
[DOCUMENT NAME] SPECIFICATION  [TITLE OF THE INVENTION] SILICON WAFER AND
METHOD FOR MANUFACTURING THE SAME  [Technical Field] 5 [0001] The present
invention relates to a silicon wafer  where of both slip dislocation and
warpage occurrence can  be suppressed in a semiconductor wafer manufacturing
technical field, especially, in a device manufacturing  10 process, and a
method for manufacturing the same. [Background Art]  [0002] A silicon wafer
used as a substrate for a  semiconductor device or the like is manufactured
by  15 slicing a silicon single-crystal ingot and performing heat treatment,
mirror-like finishing, or the like to the  sliced ingot. As a method for
manufacturing such a  silicon single-crystal ingot, there is Czochralski
method  (hereinafter, called "CZ method"), for example. The CZ 20 method
occupies most part of manufacturing the silicon  single-crystal ingot
because of such a reason that it is  easy to obtain a single-crystal ingot
with a large  diameter or defects can be controlled relatively easily.
[0003] 25 A silicon single-crystal (hereinafter, called "CZ- Si") pulled up
by the CZ method includes crystal defects  called "grown-in defects". The
CZ-Si takes interstitial  oxygen in a supersaturated state, but such
supersaturated  oxygen causes induction of fine defects called Bulk Micro 30
Defect (hereinafter, called "BMD") in a heat treatment  (anneal) conducted
thereafter. [0004]  In order to form a semiconductor device on a silicon
wafer, it is required that no crystal defect is included 35 in a
semiconductor device forming region. This is  because, when crystal defects
are present on a face on  which a circuit is formed, circuit breakage or the
like  is caused by the defect. On the other hand, it is 2  required that the
silicon wafer includes BMDs in a proper  amount therein. This is because
such BMDs serve to  



getter metal impurities or the like which causes  semiconductor device
malfunction. 5 [0005] In order to satisfy the abovementioned requirements,
a method for performing high-temperature anneal to a  silicon wafer to
induce BMDs inside the silicon wafer to  form an Intrinsic Gettering layer
(hereinafter, "IG 10 layer") and diminishing grown-in defects present in a
surface of the silicon wafer to form a Denuded Zone layer  (hereinafter,
called "DZ layer) where crystal defects are  infinitely reduced is used.
[0006]  15 Specifically, a method for performing high- temperature anneal to
a nitrogen-added substrate to  reduce grown-in defects on a surface of the
substrate and  form BMDs including nitrogen as nuclei inside the  substrate
has been proposed (Patent Literature 1). 20 [0007] However, oxygen
concentrations in DZ layers formed  on both a front face and a back face of
a silicon wafer  in the abovementioned high-temperature anneal process  have
been lowered considerably due to outward diffusion 25 of oxygen during heat
treatment. As a result, since  restraint of dislocation defect extension on
the wafer  front face and a back face lowers significantly,  dislocation
defect (hereinafter, called "slip") easily  extends in a bulk from fine
flaws on the front face and 30 the back surface introduced in the anneal
step, which  results in such a problem that strength of the silicon  wafer
lowers due to extension of such slip dislocation.  For example, when a
silicon wafer is annealed under being  supported by a heat treatment boat or
the like, slip 35 dislocations may often extend from near supported portion
of a back face of the wafer supported by the heat  treatment boat. Further,
there is a case that slip  dislocation extends from an edge portion of the
silicon 3  wafer. [0008)  When the strength of the silicon wafer lowers,
there  is a concern that such a situation that the wafer is 



5 damaged or broken during manufacturing step occurs.  However, the DZ layer
is essential for semiconductor  device formation, and a silicon wafer having
a DZ layer  and excellent strength property has been required. [0009]  10 In
the conventional method described in the  following Patent Literature 1,
strength lowering of a  silicon wafer has not been considered so that
extension  of slip dislocation is unavoidable in a silicon wafer
manufactured by such a method. 15 [0010] Meanwhile, a method for generating
BMDs at a high  density has been proposed in order to prevent occurrence  of
such slip dislocation. [0011]  20 Specifically, a silicon wafer
manufacturing method  where oxygen precipitation nuclei with sizes of 20nm
or  less in the amount of 1 X 1010atoms/cm3 or more are formed  in the BMD
layer by performing rapid temperature ramping  up/down heat treatment to a
substrate sliced from a 25 silicon single-crystal ingot under atmosphere of
nitrogen  gas, inert gas, or mixed gas of ammonia gas and inert gas  at a
temperature of 500 to 1200C in a range of 1 to 600  minutes has been
proposed (Patent Literature 2). A  silicon wafer where BMDs with a high
concentration (1 X 30 1010atoms/cm3 to 1 X 1012atoms/cm3) have been
generated by  repeating heat treatment step several times has been  proposed
(Patent Literature 3). Patent Literature 1: JP-A-10-98047  Patent Literature
2: JP-A-2006-40980  35 Patent Literature 3: JP-A-08-213403  [Disclosure of
Invention] [Problem to be solved by Invention]  [0012] 4  In recent years,
however, since a silicon wafer is increased in diameter and the rapid
temperature ramping  up/down heat treatment by a Rapid Thermal Annealer
(hereinafter, called "RTA") is frequently used, besides 5 occurrence of slip
dislocation, warpage generated in a  wafer becomes problematic. 



[0013]  An illustration diagram of slips and warpage  introduced by the RTA
heat treatment is shown in FIG. 1. 10 Slips are introduced from contacting
points between a  wafer back face and a wafer holding portions. The
introduced slips extend in a 110 direction, which causes  wafer damage or
breakage in some cases. The warpage is a  phenomenon where a wafer is
deformed due to thermal 15 strain during the RTA heat treatment. For
example, hill- shaped portions and valley-shaped portions appear on a  wafer
of 100-plane, as shown in FIG. 1. Warpage of a  silicon wafer before heat
treatment for imparting desired  properties to the wafer is conducted is
suppressed to 10p 20 m or less. However, when heat treatment such as the RTA
is performed to the silicon wafer, such a case that a  difference in height
between a hill and a valley on a  silicon wafer reaches several tens micron
meters occurs.  When the warpage becomes large, a semiconductor device 25
pattern can not be exposed on a wafer surface accurately,  which causes
lowering of semiconductor device yield.  [0014] The problem of the warpage
becomes significant when  a wafer diameter reaches 200mm or more, and it is
30 impossible to avoid the problem by only regulating the BMD concentration
to a high concentration simply like the  above. [0015]  Therefore, a problem
to be solved by the present  35 invention is to provide a silicon wafer that
can suppress both occurrence of slip dislocation and occurrence of  warpage
in a device manufacturing process and a method  for manufacturing the same.
5  [Means for solving the Problem] As a result of keen research for solving
the  abovementioned problems, the present inventors have  clarified that
BMDs included in a silicon wafer have a 5 wide size distribution such as 105
to 1013/cm3 regarding  the density or 5 to 1000nm regarding the size, and
have  obtained such a finding that occurrence of slip and  warpage in a
device manufacturing process can be  



significantly suppressed by controlling the density of 10 BMDs with a
predetermined size to complete the present  invention. [0017]  That is, the
present invention relates to a silicon  wafer where BMDs with small sizes
are formed in a high 15 density and a density of BMDs with large sizes is
reduced,  preferably, interstitial oxygen concentration is further  reduced,
and a method for manufacturing the same. The  present invention includes the
following inventions (1)  to (11). 20 [0018] (1) A silicon wafer where a
shape of BMDs is octahedral  wherein a density of BMDs whose diagonal
lengths are in a  range of l0nm to 50nm, of BMDs present at a deep position
25 which is inwardly spaced from a surface of a silicon wafer by a distance
of 50pm or more, is 5 X 1011/cm3 or  more, a density of BMDs whose diagonal
lengths are 300nm  or more, of BMDs present at a deep position which is  30
inwardly spaced from a surface of a silicon wafer by a distance of 50p m or
more, is 1 X 107/cm3 or less, and an interstitial oxygen concentration is 5
X 1017  atoms/cm3 or less. (2) A silicon wafer where plate-shaped BMDs and
35 octahedral BMDs are present, wherein a density of octahedral BMDs whose
diagonal lengths  are in a range of 10nm to 50nm, of BMDs present at a deep
position which is inwardly spaced from a surface of a 6  silicon wafer by a
distance of 5011 m or more, is 5 X  1011/cm3 or more, a density of
plate-shaped BMDs whose diagonal  lengths are 750nm or more, of BMDs present
at a deep  5 position which is inwardly spaced from a surface of a silicon
wafer by a distance of 5011 m or more, are 1 X  107/cm3 or less, and an
interstitial oxygen concentration is 5 X 1017  atoms/cm3 or less. 10 (3) A
silicon wafer where a shape of BMDs is plate-shaped,  



wherein a density of BMDs whose diagonal lengths are in a  range of 10nm to
120nm, of BMDs present at a deep  position which is spaced inwardly from a
surface of a 15 silicon wafer by a distance of 5011 m or more, is 1 X
1011/cm3 or more, a density of BMDs whose diagonal lengths are 750nm  or
more, of BMDs present at a deep position which is  spaced inwardly from a
surface of a silicon wafer by a 20 distance of 50-pm or more, is 1 X 107/cm3
or less, and an interstitial oxygen concentration is 5 X 1017  atoms/cm3 or
less. (4) The method for manufacturing the silicon wafer  according to the
above (1), wherein a heat treatment is  25 preformed to a substrate
including (A): a low temperature heat treatment conducted at a  temperature
of 600 to 750C for 30 minutes to 10 hours;  (B) : a step including
temperature ramping up to 1000C at a temperature ramping up rate of 0.1 to
30 1C/minute for 5 to 50 hours, and (C): a high temperature heat treatment
step  conducted at a temperature of 1000C to 1250C such that  a diffusion
length of interstitial oxygen is in a range  of 30pm to 50m. 35 (5) A method
for manufacturing the silicon wafer  according to the above (1), wherein a
heat treatment is  performed to a substrate, the heat treatment including
(A) : a step of performing a heat treatment at a 7  temperature of 600 to
750C for 30 minutes to 10 hours as  a low temperature heat treatment step;
(B): a step including temperature ramping up to  800C at a temperature
ramping up rate of 0.1 to  5 1C/minute for 1 to 20 hours as a temperature
ramping up  step after the low temperature heat treatment step; (C): a step
including ramping down the furnace  temperature at a temperature ramping
down rate of 1 to  10C/minute, taking out a substrate outside furnace at 10
the furnace temperature between 600C to 800C and  cooling the substrate down
to the room temperature ;and  (D): a step including taking a substrate
inside the 



furnace at the furnace temperature between 600C to 800C  and ramping up to
1000C at a temperature ramping up rate  15 of 1 to 10C/minute and performing
a heat treatment at a temperature of 1000C to 1250C such that a diffusion
length of interstitial oxygen is in a range of 30 u m to  50m as a high
temperature heat treatment step. (6) A method for manufacturing the silicon
wafer  20 according to the above (2), wherein a nitrogen concentration in a
substrate is in a  range of 5 X 1014 atoms/cm3 to 1 X 1016atoms/cm3, and a
heat treatment is performed to the substrate, the  heat treatment including:
25 (A): a low temperature heat treatment conducted at a  temperature of 600
to 750C for 30 minutes to 10 hours;  (B): a step including temperature
ramping up conducted up to 1000C at a temperature ramping up rate  of 0.1 to
1C/minute for 5 to 50 hours; and 30 (C): a high temperature heat treatment
step  performed at a temperature of 1000C to 1250C such that  a diffusion
length of interstitial oxygen is in a range  of 3Opm to SOpm. (7) A method
for manufacturing the silicon wafer  35 according to the above (2), wherein
a nitrogen concentration in a substrate is in a  range of 5 X 1014atoms/cm3
to 1 X 1016atoms/cm3, and a heat treatment is performed to the substrate,
the 8  heat treatment including: (A): a step of performing a heat treatment
at a  temperature of 600C to 750C for 30 minutes to 10 hours  as a low
temperature heat treatment step; 5 (B): a step including temperature ramping
up to  800C at a temperature ramping up rate of 0.1 to  1C/minute for 1 to
20 hours; (C): a step including ramping down the furnace  temperature at a
temperature ramping down rate of 1 to  10 10C/minute, taking out a substrate
outside furnace at the furnace temperature between 600C to 800C and  cooling
the substrate down to the room temperature ;and  (D): a step including
taking a substrate inside the furnace at the furnace temperature between
600C to 800C  



15 and ramping up to 1000C at a temperature ramping up rate  of 1 to
10C/minute and performing a heat treatment at a  temperature of 1000C to
1250C such that a diffusion  length of interstitial oxygen is in a range of
30m to  50m as a high temperature heat treatment step. 20 (8) A method for
manufacturing according to the above (3),  wherein a heat treatment is
performed to a substrate, the  heat treatment including (A): a low
temperature heat treatment for performing  25 a heat treatment at a
temperature of 600C to 750C for  10 minutes to 10 hours; (B): a temperature
ramping up step including a step  of performing temperature ramping up to
1000C at a rate  of 0.1C/munite to 1C/minute for 5 to 50 hours; and 30 (C):
a high temperature heat treatment step  conducted at a temperature of 1000C
to 1250C such that  a diffusion length of interstitial oxygen is in a range
of 20m to 30um. (9) A method for manufacturing a silicon wafer according  35
to the above (3), wherein a heat treatment is performed to a substrate, the
heat treatment including: (A): a step of conducting heat treatment at a 9
temperature of 600C to 750C for 10 minutes to 10 hours  as a low temperature
heat treatment step; (B): a step including temperature ramping up to  800C
at a temperature ramping up rate of 0.1 to  5 1C/minute for 1 to 20 hours as
a temperature rising step  after the low temperature heat treatment step;
(c): a step including ramping down the furnace  temperature at a temperature
ramping down rate of 1 to  10C/minute, taking out a substrate outside
furnace at 10 the furnace temperature between 600C to 800C and  cooling the
substrate down to the room temperature ;and  (D): a step including taking a
substrate inside the furnace at the furnace temperature between 600C to 800C
and heating up to 1000C at a temperature ramping up rate  15 of 1 to
10C/minute and performing a heat treatment at a temperature of 1000C to
1250C such that a diffusion  



length of interstitial oxygen is in a range of 20g m to  30m as a high
temperature heat treatment step. (10) The method for manufacturing according
to the above  20 (8) or (9), wherein a nitrogen concentration in the
substrate is in a  range of 5 X 1014 atoms/cm3 to 1 X 1016 atoms/cm3. (11)
The method for manufacturing a silicon wafer  according to any one of the
above (4) to (9), wherein 25 a carbon concentration in the substrate is in a
range of 2 X 1015 atoms/cm3 to 3 X 1016 atoms/cm3. [0019]  Here, in the
present invention, the BMD having an  octahedron shape means a BMD
surrounded by a plurality of 30 [111] planes and other planes, as shown in
FIG. 2. There  are generally an octahedron shape surrounded by eight  faces
of [111] plane, as shown in FIG. 2(1) or FIG. 2(3),  and one surrounded by
[100] plane together with [111]  plane, as shown in FIG. 2 (2) . Another
plane other than 35 the (111] plane or [100] plane may appear on the BMD.
[0020] The shape of BMD present in a wafer may be plate- shaped in addition
to the octahedron shape, and a plate 10  shaped BMD is a BMD surrounded by
relatively large two  face of [100] plane and other planes, as shown in FIG.
2(4) or FIG. 2(5). Inside of the BMD may be formed in a  dendritic shape, as
shown in FIG. 2(5). Regarding 5 discrimination between the octahedron shape
and the plate  shape, as shown in FIG. 3, when a longer one of sizes of
[100] direction and [010] direction viewed from [001]  direction is
represented as A and a shorter one thereof  is represented as B, A/B
(hereinafter, called 10 "ellipticity") of 1.5 or less is defined as an
octahedron  shape, while A/B exceeding 1.5 is defined as a plate  shape.
Since there are variations in BMD shape in a  silicon wafer, determination
about whether the BMD  present in a wafer is an octahedron shape or a plate
15 shape can be made by measuring A/B of a plurality of BMDs  present at
different positions in a wafer to obtain an  average value thereof
(hereinafter, called "average  ellipticity") and determining whether or not
the average  



value exceeds 1.5. When the average value exceeds 1.5, 20 strain applied to
crystal lattice around a BMD is changed,  so that an optimal BMD size
distribution for suppressing  occurrence of slips and warpage are changed.
[0021]  Further, in the present invention, the diagonal  25 length of the
BMD means a longer one A of the  abovementioned [100] direction and [010]
direction. [Effect of the Invention]  [0022] The silicon wafer according to
the present invention  30 where a density of BMDs with predetermined sizes
is  controlled in the abovementioned manner so that  occurrence of both a
slip and warpage is considerably  suppressed in a device manufacturing
process and which  has a DZ layer while can prevent strength lowering has a
35 large diameter (typically, 200mm or more) and makes it  possible to
manufacture a device with a high quality.  [0023] The silicon wafer
according to the present invention 11  is reduced in occurrence of slip
dislocation and warpage  as compared with a mirror wafer which does not have
BMD  therein and has high Bettering ability. [0029]  5 The silicon wafer
according to the present invention  can reduce change of a BMD distribution
at a heat  treatment in a device manufacturing process and can  prevent
occurrence of slips and warpage due to the change  because an interstitial
oxygen concentration is 5 X 1017  10 atoms/cm3 or less. [0025]  According to
the manufacturing method according to  the present invention, a silicon
wafer of the present  invention having such excellent properties as
described  15 above can be manufactured. [Best Mode for Carrying out the
Invention]  [0026] The present invention will be explained in detail  below
along embodiments. 20 [0027]  



(Silicon Wafer) A silicon wafer according to the present invention  is
characterized in that occurrence of both of slips and  warpage in a device
manufacturing process can be  25 suppressed to a considerably small amount.
[0028]  Here, a size (diameter and thickness) of a wafer  where the present
invention is realized and  presence /absence of dope of various elements are
not 30 particularly limited. These features can be properly  selected
according to kinds of semiconductor silicon  wafers required. (0029]  A
semiconductor device manufactured using a silicon  35 wafer of the present
invention is not particularly limited and a silicon wafer of the present
invention can  be applied to manufacturing various semiconductor devices.
Specifically, a silicon wafer of the present invention 12  can be widely
applied to manufacturing an epitaxial wafer  formed with an epitaxial layer
on a surface thereof, a  laminated SOI wafer, an SIMOX wafer which has been
subjected to SIMOX (Separation By Implanted Oxygen) 5 process, or an SiGe
wafer formed with an SiGe layer on a  surface thereof, or the like. [0030]
A feature of a silicone wafer of the present  invention lies in that, in a
silicon wafer where a shape 10 of BMDs is plate-shaped or octahedron, or
plate-shaped  BMDs and octahedral BMDs are present, a density of BMDs  whose
diagonal lengths are in a range of 10nm to 120nm,  included in BMDs present
at a deep position which is  spaced inwardly from a surface of a silicon
wafer by a 15 distance 50m or more, is 1 X 1011/cm3 or more in the  case
that the shape of BMDs is plate-shaped, and a  density of BMDs whose
diagonal lengths is in a range of  10nm to 50nm, of BMDs present at a deep
position which is  inwardly spaced from a surface of a silicon wafer by a 20
distance of 50m or more, is 5 X 1011/cm3 or more in the  case that the shape
of BMDs is octahedron. This is based  upon the inventors' finding explained
below. 



[0031]  That is, the BMDs present at a deep position which  25 is spaced
inwardly from a surface of a silicon wafer by a distance 50m or more
influence properties of slips or  warpage, and in a silicon wafer where the
BMDs having  predetermined diagonal lengths are formed at a high  density
with a predetermined density or higher, 30 occurrence of slips is
considerably reduced in a general  device manufacturing process,
specifically slips  generated are suppressed to 10mm or less. Thereby, even
if a slip is generated at a wafer supporting portion in a  device
manufacturing process, the slip can be prevented 35 from being exposed to a
surface of the silicon wafer, and  even if a slip is generated at a wafer
edge portion, it  can be prevented from reaching a semiconductor device
manufacture region, so that adverse influence to a device 13  can be
prevented. (0032]  When diagonal lengths of octahedral BMDs are less  than
10nm or a octahedral BMD density is less than 5 5x1011/cm3, or when diagonal
lengths of plate-like BMDs  are less than 10nm or a octahedral BMD density
is less  than 1x10"/cm3, BMDs do not serve as a sufficient barrier  with
respect to slip propagation. There is no upper  limits to the diagonal
length of BMDs which may serve as 10 a barrier to slip propagation, but
upper limits of ranges  of the BMD diagonal length realized in an actual
silicon  wafer are 50nm in the case of octahedral BMD, and 120nm  in the
case of plate-like BMD, as described as follows.  When the BMDs are present
at a high density, virtually 15 all solid solution oxygen has precipitated
as BMDs.  Meanwhile, the number of oxygen atoms precipitating as  BMDs does
not exceed the number of oxygen atoms dissolved  in CZ-Si as a solid
solution, and thus the upper limit of  the solid solution oxygen
concentration is about lxlOl8 20 atoms/cm3 at most. When BMDs are present at
a high  density like 1x10"/cm3 or more, it can be seen that the  oxygen
atoms precipitating as BMDs reaches to upper limit  and that it is almost
constant (about 1x1018 atoms/cm3 in  density). In this state, as diagonal
length of BMDs 



25 increases, a density of BMDs becomes small. Accordingly,  it is
impossible to realize octahedral BMDs present at a  density of 5x1011/cm3
such that their diagonal lengths are  more than 50nm, and it is impossible
to realize plate- like BMDs present at a density of 1x1011/cm3 such that 30
their diagonal lengths are more than 120nm.  [0033] Since the plate-shaped
BMD has a barrier effect to  slip propagation stronger than that of the
octahedral BMD,  it is expected that it can exert slip suppression effect
35 even at a density lower than octahedron. [0034]  When BMDs formed in a
high density are plate-shaped,  it is preferable that the density of the
BMDs having 14  diagonal lengths in such a range is 1 X 1012/cm3 or more,
or the diagonal lengths of all the BMDB are 30nm or more  and the density of
BMDB whose diagonal lengths are 120nm  or less is 1 X 1011/cm3. When BMDB
formed in a high 5 density are octahedral, it is preferable that the density
of the BMDs having diagonal lengths in such a range is 1  X 1012/cm3 or
more, or the diagonal lengths of all the  BMDB are 20nm or more and the
density of BMDs whose  diagonal lengths are 50nm or less is 5 X 1011/cm3. 10
Thereby, the length of a slip generated in a general  device manufacturing
process can be suppressed to be  further small (typically, 5mm or less). In
a device in a  current generation, when the length of a slip is  suppressed
to 10mm or less, no problem occurs. But since 15 a silicon wafer is used up
to a region of its edge as a  device region in the next generation device
applied with  such a design rule of 50nm or less, it is desirable that  the
length of the slip is suppressed to 5mm or less. [0035]  20 In addition to
the abovementioned characteristic  feature, another characteristic feature
of the silicon  wafer of the present invention lies in that a density of
plate-shaped BMDB whose diagonal lengths are 750nm or  more, included in
BMDs present at a deep position which 25 is spaced inwardly from a surface
of a silicon wafer by a  distance exceeding 50p m, is 1 X 107/cm3 or less.
This is  



based upon the inventors' finding described below. [0036]  That is, when
thermal stress acts on a wafer, high- 30 density dislocation is easily
generated inside the wafer from BMDB with a predetermined size or more of
BMDB  present at a deep position which is spaced inwardly from  a surface of
a silicon wafer by a distance of 50}im or  more as a starting point, so that
the wafer is 35 plastically deformed and warpage is caused. By reducing
such BMDB to a predetermined density (1 X 101/cm3) or  less, occurrence of
warpage in a general device  manufacturing process can be suppressed
remarkably, is  typically, to 20p m or less. The plate-shaped BMDs are
harder to generate dislocation inside a wafer causing  warpage than the
octahedral BMDB. Therefore, it is  preferable that such BMDs with a
predetermined size or  5 more are plate-shape. (0037]  In addition to the
abovementioned characteristic  features, another characteristic feature of
the silicon  wafer of the present invention lies in that the 10 octahedral
BMDB whose diagonal lengths are 300nm or more,  included in BMDs present at
a deep position which is  spaced inwardly from a surface of a silicon wafer
by a  distance exceeding 50p m, is 1 X 107/cm3 or less. This is  based upon
the inventors' finding described below. 15 [0038] That is, when thermal
stress acts on a wafer, high- density dislocation is easily generated inside
the wafer  from BMDs with large sizes of BMDB present at a deep  position
which is spaced inwardly from a surface of a 20 silicon wafer by a distance
of 50p m or more as a starting  point, so that the wafer is plastically
deformed and  warpage is caused. Especially, BMDs whose diagonal  lengths
are 300nm or more of the BMDs with large sizes  easily serve as a generation
source of dislocation, so 25 that occurrence of warpage in a general device
manufacturing process can be suppressed remarkably,  typically, to 20p in or
less by suppressing such BMDB to 1  X 107/cm3 or less. 



[0039]  30 In the silicon wafer of the present invention, it is  further
preferable that an average value of interstitial  oxygen concentrations is
reduced in addition to the  characteristic feature explained above. [0040]
35 Here, the interstitial oxygen concentration is  generally measured
regarding the whole silicon wafer, and  not only the BMD layer but also the
DZ layer is included  in a measurement region. However, since the DZ layer
is 16  considerably thinner than the BMD layer, it can be  thought that the
interstitial oxygen concentration  measured over the whole silicon wafer is
the same as the  interstitial oxygen concentration in the BMD layer. 5
[0041] The reason why the interstitial oxygen concentration  is specified
over the whole silicon wafer in this manner  is based upon the inventors'
unexpected finding that the  optimal BMD distribution (size and density)
explained 10 above changes due to precipitation of interstitial oxygen
depending on conditions of heat treatment in a device  manufacturing process
and slips or warpage may occur due  to the change. [0042]  15 It is
preferable that the interstitial oxygen  concentration is 5 X 1011 atoms/cm3
or less in order to  achieve the above object. On the other hand, the lower
limit of the interstitial oxygen concentration is around  2 X 1017
atoms/cm3. This is because heat treatment at a 20 low temperature for a
considerably long time is difficult  to realize, because it is required in
order to further  reduce the interstitial oxygen concentration beyond the
lower limit. [0043]  25 It is preferable that the BMD size distribution and
the interstitial oxygen concentration explained above are  realized over the
whole wafer surface, but they may be  realized on a partial region of the
whole wafer surface  depending on application of the wafer. For example, in
30 order to prevent only a typical slip introduced from an  



edge portion of a wafer, it is only required that the  abovementioned BMD
size distribution and interstitial  oxygen concentration are realized on a
region spaced from  the center of a wafer by 80% or more of a wafer radius.
35 This is because the slip introduced from an edge portion  of a wafer
mainly occurs on a region spaced from the  center of a wafer by 80% or more
in many cases. In order  to prevent only typical warpage of a wafer, it is
only 17  required that the abovementioned BMD size distribution  and
interstitial oxygen concentration are realized on a  region positioned
inside by less than 80% of a wafer  radius. This is because typical
high-density dislocation 5 inside the wafer causing warpage occurs in a
region  positioned inside by 80% or less of the wafer radius.  [0044] The
silicon wafer of the present invention is  remarkably excellent regarding
such a fact that slips and  10 warpage generated in a device manufacturing
process are small. More specifically, the silicon wafer according to  the
present invention, especially, a silicon wafer where  BMDs have been
controlled in the above manner and whose  interstitial oxygen concentration
has been reduced, is 15 characterized in that a length of a slip generated
even  in the following heat treatment is considerably short  (typically, a
length of a slip is 10mm or less, and an  amount of warpage of a wafer after
heat treatment is 20um  or less). 20 [0045] That is, as heat treatment for
evaluating resistance  to occurrence of slips or warpage in a device
manufacturing process, there is heat treatment where a  temperature in a
temperature region of 700C to 1100C is 25 ramped up/down at a temperature
ramping up rate of  30C/second or more and the raised temperature is held at
a temperature of 1100C or higher. [00461  Such heat treatment is done in the
temperature  30 region where slips or warpages is easy to occur and thermal
stress becomes practically maximum, it can be  said that a silicon wafer
where occurrence of slips and  



warpage in all a general device manufacturing process is  considerably
reduced is obtained by preventing occurrence 35 of dislocation in the
temperature range at the  temperature ramping up/down rate. [0047]  For
measurement of the shape of BMD, the diagonal 18  length and the number of
BMDs explained above can be  performed by an ordinary known measuring
method. More  specifically, such measurement includes measurement  utilizing
a transmission electron microscope (hereinafter, 5 called "TEM") and an
optical Precipitate Profiler  (hereinafter, called "OPP"). [0048]  There is
no limitation regarding measurement of a  slip dislocation of a wafer,
measurement of a warpage 10 amount, and an evaluation method, and they can
be  measured by utilizing ordinary known methods. More  specifically, an
X-ray topograph can be utilized for  measurement of the slip dislocation,
and an amount of  warpage can be evaluated by performing observation 15
utilizing FT-90A manufactured by NIDEK Corporation or the  like. [0049]
Further, Furrier transform infrared absorption  spectroscopy (FTIR) can be
used for measuring an 20 interstitial oxygen concentration.  [00501 (Method
for Manufacturing Silicon Wafer) The silicon wafer according to the present
invention  has the feature explained above. Accordingly, any method  25 for
manufacturing a silicon wafer having such a feature can be adopted without
limitation. Specifically, the  silicon wafer having the abovementioned
feature can be  manufactured by controlling single-crystal growth
conditions (a crystal pulling-up rate, a crystal cooling 30 rate, a crucible
rotation, gas flow, and the like) or  heat treatment conditions (a heat
treatment temperature,  a time, a temperature rising/falling, and the like)
properly. [0051]  



35 In the present invention, especially, it is  preferable to perform heat
treatment to a substrate in a  stepwise manner. [0052] 19  Here, the term
"substrate" means a silicon wafer before being subjected to heat treatment,
and the  substrate includes one which has been sliced from a  single-crystal
ingot and has been subjected to such a 5 step as chamfering step properly
except for the heat  treatment. [0053]  There is neither specific limitation
about size  (diameter, thickness, and the like) nor specific 10 limitation
about presence/absence of dope of various  elements, and these factors can
be selected according to  required kind and performance of a silicon wafer.
[0059]  In the present invention, when a silicon wafer where  15 a shape of
BMDs is octahedral-shaped is manufactured, the abovementioned heat treatment
includes (A): a low  temperature heat treatment conducted at a temperature
of  600 to 750C for 30 minutes to 10 hours; (B): a  temperature rising step
including a step of temperature 20 rising up to 1000C conducted at a
temperature rising  rate of 0.1C/minute to 1C/minute for 5 to 50hours, and
(C): a high temperature heat treatment step conducted at  a temperature of
1000C to 1250C such that a diffusion  length of interstitial oxygen is in a
range of 30p m to 25 5011 m . when a silicon wafer where a shape of BMDs is
plate-shaped is manufactured, more preferably, the  abovementioned heat
treatment includes (A): a low  temperature heat treatment conducted at a
temperature of  600 to 750C for 10 minutes to 10 hours; (B): a 30
temperature ramping up step including a step of  temperature ramping up to
1000C conducted at a  temperature ramping up rate of 0.1C/minute to
1C/minute,  and (C): a high temperature heat treatment step conducted  at a
temperature of 1000C to 1250C such that a 35 diffusion length of
interstitial oxygen is in a range of  2011 m to 3011 m . When a silicon
wafer where plate-shaped  



BMDs and octahedral BMDS are included in a mixed manner  is manufactured,
the abovementioned heat treatment 20  includes (A) : a low temperature heat
treatment conducted  at a temperature of 600 to 750C for 30 minutes to 10
hours; (B): a temperature rising step including a step of  temperature
ramping up to 1000C conducted at a 5 temperature ramping up rate of
0.1C/minute to 1C/minute,  and (C): a high temperature heat treatment step
conducted  at a temperature of 1000C to 1250C such that a  diffusion length
of interstitial oxygen is in a range of  30pm to 50pm. 10 [0055] At the step
(A), when a temperature in the heat  treatment is less than 600C, since
diffusion of oxygen  does not take place sufficiently, BMD formation can not
be achieved sufficiently, which is not preferable. On 15 the other hand,
even if the temperature exceeds 750C,  BMD optimization is hardly
influenced, which results in  undesirable wastefulness. When a time period
for the  heat treatment is short, a time for BMD nuclei formation  is
insufficient, and the BMD density does not reach a 20 predetermined density
or more, which is not preferable  (when the heat treatment time is less than
10 minutes,  the BMD density becomes less than 1 X 1011/cm3, and when  the
time is less than 30 minutes, the BMD density becomes  less than 5 X
1011/cm3). Further, when the heat treatment 25 time exceeds 10 hours,
productivity lowers, which is not  preferable. [0056]  The step (B) is
performed for changing the density  of BMDs whose diagonal lengths are 5nm
or more to a 30 predetermined density (when the BMDs are plate-shaped,  the
density is 1 X 1011/cm3, and when the BMDs are  octahedral, the density is 5
X 1011/cm3) and changing the  interstitial oxygen concentration to 5 X
1017atoms/cm3 or  less in the stage where the temperature has ramped up to
35 1000C. When the diagonal length is less than 5nm, the  BMDs diminish and
disappear at the following high  temperature heat treatment (C), so that the
BMD density  in the silicon wafer after being subjected to the 



21  following high temperature heat treatment may become less  than the
predetermined density, which is not preferable.  When the density of BMDs
whose diagonal lengths are 5nm  or more is less than the predetermined
density, the BMD 5 density in the silicon wafer after the following high
temperature heat treatment has been conducted may become  less than the
predetermined density, which is not  preferable. When the interstitial
oxygen concentration  exceeds 5 X 1017atoms/cm3, the interstitial oxygen 10
concentration exceeds 5 X 1017atoms /cm3 even in the  silicon wafer after
being subjected to the following high  temperature heat treatment or the BMD
density where the  shape of the BMDB is plate-shaped and the diagonal
lengths of the BMDB are 750nm or more exceeds 1 X 107/cm3, 15 which is not
preferable. This will be because  interstitial oxygen in the silicon wafer
builds up at  BMDB while the interstitial oxygen is externally diffused  at
the high temperature heat treatment (C). At this step  (B), when the
temperature ramping up rate is less than 20 0.1C/minute, a stable
temperature rising rate can not be  secured in view of a relationship of
control on a heat  treatment furnace, which is not preferable. When the
temperature ramping up rate exceeds 1C/minute, BMDB  produced at the step
(A) disappear during temperature 25 rising, so that the BMD density becomes
less than 5 X  1011/cm3 at the stage where the temperature has risen up  to
1000C, which is not preferable. When the step of  conducting temperature
ramping up at the temperature  ramping up rate of 0.1C/minute to 1C/minute
is 30 conducted for less than 5 hours, BMDs produced at the  step (A)
disappear during temperature ramping up, so that  the BMD density becomes
less than the predetermined  density (when the BMDB are plate-shaped, the
density is 1  X 1011/cm3, and when the BMDB are octahedral, the density 35
is 5 X 1011/cm3) at the state that the temperature has  ramped up to 1000C,
which is not preferable. When the  temperature ramping up step exceeds 50
hours,  productivity extremely lowers, which is not preferable. 22  When the
diffusion length of the interstitial oxygen is  



less than 5pm, the interstitial oxygen concentration in  the stage that the
temperature has ramped up to 1000C  exceeds 5 X 1017 atoms/cm3, which is not
preferable. 5 [0057] Measurement of the BMD density and the interstitial
oxygen concentration in the stage that the temperature  has ramped up to
1000C can be conducted after a silicon  wafer is rapidly pulled out from a
furnace in the stage 10 that the heat treatment (B) has been completed and
the  wafer is ramped down to the room temperature. A ramping  down rate at
this time may be a ramping down rate within  a range which can be realized
in an ordinary butch-type  vertical furnace. 15 [0058] Further, the step (C)
is for diffusing interstitial  oxygen outwardly and forming a DZ layer. At
this step,  when the temperature is less than 1000C, a long time is
required for outward diffusion of the interstitial oxygen, 20 which is not
preferable in view of productivity. When  the temperature exceeds 1250C,
degradation of the anneal  furnace is accelerated, which is not preferable.
The  diffusion length of the interstitial oxygen is a  numerical value
calculated based upon the temperature and 25 the time at this step, and it
can be specifically  obtained according to the following equation (i).
[0059]  Diffusion length of interstitial oxygen (pm) = 2 X  104 X (D X time
(second))0.5 (i) 30 where, D (cm2/second) = 0.17 X exp (-2.53=8.62 X 10-
5=temperature (K)) Thus, the heat treatment where the diffusion length  of
interstitial oxygen becomes 20p m or more is preferable  35 for forming a
wide DZ layer such as a wide of 5p m or more.  [0060] When the diffusion
length of interstitial oxygen is  less than 30pm, the BMD shape after the
high temperature 23  heat treatment (C) has been completed becomes plate-
shaped, while the BMD shape becomes octahedral when the  diffusion length of
interstitial oxygen is equal to or  



more than 30p m . Incidentally, even when the diffusion 5 length of
interstitial oxygen is equal to or more than  30p m, the shape of BMDs with
relatively large sizes may  be formed in a plate shape, for example, by
adding  nitrogen, as described later. Such a high temperature  heat
treatment that the diffusion length of interstitial 10 oxygen exceeds 40m
requires excessive time, resulting in  lowering productivity, which is not
preferable. [0061]  There particularly is no limitation regarding the
temperature ramping up from the step (B) to the step (C), 15 where an
ordinary temperature ramping up rate can be used  preferably. The most
general temperature ramping up rate  is in a range of 1C/minute to
10C/munite or so. [0062]  In the present invention, when a silicon wafer
where  20 a shape of BMDs is octahedral-shaped is manufactured, the
abovementioned heat treatment includes (A): a low  temperature heat
treatment conducted at a temperature of  600 to 750C for 30 minutes to 10
hours; (B): a  temperature ramping up step including a step of 25
temperature ramping up to 800C conducted at a  temperature ramping up rate
of 0.1C/minute to 1C/minute  for 1 to 10hours, and (C): a step including
ramping down  the furnace temperature at a temperature ramping down  rate of
1 to 10C/minute, taking out a substrate outside 30 furnace at the furnace
temperature between 600C to 800C  and cooling the substrate down to the room
temperature ;and(D) a step including taking a substrate  inside the furnace
at the furnace temperature between  600C to 800C and ramping up to 1000C at
a temperature 35 ramping up rate of 1C/minute to 10C/minute and  performing
a heat treatment at a temperature of 1000C to  1250C such that a diffusion
length of interstitial  oxygen is in a range of 30p m to 50i m as a high 24
temperature heat treatment step. when a silicon wafer  where a shape of BMDs
is plate-shaped is manufactured,  the abovementioned heat treatment includes
(A): a low  temperature heat treatment conducted at a temperature of 5 600
to 750C for 30 minutes to 10 hours; (B); a  



temperature ramping up step including a step of  temperature ramping up to
800C conducted at a  temperature ramping up rate of 0.1C/minute to 1C/minute
for 1 to 10hours, and (C): a step including ramping down 10 the furnace
temperature at a temperature ramping down  rate of 1 to 10C/minute, taking
out a substrate outside  furnace at the furnace temperature between 600C to
800C  and cooling the substrate down to the room  temperature ;and (D) a
step including taking a substrate 15 inside the furnace at the furnace
temperature between  600C to 800C and ramping up to 1000C at a temperature
ramping up rate of 1C/minute to 10C/minute and  performing a heat treatment
at a temperature of 1000C to  1250C such that a diffusion length of
interstitial 20 oxygen is in a range of 30p m to 50p m as a high
temperature heat treatment step. When a silicon wafer  where plate-shaped
BMDs and octahedral BMDs are included  in a mixed manner is manufactured,
(A): a low temperature  heat treatment conducted at a temperature of 600 to
750C 25 for 30 minutes to 10 hours; (B); a temperature ramping up  step
including a step of temperature ramping up to 800C  conducted at a
temperature ramping up rate of  0.1C/minute to 1C/minute for 1 to 10hours,
and (C): a  step including ramping down the furnace temperature at a 30
temperature ramping down rate of 1 to 10C/minute, taking  out a substrate
outside furnace at the furnace  temperature between 600C to 800C and cooling
the  substrate down to the room temperature ;and(D) a step  including taking
a substrate inside the furnace at the 35 furnace temperature between 600C to
800C and ramping  up to 1000C at a temperature ramping up rate of  1C/minute
to 10C/minute and performing a heat treatment  at a temperature of 1000C to
1250C such that a 25  diffusion length of interstitial oxygen is in a range
of  20m to 30m as a high temperature heat treatment step.  [0063] The reason
to add the (C) a taking out step is that if  5 there are two furnaces the
heat treatment (A),(B) and the  heat treatment (D) might be separately
performed to  increase productivity. In this case at the step(B)  



temperature ramping up to 800C at a temperature ramping  up rate of
0.1C/minute to 1C/minute is sufficient to 10 get more predetermined BMD
density ( plate-shaped: 1 X  1011/cm3, octahedral; 5 X 1011/cm3 ). When the
heat  treatment process is divided, it is not necessary to ramp  up more
than 800C. It is thought that during the step(C)  BMDs which is formed after
the step(C) have changed not 15 to shrink or disappear at the step (D) . So
it is not  necessary to ramp up to 1000C at the ramping up rate of
0.1C/minute to 1C/minute like continuously processed  one. At this step (B),
when the temperature ramping up rate  20 is less than 0.1C/minute, a stable
temperature ramping  up can not be secured in view of a relationship of
control on a heat treatment furnace, which is not  preferable. When the
temperature ramping up rate exceeds  1C/minute, BMDs produced at the step
(A) disappear 25 during temperature ramping up. When a time period is less
than 1 hour BMDs produced at the step (A) disappear  during temperature
ramping up, which is not preferable.  When the temperature ramping up step
exceeds 10 hours,  productivity lowers, which is not preferable. 30 At this
step, when the temperature is less than 800C,  BMDs might disappear. At the
step (C) it is preferable to ramp down at the  temperature ramping rate in a
range of 1C/minute to  10C/minute which is used in a conventional furnace,
35 it is not preferable to take out a substrate from the  furnace at the
furnace temperature less than 600C  because of shortening the life of
heater. It is not preferable to take out a substrate from the 26  furnace at
the furnace temperature more than 800C  because of deteriorating the
material of furnace. At the step (D), it is the same reason as the step (C),
it is not preferable to take a substrate inside the  5 furnace at the
furnace temperature of less than 600C or  more than 800 C. The temperature
ramping up rate to 1000C is in a range  of 1C/minute to 10C/minute which is
used in a  conventional furnace. 



10 There is no limitation regarding the temperature ramping  down rate.
[0064]  There is particularly no limitation regarding an  15 apparatus used
in a series of heat treatments explained above, and a conventionally known
apparatus is used  preferably. Specifically, such an apparatus may be an
ordinary batch-type vertical furnace, a batch-type  vertical furnace with an
oxygen purging function, and the  20 like. [0065]  In the manufacturing
method of the present invention,  it is preferable that the substrate
contains nitrogen. 25 This is because warpage is further suppressed to a
small  amount (typically, 15p m or less) owing to such a fact  that the
substrate contains nitrogen. Thus,  manufacturing a device with higher
performance can be  made possible by further suppressing warpage. 30 [0066]
It is preferable that a concentration of nitrogen  added for this object is
in a range of 5 X 1014 atoms /CM3  to 1 X 1016atoms/cm3. When the
concentration exceeds such  a range, poly-crystallization takes place so
that yield  35 may lower, which is not preferable. [0067]  Further, when
nitrogen is added within such a  concentration range, a shape of BMDs with
relatively 27  large sizes can be formed in a plate shape even in such a
relatively high temperature heat treatment that the  diffusion length of
interstitial oxygen becomes 30pm or  more in a temperature range of, for
example, 1100C or 5 more, so that a possibility of occurrence of dislocation
causing warpage is reduced. Incidentally, in this case,  a shape of BMDs
whose sizes are relatively small and  which are present in a high density is
octahedron. It is  thought that an effect imparted to the BMD shape by  10
nitrogen is hard to act on such high-density BMDs. [0068]  For example, when
a silicon wafer having a DZ layer  with a thickness of 7pm or more is
manufactured, it is  



necessary to conduct such a heat treatment that the 15 diffusion length of
interstitial oxygen becomes 30p m or  more in a temperature range of 1100C
or more. In such a  case, it is effective for reducing warpage that the
shape  of BMDs with a predetermined size or more is made plate- shaped by
adding nitrogen. 20 [0069] In the manufacturing method of the present
invention,  it is preferable that the substrate contains carbon.  This is
because such an effect that BMDs with a  relatively high density can be
formed even if the low 25 temperature heat treatment performed at step (A)
is  performed at a relatively low temperature for a short  time can be
obtained owing to such a fact that the  substrate contains carbon. [0070]
30 It is preferable that a concentration of carbon  added for this object is
in a range of 2 X 1015atoms/cm3  to 3 X 1016atoms /cm3. When carbon is added
in an amount  exceeding such a range, the interstitial oxygen after the
heat treatment increases, which is not preferable. The 35 reason is not
clear, but interstitial oxygen may be  blocked to come together to BMDs by
carbon. [0071]  Incidentally, there is particularly no limitation 28
regarding a method for adding nitrogen or carton to a  substrate, and a
conventionally known method can be used  preferably. More specifically, in a
method for adding  nitrogen, a substrate with a nitrogen film is added to 5
melt for pulling up a single crystal so that a nitrogen  concentration in
the substrate to be obtained can be  adjusted. In a method for adding
carbon, carbon powder  is added to melt for pulling up a single crystal so
that  a carbon concentration in the substrate to be obtained  10 can be
adjusted. [0072]  There is particularly no limitation about measuring
methods of concentrations of nitrogen, carbon, and oxygen  contained in a
substrate, and they can be preferably 15 measured by conventionally known
methods. More  



specifically, the nitride concentration can be measured  by using a
secondary ion mass spectrometer (SIMS).  Regarding measurements of the
oxygen and carbon  concentrations, measurements are conducted by an infrared
20 absorption spectrophotometry and the concentrations can  be obtained from
values of JEITA (Japan Electronics and  Information Technology Industries
Association) used as  conversion factors. [Examples]  25 [0073] The present
invention is explained in detail below  with Examples, but it is not limited
to the Examples.  [0074] (Method for manufacturing annealed wafer and
epitaxial  30 wafer) Single-crystal ingots were manufactured under  various
conditions (wafer diameter, conduction type,  oxygen concentration, nitrogen
concentration, and carbon  concentration), the same sites of straight barrel
35 portions of respective signal-crystal ingots were cut out  by using a
wire saw, and substrates with thickness sizes  of 725 to 750p m obtained by
applying mirror finishing to  the cut-out ingots were defined as substrates.
The 29  substrates thus obtained were put in a batch-type  vertical heat
treatment furnace, and first heat  treatments (A and B) and a second heat
treatment (C) were  performed to the substrates inside the same furnace
under 5 argon atmosphere. The conditions of respective heat  treatments are
as shown in 1) to 6). Annealed wafers and  epitaxial wafers were
manufactured in this manner.  Incidentally, in the Examples, a wafer which
has been  subjected to heat treatment and satisfies the following 10
conditions 1) to 6) is defined as "annealed wafer" and a  wafer on which an
epitaxial layer has been deposited and  which satisfies the conditions 2)
and 4) is defined as  "epitaxial wafer". The diffusion length of
interstitial  oxygen in each heat treatment was obtained by integrating 15
the abovementioned equation (i) regarding a temperature  and a time
according to a temperature pattern of the  second heat treatment. The heat
treatment conditions for  



each Example and Comparative Example are as follows. The  epitaxial layer
deposition was conducted by depositing an 20 epitaxial layer on a surface of
an annealed wafer up to a  thickness of 5pm in a vapor growth apparatus.
[0075] 1) Table 1 First Heat treatment: after heat treatment at a  25
temperature of 700C for 1 hour, temperature rising from  700C to 1000C at a
temperature ramping up rate of  1C/minute. Second heat treatment:
temperature rising from  1000C to 1100C at a temperature rising rate of  30
5C/minute and holding a wafer at a temperature of 1100C  for 4 hours.
Temperature cooling step: temperature cooling from  1100C to 700C at a
temperature cooling rate of  1C/minute to 5C/minute. 35 2) Table 2 epitaxial
layer deposition after the heat treatment shown  in Table 1. 3) Table 3 30
First Heat Treatment: after heat treatment at a temperature of 700C for 4
hours, temperature rising from  700C to 1000C at a temperature rising rate
of  1C/minute. 5 Second Heat Treatment: temperature rising from  1000C to
1100C at a temperature rising rate of  5C/minute, temperature rising from
1100C to 1200C at a  temperature rising rate of 1C/minute, and holding a
substrate at a temperature 1200C for 1 hour. 10 Temperature cooling step:
temperature cooling from  1100C to 700C at a temperature cooling rate of
1C/minute to 5C/minute. 4) Table 4 epitaxial layer deposition after heat
treatment  15 shown in Table 3. 5) Table 5 the same as heat treatment shown
in Table 3.  6) Table 6 epitaxial layer deposition after heat treatment  



20 shown in Table 5. 7) Table 7 First Heat Treatment: after heat treatment
at a  temperature of 700C for 1 hour, temperature ramping up  from 700C to
800C at a temperature ramping up rate of 25 1C/minute, temperature ramping
down from 800 to 700C at  a temperature ramping down rate of 2C/minute,
taking out  a wafer from a furnace at a temperature of 700C, and  cooling
the wafer down to the room temperature. Second Heat Treatment: insertion of
wafer at a  30 temperature of 700C, temperature ramping up from 700C  to
1100C at a temperature ramping up rate of 5C/minute,  and holding the wafer
at a temperature of 1100C for 4  hours. Temperature ramping down step:
temperature ramping  35 down from 1100C to 700C at a temperature ramping
down  rate of 1C/minute to 5C/minute. 8) Table 8 First heat treatment: after
heat treatment at a 31  temperature of 700C for 4 hours, temperature ramping
up  from 700C to 800C at a temperature ramping up rate of  0.5C/minute,
temperature ramping down from 800 to 700C  at a temperature ramping down
rate of 2C/minute, taking 5 out a substrate from a furnace at a temperature
of 700C,  and cooling the wafer down to the room temperature.  Second heat
treatment: insertion of a substrate at a temperature of 700C, temperature
ramping up from 700C  to 1100C at a temperature ramping up rate of
5C/minute,  10 temperature ramping up/ramping down between 1000C and 1200C
at a temperature ramping up/ramping down rate of  1C/minute, and holding a
substrate at a temperature of  1200C for 1 hour. Temperature ramping down
step: temperature ramping  15 down from 1200C to 700C at a temperature
ramping down  rate of 1C/minute to 5C/minute. 9) Table 9 First heat
treatment: after heat treatment at a  temperature of 700C for 4 hours,
temperature ramping up  20 from 700C to 800C at a temperature ramping up
rate of 0.5C/minute, temperature ramping down from 800 to 700C  



at a temperature ramping down rate of 2C/minute, taking  out a substrate
from a furnace at a temperature of 700C,  and cooling the substrate down to
the room temperature. 25 Second heat treatment: insertion of a substrate at
a  temperature of 700C, temperature ramping up from 700C  to 1100C at a rate
of 5C/minute, temperature ramping up  from 1000C to 1200C at a rate of
1C/minute, and  holding the wafer at a temperature of 1200C for 1 hour. 30
Temperature ramping down step: temperature ramping  down from 1200C to 700C
at a temperature ramping down  rate of 1C/minute to 5C/minute. 10) Table 10
Comparative Example 1 35 First heat treatment: after heat treatment at a
temperature of 800C for 4 hours, temperature ramping up  from 800C to 1000C
at a temperature ramping up rate of  1C/minute. 32  Second heat treatment
and temperature ramping down step: the same as second heat treatment and
temperature  ramping down step shown in Example in Table 1.  Comparative
Example 2 5 First heat treatment: after heat treatment at a  temperature of
700C for 1 hour, temperature ramping up  from 700C to 1000C at a temperature
ramping up rate of  3C/minute. Second heat treatment and temperature ramping
down  10 step: the same as second heat treatment and temperature  ramping
down step shown in Example in Table 1. Comparative Example 3 First heat
treatment: after heat treatment at a  temperature of 700C for 30 minutes,
temperature ramping  15 up from 700C to 1000C at a temperature ramping up
rate  of 3C/minute. Second heat treatment: temperature ramping up from
1000C to 1100C at a temperature ramping up rate of  5C/minute and holding a
wafer at a temperature of 1100C  20 for 1 hour. Temperature ramping down
step: temperature ramping  down from 1100C to 700C at a temperature ramping
down  rate of 1C/minute to 5C/minute. 



temperature ramping down step: the same as temperature  25 ramping down step
shown in Example in Table 1. 11) Table 11  Comparative Example 4 First heat
treatment: after heat treatment at a  temperature of 700C for 4 hours,
temperature ramping up  30 from 700C to 1000C at a temperature ramping up
rate of  3C/minute. Second heat treatment and temperature ramping daown
step: the same as second heat treatment and temperature  ramping down step
in Example shown in Table 3. 35 12) Table 12  Comparative Example 5 First
heat treatment: after heat treatment at a  temperature of 800C for 4 hours,
temperature ramping up 33  from 800C to 1000C at a temperature ramping up
rate of  1C/minute. Second heat treatment and temperature ramping down
step: the same as second heat treatment and temperature  5 ramping down step
in Example shown in Table 3. Comparative Example 6 First heat treatment:
after heat treatment at a  temperature of 700C for 1 hour, temperature
ramping up  from 700C to 1000C at a temperature ramping up rate of  10
3C/minute. Second heat treatment and temperature ramping down  step: the
same as second heat treatment and temperature  ramping down step in Example
shown in Table 3. 13) Table 13 15 Comparative Example 7 First heat
treatment: after heat treatment at a  temperature of 700C for 1 hour,
temperature ramping up  from 700C to 750C at a temperature ramping up rate
of  0.5C/minute, temperature ramping down from 750 to 700C 20 at a
temperature ramping down rate of 2C/minute, taking  out a wafer from a
furnace at a temperature of 700C, and  cooling the wafer down to the room
temperature. Second heat treatment and temperature ramping down  step: the
same as second heat treatment and temperature  25 ramping down step in
Example shown in Table 7. 



Comparative Example 8 First heat treatment: after heat treatment at a
temperature of 700C for 1 hour, temperature ramping up  from 700C to 800C at
a temperature ramping up rate of 30 2C/minute, temperature ramping down from
800 to 700C at  a temperature ramping down rate of 2C/minute, taking out  a
wafer from a furnace at a temperature of 700C, and  cooling the wafer down
to the room temperature. Second heat treatment and temperature ramping down
35 step: the same as second heat treatment and temperature  ramping down
step in Example shown in Table 7. Comparative Example 9 First Heat
Treatment: after heat treatment at a 34  temperature of 700C for 4 hours,
temperature ramping up  from 700C to 800C at a temperature ramping up rate
of  2C/minute, temperature ramping down from 800 to 700C at  a temperature
ramping down rate of 2C/minute, taking out 5 wafer from furnace at a
temperature of 700C, and cooling  the wafer down to the room temperature.
Second heat treatment and temperature ramping down  step: the same as second
heat treatment and temperature  ramping down step in Example shown in Table
8. 10 Comparative Example 10  Divisional heat treatment First heat
treatment: after heat treatment at a  temperature of 700C for 4 hours,
temperature ramping up  from 700C to 750C at a temperature ramping up rate
of 15 0.5C/minute, temperature ramping down from 750 to 700C  at a
temperature ramping down rate of 2C/minute, taking  out a wafer from a
furnace at a temperature of 700C, and  cooing the wafer down to the room
temperature. Second heat treatment and temperature ramping down  20 step:
the same as second heat treatment and temperature  ramping down step in
Example shown in Table 9. [0076]  In order to examine a BMD density and an
interstitial oxygen concentration at a stage of a 25 temperature of 1000C,
substrates manufactured under the  same conditions were put in a batch-type
vertical heat  treatment furnace, and a wafer pulled from the furnace  



after only the first heat treatment was performed was  prepared in a
continuous heat treatment, while a wafer 30 pulled from the furnace at a
temperature of 1000C after  temperature rising up to 1000C in the second
heat  treatment was performed was prepared in a case of a  divisional heat
treatment. [0077]  35 (Measurement and evaluation of annealed wafer and
epitaxial wafer) Measurement and evaluation of annealed wafers and
epitaxial wafers obtained under the abovementioned 35  manufacturing
conditions regarding the following (1), (2),  (3), and (5) were conducted.
Regarding a wafer added  with nitrogen, (4) nitrogen concentration was also
measured. Regarding wafers to which only the first heat 5 treatment was
conducted, (2) and (3) were also conducted  (the result is shown in Table
2). TEM samples of samples  used for measurements of (1) and (2) were
collected from  two portions of a central portion of each wafer and a
portion spaced from an edge of the wafer by 10mm by 10 grinding each wafer
to predetermined depths (50p m, 100p m,  300p m) by a precise grinding
machine. Measurements were  conducted at a stage that focus was set to
predetermined  depths(50pm, 100p m, 300pm)and a predetermined positions
(the center, a position spaced from an edge of a wafer by  15 10mm) by
utilizing OPP. (1) Determination of BMD shape: The BMD ellipticity was
determined from a ratio of signal intensities obtained by  measuring the
same measurement sample twice while a  scanning direction of OPP was changed
between <110> 20 direction and <100> direction. That is, a relationship
between the ratio of signal intensities and the BMD  ellipticity was
examined in advance and the ellipticity  was obtained from the ratio of
signal intensities.  Measurement was also conducted by TEM and the
ellipticity 25 was measured from a microscope viewed from [001]  direction
and obtained at this time. BMD shape  determination was conducted from these
results.  Incidentally, at least 10 BMDs were measured for each  sample, an
average ellipticity was obtained by averaging 



30 all ellipticities of respective samples obtained thereby,  and the BMD
shape determination was made based upon  whether or not the average
ellipticity exceeded 1.5. (2) BMD diagonal length and density: Regarding
each  sample, the BMD diagonal length and density were obtained  35 by using
OPP and TEM. From the observation result of BMD obtained by the method of
the following 1) and 2), a  density of BMDs having predetermined diagonal
length was  obtained. Incidentally, as the density of BMDs having 36  the
predetermined diagonal length, an average value of  values at three points
was adopted. [0078] 1) Measurement using OPP: Signal intensity obtained  5
by electrically signal-processing phase difference of  transmission laser
due to BMDs was measured by using OPP  manufactured by AXENT Technologies
Inc. A calibration  curve is as follows: Octahedral BMD diagonal length (nm)
= 153 X (OPP  10 signal) 0,43 Plate-shaped BMD diagonal length (nm) = 344 X
(OPP  signal) 0.52 BMD with a known diagonal length was measured by  using
OPP and a calibration curve showing a relationship  15 between signal
intensity and BMD size was prepared in advance. A diagonal length of BMD was
obtained from  signal intensity by using the calibration curve.
Incidentally, when the diagonal length was obtained,  Ghost Signal Removal
Processing (K. Nakai Review of 20 Scientific Instruments, vol. 69 (1998) pp.
3283) was  conducted. Detection sensitivity was set to such  sensitivity
that BMD with a diagonal length of 80nm or  more could be measured. [0079]
25 2) Measurement using TEM: A density of BMDs with a  predetermined
diagonal length was obtained from a  microscope image obtained by
measurement. Incidentally,  the density was obtained from the number of BMDs
observed  within a field of view and a volume of a sample 30 corresponding
to an observed region. (3) Interstitial oxygen concentrations of annealed
wafer  



and epitaxial wafer: The interstitial oxygen concentrations in annealed
wafer and epitaxial wafer were measured by utilizing  35 infrared absorption
spectrophotometry, and values of JEITA (Japan Electronics and Information
Technology  Industries Association) were used as conversion factor.  (4)
Nitrogen concentration of annealed wafer and 37  epitaxial wafer: Samples
were selected from an annealed wafer and an  epitaxial wafer, polish up to
20p m was conducted to the  wafers in order to remove nitrogen outward
diffusion 5 layers of the surface thereof, and nitrogen  concentrations in
the wafers were then measured by using  SIMS. (5) Slip lengths and
warpage-resistance evaluation of  annealed wafer and epitaxial wafer: 10
After the following (5)-A was performed to an  annealed wafer and an
epitaxial wafer, heat treatment  (hereinafter, called "simulated device
process heat  treatment") where (5)-B was repeated ten times was  performed.
Warpages of the annealed wafer and the 15 epitaxial wafer before the heat
treatment and after heat  treatment were measured by using FT-90A
manufactured by  NIDEK Corporation. The annealed wafer after the heat
treatment was observed by using X-ray topography and the  maximum length of
the observed slip lengths was defined  20 as a representative value. (5)-A:
Heat treatment using a vertical furnace  (I): 780C, 3 hours (II):
additionally, 1000C, 8 hours Incidentally, insertion and pulling-out were
conducted at  25 a temperature of 700C, all the temperature  rising/falling
rates were 5C/minute, and all heat  treatments were conducted under argon
atmosphere. (5)-B: heat treatment using RTA  Insertion: room temperature 30
Temperature ramping up: 50C/minute  Holding: 1100C, 1 minute  Temperature
ramping down: 30C/munite  Pulling-out: room temperature  



Atmosphere: argon 35 (Each measurement result and evaluation result of
annealed wafer and epitaxial wafer) In Tables 1 to 6, regarding annealed
wafers and epitaxial  wafers manufactured under various manufacturing 38
conditions, densities of BMDs with predetermined diagonal  lengths and
interstitial oxygen concentrations measured,  slips and warpage amounts
generated by the pseudo device  process heat treatment are collectively
shown as Examples 5 and Comparative Examples. Here, the BMD density (1)
shown in Table 1, Table 2, and Table 5 is a density of  plate-shaped BMDs
whose diagonal lengths are in a range  of 10nm to 120nm, the BMD density (2)
is a density of  plate-shaped BMDs whose diagonal lengths are 750nm or 10
more, and the BMD density at a stage where the first heat  treatment has
been completed is a density of plate-shaped  BMDs whose diagonal lengths are
5nm or more. The BMD  density (1) shown in Table 3, Table 4, and Table 6 is
a  density of octahedral BMDs whose diagonal lengths are in 15 a range of
10nm to 50nm, the BMD density (2) is a density  of plate-shaped BMDs whose
diagonal lengths are 750nm or  more, and the BMD density at a stage where
the first heat  treatment has been completed is a density of plate-shaped
BMDs whose diagonal lengths are 5nm or more. The BMD 20 density (1) shown in
Table 5 and Table 6 is a density of  octahedral BMDS whose diagonal lengths
are in a range of  l0nm to 50nm, the BMD density (2) is a density of
octahederal BMDs whose diagonal lengths are 300nm or more,  and the BMD
density at a stage where the first heat 25 treatment has been completed is a
density of octahederal  BMDs whose diagonal lengths are 5nm or more. In
Examples  2 and 4, all BMD diagonal lengths were 30nm or more, and  all the
BMD diagonal lengths were 20nm or more in  Examples 29, 31,47 and 49. 30
[0080] Incidentally, all slips of wafers and warpage  amounts of wafers
before warpage evaluation were 10p m or  less. Nitrogen concentrations of
annealed wafer and  epitaxial wafer which were added with nitrogen were the
35 same as nitrogen concentrations measured as grown. 



[0081]  [Table 1]  [0082] 39  [Table 2] [0083]  [Table 3]  [0084] 5 [Table
4]  [0085]  [Table 5]  [0086]  [Table 6] 10 [0087]  [Table 7]  [0088]
[Table 8]  [0089] 15 [Table 9]  [0090]  [Table 10]  [0091]  [Table 11] 20
[0092]  [Table 12]  [0093]  [Table 13]  [0094] 25 In Table 1 to Table 13,
regarding annealed wafers  and epitaxial wafers manufactured under various
manufacture conditions, densities of BMDs with a  predetermined diagonal
length and interstitial oxygen  concentrations measured, and slips and
warpages generated 30 in the pseudo device process heat treatment are
collectively shown as Examples and Comparative Examples.  [0095] Here, the
BMD densities(1) in Tables 1, table 2,  Table 7, Table 10, and in
Comparative Examples 7 and 8 at  35 Table 13 are densities of plate-shaped
BMDs whose diagonal lengths are in a range of 10nm to 120nm, the BMD
densities (2) are densities of plate-shaped BMDs whose  



diagonal lengths are 750nm or more, and the BMD densities 40  at a stage
that the first heat treatment has been  completed and at a stage that a
wafer has been taken out  at a temperature of 1000C at the second heat
treatment  in a case of the divisional heat treatment are densities 5 of
plate-shaped BMDs whose diagonal lengths are 5nm or  more. Here, in Examples
2 and 4, all the BMD diagonal  lengths were 30nm or more. [0096]  The BMD
density (1) Tables 3 and 4, Table 8, Table  10 11, and in Comparative
Example 9 at Table 13 is a density of octahedral BMDs whose diagonal lengths
are in a range  of 10nm to 50nm, the BMD density (2) is a density of
plate-shaped BMDs whose diagonal lengths are 750nm or  more, and the BMD
densities at a stage that the first 15 heat treatment has been completed and
at a stage that a  wafer has been taken out at a temperature of 1000C at
the second heat treatment in a case of the divisional  heat treatment are
densities of plate-shaped BMDs whose  diagonal lengths are 5nm or more.
Here, in Examples 29 20 and 31, all the BMD diagonal lengths were 20nm or
more.  [0097] The BMD density (1) in Table 5 Table 6, Table 9,  Table 12,
and in Comparative Example 10 at Table 13 is a  density of octahedral BMDs
whose diagonal lengths are in 25 a range of 10nm to 50nm, the BMD density
(2) is a density  of octahedral BMDs whose diagonal lengths are 300nm or
more, and the BMD densities at a stage that the first  heat treatment has
been completed and at a stage that a  wafer has been taken out at a
temperature of 1000C at 30 the second heat treatment in a case of the
divisional  heat treatment are densities of plate-shaped BMDs whose
diagonal lengths are 5nm or more. Here, in Examples 47  and 49, all the BMD
diagonal lengths were 20nm or more. Incidentally, all slips of wafers and
warpage  35 amounts of wafers before warpage evaluation were lop m or  less.
Nitrogen concentrations of annealed wafer and  epitaxial wafer which were
added with nitrogen were the  same as nitrogen concentrations measured as
grown. 41  



[0098] From these results, it is understood that,  regardless of conduction
type of a silicon wafer, the  plate-shaped BMD density (1) becomes 1 X
1011/cm3 or more 5 and the plate-shaped BMD density (2) becomes 1 X 107/cm3
or less, or the octahedral BMD density (1) becomes 5 X  1011/cm3 or more and
the plate-shaped BMD density (2)  becomes 1 X 107/cm3 or less, or the
octahedral BMD  density (1) becomes 5 X 1011/cm3 or more and the 10
octahedral BMD density (2) becomes 1 X 107/cm3 or less,  so that lengths of
slips become 10mm or less and warpage  amounts are suppressed to 20p m or
less even in annealed  wafers and epitaxial wafers having respective
diameters.  [0099] 15 Further, when the plate-shaped BMD density (1)  became
5 X 1011/cm3 or more, or the octahedral BMD density  (1) became 1 X 1012/cm3
or more, slips were made further  small (5mm or less) . When the
plate-shaped BMD density  (1) was 1 X 1011/cm3 or more and all the BMDs were
30nm or 20 more, or the octahedral BMD density (1) was 5 X 1011/cm3  or more
and all the BMDs were 20nm or more, slips were  made further small (5mm or
less). Further, even if the plate-shaped BMD density (2) or  the octahedral
BMD density (2) is the same, the warpage  25 amount is reduced to 15p m or
less by adding nitrogen to a  substrate. [0100]  Further, from Comparative
Examples, when the plate- shaped BMD density (1) was less than 1 X 1011/cm3,
or the 30 octahedral BMD density (1) was less than 5 X 1011/cm3, as  a
result, the slip exceeded 10mm. Regarding the silicon  wafer, the density of
BMDs whose diagonal lengths were  5nm or more was less than 1 X 1011/cm3 or
less, or 5 X  1011/cm3 or less at the stage that the first heat 35 treatment
had been completed and at the stage that the  wafer had been taken out at a
temperature of 1000C at  the second heat treatment in a case of the
divisional  heat treatment. When the plate-shaped BMD density (2) or 42  the
octahedral BMD density (2) exceeded 1 X 107/cm3, the  warpage amount
exceeded 20p m . Regarding the silicon  



wafer, the interstitial oxygen concentration exceeded 5 X  107atoms/cm3 at
the stage that the first heat treatment 5 had been completed and at the
stage that the wafer had  been taken out at a temperature of 1000C at the
second  heat treatment in a case of the divisional heat treatment. Further,
under the heat treatment conditions in the  Comparative Examples, when the
plate-shaped BMD density  10 (1) was 1 X 1011/cm3 or more and the
plate-shaped BMD density (2) was 1 X 107/cm3 or less, when the octahedral
BMD density (1) was 5 X 1011/cm3 and the plate-shaped BMD  density (2) was 1
X 107/cm3 or less, or when the  octahedral BMD density (1) was 5 X 1011/cm3
and the 15 octahedral BMD density (2) was 1 X 107/cm3 or less, the  warpage
exceeded 20p m when the interstitial oxygen  concentration exceeded 5 X 1017
atoms /CM3. [0101]  In Examples, since slip and warpage resistance  20
evaluation tests accompanying precipitation of interstitial oxygen were
conducted, in the silicon wafer  according to the present invention where
interstitial  oxygen concentration has not been reduced, an effect of  slip
and warpage suppression is not apparently clear. But 25 when heat treatment
(for example, heat treatment at a  relatively low temperature for a short
time) where heat  treatment does not accompany precipitation of
interstitial oxygen so much is performed, occurrence of  slip and warpage
can be suppressed significantly even in 30 the silicon wafer according to
the present invention  where the interstitial oxygen concentration has not
been  reduced. [BRIEF DESCRIPTION OF THE DRAWINGS]  [0102] 35 [FIG. 1] FIG.
1 is a diagram for explaining slip and  warpage introduced in RTA heat
treatment. [FIG. 2] FIG. 2 is an illustrative diagram showing
discrimination between an octahedral BMD and a plate 43  shaped BMD. 44  a E
m F m E m 
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^ OIU (J UW  d go m o U a a 50  [DOCUMENT NAME]CLAIMS [CLAIM 1] A silicon
wafer where a shape of BMDs is octahedral,  wherein 5 a density of BMDs
whose diagonal lengths are in a  range of l0nm to 50nm, of BMDs present at a
deep position  which is inwardly spaced from a surface of a silicon  wafer
by a distance of 50m or more, is 5 X 1011/cm3 or  more, 10 a density of BMDS
whose diagonal lengths are 300nm  or more, of BMDs present at a deep
position which is  inwardly spaced from a surface of a silicon wafer by a
distance of 50m or more, is 1 X 107/cm3 or less, and an interstitial oxygen
concentration is 5 X 1017  15 atoms/cm3 or less. [CLAIM 2] A silicon wafer
where plate-shaped BMDS and  octahedral BMDs are present, wherein 20 a
density of octahedral BMDs whose diagonal lengths  are in a range of l0nm to
50nm, of BMDS present at a deep  position which is inwardly spaced from a
surface of a  silicon wafer by a distance of 50  m or more, is 5 X  



1011/cm3 or more, 25 a density of plate-shaped BMDs whose diagonal  lengths
are 750nm or more, of BMDS present at a deep  position which is inwardly
spaced from a surface of a  silicon wafer by a distance of 50  m or more,
are 1 X  107/cm3 or less, and 30 an interstitial oxygen concentration is 5 X
1017  atoms/cm3 or less. [CLAIM 3] A silicon wafer where a shape of BMDS is
plate- 35 shaped, wherein a density of BMDS whose diagonal lengths are in a
range of lOnm to 120nm, of BMDs present at a deep  position which is spaced
inwardly from a surface of a 51  silicon wafer by a distance of 50  m or
more, is 1 X  1011/cm3 or more, a density of BMDs whose diagonal lengths are
750nm  or more, of BMDs present at a deep position which is  5 spaced
inwardly from a surface of a silicon wafer by a distance of 50m or more, is
1 X 107/cm3 or less, and an interstitial oxygen concentration is 5 X 1017
atoms/cm3 or less. 10 [CLAIM 4] A method for manufacturing the silicon wafer
according to claim 1, wherein a heat treatment is  preformed, the heat
treatment including (A): a low temperature heat treatment conducted at a  15
temperature of 600 to 750C for 30 minutes to 10 hours;  (B): a step of
temperature ramping up to 1000C conducted at a temperature ramping up rate
of 0.1 to  1C/minute for 5 to 50 hours, and (C): a high temperature heat
treatment step  20 conducted at a temperature of 1000C to 1250C such that  a
diffusion length of interstitial oxygen is in a range  of 30m to 50m. [CLAIM
5] 25 A method for manufacturing the silicon wafer  according to claim 1,
wherein a heat treatment is  performed, the heat treatment including (A) : a
step of performing a heat treatment at a  



temperature between 600 and 750C for 30 minutes to 10  30 hours as a low
temperature heat treatment step; (B): a step including temperature ramping
up to  800C at a temperature ramping up rate of 0.1 to  1C/minute for 1 to
20 hours as a temperature ramping up  step after the low temperature heat
treatment step; 35 (C): a step including ramping down the furnace
temperature at a temperature ramping down rate of 1 to  10C/minute, taking
out a substrate outside furnace at  the furnace temperature between 600C to
800C and 52  cooling the substrate down to the room temperature ;and (D) : a
step including taking a substrate inside the  furnace at the furnace
temperature between 600C to 800C  and ramping up to 1000C at a temperature
ramping up rate 5 of 1 to 10C/minute and performing a heat treatment at a
temperature of 1000C to 1250C such that a diffusion  length of interstitial
oxygen is in a range of 30 m to  50m as a high temperature heat treatment
step. 10 [CLAIM 6] A method for manufacturing the silicon wafer  according
to claim 2, wherein a nitrogen concentration in a substrate is in a  range
of 5 X 1014atoms /cm3 to 1 X 1016atoms/cm3, and 15 a heat treatment is
performed to the substrate, the  heat treatment including: (A): a low
temperature heat treatment conducted at a  temperature of 600 to 750C for 30
minutes to 10 hours;  (B): a step including temperature ramping up 20
conducted up to 1000C at a temperature rising rate of  0.1 to 1C/minute for
5 to 50 hours; and (C): a high temperature heat treatment step  performed at
a temperature of 1000C to 1250C such that  a diffusion length of
interstitial oxygen is in a range  25 of 30m to 50m. [Claim 7] A method for
manufacturing the silicon wafer  according to claim 2, wherein 30 a nitrogen
concentration in a substrate is in a  range of 5 X 1014atoms /cm3 to 1 X
1016atoms /cm3, and a heat treatment is performed to the substrate, the  



heat treatment including: (A) : a step of performing a heat treatment at a
35 temperature of 600C to 750C for 30 minutes to 10 hours  as a low
temperature heat treatment step; (B) a step including temperature ramping up
to  800C at a temperature ramping up rate of 0.1 to 53  1C/minute for 1 to
20 hours; (C): a step including ramping down the furnace  temperature at a
temperature ramping down rate of 1 to  10C/minute, taking out a substrate
outside furnace at 5 the furnace temperature between 600C to 800C and
cooling the substrate down to the room temperature ;and  (D) : a step
including taking a substrate inside the furnace at the furnace temperature
between 600C to 800C  and ramping up to 1000C at a temperature ramping up
rate  10 of 1 to 10C/minute and performing a heat treatment at a temperature
of 1000C to 1250C such that a diffusion  length of interstitial oxygen is in
a range of 30 m to  50m as a high temperature heat treatment step. 15 [CLAIM
8] A method for manufacturing the silicon wafer  according to claim 3,
wherein a heat treatment is performed to a substrate, the  heat treatment
including 20 (A): a low temperature heat treatment for performing  a heat
treatment at a temperature of 600C to 750C for  10 minutes to 10 hours; (B)
: a temperature ramping up step including a step  of performing temperature
ramping up to 1000C at a rate  25 of 0.1C/munite to 1C/minute for 5 to 50
hours; and (C): a high temperature heat treatment step  conducted at a
temperature of 1000C to 1250C such that  a diffusion length of interstitial
oxygen is in a range  of 20m to 30m. 30 [CLAIM 9] A method for manufacturing
a silicon wafer according  to claim 3, wherein a heat treatment is performed
to a substrate, the  35 heat treatment including: 



(A): a step of conducting heat treatment at a  temperature of 600C to 750C
for 10 minutes to 10 hours  as a low temperature heat treatment step; 54
(B) a step including temperature ramping up to 800C at a temperature rising
rate of 0.1 to 1C/minute  for 1 to 20 hours as a temperature rising step
after the  low temperature heat treatment step; 5 (c): a step including
ramping down the furnace  temperature at a temperature ramping down rate of
1 to  10C/minute, taking out a substrate outside furnace at  the furnace
temperature between 600C to 800C and  cooling the substrate down to the room
temperature ;and 10 (D): a step including taking a substrate inside the
furnace at the furnace temperature between 600C to 800C  and ramping up to
1000C at a temperature ramping up rate  of 1 to 10C/minute and performing a
heat treatment at a  temperature of 1000C to 1250C such that a diffusion 15
length of interstitial oxygen is in a range of 20m to  30m as a high
temperature heat treatment step. [CLAIM 10] The method for manufacturing a
silicon wafer  20 according to claim 8 or 9, wherein a nitrogen
concentration in the substrate is in a  range of 5 X 1014 atoms/cm3 to 1 X
1016atoms/cm3. [CLAIM 11] 25 The method for manufacturing a silicon wafer
according to any one of claims 4 to 8 or 9, wherein a carbon concentration
in the substrate is in a  range of 2 X 1015atoms/cm3 to 3 X 1016 atoms/cm3. 




