Method for producing semiconductor wafers composed of silicon The invention relates to a method for
producing 5 semiconductor wafers composed of silicon, comprising pulling a single crystal at a seed
crystal from a melt heated in a crucible, supplying heat to the center of the crucible bottom, and slicing
the semiconductor wafers from the pulled single crystal. 10 The crucible usually consists of a material
containing silicon dioxide, such as quartz. It is generally filled with chunks and/or with granules

composed of polycgystalline: silicon &e latter being melted with 15 the aid of a side heater arranged
around the crucible. After a gﬁa e 8 %ae%rﬁ?alss?%ﬁi%%%)cng&rth‘garﬁ% ,Sacr‘ﬁ%%%%ﬁ?staﬁine seed crystal is

dipped into the melt ' raised. In this case, silicﬁhléﬁ%Tallizes at that end of the seed crystal which has
been wetted by the 20 melt. The crystallization rate is substantially influenced by the speed at which
the seed crystal isiraisethferystaddiftingesspeed), and by theriemperaturerat thedpterface where molten
silicon crystaliizesLhreumgh suitableg control of these pararpeters, {i(gggll\{ a ggrﬁgﬁig{l referred to as a

thin neck is pulled, ip,Qre rato:geilirgni gtecjc_jisl%%qtioﬁ S, follsomvge!d by a co |ch section of the single crystal
and, finally, a cylindrical section of the Siftgle crystal, rom which fhe Semit6hddctdF Wafers are
subsequently slicdt S LibRrated GasEBEE inAHERNE FtheStticible MaferRin§4as that surrounds the
chunks and/or thégtantifes $ificon ‘oxidecthat arises i ifve neelt nd gasthatonductor

wafers from the pulled single crystal.
J10
The crucible usually consists of a material centaining
silicon dioxide, such as quartz. It is generally filled
with  chunks and/ecr  with  granules composed of
polycrystalline silicon, ths latter being melted with
15  the aid of a side heater arranged around the crucible.
After a phase of thermal stabilization of the melt, a
monocrystalline seed crystal is dipped into the melt
and ralsed. In this case, silicon crystallizes at that
end of the seed crystal which hzs been wetted by the
20 melt. The crystallization rate is substantially
influenced by the speed at which the seed crystal is
raised (crystal lifting speed), and by the temperature
at the Interface where molten sgilicon crystallizes.
Through suitable control of these parameters, firstly a
25  section referred to as a thin neck is pulled, in order
to eliminate dislocations, followed by a conical
section of the single orystal  and, finally, a
cylindrical section of the single crystal, from which

the semiconducter wafers are subseguently sliced.

30
Liberated gasecus inclusions in ths crucibls material,
gas that surrcunds the chunks and/or the granules,
silicon oxide that arises in the mel:t and gas that
diffuses into the melt are regarded as possible  causes
35 of the arising of voids referred to as pinhole defects

in the single crystal. They arise if small gas bubblies
pass to the interface between the growing single
crystal and the melt and if the single crystal



diffuses into the melt are regarded as possible causes 35 of the arising of voids referred to as pinhole
defects in the single crystal. They arise if small gas bubbles pass to the interface between the growing
single crystal and the melt and if the single crystal crystallizes around them. If the separating planes
intersect the pinhole defects during the process of slicing the semiconductor wafers, the resulting
semiconductor wafers have circular depressions-oZholes 5 having a diameter which can typically be
from a few microm,ete%: }j‘f"tz%a few milrlli@etg}'ls. Serog[:ton%%%tor wafers in which such pinhole defects

are present are unusable as subsfrate wafers For%p Ucing eledraNit tomponBntd 0 Therefore, a

series of proposald 5t Row the foPimaiiohof S6ER Pifhofd B&Rsttsté4n e stppresséd have already
been published. Marifof thesé proposals diréetthe focus date improuing the propérties of the 15
crucible material sHewever; the crueiblesimproved:indhis: respect genesally are maresexpensive or

entail other disadvantages, foriexample because they liberate substances which age responsible for

the formation of dislocafinsn the. single crystal, 20, gtherpranasalscncenirateonsuppressingor
eliminating small bubbles urln%t e period of the
wailers 1in w

ich such pinhcle defects are present are
unusable as substrate wafers for producing electronic
components.

10
Therefcre, a serles of proposals as tc¢ how the
formation of such pinhole defects can be suppressed

- have already been published. Many of these proposals

direct the focus onte improving the properties of the

15 crucible material. However, the crucibles improved in
this respect generally are more expensive or sntail
other disadvantages, for example because they liberate
substances which are responsible for the formation of
dislocations in the single crystal.

20
Other proposals concentrats on suppressing or
eliminating small bubbles during the period of the
melting of the chunks and/or granules. Thus, by way of
examplie, US 2008/0011222 Al recommends concentrating

25 the heating power of the side heater firstly onto the
gide surface of the crucible and subsequently onto the
base surface of the crucible. What is disadvantageous
about such measures 1s that they no longer influence
the arising of small bubkbles and the movement thersof

30 to the interface as soon as the growth of the single
crystal has begun.

It is an object of the present invention Lo propose a
method which comprises at least one measurs which
3% counteracts the formation of pinhcle defects in the
single crystal and which 1is effective during the

process of pulling the single crystal.



melting of the chunks and/or granules. Thus, by way of example, US 2008/0011222 Al recommends
concentrating 25 the heating power of the side heater firstly onto the side surface of the crucible and
subsequently onto the base surface of the crucible. What is disadvantageous about such measures is
that they no longer influence the arising of small bubbles and the movement thereof 30 to the interface
as soon as the growth of the single crystal has-begun. It is an object of the present invention to
propose a method which comprises at least one measure which 35 counteracts the formation of
pinhole défecFinTHBXMGR Cry st whidhiieffsctive it the' Brod¥e’ Bt piifing the single
crystal. Irsamismbddirment vwheee ss proyidesda afethiod fosmproducing semiconductor wafers composed
of silicon, g&wﬁjggé)ulling a single crystal at a seed crystal from a melt heated in a crucible;
supplying heat to the center of the crucible bottom with a heating power which, in the course of a

cylindricaP8ectigiPof tiid SHGle &y ta bénPpafsd, Bhherédsdd 3t 16a8EdncE 365t less than 2 kw

and is theirdecreasediagain; and slicing the semiconductor wafers from the pulled single crystal.

According.ta.n aepect gl he jpvention, these is pravided amathiod far prgdusing siicon

semiconductor Wwafers, comprising: pulling a single crystal at a seed crystal from a melt having a free
surface h&RREIAGRIUEDIE By thedrs ot2 SHieFREatdr 8nwbddRdrasa’reiistaticd Réater; during the
pulling of areylintkica seetien=0f the sihgleicrystali suppiyinghwentto thexsentercef the crucible bottom

by means cgta lﬂgggn }ga%v]cz‘e ]%gja% titf? the cru é@%e%%tte(?:{nﬁ%%fﬁ';_c%% ge lifted and lowered with the
crucible, wherein the heat is supplied with a heating power which is‘increased at least once to not less

than 2 k\WeaAd iia nyarineFBlcwie & famp Wilifins tiieperidd whichlied JoRfiAand c 900 min such
that the highest tamperature in the crucible bottom migrates from a position at the edge of the crucible

bottom as far as the center of the crucible bottom, and the heating power is then decreased again; and
slicing silicon semiconductor wafers from the pulled single crystal. The inventors have ascertained that
the frequeleysidintole defe@sra e micdHduclor wafé @ composedisr Sitieya detreases significantly if

the tempegaiusgdieldrintheiegion of ihe srusibie hottam -duringrthespreeass of padling the cylindrical

section of the single crystal is chenged atleast once AU ¢, or . e naving
a free surface heated in a crucible by means of a side heater
embodied as a resistance heater; during the pulling of =a
cylindrical section of the single crystal, supplying heat to
the center of the crucible bottom by means of a heating device
adjacent to the crucible bottom which can be 1lifted and lowered
with the crucible, wherein the heat is supplied with a heating
power which is increased at least once tco not less than 2 kW
and in a manner fcllowing a ramp within a time period which is
> 90 min and < 900 min such that the highest temperature in the
crucible bottom migrates from a position at the edge of the
crucible bottom as far as the center of the crucible bottom,
and the heating power is then decreased again; and slicing

gilicon semiconductor wafers from the pulled single crystal.

The inventors have ascertained that the frequency of pinhole
defects in semiconductor wafers composed of gilicon decreases
significantly if the temperature field in the region of the
crucible bottom, during the process of pulling the ¢ylindrical

gection of the single crystal, is changed at least once in such



- 3a a way that the highest temperature in the crucible bottom migrates from a position at the edge of
the crucible bottom as far as the center of the crucible bottom. It is supposed that, in the course of this,
small gas bubbles that adhere to the inner wall of the crucible bottom are detached by a convectively
driven melt flow that transports them as far as the free surface of the melt, said free surface not being
covered by the crucible and the growing single’érystal. In this way, the small gas bubbles can leave
the melt without passing to the interface between the growing single crystal and the melt. The change
in the temperature Eelgl i%[?referggg %ffetcted Withtthe aid of ahge%ti‘r{g:dﬁiiceég%cible bottom heater)
that is adj c&itto the cruu%lehﬁ 5% and Can be lited and foWwered with the crucible. For this purpose,
the heatingi gowee of thecrudidieifdttonrheter iFiorreaseticarieast bhedrrfomess than 2 kW,

preferably:-tp,2:5 kW, and then decrgased:again e The:-heating pawet.is, prafesabhsincreased at least
once from 0 kW to 2-5 kW and then decreased to Q kW again. An increase.in the heating power to less

than 2 KW-Rde Sy R siRdliinfitighcE S aviiding Btioie defedf& GHd “SniRcraais o thermal stress
crystal. 1Gvambdrectharhs kW subjectsthé truciblestodteran ivap propeateosstent avellean be a of

dismcatio'&%i@é@lenﬁmgl%low that transports them as far as the free surface
of the melt, said free surface not being covered by the crucible
and the growing gingle crystal. In this way, the small gas
tubbles can leave the melt without passing to the interface

between the growing single crystal and the melt.

The change in the temperature field is preferably effected with
the aid of a heating device {(crucible bottom heater) that is
adjacent to the crucible bottom and can be lifted and lowered
with the crucible. For this purpose, the heating power of the
crucible bottom heater is increased at least conce to not less

than



The heating power of the crucible bottom heater is preferably increased in a manner following a ramp
within a time period which is not shorter than 90 min and is not longer than 900 min. In this case, the
rate 15 at which the single crystal is pulled from the melt is preferably 0.3 to 0.8 Mm/min, particularly
preferably 0.45-0.65 ram/min. The ramp comprises a section with preferably linearly rising heating
power of the crucible bottom heater, if appropriate & section with 20 constant heating power of the
crucible bottom heafgr, and a-section with f Uiggkgqeating power of C}he crucible bottom heater. The

e T

section with constant h'eapt)ing powerbbre"f%ra ly exténds over & trilmeepcérr?&F 5F 089 rHin. A heating
power profile compHsiRg 1218528 Slich YariFE REpaticuldriF preTefr et Furisknioresit is preferred for
the transport of siéifgas Bilbbles o thefreensurfdcenofthermeltto beosupporteghby @ series of further
Measures. The 3@:préferrec: measuresdnclugde:exposing the: meltiasthe-ipfluenge of ashorizontal

magnetic field or of.a;,CYSR.magnetic field-with.a magnetic flux density of not less than 50 mT at the
edge of the crucihle hottorn, The,edge of the crucible bottam Is the |ocation at,thia 35 transition from

. . . L Lre acts the crucib
the cylindrical side wall of the ) , . © e
thermal stress to an inappropriate extent and can be a

trigger for the formation of dislocations in the single

crystal.

The heating power of the crucible bottom heater is
preferably increased in a manner following a ramp
within a2 time period which is not shorter than 50 min
and is not longer than 900 min. In this case, the rate
15 at which the single crystal is pulled from the melt is
preferably 0.3 to 0.8 mm/min, particularly preferably
0.45-0.65 mm/min. The ramp comprises a section with
preferably linearly rising Theating power .of the
crucikle bottom heater, if appropriate & section with
20 constant heating power of the crucible bottom heater,
and a section with falling heating power of the
crucibie bottom heater. The section with constant
heating power preferably extends over a time period of
0~%0 min. A heating power profile comprising 1-10 of

25 such ramps is particularly preferred.

Furthermore, it is preferred for the transport of small

gas bubbles to the free surface of the melt to be
supported by a series of further measures. The

30 preferred measures include exposing the melt to the
c-influence of a horizontal magnetic field or of a CUSPE
magnetic field with a magnetic flux density of not less
than 50 mT at the edge of the crucible bottom. The adge

of the crucible bottom is the location at th

33  transition from the «c¢ylindrical side wall of the
crucible to the cruciblsz bottom. It is particularly
preferred to expose the melt to the influsnce of a CUSP

magnetic field whose neutral surface intersects the



crucible to the crucible bottom. It is particularly preferred to expose the melt to the influence of a CUSP
magnetic field whose neutral surface intersects the central longitudinal axis of the single crystal at a
distance from the plane of the free surface of the melt of not less than 90 mm. 5 The preferred
measures also include rotating the crucible at a speed of not more than 3 revolutions per minute,
preferably at 1-2 revolutions per minute, and rotatifig the single crystal at a speed of not less than 6

revolutions per nygggeﬁ,aqr_efﬂggl%%gggl1%£§L\éol%t'£qn§rpeer mig_ te. T(pre %%uﬁbla Qng the single crystal

are rotated in the ,same direction 'or. in opposite directions. Rotation in opposite directions is preferred.
The rotational speeds are acéSringly Spetified s absolife valiss® 18 Finally-tH&5referred measures
also include conddctiriy iféit §asi#6r Ekaffiie argon, to the free surface of the melt in order that gas
escaping from the melt is removed from the region of the melt and of the single 20 crystal. The

volumetric flow rate=of thednert-gas isiereferally 60012000, /hy.particklarly preferably 1500- 3000 1/h,
at a pressure of pieferahly 111080 mbar (1100:80Q0 Pa)..25 The invention is explaiged in greater

detail below Withr[{ff%gence tgjiigeuxrg lFlgg{e shows an arrangement that is partlcﬁl?:\rly suitable for
carrying out the method. 30 Figure 2 shows thé configdration ofa EftfciBie botiom Rd4ter that is
particularly suitaBRMor 'CHnifi§ otttHeefhodat 4t a speed of not less than

6 revelutions per minute, preferably at 6~12

10 revolutions per minute. The crucible and the single
crystal are rotated in the same diresction ‘or in
opposite directions. Rotation in opposite directions is
preferred. The rotational speeds are accordingly
specified as absolute wvalues.

i3
Finally, the preferred measures also include conducting
inert gas, for example argon, to the free surface of
the melt in order that gas escaping from the melt is
removed Ifrom the region of the melt and of the single

20  crystal. The volumetric flow rate of the inert gas is
preferabkly 600-12000 1/h, particularly preferably 1500-
3000 1/h, at a pressure of preferably 11 to 80 mbar
(1100-8000 Pay.

25 The invention 1s explained in greater detail below with

reference to figures.

Figure 1 shows an arrangement that is particularly
suitable for carrving out the method.

30
Figure 2 shows the configuration of a crucible bottom
heater that 1s particularly suitable for carrying out

the method.

3% Figure 3 shows the temporal profile of the heating
powar of the crucible bottom heater in accordance with

one preferred embodiment.



35 Figure 3 shows the temporal profile of the heating power of the crucible bottom heater in
accordance with one preferred embodiment. Figure 4 shows the spatial movement of the highest
temperature on the inner wall of the crucible in a manner dependent on the temporal alteration of the
heating power of the crucible bottom heater. S The arrangement in accordance with figure 1 comprises
a crucible 4, which is mounted into a supporting erécible 5 and which contains a melt composed of

silicon. The crucitglie Bg:%fer blgggggists of quartg,arld has a 10 diameter that preferably corresponds to

2 to 4 times the diameter of the Sifigle %l}lym’st;aﬁpﬁ ‘The Qrﬁ%fﬁ?&‘in&ndqﬁe §B§po geficible 5 rest on a
crucible shaft that CARTE Tifted afB lowered ZrFarésutrotidediy £5ite heatei8 embodied as a
resistance heatef By fifearsd&dEthe sitde helater heatisaiansferred:to the melt stibstantially from the

side. situated on tke ouisidecadieiningithe means:ofwhich-magnetic.device the melt is exposed to the
influence of a horizontal magnetic field or of a 20 CUSP magnetic field. The illustration shows coils

suitable for impresﬁc,eizn%a CUSP rrrlggr_{etic fieldrgn the melt, A further stationary bottom heater 7

embodied as a 25 resistance heater is arrange aﬁlégwwt?h%hsufp%}‘rﬁ%glcrﬁgﬂfﬁé Htotnd the crucible

shaft. By means 6f tie &t&tichary bidtiom heéter theat i’ tharfsféreatd thesmerusustantially from
below. 30 The sirffglé&tystali8lis pulidd: 4t a seedcrystabirprste mélt,sshiélded. agaiast thermal
radiation from the:outsicesby a:heat:shield 2 andceeled by a cagler 1, thregghpwhich.coolant flows.
The nominal dliamete(0k » tha+ preferably corresponds to 2 to 4 times
the diameter of the single crystal 8. The crucible 4
and the supporting crucible 5 rest on a crucikble shafrt
that can be lifted and lowered and are surrounded by a
side heater ¢ embodied as a resistance heater. By means
15 of the side heater, heat is transferrsd to the melt
substantially from the side. A magnetic device is
situated on the outside adioining the side heater 6, by
means of which magnetic device the melt is exposed to
the influence of & horizontal magnetic field or of a
20 CUSP magnestic field. The illiustration shows coils
suitable for impressing a CUSP magnetic field on the
melit.

A rfurther staticnary bottom hester 7 embodied as a
25 resistance heater is arranged ©below the supporting
crucible around the crucible shaft. By means of the
stationary bottom heater, heat is <transferred to the

melt substantially from below.

30 The single crystal 8 is pulled at a seed crystal from
the melt, shielded against thermal radiation from the
outside by & heat shield 2 and cooled by a cocler 1,
through which coclant flows. The nominal diameter of
the single crystal composed of silicon is preferably

35 300 mm or 450 mm. The distance betwsan the free surface
of the melt and the lower boundary 3 of the heat shiel

¢ is preferably 20-30 mm. The distance between the free



the single crystal composed of silicon is preferably 35 300 mm or 450 mm. The distance between the
free surface of the melt and the lower boundary 3 of the heat shield 2 is preferably 20-30 mm. The
distance between the free surface of the melt and the lower boundary of the cooler 1 is preferably
160-200 mm. A crucible bottom heater 13 embodied as a resistance 5 heater is integrated in the head
of the crucible shaft, the heating power of said crucibte bottom heater being altered according to the
invention in order_that small gas bubbles.11 that adhere to the inner wall of the gru__c}ilble 4 are detached

-
e

by correspondingT;?1 a!rected 10 meﬁjlows 0and 12 and aré '?r%tnsp(T)‘lrl?eﬁl 10 the'fres Surface of the
melt. From there ‘he&'§hatl ga&s Blibbfeé togethel with siion oxide escaping from the melt are taken
up by an inert gas flow 9 directed to the free surface of the melt and are removed from the region of 15
-the melt and of the growing singte: crystale Detailsiof teesonfiguratien of a crucible; bettom heater-that

is particularly; suitable for ¢arrying.gut the;method.are-illustratedsjn figure.2,,Said.crucible 20 bottom
heater comprises_a heating. spiral 14 composed of graphite, which is supplied with electric AC current
via inner anF()JI ou%%guﬁgﬁﬁgg’jdsp E?';earndO ip6 Ted T .r%uﬁ%%écrggigfg rsnhtg) “The hlr}eeaitlrh% spiral is
thermally insulatéd Bt 17 bOTORT By % plite Tand TateraiF by 25 g 18°E6mpoaéd of carbon fiber
reinforced carbor¥ f€FEYSFREINNEY WHIEST thelringis tined with Brretallic: iéfleefor 28 In addition to
the features illustratect dhe heatingsspitalcan be embodied.insneanderng fashier ©£de magnetically
shielded in osder30; to protect it against interactions, with the, magnetic field impressed on the melt.

surface of the melt. From there, the small gas bubbles

together with silicon oxide escaping from the melt ars

taken up by an inert gas flow 9 directed to the free

surface of the melt and are removed from the region of

15  the melt and of the growing single crystal.

Details of the configuration of a crucible bottom
heater that 1s particularly suitable for carrying out
the method are illustrated in figure 2. %zid crucible
20 bottom heater comprises a heating spiral 14 composed of
graphite, which is supplied with electric AC current
via inner and outer current feeds 15 and 16 led through
the crucible shaft. The heating spiral is thermally
insulated at the bottom by a plate 17 and laterally by
25 a3 ring 18 composed of carbon fiber reinforced carbon
{CFC). The inner wall of the ring 1is lined with a
metallic reflector 19. In addition to *he features
illustrated, the heating spiral can be embodied in
meandering fashicn or be magnetically shielded in order
30 to protect 1t against interactions with the magnetic

field impressed on the melt.

Figure 3 shows how the heating power of the crucibise
bottom heatsr heater 13 is changed in the course of
35  time in accordance with one preferred embodiment of the
invention., Said heating power i1s changed in 3 manner
following a ramp comprising a linear section and a

constant section. The time axis i1s specified in the



Figure 3 shows how the heating power of the crucible bottom heater heater 13 is changed in the
course of 35 time in accordance with one preferred embodiment of the invention_ Said heating power
is changed in a manner following a ramp comprising a linear section and a constant section. The time
axis is specified in the unit of length L of grown single crystal. Given a typical crystal lifting speed for
single crystals having a nominal diameter of 300-mi of 0.55 mm/min, the length L =5 cm corresponds
to a time period Qdfnal ro&maltelly %Q in. The section with Iigearl rising heating power of the crucible
bottom heater extends over & tine period That & S6Mewnat sfiorfer i the fihéTeqdired to pull a
length of 100 mm 8FtHE Singfé E7yétal. Frie abfion THET Eondtant hedtifigepowsr 8t te 10 crucible
bottom heater exteétidsiovér adirheaperiodtiwtds soméwhattonger than the time required to pull a
length of 50 mm okthe:single erystal. Ihe ebange:inihe heafing power-of the-¢uucible-bottom 15

heater in a mnngﬁm};@u@mgﬂ%@r@ﬁ hashe effect iliystriated irbfi'%%eﬁgih%ti@fﬂgighest
temperature (ngégmkhge crgvcvie}e b(%Itog}lgnigéaEecs,ifbrgm %pg@%ition P1 at the edge of the crucible
bottom via an intervening pésition P2 as far as the center P3 of the 25%ricibl& B, In the course of
this, small gas bubi5iés that Hifhef& td te ihfier wall of #e thdciblesoticn akédetddired by a
convectively .ven Afedt fiGkEt ttahspeted te thefreenswfade)of tive melt:saidsfregisurface not being
covered by the crucjslezand the 25growing.single-erystalnExamyleng power of the

10 crucible bottom heater extends over a time pariod that

is somewhat longer than the %time reguired to pull a

length of 50 mm of the single crystal.

The c¢hange in the heating power of the crucible bottom
15 heater Iin a manner that follows the ramp has the effect
illustrated irn figure 4 that the highest temperature
(Tmax) in the crucible bottom migrates from a position
Pl at the &edge of the crucible bottem via an
intervening position P2 as far as the center P3 of the
20 crucible bottom. In the course of this, small gas
bubbles that adhere to the inner wall of the crucible
botteom are detached by a convectively driven melt flow
and transported to the free surface of the melt, said
free surface not being covered by the crucible and the

25  growing single crystal.
Example:

A series of single crystals composed of silicon having
30 a nominal diameter of 300 mm were pulled from a
crucible having a diameter of 28§ inches {711.2 rmm) by
means of ‘the arrangement shown in figure 1, in
accordance with the method according to the invention.
The average crystal 1ifting speed was 0.5%5 mm/min
3> during the process of pulling the cylindrical section
of a single crystal. At the beginning of the process of
pulling the cylindrical section of a single crystal,

the heating power o¢f the crucible bottom heater was



A'series of single crystals composed of silicon having 30 a nominal diameter of 300 mm were pulled
from a crucible having a diameter of 28 inches (711.2 mm) by means of the arrangement shown in
figure 1, in accordance with the method according to the invention. The average crystal lifting speed
was 0.55 mm/min 35 during the process of pulling the cylindrical section of a single crystal. At the
beginning of the process of pulling the cylindrical-settion of a single crystal, the heating power of the
crucible bottom heater was altered once in accordance with the ramp illustrated in figure 3. For
comparison purposfes,l?urther smglé cryst‘é]fs we?% ﬁh“li%‘d ﬁn‘&efﬁ@s&ﬁwﬁ%&ﬁﬁﬁ@ﬁs}ﬁut without this
alteration of the h&A8Hgpower of the 5TGHiRIE Bftons HeatsE A stalistithPavalaatiohsof the frequency
of the occurrence<@tisibhibte defeetsrevéaled arfadurefrequency approximately 30 sigtes higher, on
average, on accouht bbsuch defects insthercase ofthe semiconductor wafers that had.been sliced

from the 13 single:grystals-pulled for ¢QMPaKison PUIPOSES, .1 evaluation of the
frequency of the occurrence of pinhole defects revealed
a faillure f{frequency approximately 30 times higher, on
average, on acccunt of such defects in the case of the
semiconductor wafers that had been sliced from the

10 single crystals pulled for comparison ourposes.



10 Claims 1. A method for producing silicon semiconductor wafers, comprising:  pulling a single
crystal at a seed crystal from a melt having a free surface heated in a crucible by means of a side
heater embodied as a resistance heater;  during the pulling of a cylindrical section of the single
crystal, supplying heat to the center of the crucible bottom by means of a heating device adjacent to
the crucible bottom which can be lifted and lowered with the crucible, wherein the heat is supplied with
a heating power which is increased at least once tg_not less than 2 kW and in a manner following a
ramp within a time period which is > 90 mm and < 900 min such that the highest temperature in the
crucible ppftgm migrates from a position at the edge of the crucible bottom as far as the center of the
crucible bottom, and the heating power is then decreased again; and slicing silicon semiconductor
wafers from the pulled single crystal. 2. The method of claim 1, further comprising exposing the melt
to the influenceaahatherizoptaliagraiodiedehpoad S R afagretipfigigwith a magnetic flux density of

not less than 50 mT at an edge of the crucible hattom. 3...The method of claim 1, further ¢ rising
exposing the N e HAUGHE o o ChGR it AL RS S B R e
longitudibratresis of adsimglercrybtalict 2 distastercérbeaiehie plane of the free surface of the melt of not

less than 90 m_mn%}ng 1€ MEHedraf Ciala . aher &ﬁmﬁg@c%@@mggmg&m the dnfiuesice of a
CUSP magnetic field whaose neutral surface intersects a central longitudinal axis of the sm&le crystal at

a distandefBit s plaRCbyrasans e b 6T I AP A S SRS A R St rRish s RitRbd of
claim 1, fuathessenyaising dotatiaguhecrutiteaisarspeird eithathngig har?wevalitionsper minute

and rotating the single crystal at ed of not less than 6 revolutions per minute. 11.6. The method
o clim 3 TP BTN YOI he B IBECh A SYRER B BIL CAGH Bod Wt

60 min and < 900 min such that the highest temperature in the crucible bottom migrates from a

position at the edge of the crucible bottom as far as the center of the crucible bottom, and the heating

power is then decreased again; and

slicing silicon semiconductor wafers from the pulled single crystal.

2, The method of claim 1, further comprising exposing the melf to the influence of a horizontal
magnetic field or a CUSP magnetic field with a magnetic flux density of not less than 50 mT at an

edge of the crucible bottom.

3. The method of claim 1, further coraprising exposing the melt to the influence of a CUSP
magnetic field whose neutral surface intersects a central longitudinal axis of the single crystalata

distance from the plane of the free surface of the melt of not less than 90 mm.

4. The method of claim 2, further comprising exposing the melt to the influence of a CUSP
magnetic field whose neutral surface intersects a central longitudinal axis of the single crystal at a

distance from the plane of the free surface of the melt of not less than 90 mm.,

5. The method of claim 1, further comprising rotating the crucible at a speed of not more than 2
revolutions per minute and rotating the single crystal at a speed of not less than 6 revolutions per

minute.



revolutions per minute and rotating the single crystal at a speed of not less than 6 revolutions per
minute. 7. The method of claim 3, further comprising rotating the crucible at a speed of not more than
2 revolutions per minute and rotating the single crystal at a speed of not less than 6 revolutions per
minute. 8. The method of claim 1, further comprising conducting inert gas to the free surface of the
melt at a volumetric flow rate of 600-12,000 1/h at a pressure of 1100-8000 Pa. 9. The method of
claim 1, wherein the ramp comprises a portion W|th a substantially linearly increasing heating power
and a portion with a decreasing heating power. 10. T¥he method of claim 1, wherein the ramp
comprises a portion w ubstaptiall Imear increasing heating. power, a portion with a substantially
constant eatlngrlt kbo%lv%%l ca?ﬁ% g po% on Wlt X8 Iésclrgag tﬁb‘% %R Bwat 2 PE REARIRRE 3P Aaim 1,
wherein tivedheaim geomertésainiors sseriti @@:msédta phged| ity rof timakalufirgguowihpef the
cylindrical,gggtion of the single crystal. 12 The method of claim 11, wherein the heating power is
increased and decreased from 2 to 10 times during growth of the cylindrical section of the single
crystal. 13. The method of claim 1, wherein the heating power is increased to from not less than 2 kW

to 7. The method of claim 3, further comprising rotating the crucible at a speed of not more than 2

revolutions per minute and rotating the single crystal at a speed of not less than 6 revolutions per

minute.

8. The method of claim 1, further comprising conducting inert gas to the free surface of the melt
at a volumetric flow rate of 600-12,000 V/h at a pressure of 1100-8000 Pa.

9. The method of claim 1, wherein the ramp comprises a portion with a substantially linearly

increasing heating power and a portion with a decreasing heating power.

10. The method of claim 1, wherein the ramp comprises a portion with a substantially linearty
increasing heating power, a portion with a substantially constant heating power, and a portion with a
decreasing heating power.

11, The method of claim 1, wherein the heating power is increased and decreased a phurality of

times during growth of the cylindrical section of the single crystal.

12. The method of claim 11, wherein the heating power is increased and decreased from 2 to 10

times during growth of the cylindrical section of the single crystal.

13, The methed of claim 1, wherein the heating power is increased to from not less than 2 kW to
5 kW.



5 kW. -12- Method for producing semiconductor wafers composed of silicon Abstract A method for
producing semiconductor wafers composed of silicon, comprising pulling a single crystal at a seed
crystal from a melt heated in a crucible; supplying heat to the center of the crucible bottom with a
heating power which, in the course of a cylindrical_section of the single crystal being pulled, is
increased at least once to not less than 2 kW and i€ then decreased again; and slicing the

semiconductor wajgrerfsemsthe pelied singleLystlnductor wafers composed of

silicon

Abstract

A method for producing semiconductor wafers composed of
silicon, comprising

pulling a single crystal at a seed crystal Ifrom a melt
heated in a crucibkle;

suppiying heat to the center of the c¢rucible boettom
with a  heating powser which, in the course o¢f a
cylindrical section of the single crystal being pulied,
1z increased at least once to not less than 2 kW and is
then decreased again; and

slicing the semiconductor wafers from the pulled single
crystal.

Figure 1



