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1 Epitasially coated silicon ter and nethod for
producing epitaxially coated silicon |oafers The
invention relates to an epitaxially coated silicon
wafer 5 and a nmethod for producing epitaxially coated
silicon wafers. Epitaxially coated silicon wafers are
suitable for use i'n the sem conductor industry, in
particular for the fabrication of Iarge scal e

Qéﬁa.%g.l SSQ‘EQ&"&.&.G one 3 su ﬁl@oﬂgﬁﬁ I;poﬁcgucmg

oprocessors of nENOry

(subst rat es) ﬂm-hﬁislt-ﬂhgmataﬁqmlﬂ-enentmm of

gl obal and | ocal flatness edge geonetry, thickness
lestrlb tlon s | esi de-ref erence. l-ocal fl atness

o ARSEBRLTR FPe BoRPE EBTH Bbe 1R % Sa3 aPRetater
arfd e m@dho@ fnnnpmﬂdachmgnepstaiﬁaﬁmﬁamiﬁﬂém £916B6n wafers.

prior art, a silicon wafer can be produced by a

process_sequence of separating a single crystal of
ELEitprdahly Mertngs 6idicpBurafagS t e mdikablealfby use in the
saﬁn&hﬂt&‘tﬁ:zﬁd@@st&@rrmnﬁaﬂﬂic@mﬁkﬂ'&sﬂ‘l@ %&si?léééﬁi‘%% of

1255005 "udrrhae BUrSRRrRy® ORGP aPRgsS e-5-

| MigEPRBYIESIFAEC A REOEH thepappiiaodtingnseERr2#2531 Al

(s%ﬂtﬁc@om%h%trﬂi efltr?é iﬁﬁb@&% s ad WE %ﬂ)ﬂ&l and

rod d by the conc |sh|ng,
LoBe chiEd =S 358?0%??‘5‘? Yy e RgssFebutbm, single-
SidEnxﬁiaanﬁesﬂucbédflaynésé [manﬂtap@ndgﬁmraﬁ@nﬁﬂéé&bm From
deEBPLE | ddLSeoh SH o kpown from
“DE 19833257‘%l % )m&? exarrp Ii%%t# e
tradi tional S|ngle S|de pol i shing nethods generally
Acd:@aﬂu‘tg) tpoeherppianears30 af il &H&erp@éqhsllﬂé '};&'oduced by

> 0 85l B SR o B i a7 o3con
ﬂ@%r\ﬁ:t KorRGIRw cthe [madhans.calivt hensastvefadges,
cam;w edtShhi SOFRNNFEISiert i QRPbriSa85y asc ordingly
:[m%dt %yaCh J?Slg.lj.}]?g r %:B“gé% 4| %tln egcxb¥b§g|é§ albal.P%lng'
mez:hod, gr:x.nd:_.ng ;nethods are claimed in the applications
EP 272531 Al and EP 580162 Al.

The final r.latness is generally produced by the concluding
pol:.shlng, which may be preceded, if appropriate, by an etching
step for removing disturbed crystal layers and for removing
impurities. A suitable etching method is known from

DE 19833257 C1, by way of example. While the traditional
single—side polishing methods generally lead to poorer plane-
parallelisms, polishing methods acting on both sides ["doﬁble—
side polishing®) make it possible to produce silicon Wéfers

with improved flatness.

In the case of polished silicon wafers, an attempt is

accordingly made to achiev_e the reguired flatness by suitable
processing steps such as grinding, lapping and polishing.
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processi ng steps such as grinding, |apping and
polishing. On the other hand, DE 19938340 C
descri bes providing nnnocrystalline silicon wafer
with a layer grown in nonocrystalline fashion and
made of silicon with the sane,crystal orientation, a
so-cal |l ed epitaxial coating, on which 5 electronic
~conponents are applied later. Those epitaxially
O1C GH L b 1Bk r aj N advant ages_ over
acidd.con fﬁﬁﬂdﬁﬁﬁg %%Qﬁxﬁﬁgg%%oﬁ§c ¥3F|B¥°V¥@ﬁng a
BOSTRPE A hEn P r $LEhE® Fasiern whdr ge lagwer sabwh nin
mquwmmamdﬁecfaﬁmdxséﬁln%@o@ Liginguit
Ig,fst;iﬁe % n o ("latch E‘éioro Isgé%? &Fng\e?h © seme
ef ect enS| s for e 5#51 F%BE%%%P}uﬁﬁﬁﬁxmﬁ @@Pshich
clgecrpatal comgianite drsarppdlies’ Laaad, alitssd he,:akhsens v

t rIS

coatens EPpaT hallides BRYECRCANENL A SIONI 1 Cul
wa et o QXE%%I eci pi tates in conponenttrelWnilicon
ﬁ%@@?meoufsmﬂEééﬁﬂﬂngﬁ@ﬁ)aﬂﬁmgie dgh@r brevention

regions pre
of epyi ¢l5cred |Inpvesstdd 18 bnpomawatm}g @@ 3red %@L‘ioﬂzéﬁnby the

h6pt t @b a ans, of a_process
zef qge ce of%kgg%%aﬁgmg%ggﬁ 3 9X?¥ﬁ&ﬂ’p§F“§Hﬁﬁé:-lowev
cT TFiriesi dagy, e%@@ée 10628874 niinbeirs cFogeesf QFcrystal -

oriegdarmiieel @aﬁﬁﬁhmdsﬁwraﬁaogygbnghétégg ggnogaggr BA th
quﬂﬂg pot i ted, Font “sie PRaFEable
: %El%hﬂ {L'ﬂgg&tﬁjé Tt o’ﬁ&%@ ‘%‘\%C‘é’S@’%’E@ESﬁIEClPLLtatES

conpr|5|n
(%5“99 Vﬁ#eﬁﬁnts¥$w@pnﬁemreniuﬁﬂde pol i shing step;
(b) (hydrophilic) cleaning and drying of the silicon

etreatnent O the front side of the

, Ly 5 {C r
Ac"w‘ﬁ 'r%‘i)’ & FifperaRiieeigfl 195008 bed 2611 Hegr e ers

are(:@lr@ﬂugednfmm mi‘aamar Qﬁ@uﬁﬁmn& £Q&u9€£’%§y i Phe o
oaB | fro t, SI e
proabsaPsbaXdle c?ﬁ’%a%a?er g cﬁ%rf‘%i rgf.?:yﬂ.sl}lﬁlg' -

cle etreated S|I|con
~ F T8t silicon mafers fromparticle

to subject the silicon wafers to a.

Ioadlng,
DE muggg@ﬁﬂl C | fter pol shlng i n accordance
st egh'ééé%%a 6 aﬁgvg é Fprthder saiofucing a

51l+@Qﬁcﬂﬂﬁqq'y;ghe§@|ﬁ@ltax1al layer dep031tad on the front
side, said method comprising the follow:ng process steps:

(2) a removal polishing step as sole polishing step;

(b) (hydroephilic) clean;ng and drving of the 31llcon wafer,
(c) pretreatment of the front side of the 3111con wafer at a
temperature of 950 to 1250 degrees Celsius in an epitaxy

reactor; and
(d) deposition of an epitaxial layer on the front side of the

pretreated silicon wafer.

It is customary, in order torprotéct silicon wafers from
particle loading, to subject the silicen wafers to a
hydrophilic cleaning after polishing, in accordance with step
(b} in the above process sequence. Said bydrophilic cleaning
produces a native oxide which is very thin (approximately
0.5-2 nm, depending on the type of cleaning and measuremant) .
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35 produces a native oxide which is very thin
(approxi matel y nm depending on the type of cleaning
and measurenent). 3 The native oxide is renoved in
the course of a pretreatnent in the gpitaxy reactor
in accordance with (c) usually in a hydrogen
at nosphere. This pretreatnent step is also known to
the person skilled in the art by the term"Hy bake".
rovi ded as -a pretreat ment
Tﬂé?eﬁa%gf%gr%%lta%e ac %V& 9112 CoiYF SBheT epi PERFERatment in
#l%@ltaﬁ% TeRFERE cin @@ﬂmc@r wihe febntssallyy ofn the

hysdddgeen a\ﬁ@fzygﬁhéﬁe r eghicechrand-Relkshi Q?eﬂ eigczh? ar]{%own to

d he surface of 10 the silicon
%%%%togxﬁgﬁé ‘%o]ﬁi éds BIt O @EUFE@e"HbQDAJ@? -of
~exanpl e, an etching treatnment with gaseous hydrogen

added 't

| t by HC1L b
P %Eb@?géi%%t In:[isitsp erlgegfg’%bd éna‘s baesée I n%?%i“e”é‘ step

b%oFﬁn\ég%%‘F’E@ L Ksposrahprecsi thaeerBiadial layer, the

swﬁahéormgm o3 |t.h@123: t:r k£hb o5 osiil (
an 5|C13 pfgggﬁétﬁﬁ wafer is

0 aghl
mﬁwgﬁ 28 AT SR o5 ke TH T Hyaroger surface of

trichlor 0911
hgt Fbs e évarf@ram'.OahguﬁplgmhallhatC&ﬂEtéﬁoTch:e@;@LS_Bt pﬁﬁpose,

byawdy sbt | SeiAkC hbAdLEADNS! QLH Eu $9r
cti roceed at a su f| CI ent h| §nfydrogen

Ch&g’? fad {%i%ﬁees §8rFﬁﬁ$ Q{E | BB FESh h%@gs@ﬂfi@eﬁetpsthe |

hqueze smesphersur face i s snoot hed and defects are

rermved on the surface. The silicon wafer that
ated in this way 25 subsequently

oD%, B B He
%’bru bit a&i Bt 1ans aroursi + Hoy Iempﬁ!ES$11\meh(SlH)
dictieonssed aine pam;algj art:r:rtﬂlhﬁso%qma%ndli@bo'f gk %
con

teél%raﬂi%r@%&sagﬁg POl EREEN Ty LSS o SHR also

fer, are
shtton Fher M@E‘%ﬂl%@@m& Gre apr ampuBtSkhtkofhat silicon

depuﬁﬂﬂm&na&ﬁdhﬁﬂliﬁbﬂnﬁﬁﬂﬁﬂﬁﬁ'%%ﬂ@%ﬁﬁ'QQe %Hﬁ9f§br1um Both

eatin

ra means of | ower
reéygg % BE% %ﬁ%él Vaﬁﬁgﬁaﬁﬁ§0téﬂ@ rate,

urces
hc%eqﬁ@ntb—@'t esap‘!cssm:a too &hgasumifater 85 BSbLDETHAS 1Mk

suﬁia&@uﬁﬁesﬂ@§tﬁéﬂ|a%ﬁﬁ%kmeﬁt%a%EbeEeﬁ§§eéeo& the surface.

The silicon wafer that has been pretreated in this way

subsequently acguires an epitaxial layer.

Epitaxy reactors, which are used in particular in the
semiconductor industry for the dap051t10n of an epitaxial layer
on a s;llcon walfer, are descrlbed in the prlor art.

During all coating or denositioﬁ steps, one or more silicon
wafers are heated by means Df heatlng sources, preferably by
means of upper and lower heatlng sources, for example lamps or
lamp banks, and subsequently exposed to a gas mixture,
comprising a source gas (silanes), a carrier gas {e.g.
hydrogen) and, if appropriate, a doping gas (e.g. diborane).

A susceptor, for example made of graphita, 8iC or quartz in the
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hydrogen) and, if appropriate, a doping gas (e.g.

di borane). 4 deposition chanber of the epitaxy
reactor, serves here as a support for the silicon

waf er. During the deposition of the epitaxial |ayer,
the silicon -wafer rests on tHe susceptor or in

m |l ed-out portions of the suscpptor In order to
ensure a uniform heating and to protect the rear side

| d%ﬁoqzmm lchawhewabér the nembtahy genrerabd, YSéﬁvla@yl@éré &= a

waRee tred, 0 g cgordance, wi th
B grlor 5%% g%igggégﬁéggrcﬁiﬁﬁégg PHORBF QR of the
Grs QY@rde§P§n%Hl¥Qﬁﬂ(ﬁﬁ£Qﬁ nﬂﬁﬁé sil Ebenswedartor or in
mﬂhieﬁheutaperﬁioﬁsl¢£0ﬂhd%§¢ﬁééﬂﬁﬁﬁ Ag 5@&@%' |
mﬂfggﬁtﬁéét%ﬂgra%%er thar‘l_T ual_to 15% N asﬁ?gﬁegg
waf er reactors are Usu §Fﬁ5es? 8 PhtRs %%Lécon
wakRBwn OR oYLt Pl | FeRRIcRl 155 r@plltaaoelxallsl dyeositdd ckiess the
sofegel gakty. The Unifornmity of the l-ayer thickness can
be optim zed by various neasures, for exanple by
altering the gas flows (H2, Si HC13), by _

- Inj pEderdone iwig:l'artd:laa(ijrds:td ag'tgaahénbﬁécé@é’idl%&bers of

L Qn te

=P itéﬂ:f%@éé@orQBé{é“ BB%OCE? APt t 533}%{0?{ pafers.

terations to the sceptor
customary, after one or nore epitaxial dep03|t|ons

Inovisz | ¢acsn c\ﬁhfs&ﬂﬁ,coho wadel-¥ B_éirlﬁﬁ ﬁéﬁﬂ:ﬁ%% ALYBNE; ameters
e course

I th u stra
(gf@a%ﬁ?t%%%thi% e&to gﬁg QF 6 %T &L gpechers are
usyRloe seesh sipgrbéhealattpvedroef kisown cior dépdsi bsod
epiliteai a3 ARy eltS tRE civdeIeR-ChL Pt Hde 'ﬁﬂé:je:)n fff %lt‘hf of the

l. LS often,already.carrjed . out a
la%@%%ecﬂm S8t C&"shal PP Hﬁ-‘b%? APy SYFTIHF MEPErEeEL- 5L

cessin

- examplenbyc adbepingi hjkegaaf £ owsalor Sizang) | Sbyﬂchorporatlng

and %Hjh;%@lﬁ&t ghB Eﬁﬂ&tuﬁé{ricéét {njglﬁhd}l’sgceﬁﬁ P:gangmg the

i con wafers 4se-0

dep&g&%% B ﬁﬁ:‘ﬂ{:ﬁ;ﬁt%ﬁ g&l%.].tq::g@, @ps to the susceptor.

In epltaxy it is customary, after ONe Or more EPltaXlal
depositions on silicon wafers, to carry out an etchxng
treatment of the susceptor without a substrate, in the course
of which the_susceptor and also other parts of the process
chamber are freed of silicon deposits. This etch, using
hydrogen chloride (HC1), forlexample, is often already carried -
out after the processing of a small number of silicon wafers
{1~5), in the case of single wafer reactors, and is no:s carried
ocut in part until after the processing of more silicon wafers
(10-20) in the case of deposziting thxn epitaxial lavers.

It has been shown in the prior art that some of the epitaxially
coated silicon wafers have a s:Lgn:.fmcantly poorer local
flatness in the edge region. Thus, by way of example, if an
etching treatment of the susceptor is carried out after 4
epitaxial depositions in each case, it may be observed that in

each case one of the silicon wafers that are epitaxially coated

between two susceptor treatments exhibits a significantly
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'théﬁ PEFi h@@?ﬁe

It has been shown in the prior art that sone of the
epitaxially coated silicon wafers have a )
~significantly poorer local flatness in the edge
region. Tinme, by way of exanple, if an 35 etching
treatnment of the susceptor i% carried out after 4
epi taxi al deoositions in each case, it may be
observed that "in each case one of the silicon wafers

that are epi i%%%lt%ylglc Q%Z\Aﬁlleesgot )336‘1—? Celgryf:%lﬁls case

hdd aftresonsagtérecedgetr Qg”pl%omf vidhiec bpi testia Il ye ase thealks silicon

| wéﬁéi‘”rlsc%s\%g epcE: Ll %%i%ferre%%seﬁh&éxé‘allé/caﬁoal %Pess

con ers do not the requirenents nade
| ocal flatness. 5 Moreover, the silicon wafers
Mdiﬁdv@&l akhy §:§I&Ic&ﬂl maaaféggoe@am@e:lmlﬂa ddec oA iier aafcbrdance
t an_undesir e re ei ness
%ﬁ' gggr%gﬁl%% (B g%}rogﬁ u%%ESlmﬁﬂf é rea%’Jé occ&%%lr
thigknigespdhi stredddd megnonafledge Fhéls¢ﬁﬁboﬁﬂua$Eﬁérea&Y
odésﬁ%' hﬁ bRL nghiBAIHashed 16 eRGAVAIRE-ED g&@%rlﬂl@obe%&bgg

e 10 rqll-off at |east to an_outer
SRR LR e
rcxlﬁ—btﬁé genlsast ttlmea:al poteas esigenregsont hiZzc knessvedwapdlished

géoﬁdggf%ﬁ gﬁn_%n%%c&ﬁaﬁﬁe' BeﬁEéﬁk% %c%e g %h?an its

éﬁz geonetry IS usua uant 1 f
RGEE Bagelpsl B- éﬁriﬁaieaﬁ@t @Péc%ﬁﬁéﬁ only
atusualbagéelate to the total thickness of a silicon

wafer or to the edge geonetry of its front and/or

rear side and which can be used to characterize the
Theusfgrneednetals devuguddiy eagantaiiad hisperdsyioy phe or

mozfg (féa,i;é fﬁﬁ.lg,@‘ﬁf plaﬂainbﬁgﬁggfﬁhﬁ_ﬁﬁl @Qua@[lyt &%ﬁalt@t B8S8he total
(0] ron n rear Ssi.de O e n waf er
ehf PR o F Mo Ea0e RERT o ERGERBIIET EEPTRERT, PENES

~ frthe sudéor atdarofsfidef asdll whbnh wehdrs ussdéscrhbrdctarize

the p@usgommfyf oY% veMOlec38262999) +ndPRLi3873%s 8% the

e rol].- paraneters referrin to t he th|c§n
si -'f %n RSt anten \?o&f”’e? g8nT i g8t 8F WRFREENS f%-‘?ﬂ’é
anf oo gregph s inea s Ehe sy%iennkbaﬁékcﬂﬁ%ﬁmﬁxndnKLAs edge
rergég}f Or@n@%é@%dogcﬁxﬁgggﬁrlg% Ehéséég}’e %l?u%gﬁ' B@ é@glcon

Cross sections Wt a_spaci n
WRERET 45 (ARF (HOFEgiBpATD - Wﬁf%PPEadE§Y§ﬁ'W§lS|?50&%999):

ppwai®r3zgstarting in the center of the wafer. The cross
‘sections are usually divided |nto 4 sectors S2 to S5

(90 :
Edge roll-off parameters referr:.ng to the tth]CD.ESS of a

silicon wafer can bedetemned by means of the topography

.measuring system NanoPro NP1 from KLA Tencor, by way of

example, by firstly calculating 360 radial cross sections with
g spacing of 1° of the entire map {topography, *Wafer Map®) of
a silicon wafer, starting in the center of the wafer. The cross
sections are usually divided into 4 secters 82 to 85 (90°

sectors in each case) and all 20 radial cross sections are

averaged for each sector. A matched third order reference line
{"*bast fit"} 4is calculated for a range of a distance of R-5 mm

to R~35 mm from the edge of the wafer. Finally, the fourfold

symmetry of the edge roll-cff is averaged out (by averaging
over all the radial thickness gross sectiong), and an R30-1 mm
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sectors in each case) and all 90 radial cross

sections are averaged for each sector. A nmatched

third order reference line 35 ("best fit") is

calculated for a range of a distance of R5 mmto

R-35 aimfromthe edge of the wafer. Finally, the

fourfold symmetry of the edge roll-off is averaged

out (by averaging over al% the radial thickness cross

sections), and an R30-1 nu 6 paraneter i s produced,
paramyteqxa@pbeodbyedetéon1exa@pl@eib&ﬂﬂaﬁﬁnmqnbﬁgmééﬁ deplation

aver ed r c and Heaﬁﬁfﬁﬁ@nﬁéiéﬁéﬁte line
beté%?% 8gggé8r% %%%glgﬁE%%gﬁa |§Fa f the edae of
deta‘rﬂfomedh@Yeéigér@ﬁSﬂ-ﬁE faF et . %EE%‘F‘?‘%/ %Rgo P the edg
the RAFAREt gEuL 01 v aadi Bt enE emofpadanmmtandidr andR80ace of 3 mm and

i_mapar aneter tor dlst 0 e of the
an R3f B§WF| ?ﬁr d§§ﬁﬁﬁﬁagﬁ¥g}&%d?£%§ Egggggég
siliare @eﬁewnanédpassmbly lmtetm@ﬁ%@¢¢(ﬁﬁ%qﬁﬁféﬁeh§§t8ﬁmlned as

welledgﬁf 9l s@ﬁ&cohhﬁa§8£r1@§§%‘ﬂlétggd?&@lmabalﬁ‘et ehs baweesponding
egative sign O As an alternative, it is also

R30;ﬂﬁﬁﬁmﬂ§?3§)Qﬁﬁ%l%e?egﬂﬁlﬁgvﬁﬁglons bet ween aver age
radi cal cross sections per sector (single traces) and

Lhe refer%n g lnglgnglggagoggl@£%5ﬂ61dbﬂéﬂderoﬁhe deVLations
P&g OF “édch sector ver ave2§ge edge r.ol

betwﬂﬂnuayeaﬁgearﬁéy§aéoﬁ§P§§r%%CFHO?%éD “ofl ﬁﬁgg traces)

~and pcrh%s%@tfe'r@iﬂi@@tlﬂﬁe 154 | thidetcaser dfn si kbddnodafeakie for each

ich are polished and u axial
Sec?ﬂ?at§8wﬁﬁeg00%Y%5%%% %ﬁiﬁsﬁiﬁé gﬁ#%%ag?%g %%% éyﬁaySI%%nSldered

in w#egeonakkiobf pheaneeéentei@Y@ﬂhgoﬁo t he thickness of
the silicon wafer has a magni tude of 100 nm or

hi gher. By way _of exa e, 20 _fol
In W%?éﬁﬁﬁt@%nﬁﬁ &<PBr v3 §FF|EEHCRH?5? T lo:]taX|a\éaﬁ!ldy%;%m’equently

e :LtCa@ﬁtanyi Boacear daneecorddnchev pri d?hearptrloa‘n aRBG) BhEMR30-1 mm
5:8M adde IR sl gintee silicon
R e e R R

ek to provide
wafegr ﬂr@tsh@dmfa@mzsd@pptfa%f)& P} esabi-AEsi e G peaiible, the
folﬁﬂwﬂﬂa Qa1hnRe Qaﬁehaédeﬁﬁkﬁédafhrgmeilbmqﬂnjwaﬁﬁm Bpéataxially

.on the ther han e rPossi ble r ,
ccaté?ﬂ 3Py S‘Bgt e&'lécg F@%né\% er§§€\n k%ilh RtBIgo?vXghqlzjtg'e ~i2 pmyoan

R30-20tn- o6f £1080mAcTst din§3Pol 4t £5peél? -t he
|nvent|on there is provided.a nethod for producing

|taX|aII coat.ed sil.icon fers
BRI 65 gt SeVErEOR g aRs o PERTAdY £dkned, for

eplﬂaﬁxﬁll@ncbbeungfBdﬂucsmd@@famé phoehded el One haﬂd makes a

SHCCeSS| ' e h& ARkepi fax ble to
nia SR ikt P A A eer possi

aci one of th SI| con _
prodatie e G AHISt Seed e S ey o SAEPop, 169 edge roll
of£pretreating the wafer under a hydrogen atnnsphere in
a first step, adding an etching nmediumto the

hydr ogen at nosphere . _
According to an aspect of the invention, there is provided a

method for producing epitaxially coated silicon wafers,,in which
a multiplicity of silicon wafers which are polished at least on
+their front sides are provided and successively and individually
ceoated in an epitaxy reactor comprising:

placing one of the silicon wafers on a susceptor in the epitaxy
reactor, pretreating the wafer under a hydrogen atmosphere in a
first step, adding an etching medium to the hydrogen atmosphere
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in a second step, subsequently epitaxially coating

the wafer on its polished front side, and renoving

the wafer fromthe epitaxy reactor, and afterwards

heati ng the susceptor to a tenperature of at |east

1000 C. under a hydrogen atnosphere, and after a 5

specific nunber of epitaxial coatings etching the

susceptor followed by a@mnentary coating of the

susceptor with silicon wherein the silicon wafer is
in £hesasierszed, byuhqunarmﬂgr eR3@axiatyofcoat@rgmtte wafer on
itsg {gﬂe Off ﬁogggg ? gﬁl\é'v@h OR 8, F Gl %tr%ﬁpeche epitaxy

ron1 e silicon wafer, of
rea%ﬁfél?rag@lcﬂ h@%ﬁ@%‘é%réﬁo%a%éﬂl 6ﬁew5f1ﬁcﬁ€§;§>écttot G é?emperature
of a[@fleé@é!ﬁel(b@(lﬂe cfget ﬁﬁﬂbﬂeé hydfcagreﬁsam@sp&@wglam@ t.dter a
mbodi.ment t i nvent.ion, ther S _pravi
Spe?ﬂﬁ%ﬁx??%ﬁe%r u%?ﬁg %bliaxngFﬁggogﬁggln% % %%é%eptor
follafat &y i nemehtaryscaakingl PEi ttineofsu§p|ep¢@ﬁr W&ftélr $ilicon
whe MY Ch 1 & POl dSheda ak -l eastharactbheed KNk @a%&eter R30 -1

are provided ang successi vel oateg i ndi vi du llﬁ- ¢
mm Qfa ch G 44 §% Yah eBWta??ngﬁg OpPolEqarEicn . 2t @
dlSﬂMﬁdﬂ1dffES@ECerm bhe eﬁgéhefsmhecenlmateryaﬁe&V|dédan
avefasg dﬁo §o§§3§§8*c%n' QlttBeLEQEF)%%y th e%Ctr%rference line
pre reate under rogen at nosphere in first
det%ﬁmﬂﬁﬁﬂupxmﬁqg%ﬁﬂﬁ%PBﬂ of an etching nedlun1to t he
hydrogen atnosphere in a second step, is subsequently

t ed epltax I on |t Lish r ont d .
Aceq éﬁﬁ’\? &°f PBnt @g f’% &pi ta%yggeag ‘?gn{ aﬁ%reev\g&d t}‘ﬁﬂrldec1 &
meth@lcﬂsi@[m profdschegt eﬁltﬁxeaéhmé@ét@@ %\llmér"a?tﬁﬁ@:ofln which a

mulﬁblﬁ%@%&z 400Q€1 ypdar wﬁf@)fgrﬁﬁﬁﬂhaéf@ Bf $hed least on
fart herfrore an etchln tnent of t

tar
theig rruE AryIeBo R DE G BN HIE o [P e
indiefileafie¢ in each case aht en aps$pervfreanumbéry ¢f procedure in
| Pt . ~F0 :
unicfls TEEBLeEoRL! DS of Lh, SREA PR O A N TS
of silicon wafers which are polished at | east on
their front side are provided. 15 For this purpose, a
silicon single crystal produced according to the
prior art,- preferably by crucible pulling according
to Czochralski, i5 separated into a nultiplicity of
silicon wafers by nmeans of known separation mnethods,
preferably by wire sawing with free ("slurry") or
bonded grain (dianmond wire). 20 Furthernore,
nmechani cal processing steps are effected, such as
sequenti al single-side grinding nethods (SSG,
si mul t aneous doubl e-si de grindi ng net hods
(doubl e-di sk grinding", DDG or |apping. The edge of
the silicon wafer including optionally 25 present
nmechani cal marki ngs such as an orientation notch or
an
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essentially rectilinear flattening of the silicon

waf er edge ("flat"), is generally processed as well
(edge roundi ng "edge- notch-grinding"). 30 Chenica
treatment steps conpri-sing cleaning and etching steps
are additionally provided. After the grinding,

cl eaning and etching steps, the surface of the
silicon wafers is snootheg by renoval polishing. In
the case of 35single-side polishing (SSP), silicon

place\g@%g{ %l gpchg{:grdﬂﬁ' Ple PEOLESS) Nt drhe ilegiresirdated under

neans of cenent
hydrqfﬁ‘éénélt@PS%%%%th a |t te SE£8e W%P%ou‘%ﬁu&g ofn etching
medluﬁpkahh@ghﬁ&Xﬁaen:ﬂﬂmas@hemafensaas@thteﬁFﬁu ﬂ§o§éb§equently

Lhi h h ahB€i v
coateéﬂ&pilig Ly ggélﬁg q%neo%s[%qj RQldrehedaanahhe; &r Qéhho ed from

I.n a manner "ro g% 0 each
the dﬂu&aky'rbéﬁﬁeén anduppeeT W?wﬁﬁsﬁﬁHHQHﬂlﬁg SP&Fe 1o e
case %%Vﬁr%?mﬁékﬂt@r@oéfs£¢FmﬁféﬂHHHOOThEuFdemtashgégo@én
silic are the I i shedybnsg t
atmoﬁRQféefr@@gnﬁﬂﬁé?er$%¥eé§n éﬁégfﬂgaﬂy%g%sogk 2 | i sh |ﬁgscep Ord
and «otenwatrl thetand of aheawaq:@wéolpdméhu 1§61n grg effecte
in ea %g%raEQeQbEabﬁeEH%lE|ﬁhﬁ@%& Qff tehpa tsidiiador osetfierss .
produced up to this step, the material renovals are
relatively small in this case, preferably 0.05 to 1.5
In tHeametEbusa&bepduﬁgotbeembeeﬂmeeust@f dshaeNmysaltishi ngirstly a

' h ak st on eir
multl%ﬁﬁggggop S%EiféLPDQQEéf%rwﬁléﬂ1éﬂgfﬂdlt%m@HUée 148st th

he siTicon wafers are subjected to

'fronﬁidndﬂ(ﬁﬂﬂIQQPT#@%ﬁrng and drying according to the

prior art. The cleaning may be perforned either as a

batch nmethod with SInUltaéfpu§Ié§§E%g E ﬁgcgd accordlng to

ers in .
the afoayiamg, npmbxﬁdsabﬂyebsrecagcabéen@vbll%f%?C%fHé@ssto

Czocﬂp%g %Illggn %?BEEEeQrQMthQ LB efenablof wafieesn wafers by

nmono t ne con
meanq:q@ kp@Uﬁ 6%9%§%F§?%Lm$ @éél fef%rably by wire sawing with

free ("slurry" ) or bonded graln dlamond w1re)

Furthermore, méchanical processing steps are effected, such as
sequential single-side grinding methods (SSG), simultaneous
double-side grinding methods (doublemdisk grinding”, DDG) or
lapping. The edge of the silicon wafer including optionally
present mechanical markings such as an orientation notch or an
essentially rectilinear flattening of the silicon wafer edge
("flat”), is generally processed as well (edge rounding "edge-

notch—-grinding") .

Chemical treatment steps comprising cleaning and etching steps are

additionally provided.

After the grinding, cleaning and etching steps, the surface of the
silicon wafers is smoothed by removal polishing. In the case of
single-side polishing (SSF), silicon wafers are held during
processing on the rear side on a carrier plate by means of cement,
by vacuum or by means of adhesion. In the case of
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25 wafers having a strained silicon |ayer ("strained
silicon") or sSAO ("strained silicon-on-insulatnr")
waf ers. Suitable nethods forSO and sS01 wafers such
as e.g. SmartCut and net hods for producing wafers
having strained silicon layers are disclosed in the
prior art. 30 The actual epit%xial coating of a -
silicon wafer is preceded in each case by a treatnent
he silicon wafer conprising a treatnent of the

., 0f
.d&i?i% G mPelighdes EOFEr cydH camuegReEcarmdimserted

lbosalyﬂ&ﬁitooﬁ &:hQnSt&d:ﬂQé& i e aMd OQESEE& hi gtl% front and
r%%g| ! 595 9 te gpartlcu gg refer ? . _
5%1 a?%%ﬁ ¥ a @ @@ec—(lm 2> between

- pre
B FREer anﬁhé Levwev apo ofshiag e adoe devenedi hﬁl‘!ﬂ[ QNtpcAiGhing
cI&af, sides of the 5 silicon wafer to be epitaxially -
coated can be. controlled by the duration of this
pretreatnment in a hydrogen atnosphere. The
Thyr dtosat medes untlethe diydicoge Eba&bﬁ‘ﬁS@:h@rﬁqérS drald-oued.,

t
oot ol 58 T Pl P ULGRET, oy

or, id
DA ARG EhOER I BrinE Hapidl 8ddae. abke hmildadting sol; in
oxﬁtem‘ostphebﬁaiﬁl e mwﬂbstspbgf Qhébbilﬁﬁcgrp%r%%ér\éob%ﬁuced wp
S atL e ur g e tcnl .
tof 1, BBte | (e SRR o - BniVh L Blatd Crat g iy e in
thé&séasﬁhepmfeﬁw .68 tatd- Bqunr eﬂarsabitﬁpOJ_koefaEﬁ]
reffettbQ@UEAIdy @ﬂewléahxnéotéﬁeﬁbLﬁechmcal polishing) in

the literature.

After polishing, the silicon wafers are subjected to a
hydrophilic cleaning and drying according' Lo the prior art. The
cleaning may be performed either as a batch method with
similtaneous cleaning of a multiplicity of silicon wafers in
bathe, or by spraying methods or else as a single wafer

process,

The silicon wafers provided are preferably wafers made of
monocrystalline silicon, SOT {“silicon—cﬁninSulator“) wafers,
wafers having a strained silicon layer (*strained silicon") or
8S0I (*strained silicon-on-insulator®) ﬁafers. Suitable*methods
for'producihg S0 and sS0T wafers such as e.g. SmartCut and
methods for prodnc1ng waifers having strained sxllcon layers are

' d.:.sclosed in the prior art.

The actual epitaxial coating of a silicon wafer is préce'ded -in
gach case by a treatment of the silicon wafer comprising a
treatment of the silicon wafer under a hydrogen atmosphere and
a treatment of the silicon wafer with an. etching medium.

The pretreatment under a hydrogen atmosphere is preferably
effected at a hydrogen flow rate of 0-100 slm (Standard Liter
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The pretreatnent with addition O hydrogen Chloride
Is preferably effected for 0-120 s. 20 The hei ght of
an epitaxial layer that is to be grown |ater can be
set by the duration of this pretreatnment with the
etching medium 25 The etching treatnent additionally
gives rise to mass di spl aceneAts on the rear side O
the Pilicon wafer to be epitaxially coated as a
result of silicon.being etched away at one |ocation

PaRdErrElon DeeTtAgudapoyi peatarahint Wer6d cdat, meﬁarably for

at hersessn Jrde-abot ke (&l |08 | wafer. 30 If the initial
geonetry of the silicon wafer has an edge roll-off

after polishing, it is possible, by a suitable choice
Tt rémovaleattneatiser akida ont bhéhBretichingg reedi Bhies 0of the
s8Rk am;af%re\aat QNeO0LLRE T O o LM Uad B SLLLEOM G by the

waf er whi ch eas partly conpensa es
Iy P19t 6%11!—5 PHEhESPFBRR & 1t 2 IO IS5 AFORBDATE he

rear side of the silicon wafer at which native oxide

, o t .
‘{mﬂgiﬁ&%%%%ﬁgbre %ﬁgeggeu J%SES|W%§W %%iihgeeﬁ?%ibﬁéﬁ by a
LTRRUmepr woRht e SEChiem mediun. Thdrodep whjopide is

pMﬁbﬁy tBel hes case é’éc]:?g.r% |1!1é‘f9:ﬂm¥\@‘ye ZMbQﬂf @ oride

tance o mmitrom

'bﬁlﬁ%e §” ?ff & p%%%n”%lat S AAHPIBERe Preferably

5-2ffebvestirene, foncl dthat athen Fdmavalatetef d6oist miendetching
ex88theHCLi 1 6Tb110h 17 QalIBN (100 Lalg al an 112 1 ow
rate of 50 sl to apply an el evatlon of 120 run at a
di stance of 2 nn1fron1the edge on the rear side of

Int hisi basen sied eiydwderh fUaetd=arl iy eeapkeswly 0-100 slm,
dol -off R30-2 ulia. O

pa%@ﬁgﬁﬂéfifs%;éfeg 'S agggaéy possible, in the case of

Conse
the silicon wafer to he epitaxially coated, to

ThaC;brSEEe@tEtnéﬂﬁ)thﬂﬂ éc}ﬁﬁlfo?:{ @ﬂ@@&rb@ﬁhhé?fgﬁﬁé &g on

e as a result of its

Dr%?% fiea nen tf§9$% ﬁé&%&aIUes for distances of 1
nun, 2 mm and 3 xan from the edge of silicon-wafer-to

‘I'héehéﬂéﬁ@)@:iiﬁny 04 A @ 2R/ eakl Y<kpWhe $9 JHI@_tater can

t he t.i 0 fla es during 112 bake ‘an
e D e AT e £ Sy B GO L RAETeRE FOF 1 SEching

me@fmh t he S|I|con mafer has ‘after polishing is
preferably at 20 |l east partly conpensated for at a

hdlst nce of 1 man fraom.the edge of the silicon wafer.

TherHrke [FEFE tPRE Lo pASLE L1PRAL Lt T4V SE aRtes T TRSRal

di syich Senernsfl bAMEHBE redgesafiet BE Shbl§£mn&wﬁfuafé&h%bebe

en{ Bl Ll Bl BT BLIE BRCLE]odh BN ok ®vay at

n 1S necessar on accoun
ORW%%GHQSSMM@@ eHRY ﬁgpp@zw@l Qmmnqﬂi@rmoacatlon on

theatad sR3AQ- 3£ TeAB pananehepsrepange their sign, that
is to say that a roll-up rather than a roll-off

ari ses at these pOSItIOﬂS
If the initial geometry of the silicen wafer has an edge roll-

off after polishing, it is possible, by a suitable choice of
the treatment duration with the etching medium, to apply an
elevation on the rear side of the silicon wafer which at least
partly compensates for said edge roll-off, to be precise at
those locations on the rear side of the silicon wafer at which
native oxide was removed by the pretreatment with hydrogen.
This is done before the actual deposition of f.he epitaxial
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- __enbo g@t s..of the invention,
edgg Qe SHAH OB fﬂéﬂfﬁa TEoRE RELBIXER LY ook HarEr
praferahilys dquant, menehat ehet Barepistda] M cw0abeds during =,

Moreover, it is possible and also preferred to
overcorrpensate 30 for the edge roll-off at R-1 mm
during the pretreatnment in the epitaxy reactor, so
that at Rl mm too, a roll-up ari-ses and the

R30- 141111 becones positive. During the pretreatnent
of the silicon wafer in the em taxy 35 reactor, flow
rates and treatngant durations are 'preferably chosen
such that a roll-off at RR1 nmis at nost 10 nm (in

lépensomftHmgaill vde) wansk a Tobd - Wy weyl bkewiseoBd rﬂ%f'tthe

Prefer ny therefor t he u

'%:gasr%Bdlq a1(?11r f‘r%o r‘g‘—fl HFY St rg?tgg‘ﬁ# S50 B at 2
disfmca 9t 2 mnt fr@np@w |&Ii§@,r |3k diseperstll é 0rbyt hesans of an
H;Pb%kée EBRLs 4pahe Rl rl'z%dsOlétt 2 Fow %]:ea oYt E?En and an
C? L rrmegf the e taX|aIIy coated silicon wa

T & T rve o suentn Tty 19 imdtafPe (e retreatndAL s1m,

tostgpdy an epetatiat dRYED ivsn @apas bl etaore tdre 2 mm from the
'EC'QQ@ 'O%h%ﬂef _-t:QQf éj[ﬁg ég thed 'All%%n\’\@gfér wq{lcth &:d:&ﬁ:tﬁgally

pur_pose, ane source as .source.

CHPIEEGEH eemeeﬁef@s geox. thee Sgiet asemoaf%mws .

dep05|ted at. a tenmperature of 900-1200C dependi ng on
LLa r.c sed: Trichl orosilane (T
coLBEABeREly Lo LRy, pore 0 o e FRee of hne”

use
Slalseeﬁowi%n’:q é?@eamm@maéﬂyl@:eeted_so:@ difie eviel @lkinéssroved

- 1oehit heatlepssi tred-1epided %Je L Ae bkl Sa RS erablag Q. go§l~off

pm e there the epitaxially coate
aSSI | T E‘gﬁf%\a?érltfsr é’rﬁet 2LWEBEpt or, the susceptor is
heated to a terrperature of at |east 1000C, preferably

ThEORSY t@&ﬂ?é@tfd{zedﬁ tahok8ast %%g@cz mcn’%?lor f" ngeggm the

suscept

aﬁ%é%ﬁ& %?fpef%éée%?@%%?o B B PEOFEY b FRAtn B oot
$pHecen WRART bagoasagragobisidnohdkepseEprably st
least partly compensated for at a distance of 1 mm from the
edge of the silicon wafer. This may have the effect that at
distances of 2 mm and 3 mm from the edge of the silicon wafer,
there is applied on the rear side thereof a higher silicom

layer than is necessary on account of the original R20 and R30

values, that is to say that the R30-2 mr and R30-3 m

parameters change their sign, that is to say that a roli-up
rather than a roll-off arises at these positions.

Moreover, it is possible and also preferred to overcompensate
Tor the edge roll-off at R-1 mm during the pretreatmeﬁt in the

. epiltaxy reactor, so that at R-1 mm, too, a roll-up arises and

the R30-1 mm bécomes ‘positive.

During the pretreatment of the silicon wafer in the epitaxy
reactor, flow rates and treatment durations are preferably
chosen such that a zoll-off at R-1 mm is at most 10 nm {(in
terms of magnitude) and a roil_.'l—up is likewise at most 10 nm.
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After the susceptor has been heated to a tenperature
of at least 1000C, it is kept at this tenperature
preferably for 5-15 s. 35 As an alternative to that
bake step under a hydrogen atnosphere, the susceptor
can be coated with silicon at a conparable
tenperature. However, this is less preferred in the
context of this invention, 12 After a specific
nunber, preferably 3 to 6, of epitaxial coatings of

prefé:}alﬂ ntﬁ@E@féré N drke repi-taxy Teant deasthelGuseeptdd -of f)
eategHMAth "an tchlng medi um no substrate being

and §Ftﬂ9?€d+ e §8§ s6Fér during this treatnent. HG
is preferably used as the etching nedium The

It is nenté?ﬁﬁ%%??%?gfe§r@§efﬁfa@ﬁe’ﬁﬁéﬂr@ﬁeﬂehy o be carried out
0 e
e e e el R g e icon

wafekayeeshnwingen PElOMneQQ-dﬁ @572 umis preferably
deposited on the susceptor in the process It is

necessary to nonentarily heat t |
Aften sthe@KrEuESIGEL tsd?e?&aﬁlnﬁ %}én?l czafy cont tdl%g)g)\sﬁ-ted on

the pélrghdde onet sddenerdt af ealar:bnowaféw”e Ha% %Wéipgser a
51la% Ne.epl taxigl lyccqateds ddadasdegnrsfonag hairriear gas.

prior art, the 11rst
The ep1tax1al layer is depOSLt%h!B%on temperature of 900-1200°C

depending on the silane source used.

Trichlorosilane (TCS) is preferably used as the silane source, at a

deposition temperature of 1050-1150°C.

The thickness of the deposited epitaxial layer is preferably 0.5-5

pm.

After the removal of the epltax1ally coated 51llcon wafer from the
susceptor, the susceptor is heated to a temperature of at least
1000°C, preferably to a temperature of at least 1100°C.

According to embodiments of the invention, the susceptor is heated
after each epitaxial coating of a silicon wafer and subsequent
removal of the epitaxially coated silicon wafer ﬁrom the process

chamber.

This heating of the susceptor is effected under a hydrogenr

atmosphere, that is to say as an H bake step.

After the susceptor has been heated to a temperature of at least
1000°C, it is kept at this temperature preferably for 5-15 s.

As an alternative to that bake step under a hydrogen atmosphere,
the susceptor can be coated with silicon at a comparable
temperature. However, this is less preferred in the context of

this invention.
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20 wafer that is epitaxially coated after an etching
treatnment of the susceptor in each case has a poorer
local flatness in the edge region. This is
associated with the fact that after an etching
treatnment of the susceptor, the susceptor surface is
saturated with hydrogen. If d2silicon wafer to be
‘epitaxially 25 coated is then placed onto the _
susceptor surface saturated with hydrogen, it is
possi bl e, during the pretreatnent undér a hydrogen

Aﬂémpg gslf{@r 1{1{&% % g2k db g@gacfﬁtyﬁ%%ﬁi

suscep t r and er t u
Cctéﬁénaﬁr ekt Fb%l%ﬁn t"ﬁ’é%é*ntl@r t@f& @ﬁétgxy.ww,erth@nd

smﬁdepl&oﬁwa? B:E)eafttaéd \Alﬁ.t@(kaﬂe cthBhag Miﬂlig the su_bfstrate belng
uen itam a said_silicon wafer
EF%%%n an grcﬁV%ﬁ'% fe. %F61§9|%ﬁ gf y on the

rear side, in partlcular in the edge region of the

HCSI hkCoRevaifily Alscll S8 PR8S<dLARLhECRISNLS occur on -
the rearside of the Silicon wafer. 35 However, durlngr

the- pretreatnent, part of the oxygen is transferred
Ther sustéptomtdbohion de bagpfersblyhfollseepbyr asuehaeftary
cogﬂiﬁ%r@ﬁ%é hals ket &jﬂg egiiﬁﬁbﬁl igt%‘tdo@l%lgf s (pffected

firs i con"wa ng tred
prferply ke glod) Sxyaeﬁ%%d%ﬂ%%ﬂés t ckpess oF 0.5-2 pm
is spsefptallys Widbaettetihah tBet nseypthatid heeSys6eRLES! -

surface is hydrophilic. This has the effect that

during the pretreatnent of the next silicon wafer to
Tt ks preneassay Badepmantanyly ogeat st spiseepiorheo above

10 tyetr qgerb:@:d Bedad=hi 08k PEAGLF B4 NG HBERK YrREL VEER rhe
xce oxygen

DTSRl GOt B c BT BB TELLTE TATF 0, R PPLSRRpLLY
no

cogfyett.ogen. This furthernmore neans that |ess or
native oxide is etched away on the rear side of the

11 ¢on waf er. Consequent | sjlicon also 10 cannot
Tt ARV REOPBaFDRF delB AR PT it wiPer Z55besilicon

waﬁgntﬁbmtahhyepmaaﬁﬁalﬂylsb&h@ﬂfafﬁaﬂIaa ellah@eg tfeatmsnt of

) thé %c&&:’t@w €38Se .Hﬁ;r/tg§s§ qg %&5}:&9?‘6@&& ﬁ.&éﬁe&q in the

secon eprtaxra coat ed ICOﬂ war er s
edge region. This is assoc;ated with the fact that after an

etching treatment of the susceptor, the susceptor surface is
saturated with hydrogen. 1f a silicon wafer to be epitaxialiy
coated is then placed onto the susceptor surface saturated'W1th
hydrogen, it is possible, during the pretreatment under a
hyvdrogen atmosphere, for the hydrogen to d;ffuse betweaen
susceptor and silicon wafer through teo far inward in the
direction of the center of the silicon wafer and strip away
native oxide there. Durlng the subsequent epltaxlal coating of

"said silicon wafer, silicen can grow at the locat:r.ons etched

away on the rear side, im particular in the edge region of the
silicon wafer, or else mass displacements occur on the rear

side of the gilicon wafer.

However, during the pretre'atment, part of the o@ge:n is
transferred from the native oxide layer to the susceptor
surface. This means that after the epitaxial coating of a first
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15 an etching treatment of the susceptor. It is thus
al so clear why, in the case of an etching treatnent
of the susceptor that is carried out in each case
after 4 epitaxy coatings, in each case one of the
four epitaxially coated silicon wafers has
significantly different local flatness values inits
edge region. 20 In the nm8thod according to

enbodi nents of the invention, however, the conditions

51118'&{1 LN LN FREST gl @Q&hlﬂgetréieﬂfrﬁerctaloﬁ drthealdusgkpthe, oxygen

f to b
pred@@ﬁﬁcon %%ye Se gﬁ%%%%ﬁ% %?%éghe égq§%5§%1%%iﬁh§t the

Susc@@tdlﬁﬁlﬁdfawaﬁisn@lydfbmlﬂscbeTalaJcr%eh%é?c Sifltfipet that during

the : ; to{%[] t%%c AP b;ﬂl.h@ién g@@afem g &segmtm@fmd under a
ec as i e a a HG

hydregen ra sk &Qﬂﬁ% °hg E@ SI%?C%% mgié ing

deepﬂ%lbéﬁﬂﬁﬂﬁ;ddﬁﬂegnﬂrIﬁydlﬁélﬂﬁéﬂrﬁﬁfﬁﬁnﬁlpﬁe %@ﬁ%ﬁﬁﬁ? oxygen-

on tR0 ALIMIANEr Sulheddiogen ween proeLnal Efuplag dagdiogen.

tween ‘'susceptor a S|I|con fe e
ThlSnaﬁWeerasaJ%fena?%etq}aéarle?Sd cofog palLiprbEnagzey etched aay

on tMbereas,sidl iofy the pristacsatasRe - o@ovﬁe%w%san SAdfiEpPn also
canneg 0%0%5 S 45ad %%a%t esRheF erhé hei Kixidie warfetheof benepitaxially
I's resolved relatively rapidly and uniformy
Coat%@er the entire area, for which, by way of exanple, a
treatnment for a duration of 19 20 seconds at a

“ Thls GF] Jﬁ%’” %0 bf]a]rﬁ%g, Elenr aadyu1sul bteess 11|ﬂet1®aléiﬁge:)rreglon

betuaeRyERT G PRI SETITGed CERE 4 BF POt oy 7

an ef&€8PAH Sﬁﬁﬁaﬁ:rﬁeﬁ’(t s f I’qim rEL Bt Atrhe Iltamsvéh@)e, Qéspayéear why,
SR f% ‘}# rg;et MR en%l biFC@ReWahieEcpttlr that is
of Bef orehan I Nn

sCe ot her words, mhll th 0
carriedreweveuf%%ﬂ%l%%%@ya%ﬁ?% R Ys °HE %t TnO8LER case
one SEI{KONEMNBS efpittimlhe qoermevalsiBéiray @ﬁfeéﬁ elaas

al vy Yai fesi @k Jermales0fipnattisvedge region.
Slgnbgtﬁﬁptryt%eég%g%%%l%gg%f the silicon wafer is set by

a suitable choice of the hydrogen flow rate and the
In the method according to embodiments of the invention, however, .

the conditions during the pretreatment are identical for all of

the silicon wafers to be epitaxially coated.

This is achieved by the susceptor being heated after each

ep1tax1al coating. This is because heating the susceptor after

each epltaX:Lal coating has .the same effect as if the susceptor had

been treated with HC1 before each ep1tax1al coating of a silicon

wafer. This means that during the pretreatment in a hydrogen

atmosphere, the hydrogen can penetrate more easily between

o . . .
susceptor and silicon wafer and etch away native oxide on the rea

side of the silicon wafer.

Whereas, during the pretreatment of the silicon wafer in a
hydrogen atmosphere, the oxide on the front side is resolved
relatively rapidly and uniformly over the entire area, for which,
by way of example, a treatment for a duration of
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10 duration of the treatnment. During the subsequent
pretreatnment of the silicon wafer with an etching
medi um preferably with hydrogen chloride, mass

di spl acenments occur on the rear side of the silicon
wafer. Silicon 15 is etched away at specific

| ocations on the rear side (or else on the front
side) of the silicon waferiand fromthe susceptor
coated with silicon and deposits on |ocations freed

20 sgr}oﬁﬁ“"elao’ﬁe‘?n%é dhe edue1669081 PshdesyEEicesi,dehe oxide

_ ? %F_ICOH wafer. _Silicon_cannot q§ qﬁp it %Jag
on th@osear¥ egidn®lothensildsP s FaESo1 1T HE i clg%’eéﬂte)

unifYRher ainwbitle naidreyeoxittat ssspirihcipaldy egesponsible for
.Therefore wit LSt t 03 erbepifiTeies between -
StrlBPl?%eaW%&é%%?%ﬁ'l%Erg&aggsgggg%d%ﬂg?n the .o uhile the
silipeet vetemams SUFPCERTNPAT B§ERTS ﬁﬁgph£ hd WI¥H™r " .
oxid@ddit tafowid ngan@il@‘tiél@ e it f@onlnhesw@r@@é?h@whcon
__atnospher.e an . 1 Ack Phia¥edy rapidly, the
Wafeaep‘ﬂé}ggi e ]f%m(%%)pfyb%lﬁli % r ea%sirggbof éﬁ% fc,ilj_li1 Coillicon
desivefleremeval exfatriadi Vien RHES 6RO SPRT B Pt ertal ~
wafePhighsat heastspaiddle coryersatfeshéonydiegetddow rate and the
roII-o%f ex@%Qétg@eg¥ the silicon wafer to be '
durafiph 0t A1y Coat €6 The hei ght and extent of the
application on the rear side of the 30 silicon wafer

‘ Duriﬁ?ntﬂg §&tsdduch it 3hgaies tmmeofbyha siltabh evafrsi ¢eth an
aring

the gas flo an. d ' .
ctchap FeRral: RN o ih TR h%g‘%nagf%%%f%@ ¢ phass Si1icon
dispeabedénentscoir tdre th &ifdoride Chathgss Jr%%mafo?r_ - R
1s etBB-HONRL &y featiime abdaheocds sustleptoear tdiele (or else on

condj ti1ons duri t he .pret £ iGalcch®br ted
e SFRSHARL T S, SRR o e hecr comes
withesbbilcomrisd cfendss tishwentiosatirgs T1823 o Tads 6+
S O e oos ot odoslstoon
s ; i h
be d§PP?&Bﬁ¥mb?é?%p%ﬁdg%%ﬁﬁg%éﬁ igh of the egge-roll-off con
wafelyaopwhithedapieereat@ents stepkl Thhpared-with a '
treatnment of the susceptor 5 with an etching nedium

which is to be carﬁégﬁ ouL afte f%{ﬁ%*fﬁﬁhk%ﬁsabf the

ave essent e sane, rod
inve@tﬁenti;thbspbsshbberaﬁuxhngegkﬁxﬁrqﬁrqgtﬁgngﬁnag g hydrogen
atmosShERET L84 Puth dEh e bangti fg st@pind eneglivdurtionghehbydrogen

preparatiqon of the next silicon . .y ,
atmoéﬁh@é?iﬁpﬁyPEbQFeg?,%éﬁdag%gégd?§%$§£%%Pa 6xﬁgﬁgn' to appLy

on the rear side of the silicon wafer an elevation in the form of

- silicon material which at least partly compensates for the edge

roll-off exhibited by the silicon wafer to be epitaxially:coated.
The height and extent of the application on the rear side of the
silicon wafer can be set in a targeted manner by a suitable choice

of the gas flows and the treatment durations.

A particular advantage of the method according to embodiments of
the invention is that as a result of the momentary heating of the
susceptor, the conditions during the pret;eatment are identical
for all the silicon wafers. The method according to embodiments of

the invention thus
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wafe:@ocr»@m@wq ShifigP i 6 YA 13 TGS O

- nm, mr@tmﬁéntzotacﬁu @%lat%%ﬁth
" fromespecé@ld Yo Hdes at can waSpect fafc am @W@rﬁ@ﬁ £Hess section

10cost-effective. Tt has furthernore been shown that
with the nethod according to enbodi nents of the
invention it is possible to produce a silicon wafer
conprising a front side and a rear side, at |east the
front 15 side being polished and an epitaxial |ayer
being applied on its front side, characterized by a
paranmeter R30-1 nmmof -1@znmto +10 nm corresponding
to a deviation - determned at a distance of 1 nmfrom

also! N&RJ4S Qfy tl?l%r%'a's'ecgﬁl wated besiden avemggmwbdscal

section dete ed th| kness
geonfEEpcdt T SE SFANED 50 e ROl Bt 1A Tod iy o silicon
wafersgmaSs;rcmpen'Elatsmrs ot ity egiden rohké - ﬁ@fh%hﬁ %EEHPH?%

' pret TS MO aneTele] ss Qiforﬁ écﬂ\éﬂﬂi}i @n thyaepehtl a€dthe susceptor

mho;ﬁ:q&géﬁlr”rgggmLﬁﬁmq A8 Sl pinLateton gggssﬂépgevery

epitaxiter ddposds iant angetedldahaze, eﬁée@'éb%ls]rﬁt’ g j@ge effect,
thls”Pé & J?J n the-dgucsiske tQﬂ‘met el eonsveheriendotn during

I f
el e LT e e U 0 o

waferemj&aXE@hthayaﬂlyBOoﬁhedbpl@QﬁuQQQdeéBQﬂédl§lPﬂé@nmore
erably has a paranmeter -R30-1 mm of -5 nm
COStm@Eféceigé This very I ow A30-1 nm edge roll-off
paraneter signifies a significant inprovenment of
Tt hi | Rirrmepet ddeal Ishosoatbdtswitl dhametisik AECoRaApY to

| embo&iir];ér%§ 'H% qg‘l'feor L VoD ean l@%s@%@bot@r prbduce a silicon

i'mze the edge roll-off o substratg' fo% ?% @X¥he front

ti Ag
side D&@ﬁi@lﬂdltl)shfedr anels tami @@llﬂgxuhé dalyrer gt ingfappdided on its

‘ front %f&eto %?&% J egi OBy SFERDD -0f michf ~10 nm to +10
: e | taXI a

sequent- ¢coat i ng é%*has not. b en fg%aﬁge of 1 mm

SeprBveng
detelrn‘ril eerd tl%'z tclh‘gl.%é§§ %%%éilﬁzyerﬁ’énﬁ Re @Pirdedpeaic H:@YQF r@ifdrence

n epitaxi ayer to be deposited in a

illnerﬁﬁﬁﬁ#mxﬂﬁﬂ Reb IFeP AR @onpensat ed for the edge

“roll-off. Therefore, all epitaxially coated silicon

: This unfsgrcl?% oy e‘%ltl' 19%%:19108‘: a&ggrgiéh\sf@nﬁd Qﬁnﬂt%gllments of the
Vel ehebY MERTREAGHF P BFoT HERT rCHS e iAla ] (L0 by targeted

sett PO SOl nd o feothelet eputaxiahs yambathed osid |fd@rwswaﬂ@r grder, in

whi ch t d n 5
o cafiel i oo Tubacbie o sty bl goids ameind hear sice o

- the %ibe@er%f%lbrﬁ}%fﬂaeWsPB?v%@? u?lée %’clﬁr%?rbd“ﬁf‘fer with an

imprefaer8dOn§eometry even prior to the actual deposition of an

;epitaxial'layer.

| The epitaxially coated silicon wafer preferably has a parameter

"R30-1 mm of -5 nm to +5 nm.

This very low R30-1 mm edge roll-off parameter signifies a
'significant improvement of prior art epitaxially coated silicon

wafers.

Many different efforts have been made heretofore to minimize the

Aedg\e' roll-off of substrates for epitaxy, concave poelishing
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15 The silicon wafer according to enbodi ments of the
invention is preferably a wafer made of

nmonocrystal line silicon, an SOT wafer, a wafer having
a strained silicon layer or an sSO wafer provided
with an epitaxial layer at least in its front side.
20 Exanple: Determnation of the initial geonetry of
a concavely polished siligon wafer prior to
pretreatnent/epitaxy resulted in the 25foll owi ng R30

genef’aﬁ&lﬂae%o&%g gﬁ@:u]x Mphf onil GdBk 1N iRI0£2 rnmrestriSOimgn the

core S s FE0, 3 LR S0 s TS 15l psped o cho

subs@jﬁmﬁl r@iﬁ:&xmﬁlt beatnﬂgnit gms trmt fkmqmmoﬁglgggcléggetofore |

to adt R %%?Eﬁﬁ ggop&ﬁéh’@h%écﬂé@ﬁt W B¢ ehet he:l:row

suscept
reophscalor W Poute SO St o TG IR, bakane cpicania

layeﬁ raat MRt pdumati an efnﬂ@xsal Helyet divi i depgeibre in a
mann%xb tl'fnalﬂz cfollﬁw E?tvge ?Qn§£f@3@nf’oﬁ raal fRRe dolatben. of

epl taxi a

Therefepobi ldn PEABE! ALLF eCOTETd S LA JoFCOT FRG Pafs £ date
of t1d iﬁkéﬂﬂﬂonandddansstusﬁacu@rmt¢@ge(ﬁouigoggcvalggsFor

Emboci %?Qh\gaflﬂreﬁghgﬁxhé&lf’oﬁolﬁ{eecfﬁ%ﬁzotdmﬁgmhﬁe it
s of "t'he invention flcantlé EGRBEE
posswmetcnfpmmﬂ@t epEsariaL iy CoReeRa: L IR ddde” B, with

regafcplﬂc affeipacdget eo11Abf A, disttarite Offeqzllﬂfﬁmﬁﬂ'@ls Jnage of
sta:l:*%lr om the %r%dg% fbgeeigE¥goﬁ¥8ré&ﬁﬁor%&%s alf ﬁ.ﬁ%rléadé%hnology

sections | I'es above the reference line. The
geneﬁaOlgﬂﬁn1|s +21 nn1and the R30-2 mnis +30 nut. This
involves a roll-up. ~As a result of the pretreatnent

S ej?%d S\.w(,ﬁ con as. 4 5:' ! %ﬁ%)%ﬁﬂn@ﬁtéeéf shélei pferddteon is

357 an amount o oXI mat 10 110 .
pref@talﬂ,m_ a]mafeg:p,gra@g et g]%ogzgyﬁpﬁag 1@92597%%?] S(S‘fnwafer,
a waPPPNd1m) @ ¥trained silicon layer or an sSOI wafer provided

with an epitaxial layer at least in its front side.

Example:

Determination of the initial geometry of a concavely polished
silicon wafer prior to pretreatment/epitaxy resulted in the
following R30 values: an R30-1 mm Of =120 nm, an R30-2 mm of -50 nm

and an R30-3 mm of -30 nm.

This concavely polished silicon wafer was epitaxially coated
according to embodiments of the invention, the following process
parameters having been chosen: heating of the susceptor without a
substrate to 1100°C; H, bake pretreatment with Héflow rate of 60
slm and treatment duration of 20 s; HCl etching treatment with H»
flow rate of 50 slm and treatment duration of 60 s; epitaxial
deposition by means of TCS at a deposition temperature of 1120°C,
a TCS flow rate of 17 slm, and deposition duration of 63 sec.
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-of tgﬁukﬂvq

50 nmat R-3 nm By increasing-the HClL etching
treatnment duration to 100 s, it is possible to
further increase the deposition on the rear side of
15 the silicon wafer. As a result, it is possible to
overconpensate for the original edge roll-off of -120
nut at R-1 mMmmand to set a roll-up of 410 nut, for
exanple, at'R-1 nm By ns of an HCL treat nent
duration of approximtely 90 s and 20 nai ntai ni ng al
For EH55éﬁﬂfﬂbd”W%@%§Se@&t&&&h@ﬁ§ cbiged dddecafdingt td mmbodinents

can, be co ete%&g g%%%&%dFEgEer1EQAE§Qﬁ4—Wu%m!§esults

as been shown
for the FRED-11 mmes@geameildrodft BArapeEaki At 2 IHLERCEd of 2 mm

and §i{\'mk ?gﬁ%&%& =838, bensetutPe aftye ctasad eﬂre\talaﬂlé bee wesdial

10
cross{ﬂeﬁﬁ¥wy% F£?F8p§%ga?%ﬁgge g%{ Tﬁ@%ggﬁﬁgagghls +21

‘nm ardamea REORE| Bineis ohPe nuet |"-Bﬂsof1nivﬁév%%ig% I-Yg+f and

~the setting of a small roII-up are al so possible with

the aid of the nethod acco diin
As a (FRS iyt It PRES SRRV ERE O T % rl Fuﬁk)g‘g‘# r%[gb%[? osited on
the wedh giefeercehdhet GiBigwne w@flegr én angampii ©hH Wmately

110 & ¢ HOKRESS ?%1%@1%%1‘5{3 Bednsi bt CRAZ Waf erndiggipistximately
50 a I£ne scan'in the edge reégion. Figure 3 shows
nphatt RrékMBss of the deposited epitaxial layer 5 on
-sai-d silicon wafer against a line scan. Figure 4

- By 15%%&&% JEEQHB %ﬁﬁ?%&c%ﬁnbe%&%%tment duration to 100 s, it is

possible to further increase the deposition on the rear side of
the silicon wafer. As a result, it is possible to overcompensate
for- the orlglnal edge roll-off of -120 nm at R-1 mm and to set a

_ roll—up of +10 nm, for example, at'R-1 mm.

By means of an HCl treatment duration of approx1mately 90 s and
malntalnlng all the other process parameters, the rolli-off at ] mm
can be completely compensated for. The R30-1 mm is equal to zero in

this case.

Tt has been shown that the R30-1 mm parameter of an epitaxially

coated silicon wafer can be set to any desired value between -10
nm.and +10 nm by means of optimized szake and HC1 pretreatment
steps. It has furthermore been shown that a complete compensation
of the edge roll-off and the setting of a small roll-up are also
possible with the aid of the method according to embodiments of

the invention.

The invention is illustrated below with reference to Figure 1 to
9.

Figure 1 shows the thickness of a polished silicon wafer against a

line scan.
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the epitaxial layer in the edge 10 Figure 5 shows
the thickness of the epitaxially coated silicon wafer
agai hst a line scan. Figure 6 shows the thickness of
this epitaxialby coated silicon wafer in the edge
region. 15 Figure 7 shows the thickness of an
epitaxially deposited layer o a silicon wafer
against a line scan for various treatnment durations
with HC1 without an 142 bake. 20 Figure 8 shows the
Fighreknessowy tid eREbaxest| ¥rdeRosiHer Vesi0Rc8n wafer
silicon wafer agai.nst.a |liLne scan for various
SRR et HUSF TR WERS R T each case an 112
bake treatnment of 20 seconds. 25 _Figure 9 shows the
TR Naa%0f 2R SRk LaXEAL | ¥r dEROSILRL | AP 0058121 1ayver
siljcon Wafer against a |line scan for wvarious
OTLt PR et CRr ¥BERs AR HRSIHE BHE FF3R bake treat ment
of 60 or 120 seconds. 30 In Figure 1, the thickness

Fi%ru@i-és)‘yﬂoﬁge@h i Lieon, wal &r- ha%% %iacagéi et er of ;5 Q\Qhe edge

] -plotted agarnst 1ts ra as a Iiné*scan
Te&tYhri fi cant decrease in thickness is apparent in the
edge region. An edge exclusion of 2 nmis taken as a

. i re. In, Figure 2 t hi ckness.of sai pa
FigB 5 85080 185, T s o artease el Y PRRsed ol icon
wafewtadadned volaneedgans egi on of approxi mately 30 mm

It is apparent that the edge roll-off at a 19

Figure 6 shows the thickness of this epitaxially coated silicon

wafer in the edge region.

Figure 7 shows the thickness of an épitaxially deposited layer
on & silicon wafer against a line =scan fof_various treatment
durations with HC1 without an B, bake.

Figure 8 shows the thickness of an epitaxially deposited laver
onn a silicon wafer against a line scan for various treatment
durations with HCl and in sach case an H; bake treatment of

20 seconds.

Figure 8 shows the thickness 6f an epitaxially deposited laver
on a silicon wafer against a line scan for various treatment
durations with HCl and an H; bake treatment of 60 or

120 seconds.

In Figure 1, the thickness of a polished silicon wafer having a
diameter of 300 mm ig plotted against its radius as a line
scan. A significant decrease inm thickness is apparent in the
edge region. An edge exclusion of 2 mm is taken asg a basis

here,

In Figure 2 the thickness of said polished silicon wafer is
plotted against a line scan restricted to an edge region of
approximately 30 mm. It is apparent that the edge roll-off at a
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di stance fromthe edge of the silicon wafer of -3 mMm

(measurenent point 147) to -2 inmu (measurenent point

148) is approximately 0.02 gm 5 Figure 3 then

illustrates the thickness of the |ayer applied to

this polished silicon wafer against a |ine scan

enconpassing the entire diamgter of the silicon

-waf er apart from an edge exclusion. The |ayer

applied to the Tear side during the pretreatnment is
d;@h&ﬁcbaf§6m|ﬂﬁ@iﬁﬁﬁp%&ttﬂ%r%alﬁantQh%e?uéPQQ?Imthhe

measured val ue determ ned by formn )
(R PFEPEREE PHCTh Adle o bt MBoiEREvERIFARISRARE 148) is
eppuakeétdaaatly pblixhed starting wafer. It can be seen

that a thicker |ayer was deposited in the edge region

than toward the center of the wafer. 15 This becones
FigyrR & eRFR Al mTNghes FhenkRiRkERERsOf hehe hadgresoplied to
thof pbeieped axdilalcdmayefeknabhenedge Legk OébaIB%ﬂ/&ﬁc@)assa.ng

£ 4 3 fluikfromt dge)
nb B PERS R el HaR CRi a1 2ot HeEphosis A0
SXGHBF O netg ylaysg2egmiied thathesresr seide chrssuorite
pr&@ré&ﬁn&@@er o @ﬂsookgkﬁﬁhiﬂtéeécb?zﬁuﬁbeh%' 8 this purpose,

to.t t The
<h8 eSS IR R Sece CPhCERBEPRE PRI T GO0 54 G4 FAerence
lntth#@#m#SS(ﬁﬁnwaﬁyatbd épltbylaméyepoaamﬂahniqyéﬁsb&ﬁo
st AP B G € oa:tofcaB Be ngéeﬁStﬂﬁg f oLl pwiag plt%rg}a‘ze%c%s

ers re used: heat] the slusce
del%?st%ib Ffﬂﬁ?er FSl‘ilio HoOTake ‘Hretsdtrert the

wafedt h BE2 fIOM/rate of 60 slmand treatment duration
of 20 s; Rd etching treatnent with H2 flow rate of 50
slmand treatnment 30 duration of 40 s; epitaxia

THiR RRGIIT BPEnE4AETHT FeFiguse dbporiqiorhows the

thisiperatad ehef e@l?%laﬂ Iﬂ'@eﬂ QM/ £k eacﬂl_:fe Yeglom, 8bbdween

théj%%%&e?%n%uﬁ’ ggsgﬁ%? 1 e ep| %m fd.?fe}l I&éfie&és

o ?suﬂpwoorthﬁaﬂﬂéﬁfaganﬁ?,tm thieknean. la\ramagnmm@ﬂelm& 02 pm,

thats :r,w aoors@@r c@@ﬁé&ﬁ@ﬁds gztcy eﬂzénesgg %&dedﬁ %&h%l%ed by

en_co ated for
en Aot P20 EPoR BBEE GRSR Fovedt Rt R, Bssition.
TheOdadneass taxthitimenatiod tshe: | m@mtwalf eyeq@gairysti satherefore
con@leR el ¢8-0hyapRE Oxh Bl 1 30y sThe %Qg%dgéogsgwn of

R-3 of the epitaxially coated S|I|con waf er
sFBhlflcantly inmproved. No roll-off is dlscernlble
given an 5 edge exclusion of 2 nmm

The following process parameters were usad: heating of the
susceptor without a substrate to 1100°C; H; bake pretreatment
with Hp; flow rate of 60 slm and treatment duration of 20 s; HCL
etching treatment with H, flow rate of 30 slm and treatment
duration of 40 s; epitaxial depeosgition by means of TCS at a
deposition temperature of 1120°C, a TCS flow rate of 17 slm,

and deposition duration of 63 sec.

Figure 5 finally reveals the thickness of the epitaxially
coated sil;i.con wafer against a line scan. An adge roll-off is
no longer- apparent, given an =dge exclusion of 2 mm. It hag
been completely compensated for by the epitaxial laver.



10

15

20

30

33

Figure 7 reveals in each case the thickness. of an

~epitaxial |ayer applied in the edge region on the
rear side of a silicon wafer against a |line scan, for
four various HCl pretreatnent 10 durations. A
pretreatnment under a hydrogen atnosphere (bake) is
not carried out In any instanme. It is apparent that
by variation of the etching treatnent durations it is
possi ble, in a targeted manner, to apply |ayer

MQWrsemeeamé ﬂ:@etﬂnﬁ&qﬁésﬁ@ abE ol ghange: 114 é@é%ed
tug gg of the silicon wafer. Wth 15 |on
rea Fent® auFat T TE94%& gﬁpﬁpﬁﬁ?xf$ﬁﬁe 30 mm.

Tb@pletﬂa'%’l geomghey ¢8 theocnidposialdd roatadt helicomardfier has
sm\gﬁ_ﬂlﬁhchﬁt§9nﬁ%&¢ed‘ﬂ i the £ apts Egaﬁhgggrﬂi%fg %:Pven an

ar si de s etched away to further 1 nward

qugnﬁﬁF BEEAF Nyt 48" ppi t axi al dpposition was effected
in each case by nmeans of TCS at a 20 deposition

gae.ﬁ of 17 SI
Fig or 63%%%&%&%2%%%%% }%\%atsthggﬁﬂé?%gl - &4t ncf@ual
layRE TREEPR okt IRsigse FasEiosy eharliewredowide oL a silicen
wasebshgat est o hh@%sda:guﬁﬂ@éng :Fmeaﬁl&hl&; %g@lh ﬁ«%;}:@:éah&ent
S n t axi a I | e to_t
d“?%%?5§$d§A ré}'3| coﬁ;ﬁ%¥¥ﬁr ggéyﬂg? %# ??Wﬁ?gﬁﬁﬁ? {bake} is
nof ofawelet |—1eh§ﬂl§r1 taspesteealiirens apatémnshaA by

vapieticatdethel @i@hl%ghkﬁ%ﬁgz%n@t ARSRhELEs I(ltbdallﬁgs) p%fss%gle, in

nds. is carr out _i n.eac st ance.
= E'%cp‘;gr SRt I% “b;/%\?aﬁg’&tl&oﬁagﬁrt Fgl%ﬁ?ﬁﬁﬁf tfedtUméet 80 mm at
a @Iﬂcﬁﬂ‘eﬁnmsﬁ o) fron3@he2edgecofidshs tsilsi quas siddee,. Wath
o 0
Lodgd:2geliothTRAAGmek? BBRhYLAKEE . ¢ om%%ﬁﬁ%gl a0

o 11 rlmat distance o

=P} e et &St PeSPnBRPORGESEI BAsTyrthay &E{?’éﬁf@nt which is
conrresttesth veipilt akiealfakay ehatStHbSOXﬂ@@Qﬁi t‘zﬁﬂa tr@ab Ukl BEr was

StdtMR e el by SrEANDRGLER M1 DoADE, AL LAt b1 oy ot

oxi de rear Sl
de??ﬁh%ﬁ?nbyaﬁoﬁé@?ceﬁéh%ﬁgea¢he3@§¢tbﬂumﬁaﬂdep@SECBont a
dem*iﬂfoheﬁ:éﬂ;@ek‘ﬁtﬁﬂéhoﬁaﬁﬂ2 bycnead s QtfcsT@S;o?elt r8te of 17 sim
£o06R0SILI O efpture of 112 a_TCS flow rate
o020 5ok PR IR A G (E ) 208 SpeSint Preeacine
SUSCEPE OG0 WE ﬁea?eddhﬁfﬂgemdlwi,tthmetar eabsenttando501000°C.
sln1during the ECL treatnent. The susceptor was

t ed ehand_wi t hout a substrate to 11000C. 5
F:.gﬁ%% %r eg rg%veja]fls PRE eBTHE R PHEKIRSSKk Res8lofPhpaxial

lavesi ﬁa&ﬂaﬁdl by erhapptaedside tde a edilisodewakea sthigon a
lln‘é’aﬁﬁénagabﬂsﬁe@eﬁ'@aﬁrﬁ&%‘ mEPOr J:fét\fc‘vaea\éﬂlrehguaujfg'lons

eat ment _duratjons. A pretreat ment
PR G SReRC AP for &Y EE) DD 6 o] dbeses onls2d seeconds
is carried out im ewndch imstanse. 14 iss appRaesnt tA: tihat

varP¥eYahi gkl ageogtg;ﬂ&%e \%ggaqgnél{t adgu rég_odurfa_ltl ong it is

possible, In a targe manner
120 tﬁ?%%‘é%sje’é bt BeEte0 mma ﬁatﬂ?@teégmgront@ra@jrﬂef

layerathbckieeodad hef sid itommaked ac\W\et BikongeL &EChipg = J_rom
et S850 TR Sl B0 IS Bl 20512 2
apparent that an epitaxial layer is also depos:.ted to further
inward, which is connected with the fact that the oxide on the
rear side was etched away to further inward by lenger etching.
The epitaxial depositi_on was effected in each case by means of
TCS at a deposition temperature of 1120°C and a2 TCS flow rate

of 17 sim for 63 sec. The H, flow rate was in each case 60 sglm
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15 which is connected with the fact, that the native

oxide on the rear side is etched away to further

inward by | onger etching. Thus, with 152 bake and

H. Cl treatnment durations of 120 seconds in each case,

a deposition is effected right Into a region of a

di stance of 13 Tam fromthe etige (neasurenent point

137 mm). The 20 epitaxial deposition was effected in

each case by neans of TCS at a deposition tenperature
du?%néié@ﬁ@@z@tf@&tﬁéﬁw &ﬁkﬂﬁS of st 6cﬁjztihgf a&hefiﬁcﬁ eﬁreatment
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sim for a duration of up to 120 s.

5. The mathod of ciarim 4, wheréin the pretreatment with é_d_ditian of an eiching
medium into the hydrogen atmosphere is effected at a hydrogen flow rate of 30-60

sim.

8. The method of claim 1, wherein the susceplor is heated to a temperature of at

least 1100° C.

7. The method of claim 1, wherein the susceptor, after being heated to a

temperature, is kept at that temperature for 5-15 s,



The invent on also relates to a silicon wafer having
at least the front side being polished and an
epitaxial |ayer being appliZéd on its front side,
.characterized by a paraneter R30- 1 mmof -10 nit to

+10 run. Fj ' e , .
8. Tl'l!le me‘tht% of 6ctaim 1, wherein trichlorosilane is used as a source gas during

~ the epitaxial coating at a deposition temperature of 1050-1150° C.

9. The method of claim 1, wherein hydrogen chioride is used as'the efching
medium during the treatment of the susceptor and during pretreatment of the silicon

wafer.

10 The method of claim 1, wherein the silicon wafers provided are wafers' bf
mohbcrystalfine sificon, SOI wafers, wafers having a strained silicon fayer, or sSO

wafers.

11. A sificon wafer having a front side and a rear side, at least the front side being
polished and having an epitaxial layer on its front side, characterized by a parameter
R30-1 mm of =10 nm to +10 nm, corresponding to & deviation, at a distance of 1 mm
from the edge of the silicon wafer, of an average thickness cross section with respect

foa reference line determined by regression.

12. 7 The silicon wafer of daim 11, having a parameter R30-1 mm of -5 nm to +5

nm.

13 The silicon w'afer‘of c_iaim 11, wherein the epitaxial layer has a thickness of
0.5t0 5 um.

14.  The silicon wafer of claim 11, wherein the silicon wafer is a wafer made of
monocrystalline silicon, an SOl wafer, a wafer having a strained sificon laver, or an

3301 wafer with an epitaxial coating.



