Silicon wafer having good intrinsic getterability and nethod for its
production 5 The present invention relates to a nonocrystalline silicon
waf er having good intrinsic getterability, the silicon wafer having a high
BMD density in the bulk and a BMD-free layer on its surface. The invention
also relates to a nethod for producing such silicon wafers 10 by a heat
treatnent. Prior Art Silicon single crystals, which are generally produced

15 according t .t Q¥ i, i . -iEg nﬁg : ,
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into wafers, subjected to amathadfan titsoPyadnaddsimg steps in order to
obtain the desired surface quality and, 20 finally, generally used for the

production of _electronic conponents. If sEeci al precautions are not taken,
then the defedt§ wPFPSg&R§o BBVEBGAANOnrEhatesur Faced of MeMRCHAs e 51l ifRer e t hey
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wafers as a fGrctrOR &R ffke Pegid ifofd rﬁ‘ﬁygdeﬁ’rsoldi)’ctlirbntlb? Rk s34 con

singl e crystah, mhbetrese 13Geatt onblittabl eukbatbe preseneeecat ipoi ndlslef ects
i.e. crystal | raLt %i ce tvacanci %z‘ %{ f’tnt erstciiti al ato ((iinterstitial silicon
atons al so ref&FPEESt & %s® MHEEPFSt it IRy OSSR} paRE NG Tor GHe 7 Ep5T at i on
or detectl®n ket holicatadggkammeattes of crystal lattice vacancies are referred
to as "flow pattern defects” (FPDs), "gate oxide integrity (GO) defects”
or "crystal originated particles" (COPS). These COPs are octahedral
cavities - 2 Pxagxt AFftographically oriented perfectly. Their inner wall is
typically covered by a 1 to 4 nmthick oxide

Silicon single crystals, which are generally produced
15 according to the Czochralski crucible pulling method
(CZ method), <comprise a range of impurities and
defects. The single crystals are sliced into wafers,
subjected to a multiplicity of processing steps in
order to obtain the desired surface quality and,
20 finally, generally used for the production of
electronic components. If special precautions are not
taken, then the defects will alsc be found on the
surface of the wafers where they can detrimentally
affect the function of the electronic compcnents

25 fabricated thereon.

The following defect types generally occur in silicon
wafers as a function of the —ceonditions during
production of the silicon single crystal, which are
30 attributable to the presence of point defects 1i.e.
crystal lattice vacancies or interstitial atoms
(interstitial silicon atoms also referred to as

interstitials):

35 Depending on the preparation or detection methed,
agglomerates of crystal lattice vacancies are referred
to as "flow pattern defects" (FPDs), "gate oxide
integrity (GOI) defects™ or Tcrystal originated

particles™ (COPs). These COPs are octahedral cavities



filmwhich |l eads to thermal stabilization of the COP, so elimnation of
this defect by breaking down the 5 oxide filmand subsequently injecting
interstitials is effectively possible only at tenperatures of about 1200C
and with process tinmes of more than 30 minutes. The COPs are cut into when
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position. Vertical "trenches", which are produced by
anisotropic etching and are part of a typical CMOS
memory cell, may also be short circuited by a COP lying
between them, or the protective oxide of the memory
20 cell may be compromised. The dependency of the
formation of COPs on the ratio v/G of the crystal pull
parameters (v = crystal pull rate, G = thermal gradient
at the interface between the melt and the growing
single crystal) is described for example 1in V.
25 Voronkov, J. Crystal Growth, Vol. 59, p. 625 (1982).

At the interface between the melt and the growing
single crystal, crystal lattice vacancies and
interstitials are incorporated with an equilibrium
30 concentration. When the crystal cools, recombination of
the two point defect types ensures that a concentration
higher than the equilibrium concentration (=
supersaturation) deoes not occur either for the
interstitials or for the vacancies. This applies so
35 long as there 1s a significant <concentration of
interstitials. Thereafter, supersaturation of vacancies
builds up. The concentration of vacancies is
essentially determined by the parameter v/G (as
described 1in J. Crystal Growth, Vel. 59, p. 625



(1982)). In vacancy-rich crystals according to the prior art, aggregation
of the vacancies to form COPs takes place after sufficiently high
supersaturation is reached. Recent sinulations of this COP aggregation 5
show a rise in the COP density with small™ supersaturations. |If the vacancy
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grow in 30 conpofientnspegol Gdher MphcPEOLessesnto framtl asgeynprgcipi tates,
whi ch crucially weaken the silicon matrix. due to formation of dislocation
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seeds for oxygen precipitation. The defects thus formed
can later be revealed as "oxidation induced stacking
faults" (OSF) by subjecting the silicon wafers produced
from the single crystal to an oxidation treatment.
20 Those defects already existing before the oxidation
treatment, which c¢an be detected as O0OSFs, will be

referred to below as 0OSF seeds.

Wafers with a high density of OSF seeds present the
25 following disadvantages with respect to  reduced
component yields: (1) metals are preferentially bound
to OSFs ("gettered"), which leads to degradation of the
gate oxide due to enhanced formation of nucleation
centers for volatile Si0; (2) OSF seeds grow in
30 component-specific thermal processes to form large
precipitates, which crucially weaken the silicon matrix
due to formation of dislocation loops. This can lead to
enhanced deformation ("warp") of the silicon wafer,
which then in turn interferes with the photolithography
35 step used in the CMOS process since the critical
minimum structure linewidths are no longer achieved;
(3) large oxygen precipitates, which are caused by OSF
seeds, cannot generally be eliminated so as to form a

BMD-free zone even by a thermal process and they remain



seeds, cannot generally be elimnated so as to forma BWMD-free zone even by
a thermal process and they remain - 4 as defects in the active conponent

zone. This -

as already described for CQPs. - may |lead to short circuits

the trench capacitor nenory cell or weaken its capacitance. 5 In silicon
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crystal growth., It 1is known for instance that when

accurately defined conditions are complied with during
the crystal pull, neither agglomerates of crystal
lattice wvacanclies nor agglomerates of interstitials
occur. The above-described ratio v/G is of particular

importance for this.

Silicon wafers, which are substantially free of
agglomerates of crystal lattice vacancies and
interstitials over the entire surface, generally
comprise radial regions in which <c¢rystal lattice
vacancies are the prevalent point defect type and other
radial regions in which interstitials prevail, see for
example DE10047345A1 or T. Miiller et al.,
"Precipitation enhancement of so called defect-free
Czochralski silicon material", Solid State Phenocmena,
Vols. 108-109 (Dec. 2005), pp. 1l1-16. In the latter
regions, a subsequent heat treatment generally leads to
the formation of a only low concentration of oxygen
precipitates (also referred to as BMDs, "bulk micro-
defects"). On the one hand this is desirable since
oXygen precipitates on the wafer surface can lead to
functional impairment or failure of the relevant
components. On the other hand, however, oxygen
precipitates bind metal impurities which diffuse into

the silicon wafer during the production of electronic

pp.
| atter regions, a subsequent heat treatnent generally | eads

to the formatChen poficr cnty, | heweoaepntbathonsofvagygen spbecaptiates (al so
referred to as BYDS, " bybl m.Lor ;08T egts ). On fhe 208 hang; LI schs



35 oxygen precipitates on the wafer surface can lead to functional

i npairment or failure of the relevant conponents. On the other hand,
however, oxygen precipitates bind netal { npurities which diffuse into the
silicon wafer during the production of el ectronl c - 5 components. This
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generally undesirable on a wafer.

Another problem however occurs during the heat
20 treatment of silicon wafers, in the entire volume of
which crystal lattice vacancies are the prevalent point
defect type and which at the same time are free of
agglomerates of crystal lattice vacancies: If the
interstitial oxygen concentration [0;] 1is selected to
25 be high enough in order to ensure sufficient BMD
formation and therefore sufficient getterability, then
interfering OSF seeds are formed during the crystal
growth when cooling. Furthermore, this effect also
depends on the cooling rate of the crystal rod, since a
30 longer residence time in the temperature zone relevant
for the precipitate growth entails commensurately more
formation of OSF seeds. If however the interstitial
oxygen concentration [0;] is selected to be so low that
no OSF seeds are formed during the growth of the
35 crystal, then this leads to no BMD density or too low a
BMD density which 1s not enough to achieve a
sufficiently large getter effect (for example defined
with the aid of the size and density of the BMDs
according to Sueoka et al., Electrochem. Soc. PV 2000-



formati on of OSF seeds. |If however the interstitial oxygen concentration
[0Oj] is selected to be so low that no OSF seeds are fornmed during the
growmth of the 35 crystal, then this | eadsgto no BVD density or too |ow a
BMVMD density which is not enough to achieve a sufficiently large getter

effect (for exanple. deéd pedoow bh Haezai @tofalt he BiZe phch&gnssby, obyt he
BMDs accordi r&g%obo O%ueoka ﬁ%’t%al. | ectrochem Soc. PV 2000 - 6 17, p. 164,
2000 or Hol zl al~<r E-e cKiIsoc. PV 2002- 02, p. 602, 2002). It was
therefore an object of the invention to provide 5 a silicon wafer which

presents none Qf said_, di sadvantages.. scrd ption, of the Invention.10 This
object is achilgvevzasoyt%e]é?f‘g]é%ng\f;/}vagg’ﬁ’,egi%n OttJhBCheethrWeen%?rbnjéOoPr%?‘ f
crystal |abti e vaddncioes wefeesenvhidle presedesiits poimtnedef edt tgpéd t he

silicon wafer n% ion which is rotationally symmetric wth respect
! \ di At J el y symm resp
to its axis an as a wgrﬁ of at least 15 80% of the radius of the silicon
wafer, this region conprising agglonerates of crystal lattice vacancies

with a size ofpefcdi®asilon3®MBH ThviNRSidy of at nost  6.103 CM -3 and
aggl onerates of crystal lattice vacancies wth a size of from10 nmto 30

nmin a density of from20 1 105 CM-3 to 3. 107 cm 3, the silicon wafer
conpri singo OShiseedpjbhtra densichy fed rem G t9il0cen? wdean javergge BMD
density in its interior of fromf5. 1?180%‘1\/!-3 to 5.109 CM3 , the BMD density
varying at mosHy S YANE ofL10%PHhPhe TR dit2ttioh oVéFaPRéeantire
25 radi us of tiwpraddmmonchafprevabdnwhenenn edesit! itoe, Waher scoipbhses a
BVD-free | ayerw[a%te I ekgs‘tf. on the fr.ont idﬁ gLf theteasi I coﬁswafer iLch is
di sti ngui shed 13T KA VRS £ rSi98ib B8R the Enti T Fr YL LY a8YBReFRC
silicon waf er vigh ouvesatt atdepttts odxht hedstha% pm andtBO afheaf i ishsBVD i s
found on g¥er ags a&fatgﬁptpaagugtcaf the silicon wafer, this region
comprising agglomerates of crystal lattice vacancies
with a size of at least 30 nm in a density of at most
6-10° cm™® and agglomerates of crystal lattice vacancies
with a size of from 10 nm to 30 nm in a density of from
20 1:10° cm™® to 3-107 cm™®, the silicon wafer comprising
OSF seeds 1in a density of from 0 to 10 cm™ and an
average BMD density in its interior of from 5-10% cm™
to 5-10° cm™@, the BMD density varying at most by a
factor of 10 in the radial direction over the entire
25 radius of the silicon wafer, and wherein the silicon
wafer comprises a BMD-free layer at least on the front
side of the silicon wafer, which is distinguished in
that the first BMD on the entire front side of the
silicon wafer is found at a depth of at least 5 pm and
30 the first BMD is found on average at a depth of at

least 8 pm.

The invention will be described in more detail below
with the aid of figures:

35 Fig. 1: Example of a silicon wafer according to the
invention, having a centrally formed =zone which
comprises COPs with a diameter > 30 nm (measurement
method according to US5980720).



| east 8 pm The invention will be described in nore detail below wth the
aid of figures: 35 Fig. 1: Exanple of a silicon wafer according to the
invention, having a centrally formed zone, which conprises COPs with a
di ameter > 30 nm (neasurenent nethod according to US5980720). - 7 Fig. 2:

Radial distritlyon of GRRudef echs gt ify dhareler s daspecluely guegher and
| ess than 30 nmwith the aid of a si ul t aheous M t op) ‘and copper
decorati on t e€HRMGHE IEhSHAC L I ey 9 r2atesmpard skasofthde 3@diml wooP

density distrinRutiom neasugedshnulRenMis(t @Rl and gPPPes,q deggration
techni que (bottom. Fig. 4: Silicon wafer according to the Invention
W t hout COP dﬁ§ﬁ9£§5h4%|ﬁ?qh9%ﬂﬁﬁ dBtEe8) anal ysis~ 10 techni que according
to US5980720. rfigg. 53:Conpaipsoissdf t e int@ést!ﬁgdﬂal_an@opacaggﬂs%gpninated
(o9 ons, {10m ashLlson uel et paceptding, o e, dvertien vl ML
(solid 15 |i necoaad iwnt hewhnidashgddtitoes). using a ring heater. Fig. 6:
O STy RS ST S A ol PPRRL AL o, LRt O et
measur enent byldend ofOfopgésk 2@ccerdrmd i dw (bt omprdhce wahaiysish a COP
0ok aoeeTh  peeaicond YRcUiTHL 6 00k qsbngo 5 Commet SO0 ) A o dope
with oxygen. F29-Fi g é%orr@@ri?&aﬁrqnsoﬁfofthteheimea%‘ébﬁa@?onad@kem@a@@yﬁz
silicon (FZ) cepathaweldh (@giaes ((f Andh Netodopetk Wil beo PXY98 Mo FEBe 10:
Radi al BMD density with various interstitial
invention with "W31" according to DE10047345A1 and
comparison of the radial profile of v/G with (solid

15 1lines) and without ({dashed lines) using a ring heater.

Fig. 6: COP density measurement by means of copper
decoration (bottom}) of a wafer with a COP disk visible
according to SC1l/SP1 {top).

Fig. 7: COP density measurement by means of copper

20 decoration ({bottom) of a wafer with a COP disk absent
according to SC1l/SP1 (top).

Fig. 8: Comparison of the Cu decoration defects on FZ
silicon (FZ) doped with oxygen (OFZ) and not doped with
oxygen.

25 Fig. 9: Comparison of the Cu deccration defects on FZ
silicon (FZ) doped with oxygen (OFZ) and not doped with
oxXygen.

Fig. 10: Radial BMD density with wvarious interstitial
oxygen concentrations.

30 Fig. 11: Effect of different heating rates during the
heat treatment on the BMD density of a first silicon
single crystal.

Fig. 12: Effect of different heating rates during the
heat treatment on the BMD density of a second silicon

35 single crystal.

Fig. 13: BMD densities of silicon wafers which have
been subjected to various heat treatments according to

the invention.



oxygen concentrations. 30 Fig. 11: Effect of different heating rates during
the heat treatnment on the BMD density of a first silicon single crystal.
Fig. 12: Effect of different heating ratgs during the heat treatnent on the
BMVMD density of a second silicon 35 single crystal. Fig. 13: BMD densities
of silicon wafgls whigh haye;cheen pubiactgd, t ojxagkbous fwealy treghpent s
according to the invention, - 8 Fig. 14: Qptical "mcroscopy inmage (after
copper decor &ECEFR tdPPEOP He O sd%f?‘ﬁt%l dildhetar LageteR Swh%h™®oul d not
be detected bwhieanscobldOncr bbe damidia apgormkdrgs t @ fUSHO80520. theFi g.

15: Radial distribution of,.the B ity, measured by SIRM for four
silicon waf ergneg(p@ (‘.-i’icﬁ&rtd&ngt ﬁ@wﬁﬁg’gﬁtﬁ@ﬁ Fig. 16: Radial distribution of

t he BVD dehsi tRyig. détSer mResti ddy fdiactnirtestietrchigy atrite opBMBal densiogcopy,
10 for four sili f.ers ordjng t Iy ntjan,.. Fi . Radj al

distribution o at%%ge\é%&%\ So theggl‘g/Df%ﬁrregﬁllé;@ér% %déa‘r ro{rgg?#%%ﬁ?wg ers
according to tthe iinveattioon. 15 In this description, the term"COP disk"

will be used g fohlens p P dhidcd ot {601 ok aledde £RH! Chofls the
silicon wafer, ich conprises aggl onerates of crystal attice vacanci es
with a size ofedemdasd I gt Bre deHsthindhfangdreP thanl 6110808/8PY The
Teasur eneny oftdNecll GO RSkl GecbrdingCaus ikod Quvowitibr he aid of a
150 mmwafer A, which is cut_froma 300 nmmwafer produced according to the
i nvention so & the pdPftali Adiscaiey thenodty eheseRPEDt 0 driigi AYP-waf er
edge and the feientlépdicatiad byutOMWibliscdhewarfegsnadcoef@IngS teentes. The
nmet hod descri hed i n.US5980720 for detecting COPS was applied to the wafer
bored out in AV On

15 In this description, the term "COP disk" will be used
as follows: a COP disk is a region at the center of the
silicon wafer, which comprises agglomerates of crystal
lattice vacancies with a size of at least 30 nm in a
density of more than 6-:10° cm™.

20 COP density (Fig. 1) 1s carried out with the aid of a

150 mm wafer A, which is cut from a 300 mm wafer

The measurement of the

produced according to the invention so that the point
indicated by 0% represents the original wafer edge and
the point indicated by 100% 1is the original wafer

25 center. The method described in US5980720 for detecting
COPs was applied to the wafer bored out in this way. On
all wafers ©produced according to the invention,
detection of COPs is possible only in a central disk (=
COP disk) with a radius < 20% of the wafer radius.

30
The silicon wafer according to the invention comprises
crystal lattice vacancies as the prevalent point defect
type throughout its volume. The prevalent point defect
type may, for example, be determined by platinum

35 diffusion and subsequent pPCD measurement or by a BMD
test:

In the former method, after immersion in hydrofluoric

acid (HF}, the silicon wafer is deliberately



all wafers produced according to the invention, detection of COPs is
possible only in a central disk COP disk) with a radius < 20% of the wafer
radius. 30 The silicon wafer according taq,the invention conprises crystal

| attice vacancies as the preval ent point defect type throughout its volume.
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15 B85 Lifetime Scanner from Semilab. Since platinum
preferentially diffuses via the so-called Frank-
Thurnball mechanism - which requires vacancies for this
- enrichment with platinum takes place in the vacancy-
rich zones. An increased platinum concentration in turn
20 leads to a reduced lifetime of the minority charge

carriers, which can be detected by pPCD.

In the second method, the BMD test, the domain
structure 1s characterized with the aid of heat
25 treatments. The detection is based on differently large
seeds for oxygen precipitates being created owing to
the differently high supersaturation and subsaturation
of intrinsic defects (= wvacancies = crystal lattice
vacancies) during the crystal pull process. These in
30 turn grow or shrink as a function of their size during
prolonged heating in the scope of a heat treatment. The
greater the supersaturation of intrinsic defects was at
a radial wafer position, the greater is the density of
the growing seeds which can be detected as BMDs with
35 the aid of SIRM. In this way, the radial BMD profile
allows statements to be made regarding the domain
structure. To this end the silicon wafer is heated with
a heating rate of 1 K/min from 900°C to 1000°C and
subsequently kept at 1000°C for two hours, before it is



25 treatnents. The detection is based on differently | arge seeds for oxygen
precipitates being created owing to the differently high supersaturation
and subsaturation of intrinsic defects ¢(x vacancies = crystal lattice
vacanci es) during the crystal pull proceSs. These in 30 turn grow or shrink
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symmetric with rdv??ﬁ@clotéolﬂ%“axis and has a width of at |east 80%of its
radi us, in which 20 agglonerates of crystal lattice vacanci es wWth a size
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silicon wafer according to the invention is not free of
crystal lattice vacancies. It comprises a region, which
is rotationally symmetric with respect to its axis and
has a width of at least 80% of its radius, in which

20 agglomerates of crystal lattice vacancies with a size
of at least 30 nm occur in a density of at most 6-10°
cm™3, when they have been studied by MO6 or the method
described in US5980720. Both methods correlate well in
respect of measured COP densities. For example,

25 densities can be reached which lie below the current

detection limit of 7-10' cm™

According to the invention, the density of the
agglomerates of crystal lattice vacancies with a size
30 of at least 30 nm is at most 6-10° cm™ according to MO6
measurement (MO6 measuring instrument from Mitsui,
Japan) and preferably 2.5 cm™®  according Cu

deposition/breakdown test.

35 At the same time, agglomerates of crystal lattice
vacancies with a size of from 10 to 30 nm are present
in a high density of 1-10° cm™ to 3:10" cm™® in this
region. These extremely small agglomerates of crystal

lattice vacancies do not actually interfere with the



described in US5980720. Both nmethods correlate well in respect of neasured
COP densities. For exanple, 25 densi ti es can be reached which lie bel owthe
current detection limt of 7.101 cm' _ Agcordi ng to the invention, the

density of the aggl onerates of crystal lattice vacancies with a size 30 of
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15 erode a surface layer. The defects of the wafer are
subsequently revealed by treatment with a Secco etching

solution for 30 minutes.

The described rotationally symmetric region preferably
20 begins on the edge of the silicon wafer and extends
inward over at least 80% of its radius. It 1is
particularly preferable for the rotationally symmetric
region to cover the entire surface of the silicon
wafer.
25
The silicon wafer according to the invention combines
an extremely low density of OSF seeds with a high BMD

density, which ensures sufficient getterability:

30 The silicon wafer according to the invention comprises
an OSF density of from 0 to 10 per square centimeter
averaged over the entire surface of the front side,
preferably from 0 to 2 per square centimeter, and is
therefore essentially free of OSF seeds. The O0SFs are

35 detected by optical microscopy after dry oxidation at
1000°C for 3 hours, subseguent dry oxidation at 1150°C
for 100 minutes and preparation by a Wright etch.

During the optical microscopy, a measurement area of



region to cover the entire surface of the silicon wafer. 25 The silicon
waf er according to the invention conbines an extrenely |ow density of OSF
seeds with a high BMD density, which engsyres sufficient getterability: 30
The silicon wafer according to the invention conprises an OSF density of

fromO to 10 per sgvar escedhi(Bken ear\é%a%eqmpvgorﬁ h&@n&éﬁge%ueffaeaeof the
front side, preferably from to 2 square centineter, and is therefore

essential |y friddigoroseisde are 35 detected by opti cal
m croscopy after dry oxi datl on at 1000C for 3 hours, subsequent dry

oxi dation at 50C 100 nut es aration b Wight etch
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achi eved overc} e entire ., silicon wafer. . The S|Jélcon waf e acco |3 to the
te

i nvention t huSFWHE t He® crit erfont ole‘ne RS ESFFRYY 202 et ’E“8F -and
exhibits a st alHwmBMaldessi tyitw ik BMdsn ofossifiei erd  sichd ewshi dbware not

elininate?5bydﬂpﬁations of the BMD density amounting to a factor of
2 or less. A sufficiently high, stable and homogeneocus
getterability 1is therefore achieved over the entire

silicon wafer. The silicon wafer according to the

invention thus fulfils the criterion of the so-called

20 getter test and exhibits a stable BMD density with BMDs

of sufficient size, which are not eliminated by any

thermal process typically used in the scope of the

component precduction.

25 The BMD density is determined for example by means of
cleaving, partially etching the cleaved surface and
counting the defects amplified by the etching attack by
means of optical microscopy. Typical etchants are
Wright, Secco and Yang etching solutions, typical

30 etching erosions lying in the range of 1 um. A typical
assessment count for determining the BMD density
involves recording five equidistant points along the
radius. In order to achieve a high resolution of the
BMD density radially, an automatic SIRM-based BMD

35 counter based from Semilab is supplementarily used. To
this end a laser beam focused typically at a depth of
50 pm from the wafer surface is moved from the wafer
center to the edge and the light scattered by BMDs is

determined in a confocal arrangement using a



thermal process typically used in the scope of the conponent production. 25
The BVD density is determ ned for exanple by neans of «cleaving, partially
etching the cleaved surface and countingsthe defects anplified by the
etching attack by neans of optical mcroscopy. Typical etchants are
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this growth stremthAlsgeagyr.e than 5 pm the BVMD-free |layer on the front side
15 of the silicon wafer is so deep that it generally covers the entire

t hi ckness of the layer in which the electronic conponents will subsequently
be structuredAt Teer BMhd ee ﬂrﬁ,yethé SBMI+-freen B4 yeht ecn byhanatkyzat ngitbe

fracture edge Qy yRans;pf; oBL! GAledY €1QSCQRY g that it generally

covers the entire thickness of the layer in which the

electronic components will subsequently be structured.
The BMD-free layer is in turn studied by analyzing the
fracture edge by means of optical microscopy, and
20 specifically in the same working step as that in which
the BMD density is determined. It is possible for an
experienced operator to determine a BMD-free layer with
a vertical resclution of 1 pm. The BMD-free layer at a
given position 1is defined by the distance from the
25 first measured BMD to an arbitrary point in a lateral
analysis window with a length of 4 mm. The thickness of
the BMD-free layer is typically determined every 20 mm
along the wafer diameter for these studies. Important
quantities for the statistical assessment of the
30 thickness of the BMD-free layer of a silicon wafer are
the average thickness {averaged over all measurement
results of the silicon wafer) and the minimum thickness
from all measurement results of a silicon wafer. The
first BMD on the entire front side of the silicon wafer
35 is found at a depth of at least 5 pm according to the
invention, i.e. the minimum thickness of the BMD-free
layer is at least 5 um. The average thickness of the
BMD-free layer 1is at least 8 um according to the

invention. Even larger thicknesses of the BMD-free



20 specifically in the sane working step as that in which the BMD density
is determned. It is possible for an experienced operator to determ ne a
BVMD-free layer with a vertical resolugigg of 1 pm The BMD-free |layer at a
given position is defined by the distanceé fromthe 25 first nmeasured BMD to
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silicon wafer are the average thickness (averaged over all measurenent
results of the silicon wafer) and the m ni numthi ckness from al
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i ncreased precipitation of oxygen furthernore | eads to enhanced OSF

formati on as Wel|l Y&4®% o broadening of the OSF ring. 15 The total |ength of
the slips existing in the silicon wafer is preferably at nost 3 cm Silicon

waf ers aCfgrd&w%té%égféiggggﬁlgg Tﬁélgaips existing in the silicon

wafer is preferably at most 3 cm.

Silicon wafers according to the invention may be
produced by a method which comprises the following
20 steps:
- preparing a silicon wafer having an interstitial
oxygen concentration [0;] in the range of from 4.5-10%
em™> to 5.8-10 em™3, in the entire volume of which
crystal lattice vacancies represent the prevalent point
25 defect type, the silicon wafer having a region which is
rotationally symmetric with respect to its axis and has
a width of at least 80% of the radius of the silicon
wafer, this region comprising agglomerates of crystal
lattice vacancies with a size of at least 30 nm in a
30 density of at most 6:10° cm™® and agglomerates of
crystal lattice vacancies with a size of from 10 nm to
30 nm in a density of from 1-10° cm™ to 3:107 cm,
- heat treating the silicon wafer in an inert or
reducing atmosphere, the silicon wafer being heated
35 starting from a loading temperature of from 350°C to
750°C with a heating rate of 0.5 K/min to 8 K/min to a
temperature of 1000°C, and further with a heating rate
of from 0.1 K/min to 4 K/min wuntil a holding
temperature in the range of from 1025°C to 1175°C is



produced by a nethod which conprises the followng 20 steps: - preparing a
silicon wafer having an interstitial oxygen concentration [O1l in the range
of from4.5.1017 cm-3 to 5.8.1017 cnﬁ,lgn_the entire volune of which

crystal lattice vacancies represent the preval ent point 25 defect type, the
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toits axis and has a mﬁd% of at’ least 80% of the radius of the silicon
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with a size olcoallddeasti@9 ne i pradidddensidy ofodlin®st r&+E03 tdn - 3nand
aggl oner at es of 15" istal_lattice vacancies with a size of from10 nmto 30
nmin a densi tYy§P mU PR 8GMES3 to 3.107 cnB8, - heat treating the
silicon wa$er in an inert or reducing atnosphere, the silicon wafer being

heated 35 starti fram oadi enpe re of from , /50C with a
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with a heatingnvaetngicof, f$bhiOol Kefemst owitK/ defiivati Iprogwitdiery are

tenperature irn;the rﬁz{%xﬁé?féﬂﬁ‘ 18236 taorellgtﬁ%éi §ubaé§teﬁea§3’e§’ heat

subsequent |y kept at ol ding tenperature r a duration of from1 hour
to 4 hours, ande@t&entcooled with a predetermined cooling rate to an

unl oadi ngigenperature. 5 In order to produce the silicon wafers according to
the invention, silicon wafers with defined Eropetties are, first prepared

and these are fen SSH6ddedd PETATREEE treafhEnt 1NEHTBReLdadenprypen
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Condent rat | onéoi Whe 1 foer sEPLi i Sokyigen T i hi (11 "EhETEalIEng’ of
concentrations of the interstitial oxygen 1in this
15 description and in the patent claims refer to "New
ASTM"). The silicon wafer is preferably not doped with
nitrogen. The silicon wafer preferably has a low dopant
concentration with a resistivity in the range of from 1
Qcm to 100 Qcm.
20
The silicon wafer may comprise crystal lattice
vacancies as the prevalent point defect type in 1its
entire volume. This avoids the problems explained in
the introduction regarding inhomogeneous oxygen

25 precipitation during the subsequent heat treatment.

The concentration and size distribution of the
agglomerates of crystal lattice vacancies scarcely
change during the subsequent heat treatment. Before and
30 after the heat treatment, the same methods may
respectively be wused in order to determine the

concentration and sizes.

In contrast to the teaching of the prior art, the
35 silicon wafer is not free of agglomerated crystal
lattice vacancies. It comprises a region which 1is
rotationally symmetric with respect to its axis and has
a width of at least 80% of the radius of the silicon

wafer, in which agglomerates of crystal lattice



15 description and in the patent clains refer to "New ASTM') . The silicon
wafer is preferably not doped with nitrogen. The silicon wafer preferably
has a | ow dopant concentration with a registivity in the range of from1l
@mto 100 xm 20 The silicon wafer may conprise crystal lattice vacancies
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nm are cm™® to 3-107 cm™®. These extremely small agglomerates of
15 crystal lattice vacancies do not interfere even with
the smallest planned linewidths ("design rule"} during
the production of electronic components. At the same
time, their presence has a substantial positive effect
which the invention utilizes: during the crystal pull,
20 they greatly reduce the concentration of free crystal
lattice wvacancies. This significantly 1lowers the
temperature at which the oxygen precipitation takes
place when cooling during the crystal pull process. The
effect of this is in turn to restrict the size of the
25 oxygen precipitates created when cooling, which,
together with the comparatively low selected
interstitial oxygen concentration [0O;], means that the
formation of OSF seeds is very substantially avoided
when cooling.
30
The described rotationally symmetric region preferably
begins at the edge of the silicon wafer and extends
inward over at least 80% of its radius. It 1is
particularly preferable for the rotationally symmetric
35 region to cover the entire surface of the silicon

wafer.

The described silicon wafer, which 1is subsequently
subjected to the heat treatment, may be obtained by a



present in this region in a high density of from1l.105 c¢cnB8 to 3.107 CM 3 .
These extrenely small aggl onerates of 15 crystal lattice vacancies do not

interfere even with the smallest planned |inew dths ("design rule") during
t he production of electronic conponents. jAt the same tinme, their presence
has a substantial positive effect which the invention utilizes: during the

crystal pull, 20 ddiehe gre@t:ﬂre/tas;educ,]@ulhgn@oncgﬁéééégon atchragngrystal
| atti ce vacancies | owers_the tenperature at which the

. th .sigEnific nt
oxygen preci pi tat§ i s Fpface WhBRMRLLFRhYY dEPPHE the ErgEeaFepar
process. The dfffifecterof dbmsins &p turfurcr ilcestsf cthé heagize ebstiheodb

oxygen precipigates_created cool-i.ng, i ch t ogether, with th

conpar ati vel y Ff’_owg?'s%r e%t?leed d%l\gn]fée}}% i t13 &\g%ge%d%%thjc%ht PEtFort [%’%] ,%hﬁeans
that the Porrailide ofrOSFabeeds is fuscy isobsifarttiealpyl Avoatedv. wienh
cooling. SO The descrdbad eatat ivanal byqeymaly IC. T 80100 RLel qrably 4Regi ns

at the edge of the silicon wafer and extends inwar eas % of
its radius. |tdistinggrishad ar by préher abecyorendre rotfat i egalbpesatmstric 35

region to covemtdestentid®s Sunhaeemetathe Sif i ¢aperWRli e a13he, desgnisped
silicon wafer, e\j\dt,helrcr%ﬁs subsequéently _subjected_to the heat treatnent, may

be obtai ned by’ 58i tabl BPEF§st AE Judi9 i Rl br dedss becéngirrgses,
Czochral skb. FRilgsn 5tsemeieiosathieshpuactheoseguencsydn diff enephidanains
as a function ,of theqirtadl al poglgon R, i.e, thCeI;t di stance, fromthe rotation
axis 1 of the S'Shgre Vst aft1as atFRAECRDN of-Nhe BEFY21ERE vPOWMNL a
| ow pul | rate ddfeategitgpel,V bstoceiphed; wiombineg adicdtomeguitsdad Byehhe
occurrence of Er i stiti Aggl ormerates.of interstitials are
also referred to as L %%g.eﬁgtlt‘}%ett%t&l %?Ja egI?a}st? ncvr’eazcg& tRLREEE bn
first takes place to region II in which vacancies
15 represent the prevalent point defect type, vacancy
agglomerates with a size of 30 nm or more occurring
merely in a density of 6-10° cm™, followed by the
transition to region I where the agglomeration of the
vacancies increases and the density of the vacancy
20 agglomerates with a size of 30 nm or more exceeds the

value of 6-10° cm™.

The described silicon wafers, which are subsequently
subjected to the heat treatment, are obtained from a
25 corresponding crystal which has for example been
produced according to DE10339792A1 by Czochralski
crystal pulling, particular conditions being preferred
in respect of the crucible and crystal rotation, the
magnetic field and the ring heater. By rotation of the
30 crucible and the «c¢rystal in the same sense (co-
rotation) in conjunction with a rotationally symmetric
magnetic field with respect to the rotation axis of the
crystal 1 (CUSP field) which is generated by oppositely
poled coils facing one another, it 1is possible to
35 influence the conduction in the melt so as to create a
heat flux directed toward the center of the growth
front. The radial v/G profile therefore changes, since
the axial thermal gradient G is increased at the center

of the growth front. v/G is reduced in this region. The



10 then transition takes place to the region Il in which interstitials

still represent the prevalent point defect type, but w thout formng
aggl onerates. \Wen further increasing.thg pull rate v, the transition
first takes place to region Il in which vacancies 15 represent the preval ent
poi nt def ect ma%ra\iacwﬁg agg %@f&ﬁe%ﬁ@t%ﬂﬁ' Z%o%o%%nr&m 8k "DhE
occurrlng nerely in a enS|tyo 6.103 cm.3, fol by the transition to

regi on | wher B2gRetdgyl bhetdt itekest the V\?&(‘?&nc?%%oc né’rré’e@é@k%i'-ﬂd thesdensity
oflthe }/aganggbaﬁ}eggmﬁmgatf@@ew &h th%! Z@epﬁfBQh@m\Aﬁfuﬁpreewb dené heI

val ue o 103 cm: The desc si |l icon wafer ich ar ubsequent |y
subj ected to CheShEat agteeﬁrr%f[ﬁ g‘r Obt* r}r?ett?cfr%imaa rafee o f Eg%n ﬁ
crystal whbchthad frtpxm eami”rmreanbefertqormjwqﬂﬂ, ace:spei:ttr@vébyDB@?»@@f@@Aé by
Czochr al ski ryst al r condi tio bel referred in
respect of thgf )él ucl EﬁDE anggc?p%tgig { |§% %’ g gne Ph?l%f%l and the
ring heater. Byys6eati dIhGofaxhel3mh@|rma|lblga:aa:hl¢rtthelsrygtdalceldn ithetsanme

sense (co- ro ) u on t on SYy. ghetic
field with retsl%g%t%%t ob?hgpf?got %ﬁglgn 2?1 sé}lﬁl Pgto%tt?r g%g t %SBV% e??) whi ch
i s generated @%ﬁﬁ@g‘et dinerepsed &di tBifaceagodne C@anI’F@rthft 9% pssibl e

to 35 inf{genee he1coRMCHRN dAydtiel NBl tosidb At eALS Bne hegd &F ux
directed toward the center of the growmh front. The radial v/Gprofile

t heref ore chaﬁge"s’-”%l%éte?hew&%lc&l THRR RS gFadi 2kt Ve PSatndias etinat t he
center of thfbug:rs(i\&teb flregms ﬂ/dcialﬁ/{;eghééedlbnwhﬁlc& riegicnly Thel 1 tdBe

neutral |ine, whi ¢ axi al t of t net| field takes the
val ue zero, pPéﬂ&egm FEE ?@g gﬁ?f EEN 2:?1 Eag%l thaph @t B¢ bl e and
the crystal addgeproef erirmblgmcu\o:rr dirairﬂ:d dln &F it &5 oftHe oo Pid bihes4atpm and

from 6 t°1?12 'R bo%%%%%tl'e‘ée'é’f e WINGR fdP P& i e NLch sty of
the edge of the g

proflle w1th this meodified crystal pull process. The

dashed boundaries represent the profile according to

the prior art. The power of +the ring heater 1is

preferably from 8 to 12 kW, particularly preferably
20 from 8 to 10 kW.

By controlling the axial profile of the intrinsic
oxygen concentration, the concentration can be kept
below the critical value for the OSF nucleation of
25 5.8-10* em™, preferably 5.5-10Y cm™, over the entire
rod. Above this c¢ritical wvalue, the OSF density
according to the OSF test described above increases to
100/crn® or more. In order to achieve the greatest
possible yield of wafers with a high BMD density and a
30 radially homogeneous profile from a single crystal by
the thermal process according to the invention, the
crystal pull process is adjusted so that as many wafers
as possible have an intrinsic oxygen concentration of
at least 4.5-10Y cm™® (see Fig. 10)}. The oxygen
35 concentration is kept in the intended range by
controlling the pressure in the pulling system so that
it lies in a range of from 5 to 20 mbar, preferably
from 10 to 15 mbar, and by controlling the flow of
argon through the pulling system so that it lies in a



crystal, the axial thermal gradient is reduced in the region of the edge of
the gromh front and v/Gis therefore increased in this region. Co-rotation
of the 10 crucible and the crystal in cofpgipation with the use of a ring
heat er, which supplies radiative heat fromthe outside, leads to a v/G

profile which rla%g‘émo)f & ddnf tAdo N@hesomty fhe ﬁ@f@faﬂytﬁgoﬂrﬁ)g\@@ fsont
than at the ed of the growth front. In Fi'g.” 5, the solid lines at 15 the

boundari es of 32Hé \}a( fi-ous regions represent the v/IG profile with this
nodi fied crystal pull process. The dashed boundaries represent the profile

according to r rt. The f the ring heater eferably

from8 to 12 I?\L'/'VE d‘g’r cﬁﬁa%r% egg?%%?‘g ngﬁorﬁ tra 161%/9 %gf“&ohrtlrol l'i ng
t he axi al Proftinee sflibeni nﬁer]n’mseo ohygertheoncedt aat ipmnofihe edncencration
can 0o kept | Bel@us SOl galvalie JRL ANy SRE-DUgLERL 00, o208 101
val ue, the OSEedédmrsilt yregammrdhdgth@r’elferesﬂetm teser i0PPd zbovewinior eases
o or o0l O 0N TS, | KR! deh RGN SKanl enar eRbeskucPOSSAPKS veBLY of

wafers with a hi ensi t adi al I y honogeneous
si ngl e crystalragion.héig Hé&fﬁrabe ppegesérapcdidi-ng t e memetmm oheagpe

crystal puhl RrOCESSsign P Liste S%ltg*h%tr agiERpy ¥af ecry‘?pe agopoggEblg, have an
intrinsic oxygen concentration o | east 4.5.1017 ¢nB (see Fi % 10) The

oxygen 35 cond&itatlilss ehtddmly, ﬁr’tsﬁé’lei r?thc?nd’é‘&aﬁ‘&ﬁ’gélw regitrollili-ng t he
pressure in the pulllng system so that |t Iles in a range of from5 to 20

nbar , preferaﬁjhiy 10 to 5nba f CP ntrolling the flow o
t hr ough t he pulS ny-'83s% efif €3 t—"r.'1atls’ S H |?1n °. ngerrsarﬁg%c%]? ERE %000 to
4500 1/ h, pr Ef‘tefeamlyl(ﬁlt' oar28@Gd pr82aidlh. sibgecbedottat imnplsratapyed to

the Centrﬁg hi% ﬁiéﬁ% {Elng and smoothing treatment steps according
to the prior art, for example lapping or grinding,

etching and polishing.

A silicon wafer obtained in this way with the described
20 properties 1is now subjected to the heat treatment
according to the invention in an 1nert or reducing

atmosphere.

A multiplicity of the silicon wafers obtained in this
25 way with the <described properties are preferably
subjected simultaneously to a heat treatment under an

inert or reducing atmosphere in a batch oven.

A batch oven is a device in which a multiplicity of
30 silicon wafers are arranged mutually parallel with a
defined spacing from one another and are heat treated
simultaneously. There are horizontal and vertical
ovens, the use of a vertical oven being preferred in
the context of the invention. The silicon wafers in the
35 wvertical oven are mounted in a holding device, the so-
called "boat", each silicon wafer resting individually
on a support, the substrate holder. During the heat

treatment, the boat 1lies in a wusually cylindrical



5 the silicon nelt so that the radial profile of v/G conprises the g
vacancy supersaturation in the central region and therefore leads to
| arger COP dianmeters than in %ge_surrounding edge region.
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The silicon wafers are lcocaded into the batch oven at a
loading temperature of from 350°C to 750°C and
subsequently heated with a heating rate of 0.5 K/min to
8 K/min, preferably with a heating rate of 0.5 K/min to
5 K/min, to a temperature of 1000°C. It has been found
that these heating rates lead to a sufficiently high
density of stable oxygen precipitates, despite the low

oxygen content of the silicon wafers.

By means of a so-called ramp rate anneal, the
size/density spectrum of the BMD seeds grown in was
studied for the described material. To this end heating
rates of 1 K/min were implemented in a vertical oven
with different loading temperatures and a fixed final

temperature (Figs 11, 12 for two different silicon

single crystals): 500 - 1000°C  ("RAMPS00"), 600 -
1000°C ("RAMP600O™), 700 - 1000°C ("RAMP700"), 800 -
1000°C ("RAMP8QOO™), 900 - 1000°C ("RAMP900"™). The BMD

seeds, which are still stable at the respective loading
temperature and whose size lies above the critical size
up to which the BMD seeds would be eliminated, are
thereby respectively made to grow. By analyzing these
diagrams, it is possible to establish the way in which

the actual profile of the heating rates must be

0Qupport ,

usual I'y
urf ace.
re. A



a reduci ng atnosphere nmay al so contain inert constituents. An inert

at nosphere only contains constituents which do not react with the surface
of the 10 silicon wafer under the conditions of the heat treatnent, i.e. at
a tenperature of at nost 1200C. Inert —_gages such as nitrogen or nobl e gases
may for exanple be used, noble gases being preferred and argon

particul arly preffrgedd inh He séd:cbp@rbﬂvaﬂeé sha&i€e teadedehnt oithgrhatch oven
at a | oadi ng ! te erature of from 350C to ggoc aéj subseq uentl heated with
a heating rate f 05 KFAPHIo 98K RiR, PVRf FSHIS vﬁ’i%’as‘r?eat A§ rdte of

0.5 Knin to 2¢1:tK/velny, hbgh pewpesat wrenmfradilQOC. oft lldad beenlbHodod that
th heat t | i t abl
ST e 00 ialee A LALd O R UL LERRLY: 0T, e IERE | Bl OL BLADL GOV 9T

preci pit at es, sp| t'e OW ~ OX con e silrcon Wwa
means of a°so-dafd edlCPt‘arrpqualtl@hanh@al mehy &SMbe/ demesid,y spect thatof at he BVD

seeds grown insWas cidiidi @fpf OEOBB@nggﬁ‘EEbHEdl tana’ﬂ.ab -';f' E e endppeating

rates of 1 K/mn were inplenented in a vertica oven erent | oadi ng
t enperatures difkta thsaddistithal 30 tenperature (Figs 11 12 for two different
silicon single crystals): 500 - 1000C ("RAMP500"), 600 - 1000C ("RAMP600"),
700 - 1000C (" VP70 %‘ 800 1000C (" RAMP800"), 900 - ,1000C (" RAMP900")
The BMD seeddDSaPELhiGPR G915 2bF e Nee teRe FeER% | vé thoatli Rg28ENT

t enper at ute ammmose sfzeml itesl ab@gwent heocrd t Kegalinsi@eriup & ohwhiehgt he BVD
seeds would b at ed, ar t her eb spectiv de to B
anal yzi ng thege?ﬂpda dgt ans, |hs(,e p%%ré?%l 8% %eréjﬁ aﬁé?gﬂat & \A;ag-’?# \M‘lgch t he
actual profil eesfchaty hpaerfagabayeanusttheberanzk cbHnffgoem ed 02 “tchet scope of
t he heat treat fo~ 14} !gﬁr H%g 1g]r N ds-g so t hat
a relativel y n’rLl%rg;Sh pr ocde) ttelrr%se)lrg]l?lye&(%) f%og%gwpaggg 3595 %
050°C to 1100°C.
15
The silicon wafers are subsequently kept at the holding
temperature for a duration of from 1 hour to 4 hours,

preferably for a duration of from 2 to 3 hours.

20 Helding temperatures of 1100°C and times of 2 hours
typically lead to a depth of the BMD-free layer in
excess of 10 pm. Holding temperatures of 1050 - 1075°C
and holding times of 2 - 3 hours typically lead to a
depth of the BMD-free layer in excess of 5 um. The BMD

25 density in the bulk, however, does not vary
significantly with the level of the holding temperature
or the holding time. The method according to the
invention is therefore robust in respect of wafers from
different rod positions, or process variations. Fig. 13

30 shows the BMD density d(BMD) for various holding
temperatures and times for wafers from the start, the
middle and the end of a single crystal. The three
measurement values on the right, denoted by "BMD test",
relate to silicon wafers not according to the invention

35 which were not subjected to a heat treatment before the
BMD test. The measurement values respectively lying
above one another in a column reflect the BMD densities
at various radial positions of the silicon wafers, and

therefore the radial variation in the BMD density.



which is required for production of the BMD-free | ayer, 5 does not quench
too many BMD seeds, so that a sufficient BMD concentration is avail able
after the heat treatment. The silicon_w%%eLs are heated further with a
heating 10 rate of fromO0.1 K/mn to 4 mn until a holding tenperature
in the range of from 1025C to 1175C is reached, preferably in the range of

from1025C to__1125C and particularly preferably in the range of from 1050C
to 1100C. 15 FRE SHPECHR W& Y s’il%gbq%% et At PEREeheraipgd

tenperature feaoodidyr atdten 06 &nomnlohadihgt aehpgedtiare psef prabkyaboy a
duration of fr

2.t rs., 20 Holding te atures of ,1100C and tines of
2 hours typié§$}y_l3§§f?gu§ngep¥%m%¥eéh . npgbge%PQVéT F#e e%%%gﬁn%; 10
pm Hol di ny t ewgtersat yresfexfaldlob0 cot0g$dndndthol diheg themsing 2rat8shours
typically leaqPﬁgc%te@eEBQ %%etQ%&?%QéfE%ﬁ€%§%%ﬁrbnr%§%%%§ of 5 pm The BMD

25 density in e bul'k, "however, es no ry signifi‘cantly with the |evel
of the holding tenperature or the holding tinme. The nethod according to the

invention is thamnef ore relust 160 respgeh obowebats heervqdhhfergnt yod
positions, or process variations. Fi 0. shows the BMD density d(BMD)

0713 3
for various héndﬁeﬁ&loﬁlenﬁﬁgatttn%spéfﬁ%eﬁr@é’s oV RARANT f COMIERE /st BRE, the
m ddl e andpt hgiendodf awsfagte Ghyshal .arkhe $spect d@asybemiie Vahegs on the

right, denoted by "BMD test", relate to silicon wafers not accordi to the

hvent i on 35 WBETREe. 1RA® SuBFEE: e a L PHOSEREAP Ber dr tHBS BVD

test. The neasurcaimarinceal oes gldgpeciiuvehy lthengheabouwas@ienaarat helips a

colum reflect_ the BIVBjdensie;Liéjes
|

at _various_radial.position OE the silicon
waf ers, and S or &7 Ehe ¥ afUEPY athi6n PROTRE ﬁ%ﬁ T s???? £OB2° The
silicon waf er scapentemds cosliadew t hfar pr edetmgrld,nedmetal impurities
15 accumulate preferentially on these crystal defects. The
heat treatment according to the invention is therefore
preferably carried out so that the total length of the
slips existing in the silicon wafer does not exceed 1
cm. The slips are detected by means of elastic stress
20 field measurement (SIRD) of the elastic stress field
associated with each slip or with each slip region
(manufacturer for example Jenawave, Jena, Germany). In
order to avoid the creation of slips, wafer supports
made of silicon or silicon carbide are preferably used
25 for mounting the silicon wafers in the vertical oven,
as described in DE102005013831.

The silicon wafers according to  the invention
preferably do not experience any further heat treatment
30 other than the heat treatment Jjust described, before
they are used for producing electronic components. The
described method thus allows comparatively cost-
effective production of the silicon wafers according to
the invention.
35
COP Sizes: Comparison of an MO6 and Cu decoration

measurement



cooling rate to an unl oading tenperature of preferably 450 - 650C and
renoved fromthe oven. The cooling 5 rates preferably correspond to the
heating rates indicated for the various tenperature ranges. OnvM ng to the

| ow oxygen content according to the invention and the preferred | ow dopant

content, the g, sibi ﬁ@é}fi’ﬁ@% V‘@-?]t?hnﬁ'f{ew§f@}:e(}1toetd Sgcwaéugatt&r%ﬁwem

are very soft and sus e tot occurrence of t he heat
treatment. Sl |1ﬂsveqféd3libe wivkCk | eparalErRgat Iﬁ?@PprCBcﬁl‘ct@WPmlM eéPrUﬁﬁc

conponent s si ng s\ dmaxanplen getkakilBpyr idbises A Recuanbat gapigkerantially
on these crystal defects., The heat treatnent accaording to the invention is

therefore prefter SF?rEEFPPed“e&ﬁu%net%tw?ﬁeCP&trérledi e‘hﬁ'ﬁho&f e t¥Pips

existing i B theafddi tenwaf.er THeesmoatuexaert Ilshas 'Bhesibhﬂ$1@éﬁtd9t ect ed
by neans of elastlc s gss 20,field neas the elastic stress

S
field associa gl ST oY \/\/llf"h%é'ée(:hcéfTg !L?@gl?g?fle(ﬁﬁﬁﬁflﬁépﬁr er for
exanpl e Jenavvahkea O@Hadlekr miaine)se lare otdes wathva didmeetgeathbohofissl i ps,

waf er suppor t s.o magh, of sihl.gon @loilieon cALR da e dralerably yagd 25

for mounting the si 7¢on wafers 1hihe Vertical oven descr
DE10200501383 Mmedmarsdidritc o wabr steaedr difngthe tihethedemdsmrihmdef énably do
not experhgnce;edygdrd her heat treatnment 30 other than the heat treatnent
just described, before they are used for producing el ectroni c conponents.

The described nethod thus all ows conparatively cost- effective production

of the sili corTrV@f 8E§0a¢80kdi Nhdixl tB@ahn\i%ntt%'ﬂreé’J@ngw Sinzegi g Conpari son
of an MD6 and deco&atlon measur enent - cts a%OO mm waf er

not accordi ng th’P'tI‘?en |?%%?|%nC°%F%IHtCB%V?Eé%n l@dé‘hal QEtSEESFIdFQS to M6

density d(MO6) down to zero (at a radial position R ~
15 90 mm from the wafer center). The radial scan according
to Cu decoration measurement, on the other hand, shows
a relatively constant density d{Cu-def.) of from 10° to
107 cm™. This shows that the COP size continuously
decreases radially, but the densities still remain
20 high. COP sizes below the detection limit of MO0O6, which
is about 30 nm, are no longer detected by this method.
In the subsequent =zone up to about 130 mm from the
center an even higher density of Cu decoration defects
occurs (about 3-107 cma), which represents a zone with
25 COP sizes Dbelow the resolution limit of MO&6. The
decrease at the edge toward lower defect densities 1is
attributable to the influence of the modified heat
flux, which raises the vacancy supersaturation at the
edge and therefore increases the COP diameter in this
30 =zone. A COP density similar to the 80 - 90 mm radial
zone 1is formed. (MO6 has an edge exclusion of 5 mm due

to the measuring technique.)

Comparison of a so-called "Pv" wafer according to the
35 @prior art with a wafer having no COP disk and produced
according to the pulling method by means of a ring

heater:



nmeasurenment with a radius > 20% of the wafer radius. A Cu decoration
nmeasurenent was carried out on the two 5 wafer hal ves. The neasurenent shows
a significantly higher defect density_iQ the circular zone adjoining the
COP di sk. These are COPs with a dianeter ﬁhich is so small that they were

not det ect abl @Ry o¥BG 4 sABAS nt; Qr of, th t gescribed in
10 US5980720. Thgoassocggtegﬁf diéﬁqsc§%8€§f$%%r5%e%$£%FiFﬁﬁél . %?lc?op, and
shows a const aA€Sr edGeTPoAtEAYt hellet ett edaCBRCcydersht y deNDO).dowioto zero

(at a radial pesihiraRoR, L0 [e) r [ I i scan
accordi ng to,Cubdecqfétiongﬁaagn¥g%eﬁ%%ﬁgﬁm?ﬁg S?ﬁgﬁﬁﬁ%dvfgfﬁﬁﬁg 9%@
rel atively conSt&rttdédslrfoadoatess . dmaiom (96149 1dpesns. orhi s2 shows

that the GOP siizgleontiysioas! yuldeer easesrday alkby, thait ithherdansi tigs still
remai n 20 high.t COP_si zes beIOM/%he detecfion lint of M6, which is about
30 nm are no Sngeét et RAty BFLERi s hoBCCOF AL PAe tULNBLDRAT34ME up to
about 130 nm f(deshebe 1lieaspr farorevénshifher densiiy of Qdadecer aviem
defects occur 3.107 , i represents.a zaone_w th 25 COP

si zes belom1tﬁgcggggﬁhgidﬁg%%g?%%éf‘&QGEH?hégﬁié%?egégeaﬂ'tﬁ%pﬁﬁﬁ%n?%mard

| oner def ect dbmsitilesgisudanedi butabbe toft hethefl uehcglef theysodlfied

heat fl uxy i3 Ll t c u urat i @0 e

therefore in??gggggérﬁggcégﬂﬂ¥gn§§g¥n§nB§H?§E35gz%ﬁe.Bkcéggedgﬁgitégginilar
to the 80 - 9@fmbheadily bemecr sdisphedes (M6 NS dvusdhpe exatdistbhs of 5 mm

due to the nmeagdsi NG tLCRBLAUR ) (GRIPAELERPA] 0% oReS O AL rady ofal £
according to the 35 prior art with a wafer haV|n%:no COP di sk and produced

according to the plATaHy- Gt ABE By Geeatd térla RIS Aedeetrs eqpl at
DE10047345A1 ehict. rke)iddesgss besord wafer t h¥BL) owhiichyrdn efe SOt ely in a

vacancy-righ EE%%%QTBE%%l, the W31 wafer comprises significantly
higher vacancy supersaturation at the center than at
the wafer edge, since the wafer edge 1lies in the
vicinity of the neutral zone (Fig. 16). The wafer
center, however, would comprise a significantly higher
20 vacancy concentration since it lies immediately next to
the OSF band. The most sensitive available COP
measurement method is used in order to detect possible
COPs on the W31l wafer: a wafer etched by means cf a
cleaning solution containing ammonia (so-called SC1
25 soluticon) 1s studied using a particle counter (for
example Spl from KLA-Tencor, USA) for etch pits which

are due to COPs being etched.

A silicon wafer (Fig. 6), which was produced by the
30 pulling method according to the invention, still shows
a very small COP disk with this method and therefore
lies close to the transition at the rod center in Fig.
16 of DE10047345A1 to the so-called COP-free "P;" zone.
The COP density measured by means of the copper
35 decoration technique is from 10° to 10° cm™® and is
radially distributed homogeneously over the silicon
wafer. In comparison with this, wafers without a
measurable COP disk (Fig. 7) which were pulled close to
the boundary between the interstitial- and vacancy-rich



conparison, Fig. 5 represents the various vacancy- and
interstitial-dom nated domains (solid lines) of a 5 single crystal pulled
according to the invention and its counterpart wafer "WB1" according to
DE10047345A1 (dashed lines) fromits Fig. 16, in a dlagran1mnth |ncrea3|ng

pull rate v. E@%l%%he%giwea1h5@95@8%tts est l%rlg_ls}% phe

single crystal. "10 Differences occur beyond us > 50% ecause t e use of
the ring heat &engildy agés fremy/ K boGﬁdaW/ aﬁ’ﬂ1 thl@asluer@djs Py acBeRErof the

neutral zone (@EeRRGeRtiaL.I ONTfs t@@uy@caa@tggsgagdl nter stpltd al p@)l ngfdef ects
equal at eactbﬁ@%\@ %I tion In the v/ G di agram described in
DE10047345A1 PAndlertRompRi L% Ghtli anfaGRnH gﬁaPcsaEaﬂEW
super sat ur &t i erimdtl atrhe oc ethiee watflean ealge .t he waf er edge, since the wafer edge
lies in the vicinity of the neutral zone (Fig. 16). The wafer center,

however, would conprise a significantly higher 20 vacancy concentration
since it |iesA Miedi"atsl M amxtwafer tdec@SR trantk OMEOMDE34 Skhsi tnvehe

avai | abl e OOPo FRASULATEN: plIEt hod | sk pEAEL | gadabaghopassi bhe OOPs

on the W81 wafer: war er etcheddsbiggn means eani ng sol ution containing
amoni a (so- chPediQSt‘;’lltZS sodat?@h?dl bysmgaingd Qfsm?g?Faelpad@ﬁl@I@tt@@nter (for

exanpl e Spp friomd{A- 4, é’rofU@ﬁb ferde‘?ctsC*bﬂO'rﬁa?gmLﬁib afei dyekPeLEES being
etched. A silicon vvafe rﬁ/grﬁ was producedp)ﬁy the 30 pulling
[

met hod accor difd®™ o2PRBL| i o stﬁi"}l tiRovEeN e ety sHRf| wedE i §R with
this nethod and jifleepfore dhiewaalasedq . the transition at the rod center in
Fig. 16 of DE10047345A1 to the so-called COP-free "PI" zone. The COP
density neasured by means of the copper 35 decoration technique is from 105
to 106 Cl\/l 3 DMategorizatizin wilithe idu idetdratigen defeatsowd ddes Silicon

waf er . %gonparison with this, wafers wthout a mneasurable COP disk (Fig.
7) which re pulled close to the boundary between the interstitial- and
vacancy-rich So-called FZ silicon (silicon produced by the "float

zone" method) differs from CZ silicon in that the
oxygen concentration is reduced by at least two orders
of magnitude. BMD or OSF formation therefore never
20 occurs in FZ silicon. The FZ material used here differs
from conventional FZ material by the lack of nitrogen
co-doping. COP formation occurs in the wvacancy-rich
zone, and LPIT formation in the interstitial-rich =zone
is likewise known.
25
A so-called plank (produced by cutting a single crystal
parallel to the crystal axis) from an FZ crystal with a
diameter of 150 mm, which was pulled so that COPs were
established by means of FPD along the radius in the
30 central zone and LPITs in the edge region, was studied
in Fig. 9. Oxygen doping in the range of 10Y" cm™® was
furthermore achieved during the pull process by means
of an applied quartz ring. The quartz ring's surface
coming in c¢ontact with the molten silicon region
35 dissolves and dopes the growing FZ single crystal rod
with oxygen (Fig. 9: OFZ). This can be seen by the
different radial profile of the V/I boundary in the
lower part of the plank.



- 25 regions, have a higher but essentially honbgeneous COP density of
from106 to 107 cm 3 neasured by copper decoration. This would correspond
in Fig. 16 of DE10047345A1 to the zone wigth a vacancy concentration 5
simlar to the wafer edge. A "WB1" silicon wafer according to DE10047345A1,

on the other fiandndt@om & gebf lb%anﬁad@db@twa@ﬁl aliooryd e dther yLXP dgnsity -
det ect ed by ne ns of cﬁgpg decoratlon 10.in t e ran e of tvvo orders of
nmagni t ude, X EFER L FPOMZRB6Ut - A05%¢mEA oLt hBCc it eFrYFtehe waf er

to 5.107 crrB haitlrt hef watfisth eclge. b&adiegot t eathprmeins hef Cuudaeesaki 08ndef ect s

COP; 15 S || d.Fz | | d by the "float |, "
ﬁ:t hod)S di ffe?sC ro%ctlfz aslfse% i I%ﬁnji 1181{5?1%1 O?ﬁ‘fgr&ggég%ﬁ g%ﬁcgﬂ%?aggﬁﬁlﬁ Q(raeduced

by at | easbt twbaﬁbaratertsyp@f fagnitedeonBVwriath Obkgli ocwattiras tt hexaef otBenever
20 occurs in é, tCiQJ?‘ The Eﬁemaiéﬁal eed rber{ﬁ( dlffer§ief
materi a

conventi onal by the 'l ac r'ogen FéPRati on
occurs in theagsEfcy-Witdh Ione, daci:mremtqnfowmtmﬁta n Pthhe small Cu

interstitial-rddch 2aN&n Iéeféclf@yv' é@cﬁfwm t8e &rﬁl%rc%r%i RL @0Kg (BHPduced by

cutting a single crystal par al | to the crystal axis) _from an FZ crystal
with a di anet®rthof 1e3@esm W% pBlted18steRdt eopy wep&EJeEst BBl i shed

bxé neans 0f FRRQYrerd drheid fditus. Imfhltéledé’&@@n@_\y@é ZOPLe 3PEnEF! #8 LRet he
230t urt harior QSRR By ed MG F FEIRAN pPbodss Ty MEAAS. of SRSappl ed
quartz ring. TR qm&rtﬂ-mdl ng'ns St aczemecombpgdl Nwé Rt aoky\giehh tbezmpl ten
W th oxygen (MG HGTGE1T T < Fh e Sddh 1By The® AT e ent radial
profile of the V/I boundary in the
15 The dependency of the density d(Def.) of the various
defects on the radius R 1is represented in Fig. 8. The
solid line with the squares reflects the density of the
large defects, and the dashed line with the squares the
density of the small defects, respectively in the
20 oxygen-doped part of the FZ crystal. The solid line
with the triangles reflects the density of the large
defects, and the dashed line with the triangles the
density of the small defects, respectively in the part
of the FZ crystal not doped with oxygen.
25
This demonstrates that defects occurring in the high
concentration close to the V/I boundary are either BMD
seeds nor a so-called "P-band", as has been described
for example in R. Falster et al., Phys. Status Solidi
30 B, Vol. 222, 2000, p. 219. Since the oxygen
concentration of the oxygen-doped FZ silicon
corresponds to that of CZ silicon, and since the same
vacancy- and interstitial-rich regions occur in both
crystals, the same conclusion can be drawn for C&

35 silicon.

Example:



| ower part of the plank. - 26 Distinction is to be made between two defect
types in the oxygen-free zone (Fig. 9: FZ) of the FZ crystal, both of
whi ch can be detected by neans of Cu decgration and which are attributable

to COPs as the sole possible 5 defect tyfé. In the zone with high contrast
near the transi RIT o] e cur ith | ow
decoration con réais?.fc{)\lg %Il%lg]ie CE’E c%lr at('}ia}c‘[);n %s%%%fgﬁn e }S‘H%mer zone

havi ng COPs vinventdgedwingaterst the CF%]sItl@GfEIO@n&ilydI@v‘gelan wofdegoration

defects. This deiatli gy PEoCUHELSPPNES LRt hemngQ%te?gtsatal a%a@xrgf%erm ned
above by nmeans of the FPD nethod. In the zone doped wt

qual i tativel y i B&f8TpPEMI | BOFS t3ubeecked. U The déﬁéﬁde%é?aémeﬂhe
density d(Bef .gdccfrdiftgy vard oushedebeebs omrrtthe rmdinis R t5cs€prgaeated in

Fig. B. The solid. li t he, squa eflectsthe density of the |I|arge

defects, and trr?é’e@&selﬁgd:r}q rfge%ﬁlflhb é%%téﬂr%]% thetPiehEREY T I3\4‘9’t“1ﬁe""é?:rlal I

de}c egt Is respeuld,vely tilrey hee 29 mg@mﬂeﬁﬁ@e patid atctheikd coyshal CuThe

sol i i ne t tria eI of thelarg def ect s,

and the dasheci}quior}‘}e?i%vﬁ F% ﬁrlléjﬁgl%es aﬁ‘ee% cfgny S 0P Ehe Yhal P G&F8ct s,

respectively iwafiere partat ofeahe HaA crysealomofOdoped wheh m@agﬁn 85 This

denonst [ t t to th
nstraggs thats eudc‘f‘eL Eﬁ’ﬂc%é' 04 £le é‘& Cal*%llgd g@g r?ﬂeonh8h9§ﬁg 0 the

V/1 boundary are seeds nor een
descri bed forraetmpﬁ@ruhhﬁ hﬁaltsttéreaétmeart wepgy sselqraties &l fdil188sB, Vol .

222, 2000, p. okP. -Sifge°d¢ he soXygehn ; ce;rgﬁ)entrag;g(pﬂrbof 4t hg/lgfﬂgergodpped Fz
silicon correstgqprg:ds to that of CZ silicon, and since the same vacancy and

interstitial-r} ey SnS okéminin HRt cr9‘§t5QI §: the KawicoddPsi on” can

be drawn for G4o@Px:SiliRPAin. The cooling rates corresponded to the
15 heating rates indicated for the respective temperature

ranges.

Fig. 15 shows the result of a radial BMD measurement by
means of SIRM (the legend means: The left-hand wvalue
20 stands for the interstitial oxygen concentration {[0;]
in the silicon wafer before the heat treatment, given
in 10Y7 at/cm® according to New ASTM. The right-hand
value reflects the position of the silicon wafer inside
the silicon rod (measured in millimeters from the start
25 of the rod). The BMD density d{BMD) varies radially by
less than a factor of 10. Owing to a lower BMD size
sensitivity, an SIRM measurement reveals a BMD density
d {BMD) lower than the BMD density d (BMD, C&E)
determined by means of fracture, etching and optical
30 microscopy. The correlation of the two methods was
determined as d(BMD)/cm™® = 1717-d(BMD, C&E)/cm™® + 10%.

The radial BMD density d(BMD, C&E) after Secco
treatment is row presented in Fig. 1é, and was

35 determined as 5-10% - 7:10° cm™. (Meaning of the legend
as in Fig. 15.)

The minimum thickness tpz of the BMD-free layer (Fig.
17) was measured as described above and lies in the



Exanple: - 27 A silicon single crystal was pulled according to the

i nvention by neans of the CZ nethod and cut into wafers according to the
prior art. Four wafers at different rod,gositions were subjected to the
heat treatnment 5 according to the prior art. Either these wafers reveal ed

the described GRBdi gk iQ the)geagyr g{nt ot hen MG, 14 hey vepg; OOP
di sk-free and accordi n%éto the Cu decoration technigue reveal ed defects

over the enti G€ttRAPEL L3t Yatiase £/ IININGTE F BOWofPthely adirbsingsing
measur ed fromptik&enafiaipedas;, (il dthddangdher hgat g cn &t esuéonihecheat
treatment were_ sel ecteoII) as follagws: . 500 - 700C. 5 K/mn; 700 - 900C. 4
Kinin; 900 - &e9sns REnitR: FiGbo 1°-1050C: 2 K min; 1050 - 1100C 1 K/ nin.
The cooling rates corresponded to the 15 heating rates indicated for the
respective tenperature ranges. Fig. 15 shows the result of a radial BMD
measurenent by neans of SIRM (the | egend neans: The |eft-hand value 20
stands for the interstitial oxygen concentration [Oi] in the silicon wafer
before the heat treatnment, given in 1017 at/cnB according to New ASTM The
right-hand value reflects the position of the silicon wafer inside the
silicon rod (neasured in mllimeters fromthe start 25 of the rod) . The BMD
density d(BMD) varies radially by less than a factor of 10. Omng to a

| ower BMD size sensitivity, an SIRM neasurenent reveals a BMD density
d(BVD) | ower than the BVMD density d(BMD, C&E) determ ned by neans of
fracture, etching and optical 30 mcroscopy. The correlation of the two

nmet hods was determned as d(BVD)/cnB8 = 1717d(BMD, C&E)/cm 2 + 10. The

radi al BMD density d(BWVWD, C&E) after Secco treatnent is row presented in
Fig. 16, and was 35 determ ned as 5.10" - 7.105 cn2. (Meaning of the |egend
as in Fig. 15.)



The m ni num thi ckness tDZ of the BVMD-free layer (Fig. 17) was neasured as
descri bed above and lies in the - 28 range of 5 - 18 pmfor all the wafers.
A typical getterability was determ ned gs about 94% by driving in nickel
inmpurity in the range of 2.1012 cm2. (Meaning of the legend as in Fig.
15.) - 29 - Patent clains 1. A silicon wafer, in the entire volune of which
5 crystal lattjce vacchnm es represent the preval ent point defect type, the
silicon wafer HhA FYf on which is rotationally symretric with respect
toits axis and has a wdth of at |east 80% of the radius of the silicon

wafer, this region conprising agglonerates of crystal 10 |lattice vacancies
with a size 01“3l ‘at Iearsg) %biﬁ%%’?ngﬁgeﬁénéﬁ % z{%/tﬁﬁ)estv%llf&% 8%‘n§ éﬁg

aggl oner at és oiryajxagﬂstlaitﬁmeeiwmmiespmwma Bheepoévénentlﬁomntto 30
nmin a density, r t he o fer
conprising GSF s]%'fecd'js %ela é@ﬁ%%lg &?r (%é 1%4}%1(109 ﬁﬁa h gﬁ \ggergage BMVD
density in |tsrqtrﬁfémrtﬁll>bfssfmaﬁﬁn5xqoelw rSspeCt. 109l EaBaxi ReaBNDhdensi ty

varying at mostybyrR bactar 0823 ls@ﬁthﬁ:r@ﬁéa&aghﬁ%ctdpntﬂgersllae%nent' re
radius of the silicon wafer, and wherein the silicon wafer conprises a

BVD-free | ayerwaafiexlfea§¥116néeﬂ}ct%ec?¥‘6ﬁ%3%‘il‘aea@ﬂlpﬁ@@ltlelscdhf WEEFELakhi ch i s

di stingui ghed jdqxdied theahtiss RYRhOm tQEz@”blfr%ﬁf roghstsizde mf iheasilicon
waf er i s found, at adep of at Ieaéﬂgp nd the first BMD is found on

average at a St %bf 1%as 3 hm cl’1"he énri cBAMRMEr24€Scl &fmed i n
claim1, whereiystidl |Bat1@ic@lopedamc1@s nwiengen.side B SBidmcoOn waf €p as

oL oL e 1, ones Ol PATR dgpd9cgnd apienc s Bt ols! ! 290t ! g o1 s

silicon wafer comprising OSF seeds in a density of from

15 0 to 10 cm™® and an average BMD density in its interior
of from 5-10% e¢m™ to 5-10° cm™, the BMD density varying
at most by a factor of 10 in the radial direction over
the entire radius of the silicon wafer, and wherein the
silicon wafer comprises a BMD-free layer at least one

20 the front side of the silicon wafer, which 1is
distinguished in that the first BMD on the entire front
side of the silicon wafer is found at a depth of at
least 5 pm and the first BMD is found on average at a
depth of at least 8 um.

25
2. The silicon wafer as <c¢laimed in claim 1,

wherein it is not doped with nitrogen.

3. The silicon wafer as claimed in cne of claims 1
30 and 2, wherein the total length of the slips existing

in the silicon wafer does not exceed 1 cm.

4, The silicon wafer as claimed in one of claims 1
to 3, wherein the rotationally symmetric region covers

35 the entire surface of the silicon wafer.

5. A method for producing a silicon wafer as

claimed in claim 1, comprising the following steps:



4. The silicon wafer as clainmed in one of claims 1 to 3, wherein the
rotationally symetric region covers 35 the entire surface of the silicon
wafer. 5. A nethod for producing a silicap wafer as clainmed in claimail,
conprising the following steps: - 30 - preparing a silicon wafer having an

interstitial -oxygepagangenkrasidicd® ]wéf‘eﬁ heange ah frafedspiiQiy cnB
to 5.8.1017 cm3, in the entire, vol urre of which crystal Iattlce vacanci es

represent the BYSRD RO G 2 Bl ofe £0t] tjﬁ)eth?héagﬂﬁ &n kA4 h%lv]r(hg a

regi on which |csn'3rcttoatsonanb§/7 sym’ﬁ;trm vurteh easmeat {r@lduﬁé ad swandnhhas a

wi dth of at Ieast 8 % -0 he radi us of icon ;hi]% regi on
“8fzB5F

conpri si ng ag ]sat)ﬁ‘l %y‘é?%?ncjr%ﬁtf%%r%%%%%c‘:}é% W:?Ha
| east 30 nhi rﬁeafe;t(l cteyp;a,t ytiod atlhost @alo3 IGWiBy amdraggbonehathsief

crystal Iattl & Si t 3 a,density
of from 1. 105 @Sy \(,)gﬁt g%h l% {&%Ba%%\ﬁ hlgtgl ?{ggng\gmgf Iél’ggl n an
inert or redlﬂzmgd’ahi rrﬁ@ph?é? ele@ﬁ‘é 8ORi cdn ’V\Meradépﬁg dfeatlel siisparting

from a | oadi ngqatf%rﬂ)eraﬁyger%fglforrp%&ﬁgﬂépn 5 h@r%t@%atwgc&gg%aqu 0.5
K/minto 8 Kmnto a tenperature of 1000 her w_t eating rate

of from 0.1 KA 4vaFaplent FLtE Kol o1 Ag Olferﬁiérh‘?%?*é BA tHe iange of

from 1025€pt o Jebhidhi@y s A0 raachedt swbseduesktly kept at;guaﬁaefﬂaltdlsngof
tenperature for a ({uratlon of from 1l hour ho 4 hours, d th(g cooled with
a predet er nmi néF AN nPratee t Ba‘é?lnch?ﬁo‘é{a?: St Ertpér é’cfur ~oB5l @ DERECret hod
as clained in 30 ainmin aviredity et fSida qomo%baﬂ it rID‘tl(ﬂOﬁﬁIGB Wi th

[ 7. Th h I f 5 h
2: Hggﬁnwaf er hgglngr[%: ; tr%%g?lflt%l g&%xyﬁéﬂlcgﬁ g%%%erérlﬁt rlarfal ﬁl [érﬁerl Flelf)get r:nge

of from4.5. 1¥EHCNnB tdmcdsphel@l7 €he- 3sheiore tdefdratbatiment merted8. The
met hod aslglmég%&éfh§m?r8£ %Jaig§d§n&0témperature of from 350°C to
750°C with a heating rate of 0.5 K/min to 8 K/min to a
temperature of 1000°C, and further with a heating rate
of from 0.1 K/min to 4 K/min wuntil a holding
temperature in the range of from 1025°C to 1175°C is
20 reached, subsequently kept at the holding temperature
for a duration of from 1 hour to 4 hours, and then
cooled with a predetermined cooling rate to an

unloading temperature.

25 6. The methed as claimed in claim 5, wherein the

silicon wafer is not doped with nitrogen.

7. The method as claimed in one of claims 5 and 6,
wherein the silicon wafer has an interstitial oxygen
30 concentration [0;] in the range of from 4.5-10Y cm™ to

5.5.10Y cm™® before the heat treatment.

8. The method as claimed in one of claims 5 to 7,
characterized by a heating rate of from 0.5 K/min to 5

35 K/min in the temperature range up to at most 1000°C.

9. The method as claimed in one of claims 5 to 8,
characterized by a holding temperature in the range of
from 1025°C to 1125°C.



characterized by a heating rate of from0.5 K/'mnto5 35 K/minin the
tenperature range up to at nost 1000C. 9. The nethod as clainmed in one of
claimse 5 to 8 characterized by a hoIQi@q tenperature in the range of from
1025C to 1125C. - 31 10. The method as c¢lained in claim9, characterized

by a holding tenperature in the range of from 1050C to 1100C. 5 11. The

met hod as clainmed in one of clains 5 to 10, wherein the silicon wafer is
kept at the hdl®ing tBrperetthed dorchadiedtioncdbinr 8m 2hhosacserdz8dhours.

10 12. The metfpd; a5l AldedehPe PiuPE £HALNE Pahfe 1dr £PBRr €05oFE dges not
conprise any fﬂt}}r)t her heat trea%]errent ot her thanasgied heat trggtgpregt .@813. The

net hod as cl ailétP i% one of clains 5 to 12, 15 wherein the heat treatment
is carriedsout sinultaneously on a nultiplicity of silicon wafers in a

batch oven. 14..  The sil.icon fer as clained,in one of clains_.1 20Q.to 4,
characteri zed an Céé“%é@ﬁﬂgﬁﬁs??ycﬁﬁlW? m® ?° %gcﬁiﬁ?m§55 ?Heggvlicon
waf er as cl ai recedanimonechaf didiinorl wafet and li&epthamact ehiezedobyiag
interstitial axygen 5 concentratian [Gl.in the range of fyqm 4, 2.1017 cnB
to 5.5- 10170tcm .ralél.rel'h%orgia} i%lornaotv\%aénerOfasﬂc maiezn'ehgml%nS %Oaisrmori%lfrs'
characterized by an interstitial oxygen concentration 30 [G1l in the range

of fr0n1416.1Qég.cn8 tfhéiﬁ%fg%kieﬁgﬁclaimed in one of claims 5 to 11,

wherein it does not comprise any further heat treatment

other than said heat treatment.

13. The method as claimed in one of c¢laims 5 to 12,
15 wherein the heat treatment is carried out
simultaneously on a multiplicity of silicon wafers in a

batch oven.

14, The silicon wafer as claimed in one of claims 1
20 to 4, characterized by an OSF seed density of from 0 to

2 cm 2.

15. The silicon wafer as claimed in one of claims 1

to 4 and 14, characterized by an interstitial oxygen

25 concentration [0;] in the range of from 4,2-10Y em™ to
5.5-10Y7 em™?.
16. The silicon wafer as claimed in claim 15,

characterized by an interstitial oxygen concentration
30 [0;] in the range of from 4.2:10'7 cm™ to 5.2-10" cm™.





