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Silicon wafer having good intrinsic getterability and
nmet hod for its production 5 The present invention
relates to a nonocrystalline silicon wafer having good
intrinsic getterability, the silicon wafer having a
hi gh BMD density in the bulk and a BVD-free |ayer on
its surface. The invention also relates to a nethod
for producing such silicon wafers 10 by a heat
treatment. Prior Art Silicon single crystals, which are
gensiaibpnpwaﬁeceuavlﬁgagooddﬁmgrﬁnsﬁheg@mménaﬂﬂﬂdty and
cruci bl e pulling et Qnprise a range
[ it gz%@%%%?égz?gg ? QUc%1”%

of inmpurities and € Crystals are
sliced into wafers, subjected to a nultiplicity of
ess ng. steps. i.n rder fo, obtain the deS|red
q%sa?lgfy AN ,ngng?I nEa atesgente(i2 ald y %%C?%St?%]eme
rnsmﬁmﬂmmnweﬁerdhaﬁﬂngﬂ@o@@npDDEMDSch@esmﬂnaﬂlllty, the

precaut | aken, then t def ct, aI 0
§'§ﬂ%d9 ? ngr éce gFgﬁhgﬁﬁa erS I ef%lt ey caflk ard
d&ter®ﬁﬁabby laﬁéecknthetﬁunsmrbMC®f fﬂhE eipgenbnbe also

Component s, .25 f,abry gat gd *beﬁoeaodb 5oL Quhng. %ff% ers
types general I'y 'occur i n Sil er as “a func
fbyhflvamU|tI©mSmdmttng productlon of the silicon
single crystal, which are 30 attri butable to the

presence of point defects i.e. crystal lattice

vaRaer ekror interstitial atonms (interstitial silicon
atons also referred to as interstitials): 35 Depending
on the preparation or detection nethod, agglonerates
oﬁiﬁygmmlsﬁagﬂbcammﬁkﬂk$eswadehnﬁmﬂrgdneteléy'ﬁi@ﬂwced

pa%é@éf‘dﬂ?% o "t Ep%gochlgﬁf&dpx'c(}%01aqt S f)%%é@ﬂethod

ystal originate parti
These O@Pshadé,octcah@drlasle cavi tfesge2-of impurities

\‘I’\;c}/{f%ﬁ y r 3 Cé‘lﬁ%lé’” sec%l%er%%“é/llc%? Enlt%newafers,

pically covered-by a 0 4 nmt oxi d
subjected tco a multiplicity of processing steps 1in
order to obtain the desired surface quality and,
finally, generally used for the  production of
electronic components. If special precautions are not
taken, then the defects will also be found on the
surface of the wafers where they can detrimentally
affect the function of the electronic components

fabricated therecn.

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

interstitials):

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

particles”™ (COPs). These COPs are octahedral cavities
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filmwhich leads to thermal stabilization of the COP,
so elimnation of this defect by breaking down the 5
oxi de filmand subsequently injecting interstitials is
effectively possible only at tenperatures of about
1200C and with process tines of nore than 30 m nutes.
The COPs are cut into when saﬁ%ng the silicon single 10

cr¥sta a d subsequently etching and polishing the ,

sut PEEa T ARG TAPBIEACONNT BF 64 58 TdoRF EoSFEAYE -ni FACAT inner
di \amalglrisofty{?ict:@lB@Ottlbv%Q%anBy These wdeps e&ﬁd ofsidieadxide
to 0 ns, I Xa short. circulfs on,the so-

caf PLE Bt g B TE Gt et bl ek heB Gof et vEOP:
15s@r _CBI\Ii‘mi)rﬁati‘lcbﬁl s f amﬁoxadeaﬁakﬁ@y plrace %tng gid‘t&))wn the
position...Vertic "trenches”, whi.ch are produced, b .

PP EbET ot et nGURRGTARBE plr LRGFCA 1Pp U S I 12 1s i
meadfyccelklymayoaksblbe shoyt aircubhpdrbhyuae€0Pokyi Agout

be n.the or.the protective oxide of _the nor., 0
cot50ng " BETCuRERoRE SRR S TR a e ShalRes Shopha s Fihutes.
formation of COPs on the ratio v/ G of the crystal pul

p e (v_= cryst ull rate, .G = er mal. .gradi ent
B B 5ge bt wath s ol Tas ¢« hBS o gt Sohale
siogyetetysanll) ssbdeguenbéd fetchxagpl endn Mol25hing the
Vo J. ys o) \Y . R (: 2), A
th%ggﬁgé?fac%géetégéng%ﬁg§ﬂ%(%g%%d%%heespgégﬁd%%%inaﬂg a
crysamétecr pdt alp |tat takbeuvaclfcings Adesa Mepstssians lead
arge.. i ed mith il Lprium 30 nt ratiQn. _
wnes OBl o B o o Forc S SR bR
de¢atiedypescengddes dthat GGorcemsidtion Higherdehantive
Lhe, SQURT T BET U, eONCEREERLLONy, SUDET BALULALLO0) o 0GR  this
not  occur either for the ‘Interstrtials or for the
vaeehtt een - TR sr appt | es' teer@Besdng abicherard spaoduced by
signifbeaghi concentiayi Ol adent BESLILIAI S cypical cuos
Thereafter, supersaturation of vacancies bui 1-d§ up.
TheceohE ettt | BA YoR legcdfcidwits clggidigcallby @ COP lying

d%@ﬁﬂ%@ﬁd e he par gnet e G 8% 4884k el Ithed  memory
Crystal Growth,” Vol. 59. p. 625 - 3
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 in V.
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 incorpcrated with an equilibrium
concentration. When the crystal cools, recombination of
the two point defect types ensures that a concentration
higher than the equilibrium concentration (=
supersaturation) does not OCCUur either for the
interstitials or for the wvacancies. This applies so
long as there 1is a significant concentration of
interstitials. Thereafter, supersaturation of wvacancies
builds up . The concentration of vacancies is
essentially determined by the parameter v/G (as
described in J. Crystal Growth, Vol. 5%, p. 625
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(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 smal
supersaturations. If the vacaﬁ%y concentration after

e ?ggé??tlon is sufficient|ly small, however, then the

on WBul G2FAREYpFAER afT4Stehper afGPEding to the

sngm&rcaﬁtﬂ,y h@@@égbb@@nlj&ﬁc tH\ét Rraeditearet tsalrdihn cops
g ggatl n te rature g | ess g 000C, however,
Fi Ry (EhRr vaks eFégnFé P8er YR iakiggtion is
thaeathati fomeomer yiaganet 8sns t e eftheet abpwhhghregation
t hat vacancies. react. with  inter |t|§ﬁn en to

oxy58H- vatancyt Lonpldkes {2v) © entFéF%on gpall
15s02¥rkstupationshi ghty woendueiceeictyo tbeckarmatiion ohfter

seeds for_ o en.precipitation, The ts thus f.ar med
cohrarBinBE PRl i Bt Aoty | e PR cby it T che
faa@gségéﬁsﬁh bywsub@ecttakpttuprsde coatmafers pendaeedure
fron1tt1 S|n stal an dati o eat me

Thosd" de %%c? glréé dy eX|s?|ng?ngg @héEOX|daF$83retlcal
treggnegatlmhldmmpﬂramummteftakgﬁ;EEEB Midd°de however,

re rre |OM/aS OSF _seeds rs wth a hi,
deéglty # Qi%yseedst%?eéghaWQ+ OFM?§%Q?% %; greater
d|SHdmamhagesfwmththesp@emamaleedudﬂde ebfipohemtt which is

: d =
(LA BB SR LUy SOl CRp o 8RR, fom
oxo:degeluevaoaenharwew@lfememat |Cbﬁ) of Anlhulcﬁatccmcem@m‘ercsn of

fo(?sz\yo @t'iﬁ %u% %%%gl 319ne formation of

onent - speci processes to form large
pree¢pst A0es oxwhieeh pcnelcﬁmpaluaﬁl\m@ak@het hke I 4t T o st Formed

Ugaf 0 l&c&(rfr[at ban Logvi‘ziécpcak' o'rk#ﬂ%ﬂslo his$, R4 eé‘gaEang
nhance ef ormati on war p™) e silicon wafe
whizhltsen (PRFY uby ismbeieicdies wilteh qw@mtmf%@gpa@ﬁyced

35: 5teP used dihd ef? VIS drocess %hnchiﬁgt%ht ' G%atment

m ni mum struct ur i newi dt hs are no | onger achi eved
(3Thoae geddhkgelen prlaaiy ateéslswgchbgrf@r@au*ébe bgxefEtion

treatment, which <c¢an be detected as O0SFs, will be

referred to below as OSF seeds.

Wafers with a high density of OCSF seeds present the
following disadvantages with respect to reduced
component yields: {l1) metals are preferentially bound
tc OSFs {"gettered"), which leads to degradation of the
gate oxide due to enhanced formation o¢f nucleation
centers for volatile SiQ; (2} O3F seeds grow in
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
step used 1in the CM0OS ©process since the <critical
minimum structure linewidths are no longer achieved;
{3) large oxygen precipitates, which are caused by CSF
seeds, cannot generally be eliminated so as to form a

BMD-free zone even by a thermal process and they remain
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seeds, cannot generally be elimnated so as to forma
BVD-free zone even by a thermal process and they renmain

- 4 as defects in the active conponent zone. This - as

al ready described for COPs - may lead to short circuits

in the trench capacitor menory, cell or weaken its
capacitance. 5 In silicon single crystals, aggl onerates

of 55l & Stid i als #ﬁ@d 44 dis! ecabian E09E8n¥4t his - as
extents of several mcroneters, I'ch i kew se has a

ded treedy afleseribed dnrt ROPBuUmcttagh lofad Heo compoheniscuits
progucede 10 e € MR RO e ORRYAT ) oEOMBLRSY  ts
ways of substantially avoiding the creation of these
defee@SlHauhfhg the crystal growth. It is known for

i nstance that when 15 accurately defined conditions are
conplied with during the crystal pull, neither
aghlonefatlds BF cryspdile | atdiveadatanci éggpemerates  of

agoh eOBs 8l €52 05 1 BLEr sl Widh$cRA0W - 108 with extents of
above-described ratio v/Gis of particular inportance

fofeYRT 3l Z0 CHANEEEHT Swaf €R SChwHiide wdise shipst ant faffymental
freproft aggl onpsatesnetishyséal t@dti €oyacanes esp AdGuced
interstitials over the entire surface, generally
cormp?¥%e radial regions in which crystal lattice 25
vacanci es are the preval ent point defect type and ot her
radial regions in which interstitials preva@l, see for
exatpl BYBRIOGF 734510 S . RAPFernet ways, of substantially
" %@f}i@%mgtion?en@ﬁagen@nt of S’@hfi@% I eﬁeﬂ@éeﬁt-fﬁlﬁfﬂ@ng the
Czochra I _silicon terial", Solid State Phenonen
S e T 1 T DIE . 5608520 BD. S0 1625 e FRELerhen
r egit OnBat @) gubdsgquent drwealitireaad nené genenadkky Wieadsdtping
the formation,of a.only | Qw concentration of oxygen
or QAT pi T aYB5% L al 85 P6r 6Pt 0 ad SO A% o or ot YStal
def&ct5¢¢ .véaranhbeesnenbandaqghlesnésadesi rabl eistencetitials
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 crystal lattice
vacancies are the prevalent point defect type and other
radial regions in which interstitials prevaill, see for
example DE10CC47345A1 or T. Miller et al.,
"Precipitation enhancement of so called defect-free
Czochralski silicon material'™, Solid State Phenomena,
Vols. 108-10% (Dec. 2005), pp. 11-16. 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., Oon the other hand, however, oxXygen
precipitates bind metal impurities which diffuse into

the silicon wafer during the production of electronic
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35 oxygen precipitates on the wafer surface can lead to
functional inpairnent or failure of the rel evant
conmponents. On the other hand, however, oxygen
precipitates bind netal inpurities which diffuse into
the silicon wafer during the production of electronic -
5 conponents. This effect is referred to as the

Lo asl g 9ot o el featiacor "G etloatiobor short,

For this reason resence gen precipitates i nct
thelnttersoe ofe ttteg seffeoh"wafceﬂr ('ifﬁe efhiddkt’) ifeor5 short.

geﬂl‘l%{]a&llli’s d??é%é#?' €thd &;r%%n\é@f QIFS ohxe}/‘é_;‘erﬁgrgdfe%tlﬁ{‘lstéﬁbs in

crysta atfl ceé vacancl es reval .
r dgionsintexinch dint éﬁl@tuwéwopr evafkr havkea Veryk") is

did ér?é@é‘ﬂ%e@%%@%%%‘i%d gﬂh‘?&é‘r@' lw'atf)ér'sn i ﬂ??”?‘c% R¥s in

owing to ft ferent susceptibility to the formation

10vfp¥Coxyges b bei kA tates. Wam%ls‘%%\ndéfe’fﬂfﬂel oxydjesh other

precd i at as, gLawest regeafreer 1o 2onesWih ankdeangy very
excess by absorption of vacancies, which is not

possi R EER L Y omESTEINTesh 8xEbekabiliRYerist | thers. MsHeons

r api th@r evt Rnles dierefarie pessiépt eninithetvacaRCYEdikdtion
15 zones, and a nmi xture of zones wth an excess of

i ffer sPrYPERNs éﬁ@Qﬁﬁﬁééﬁﬁ%r1eﬁP%xcé@%téﬁcgacaﬁ%¥%s g%ygen

genes @ b it aheles giakl %msaaweﬁé iAneidiess probhed vacancy
homever occurs 20 treat nent  of S|I|con

gurln t he he
WSS S | n5¥he GROEEE 1661 Uik of VARRIGHE B1 y AR Pt idee
xhqwm A i16Be ﬁm tbeepr eyaheahf Eﬁtlclétsfs dﬁf&ﬁtdm.tﬂF&Ls More
ich at the sane tine are free of .ag rat es of
AT PP R0 MoacdR e d 10REL D} B S o e ich
cangery J atdrod [ Imistsed ecded dand bel thh ghaenougiesh of
order to egsuie suf.fici ent 4ﬂ£% fornation a d t heref.ore .
suFt it Eht T ePABI FOYS t Tht B¥Ferfng oé’lf‘cé&ec 5 =8
zngeﬁema&i@dmmd@gltmml@rgstalwagenmﬁh when cool i ng
Furthernore, this effect also depends on the cooling
rate of the crystal rod, since a 30 |onger residence
tiAreotiret he prefpermat uhewzone redevarnd ftorittle the  heat

Precififate 9rovtdy eOal LS seumensyr ahel Vo [f & volume of
which crystal lattice vacancies are the prevalent pecint
defect type and which at the same time are free of
agglomerates of crystal lattice wvacancies: If the
interstitial oxygen concentration [0;] 1s selected to
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
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 [0i] 1s selected to be so low that
no OSF seeds are formed during the growth of the
crystal, then this leads to no BMD density or too low a
BMD density which is not encugh to achieve a
sufficiently large getter effect (for example defined
with the aid of the size and density of the EMDs
according to Suecka et al., Electrochem. Scc. PV 2000-
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formati on of OSF seeds. If however the interstitia
oxygen concentration [Ql is selected to be so | ow that
no OSF seeds are forned during the growth of the 35
crystal, then this |leads to no BVD density or too |low a
BMD density which is not enqygp_;o achi eve a
sufficiently large getter effect (for exanple defined

Wi t he agi.d of ize.and density the B
acézfdphgq#%’sdg%ﬂg % g?i?gEﬁecF}ddhgﬁfe d%?é$%m205601 PV
6 2007-p2, 164, 620002002HA zI et al., El ectrochem Soc.

PV 2002-02, p. 602, 2002). It was therefore an object

of the invention to provide 5 a silicon wafer which
prétenas rore dforsaian dbsadvantagds. iDemurtipui onc oprovide

the In i 1Q,.This ohject,. is [ d b sili.gon '
wa _er,é/fgi‘%ﬁrg gﬁ#‘%% vg'fkﬁl?réeh of Fahi ceﬁlvcg%rys%llg?lel at toi%ce said
vaehpefeantpgppesent the preval ent point defect type,

the silicon wafer having a region which is

rotational [y symmetric wth respect to its axis and
haBegchiBthoBf Oft thealnventdom of the radius of the
silicon wafer, this region conprising aggl onerates of
crystal lattice vacancies Wwth a size of at |east 30

nm P hS a TGy 16f aEhaBEed 2002 chi BiaAd aiyf Dher desthe

of egf ¥yt al vhatkiece yacapgries WriRta1si 2&0fidd om;10:20Rtes
to 30 nmin a density of from2071.105 cm3 to 3.107

cn¥%?r?ﬁ%n§iFP@O@R@ﬁ%ﬁe%%n%?%%¥naefESﬁ ¢ ithe silicon
depsiéy alavimem® teglencrthiand ap raverage BN depsibyric
inits interior of from5,K6 108 -3 to 5,109 %M -3

t He BVDT &SRSy Var yiAg 3t Smodte byad ¥ attdttoP ity nleast
t he0t adifal tHer ecddiars over tHe enllicen 2Pafaf) ushdfs t hegion
silicon,wafer, and wherein the silico fer.conprises |,

2 ERIERT 000 F ayR90 LT EARTS 0Pk hE WG SPAGIGE | Racancies
sidlclonawafiers, othigh iLsaditstiongin stredai dentshaty tdfe at most
fi siOBND_@n t he en&ire front side of the _silicon

wafer”i <% oufid“af 95 &&&ﬁ?gﬁszﬁ |%§¥ﬁt%%[ﬁﬁgﬁl §%acancies

with a size of from 10 nm to 30 nm in a density of from
1-10° em™ to 3107 cm™, the silicon wafer comprising
OSF seeds in a density of from ¢ 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
radius of the silicon wafer, and wherein the silicon
wafer comprises a BMD-free layer at least on the front
side of the siliceon 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 um and
the first BMD 1is found on average at a depth of at

least 8 um.

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

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 US5880720).
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30 the first BMD is found on average at a depth of at

| east 8 pm The invention will be described in nore

detail below wth the aid of figures: 35 Fig. 1:

Exanpl e of a silicon wafer according to the invention,

having a centrally forned zonﬁ_l whi ch conpri ses COPS

vvith a dianeter > 30 nm (nmeasur enent et hod accordi ng
US598 720 di al distrjbuti of

de’?%%ts Ratﬂ%t e‘?g ?%‘Qﬁ@g}?%el §Lgr 85]?) Fle%s So with

th@ﬁarﬁ@t@ﬂsv\méhpet:hevaw qfreatalrmaalntdarlemas ) 26 (3@)p1)m with

and gopper d oration t i que ( to
Co ari go the raﬁf%ﬁlfﬁfﬁ’ %‘é?m Bg% rpttorpﬁbutéfgrbqw copper
ne@esuo.eaitbgnt hecMibg(topboandm¢opper decoration

tehcf |qu (boEto\M[parlslogr 405I SIﬁcon Cﬁr aCC?PgI ngdéﬁ’smy

the nve ion thout” COP k~"atcor |ng
sulfaceilnbi gsi s mdPsueetnilgue tdocomMdieng (topWS5988720cpper

Fi 8o 5 COURALLEAN, ot NBEpLGESti tial - and vacancy-

dom nated regions I|c n wafer according to the
i Vet i ofi: wi Ehl'lmm" ai@é@rrdl i@ Aoy DEL0 04784 5A1e anfnvention

coppaghson @pthe I l?d'a%cogfrcﬂfrf edf YhG V‘@EPfééﬁ' 'Qré%.ﬁysm

l'ines) and w thout (dashe es) using a ring
Figechriq@op densrdyngehisuPerBRP/BY - neans of copper

degpg at ison é@ﬁsﬁ&aﬂ%ﬁf @fW@B%f Mﬁ&@uﬁ‘@_’aﬁl Slsn\ﬁl St BL&ncy-
accor di ng 1/SP1 (top). Fig. 7: COP densit

ne%%@%%@ﬁé%‘fj 59g¥r@5ﬁsféf3mc@pp¥érllc.@@ dedérratd P {betg ory the

Oflﬁvé\@{: E&nW' M‘tﬁl Cap3 dir sky @bseatngaceor dbngo & o7 §@§A§Pland
(top). Fig n‘;arlson of the Cu decoratlon def ect

onC@zpaéJrW%or?f(F hedoprdi w t Profjdén PEFZ/ @ndisdt {So11d

dopedle ¥ t And O¥YEHBAut 29dEE8ed91ieBPanssAl af rihg Cdater.
decoration defects on FZ sili con%éFZ) d0|%1 ed wth
ox@Jg‘én (%szozfnddﬁaﬁlaéipelae@\ﬂlﬁem eans of copper

decoration (bottom) of a wafer with a COP disk wvisible
according to SC1/SP1 (top).

Fig. 7: CCP density measurement by means of copper
decoration (bottom) of a wafer with a COP disk absent
according to SC1/SP1 (top}.

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

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

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

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
single crystal.

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

the invention.



10

15

20

25

30

35

Fig. 10: Radial BMD density with various interstiti al
oxygen concentrations. 30 Fig. 11: Effect of different
heating rates during the heat treatnent on the BMD
density of a first silicon single crystal. Fig. 12:

Effect of different heating rates during the heat
treatnent on the BND density of a second silicon 35

Si e cry, t al 13 {BND dens tles f si

vvaFg‘li}s vvh|4§h ha%el %een Su r]Oesc |ous(l’3heaetr copper
tréatoeatsoatcaorfi AGPt odefdets n\werth 0$1 d—la&et}élrg <1£0 nm,
Op Q$C i Rg cQpp Slecar-at )

R G R PRt B g SN e e
bengehedt adcbydmpanscotVSMB CdECt-he  net hod according to

U5§9§07295 9 'Ez'agngﬁ fadialy, 494 1 g | %@f &6 BMDhsity,
dens measured by SIRM for Tour silicon wafers
acl@@@@luﬁ@dt &Y tHEMmverk i 6aUrFisglicen Radisyls according to
dist&i bytbqpigh .the BVMD density, determ ned by

fracture, etching and optical nicroscopy, 10 for four

si Fi@on Waf er Ragd@dr didkid s e Gmvetlt | ore FiBiD 17density,
Ragi et rfi LRI byt ifen ofuthe deptihPfaddes BV irﬁﬁck@y@aspy,

for four silicon wafers accor di ng to the_inventian.
| ntPhi §°uEsEL L pEPBNYaERE St éFﬁoré@gdlté’k'th\ﬁ |l|mf@é1t&§éld

asrfgll ans: RadCR disktirshaciedl @ athd hgegent eff ofhd hevp-
silicon wafer, which conprises aggl ctzrrerat es of crystal

| af FPRe A\AMSHNCEE whPHE a iAWY HpLPESstaGP i Th &° the
densvéyt 0bnnore than 6 103 cm 3. The neasurenent of

the 20 COP density (Fig. 1) is carried out wwth the aid

of a 150 mmwafer A which is cut froma 300 mm waf er
produced sachoral ingt tan t hehenventd OrCG0 dhak"tlw&lyioikm used

i ndi cat by .0% represents the or| naI fer ed

e B RE oM EaPSh By STo0o s Tl i S Brape a0t the

ceﬂib'xcoﬂh@arﬁetrhodﬂdlesrcrcbmﬁrnae%ﬁ@&@bﬂ@mmresde:tféctrmgtal
lattice wvacancies with a size of at least 30 nm in a

"3, The measurement of the

density of more than 6-10° cm
COP density (Fig. 1} is carried out with the aid of a
150 mm wafer A, which is cut from a 300 mm wafer
produced according to the invention so that the point
indicated by 0% represents the original wafer edge and
the point indicated by 100% is the original wafer
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 1is possible only in a central disk (=
COP disk) with a radius < 20% of the wafer radius.

The silicon wafer according to the invention comprises
crystal lattice wvacancies as the prevalent point defect
type throughout its volume. The prevalent point defect
type may, for example, be determined by platinum
diffusion and subsequent uPCD measurement or by a BMD
test:

In the former method, after immersion in hydrofluoric

acid (HE'} , the silicon wafer is deliberately
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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) wth a radius < 20% of the wafer radius. 30
The silicon wafer according taqythe invention conprises
crystal lattice vacancies as the preval ent point defect

tYE§n’éEﬁ9HQB@Ht khs YAl UMRmeTRECRr epatent ypehnt adebget pom
pe may, for exanple, be determ ned by platinum 35

typ
d|PfL%iLBHmanéoéHE%@&ueHPdpPEDerreﬁé%lFéﬁ’éfﬁt 6F byubssypently

tegi rrhBelihentor ke ARG, i Afderord mwﬁaplmy Nat 730°C for
hydrofluoric acid (HF), .the sjlicon wafer

deﬁpbé‘%%%%qeys ¢ E8nfaniRgt SBLTRCEN qtrﬁPerélsonSB}éFﬁquentlY

W thraidQ0 ppm pt@sicumgolwtiton zand fheofl akikBdibhs  The
sug}gquent I ¥f %l ffused i.nto the wafer interior
i 7

aFtyea 66 fHMOHG iGiARde RISoLeaii et hfhrdifiers
et gh?nﬁfsubﬁewerml ycthef Wdarﬁfﬂ;—&uchh tampd Cﬁht@’rsh\tihlﬁﬂ)—-rlch
pm of eros |erreotemno char ge
P Press i o Hiater o itgetratagny | HPthauehify  von
vaBankydefehtand inntsarlstditumalmird ohi 1 Zondsr (Flatuadtiffusion
%g atlo Unt g_g von Punkt def ekt n d of
Ehaf T BOAPS GHFZBESE! v £ FHSieE 0%t B udyies @id ©
pophatdaﬁmcdsf|f|ms3|olm corEn/ﬂaatd@etmeBeanrbIU:fe Mihroallm(tronlk
di USIO er cht oel I, K,
Ryééef I FF% : gﬁ{) %e%gg)’ %létak%urybse%e%?
deselpﬁmeanbﬂcywéaﬁgrmntenle bpr@lBa(rm orfovidve RECD (microwave
gggfégegggffeﬁmvge%@aﬁtrﬁ%oé °r£8fa€9 L& %' NG i Ma w1~

et me Scanner “from Sem | ab. S nce” platinu .
préf er atficalime dijgamesr vi arete Semédlbed Frianke platinum

Thﬁf@?ékénﬁ?éﬁ@?' sralff\&&ecéw r§Qui r espyacancigs ifedr thignk-
- enrichment w ['ati num t akes place in the vacancy-

ri Ehusahesdl mﬁcm@ﬂéased Wiigh maAdoicenta@ P s nfehr khis

20-1 ‘éﬁ_‘il%chﬁle%tr %ﬁbﬂ}?dpiéifﬁurﬂetgfqeghgl%@mﬂﬂ yt}?@a{rgléancy—
carriers, which can be detected In the second

ne?h%@ zpﬁgsBN@ntéﬂprqqﬁquﬁﬁﬁq+num coﬁcentratlon in turn

leads to a reduced lifetime of the minority charge

carriers, which can be detected by puPCD.

In the second method, the BMD test, the domain
structure 1is characterized with the aid of heat
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 (= vacancies = crystal lattice
vacancies) during the crystal pull process. These in
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
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
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Sstructure is characterized with the aid of heat 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 (= vacanghes = crystal lattice
vacanci es) during the crystal pull process. These in 30

t UE B0 DEQWrab 18K ko aSodm f H@ﬁbb?ﬁtﬁf:et heine $lzs dUfiDonent
prol onged_heating in the scope of heat treatnment. The

gr‘@%ﬂf%? Phec8uper sat utae T bndef raﬁfnplsﬁ’@ieéedefpefcttesr v aktleat

a togdhahemef ercpositd@ial t MOr e@heriths tRe deBsihynefi by
the grow ng ds which can be deHthed as BMDs with 35
{HESBRT ©f SR SFAT¥his TRy E FheVeadi <1 EBVE Pr ot | €49 of
al tiowswsfat esenhsdepthectimde pagardi ng the domain
structure. To this end the silicon wafer is heated wth
a heating rate of 1 K/'min from900C to 1000C and
Sd%SBMDGMEBy bmﬁsﬁﬁtﬂM§XMIfmrhémD heeasmenef arte 18076 for
I O om ratur t
bt o Al e e HEEREREAL B et ror 16 1
A¢$b$othéUhéats ttéatn@mmpoﬁhe Kﬂﬁ|eﬂeﬂﬂWDJdenS|tWE|sdomaln
de b I every h
o R R =T e R e ey Y sa ot S0 b e N O
tesm, c@r}’sﬂé@t@@m@muaghééte tr@m@rbnﬂ\@t d’@@@ffﬁr usinly SIRM
and, &, $ubSEAUEHonNGate LEEAIENL o at nd000Ge! O M1 w B8P at
ful fi the purpose of revealing t e do
st# uétkikle @biabPtamively via the size of the seeds gr own
in, by determning the radial BMD density using SIRM
every 2 mmfromthe center to the edge of the wafer at
a oeptIPTHFr SOt prh® 150En EBAERARE t%ftﬁ’élq eRB&AIOKg 8F Ly hethe

Prépri @bh, whher sckbeannwaker taecanGidtd it the not free of
invention s not free of | crystal lattice vacancjes. It

cOMpYFses haFEgF6nYARATEH eSis Lo RGHaISSy Syt ¢l ¢ Which

Wi 1 f@‘é@@@bnb@lyt%ﬁmeirﬁmﬂ w1hﬂ$ @ey\p@I&b eb atcd easts and

80% of |ts(% dluz I n Th éo rates  of crystalh h

| 135 cé VA Vit 1528tz gt 4 éas’fa‘ébuﬁm d&cuphic

I nn@g denetd ye of odt ¢E§$t£ll®3ttlce vacancies with a size
of at least 30 nm occur in a density of at most 6-10°
cm™, 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,
densities can be reached which lie below the current

detection limit of 7-10% cm™@.

According to the inventicn, the density o¢f the
agglomerates of crystal lattice vacancies with a size

-3

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.

At the same time, agglomerates o¢f crystal Ilattice
vacancies with a size of from 10 to 30 nm are present
in a high density of 1:10° cm™® to 3-107 cm™® in this
region. These extremely small agglomerates of crystal

lattice wvacancies do not actually interfere with the
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cm 3, when they have been studied by M6 or the nethod
descri bed in US5980720. Both nethods correlate well in
respect of neasured COP densities. For exanple, 25
densities can be reached which |lie below the current
detection limt of 7.101 cnR.{ficcording to the
i nvention, the density of the agglonerates of crystal
| at i £ecyaC rl%'n%d’\"ﬁh&uf’di@}?s %%9&1@5 L&At 3%&5{%@ the
at nost 6.1 cm 3 according to M6 msasuremsnt
rre%%‘a?‘#%l?ﬁspr‘fuﬁ’éﬁ?tffpﬁﬁqcl\/lcpﬁlﬁpnenﬂépan) and
preferably 2.5 cn2 according Cu deposition/breakdown
test. 35 At the sane tine, agglonerates of crystal
| alPFE8  VHEARCi BSMIARIA &S e FE f IO 3D 305 nnfakbows:
pr@@ pér 1ins adRipghsjdensi £Yebtrd1 $05cEM y3 108. 107 gfudous

g Xtr mely snmal | r%%l omsra es ?{

HE)

Loty sq O Pl (OB G b LS oA g TRTofD ohL

W bl tthe -bdtkssaal | @6t apl ahnedod | Rawedt h@r( depi@@e of a
rul e during t he rodugtlon of electrgp onents
f ol

Th%%lel%%l | "&d§ITomerdt esdar e  Hetdct 28 a ek
coppesenstdeppsitt.eRielrecin,ol yi i gatty, f Reg. an vaquedys No. 8
Iutlon %%g/i CuSO4.contai%ing HE (10 m /.| £
HFE%1 theobac,l Ilde dFa BHHICEh WArEF ofFa téfeecglgFea ©
sivafen wiaf ettheas Heetritbmhtien:i GatKi ssitreggrerd&ure in the
tegn, ter ,~R
E%ﬁ@% ?k 90'61900f66r[ﬁe SI lfcl\:/%n vvg er%%(lfru ;éhe pﬁje%ew%?esr or
vvaﬂee pset:leemﬂwemfereatsed:lmn astleppered uke ian niweror etch

g OOfI%PO 5199096E?Er%m l%ot. gﬂﬁ%ﬁnugg%quﬁr?Pﬁer to

piece of wafef is then subj ect toa mrror e

HNG@de HR= _ssri)acﬁorla'y@m 10heo SO edtmut o, the orddent oare
%Qggu@?ﬁypf §%@eaglé%lr The defechs af f he yafes ﬁf@hlng
subsequeént eveal e reat ment wth a Sacco etchin

so$®¥m%h0ﬁof0303ﬁ1ﬁ&ﬂé§eSThe described rotationally
symetric region preferably 20 begins on the edge of

the silicon wafer and extends inward over at |east 80%
of The sdeggirdsed tr¢ationally symmetric region preferably

begins on the edge of the silicon wafer and extends
inward over at least 80% of 1its radius. It is
particularly preferable for the rotaticnally symmetric
region to cover the entire surface of the silicon

wafer.

The silicon wafer according to the invention combines
an extremely low density of OSF seeds with a high BMD

density, which ensures sufficient getterability:

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 OSE seeds. The OSFs are
detected by optical microscopy after dry oxidation at
1000°C for 3 hours, subsequent dry oxidation at 1150°C
for 100 minutes and preparation by a Wright etch.

During the optical micrecscopy, a measurement area of
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particularly preferable for the rotationally symretric
region to cover the entire surface of the silicon

wafer. 25 The silicon wafer according to the invention
conmbi nes an extrenely |low density of OSF seeds with a
hi gh BMD density, which ensunes-sufficient

getterability: 30 The silicon wafer according to the

| ngent cen’ cospeirstsatad EBErgensiry Oforf rowe Ocentdd peEr the
squarte centineter era d over the entire surface of

t h&tf FoRt g &t tﬁ?g% Y fromO to 2 per square
centlneter and is therefore essentially free of OSF

SORE A SRR 23 S B PRl BT SLOSEORY, e
dryyomlﬁwﬂ(ﬁemﬁlﬂQSGQ from 5000ﬁ1nmte§xanﬁ b@epanétlwhlch
bylg J?tfgr Fﬁgrlggsggﬁe @t(¥%ddg rQ§089yelgctrgnlc

nmeasur rren ar ea IS eval uat éd ever
mePnpAnens scent Bre of Bile @emsmm waker ﬁtorw%rre@g@ very

Thﬁoﬁbbb%%%g‘éﬁf 8l elyS ?1%“ %% § edrfagl%‘st h%fp“t% a%ﬁllcon

ensity of romb5 to 5.109

vmweﬁeru s Thgt iBYd degys itthe mmtm%%dbmtaoﬁa@tor of 10

el egt k@RI Cr; §PAPORERES -1 The RMD densi LXthSef WAANRIIEE the
very_ honogeneous over the entire radius of the silicon

waf et iCPRe BMEHen U8l les at mBest by Facfoefter f 3

10 (i net hec fadizalt idj r getiy@BnOVEe t G x8Bhi" €2 AA@dirkish Glum BMD
the si li.con waf er, preferapH%Xat nost by a factor of 3

(i dgnsthéepat L& béttwe P tthe rRAR SRee i i néim BIDSE 3) -

delﬂé’vék@ﬁell&s@t m@@t 19, orefermldyimte M 3khieve lower
Never t hel ess, even E055|ble to achi eve | owe

val FatP&hEnSs Oc t}EﬁVDBIaEn FIy L S0 GROMRG 108 &G att S?Cgff’r of
2 orolresisssA sAf bu€ifentikbyithiyghigst, akitealaind hodogeneguseous

SELLEL A% B L7 L0 FL LRt el Shes LB SIS encire
I ngeébtton thufekul fThe tbeldebher vaficef thecsaical | ed the
20, geL1.e% of o3ty AN (YR L 1 sLable, B densify with.y:og
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 production.

The BMD density 1is 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
etching erosions lying in the range of 1 pm. 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
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 1is moved from the wafer
center to the edge and the light scattered by BMDs 1is

determined in a confocal arrangement using a
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of sufficient size, which are not elimnated by any
thermal process typically used in the scope of the
conmponent production. 25 The BMD density is determ ned
for exanple by neans of cleaving, partially etching
the cleaved surface and couniyng the defects anplified
by the etching attack by neans of optical m croscopy.

Ty;pfa&@&df&&@anw %rc%nnwnlggmn §@@§0t§59c2@m9 %tfcmdw x 100
sol utions, %ﬁlca 30 etching erosions lying in
rafe 8F 1ipherratypidial twassesbhEnet ebiinte k519 the wafer

det £d 1t )] n&ﬂéweraw@aqermm Y delhvehvessr efrdimihdd Veith a
oi nt s, on the radius.. I n order to

equi dj st ant
ac%lﬂgéjeche% FUR rdsd t| At&fathe r%%@r&‘?ty Fadicsl | yooth
anueth edat iravs Ryt b@eeechL@ﬁSli@mmt ef based:fram nm with
Sem |l ab js. suppl e tarjl use To .this d 3ﬁ%aser
bera?ﬁ%%saa 5i V' Hi€m @egPﬁreﬁl §6 98’ SRR b used
\/vaprismihpemS)Oﬁmeﬁbﬁ r oén hberwaf dm ceater tbo ddise the
e and the li attered by det din
i age ot ARGSRRRECDSTT tTHS® (Rt os. gyrection

schxrmlmgcafn ahea rﬁeym@:al | w1af BIOD )delﬁﬁtJrEEs athdlcated in

ﬁfvahf Q%ﬁkﬁﬁﬁé%lléﬂyt 8o %%%ng 8t%n%afeialm%dlare BRMD

the Fadia ensity i1s det ef i n Wi th
suldigleit ¢ ywhiigh leatcerddtemsiolad | @hteBi neerlyatly ut this
meip h@y% a detection limt of about 70 nmw th

respect to The BMVD si ze, a thermal growmh step is used
(typically 1000C for 16 hours) in order to raise the

B d i But,i.on RN a
i e e P TR TER T BB SIS e
t el ddscr isgtilewrandaif ATt hées patentdedrai 5 aar elewugenerally

densid t£stwhi hang def £r i oed @fft Q:rhecaiéyéf‘glﬁu%ﬁlmkﬁ the
growh step. At nore than 5 pm BVD-fTee Iayer on

t el 95 OFPN ¢ dECMPENEA tEhev ish ] %elﬁsaaweﬁtig delelp ¢ Haged -

i trigenemal kyeeCovels tihe enttuent Beekness mof dhe JyaMef the
in_which the electronic conponents wil] supsequently
bef Gttt ir €89 ThaY BNER 3R Re ‘F%ye‘?PtrjsCfi‘% A QFcPeg and

byspoed §zé HPLyhen the same working step as that in which
the BMD density is determined. It is possible for an
experienced operator tc determine a BMD-free layer with
a vertical resclution of 1 pm. The BMD-free layer at a
given position is defined by the distance from the
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
alcng the wafer diameter for these studies. Important
guantities for the statistical assessment o©f the
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 cf a silicon wafer. The
first BMD on the entire front side ¢of the silicon wafer
is found at a depth of at least 5 pm according to the
invention, i1.e. the minimum thickness of the BMD-free
layer is at least 5 pm. The average thickness of the
BMD-free layer 1is at least 8 yum according to the

invention. Even larger thicknesses of the BMD-free
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fracture edge by neans of optical mcroscopy, and 20
specifically in the same working step as that in which
the BMD density is determned. It is possible for an
experienced operator to determine a BVMD-free |ayer with
a vertical resolution of 1 pm,The BMD-free |ayer at a
given position is defined by the distance fromthe 25

Fi 68, Heasy e@he%l\é@tth%l@}gsarmgaaraé PQERE cbBdd |®ier aherage
anal ysis wndow with a | ength_of mm The thjckness of

t hehBeBnEEse Afayidie i BMbyhreal I19Y§ét B fad cd\ieryP 200 MY B
al gpgptbhe wafer dianeter for these studies. |nportant
quantities for the statistical assessnment of the 30

t hi ckness of the BMD-free |ayer of a silicon wafer are

t hehaversige ddH cknesgs r( aviey agpﬂepyﬁabayl MRASUr@smed  with
results of the, S|I|cgn waf er) % nlnlnu t hi.ckness h
f r B 4PPeReas it BREnt ?Ié%{h?tswb‘% %O&ﬁ{lméféf““ &S the

fibatygBD oprehepemtitienf r oply si daf@fertlhq si acancwaker in

found at a depth of at | 5 accordi.ng to
S hB L RGBT 7Bl e S el SR o i BRecEIgr HinE | Cher at
BMDefre@e tbmpyra&nmﬂsleﬂsttﬂmpmsim@ﬂavetﬁget&h;ckaads it
of hhe Nﬁ}frqg | ayer is at sﬁ 8 accordi %Eé Thi
th& eFﬁvSﬁFloﬁ Sébeﬁqgﬁ%ﬁﬁs%%lc hess of ?ﬁ@ag free t®
- 14dcrkayged qmmampmnaﬂmﬂmssfabxggbe ahhnéwmmoﬂmeleads to
aveRdfcckhiatnensypl e 10 BMDLLEPe LS (P gud oy WP chne
e siTic

on-wa s pre erab
noDSHopedgmnth ni trogen, since doplng with n|trogen
stinmul ates the oxygen precipitation by buffering

vacanci es in nitrogen-vacancy conplexes (N2V) and
r eFeasittg alheheagth| owertteenpeias urEs s6inghe i Mgt esilicon

crygkal, 1§n$r'etfelf%btl'r§ﬁ r8f Qg alsseysuppresses the COP
formation his increased precipitation of oxygen

furthernore |l eads to enhanced OSF formation as well as

toshbioadani ng Rfr st he PR {Ng-+ 5 dhe tohaknt epgt thﬁr be
the slips existing in the silicon wafer is preferabl
at PRBdpcgdenpy a method which comprises the following

steps:

- preparing a silicon wafer having an interstitial
oxygen concentration [Cj] in the range of from 4.5-10%
cm™ to 5.8:10Y em™, in the entire veolume of which
crystal lattice vacancies represent the prevalent point
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 siliccen
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 1-10° cm™ to 3-107 cm™,

- heat treating the silicon wafer 1in an inert or
reducing atmosphere, the silicon wafer being heated
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 XK/min to 4 K/min wuntil a holding
temperature in the range of from 1025°C to 1175°C 1is
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Silicon wafers according to the invention may be
produced by a nethod which conprises the followng 20
steps: - preparing a silicon wafer having an
interstitial oxygen concentration [OLl] in the range of
from4.5.1017 cm3 to 5.8.1014d CM3 , in the entire
volunme of which <crystal lattice vacancies represent

t hee pER¥A!l enty Qi \%ﬁer&iﬂeﬁgﬁﬁ ta)f:pethé h%oa_'cil'rﬁgontewﬁ{)@fature
havi ng a regi on which i’s rotatlonal y symmetric with
r eSpect t@uFf:“élﬁi‘l LiandrrBs 1 ah@idt it of 4athPerst 80w ofhen

tr@o@w@usmftht hea si bireaR:ewafiged tHSor€M ONrate  to an
nIE{ Si nlg aggl oner at es of cryst al | atti ce vacanci es
i P 22438 BFMREIREHEE-30 nmin a 30 density of at

rmst 6.103 cm -3 and aggl onerates of «crystal lattice
anC| th a size from.10 nmt 30 nm|

S58%¢ thontotige ane. 5 Ao ging to the
trﬁastremglbhe gilliicam wat éersnwarthi n@éfll@éd adpeimdes are
at ppspher e the SI|I op, waf er _being heat ed arti
oM BC | BEPRY ol ol 8¢ oP TP LSS0 b de TERE Wt 1 areat
hetat ¢ agmermt e of O 5 Kmnto8 Kmnto a tenperature
of 1000C, and further with a heating rate of fromO0.1

Kiminto 4 Kfmin until a holding tenperature in the
ramge ofsfennidD25C:trandli@sC is -tis  imaeheditial oxygen

S“@éﬁ&@ﬁ@i%y%gﬁpt E@'ﬂét h&{li‘Bhd'ﬂ%é e%erélﬁ%r eranf %5 from

duration o hours, "and en
wi 4 h5 al pt'ederet nitred Todt 10y rawme’ to Ghll unimémwglons of

te@&‘?&é‘ﬁt‘fgtléﬂé” gFder p0 %‘E‘é‘f“secltt'l%ls' ld rﬁ‘ﬁfﬁ{s this

according tot I nventi on, ['icon wafers
ded¢ sredipt bpertaes die tflErsmatp@r@parcécalarrﬁj tedse afe "New

t hesppub] eeted ia ja fealard eﬁé Qéfe}gbgﬁ} e¥seMd with

parameter is the interstitial e& concentratli on
[oiitromeeh ThessihieRe Makge @fr eEmb . fagme k@ sd@rant

Credhcdibtat DIhcattANg @ksistivity in the range of from 1
Qcm to 100 Qcm.

The silicon wafer may comprise crystal lattice
vacancies as the prevalent point defect type in its
entire volume. This avoids the problems explained in
the introduction regarding inhomogeneous oxygen

precipitation during the subsequent heat treatment.

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

concentration and sizes.

In contrast to the teaching of the prior art, the
silicon wafer 1is not free of agglomerated crystal
lattice wvacancies. Tt comprises a region which 1is
rotationally symmetric with respect to its axis and has
a width of at least §0% of the radius of the silicon

wafer, in which agglomerates of <crystal lattice
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concentrations of the interstitial oxygen in this 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 resistivigy-in the range of from1l
@xmto 100 m 20 The silicon wafer nmay conprise
gr?ﬁ@ﬂlciestiucle;h vacaﬁc:z@@sOasLmele_r?ﬁ\talmt ngpi Btcur in a
efect, { inits entirg volLy i s avoi ds
pr%%n%hrsg’/ Rl &Fné&Sitn v e Fitro %sieonccf‘%%ﬁ%‘fh‘éely large
I nhggbgeaeatss oxygen 3bcprechpi ¢ atiinona dliwngcbh€entration.
u@@ en heat .treatnent. The conceptr.ation fnd $ize h
di oﬁ%‘?l heS JEGroterates T rystdiP Y §F c&? this
vacanei e§h$eameelnys tdhetnge Hasengbthe sSubsdguertd heptctral
treat pent. Befaore nd 30 af er the heat tr atne t.he

sane et hdd élsm%/ respec%l v ‘T’the udEd St 4 rlt?er C{éooth of 3

demrer AMde tthee d@balcent;natsllomoandssuzasrléd] cant rla)sttrte) sS0—

J%f@&h" B?Sugflgg‘c Y dget €35 c?é%éc‘fé’{‘o%"a mit® is

ree of ag oner crystal [fatti cé vacanci e
coiﬁmrs@en‘a oegtba waiteh ssrfaQEabe@ngl Byusy et ri c
with respect to its axis and has a width of at |east
80% of the radius of the silicon wafer, in which
agyt onelhait e3aé cEyBeal dagilomeratds ohcapriesalhi thabtice

Sige-ofcals! gasty 3G N OECULs | rkﬁaoard%s' BM of o Atz g8 are

6.103 cm 3. These conparatively aggl oner at es 5
t e 9eltlur 18nitfiisn 2edinm cbzchénmaﬁiu slensithe gpstrom 1-10

SenRt ke 3mpasupgrentTmde é)&ﬁémil%yeﬁnéﬁl t§‘<%c§l<§m<Q§§€es of

This nmeans that a | aser beamin the red spec range
i SCRigTeR L vm%actmcaeadgat:éﬂﬁleénéh af'Pén Hept hi 9fe 5 Vs With

anchd hendata s_RCPUiSitd PN i SehofFhed (OHbsiQnt N8 1S0*) during
called "LOWNthroughput node". The det ection limt is

d Pl d @R IS R \/\laﬁerels’fiﬁtf%lf“elcbeFﬁﬁlpgflG&ltéd Ab A& heame
sanimd ] "eheagglpymyaies ofs caystdlsthattibge positive effect

which the invention utilizes: during the crystal pull,
they greatly reduce the concentration of free crystal
lattice wvacancies. This significantly lowers 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

oxygen precipitates created when cooling, which,
together with the comparatively low selected
interstitial oxygen concentration ([0O;], means that the

formation of OSF seeds 1s very substantially avoided

when cooling.

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
region to cover the entire surface of the silicon

wafer.

The described silicon wafer, which 1s subseguently

subjected to the heat treatment, may be obtazined by a
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vacancies with a size of from10 nmto 30 nm are
present in this region in a high density of from 1. 105
cm-3 to 3.107 cm 3. These extrenely snall aggl onerates
of 15 crystal lattice vacancies do not interfere even
with the smallest planned Li pewidths ("design rule")
during the production of electronic conponents. At the

Sagﬁithbﬂﬁ; t%%@%tﬁﬁese%%%ﬂ¥ﬁ§ 5%¥E%é§§'a|a@@§£&lM§ to
effect which the invention utilizes: durin

cr y8PaNrBUEKL - 26 10hey GrdEamat icaduce %W%o%%%nwawaﬁe of

of df FeerehyStd@imailnat td£ea VaGaneies. dﬁ“ﬁhéﬂﬁﬁwiéPaﬁbEYtlon
| owers the tenperature C%IMhIC the 0X

prBci ditat i bhet fkedangitacer WhehReodiS ldm.ﬁ@lﬁhé of the
cr gshgﬂepelr:]flysmraeqe%f% eghe%réefie@t o0f thli $ulsl iratera, tglth
restrict t Sl Zze O e (0),¢ preC| itate creat .
Wb Kbl PRY L Wi, EhEad e aith Ko RbHBAR R | Vo ys 18
IOMaseheghedheUntebytltumé oxygﬂnnﬁﬂnﬁentbatioagbmbﬁerated
mean th formati on_ of CSF Y

subg ?Sﬁ?l FF?ESVOﬁ%%%fOW@ﬁﬁF%%OI|ng é%r égb%%%rfﬁéd also

r otafennatil yesyasetlHIT sr.egl On thleef;exhbl yatleegusnaatreheed
ed l.i.co fer e e rd
Iegg E'%o Sj‘lttlsonr gcda% ?gﬁz %5 cuI g’r\/\lll% H et ab
fompthest@taaﬂenmqukWnneepreseﬁtreghentnrqxnéﬁnthepOlnt
e” é%@c%“r\E OfbﬁtEe o tH CLPJ‘ ifoss ‘%‘L gg_dL%fﬁ%g'akE%g When
I'con wa i's sUb sequent ecte
heétlrt:heat n@nﬁreﬁaynbe olbe aipied! byraa:e w shet abrénSltlon
Cr¥§ﬁ§£ pt‘ékéﬁg ;9%9&85 Jcorgding g %Ocnﬁﬁl:%k'vagéﬂues
5 schemat | cal ows the sequence of ifferen
dohBPKSs&8ta FOAct PEAVEEenhe PadNEl @osPEfontYRe,i . Bacancy

thsggnéﬁeeseeérqm1ﬁmear0§§%é0%faxyg %prokh%méf§lagtﬁrrlng
crys , as a function of the

pumPr?éVe ihe ¥ egieds Uty |§focéubpedcmdﬁ Cﬁq%;owed by the

di sthnguished thy tbeiegcyr rance: ofhadghoneratedion of the

interstitials, Agglonerates of interstitials are also
vacancies increases and the density of the vacancy

Which

agglomerates with a size of 30 nm or mecre exceeds the

value of 6-10° cm™.

The described silicon wafers, which are subsequently
subjected to the heat treatment, are obtained from a
corresponding crystal which has for example been
produced according to DE10338792A1 Dby 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
crucible and the crystal 1in the same sense (co-
reotation) 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 1s possible to
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

15

20

25

30

35

referred to as LPITs. If the pull rate is increased, 10
then transition takes place to the region Il in which
interstitials still represent the preval ent point

defect type, but w thout form ng aggl onerates. Wen
further increasing the pull_rate v, the transition
first takes place to region Il in which vacancies 15

represent the preval ept,;pg nEthf 85t al YPEomYBREAAEY of the

aggl omerates w'th a size of 30 nmor nore OCCUI‘I‘IH?
merEIE G f a fdensl tjakes 6.5063 ¢aBuef AdiswedPbyteRably lles

LIANsid | @Rel Os i RBE QR bAwhere tha fagorgeeralyoibf hHE the
vacanci es i ncreases and the density of the vacancy 20

GO OT i a1 B5° WP TRE SIS 28 6P~ 30CARERr AfioPe retEodts T 2.5

valdie ofprﬁi 403 emR. 6The desebhbedcSipdaranaf emns; using a
whi ch are subsequently subjecte to the heat
t riedthergat %ﬂ:eleFg‘l Pndd FdrhYa °bstRer £ gﬁoﬁél fgie 9growing

cromstda Whi ehe hasifzar ’@h(@ffpéE_ beedipheducedrageoedi Ag the

to DE10339792 ochr [ stal ul lin .
DTN P foohBFt 1R belng LhPer SR i dubpaue of /6 13
ttﬁ?araﬁﬂi&elﬁ@deasyStah|unﬁﬁ|xwg#¢mﬁ nggBEEtEOﬁi@ﬂifhe
and t rin e tation t he crucibl e an
et B carbcalnih EReBipalaerony i e WYY of
canjunnglheamdﬁ)zmhxmmtsuppﬂhyssymmmahuyerm@mEtfcom the
flel ect tq th r ot of the cr t,
U&%}?A jE%I gvvh%f:)h % g gerPer:‘{ ae b@%(%%bo& té’lny ﬁ'ysl %tle
cmﬂcﬁldracangtdnﬁ aawt der ofi tthes gossibl €xamt35than at the
eng t gn e It .so t reat.
h(rga\(:{d%l ux dkb e(g?ggy}?oagg fhﬁéﬁcggger 56f ?]ﬁ%e Sg)rlg\ﬂe%leneas at
f rdre . baredaakal 0¥/ Gher virieushergfions ckangsentsitice v/G
t?ve:tcﬂfﬁlaé fhenmaly gL a?h' gﬁtﬁ‘éd' Scfggfgf‘sﬁz%ﬂt EezPScé%@QtefThe
- dE®

rowth front. reduc The
h ubpandairde s alfeﬂ\h?@ﬁnthé:héﬁ(l @Iroééliq@on@ﬁtloéﬁltlﬁe to

tic fiel dai:@keSTEQe fﬁ@b@%‘ ZSEO tRkef %&%Q_;‘ YHéaecSer is
above t'he surface of . The crucible and t

c By radrley priefosy abl yt%o-lrzot hfed Rarialeatarby fgr(ﬁﬁezr_ag:ly
5408 gpmangd fgom6 to 12 rpm respectively. By using

a
By controlling the axial profile of the intrinsic
oXygen concentration, the concentration can be kept
below the critical wvalue for the CSEF nucleation of
5.8-10'7 cm™®, preferably 5.5-10% cm™, over the entire
rod. Above this critical wvalue, the OSF density
according to the OSF test described above increases to
100/cm® or more. In order to achieve the greatest
possible yield of wafers with a high BMD density and a
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 4.5-107 em™® (see Fig. 10). The oxygen
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
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ring heater in the vicinity of the edge of the grow ng
crystal, the axial thermal gradient is reduced in the
region of the edge of the growh front and v/Gis
therefore increased in this region. Co-rotation of the

10 crucible and the crystal _i pgconbi nation with the use

of a ring heater, which supplies radiative heat from
thespgut skdechead ot @ 2 e prafi eraicdhie PRbY 8800 to
little _higher at the center of the growth front than
at3£he lélge of the growth front. In Fig. 5 the solid
lines at 15 the boundaries of the various regions
represent the v/G profile with this nodified crystal

puf Peprecéssating ifastaP Brlindar F88 Ceptesenthdfe tLux in
profiél e jactesdi r@1tt0 sbhecqyd okhart radbel pywesfrofe the v/G
ring heater i preferably from8 to 12 k , ,
partfiett aFPy %ﬁf%F%ﬁF?StZO’W% POPEpSRWErByion 1n the

copdriothingelieraxirad phetekeref liheis e i ASICOP xtgeNwith

concentratjon, the concentration, can_be kept below the
CrITTEaF varhe FOPTERer OoF-RARI oht| ohiDr S8TEORIENG (e
3, rpgedber abky dan e 1949n chr3n over. tthe tanitd rrecagwoce leads
Above this cr.it.ical value,  the OSF,density __accardin

to Theé @I}gtnelsf:lcc?&tclr}i bé&ggﬁgveyileﬁ%gea%%s RV 188/ c
orwinbcke. liasordéiredyachséve the greategtripossilglien II.
yield of wafers with a high BMD density and a 30

radi al | y honbgeneous profile froma single crystal by

t hBhe hernmglleprocestsahedor dildgead ihec i madrtrisomcadmling to
cr a ([ c i j uUst S :
asy}g%s?irbl%é: ha[zj\l\[/g gﬁai ﬁfr re%%s#ié c%l xy%g[ﬁﬁ %%%%@nfc gg{%/ o%ﬁfcl)]fegflty
atof eadengr3zion7 m 3spgeehbng. tIGRLERE BOAfEh d5cording
copce ti ' toi he. ed .. b .
coﬁ?rgtfk??né)ci{lﬁels %ggéurgo%neetghde}ﬁ%ﬁl ﬁr?é)%tslsl te%rsog]t:h%?lng'
i teT¢leingnandr aAgéSHENBrom 5 to 20 nbar, preferably
from10 to 15 nbar, and by controlling the flow of
argzgon,through the pulling systemso that jt lies in a -

19% §ah§EOBf WALEM 2066 116U4E00 UYiE referdbl yn¢ rdpscribed
280Po4Ort 8290 1hh.now subjected to the heat treatment

according to the invention in an inert or reducing

fers,

atmosphere.

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

inert or reducing atmosphere in a batch oven.

A batch oven 1is a device in which a multiplicity of
silicon wafers are arranged mutually parallel with a
defined spacing from one ancther 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
vertical 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 Dboat lies in a usually c¢ylindrical
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The co-rotation is adapted to the central heat flux in
5 the silicon nelt so that the radial profile of v/G
conpri ses the greatest vacancy supersaturation in the
central region and therefore leads to a COP zone with
| arger COP dianmeters than in $he_surroundi ng edge
region. As can be seen fromFig. 5 this neasure | eads
10, #&c@s 51 gphhineant | ynhicgher oyi @l +@fy t yp&m2 vl erﬁateral
which lies entirely inside the vacancy-rich region I
The'stegfe crystal is sliced into wafers according to
the prior art and preferably subjected to a plurality
15 of Ianar|2| and snpoot hi ng .treat nent ,step
acl? ditt £t o R PTTor ¢ CorSSkaiite fAppRRg bRETt o
griéghafng &itﬁmm@m p@l | shieigrrAdsi te@ooingf estmosphere
obtalned in t? }g he described 20 operties
i SSASW SUD] B¢ gaqgg t He& HER® 19t Fbnt"° 4c 4%? JASES,
t he |mmaml¢nmg|n ammoseneéror reayci ngl sat nosqhes en /\1nert
muJ, t ft si l.i con waf rs._g t ai_ned this 25.
é ﬁg%hg %tgescp§ bed 6Fggért| O&PgeﬁFefe?agV Gonfains
sub@@&tBUusmhﬂlwamebudbynba aeheatwuméaﬂﬁnmtsumﬁkneznﬁ the
Ne{ 11 08nT UUTN0, AFRSPICE el N ARALCIY ENoLh DAL hoat
en 1S a devi anmltip 0 I con
vvatﬁee@trae@t ar rlarig-edaﬁutmaltﬁwpﬁaﬁalulrel wftrata mdeti neA00°C.
f.Qm.Lon ot_her t te
si nu%{ltgn o%;é}sy g%ﬁgreﬁgrrﬁg ?zonta gtﬁg%\g/er(ﬁsc%? may tfor
ovafRIIP thebasa sed  a narls c@éﬁs@s/ehebégn@rﬁrf@fréleldecﬁﬂdﬁ argon
2§a§@fg@f$r9§ therkpyeption. The silicon wafers in the
vertical ovenh are nmounted in a hol ding device, the
so- called "boat", each silicon wafer resting

'nﬂlé”gi@lb&(n 0 £2 rSURRQY t1oddie) SIS T ahe Ralder .cven at a
Dﬂl%éhthe heat treatnent, the boat lies in a usually

B%al tem@@raﬁ%@essof‘chaﬁﬁ@w WHEH G s heat 43 0 fcom and

tf&hﬁé&@ﬁé&tl§uhé§§8d Wh@hhﬁaheb&Q@@W&@&é Scayrd e/t to
in an,ipert or fdu0|n at nosphere. pr%;erre
r dHUE hﬂb”atﬂﬁ%ﬁﬁéﬁ witR a heating rate o 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 lcading temperatures and a fixed final

temperature (Figs 11, 12 for two different silicon
single crystals): 500 - 1000°C ("RAMP500O"), 600 -
1000°C ("RAMP60OO™), 700 - 1000°C ({("RAMP7Q0"), 800 -
1000°C ("RAMPB0OO™), 900 - 1000°C ("RAMP900O"). The BMD

seeds, which are still stable at the respective lcading
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
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cont ai ns hydrogen. Besides one or nore reducing gases,
a reduci ng atnosphere nay al so contain inert
constituents. An inert atnosphere only contains
constituents which do not react with the surface of the
10 silicon wafer under the copditions of the heat
treatnent, i.e. at a tenperature of at nost 1200C

|n@6ﬁf9@§§§dswﬁhtﬁ% RilRIRF AhdoRl A gasesch@yt f Oin order
exanpl e” be used, noble gases bei ng preferred and ar

pak®i CTA%R | e ler r&PWIE ThéM | 5661 waltéry are that a
Ifoa@igg%%%épytglg(%atpho@eygﬁ Q@m@erla@@@}lengaﬁd empeopat-ureigb°c,
rom to n subseguent ate
hGoR 1ol 8t £GP 68 Ko WISt oDt e Laver
a deasi ngorat equaindh 5 tl(dcm nmdwy 20B8DK/ gerdst,0 &o that a
t enperat ur e, of 00C. 1t has_ been found
nembEhyE EEbe Phad TP PRI EonciS ATGH LoRdtsi Gpi6F  the
stlabhe oxygemepteci pitates, despite the | ow oxygen
content of the silicon wafers. 25 By neans of a
so-called ranp rate anneal, the size/density spectrum
of Thée sBND ceeedsa feonn anme wasatstiudived Hear #heh a heating
de be ah. . T ' d he r.at of 1
A R vete EreremBited I ILE Vot t foal Bukn Uity o ‘helding
dltémp@natuDadung tbﬁpeﬁa@mwmfaﬁdoa'MG&ﬁfﬁlhal1305 C is

2?%%’?@2%?;&%%‘?@ bt Aoose™(kakpR00T ), 360 - 16608 ©°

("HOMD 0oapd pegticrdeady( 'plwﬁlem@l)y igorhe 1opOE of from

(" Of), 19600° . 1000C ("RAMP900") . The BMD seeds,
which are still stable at the respective | oading 35
tenperature and whose size |lies above the critical size

upri @ Mlgeohhaa%w@ssgﬁr@s pided e taly At et @€ holding

thereby respectively nmade to grow._By anal yzing these
di eFRPEatiEei £9%0s%i %ﬂléaliboréspébmrsqm theh@dy i@ vhi BRUTLs.

t heraet vab1pr ebil e @hrbh@ohe@El@goﬁaQeﬁo"BSth%s 21
configured in the scope of the heat treatnment, in order

to make enough grown-in BMD seeds grow so that a
Holding 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 pm. The BMD
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
shows the BMD density d(BMD) for wvarious 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
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.
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rel atively high process tenperature of 1050 - 1100C,

which is required for production of the BVD-free |ayer,

5 does not quench too nmany BMD seeds, so that a

sufficient BVD concentration is available after the

heat treatment. The silicon_wafers are heated further

wth a heating 10 rate of fron10 1 Kimnto 4 K mn

until a holding tenperature in the range of from 1025C
to 1175C is reached, preferably in the range of from
10Pse ﬁbllQQQSEaéﬁaSp@rrteu dinear 19pqdrest efid) ya | prefetermined

rangel Phqf rame ¥Q5letQniégggng1@e%5%r%%h&%@ﬂ3@£ﬁ§é§erably
are subse uergtly kept at the holding tenperature for a

dutati on 6P0f FontadhdifimtGd keeRs, ther érdabl yheorcgoling

dur@téon ofreke@rabd yt 0 &l Sond0 Hol dicng t efmaraidr efates
of 1100C and _tines of 2 hours typically lead to a

deb@%l%‘?t?ﬂe %K/DtF?eEaFé%P Fﬁmpﬁiéé%eofrai}éeﬁm

HoI d| ng tenperatures of 1050 - 1075C and hol di ng times
hour s ty%call | ead to a depth of é

BI\@YW%e FAyellfn tR¥esS*pEcH p?ﬁmtﬁﬁ%t BI\)E*P‘?%r tRgi t §°i nthe

t heneth Kiohowaner ,th@oepra@éryaﬁy 1Sk gmcfpa@ﬂ:nt b)bnw'ehlﬂ the

theievel of the hol di n erat ure 4 " O|dEI g ..t

tive- SRR mEeHGd Sacc St he't kTfjrﬁlcétrﬁ on*Ps ea

t hered onent obuste | nvéleypeebfmf vmfcerSSﬁsoaptdbfoeerem the

rod positions, .or roces variation 13.30 sho .
L A R AR
t ergpdu @ urtess am’jeitdrreimn‘mg waher $n‘afd)m1iima1 stdrteléderonic
m he f a singl al. Th hr ee
rreggrjﬂ %%%%gval ﬁggcegn thfeljr1 %f(% éz%ét edm @aﬂ I\/DUP%UIfJ'tleS
reiatent basél prefewahenslngt oalcctrhuecdsleng:n}@ttdﬂe defeetit $ onThe
3 iC t £ d e it b
b PEE NG SREE 10 Bnp bdbvRbEl M Pl Esore
| yorrfebole oRsramot lert igo atlwt uhher @bitedt JIGII@’CENBDf the
de, Pi;Sé eéx at 5 \é@“ QUSt adis @'h%% 2N OfLhe gl 'e%Rileed 1
ers, éi refore the ra varlatlonlnth
dgﬁg{t?he ag;ps are detected by means of elastic stress

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
for mounting the silicon wafers in the vertical oven,
as described in DE102005013831.

The silicon wafers according to the inventiocn
preferably dec not experience any further heat treatment
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.

COP Sizes: Comparison of an MO6 and Cu decoration

measurement
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The silicon wafers are then cooled with a predeterm ned
cooling rate to an unl oadi ng tenperature of preferably
450 - 650C and renoved fromthe oven. The cooling 5
rates preferably correspond to the heating rates

i ndicated for the various tgnggrgture ranges. Omng to
the | ow oxygen content according to the invention and

t he, preferred.l dop cont ent h 10.siligo
waf ef & igﬁgéFgggu jg@#@dggo%ﬁﬁgﬂiegFttr%é#%%%%g%rgo the
veiyvsotionnd whusheptanigiel a5 theCOBcduskerceafdiglg pso MO6
d%éQQu{:%ﬁeH?agri trneaa”? i 5S|$p§0%r8(3uct%et%%/élelgadius. A
during the production o electronic conponents since,

f oFu ex@esi@ t et anekApueinenes wES aceunukdt eut on the two

prefeLenti af byson ’M‘@S%eﬁa@{&téﬂen‘j@f Shb%s The D?ﬁ‘ificantly
treatment according to the invention is therefore
priefehabl @l edeoat tyo imathehecintalat ergrie okdimening
sl tps ewpStdingk | nThB8e Shlecompial @f ridogs N eexceathilen s
cm The slips are detected by neans of elastic stress
2059 els@addas ufiement ChSYRDWEGTe t el adeitecsepéss il dMO6

aspogtat 8okt lopadly ShicRn@r ¥kt heigachetHR) re@keRived in
(manufacturer for exXanple Jenawave, Jena, Germany). In
order’88/aboi d the creation of slips, wafer supports

made of silicon or silicon carbide are preferably used

25 for nounting the éllicon wafers in the vertica

ovelt 23S Yesdribel2f hebERIFOD50% 38R easdted i &bn F19- 3,
waf ep 5 aﬁaoeﬁbwfg Taoﬁidm%’dam\dfrﬂdcﬁfttiwmfig’( aﬂﬂthefh cﬂi@tﬁ@ted COP
experl ence ur er eat treat nt .0 er t.han

R T e AL D o stPoa e bt 5o8  Shoposibitged -
f 080 pradiiebng teleeotafen cammonerttss ddwei a descsn bedcording
met hod thus al l.aws COQ%arative effective

| _
o BAUCET ST ST AT 11 Coh WATST & GBcbRA 6 g (Het, shows
| nwentlenivadyCoRnSitzes: deoriary sbitwidei. IM6E afidofulo® to

decgr athon WAL SEBIL - 23 Fik 2oIePLELS 2300 Mbusty
decreases radially, but the densities still remain
high. COP sizes below the detection limit of MO6, which
is about 30 nm, are no longer detected by this method.
In the subksequent zone up to about 130 mm from the
center an even higher density of Cu decoration defects
occurs {about 3-107 cmﬁ), which represents a zone with
COP sizes below the resolution limit of MO6. The
decrease at the edge toward lower defect densities 1is
attributable to the influence of the modified heat
flux, which raises the wvacancy supersaturation at the
edge and therefore increases the COP diameter in this
zone. A COP density similar tc 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
pricr art with a wafer having no COP disk and produced
according to the pulling method by means of a ring

heater:
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i nvention, which conprises a COP disk according to M3
measurenent with a radius > 20% of the wafer radius. A
Cu decoration neasurenent was carried out on the two 5
waf er hal ves. The nmeasurenment shows a significantly

hi gher defect density in the gjrcular zone adj oining
the COP disk. These are COPs with a diameter which is

sops bl 78hak 1t hey; r§6n0td%§£§fﬁﬁg %.bMa?EE (W31} which

measur enent or by ans of e met hod desc ed in’ 10
UsSkDge720comhee hisdpci atled raadi &l cadany -irs Atepr es@ared i nFor

Fi Gom arlgeﬁ QHQ;Sh?“@e?r@@?ﬁﬁQnEhEGQ%&UdﬂE'5hé§§d¥ and
ty al

detected COP’ densi down to zero (at a ra
posnEepAt Rt1zs-domanatedm tdinaddfer cepted). liResiadiaf a

SC§DH§§§0r&MaI Opgll@%c%@édn@@lﬁ@a%ér epRat i AR Athen and
ot her "hand, 'shows "a rel atlvel constant densit

GBS d8P Y 6 B in 6ot o WP chEgor NG SHfovbbi AGE7345A1

t hea §6Pe 81 Z6j €001 | US| ytsdefcigeasq% raghald y’dl@é)tratrrhew1th
densities, still remain 20 hi si zes bel ow t'he
det REEFRRINImiRYF KBES Whlcﬁhelékﬁﬁﬁ%ﬁ génﬁn] L aFgPRpsents

| onger debegieddbyathi sagethodot | nthbe sgbﬁﬁgéentczyseal

up.to_about 130 nmfromth nter an e
deRLT ESTORCER MStorat P OROMes 5608 Soct P as (HB6GESS Ry use

cMv8) thewtichy repesenissplzoae wheh v2% %rﬁieﬁ%ﬁ mcﬂomls
thgﬁ solutlon I|§1t of . MD6. F ldecreaS{s at t £
t b8P biter® dRPREL Oderldi i REVFE2L afPPFou %&ﬂ%?q % bh o
inthaewaeaﬁtﬂdmemndlﬁme@rheatlamlpolwmldbfeatsefqdui at
vacangcy s ersatur t. at-th and t herefor

e P e R B H i er T nte §7 G0 Wt T g ibed in
eDEl®94§BmﬁAa; t ohehewW80 -w96enn1maﬂpaisezon31gslflcantly

Her(Mg% ig] % SaEl¢ { %h@n gteEOEHg% at
et Rqus Fedamp 75

ring 1ec ar son of a so-ca
wat ke am@bedln@dgﬂ,tr&ﬂnéés;ﬂhan varfte i ekl ga mﬂﬂes in the

ha¥+99nf ng%d'éﬁeaqgmpgﬁgycngMQCQ%ﬁ%'ngl%? th%he wafer

I'ng bt hod by neans of a rin
DEl@@ﬂ@BASAbw@WEg, nﬁyiuéscvmpessa wwﬁ&wgqiﬂmgaWWﬁmhhigher

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 of a
cleaning solution containing ammonia (so-called SC1
solution) 1s studied wusing 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
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
decoration technique is from 10° to 10° cm® and is
radially distributed homogeneously over the silicoen
wafer. In compariscn with this, wafers without a
measurable COP disk (Fig. 7) which were pulled close to

the boundary between the interstitial- and vacancy-rich
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lies conpletely in a vacancy-rich region. For
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"_aggording to DE10047345A1
(dashed lines) fromits Fig. 16, in a diagramwth
lnEé?s’e@hQQ Bdkie ratei ¥ned hsuea%%%@nlturéqﬂy rﬁ&ﬁ@@&%&s COP
the itudinal axis Qf the single_grysta
Di #¢2F 2h¥esCbectioheydhd Faditls >CB0% B@@élﬁls”-@dt h&Yusgopper
ofdéb@ratn@nheamrlsdl sphaees ¢heryéfohoundary mnrd this of
@Ei @g 34g§ of the neutral, zone (concentration of
423n arf® i hber SO06; éTltébu it @it ‘é%‘é?nEnFath“
ea@hmtaﬁratopeﬁetwamkr.eﬁgethe v/ G di agram described in
15 DE10047345A1, the WB1 wafer conprises significantly
hi gher vacancy supersaturation at the center than at
the WaBel edgecosi meecrha calireli nedge IDESOG73I4EA1, on the
Vi n|ty of the neutral 16)., The wafer .
ceht A RaRder T ot o (b Es s ST EI T ABRERY SRPgHaY the
ZOCQHchnfslct:gnc—en:tefmatmfd shynceeats| ods cicrmmﬁ adetyraeiin -
Loyt heo OB band, ¢ The, mpstosensict b AYRILADI 6 0P orends
measurement et hod TS usedern order stect p033|
CCPsoron adve1tB WAl ercmd wef ethet clted chy méanshof wafer to
I yti n amoni a (so-called SC1 25
OQ¥§?SHEtgglegQE§FnSHg particle counter (for
exanpl e Spl from KLA-Tencor, USA) for etch pits which
ar €a ot £z 00SnDEENEnE! @Gegecérﬁ'thbﬁoae‘f%Egr GE! go p@
whi was produced by the 30 pulling nmetho accor
to the invention, still shows a very small COP dISk
Wi b éQl§egetErpds§TQCbher@chlrl%orl ' g:s_o@lu%%@i [Py thee "float

transition at the rod center in

mm?smh@% t Hel ke el |ferd>ncoﬁzrréélippn z6Re. thyke the

COPk fleasi tynreasihed ohy itansied gy CQRPale a3 two orders
decorati on technlque is from105 to %06 CM-3 and is
t

r oo alM3AH 5E4E bu héogéréousPymalePnt he§FFfesR never
Wed&furd Ni gORRakigsarcW.t Irhiehirs, rﬂ&etfee;rl%lwdé'wth@re differs
e Egrﬁaglo%ventl%lnséﬁ (FFZI gmaiz)erx\gllcrg)yme{hee DT ‘ﬁd ocg Or?ft%c?gen
co-doping. COP fcrmaticn occurs 1in the vacancy-rich
zone, and LPIT formation in the interstitial-rich zone

is likewise known.

A so-called plank (prcduced 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
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 guartz ring. The guartz ring's surface
coming 1in contact with the molten silicon region
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

lcwer part of the plank.
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t he boundary between the interstitial- and vacancy-rich
- 25 regions, have a higher but essentially
honogeneous COP density of from 106 to 107 cm 3
nmeasur ed by copper decoration. This would correspond
in Fig. 16 of DE10047345A1_tge the zone with a vacancy
concentration 5 simlar to the wafer edge. A "W1"

swbigwn&@isﬁ %%COJ&“EQ En%d@EMé’éﬁAéwooaetfa%t O(@%s in
hand, has a si ficant radial variation in the

dehRE t PrYIGS te@d By fredhid Yof toppér delcorhEi drf qpvehel.

t heof@nge Qﬁl&wo c%d%res Rft JRGY Widene e Chr exh eldSoration
f r om about 105 -3 at the center of the wafer to

5. %% @MC% &f et ﬁét\%é#’élrta‘é’&ée tockEgorazdions o theseible

degof @kt onyglef.ects a%eClshe 10i8a- GaldiedcbAtskbkCORar the
(S|I|congfroduced the "float zone" nethod) differs

f r PR EF 51 PR con® fattie Z9%¥genC8diceRfFat fBReFS tyPe

r esltieeels bywathl easiv t We coirderisn ofcomgnidude NBMERE11  Cu

fornation t fore never 20 occurs in FZ silicon.

e ot e P I Ty o e HE R e th s F30°s

materh al 1dygéhe daskedérnitriogen 1m@td@@|ngm1§IFiarger Cu
Zonhe

formation. occ th acancy-ri
t PR on: o5 HReerRicer Sid Rtk e Siar il eto the
known. d25 eAtso- ahtéeddemﬂemmmﬁmwc&Hobg ¢yt tmagna of the
SI e crystal ar a to the cry is)_from an

I AL s LT M S M R s B A it
soqmmhitﬂrfsehgrEheesaablpshédlbylﬁeansbefséél al ong
the radius in the 30 central zone and LPITs in the edge
region, was studied in Fig. 9. Oxygen doping in the
rdilge dfeprQUiRrCM - @fwdsie fdethietyrocd Dadhilevetl ddrsi ngarious
tNge PULL 5 PEOCESR: DY, PAOSE Ofc Bl ARALL AL QUAK! 24 NG The

quartz ring's surface comng in contact wit

Mleﬁslih@owltéglt@@ 3Bugirssolnedd s ctd}:fésdetlt%lty of the

grf%%@@ 5@f§b€9|eaﬁﬁy%%%| %@e&”l 10 0%Y98D (1l 9sgPares the

Thi s can be seen Y .
density of the smal defects, respectively 1in the

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.

This demonstrates that defects occurring in the high
concentration close to the V/I boundary are either BMD
seeds nor a so-called "P-kand", as has been described
for example in R. Falster et al., Phys. Status Solidi
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 CZ

silicon.

Example:
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different radial profile of the V/I boundary in the

| ower part of the plank. - 26 Distinctionis to be
made between two defect types in the oxygen-free zone
(Fig. 90 FZ) of the FZ crystal, both of which can be
detected by neans of Cu decgr%fign and which are
attributable to COPs as the sol e possi bl e 5 def ect
type SlIn the zone with %g_contrast near

t ranSititey ™ oo th& TPIF Y2 dhAPy 8&ée3%f%%?ofyb%g to the
ocowwenti ¢h bpwmdecer atfi ahec @it mesthodNarsired bt Gnto wafers
de on_d fec r.in e i r avj.ng
%égfgéggg g‘an% erg&qgﬁ{ ?%QteEgﬂgnfi §¥Qe d%%f?rent
dex:@fﬂ atp ol dedeet svefhi sudefeadted ype coheespeads toedatreent

C(% %ﬁ{ﬁfﬁ& ak g, eadéﬁedeteE?Ed{%PedaéPoveE?LXh%%agéﬂ sd N8afers

Inthe zon ed wth oxygen
quagveatedethet Hessanbegr 60F iisk tig s @egR SUERIRRt With

dQ@?@deBEVtREytQ%r@e@@@tﬁl@@D%&ek % &*H%é6¥dl t%TFhe Cu

defects on the radius Ris re resented In Fig.
sl @I hEOR e e Bguareycs bed ecled ectis dewsrt yhef emeire

| aweeﬁefo%ct§t andh dthe; dashadk | bRe ydd hotfhetﬁéqu%ra%%utshe as
density of the small defects, respectively in the 20

oXRAETEERPed 500t t tHE tHREFY @Apst alFiThe 1l i dThengheating

Wiidrdherbri angl asdefi esienéhe densi kriektihe ei@ﬁg@llows
def ect s, and the dashed line MAth t he trlangle

dedd t v of OPRE snal IK/defect £00r espdfli Gel y |r"f(tr?11é1'pa|990
gfmdn@"c;FZ cxw;admgei doped w-t h @xyyen. r]225rf](7'fll|l$1 1050 -
e ;ratstat ects ogccurrin in the hi

CoMEReG Bt Fon/Bnse T 1 FoSLAtd bEnRaar 5 ohes SEmPRSY BN the
saesst o @asescalildEdatRdangt , thAs haspkesn westsmbetature
for exanpl ein R Falster et al., Phys. Status Sol i di

30- 898/ . 222, 2000, p. 219. Since the oxygen
concentration of the oxygen-doped FZ silicon

COL £50P08, 05t OFL, O A o B SOCS4 1 SAE: by

crm/aarm spft helRang tbencl esemoh caanbkbe drilaawn ledit-62nd value
stands for the interstitial oxygen concentration [O;]
in the silicon wafer before the heat treatment, given
in 10" 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
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
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 1s row ©presented 1in Fig. 16, and was
determined as 5-10' - 7-10° cm™?. (Meaning of the legend
as in Fig. 15.)

The minimum thickness tp; of the BMD-free layer (Fig.

17) was measured as described above and lies in the



35 silicon. Exanple: - 27 A silicon single crystal was
pul | ed according to the invention by neans of the CZ
nmet hod and cut into wafers according to the prior art.
Four wafers at different rod positions were subjected
to the heat treatnent 5 accor 'ﬂg_to the prior art.
Either these wafers reveal ed e described COP disk in
sur t wit 6, t re isk-free

?353? qjgggto tﬁggcg% dgg%ra f%nwﬁﬁchﬁggﬁg revéal ical

ckﬁq&ﬂtem&b&lihe easi detewafredorsatblbedst?ditn pomeriofing in

80% he; r.e r lhe

(o SREE Ry B e o Mhat ol cat fliring of
meﬁémsdﬁﬂﬂ@@ 2% i@IFD®5.155DO - 700C. 5 K/min; 700 -
900C. 4 K/mn; 900 - 1000C. 3.5 K/mn; 1000 - 1050C. 2
K/'mn; 1050 - 1100C. 1 K/ min. The cooling rates
corresponded to the 15 heating rates indicated for the
respective tenperature ranges. Fig. 15 shows the
result of a radial BMD neasurenent by neans of SIRM
(the I egend neans: The left-hand value 20 stands for
the interstitial oxygen concentration [O] in the
silicon wafer before the heat treatnment, given in 1017
at/cnB according to New ASTM The right-hand val ue
reflects the position of the silicon wafer inside the
silicon rod (nmeasured in millineters fromthe start 25
of the rod) . The BMD density d(BMD) varies radially by
| ess than a factor of 10. OmMng to a | ower BMD size
sensitivity, an SIRM neasurenent reveals a BVD density
d(BVMD) | ower than the BMD density d(BMD, C&E)
determ ned by nmeans of fracture, etching and optical 30
m croscopy. The correlation of the two nethods was
determ ned as d(BMD)/cm 3 = 1717d(BMD, C&E)/cm 2 + 109.
The radial BVMD density d(BMD, C&E) after Sacco
treatment is row presented in Fig. 16, and was 35
determned as 5.109 - 7.105 cm 2. (Meaning of the
| egend
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as in Fig. 15.) The m ninmumthickness 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 as
about 94% by driving in nickel inpurity in the range
of 2.1012 cm2. (Meaning of ““the legend as in Fig. 15.)
29 CLAIMS 1. Asilicon wafer, in the entire volunme of
which crystal lattice vacancies represent the

preval ent point 5 defect :)%/& the silicon wafer
having a region which isr hal ly symetric with
respect to its axis and has a wdth of at | east 80% of

the radi us, gf t he SI%ICOH wafer, this reg Q hich
conpri & n§agGPBmeYEt e of Thr ¥l eFSfLF?c Han@les Whic
wisteelsi 2ataf cat faEmsicid nmapﬂeaeﬂensmey pfeabldfkt point

1 cm,..and st_al ttjce.. .
vagcgancg(egypévl t ﬁ:h% 1"29121930 r om 8%?#%% fo rrflfﬁ?llonﬂ a‘(“?hlch 8
dretsi triyongfl 1yr zmrmnle)mcr ofith orSPE Y B, itheaxis i eo®h has a

Wel Bfh GOATPL ¢ S1 895 OSk0s SE8denbN8a988ShEY ok fsHaM-BhC Wafer
to 10/cm .and an average BMD density in_its interio

¥ oFETE P8/ cRPMPHL BXAD /AP CMeT RS SEh e OBV TdEHS | y lattlce
welosmg cat winH bwizd agt @t Qleak® B0 the inr adldalns:Lty of at

dlr ct varteenlrerdlus ofteS| an _ waf er
%V\helé((ri:ebl T hé™ gla?gtlom Fef c%frrpcfrl g:s a FiFed gacanties
ImaLyEéT at sizastfodgomhd f romttgi dé ofn tive xi déwaphtwadber from

Wl%h/brﬁ? di st 'SrlQlLU ?Bﬁd ' Bhéhaglfl%l‘rl &%Eegm&ﬁbfl@mg OSF

entire 20 front he si]ico found at” a
FEIF o A dF%ﬁéFYSOﬁmf&'ﬁ’ﬂl tOHETY | F@t 1@P(/E)m| saIF%uﬁ%l gHerage

&\W@rmsattya depits oOhta@tidreast Brom 52507.cmTheosekiotfrm’,

L AL L g (D8 LTS e G 1S ol P e
Zadihe sqiinreemmcwaf eveof Whai entioe Zadsher eph ttHe silicon
wafer, and wherein the silicon wafer comprises a BMD-free
layer at least one 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 um and the first BMD is found on average at a depth
of at least 8 um.

2. The silicon wafer claim 1, wherein the total length
of the slips existing in the silicon wafer does not exceed

1 cm.

3. The silicon wafer of c¢laim 1 or 2, wherein the
rotationally symmetric region covers the entire surface of

the silicon wafer.

k- A method for producing a silicon wafer of claim 1,
comprising the following steps:

preparing a silicon wafer having an interstitial
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rotationally symmetric region covers the entire surface

of the silicon wafer. 4. A nethod for producing a

silicon wafer of claiml1l, 35 conprising the follow ng
steps: preparing a silicon wafer having an interstitia

30 oxygen concentration [O;QOin the range of from
4.5x10"/cm to 5.8x1017/cnB; in the entire vol une of
which crystal lattice vacancies represent the

preval ent point defect type, the silicon wafer having

a region which is rotationally 5 symmetric with respect

t @xygenaxioncangdrhsdon viodt hinf the rhegst o§0%moim thex10™/cm
adiug ol bheerl | T e0N wal Clep LS YEGLAD  HOMRELShNUcrystal
a&glonerates of crystal lattice vacancies wth a_ size

ofl 8&F 2 FP8a¥RCANC KT | FERI RAT: thicoPravaksst BR1bt/ enfeahndvpe
aggkonerates ofztsyShakihat td CEc¥86@RNGHESHWM 1) BoShZEonally
of 10 from 10 nmto 30 nmin a densit f from . h of at
LRYBEPERTCt 8- Chx TGOPERT, Hoai" 1 rEas gt nBSS| P dGth of 2
wakeeti B0&ncifnertte aradinedudd ntheat siospher eyafdre, sihicaregion

| ti a-l 1.Ag
o ofbrREL] ATE S A SR LR R R v P Uhhn =
KERER 06 &8t KIeRFE tT0 M tishedensié YoPL1800WPsanEx 10 /cm and
f HpEhehe b tds acheati g anate el od remdhdidd Mieh 0a4 size of
KLimin until a holdlnggienperat re in the éaqge of from
16588 tid 1T%5E9 s3Pedlhed SUbSEHEERY | P& kPt at *¢Ae ™ Lo
hakdd gt enperature for a duration of from1 20 hour to
4 hours, _and . ¢gol Wi : e rm ned 00] |
are t At unraaniie t eer it se Rt e i oq i o
crafns g whetepprieeesi | thon wafecohas wadrri nthedsyg t ikgated
OXY e CPNERRH I At 1 0803 {18 | £ ddfpd e Jyrangss ofronf I c to 750°C
4.5x10"/cm to 5.5x10"/cm_ befgre_the heat treatnpent.
(VItHhe ndtefidd i @3&icm #%or 955 whéPeRn the hedt to @
radrep a3tk iisrd rof 0060 K¢ m and of br Khat nwifht he Hearpegatace of
r p- t t st . 1. The_nethad _of .claim4 or .
Seﬂaﬁeyé%n%{ﬁgnhgghf%égﬂﬁé%pé?% Ergnﬁgﬁgﬁn hgﬁp-ﬁggtg?e H
ftrlean 1OERC afo TrEp6C0235C to 1175°C is reached, subsequently

kept at the holding temperature for a duration of from 2

3

hocur to 4 hours, and then cooled with a predetermined

cooling rate to an unloading temperature.

5 - The method of claim 4, wherein the silicon wafer has
an interstitial oxygen concentration ([0,] in the range of
from 4.5%x107/cm’ to 5.5x107/cm’ before the heat treatment.

G- The method of claim § or 5§, wherein the heating rate
is from 0.5 K/min to 5 K/min in the temperature range up to

at most 1000°C.

7- The method of claim 4§ or 5, wherein the holding

temperature is in the range of from 1025°C to 1125°C.

. The method of claim 1, wherein the holding

-
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The nmethod of claim1, wherein the holding 31

tenperature is in the range of from 1050C to 1100C. 9,.
The nethod of claimL} or 5 wherein the silicon wafer
is kept at the holding tenperature for a duration of
from2 5 hours to 3 hours. 1f. The nethod of claim4
or 5, wherein it does not conprise any further heat
treatnment other than said heat treatnment. 10 11. The
met hod of claim4 or 5, wherein the heat treatnent is

oA s gslelingy SRSy oo e

silic

ers in a batc I con

wafer of claiml or 2., wherein an OSF seed density is
from 0/ cihe t Re 2h &0 £ cﬂé%lmiheblslg | GoreABhPrHef sghakBhlwafer

.2, .Wherein terstitial oxygen conceptrat.ion
|%§ #ﬁPFthrgﬁﬁehBEdlgg FEBRe 72 B3 T @ (piration o% From 2

55 Sol@'s/ el 3 héurdhe silicon wafer of claim 13, wherein
the interstitial oxygen concentration [Q] is in the
range of from 4.2x1017/cm to 5.2x107/cm .

10

15

20

10. The method of claim 4§ or §, wherein it does not

comprise any further heat treatment other than said heat

treatment.

11. The method of c¢laim H or §, wherein the heat
treatment is carried out simultaneously on a multiplicity

of silicon wafers in a batch oven.

12. The silicon wafer of claim 1 or 2, wherein an OSF

seed density is from 0/cm® to 2/cm’.

13. The silicon wafer of c¢laim 1 or 2, wherein an
interstitial oxygen concentration [0,] is in the range of

from 4.2x107/cm’ to 5.5x107/cm’.

14. The silicon wafer of «c¢laim 13, wherein the
interstitial oxygen concentration [O] is in the range of

from 4.2x10"/cm® to 5.2x10/cm’.

3



