
Method and Device for Producing Semiconductor Wafers of
Silicon  The invention relates to a method for
producing semiconductor  wafers of silicon, comprising
the pulling of a single crystal 5 from a melt contained
in a crucible and the slicing of  semiconductor wafers
from the pulled single crystal, heat being  delivered
to a center of the growing single crystal at the
boundary with the melt during the pulling of the single
crystal, and a CUSP magnetic field being applied to the
melt. 10' The invention also relates to a device for
carrying out the  method. ti Such a method is also
known as an MCZ method, because the  single crystal is
produced according to the Czochralski method  15 and
the melt is exposed to a magnetic field. Magnetic
fields have already been used for a long time in order
to be able to  influence melt flows. In the industrial
fabrication of silicon  single crystals, horizontal
magnetic fields or so-called CUSP  fields are
particularly often used. JP 61-222984 claims a 20
device for pulling single crystals according to the
Czochralski  method while imposing a static magnetic
field in the melt,  which optimizes the temperature
distribution in the melt and  dampens convection. The
CUSP magnetic field is generated by  mutually opposite
magnetic coils with the same polarity, which 25 are
arranged coaxially with the pulling axis of the single
crystal. DE 103 39 792 Al describes MCZ methods for
producing single  crystals of silicon, which are
optimized in respect of their  30 defect properties.
The focus of attention lies on intrinsic point defects
and their aggregates, as well as the Voronkov  model
which allows predictions regarding the formation of
such  defects. In the case of intrinsic point defects,
distinction is  made between interstitial silicon atoms
(interstitials) and 35 vacancies. If point defects
enter supersaturation when the  single crystal is being
cooled, then silicon interstitials will  



form aggregates which can be detected in the form of 2
dislocation loops (A-swirl defects, LPITs) and smaller
clusters  (B-swirl defects). In the event of
supersaturation, vacancies  form vacancy aggregates
(voids) which, depending on the  detection method, are
referred to inter alia as COP defects 5 (crystal
originated particles), FPDs (flow pattern defects),
LLSs (localized light scatterers) or DSODs (direct
surface  oxide defects). It is necessary to ensure that
the  semiconductor wafers of silicon have no A-swirl
defects in the  region relevant for producing the
components, and that they are 10 as free as possible of
COP defects whose size lies in the range  of the
structure widths of the components or higher.
Semiconductor wafers which fulfill these requirements
are often  referred to as defect-free or perfect, even
though their  crystal lattice generally contains
smaller COP defects or B 15 swirl defects, or both
types of defect. According to the Voron- kov model,
that intrinsic point defect type which is  incorporated
in excess into the crystal lattice when pulling  the
single crystal depends essentially on the ratio of the
pulling rate V, at which the single crystal is pulled
from the 20 melt, and the temperature gradient G
perpendicular to the phase  boundary between the
growing single crystal and the melt. If  the ratio
falls below a critical ratio, then an excess of
silicon interstitials is created. If the critical ratio
is  exceeded, then the vacancies predominate. If there
is an excess 25 of vacancies, the size of the COP
defects being formed depends  essentially on two
process parameters, namely the  aforementioned ratio
V/G and the rate at which the single  crystal is cooled
in the range of from approximately 1100C to  1000C, the
nucleation temperature of voids. The COP defects 30 are
therefore commensurately smaller as the ratio V/G lies
closer to the critical ratio and the faster the single
crystal  is cooled in said temperature range. In
practice, attempts are  



therefore made to control the two process parameters
when  pulling the single crystal, so that the defects
created by 35 supersaturation of vacancies remain small
enough not to  interfere with the production of
electronic components. Since  the structure widths of
the components decrease with each 3  generation, the
defect size which can still be tolerated  decreases
accordingly. Owing to corrosion of the quartz crucible,
oxygen will enter 5 the melt. The oxygen forms small
so-called precipitates in the  single crystal (as grown
bulk micro defects, BMDs). These are  desirable to a
certain extent because they can keep metallic
impurities lying in the interior (bulk) of the silicon
wafer  away from the surface (gettering). 10 If the
single crystal is pulled under conditions in which the
ratio V/G lies only slightly above the critical ratio,
then the  interaction of vacancies and oxygen atoms
also forms seeds,  which give rise to OSF defects
(oxidation induced stacking 15 faults) . The presence
of a zone with such seeds (DSF zone) is  usually
detected by subjecting a semiconductor wafer, sliced
from the single crystal, to oxidation in wet oxygen at
about  1000C for a few hours so that OSF defects are
formed. Since  this defect type is likewise detrimental
to the functional 20 integrity of electronic
components, endeavors are made to  suppress their
formation, for example by reducing the  concentration
of oxygen in the melt so that less oxygen is
incorporated into the single crystal than would be
necessary in  order to form OSF defects. The OSF zone
can also be avoided by 25 modifying V/G, for example by
using higher or lower pulling  rates. The formation of
OSF seeds can furthermore be reduced by  higher cooling
rates (in the temperature range of the  precipitation
at 900C). 30 In the context of the invention,
semiconductor wafers of  



silicon are referred to as low-defect if no OSF defects
are  detectable and at least 75% of the surface is
essentially free  of A-swirl defects and COP defects
with a size greater than 30  nm. 35 Particular
difficulties in controlling the ratio V/G result  from
the fact that the single crystal usually cools faster
at 4  the edge than at the center, so that the ratio
V/G decreases  from the center toward the edge. Despite
corresponding control,  this can lead to unacceptably
large COP defects being formed at  the center and/or
A-swirl defects in the edge region. The 5 dependency of
G on the radial position r, i.e. G(r), must  therefore
be taken into account especially when semiconductor
wafers of silicon with a diameter of 200 mm, 300 mm or
more are  intended to be produced. Variations in V/G as
a function of the  amount of melt crystallized must
likewise be taken into 10- account. In order to
restrict radial variations in the axial temperature
gradient G at the phase boundary, the aforementioned DE
103 39  792 Al proposes to induce a melt flow directed
toward the 15 center of the phase boundary. This is
achieved, for example, by  co-rotating the single
crystal and the crucible and applying a  CUSP magnetic
field to the melt. The heat thereby supplied to  the
center of the single crystal increases the axial
temperature gradient there and equalizes its radial
profile. It 20 has however been found that these
measures of radially  homogenizing G are not on their
own sufficient to achieve high  yields of low-defect
semiconductor wafers. For instance, it is  often found
in particular that semiconductor wafers of rapidly
pulled single crystals have a wide zone with
unacceptably large  25 COP defects at their center. It
was therefore an object to develop an MCZ method with
which  low-defect semiconductor wafers can be produced
with an  



improved yield. 30 The invention relates to a method
for producing semiconductor  wafers of silicon,
comprising the pulling of a single crystal  from a melt
contained in a crucible and the slicing of
semiconductor wafers from the pulled single crystal,
heat being 35 delivered to a center of the growing
single crystal at the  boundary with the melt during
the pulling of the single  crystal, and a CUSP magnetic
field being applied to the melt so 5  that a neutral
surface of the CUSP magnetic field intersects a
pulling axis of the single crystal at a distance of at
least 50  mm from a surface of the melt. 5 The method
improves in particular the yield of low-defect
semiconductor wafers of silicon with a diameter of 300
mm or  more. This applies especially when pulling is
carried out with  comparatively high pulling rates of
more than 0.35 mm/min.  Especially for these cases, the
method provides a way in which 10 a zone with large COP
defects at the center of the silicon  wafer can be
reduced or avoided. By intensive studies, the inventors
have established that the  radial profile of the ratio
V/G can be equalized more  15 effectively when the
neutral surface of the CUSP magnetic field is placed as
far as possible above the surface of the melt.  Owing
to this measure, the melt flow transporting heat toward
the center of the phase boundary remains focused more
strongly  onto this center. However, it has also been
found that the 20 neutral plane cannot be moved
arbitrarily far upward because  the temperature
gradient between the edge of the single crystal  and
the adjoining melt then also becomes flatter. Moreover,
if  the temperature gradient becomes too small, then
the single  crystal starts to grow in a non-round
fashion. It is therefore 25 preferable to place the
neutral surface of the CUSP magnetic  field so that it
intersects the pulling axis of the single  



crystal at a distance from the surface of the melt
which lies  in the range of from 50 to 150 mm,
particularly preferably in  the range of from 80 to 140
mm. The position of the neutral 30 surface can be
controlled via the horizontal arrangement of the
magnetic coils and via the ratio of the field strengths
of the  fields of the upper and lower magnetic coils.
For example, the  neutral surface lies commensurately
further away from the  surface of the melt when the
distance from the upper magnetic 35 field coil to the
surface of the melt is greater and when the  field
strength of the field of the upper magnetic coil is
smaller in relation to the lower magnetic field coil.
The 6  neutral surface of the CUSP magnetic field
denotes the  positions between the magnetic field coils
where the axial  component of the CUSP magnetic field
is zero. 5 The present invention will be explained in
more detail below  with the aid of figures. Fig.la
schematically depicts the temperature distribution in a
single crystal pulled from the melt. The spacing of the
10 isotherms in the vicinity of the phase boundary
reflects the axial temperature gradient G, whose radial
variation G(r) is of  great importance for the defect
formation. Conventionally the  temperature gradient is
very high at the crystal edge owing to  the large
amount of radiation emitted, so that the single  15
crystal cools rapidly (temperature decrease per
length). Fig.lb shows the radial defect distribution to
be expected  according to the Voronkov model, which is
determined  essentially by the value of the ratio,
represented by the 20 ordinate, of the pulling rate V
and the axial temperature  gradient G at the phase
boundary. If this value lies in the  region denoted by
II while the single crystal is being pulled,  then the
single crystal and the semiconductor wafers sliced
from it will be free of A-swirl defects and large COP
defects. 25 The upper boundary of the region II denotes
the lowest V/G  



ratio, above which aggregates of vacancies will be
formed which  are larger than 30 nm. Below this
boundary, only small COP  defects are formed. The lower
boundary of the region II denotes  the highest V/G
ratio, below which A-swirl defects will be 30 formed.
Above this boundary, only B-swirl defects are still
formed. Between the upper boundary and the boundary
marked by  Ccrit lies the OSF zone, in which OSF
defects will be detectable  if no measures are
implemented to limit the incorporation of  oxygen into
the single crystal. The boundary marked by Ccrit 35
denotes the V/G ratio at which neither vacancies nor
silicon  interstitials are present in excess. 7  The
method according to the invention serves to obtain as
many  low-defect semiconductor wafers as possible from
a single  crystal with a selected ratio V/G. The radial
profile of V/G  must therefore be homogenized so that
the ratio does not lie in 5 the region of the formation
of A-swirl defects (region III) and  also as far as
possible not in the region of the formation of  large
COP defects (region I). According to the invention,
this  is achieved by applying a CUSP magnetic field to
the melt, the  neutral surface of which lies at a
distance of at least 50 mm 10 from the surface of the
melt where it intersects the pulling  axis. Fig.2
schematically shows the relationship between the axial
position of the neutral surface and the formation of
COP  15 defects with a size of more than 30 nm for
pulling rates of about 0.38 mm/min. If the neutral
surface intersects the  pulling axis below the surface
of the melt, i.e. at a position  which is less than 0
on the scale shown, unacceptably large and
unacceptably many COP defects will be detected. This is
still 20 the case if the intersection point lies in the
region of the  surface of the melt. Only if the
intersection point is raised  in the scope of the
invention, so that the supply of heat is  concentrated
better onto the center of the single crystal, will  



the number of large COP defects be significantly
reduced. if 25 the neutral surface lies more than
approximately 150 mm above  the surface of the melt,
then the single crystal will no longer  grow in a round
fashion. Preferred embodiments of the method provide
one or more  30 additional measures for radially
homogenizing the axial  temperature gradient G. One of
these is that the single crystal  and the crucible
containing the melt are co-rotated while the  single
crystal is being pulled, and the single crystal is
rotated more rapidly than the crucible. When pulling a
single 35 crystal in order to produce semiconductor
wafers with a  diameter of 300 mm, it has proven
particularly favorable for  the rotation speed of the
single crystal to lie in the range of 8  from 6 to 10
rpm and for that of the crucible to lie in the  range
of from 1 to 4 rpm. As large as possible a difference
between the rotation speeds is particularly preferred
in this  case. However, the single crystal also should
not be rotated 5 too rapidly because otherwise it will
be deformed, i.e. become  non-round, which will entail
great difficulties or losses in  the further processing
to form silicon wafers. Another  additional method
consists in the distance at which a  conventional heat
shield, surrounding the single crystal, lies 10 from
the surface of the melt being at least 10 mm,
preferably  from 25 to 50 nm. Furthermore an annular
heat source may  additionally be used, for example such
as is described in the  previously cited DE 103 39 792
Al, in order to heat the single  crystal's edge
adjoining the surface of the melt. In this way 15 it is
possible for the heat input in the outer region of the
solidifying single crystal, and therefore the axial
temperature  gradient G in this region, to be
controlled very accurately and  adapted to varying
thermal conditions, which cannot be done via  the
distance between the heat shield and the melt surface,
or 20 can be done thereby only with difficulty. Such a
controlled  



heat supply in the edge region of the single crystal is
expedient because the geometrical and therefore thermal
conditions vary with the length of the single crystal
and the  decreasing amount of melt. 25 Preferred
embodiments of the method also provide one or more
additional measures for controlling the axial gradient
G, in  order to be able to produce low-defect
semiconductor wafers  with high productivity. To this
end, according to the Voronkov 30 model, the rate V and
the axial temperature gradient G must be  raised
uniformly when the single crystal is being pulled. In
general, an increase in the temperature gradient is
achieved by  stronger cooling of the single crystal,
for example by using  heat shields and coolers which
surround the single crystal. 35 Unfortunately, the
radial profile of the temperature gradient  G(r)
becomes more inhomogeneous as a result of the cooling
and  the higher pulling rates. In order to be able to
operate with 9  particularly high pulling rates, heat
should therefore be  delivered as intensively as
possible from the melt toward the  center of the
growing single crystal. The heat transport takes  place
essentially by a melt flow directed from the crucible 5
bottom toward the center of the phase boundary. A
smaller  proportion may also be introduced directly via
thermal  conduction. The additionally required heat is
preferably  provided by at least one heat source
heating the central region  of the crucible bottom. 10
In order to achieve particularly high pulling rates, it
is  preferable to use a mobile heat source which is
raised with the  crucible while the single crystal is
being pulled, and which  heats a centrally lying region
of the crucible bottom. Owing to 15 the fact that the
heat source is raised with the crucible,  additional
heating power is not required because it is not  



necessary to compensate for a power loss due to an
increasing  distance between the heat source and the
crucible bottom. The  centered geometrical arrangement
of the heat source at the 20 crucible bottom assists of
the formation of the central melt  flow, which
transports heat. In addition or as an alternative  to
this, the crucible bottom may be heated with the aid of
a  heat source which is arranged statically below the
crucible,  and which is therefore not lifted together
with the crucible 25 while the single crystal is being
pulled. Together with a  conventional lateral heater,
which surrounds the crucible, heat  is thus preferably
delivered to the single crystal and to the  melt in
various ways. In order to produce low-defect
semiconductor wafers having diameters of 300 mm with
high 30 productivity, the heating power is preferably
divided between  the heat sources in the following way.
The heating power of the  lateral heater lies in the
range of from 75% to 85%, that of  the annular heat
source from 6% to 12%, that of the static heat  source
in the range of from 5% to 10% and that of the mobile
35 heat source in the range of from 4% to 8% of the
total power.  The region in the crucible bottom, to
which additional heat is  applied, preferably has a
diameter of at most one half of the 10  crystal
diameter. The temperature distribution should be
rotationally symmetric in said region. In order to
achieve medium pulling rates, which lie in the  5 range
of from 0.35 to 0.55 mm/min with single crystals of
silicon for semiconductor wafers having a diameter of
300 mm,  the mobile heat source may be omitted. The
heating power of the  lateral heater in this case
preferably lies in the range of  from 60 to 80%, that
of the annular heat source from 10% to 20% 10 and that
of the static heat source in the range of from 10% to
20% of the total power. Conventionally, the heating
power of the lateral heater is  controlled over the
length of the single crystal so that the  



15 desired pulling rate and the crystal diameter can
simultaneously be achieved and maintained. Heat is
preferably also extracted from the single crystal by
cooling. In this way, the total cooling rate of the
single  20 crystal is influenced and the axial
temperature gradient G is increased overall. The
nucleation of vacancy aggregates in the  temperature
range relevant therefor (melting point up to about
10003C) is furthermore influenced. The higher the
cooling rate,  the smaller is the size of the COPs
which are formed. In 25 particular a water-cooled heat
exchanger, which is arranged  around the single crystal
and comprises safety features as  described in EP
725169 Al, is suitable for effective cooling.  Its
inner surface facing the single crystal is preferably
blackened so that as little radiative heat as possible
is 30 reflected toward the single crystal. The
emissivity e of the  inner surface is preferably at
least 0.75. The inner surface  facing the single
crystal has an area of at least 2500 cm2.  Preferred
embodiments of the method also provide one or more 35
measures for controlling the oxygen concentration in
the single  crystal. The oxygen concentration in the
single crystal should  be controlled, and preferably
low enough so that no OSF defects 11  are formed even
when the single crystal is pulled with a ratio  V/G
which, according to the Voronkov model, would be
conducive  to the formation of such defects. On the
other hand, there  should also preferably be enough
oxygen so that sufficient 5 nucleation centers are
present for the oxygen precipitates. It  is known that
the formation of nucleation centers for oxygen
precipitates, and in turn the getterability, can be
increased  by additionally doping with nitrogen and/or
carbon. Optionally,  therefore, doping may additionally
be carried out with nitrogen 10 and/or carbon so long
as this does not lead to the formation of  OSF defects.
It is furthermore known that the range within  which
V/G may vary during the production of low-defect  



semiconductor wafers is greater when the single crystal
is  additionally doped with nitrogen, carbon or
hydrogen or a 15 combination of these elements. As
regards the oxygen  concentration, a concentration
according to ASTM Standard F121- 83 preferably in the
range of from 5x1017 atoms/cm3 to 6.5x1017  atoms/cm3
is desirable if additional doping with nitrogen  and/or
carbon is not intended. 20 The oxygen concentration is
preferably controlled via the field  strength generated
by the magnetic coils, via the pressure in  the pulling
system and via the throughput per unit time with  which
an inert gas, for example argon, is fed through the 25
pulling system. The oxygen content in the single
crystal is  dependent on the melt flows. With
co-rotation of the single  crystal and the crucible,
for example, increased crucible  rotation leads to a
lower oxygen content. Field strengths of  from at least
10 mT (7960 A/m) to 80 mT (63700 A/m) in the 30 region
of the pulling axis in the melt, and a pressure-
throughput ratio of from 0.004 to 0.03 mbar/(1/h) are
particularly preferred. If the field strength is too
low, then  the effect delivering the melt flow toward
the center of the  phase boundary will be lost, the
melt flow will diverge and its 35 homogenizing effect
will no longer be exerted in the central  region of the
phase boundary. 12  Fig.3a and 3b represent the
influence which the field strength  of the CUSP
magnetic field and the crucible rotation with co-
rotation of the single crystal have on the oxygen
concentration  in the single crystal. Although the
ratio of pressure to 5 throughput co-determines the
oxygen content, it must however  also be selected so as
to guarantee effective transport of the  particles and
condensates out of the gas space above the  crucible.
Otherwise particles may enter the melt and reach the
phase boundary, and cause crystal dislocations there.
The 



10 production of low-defect single crystals having
diameters of at  least 300 mm with high pulling rates
is preferably carried out  at a high pressure of at
least 40 mbar, particularly preferably  at least 80
mbar. In this way the cooling rate in the  temperature
range of the nucleation of vacancy aggregates may 15
also be increased somewhat, so that even smaller
defects are  formed. Fig.4 shows a preferred pulling
device with which single  crystals, which provide
low-defect semiconductor wafers with  20 high yields,
can be pulled from a melt even by using comparatively
high pulling rates of up to more than 0.55 mm/min  in
the direction a. The single crystal and the crucible
are  rotated in co-rotation directions b and c. The
device comprises  a crucible 8 which contains a melt
and is surrounded by a 25 lateral heater 6. The single
crystal 9 pulled from the melt is  screened against
radiative heat by a heat shield 2 surrounding  it. The
CUSP magnetic field is generated by two mutually
opposite magnetic field coils 5, which are arranged
coaxially  with the crucible and the pulling axis of
the single crystal. 30 The neutral surface 10 of the
CUSP magnetic field intersects  the pulling axis at a
distance d from the surface of the melt.  The distance
is from 50 to 150 mm. The pulling device  furthermore
comprises a bottom heater 4, raisable with the
crucible, which delivers heat that is transported by
the melt 35 flow 11 directed toward a center of the
growing single crystal.  The axial position of the
neutral surface of the CUSP magnetic  field above the
surface of the melt makes a crucial 13  contribution to
the melt flow 11 reaching the center in a  focused way,
i.e. having a radius that is substantially less  than
the radius of the single crystal when it reaches the
center. Other preferred features of the pulling device
are a 5 static bottom heater 7 by which an outer-lying
region of the  bottom of the crucible is heated, and a
heat exchanger 1  



surrounding the single crystal and preferably cooled
with water  and blackened on the inner surface, as well
as an annular  heater 3 by which an edge of the single
crystal adjoining the  10 melt is heated. The lower
edge of the heat exchanger (cooler) lies at a  distance
e from the lower edge of the heat shield, which is
preferably in the range of from 40 to 200 mm. For the
15 production of low-defect single crystals with high
pulling  rates (more than 0.5 mm/min), the distance
preferably lies in  the lower part of the range
indicated. The distance f denotes  the distance between
the lower edge of the annular heater 3 and  the lower
edge of the heat shield 2. This distance is 20
preferably from 10 to 30 mm. The lower edge of the heat
shield  2 lies at a distance g of preferably 10 to 50
mm from the free  melt surface. The greater the amount
of heat supplied by the  annular heater, the smaller
this distance can be kept. With the  aid of the annular
heater 3 and the heat exchanger 1, the heat 25 budget
can be controlled expediently and adapted to the
thermal  conditions which vary during the pulling
process. Example:  A plurality of single crystals of
silicon were pulled under  30 various conditions and
processed further to form semiconductor wafers having a
diameter of 300 mm. The subsequently examined
semiconductor wafers came from various cylindrical
crystal  positions, the transition from an initial cone
to the  cylindrical part of the single crystal having
been defined as 35 the zero position. Three groups of
specimens were formed  overall, for each of which the
respective process parameters  did not differ
substantially except for the position of the 14
neutral surface of the magnetic field. A device having
the features according to Fig.4 was used for  pulling
the single crystals, but without the mobile bottom  5
heater 4 in the case of the slowly pulled single
crystals and 



without the annular heater 3 in the case of the rapidly
pulled  single crystals. The crystal and crucible
rotations were both  co-rotatory. 10 Examining the
semiconductor wafers which were taken showed the
presence of A-Swirl defects (LPITs) and FPDs (flow
pattern  defects) in all cases. Such defects were
detected by etching  the specimens and subsequent
microscopic examination. For the  specimens in which an
oxygen concentration of less than 5.8 E17 15 atoms per
cm3 was adjusted with the aid of the crucial process
parameters, there were actually no OSF defects.
Specimen P3 had  for example an oxygen content of 4.6
E17 atoms/cm3, with a  radial variation of 0.6% and a
resistivity of 10 Ohmcm (radial  variation 1.1 %) and
was without detectable oxidation induced  20 stacking
faults (OSF). The examination in relation to the
presence of COP defects with  a diameter of more than
30 nm was carried out in two ways: By  IR light
scattering analysis with a meter of the M0-6 type from
25 Mitsui Mining and Smelting, and by electrochemical
Cu  decoration (DSOD). As revealed by comparative
measurements, MO- 6 and DSOD correlate. Before carrying
out the measurement,  disk-shaped specimens were taken
from the polished  semiconductor wafers, with a
diameter corresponding to the 30 radius of the
semiconductor wafers. The position where the  specimens
were taken is shown by Fig.2. Since the process
conditions when producing the single crystals were
essentially  the same for each specimen group, except
for the position of  the neutral surface of the
magnetic field, the effect of 35 displacing the neutral
surface on the defect formation can be  shown directly.
15  Specimens P1 to P3 of the first group came from
slowly pulled  single crystals. Specimens P1 and P2
show a region at the  center, in which COP defects made
visible by means of DSOD are  common, while such a
region was no longer detected in the case 



5 of specimen P3. Only isolated preparation artifacts
can be  seen. The defect images of these specimens and
further  specimens P4 to P7 are highlighted in Fig.5.
Only in the case of specimen P3 did the point of
intersection  10 of the neutral surface of the CUSP
magnetic' field lie at +9 cm  above the surface of the
melt and therefore in the range  according to the
invention. For the other two specimens P1 and  P2, the
axial position of the neutral surface lay in the melt
(-16 cm) or slightly below the surface of the melt
(-1.4 cm). 15 The effect achieved by raising the
position of the neutral  surface of the magnetic field
was that the defect-free  component of the surface of
the semiconductor wafer increased  significantly. This
effect is exhibited even with high pulling  rates, as
revealed by the following examples. 20 For the
production of further single crystals, the effect of
the heat exchanger was enhanced by positioning it
closer to the  phase boundary. Owing to the concomitant
increase in the  temperature gradient G, the pulling
rate V could also he 25 increased. The defect images of
the specimen group P4 and P5,  based on MO-6
measurements, show a lower homogeneity of G(r) . A
corresponding reduction of the COP defects in the
central  region was therefore achieved only by
increasing the distance  from the neutral surface of
the magnetic field to the surface 30 of the melt from
+12 cm (specimen 4) to +14 cm (specimen 5).  When
pulling the single crystals for the third group
(specimen  6 and specimen 7), the use of the annular
heater was obviated  in favor of a larger distance g
between the heat shield and the 35 surface of the melt.
At the same time, a more powerful heat  exchanger was
arranged at a short distance e from the lower  edge of
the heat shield in order to increase the gradient G. In
16  this way, the pulling rate V could be increased
further.  However, an increased need for homogenization
of the gradient  



G(r) was found. The power of the mobile heat source was
increased, in order to deliver more heat to the center
of the 5 phase boundary. As shown by the defect images
based on MO-6  measurements, only increasing the
distance from the neutral  surface of the magnetic
field to the surface of the melt from  +10.5 cm
(specimen 6) to +11.5 cm (specimen 7) leads to a
significant reduction of the COP defect zone. -"  10
The average values of the most important process
parameters  when pulling the single crystals and the
defect images of  specimens P1 to P7 are summarized in
the following table. 15 Crystal specimen P1 P2 P3 P4 P5
P6 P7  Crystal position 450 420 450 220 i 210 400 380
[mm] .,.. .-_......,.,.....__..._._..__,....
_.......... -__.......;._ _ ....... ._..._. 0 ._38 ._..
.. 0...... 7 _.-......... ... - - ...._.__...__ ._,
.............._..  Pulling rate 0.38 0..3 0.57 0.72
0.71  (a) [mm/min] ....._.....i....-,-....... .... ...
(b) Crystal 8.5 7.2 8  rotation [rpm]
.................._._.._._..,..._._....__._._._._.._...
_. _.,.,..__...-..,... _,.,.___..__.___ ..___
_.._......._.__.._._:,........ ....--"-.._
__.__._,.,__._....._ (c) Crucible 4 4 4 3 3 4 4
rotation [rpm] ;.._ .__.. _....___.._.__- ......
..,....__...... .-_...... _.......... .._._...._.__.
.......... __ (d) Position of 16 1.4 + 9 + 12 + 14 +
10.5;+ 11.5  the neutral surface of the  magnetic field
[cm] .  



(e) Distance from 195 195 _._....195....._..._.. 45 45
_ 45 45 45  cooler - lower edge of heat  shield [mm]
(f) ._-Dist,anc.._--e--_.f___rom..........
.._...._.._._...__..._.-...z .......... 2__4 ...._.....
... 4.._..._....... _ ...............  24 i 24 2 ring
heater - lower edge of heat  shield [mm] (g) Distance
from 35_ ............35 35
_._...._.._...Z.S........_.......25....---.......
-5--..._..s---............ _.... 0 50 lower edge of
heat shield - melt [mm] ? Power of ring 10 10 10
........__.....Z..._._.......... 2------------
0.__,..,a..._._.....0,..........  eater [kW] .....
....... .................. .._-........... __......_..,
..._.....o_.......... ........ ...... _....--_....
-_._._._ _.......... 4_.....
,,.._......,..4_........_........_._........._....
_.........._....._.......,.  Power of crucible i 7 7
bottom heater [kW] j 17  j rte. G  DY I S \ Defect
image v,Cl  (COP measurement) CNI~h ;d1I ) \  Comparing
the defect images shows that in all cases, a high
position of the neutral surface of the magnetic field
leads to 5 a significant reduction of the COP defect
region at the center  of the semiconductor wafer. 18
CLAIMS 1. A method for producing semiconductor wafers
of silicon  having a diameter of 300 mm or more,
comprising the pulling of  



a single crystal from a melt contained in a crucible
and the  slicing of semiconductor wafers from the
pulled single crystal,  heat being delivered to a
center of the growing single crystal  at the boundary
with the melt during the pulling of the single
crystal, and a CUSP magnetic field being applied to the
melt so  that a neutral surface of the CUSP magnetic
field intersects a  pulling axis of the single crystal
at a distance of at least 50  mm from a surface of the
melt; providing a lateral heat source surrounding the
crucible,  annular heat source above the melt surface
surrounding the  single crystal, a static heat source
which is arranged  statically below the crucible, and a
mobile heat source at the  crucible bottom which is
raised with the crucible while the  single crystal is
being pulled; and dividing a heating power between the
heat sources. 2. The method as claimed in claim 1,
wherein the neutral  surface of the CUSP magnetic field
intersects the pulling axis  of the single crystal at a
distance of 50 to 150 mm from the  surface of the melt.
3. The method as claimed in claim 1 or claim 2, wherein
the  single crystal is pulled with a ratio V/G so that
neither A- swirl defects nor COP defects with a
diameter greater than 30  nm are created on at least
75% of the surface, V denoting a  pulling rate and G
denoting an axial temperature gradient at  the boundary
between the single crystal and the melt. 4. The method
as claimed in claim 1 or claim 2, wherein
incorporation of oxygen into the single crystal is
controlled  so that no OSF defects can be detected in
the semiconductor  wafers. 5. The method as claimed in
claim 1 or claim 2, wherein the 19  heating power of
said heat sources is divided so that the  lateral heat
source shares from 75% to 85%, the annular heat  source
shares from 6% to 12%, the static heat source shares  



from 5% to 10% and the mobile heat source shares from
4% to 8%  of the total heating power. 6. The method as
claimed in claim 1 or claim 2, wherein the  single
crystal and the crucible are co-rotated, the single
crystal being rotated more rapidly than the crucible.
7. The method as claimed in claim 1 or claim 2, wherein
heat is  extracted by cooling from the single crystal
in the temperature  range of the nucleation of vacancy
aggregates. 8. The method as claimed in claim 1 or
claim 2, wherein an edge  of the single crystal,
adjoining the surface of the melt, is  heated. 9. The
method as claimed in claim 1 or claim 2, wherein the
single crystal is pulled at a rate of at least 0.35
mm/min. 10. A device for pulling a single crystal from
a melt contained  in a crucible, comprising magnetic
coils which generate a CUSP  magnetic field having a
neutral surface that intersects a  pulling axis of the
single crystal at a distance of at least 50  mm above a
surface of the melt; a lateral heat source surrounding
the crucible; an annular heat source above the melt
surface surrounding the  single crystal; a static heat
source which is arranged statically below the
crucible; and a mobile heat source at the crucible
bottom which is raised  with the crucible while the
single crystal is being pulled. 11. The device as
claimed in claim 10, having a heat exchanger,  with a
blackened inner surface, surrounding the single
crystal. 20  12. The device as claimed in claim 10 or
claim 11, having a  heat shield, screening the single
crystal, with a lower edge  which lies at a distance of
10 to 50 mm from a surface of the  melt. 


