Method for Pulling a Silicon Single Crystal The invention relates to a method for pulling a silicon single
crystal from a melt which is contained in a crucible. In such a 5 method a seed crystal is immersed into
the melt and raised, material of the melt being crystallized on the seed crystal to form a single crystal.
After a stabilization phase, first a neck section is pulled and later a conical section is pulled, the
diameter of the growing single crystal being widened to a 10 setpoint diameter during pulling of the
conical section. The melt not only contains silicon, but conventionally also one or more dopants which
are intended to be incorpés&teckin floe: |Gl dhth easivgldionystaldnrorder Crgetériine the electrical
conductivity of the single crystal. The melt 15 furthermore contains oxygen, which is dissolved from the

crucible material and partially incorporated by the single crystal. The oxygen contained in the single
crystal has'adakRdgeduscand Bisadfanthgedudefibad. Procimiatds-Bontairfid d%¢ders 129 56-called

BMDs (bulk mistasdefects), 20 pet @s itternal gettersnwvhich £an £ind, metallie impurities andthereby
prevent them from interfering with the functions of electronic components, High oxygen concentrations,
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the single %réff'ﬁ?"aa%E@%is%P@E%ﬂc.e%@iQE qf dopapts; $9 thatthey dowot departirgm a narrowly

specified concentration range at’least in the region of the single crystal's cylindrical section which is
used for theSstBda&EINH-30 of Semitbheitcn akeisS hal tReBepdint Wahéft andl iB'atj&ent to the

conical seatigs. 4 Thaaxygen £ongentiationinghe single ceysialcan hesinflyenaetkinad@rioyisavays, for
example by controlling the 9as 32 RISSIWIE 10,198 188519 by,controlling the speed with which

melt not only contains silicon, but conventionally also one or

more dopants which are intended to be incorporated in the

lattice of the single crystal in order to determine the

electrical conductivity of the single crystal. The melt

15 furthermore contains oxygen, which is dissoclved from the
crucible material and partially incorporated by the single
crystal. The oxygen contained in the single crystal has
advantageous and disadvantagecus effects. Precipitates
containing oxygen, i.e. so-called BMDs (bulk micro-defects),

20 act as internal getters which can bind metallic impurities and
thereby prevent them from interfering with the functions of
electronic components. High oxygen concentrations, on the other
hand, also promote the formation of detrimental stacking
faults, so-called OSFs (oxidation~induced stacking faults). It

25 is therefore desirable to contrecl the oxygen concentration in
the single crystal, and likewise the concentration of dopants,
so that they do not depart from a narrowly specified
concentration range at least in the regicn of the single
crystal's cylindrical section which is used for the production

30 of semiconductor wafers, has the setpoint diameter and is

adjacent to the conical section.

The oxygen concentration in the single crystal can be
influenced in various ways, for example by controlling the gas

35 pressure in the reactor, by controlling the speed with which



2 inert gas’is fed through the reactor, by controlling the distance between the melt surface and the
lower end of a heat shield enclosing the single crystal, by controlling the rotation speed of the single
crystal and the crucible, and by 5 controlling the strength of a magnetic field applied to the melt.
Despite the use of such control measures, there are problems in obtaining the oxygen concentration in
the specified concentration range from the start, i.e. already at the start of the cylindrical section of the
single crystal. If the 10 semiconductor wafers obtained from the start of the cylindrical section of the
single crystalda:ngihavesthesaxygensogeentratiorespacified by theoeustemet riiscieads to a yield
loss Which C{s commen urgteé)é moErEl esergggg when Fthe diam%te{}?é trieoggrgleec‘%lr&.sta%isala‘r%er and when

its cyIindrlcé%e%ﬁgﬁ 1575-horter. ft s an objesc}llé %%epraérslent inventionto prowd% a me 8&, with the

aid of whichhsighdyielddbssesigarrbe substahtalhy setieed. 2O Thimdhjedtlis mehfeved by a method for
pulling a siligon single crysta from el which.iscoptaingd in,a crygible .gamprisingdrungypion of a
seed crystal into the melt; 25 crystallization of the single crystal on the seed crystal by
57 controlling the strength of a magnetic field applied to the
melt. Despite the use of such control measures, there are
problems in obtaining the oxygen concentration in the specified
concentration range from the start, i.e. already at the start
of the cylindrical section of the single crystal. If the
10 semiconductor wafers obtained from the start of the cylindrical
section of the single crystal do not have the oxygen
concentration specified by the customer, this leads to a yield
loss which is commensurately more serious when the diameter of

the single crystal is larger and when its cylindrical section

15 is shorter.

It is an object of the present invention to provide a method,
with the aid of which such yield losses can be substantially
reduced.

20
This object is achieved by a method for pulling a silicon
single crystal from a melt which is contained in a crucible,
comprising
immersion of a seed crystal into the melt;

25 crystallization of the single crystal on the seed crystal by_
raising the seed crystal from the melt with a crystal pull
speed;
widening the diameter of the single crystal to a setpoint
diameter in a conical section, comprising

30 control of the crystal pull speed in such a way as to induce a
curvature inversion of a growth front of the single crystal in

the conical section.

Studies by the Inventor have revealed that particular attention

35 must be paid to the phase during which the conical section of



raising the seed crystal from the melt with a crystal pull speed; widening the diameter of the single
crystal to a setpoint diameter in a conical section, comprising 30 control of the crystal pull speed in
such a way as to induce a curvature inversion of a growth front of the single crystal in the conical
section. 3 the single crystal is being pulled, so as nat to incur a yield loss due to absence of the
specified oxygen concentration at the start of the cylindrical section of the single crystal. It is necessary
to ensure that the crystal pull speed, with which 5 the single crystal growing on the seed crystal is
pulled, is agntrodeddi such aatayl thiad aksurvatumiihVersiorsof the singletorystakisachievetlia the
conical section. Preferably, the crystal pu e r?p fir .rec%lu %9 increased during
the phase%?spﬁlli%lé%hg %oﬁ%??slgc%iggngofﬁt g S‘Ts g%f‘:?}s?a. \§V e%&%r@%%@&ﬁ%ﬁ%ggn, itis

particularl{ beefsizble tofediee ths eiysialisiallspeedHich apfinflaesgedtPicta 1546wt crystal pull
speed whicl is, atleast:4Q%; prefaabl atleast 6% less,thaimtheinitiakspesd, apdie increase it

again from the lower crystal pull speed to a final speed. The final speed.will be the crystal, pull speed
ed ¢ nptal

until the s&tpGint tidhtEter 1o foathe T PHE IS Rpald i$ 8RS preferably foshiaﬁerl thah tr

ah the final
speed. controlled in such a way that a curvature inversion of the

single crystal is achieved in the conical section.

Preferably, the crystal pull speed is first reduced and
10 subsequently increased during the phase of pulling the conical

section of the single crystal.

When pulling the conical section, it is particularly preferable
to réduce the crystal pull speed from an initial speed to a

i5 lower crystal pull speed which is at least 40%, preferably at
least 60% less than the initial spead, and tc increase it again
from the lower crystal pull speed to a final speed. The final
speed will be the crystal pull speed until the setpoint
Giameter is reached. The initial speed is alsc preferably

20 higher than the final speed.

It is furthermore preferable for the seed crystal not to be
raised with the lower crystal pull speed until the diameter of
the conical section has reached at least 50% of the setpoint

25 diameter.

The invention will be explained in more detail below with the

aid of figures.

30 Figs 1 and 2 show a single crystal which has been pulled
according to the invention, in the region of the conical
section.

Fig. 3 shows the positions of the angles « and B in the single

crystal according to Fig. 1 and Fig. 2.



It is furthermore preferable for the seed crystal not to be raised with the lower crystal pull speed until
the diameter of the conical section has reached at least 50% of the setpoint 25 diameter. The invention
will be explained in more detail below with the aid of figures. 30 Figs 1 and 2 show a single crystal
which has been pulled according to the invention, in the region of the conical section. Fig. 3 shows the
positions of the angles a and p in the single crystal according to Fig. 1 and Fig. 2. 4 Fig. 4 shows the
profile of the crystal pull speed while pulling the conical section, with reference to the example of a
silicon singte grystaldiaying aisetpoiatrdiameser afti2000nys GeWhenld sisgkeecrystal isscut axially,
segregatio 51 f dopants.and oxygen revep! (e profile pLine grovdl fepl, Tie.segreagtionstrips
are due to]?emper ure variations n the mejft, owing to w icf?t e concentrations o tﬁ%ggopants and
oxygen alsoivarges asgreafer of lesser bxtent imtherasifd 9 Bire cHéBEHHR IR e 4SBT Reducing
and increasing the crystal pull speed, as described above, leads to an inversion of the curvature of the
growth front in the conical section. Initially, the growth frogt is curved concavely gs seen I%oking

toward the" & Gry St W ofdiM§ 6 thet fvERToR 418 thiing8 1§ ATFRVER Curatard of the growth
front still takes:place iribieconicah seeticrrdf thesipgte £iyistaloivinh 2o thesdmtrdloftie clistal pull

segregation strips are due to temperature variations in the
melt, owing to which the concentrations of the dopants and
oxygen also vary to a greater or lesser extent in the radial

10 direction of the single crystal.

Reducing and increasing the crystal pull speed, as described
above, leads to an inversion of the curvature of the growth
front in the conical section. Initially, the growth front is

15 curved concavely as seen looking toward the seed crystal.
According to the invention, the change to a convex curvature of
the growth front still takes place in the conical section of
the single crystal owing to the control of the crystal pull
rate.

20
Fig. 1 represents the seed crystal 3, the conical section 2 and
the start of the cylindrical section 1 of a single crystal,
which has been pulled according to the invention. Between the
seed crystal and the conical section, there i8 a neck section.

95  The diameter of the conical section increases to the setpoint
diameter, which is reached at the transition to the cylindrical
section. The growth front shown by the curved segregation
strips 5 is shaped in such a way that the segregation strips’
curvature existing in the cylindrical section is inverted in

30 the conical section. There is no inversion of curvature in the

cylindrical section.

The single crystal accerding to Fig. 2 differs from that in Fig
1 by a second section 4 above the conical section Z. Such

35 thickening is generally regquired when pulling a single crystal



rate. 20 Fig. 1 represents the seed crystal 3, the conical section 2 and the start of the cylindrical
section 1 of a single crystal, which has been pulled according to the invention. Between the seed
crystal and the conical section, there is a neck section. 25 The diameter of the conical section
increases to the setpoint diameter, which is reached st the transition to the cylindrical section. The
growth front shown by the curved segregation strips 5 is shaped in such a way that the segregation
strips' curvature existing in the cylindrical section is inverted in 30 the conical section. There is no
inversion eftclrvature xtheaylindrcal sectien.sEweisinglesdrydtabaccdrdingeto ig.e2:diffens from that

in Fig 1 by a second sectiop 4 above the conical section 2 h 35.thjckening i nerally.required
when puIIirCfE]j %Eé n%l%ac]?yscigf 5WhicH i%‘éo%%eavi‘f la%%ﬁ‘e Jé§§§ brfs%al%?%h%@%egﬁnygg%d tear
off owing tbsheateightrioad tibtheosinglelanjstihg system on the thickened part.

5 For carrying out the method, it is advantageous that the axial
length of the conical section 2 should be longer than would be
necessary in order to widen the diameter of the conical section
to the setpoint diameter. The conical section therefore
preferably has an apex angle o of not less than 60° and not

100 more than 90°, particularly preferably not more than 80°. And
the external angle 8 at the transition from the conical section
2 to the cylindrical section 1 is preferably not less than 5°
and not more than 25°. The positions cf the angles are
represented in Fig. 3.

15
The typical axial length of the conical section is preferably
from 160 to 220 mm for a single crystal having a nominal
setpoint diameter of 200 mm, and preferably from 240 to 340 mm
for a single crystal having a nominal setpoint diameter of 300

20 mm. In the case of single crystals having a nominal setpoint
diameter of more than 300 mm, the axial length of the conical

section will be correspondingly longer.



is not supported by a holding system on the thickened part. 5 For carrying out the method, it is
advantageous that the axial length of the conical section 2 should be longer than would be necessary
in order to widen the diameter of the conical section to the setpoint diameter. The conical section
therefore preferably has an apex angle a of not less ghan 60 and not 10 more than 90, particularly
preferably not more than 80. And the external angle p at the transition from the conical section 2 to the
cylindrical section 1 is preferably not less than 5 and not more than 25. The positions of the angles are
representes:igfige 3. 15 The typical axial length of the conical section is preferably from 160 to 220

mm for a single crystal having a nominal setpoint diameter of.200 mm, and prefera 40 to 340
mm for a shr‘n%éjch?s%rall ﬁ&vr?ﬁg‘ 8 n%%ﬁglazetggi‘rﬁ%la%rﬁetxé?gfl ?6‘3‘ 28?%%?3&? %e%é“a%g{i’g‘ggnéljé crystals

having a nodfinalsetpsinpdibhreie aciomodk. thant300 him ithe exidl fength ot tiredrital section will be
correspondingly lppget, ;6 ﬁf@ﬂ‘%‘?ﬁé@é“i&%%?@&é%&ryﬁt@' faving @ poppal setraint digmeter, of 200

mm was pulled acCording to the invention. The profile of the crystal pull speed expressed in terms of

the inftial sheed, V (rel), in the region of the conical secﬁlon is Shown 'In
Fig. 4, The relative diameter of the conical section in
relation to the setpoint diameter, i.e. D(rel), is plotted as

the abscissa.

10 For comparison, another single crystal was pulled with the same
nominal diameter but with a virtually constant crystal pull
speéd while pulling the conical section. In this single
crystal, the region at the start of the cylindriecal section did
not comply with the predetermined specification in respect of

15 the oxygen concentration. There was no such yield loss in the

case of the single crystal pulled according to Fig: 4.



Si.e. V(rel), in the region of the conical section is shown in Fig. 4. The relative diameter of the conical
section in relation to the setpoint diameter, i.e. D(rel), is plotted as the abscissa. 10 For comparison,
another single crystal was pulled with the same nominal diameter but with a virtually constant crystal
pull speed while pulling the conical section. In this siagle crystal, the region at the start of the
cylindrical section did not comply with the predetermined specification in respect of 15 the oxygen
concentration. There was no such yield loss in the case of the single crystal pulled according to Fig. 4.

7 Patent Glaims, 1 £x1agthed for pulling a silicon single crystal from a melt which is contained in a
crucible, comprising 5 immersion of a seed crystal into the melt;. crystallization of the single crystal on
the seed crystal t_)y raising the seed crystal from the melt with a crystal pull speed;  widening the
diameter of the, singteerystal to puskloint 20 dideten irsd sohieabsactioal cdmprismgreshitrol of the
crystal PUI{’%%%%%Q T?succgn% way as to nlngu%%% g%\iaél}jreckg%s@log&%fga growth front of the single
crystal in the ¢onical section.
5 immersion of a seed crystal into the melt;
crystallization of the single crystal on the seed crystal by
raising the seed crystal from the melt with a crystal pull
speed;
widening the diameter of the single crystal to a setpoint
10 diameter in a conical section, comprising
control of the crystal pull speed in such a way as to induce a
curvature inversion of a growth front of the single crystal in

the conical section.

15 2. The metho& as claimed in c¢laim 1, comprising
reduction of the crystal pull speed from an initial speed to a
lower crystal pull speed which is at least 40% less than the
initial speed, and increase of the crystal pull speed from the
lower crystal pull speed to a final speed, with which the seed

26 crystal is raised until the setpoint diameter is reached.

3. The method as claimed in claim 2, characterized in that the

final speed is less than the initial speed.

25 4. The method as claimed in claim 2 or claim 3, characterized
in that the seed crystal is not raised with the lower crystal
pull speed until the diameter of the conical section has

reached at least 50% of the setpoint diameter.

30 5. The method as claimed in one of claims 1 to 4, characterized
in that an apex angle o of not less than 60° and not less than

90° is imparted to the conical section.

6. The method as claimed in one of claims 1 to 5, characterized

35 in that the external angle B at the transition from the conical



15 2. The method as claimed in claim 1, comprising reduction of the crystal pull speed from an initial
speed to a lower crystal pull speed which is at least 40% less than the initial speed, and increase of
the crystal pull speed from the lower crystal pull speed to a final speed, with which the seed 20 crystal
is raised until the setpoint diameter is reached. 3. Thg method as claimed in claim 2, characterized in
that the final speed is less than the initial speed. 25 4. The method as claimed in claim 2 or claim 3,
characterized in that the seed crystal is not raised with the lower crystal pull speed until the diameter of
the conicaksectioghasreached pf least p0% ofdbeseipointdiametars 30 5. Jhe methgdsas,claimed in
one of claims 1 to 4, charagterized in that an apex angle a of not less than 60 and not less than 90 is
imparted t8 8 cohied Settion. 8 section to the cylindrical section is not less than 5 and not more than
25. 7. Asilicon single crystal producible by a method as claimed 5 in one of claims 1 to 6.

7. A silicon single crystal producible by a method as claimed

5 in one of claims 1 to 6.



