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(57) ABSTRACT 
A method for the production of a silicon single crystal by 
pulling the single crystal, according to the CZochralski 
method, from a melt Which is held in a rotating crucible, the 
single crystal groWing at a groWth front, heat being delib 
erately supplied to the center of the groWth front by a heat 
?ux directed at the groWth front. The method produces a 
silicon single crystal With an oxygen content of from 4*1017 
cm-3 to 7.2* 1017 cm-3 and a radial concentration change for 
boron or phosphorus of less than 5%, Which has no agglom 
erated self-point defects. Semiconductor Wafers are sepa 
rated from the single crystal. These semiconductor Wafers 
have may have agglomerated vacancy defects (COPs) as the 
only self-point defect type or may have certain other defect 
distributions. 
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METHOD AND DEVICE FOR THE PRODUCTION 
OF A SILICON SINGLE CRYSTAL, SILICON 

SINGLE CRYSTAL, AND SILICON 
SEMICONDUCTOR WAFERS WITH DETERMINED 

DEFECT DISTRIBUTIONS 

BACKGROUND OF THE INVENTION 1. Field 
of the Invention 

[0001] The invention relates to a method for the produc 
tion of a silicon single crystal by pulling the single crystal, 
according to the CZochralski method, from a melt Which is 
held in a rotating crucible, With the single crystal groWing at 
a groWth front. The invention also relates to a silicon single 
crystal and to semiconductor Wafers Which are separated 
therefrom. 2. The Prior Art 

[0002] The production of single crystals Which have a 
diameter of 200 mm or more represents a signi?cant chal 
lenge, particularly since it is very dif?cult to deliberately 
adjust the radial crystal properties Within a very narroW 
tolerance range. This applies to the concentration of impu 
rities or dopants, and especially to the crystal defects and 
self-point defects, and agglomerates thereof. Self-point 
defects include interstitial silicon atoms (silicon self-inter 
stitials) and vacancies, Which are formed at the groWth front 
of the single crystal. They very substantially determine the 
radial and axial defect distributions occurring later in the 
single crystal, and they also affect the impurity distributions 
Which occur. For example, vacancies contribute to the 
precipitation of oxygen. When they exceed a siZe of about 70 
nm, oxygen precipitates form oxygen-induced stacking 
faults (OSFs). The vacancies themselves can combine into 
agglomerates and form so-called COPs (crystal originated 
particles). Agglomerates of interstitial atoms form local 
crystal dislocations, Which are also referred to as LPITs 
(large etch pits) because of the detection method Which is 
used. The oxygen concentrations and the thermal conditions 
at the groWth front and in the solidifying single crystal 
determine the nature and distribution of the crystal defects 
and impurities. 

[0003] The thermal conditions When pulling the single 
crystal. are dictated by the heat sources, ie the heating 
elements Which are used, and the heat of crystalliZation 
released during solidi?cation. The heat energy is transferred 
to the single crystal by radiation, heat conduction and heat 
transport, for example via the ?oWs in the melt. The removal 
of heat in the vicinity of the groWth front is determined to a 
large extent by the heat radiated from the edge of the single 
crystal and by the thermal dissipation in the single crystal. 
Overall, the thermal budget can be affected by the design of 
the pulling system, ie via the geometrical arrangement of 
the thermally conductive parts, the heat shields and by 
additional heat sources. The process conditions, for example 
groWth rate, pressure, quantity, type and How of inert gases 
through the pulling system furthermore contribute substan 
tially to the thermal balance. Increasing the pressure or the 
quantity of inert gases, for example, Will reduce the tem 
perature. Faster pull rates produce more heat of crystalliZa 
tion. 

[0004] The ?oWs Which transport heat in the melt are 
extremely dif?cult to predict. The heating elements, gener 
ally arranged in a ring around the crucible, produce a 
convective How in the melt. Together With the counter 
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rotation conventionally used for the single crystal and cru 
cible, this leads to pattern of movement in the melt Which is 
distinguished by an upWard melt ?oW at the edge of the 
crucible and a doWnWard melt ?oW beloW the groWing 
single crystal. 

[0005] As experiments have shoWn, the movement of the 
melt also depends on the degree and direction of the rotation 
of the crucible and the single crystal. For example, iso 
rotation and counter-rotation produce very different convec 
tion patterns. Crystal pulling With iso-rotation has already 
been studied (Zulehner/Huber in Crystals 8, Springer Verlag, 
Berlin Heidelberg 1982, pp 44-46). Counter-rotation is gen 
erally preferred because, compared to iso-rotation, it leads to 
a less oxygen-rich material and signi?cantly more stable 
conditions for the crystal groWth. The iso-rotation variant is 
not generally used on an industrial scale. 

[0006] The ?oWs Which transport heat and oxygen in the 
melt can also be affected by the forces due to applied 
electromagnetic ?elds. Static or dynamic ?elds make it 
possible to alter the degree and direction of the ?oWs in the 
melt, so that different oxygen contents can be obtained. They 
are primarily used for oxygen control. Magnetic ?elds are 
used in a number of variants, for example in the form of 
static magnetic ?elds (horiZontal, vertical and CUSP mag 
netic ?elds), single-phase or polyphase alternating ?elds, 
rotating magnetic ?elds and traveling magnetic ?elds. 
According to US. patent application Ser. No. 2002/0092461 
A1, for example, a traveling magnetic ?eld is used in order 
to control the incorporation of oxygen into the single crystal. 
Recent numerical simulations for the effect of magnetic 
?elds on the movement of the melt are presented, for 
example, in “Numerical investigation of silicon melt How in 
large diameter CZ-crystal groWth under the in?uence of 
steady and dynamic magnetic ?elds”, Journal of Crystal 
GroWth, 230 (2001) 92-99. 

[0007] The radial temperature distribution at the groWth 
front of the crystal is extremely important for the crystal 
properties. It is determined essentially by the heat radiated 
from the edge of the single crystal. As a rule, a much more 
pronounced temperature drop is therefore observed at the 
edge of the single crystal than at its center. The axial 
temperature drop is usually denoted by G (axial temperature 
gradient). Its radial variation G®) very substantially deter 
mines the self-point defect distribution, and therefore the 
other crystal properties as Well. The radial change of the 
temperature gradient G due to the thermal budget is gener 
ally determined by numerical simulation calculations. The 
radial variation of the temperature gradient can be experi 
mentally determined from the behavior of the radial crystal 
defect distribution for different groWth rates. 

[0008] The ratio V/G®) is of crucial importance in terms 
of the creation of crystal defects, G®) being the axial 
temperature gradient at the groWth front of the single crystal 
and depending on the radial position (the radius r) in the 
single crystal, and V being the rate at Which the single 
crystal is pulled from the melt. If the ratio V/G is more than 
a critical value k1, then vacancy defects (vacancies) pre 
dominantly occur; these can agglomerate and then be iden 
ti?ed, for example, as COPs (crystal originated particles). 
Depending on the detection method, they are sometimes 
referred to as LPDs (light point defects) or LLSs (localiZed 
light scatterers). Because of the usually decreasing radial 
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pro?le of V/ G, the largest COPs most commonly occur at the 
center of the crystal. They generally have a diameter of 
about 100 nm, and therefore cause problems for component 
fabrication. The siZe and number of the COPs is determined 
by the initial concentrations of the vacancies, the cooling 
rate and the presence of impurities during agglomeration. 
For example, the presence of nitrogen leads to a shift of the 
siZe distribution toWard smaller COPs With a larger defect 
density. 
[0009] If the ratio V/G is loWer than a critical value k2, 
Which is less than k1, then self-point defects are predomi 
nantly found in the form of interstitial atoms (silicon self 
interstitials), Which can also produce agglomerates and are 
microscopically seen as dislocation loops. These are often 
referred to as A sWirls, and the smaller form as B sWirls, or 
as LPIT defects (large etch pits) for short because of their 
appearance. The siZe of LPITs lies in the range up to 10 pm. 
As a rule, not even epitaxial layers can cover up these 
defects perfectly. These defects as Well can also impair the 
functionality of the electronic components fabricated on 
silicon Wafers. 

[0010] In the broadest sense, the region in Which neither 
agglomeration of vacancies nor agglomeration of interstitial 
atoms takes place, ie in Which V/G lies betWeen k1 and k2, 
is referred to as a neutral Zone or perfect region. The value 
of V/G at Which the crystal changes from excess vacancies 
to excess interstitials naturally lies betWeen k1 and k2, and 
is given in the literature as the critical limit Ccm=1.3*10_3 
cm2 min31 1 K31 1 (Ammon, Journal of Crystal GroWth, 151, 
1995, 273-277). In a more speci?c sense, hoWever, distinc 
tion is also made betWeen a region in Which there are still 
free unagglomerated vacancies and a particular region of 
free interstitial atoms. The vacancy region, also referred to 
as the v region (vacancies), is distinguished in that if the 
oxygen content of the single crystal is high enough, oxida 
tion-induced stacking faults are created there, While the I 
region (interstitials) remains fully fault-free. In this more 
speci?c sense, therefore, only the I region is actually a 
perfect crystal region. 
[0011] Large ingroWn oxygen precipitates With a diameter 
of more than about 70 nm can be revealed as oxygen 

induced stacking faults (OSFs). To this end, the semicon 
ductor Wafers cut from the single crystal are subjected to a 
special heat treatment, Which is referred to as Wet oxidation. 
The groWth rate of the oxygen precipitates created during 
the crystal. pulling, Which are sometimes also referred to as 
groWn BMDs (bulk micro-defects), is promoted by vacan 
cies in the silicon lattice. OSFs are therefore encountered 
primarily in the v region. 

[0012] The single crystal Would be virtually defect-free if 
the pulling conditions can be adjusted so that the radial 
pro?le of the defect function V/G®) lies Within the critical 
limits for COP or LPIT formation. This is not easy to 
achieve, hoWever, especially When single crystals With a 
comparatively large diameter are being pulled, because the 
value of G then depends signi?cantly on the radial position 
r. In general, oWing to the radiative heat losses, the tem 
perature gradient G is very much greater at the edge of the 
single crystal than at the center. 

[0013] The radial pro?le of the defect function V/G®), or 
of the temperature gradient G®), can lead to there being 
several defect regions on a semiconductor Wafer cut from a 
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single crystal. COPS preferentially occur at the center. The 
siZe distribution of the agglomerated vacancies is dictated by 
the cooling rate of the single crystal in the vicinity of the 
groWth front. The siZe distribution of the COPs can be 
altered from a feW large COPs to many small, less perturbing 
COPs by a high cooling rate (more than 2 K/min), or short 
dWell times in the temperature range from the melting point 
to about 1100° C., or by doping the melt With nitrogen. 
Furthermore, a radial siZe distribution such that smaller 
defects are formed With increasing radius is found in the 
COP region. The COP region is folloWed by an oxygen 
induced stacking fault ring (OSF), due to the interaction of 
vacancies and oxygen precipitates. Outside this is a fully 
defect-free region, Which is in turn bounded by a region With 
crystal defects consisting of interstitial agglomerates 
(LPITs). At the edge of the single crystal, the interstitial 
atoms diffuse as a function of the thermal conditions, so that 
a centimeter-Wide defect-free ring may also be created there. 

[0014] The crystal defect regions that occur have already 
been discussed at length, in relation to the radial V/G pro?le, 
by EidenZon/PuZanov in Inorganic Materials, vol. 33, No. 3, 
1997, pp 219-255. This article has already indicated possible 
Ways of producing defect-free material. Both the cooling 
rate in temperature range during agglomeration, the effect of 
nitrogen doping and methods such as oscillating groWth rate 
are referred to in this context. 

[0015] To a certain extent, radial homogeniZation of 
V/G(r) can be achieved by using passive or active heat 
shields in the vicinity of the solidi?cation front, as proposed 
for example in Us. Pat. No. 6,153,008. Most publications 
relate to an effect on the cooling behavior due to modi?ed 
heat shields. With the knoWn prior art, hoWever, suf?cient 
radial V/G homogeniZation for the production of perfect 
silicon, especially With large crystal diameters, cannot be 
achieved in this Way. By means of impurities, for example 
nitrogen or carbon, but also oxygen, the siZe and positioning 
of the defect distribution can be in?uenced so that the 
precipitation of impurities such as oxygen, can also be 
in?uenced. It is therefore of great importance to be able to 
deliberately produce and control both axial and radial impu 
rity pro?les. 

SUMMARY OF THE INVENTION 

[0016] It is an object of the present invention to provide a 
method Which makes it possible to deliberately set up the 
defect distributions required by the customer in a single 
crystal, even With large crystal diameters, so that as many 
semiconductor Wafers as possible can be obtained With the 
speci?ed properties of the single crystal. Semiconductor 
Wafers Which have only COPs, especially those With a 
predetermined siZe and density distribution, and semicon 
ductor Wafers Which have no agglomerates of self-point 
defects (perfect silicon), are of particular interest in this 
context. Nevertheless, semiconductor Wafers With a stacking 
fault ring (ring Wafers), With both self-point defect types or 
With only one self-point defect type, together With a prede 
termined oxygen concentration or particular oxygen precipi 
tation, may be speci?ed by the customer. 

[0017] The invention relates to a method for the produc 
tion of a silicon single crystal by pulling the single crystal, 
according to the CZochralski method from a melt Which is 
held in a rotating crucible, the single crystal groWing at a 
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growth front, wherein heat is deliberately supplied to the 
center of the growth front by a heat ?ux directed at the 
growth front. 

[0018] The invention also relates to a silicon single crys 
tal. with an oxygen content of from 4*1017 cm'3 to 72*1017 
cm-3 and a radial concentration change for boron or phos 
phorus of less than 5%, which has no agglomerated self 
point defects, and which is optionally doped with nitrogen 
and/or carbon. The radial variation of the oxygen concen 
tration (ROV) is preferably at most 5%, particularly pref 
erably at most 2%. 

[0019] The invention also relates to silicon semiconductor 
wafers with agglomerated vacancy defects (COPs) as the 
only self-point defect type, these defects having a variation 
in their average diameter of less than 10% and being present 
on a circular surface of the semiconductor wafers, the 
diameter of the circular surface being at least 90% of the 
diameter of the semiconductor wafers. 

[0020] Lastly, the invention also relates to semiconductor 
wafers with certain other defect distributions. When analyZ 
ing the pulling tests which were carried out, it was found that 
insuf?cient radial homogeniZation of the ratio V/G®) is 
correlated with an inadequate heat supply from the melt to 
the center of the growth front. In the past, the importance of 
the heat supply from the melt for the production of perfect 
silicon was not understood. According to the present inven 
tion, it is recommended that heat be deliberately supplied to 
the center of the growth front so that, per unit time, more 
heat reaches the center of the growth front than the edge 
region of the growth front surrounding the center. This can 
be achieved by a heat source acting on the center of the 
growth front and/or by an upward melt ?ow at the center of 
the melt. Besides the importance of an axial heat ?ux 
directed at the growth front, it was also found that an 
isothermal temperature distribution in the melt, parallel to 
the growth front, in a region of up to 5 cm below the growing 
single crystal, is particularly advantageous for radial homog 
eniZation. Expressed in terms of an axial temperature gra 
dient Gs®) in the melt, a temperature distribution in which 
a radial variation of the temperature gradient in the melt is 
no more than 15% should be produced in a region with an 
extent of up to 5 cm below the growth front and at least 90% 
of the diameter of the single crystal. The radial variation of 
Gs®) is preferably less than 10%, and particularly prefer 
ably less than 3%. The present invention therefore provides 
conditions suitable for deliberate defect control or for the 
production of perfect silicon. 

[0021] Especially with a view to the production of perfect 
silicon, tests have shown that the method according to the 
invention is particularly tolerant with respect to ?uctuations 
of the pull rate. For instance, it is possible to pull. silicon 
single crystals with a diameter of at least 200 mm, which 
have no agglomerated point defects, even if the pull rate 
?uctuates by 10.02 mm/min, particularly preferably 10.025 
mm/min or more, the ?uctuation range referring to a single 
crystal of at least 30 mm. This fact increases the yield 
signi?cantly, without the need to provide additional error 
prone regulatory means to control the pull rate. 

[0022] According to one embodiment of the invention, a 
heat ?ux directed at the center of the melt is produced in the 
form of an upward melt ?ow by iso-rotation of the crucible 
and the growing single crystal, the crucible being rotated 
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with at least 10% of the rotational speed of the single crystal. 
Since the oxygen content of the single crystal. is increased 
to technically inexpedient concentrations by this, however, 
it is preferable to counteract the incorporation of oxygen into 
the crystal lattice by applying a magnetic ?eld. For example, 
traveling magnetic ?elds (TMFs) which produce an upward 
or downward ?ow parallel to the crucible wall, or static 
CUSP ?elds which cause a reduction of the melt movement 
in the vicinity of the crucible edge, are suitable for this. With 
these magnetic ?elds, the oxygen content can be reduced to 
less than 6.0*1017 cm-3 and the growth conditions can 
simultaneously be stabiliZed. Currents of up to 3000 A with 
up to 50 coil turns are preferably used to generate the 
required magnetic ?elds. 

[0023] According to another embodiment of the invention, 
a heat ?ux directed at the center of the growth front may also 
be produced by a heat source which deliberately increases 
the temperature at the center of the bottom of the crucible 
compared with a temperature at the edge of the bottom. The 
temperature of the crucible is higher at the center of the 
crucible bottom, ie in the region above which the center of 
the growth front of the single crystal lies, by at least 2 K, 
preferably at least 5 K and particularly preferably at least 10 
K, than the temperature at the edge of the crucible bottom. 
One embodiment of the invention therefore provides for the 
use of a heating resistor which is ?tted at the center of the 
crucible bottom, or on the crucible shaft under the center of 
the crucible bottom. Instead of a heating resistor, it is also 
possible to use an induction coil which is operated at 
medium to high frequency (50 HZ to 500 HZ). The electro 
magnetic forces due to the coil drive an upward ?ow 
directed at the center of the growth front. The melt is also 
heated from the center of the crucible bottom. Depending on 
the geometrical arrangement, heating powers in the range of 
from 1 kW to 60 kW, will be required. 

[0024] According to another embodiment of the invention, 
a bottom heater, which is conventionally present in pulling 
systems for the production of single crystals with diameters 
of at least 200 mm, is used for deliberately heating the melt 
from the center of the crucible bottom, thermal insulation 
being used to ensure that the bottom heater heats the center 
of the crucible bottom more strongly than the edge of the 
crucible bottom. To this end, a concentric gap ?lled with 
thermally insulating material is provided in an outer region 
of the baseplate and/or the outer crucible, so that the quartZ 
crucible is thermally insulated more strongly in the outer 
region. The baseplate carries the crucible and a graphite 
outer crucible surrounding the latter. When heating is carried 
out with the bottom heater, therefore, heat is supplied to the 
melt essentially only at the center of the quartZ-crucible 
bottom because of the annular thermal insulation in the 
baseplate or the outer crucible. For example, graphite sheets 
or graphite felts are suitable as an insulator material for 
?lling the gap in the baseplate and/or in the outer crucible. 
The necessary bottom heater power is preferably in the 
range of from 20 kW to 80 kW, which is higher than the 
conventional powers. Thermal insulation may also be inte 
grated into the crucible shaft, so as to minimiZe the down 
ward thermal dissipation via the crucible shaft. 

[0025] Another embodiment according to the invention 
for deliberately supplying heat to the center of the growth 
front consists in ?tting a heat source below the center of the 
crystal growing in the melt. This may be done using an 
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electrically operated graphite heating element embedded in 
quartz, or by means of a heating element Which is protected 
from the melt by using other process-compatible materials. 

[0026] According to another embodiment of the invention, 
a heat ?uX directed at the center of the groWth front is 
produced by an electromagnetic ?eld, to Which the melt is 
eXposed and Which is partially shielded by shielding at least 
10% of the area of a Wall of the crucible against an effect of 
the electromagnetic ?eld on the melt. A particularly pre 
ferred Way of producing such a heat ?uX consists in using a 
traveling magnetic ?eld. The forces due to the ?eld depend 
on the material of the shielding and on the amplitude and 
frequency of the electric current Which ?oWs through the 
coils producing the magnetic ?eld. Metallic materials may 
be used as magnetic shielding, for eXample copper plates 
With a thickness in the centimeter range, Which are arranged 
betWeen the magnetic coils and the crucible, and Which 
hence remove some of the area of the crucible Wall and the 
melt lying behind it from the effect of the magnetic ?eld. 
Shielding Which consists of tWo mutually opposed plates, 
each With a vertex angle of 90°, has proved particularly 
effective. Frequencies of from 10 HZ to about 1000 HZ are 
preferably used. Afrequency range of from 30 HZ to 100 HZ 
is particularly suitable When using a traveling magnetic ?eld 
With partial shielding in the form of rectangular copper 
plates. Currents of up to 500 AWith up to 50 coil turns are 
preferably used to produce such a traveling ?eld. Fast 
crucible rotations of at least 3 rpm reduce the effect of the 
magnetic ?eld, so that the intended supply of additional heat 
to the groWth front can be in?uenced by the speed of the 
crucible rotation. The amount of melt respectively present in 
the crucible should furthermore be taken into account, since 
different melt ?oW patterns may be formed as a function of 
this. The necessary conditions, i.e. the ratio of magnetic 
?eld, shielding and pulling process parameters, for eXample 
the crucible rotation, Will each be determined roughly by 
experiments and approximate simulation calculations, as a 
function of the amount of melt present in each case. 

[0027] The aforementioned embodiments of the invention 
may be combined With measures Which are already knoWn 
and Which are suitable for homogeniZing the aXial tempera 
ture gradient G(r). Preferred combinations are ones in Which 
heat is additionally supplied to the phase boundary, Which is 
formed by the groWing single crystal, the atmosphere sur 
rounding it, and the melt. This may, for eXample, be done by 
using a heat shield described in US. Pat. No. 6,153,008. It 
is particularly preferable to use a heating element on the 
loWer edge of the heat shield, Which is described in that 
patent application. A cooler acting on the single crystal may 
furthermore be ?tted over the heating element, as described 
for eXample in US. Pat. No. 5,567,399. This makes it 
possible to increase the pull rate and to further adjust the 
radial homogeniZation of G®). The accelerated cooling 
associated With this furthermore makes the remaining COPs 
signi?cantly smaller. The siZe of these COPs can thereby be 
brought beloW a critical value, beloW Which these defects no 
longer have any effect on the component function. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] Other objects and features of the present invention 
Will become apparent from the folloWing detailed descrip 
tion considered in connection With the accompanying draW 
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ings. It is to be understood, hoWever, that the draWings are 
designed as an illustration only and not as a de?nition of the 
limits of the invention. 

[0029] In the draWings, Wherein similar reference charac 
ters denote similar elements throughout the several vieWs: 

[0030] FIG. 1 schematically represents the principle of the 
method according to the invention; 

[0031] FIG. 2 shoWs pro?les of the ratio V/G®) as a 
function of the radius of the single crystal; 

[0032] FIG. 3 shoWs the typical melt ?oWs occurring in 
the conventional CZochralski method (With counter-rotation 
of the single crystal and the crucible); 

[0033] FIG. 4 shoWs the pro?le typically resulting there 
from for the aXial temperature gradient Gs®) in the melt; 

[0034] FIGS. 5 and 6 respectively shoW melt ?oW pat 
terns and the pro?le of the aXial temperature gradient Gs®) 
as are encountered When carrying out the method according 
to the invention; 

[0035] FIGS. 7 to 13 shoW various arrangements of pre 
ferred embodiments of the invention; 

[0036] FIG. 14 shoWs an arrangement according to FIG. 
11, in Which a heating element and a cooling element are 
also provided; and 

[0037] FIGS. 15 to 17 relate to eXamples according to the 
invention, and shoW the distribution of defect types on 
various crystal regions. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0038] Referring noW in detail to the draWings, FIG. 1 
schematically represents the principle of the method accord 
ing to the invention. The single crystal 1 is groWing at a 
groWth front 2, to the center of Which a heat ?uX 3 is 
deliberately supplied through the melt. With the aid of the 
additional aXial heat supply indicated, it is possible to carry 
out homogeniZation of the radial temperature gradient G®) 
at the groWth front Which is suf?cient for the production of 
perfect silicon, or to set up a temperature gradient G®) 
required for deliberate defect control, for single crystals With 
large diameters of at least 200 mm. The quality of the 
homogeniZation of G®) is dictated by the temperature 
distribution in the melt. It is particularly preferable for the 
aXial temperature gradient Gs®) set up in the melt to have 
the smallest possible radial variation in the melt, so as to 
obtain the indicated isothermal temperature distribution 7 
parallel to the groWth front. 

[0039] The effectiveness of the method according to the 
invention is demonstrated by the pro?les represented in 
FIG. 2 for the ratio V/G®) as a function of the radius of the 
single crystal, for single crystals With a diameter of 300 mm. 
The thermal How in the melt toWard the center of the groWth 
front, Which is obtained With iso-rotation of the single 
crystal and the crucible according to the invention, leads to 
a very signi?cant radial homogeniZation of V/G®), shoWn 
as curve (c), While attempted homogeniZation by means of 
heat protection shields according to different designs (a) and 
(b), Which are not in accordance With the invention, are not 
suf?cient for the production of perfect silicon. The subse 
quent ?gures contrast the effect of the central heat ?uX 












