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 incorpesateskindbe laticeielthe singlecsystakinardesig detgrmine 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 dd¢ahtagvuscand Bisievantdycoikesticsts L Predpilatés containingroxy gein; 2 so-called

BMDs (bulkswigre-defeets), 20:ast asdnternakgetigrsiwhich ganhind metallic impyrities,and thereby
preventsthem f{gmdinterferigg with glelfunctigns of electronic comgonenét_s. Hi%h oxygen concentrations,
on the StheP RARG  alb o STomStathe Tormation-of detTmentar statkify faulf S0t &3kt OBES
(oxidation-iFddead stacking feulmy 1t 2555 e rsfurtdeditaite! totohtrel fredxygarsteacentration in

the single ceystal, angk likevdse the egncentration of dopants; §9ﬁlﬂ@5ﬂ]]§ya Q@ not departfrom a narrowly
specified concentration.range at Ieﬁt:&? the egiqn of the sin%Ie rystal's ?%g/lindrical section which is

used for thé'Brotiion 38 ot EeMicondudBrwaters” has TE s&foirtdianidter anblis Sefcent to the
conical sectidie. dThaokgygentohtengativnig tise sintge crystdlchaniee afl nelnbetki waricus ways, for

examplg by-consralling dhe.gass35. pressurednithedgastor Jycontralling the spesd with which

melt not only contains silicen, but conventionally also ovne 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 1s dissclvad from the
crucible material and partially incorporated by the single
crystal. The oxygen contained in the single crystal has
advantageous and disadvantagecus =f£fects. Precipitates
containing oxyvgen, il.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 Ffunctions of
electronic components. High oxygen concentrations, on the other
hand, also promote the formation of detrimental stacking
faults; so-called 08Fs {oxidation~induced stacking faults). It

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

30 of semiconductor wafers, has the setpoint diameter and is

adjacent te the conical section.

The cxygen 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 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. alfeady at the start of the cylindrical section of the
single crystal. If the semiconductor wafers obtained from the start of the cylindrical section of the single

crystal do pot have the oxygen concentration specified by.the customer,.thi s{0.3 yield loss which
is commen&itateRAfots s}%%ﬁ{;u% whe E?h¥égae|aﬁeeé%({-:-:r£ SFthe &ingle cE:rry%%llg .ai?%grl a?rtich %v%en its
cylindricallsztiesrisSisoret tERd AT ARIOE BselsrasE MR BRtR N SRE KR ISrViBRALRBREd, with the
aid of whigh,sughnyjeld lasgescan be substantialysedusedofaramhosimentds a methidsfos pulling a
silicon single crystal fro melt which.is contajngd in a crucible, rising. i (sigrof a seed
crystal intg we @t;%gt%ﬁaﬁgﬁ%ﬁﬁg ’sir?'glj_l% cker)yst% g%gtéﬂgég%og%ta?gfrai Eg the seed crystal

from the nmaiowithiz ciystafipeispeest RRiEhm@ i didnsrkicr tHessintfe Shystf fosPBEfRdntdiameter
in a conicglsestinss CopHrising:coprelrafdhne arystaitallhspeediie suepewayasdaindiden curvature
inversion af a growth front of the single crystal in the conical secti cangav ' growth
front as seeh %bekiﬁg ?gv%/é%ae #:ecglelé% %?)%%f‘%na%%%%%xﬁ?gﬁ}v%e gr%r)gv%l%fo%ﬂ%t%l}igg <[ila\é?y(tjhe
Inventor hate theealartharharhculay hitedrbAhusers Had & thd B hakRH G isg wHich the Eonical

section of 3 thesinaisrerysiahis hefg pulleta saAS NobIo thetsa yieldib sshduetdabdencelof the
specified oxygen concentration atthe start.of the cylindr ectign i It is necessary
to ensure ﬁ%%ﬁg%r?/%tﬁb%l%ﬁlge% v(\:/ﬁ?%vtﬁ%hgg tﬂglgir%%%r%%l%ggg\gv%% %gn}%l%e%ée%dt,crystal is
pulled, is GPREIEHER SUCHAN S HEPECUNVARIE inFa&forBf the'diRgR (Y3EITE-HEhieved in the
conical segligmRietatiy iheerysiakpul spaeshis titstdedmeed ant the single crystal

is larger and when its cylindrical section is shorter.

Embodiments of the present invention seek to provide a method, with

the aid of which such yvield losses can be substantially reduced.

An embodiment is 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; crystallization of the single crystal
on the seed crystal byraising the seed crystal from the melt with
a crystal pullespeed; widening the diameter of the single crystal
to a setpointdiameter 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 from a concavely curved growth £ront as seen looking toward

the seed crystal to a convexly curved growth front.

Studies by the Inventor have revealed that particular attention

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



w subsequently increased during the phase of pulling the conical section of the single crystal. When
pulling the conical section, it is particularly preferable to reduce the crystal pull speed from an initial
“speed to a 15 lower crystal pull speed which is at least 40%, preferably at least 60% less than the
initial speed, and to increase it again from the lowercrystal pull speed to a final speed. The final speed
will be the crystal pull speed until the setpoint diameter is reached. The initial speed is also preferably
20 higher than the final speed. It is furthermore preferable for the seed crystal not to be raised with the
lower crystalpulkspree uptl the diareetes of thergonisal segticrshas reachethatleast 50% of the
setpoint 25 diar‘gle%ré Tthoe %/gggog vcxéijj beheexpS!%g]gg 1Eina?orexdetail below with the aid of figures. 30
Figs 1 and %Osshow asirigle crys‘taﬁ Whi"éhfhas been b‘ﬁﬁe a%cgr%?rlf‘g o the imveRtion. inthe region of
the conical‘sketioftaFiy. Sshbws thé peditions bfthe birlesd artep iri the singly efystal décording to
Fig. 1 and kig. RZebssary to ensure that the crystal pull speed, with which
5 the single crystal growing on the seed crystal is pulled, is
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  subseguently 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 purll speed from an initial speed to a

15 lower crystal pull speed which is at least 40%, prefsrably at
least 60% less than the initial speed, and to increass it again
from the lower crystal pull speed to a final speed. The final
spead wWill be the crystal pull speed until the setpoint
diameter is reached. The initial speed is also preferably

20 higher than the final spesd.

It is furthermore preferable foxr the seed crystal not to be
ralsed with the lower crystal pull speed until the diazmeter of
the conical section has reachad at lesast 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 = single crystal which has been pulled
according to the invention, in the region of the conical
gection.

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

crystal according to Fig. 1 and Fig. 2.



" Fig. 4 shows the profile of the crystal pull speed while pulling the conical section, with reference to the
example of a silicon single crystal having a setpoint diameter of 200 mm. 5 When a single crystal is cut

-axially, segregation strips of dopants and oxygen reveal the profile of the growth front. The segregation
strips are due to temperature variations in the melt, owing to which the concentrations of the dooants
and oxygen also vary to a greater or lesser extent in the radial W direction of the single crystal.
Reducing and increasing the crystal pull speed, as described above, leads to an inversion of the

curvature offie dipuhfantindhe conleal seetiondniiall lhe gronthJianids A quived concavely as
al. A

seen looking toward the seed crystal. According to the invention, the change to a convex curvature of
the growth FBALSMBLAKES BIgEé 37 the Ghita s dtidh of fHetdifGRcryStal BRifF 16 HE cBhtdl of the
crystal pull gate: 20:4igihegpresentsithe seedicrystal Sdhecconical seetior 2 arid HIE staxt 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. . ,
5 When a single crystal is cut axially, segregation strips of

dopants and oxygen reveal the profile of the growth front. The
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 radizl

16 direction of the single crystal.

Reducing and increasing the crystal pull speed, as described
zhove, 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'tc 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 is a neck section.

25 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

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

cylindrical section.

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

35 thickening is generally regquired when pulling a single crystal



' 25 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
according to Fig. 2 differs from that in Fig 1 by a second section 4 above the conical section 2. Such
35 thickening is generally required when pulling a single crystal S which is so heavy that the seed

crystal or the neck section gould tear off Qwing_to the wei tH(ljad if the single crystal is_not supported
by a holdingq?yg%én% %nst%eﬁ[ﬁ?c%ngaaéa&% F%?%grrflf%gggt h%rmE eocf,l {%E asd%/gﬁ%é:)gneous that the

axial lengthcsftheé doriéal SEEtiBHinghEaIdIhe 0¥ Mfar Wtidd b riécessangitrortier ¥63diden the

diameter ofitBerzanicalisestiendorhe setpaint digmstetskhegonical sestinrtherefasepreferably has
an apex angleof not less than 60 and not more than 900, 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 les$ thatP3 ap@imotimeretiar-2s. Thélpeditions dfthadmyies afespresafteiin Fgiali1s

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

1" more than 90°, particulerly preferably not more than 80°. And
the external angle B 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
represented in Fig. 3.

I3
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 & nominal setpoint diameter of 300

26 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.



“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. 6 Example: A silicon single crystal having a‘thominal s_tpoint diameter of 200 mm was pulled
according to the invention. The profile of the crystal pull speed expressed in terms of the initial speed,
5 i.e. V(rel), in the region of the conical section is shown in Fig. 4. The relative diameter of the conical
section in rglﬁﬁgﬁ*t‘g the setooint diameter, i.e. D(rel), is plotted as the abscissa. 10 For comparison,
another singlesérystadpwasipalled withithe lsdme hominardapreter batwithretvidbale tonstant crystal

pull speed while pullingstheconiealsection: ythis single crvstal: the regiga at the:statt gkthe
cylindrical section did noi (;%u ply with the predetermjned specificatign in respect of 15 the oxygen

concentration T &S A HERTT IS TRE Easeof thé Shdle chyStar Bl ac iy to Fig. 4.

5 di.e. Virel), in the region of the conical section is shown in
rig. 4. The relative diameter of the conical section in
relation to the setpoint diameter, i.e. Direl), is plotted as

the zbscissa.

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

15 the ongen concentration., There was no such yield loss in the

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



Patent Claims 1. 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; 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 .from a concavely curved growth front as seen looking toward the seed
crystal td gESH\Veﬁi]/%ﬁWed growth front, wherein the crystal pull speed is reduced from an initial

speed to a lower crystal pull speed which is at least 40% less than the initial speed, and increased

fom the Jower gysia) ulkspeedt1q afnel spedih whighnbe sepdaryStalisalsepntl 20 the

setpoint diameter is reached. 2. The method as claimed in Claim 1, characterized in that the final
speed is#sisthahIn6 PRS0 2533, Tigchetifod &8BRImEd ¥ claim 1 or claim 2, characterized in
that the sggd-crystghisJroty aisedavith-{ha: lowererystathe 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 .from a concavely curved growth front as
seen looking toward the seed crystal to a convexly curved

15 growth front, wherein
the crystal pull speed is reduced from an initial speed to a
lower crystal pull speed which is at least 40% less than the
initial speed, and increased from the lower crystal pull speed
to a final speed, with which the seed crystal is raised until

20 the setpoint diameter is reached.

2. The method as claimed in claim 1, characterized in that the

final speed is less than the initial speed.

75 3. The method as claimed in claim 1 or claim 2, 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 4. The method as claimed in one of claims 1 to 2, characterized
in that an apex angle o« of not less than 60° and not more than

90° is imparted to the conical section.

5. The method zs claimed in one of claims 1 to 3, characterized

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



pull speed until the diameter of the conical section lgas reached at least 50% of the setpoint diameter.
30 4. The method as claimed in one of claims 1 to 3, characterized in that an apex angle a of not less
than 600 and not more than 90 is imparted to the conical section. 8 section to a cylindrical section is

not less than 5 and not more than 25.

‘section to a cylindrical section is not legs than 5° and not

more than 25°.



