side  



thereof, characterized in that it comprises a supporting member  for
supporting the silicon wafer in such a manner that: (i) the  <110> wafer is
supported (a) in "a fan-shaped region of wafer  surface in the range of 40
to 60 relative to a reference  direction in parallel to the silicon wafer
surface" (datum  region), the reference direction being from the center of
the  silicon wafer toward <100> and (b)in other regions which are
determined by rotations of the datum region by 90 each time;  and (ii)the
<100> wafer is supported (a) in "a fan-shaped region  of wafer surface in
the range of 40 to 60 relative to a  reference direction" (datum region) ,
the reference direction  being toward <110> and (b)in other regions which
are determined  by rotations of the datum region by 90 each time. 3. A
heat-treated "silicon wafer having crystal orientation  29 <100>" (<100>
wafer) or a heat-treated "silicon wafer having  crystal orientation <110>"
(<110> wafer), characterized in  that: (i) the <110> wafer is heat-treated
in a state supported  (a)in "a fan-shaped region of wafer surface in the
range of  40 to 60 relative to a reference direction in parallel to  the
silicon wafer surface" (datum region), the reference  direction being from
the center of the silicon wafer toward  <100> and (b) in other regions which
are determined by rotations  of the datum region by 90 each time; and
(ii)the <100> wafer  is heat-treated in a state supported (a) in "a
fan-shaped region  of wafer surface in the range of 40 to 60 relative to a
reference direction" (datum region), the reference direction  being toward
<110> and (b) in other regions which are determined  by rotations of the
datum region by 90 each time. 30 


