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Epitaxially coated silicon wafer and nethod for
‘producing epitaxially coated silicon wafers The

. invention relates.to an.epitaxially coated silicon

" wafer 5 and a nethod for producing epitaxially coated
“silicon wafers. Epitaxially coated sili.con wafers are
suitable for use in the seniconductor industry, in
particular for the fabrication of large scale
‘integrated el ectronic conponents such as e.g. 10
m croprocessors or nenory chips. Starting materials -
( sEhbtaeially widaltest sihjeot watpr rawkmethodd fouf producing

gl obal and | og Se ?ggf R Yeaslisckness
di stri bution, gﬁn%%§S|§%-r erence ocalaflafness

(nanot.opol ogy) and freedom from defects are required

.Tﬂé” ﬂU@M%&%nﬁk6&9€é§C£6<Hﬂ(éplﬁaiméqqgrdbageaOSihﬁcon wafer
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silicon.into wafers, rounding the nechanically
Epalgt%%éﬁglgyn%dg% faageﬂg&gqﬂ?%gﬁsa% brsamsl? £ o4 SUED 4z the
Séﬁ@h@@ﬁHﬂtOGesadHBEEYa i%nRﬁHR}Qﬂé@ﬁoéorgFﬁﬁdﬁﬁ@rlcatlon of.

1dRfhads ar %nﬁle%i:g’égdi @1&@&&1&@ lc%ﬂbo@&ﬁtﬁ"sﬁ&ﬁ%d HNg.
and EP 580162

. . The fi g&gera&
mﬁﬁ?ﬁﬂﬁﬂﬁfsﬁﬁrﬁh@rc%ﬂ%Pﬁﬂ|%hf Fﬁg, fth ﬁay be
(quﬁyﬁaaﬁés)iwlanpsapth@mmx ﬁgqumraMammsngagEepffglobal and

r Vi i_stur and. .f _
L0 s, LR GEARLO ST CR:fon sinte
sip@e 19533@5¢ecﬂ0c@9 ﬁb@t@@s%xgwﬁﬂq;opmﬂpgg)tﬁ@d freedom from

adfdid i:008k5,ngLE- §bﬂQmé&éﬁﬁ”ﬂd&kd@ﬂéﬂ@%&nﬂ@Bera'|y

| ead to poorer plane- -
According to the prior art, a silicon wafer cam be produced by
a process sequence of separatlng a single crystal of 5111con
into wafers, roundlng the mechanlcally sensitive edges,
carrying out an abrasive step such as grinding or lapplng
followed by a polishing. EP 547894 Al describes a lapping
method; grinding methods are claimed in the applications

EP 272531 Al and EP 580162 Al.

The final flatness is generally produced by the concluding
polishing, which may be preceded, if appropriate, by an etching
step for removing disturbed crystal layers and for removing '
impurities. A suitabile étchinglmethod is known from

. DE 19833257 €1, by way of example. While the traditiomnal

single-side polishing methods generally lead to poorer pianew
parallelisms, polishing methods acting on both sides ("double~
gide pdlishing") make it possible to produce silicon wafers

with improved flatness.

In the case of polished silicon wafers, an éttempt is '
accordingly made to achieve the required,flatness_by suiteble

‘processing steps such as grinding}'lapping and polishing.
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30 parallelisns, polishing nethods acting on both
si des—(doubl e_ side polishing”) nake it possible to
~ produce silicon wafers with inproved flatness. In the
case of polished silicon wafers, an attenpt is 35
accordingly made to achieve the required fl atness by
sui tabl e ' processing steps such as grinding; |apping
and polishing. On the other ?hand, DE 19938340 C
descri bes providing a nDnocrystalllne silicon wafer:
with a [ayer grown in nmonocrystalline fashion and
orvadR: stth%td hepa, VOE hlstsmsamemriyascmb@mmmdm &

nm?oﬁ%%kle ét§¥i9+o£ fé%Lw1 %hﬁhlgyeé §%&%ﬁfiﬁﬂ c

stare”a ose _epitaxjally
cu'mair@dst@lﬂnnanfaehie@% qﬂ?éi/énaé@r Pai FLAdVeRtEHes drersame

cf?éﬂ qr%rW@£€£§1&Bdea(golE%mQQQn%@&Eaﬁﬁ&3r¢éétrﬁgv on which

OIS IS BLEEIL 0, 8 SPGE LB L igriasiy

cftddheicorpangatets | ldwd- cm:ntapmlaldeajltasb@wecvva:o silicon

(“Vq?feCt %ankfé?%%§éﬁépartlc elﬁﬁd gga 5%?1] éigﬁﬁyentlon

ofofa amaappr eeivabal okyderpdiet EHMOS( SheFel ks r%‘%ﬂo"fﬁ’% oy the

'sﬁgrttélfgﬁiﬂerpEﬁé'é% ©Sh N aRRBANEH! - pebBVENL, lower

regi ons precluded). Accordl t.o the R _
defifatadeasiyiesat &6 S?JI“FIEQJ]ne vﬁﬁ‘ﬂ% dalemB?ga%‘g e%&%‘ oerystal
oSl frtlca paekioleary ep:ﬁca)cbﬂztcs e abapscefof mo&msemable

Se encgt%ngplnBV§£ %%g%g%§%é9%%akopekyﬁgﬁq&reC1p1tates

axy di scT oses for

1n»qnmmqaemtﬁeehemaﬁbrr?ﬁtﬁﬁﬁnRﬁFQiWQEﬁleon wafer with

an epitaxial |ayer deposited on the front side, said
met hod conprising the follown .pracess

: t
AR 50 FaRi RYLEF oiros Sor g RRateaER i 1{§in traters

akdysiapiidd €xofl santaglansrelyiingrof prhéustsitpmeans of a
pggtégg sequence of removal polishing - final polishing -

cleaning - epitaxy.

DE 10025877 Al dlscleses for example'a method for producing a
51llcon wafer with an eprtaxral layer deposrted on the front -
81de, said method comprising the following process steps:

{a) a removal pOllShlﬂg step as sole polishing step,

{b). (hydrophlllc) cleaning and drylng of the silicon wafer;

{c) pretreatment of the front side of the silicon wafer at a
temperature of 950 to 1250 degrees Celsius in an epltaxy

reactor, and

{d) deposition of an epitaxiel laYer_on the front side of the

pretreated silicon wafer.

It is-customery, in order. to protect silicon wafers from-

particle loading, to subject the silicon wafers to a

hydrophiiic cleaning after polishing, in accordance with step

(b) in the above process sequence. Sald hydrophiiic cleaning

‘produces a native oxide which is very thin (approximately

'0.5-2 nm, depending on the type of cleaning and measurement)r
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25 (c) pretreatnment of the front side of the silicon
wafer at a tenperature of 950 to 1250 degrees Cel sius
in an epitaxy, reactor; and (d) deposition of an

epi taxial layer on the front side of the pretreated
silicon wafer. 30 It is custonmary, in order to
protect silicon wafers fromparticle |oading, to

subj ect the silicon wafers to®a hydrophilic cleanlng
after polishing, in accordance with step (b) in the
above process sequence. Said hydrophilic cleaning 35

Tipe gthlcies @3ide Ve ogindeedhiehthe qmmpe Bifna pretreatment in

R PR EARLRI 0,512 EHBordaRending qr)t heubyps oh a

cl eani ng "and neasurenentg)Jée The native oxi.de

hY AR 4 PARB<EBar 18- b PE BT FERSHER) 5 S0 kaown to

'twlgea?@oﬂ eAqllOkd Hnaeher sandey viltd e Uskiabdleln a

hydrogen at nosphere. This pretreatment step is also
‘known to the person skilled in the art by the term

IfHR dmmield Shepn Adikewdnd srepided lkewies @rstoebivenhssher
b SEL Q:EH wahe 8e%8§9£§01t1h§f acldl %pl‘%%@ﬁ%‘lt haPepf the

epitaxia ayer, e surface roughness of .  the front
S\t RO QUSETGRE] O6n LRaT BFORS FRARICHd L s FSRi Hater is
ré@jcﬁa SRl @Jlereyed Beeattheasdrfaetredf £10m BRe surface of

B Ty 6P BEaRB kol G T BRE RS P EFeose.

b:gamoﬁ ypampgen ehl etrHeng E@h)eatgne;@r i iddh @@tsEDys hydrogen
%Ax%eb a@@e@TwlgBeOﬂy%@m aldgpheea %5 the

be5|d a silane 'source, for exanple

- hydyegrs ESMRFPLGEER| or osi | ane (Si H2C12)

trichlorosilane (TCS, SiHCLO0 or tetrachl orosil ane’

ob L HandBe¥ LY, b bRl EnS ) Btbpscaethiooun

dsihlicursidepesi(Sildichhd skitkbrreaiching (T&FovaiiHglg or

_té%%%éﬂﬂyfdgﬁlaﬁgthsgelrea%ﬁkﬁ%&aﬁﬂgcEEQCHIObellane, is also
Su

reattlon rat owever, so t

I cientl ; :
2&394 con 1P PHE-OEFPaREmPSHET | & il ARERGy Ak bocpat silicon
déﬁﬁxﬂﬂﬁﬂhzaﬁa defleebas acehtegovetbwrl tare sufiddbriiiie Both

con waf er t-hat ha it [

e e R
however, so that silicon on the surface 1s moblle and the

surface is smoothed and defeots are removed on the surface.

The silicon wafer that has been pretreated in this way

subsequently acquires an epitaxial layer.

Epitaxy reactors, which are used in particular in the

. semiconductor industry for the deposition of an epitaxial laver

on a silicon wafer, are described in the prior art.

Durlng all coating or dep051tlon steps, one Or more silicon

.wafers are heated by means of heating sources, preferably by

means of upper and. iower heatlng sources, for example lamps or

o lamp banks, and subsequently exposed to a gas mlxture

comprlslng a source gas {81lanes), a carrier gas (e.g.
hydrogen) and, if approprilate, a_doplng gas {e. -g. dlborane).

A susoeptor, for example made of graphite, SiC or quartz in the
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Bpi taxy reactors, which are used in particular in the
sem conductor industry for the deposition of an
epitaxial layer on a silicon wafer, are described in
the prior art. 30 During all coating or deposition
steps, one or nore silicon wafers are heated by neans
of heating sources, preferably by neans of upper and
| oner heating sources, for exanple |anps or |anp
banks, and subsequently ‘exposed to a gas m xture, 35

d?%on%{é%%gﬁﬂﬁ%%raﬁg gﬁe e(apzlplr gnesr)et’ac%ocar L] %rfagah‘f’ere as a
smpayt dichortaeepilidodepoiani Ghuimanbbe éﬁPPﬁt¢¥ﬁﬁtQ£the

%é§5§fgl f%?@%esﬁﬂ§r§1f§e&h%Mﬂﬂﬁ?&es@% bhetgt| d€QMeptor or in

deposition of the e |taX|aI Ia er,
i hediqutc PThapeF PEstle oﬁv%cr?@tafs&&p%fiesr ppensure a

urmﬁdﬁld “Halal- 1T Eih@nﬁooiﬁrdtf@:tSLtﬂ'feemeaﬁf shderdeérth® silicon
sure a i form heati and ta _pr e
5 ol pRECRARDY ofF SYamiteh CBbEE by HER ce

Vsdugee gas.dep03|ted, fron1the source gas. In

accordance with the prior art, the process chanbers

O epitaxy reactors are deS| ned for one or nore
Ieuaqecmﬁpaweewgthl BhE Her tQis & 1% gﬁfﬁ PERCGEF eF TR P

epBlab) Wla:thasgardl asei@ies (freat®r orthaprer seliledn twnfers.

150 mm, single wafer reactors are usually used since
the latter are known for their good 15 epitaxia

T4 ayler detsiec lofess 1iegul wnfens hﬁﬂ;nﬂmrﬁéﬁﬁﬂv?lﬁf1¢¢ﬁé diameters

Af@é/aet{ef hﬂhl%&n%_%s efi@Ql bg, opid Mirgied staylg\iar :QU8: MBS % are

exanpl e erlng e gas f

upya} BESSSEY &tlFlﬁ@ 5RE Hel R i JE WPnI é’F BE@%’EE%OCZ&

' eﬁiﬂHX%EMDG%berbih@hﬁﬂgeﬁgreﬁﬁﬂakﬂhy3|Hhenuheﬁpematwraf the

légerlt ic é%gsca% %2605953 fgd"by'%%rlous measures, for
example by altering the gas flows (Ha, SiHCl3), by 1ncorporating
and adjusting gas inlet devices {(injectors), by changing the

deposition temperature or alterations to the sﬂsceptorr

In epitaxy 3_t is customary, after one or more epitaxial
depositions on gilicon wafers, to carry out an etchlng
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 chlorlde (HCl) for example, is often already carried

out after the processing of a small number of silicon wafers 7
(1-5}), in the case of single wafer reactors, and is not carried
eat.in part until after the processing of more silicon wafers
(10—20) in the case of depositing thin epitaxial layers.

Tt hae been shown in the prior art that some of therepitaxially
coated siiiCon'ﬁafers have a significantly poorer local
flatness in the edge region. ThﬁeL by way of example, if an
etching treatment of the suseeptor i1s carried cut after 4
epltaxialrdepoeitions in-each case, it may be observed that in
each case one of the silicon wafers that are epltax1ally coated

between two susceptor treatments exhibits a smgnlflcantly
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In epitaxy it is customary, after one or nore
epi taxi al depositions on silicon wafers, to carry out
an etching treatnent of the susceptor wthout a
substrate, in the course of which the susceptor and
al so other parts of the process 25 chanber are freed
of silicon deposits. This etch, -using hydrogen :
chloride (HCl), for exanple, “is often already carried
out after the processing of a small nunber of silicon
waf ers(1-5), in the case of single wafer_ reactors,

peweT Sovel EARFREES oL the [PA9e GREEPRaf TBICRNER this case

haQ:‘f Qﬁ'@?ogg@eq{leﬁééetﬁdﬁi Pazecy d/ﬂaftﬁnrels e?@ltéiﬁ)aj?l)y torttdie silicon
case: Q epositjng thin epitaxi
W : do nnPE %B?{:ogh%rlfe%gien%o .W%%he%e%)él)% agﬁéﬁh%eéés'

.coated silicon wafers have a significantly poorer

"Méfggyﬁffl@E%e§§l%goﬁr%bfg¥gaéﬁﬁyd%lalIguéoa9¥dmﬁN éécordancer

ching treatnent of the susceptor

wijtdh c,téner PEdosURT f EERIE it BAOSSIFERISI HPOHESH Jefhctﬁlelr
tIPlQ:?@]:@S'St n_BiHBtheeltea@cts eF deithr W{adgwlr?aahoﬁfse wirectofa Tt dy
SI11CQn ers are epltaxi Yy .
O S 18 bBEOPO BTt b e ER2L ST Ret ke
uspedrler bedogl pbllashe@scormatﬂtﬁelmd@e ordgirohe m$‘é1hl¢'¢1 the edge
réflf%f%aﬁ% E@és&hﬁoqg?%ﬁﬂﬂﬁpQﬁkkhéEgggﬁbOR &Qﬁbavel pollshed

epitaxially. coated silicon_ , wafers clO not{ neet the

- Sildqeny é’ﬁéﬁ?s%a%%?ﬂ o’cfhltﬁef SFESE . EDRBr LOVETASThe ™ 18

ersiduneer walhrs epetaxidldnd deat ed derraeser thanclel aitridss only
tﬂ%erprl or art exhibit an undesirabl e decrease in
Sffckness in the edge region (edge roll-off),
whi ch al ready occurs in the polished silicon wafers,

fﬁ&%a@'gl Ig%%e‘e@{ze& s ysually cﬂﬁsh{tﬁﬂi@a' %Q'GQpéeﬁEﬁi&ﬁj Yone or

to restrict the ed (iyroll-gff aileas th total
bule: o (ﬁ%r@&éeof—ggPW“%%% feHedesfts cop the tota
t}yiQﬁ@fesisS ofthknBeliton tdef @enierto tdhen eidner gasestin ot sits

s toward t decrea
£4dhC KD groﬁfa?ratql{i ea%%%%ﬁlnc%bh%gq Bl %@, aegﬁe &Ir@ar?csterlze
thes ua:ISItym@uraﬁm phedrpgd scij@%maﬁehglrbﬁéleofthﬁﬁk@e%ﬂgéf the
AR ST et iy e ashgabi et
arfsff/qrt eproft d8nafolhF eF  Pisan. %ﬁ[je%l Vel BB LEBFO9S
rdgi ghaoaet eeichedt ier cusd onmind thebseioeedoddcotiset | gilicon

e thickn th Si waf gL J n S g
reeg:'flsor:}‘solrél %ﬁ% ?’F’gt nlgség%f #rg%bl r rggtrL s?ge?%ggg)

rr-he8si3PBi-con wafer |ikewise in its edge-region. One
net hod for neasuring the edge roll-off of. silicon

Iﬂ%ﬁ%%%ﬁjLéﬁdesgiégggeég gé%errlnéyﬁ% ‘the h%%lcﬁness of a

silicon wafer can be determlned_by means of the topography

-measﬁring system NanoPro NP1 from KLA Tencor, by way of

example, by firstly calculating 360 radial cross sectionsg with
a spac1ng of 1¢ of the entlre map (topography. "Wafer Map")} of
a silicon wafer, startlng in the center of the wafer The cross

‘sections are usually divided into 4 sectors S2 to S5 (90°

' - sectors in ecach case) and all 90 radial cross sectlons are

averaged for each sector. A matched third order reference line

{"best flt") is calculated for a range of a distance of R-5 mm

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

symmetry of the edge roll-off is_averaged_out {(by averaging. _
over all the radial thickness cross sectiong), and an R30-1 mm



25 Edge roll-off parameters referring to the

t hi ckness of a silicon wafer can be determ ned by

neans of the topography neasuring system NanoPro NP1

from KLA Tencor, by way of exanple, by firstly

cal cul ating 360 radial cross sections with 30 a

spacing of .10 of the entire map (topography, "Wafer

Map") of a silicon wafer, starting in the center of
péﬂyﬁeﬂaiae pﬂ3uhdéaosan§eﬁhmpns ayedatsital hynglithiededriation

nto 4 sectors 32 t 900 se tors 1N
b%ﬁ%”&eaﬁ 08V FECH régo‘%s C%ec |S§ﬁ§ are avg?eggeég?é@e Line

deaehisertor regayat.chethrt hi dthtandero® &Férencechi bee 359¢ of
t}(ef Qf%%%l f IUtsugllgs %akgiylsatrﬁd Jloarme@ef anNge 5 0f: & Gi-st ¢NCemn

fromthe edge of the water.
ai mal R30-2t we Efé’é@#“ﬁé@d EF AR YSFABFE the 2eBf el 1901 Fipadoe of

theS s@yg&ﬁg%Qf&ltan@bﬁoﬁs\h@l§giﬁ@r&%&£a@ kral bes ra&dl attermined
t hi ckness cross secti ons

aphaFahetdr 'S w&&aee‘ﬁafeﬁ) Pasexagnﬁﬁ%e Ol}dger M ni ng
cdiiesfewiati RID hetraperedshbaew er age@ItJr@drsahncr 0SS

section and the reference |line determ ned by

regression for a distance of R-1 mmfromthe edge of
At ke whfematUsuality iarplRB0PSs iklfatarfersidepring deviations

pALStANCR Qfe 3- 4NN @ sR30:-12 J¥R P et 6Ff (sﬂl‘hgae traces)
di stance of 2 nmfromthe edge of  the S{lgl?(f#

anthd"posEiEBrYCT NrEPnddf at'8sval (8524t & d&
el kectdr.t hewsidd, cane vafeepddi soan-etigeafiobs aorfef alwahe
sorres ndi ng ara LS e sign. As
lgFf%ir)nat Fve, Contg { anflELCﬁ olrs%?ég]: eriq%gg%!r)}és!| der the
devi ati ons betmeen average radi cal cross sections per

Iﬁet%'eogages Io@gi;:ﬁ. tIACESIaNdni fie hef gsenseqd! ime sahdeguent 1y
thus to obtaln aroII off value for each sector.

ew\@évelfly soekal e e @FEPTBIFS of FE iy AP udE RF e B wdys X301 m
e&QNshLderad pﬁréﬂé&eeommlﬁeﬁ ttmehprte&e;mhesmmthemlllcon
In the case of s o) vvaferswhch I he
W%ﬁ%saﬁﬁeanfnwmeib‘idtea)?% ﬁynf:ﬂo(a ad? |hn aeaBro ggn%%g\%gm 1 th
fcm@wpnq; oralae$ ,werke dRBOeinaTh Edge policoof Fapar areterially
d&I8r Lllcnf% ?dgrrt% %Qkﬁ%s]_%rgcgr a@% sid ireensWaf e has &, an

magni t u 00 nmor hig of exanple, the
R?QJ12I BW 4y ~+ab ues a\ﬂérenopétoeﬂrﬁ‘rﬁé’(fyféﬁl &%si | i con wafer
epitaxially coated in accor dance Wi t h the prior art:
an R30-3 mmof -42 nm m, di ,and an
T]F%Sr(?fir%’meﬁm?%‘bf“ﬁﬁfﬂw r‘ge%¥ é’rogiae &1 ee i“rent s
epﬁ&yﬁxpam& deaammtshadccﬁromaépm astiigh| yn doat pqug @nm eYEs 2
hm ers G\MH ch sglrb hgng Qﬂgdo{%eﬁaﬁd magggrlﬁ”p%lsglble to
p% T “ahd on e other hand nmakes it possible to
pp:d@@acgﬂeﬁwalkhalqo?te@&“tlééc@il |36 RS weifdr ¢ bRt R8T~
~gdge roll-off. In accordance with an aspect of the
present invention, there is provided a nethod for
produci ng epitaxially coated silicon wafers, in which
1@ didbtdfldeciiyh afn skbéconinafensenhntchnaeet pol.i shed: is
at .l east ontherfront si d v,
p%%ccc:%gsaf Vel 90%0% el ?%%lngdg%%ﬁlaghga’"j(?%%ggggehq"llﬁmanwafers'
impittiaky: medttokidyvacprodédan e“ﬁfﬁrﬁ\mfe{?haalf esppeethsR at
1 one of tihe, skldpon; vefens providedahd subcessively coated

individually in each case in an epitaxy reactor by a procedure in

ue for

which a respective one of the silicon wafers provided is



pl aced on a susceptor in the epitaxy reactor, is
pretreated under hydrogen atnosphere in a first step
and with addition of an etching nmediumto the
hydrogen at nosphere in a second step, is subsequently
coated epitaxially on its polished front side and is

pI&mVed {rom.Lhe. LRht &Y LeRelOreadidh afitermarnd the under
susceptor is heated in each case to a tenperature of

hyfrq9sgst Leeeber Uide BIRFF bR AL ospREFe T Engt an

etwltnlgeméw@ ap eichi-agdoneattmipheot trhe susarptoesand
of tlie susgept o J.S\Medh SI I | con are

S@ﬁe@@?% HO%S%% e@%%%maaflt &r O SFeRTHHURbE 619 and
lepaetnaxealfromamenwlttxw exanpbe emboditseresd tihe theceptor
lgf%mgd 3« §L}Lyca%enuua R} @Eéﬁ% St 14:9B. ¥8f1865°C under a

are polished [ east on their front side are

hWWﬁaeﬁtmOSFb?fﬁt h|a§dpﬁ+r§6‘§émo%? $P| teBH g hefdmery stfal-he
s QYU ACROREHNG LY d@1 G IO Akt sufreeter a.altu BVlicon

cruci ble pulling according to Czochral ski
Lo FhFATE It TR MGFTITITei Ty OPoStIitcOHWaT SFsehy:exial
ceomdngsof known separati on nethods, preferably by wire

sawng with free ("slurry") or bonded grain (di anond

wire). Furthernore, nmechanical processing steps are
Iefefanp bel eﬂ@&@hﬂ%ﬁ%eﬂryéﬁlﬁl apthyidngfergildeagrilivdphirity of
s TBIRAUS. £53Gm i &1 MULtANEQHS daubbessidet8EiNGiBg: side are

nmet hods (doubl e-di sk grinding", DDG or |apping. The
PEYJEDf the silicon wafer including optionally

present nmechani cal marki ngs such as an orientation

pJ04GR. O an essenti a"ryst&s; e"arggeglf'agagga ng.9f, é@eto
a

i 1T cor War&F edge ¢ r 0Cesse
tleess pmebt a(re;dgerqrﬁﬁmtﬁtmgay edgeqctdtechughmdan@dr)dmg to

cihenieal; thealente Sk 8RS COMRIILIbDG-GLeaRi N] 8B warers oy
etching stéps are additionally provided, After the

MRS AT nEovel e%ﬁﬁrﬁél%dneépeﬂ%ngxetfeb%bhft Ré ‘&ef a2 sr with
fidee (8k1ieen) vaf elcsdbs mat heidmdyicrerreyal pol i shing.

I n the case of single-side polishing (SSP), silicon

waf ers are hel d during processing on the rear side on
Fta:trlnarmcblezr, pkatanily 1 npans sefne errens , 21y e¥ dechatn, osudly as
&f sﬁggggsq m&aﬁgcmogé (&cdoubl.&n$hdEous

po |s I ng I con rers are inserted | oosely

G- %\lci%lgﬁ“tl@d’cghé‘ét%‘?dssk Q%PJ@oldﬂghéHlaﬁlle%"e PPohtor

%ﬂ@d F{eaf heSkA§Ss S wét@n&eaﬁlwaﬂee emm&ﬂneg oﬁﬂleagmg
bet ween an ower polishi ng

u
DRo0r AF TS BOrFoHnG 8 cTo e StPF ot oL dbe for™
eddr@tsalic aecu\zalflereSrameﬂthemg)rcéf ehablipipohisifed ¢dven

R 0 shing_
USRIy BB & MDDl R S
not@hogdiErding” obt ain the flatness of the .silicon

waf ers produced up to this step, the mat er i al
renoval s are relatively small in this case

CHsTeret 1oy TS STEPL. SPErPLFhicd eetdly PR gittedring steps are
adetessad vt prasidedP pol i Shing (chenp- mechani cal

polishing) in the literature. 15
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 (SSP), 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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After polishing, the silicon wafers are subjected to
a hydrophilic cleaning and drying according to the.
prior art. The cleaning nay be perforned either as a
batch nmethod wi th Sinmultaneous cleaning of a
multiplicity of silicon wafers in 20 baths, or by
spraying methods or else as g single wafer process.
The silicon wafers provided are preferably wafers:
made of nnnocrystallinesilicon SO
("silicon-on-in ulat ) r.s fers haV|
sl redts ooy Bt o otditior” SR RER T or e e
¢St Inaiimee 3|thmnntommhm@uhaﬂoﬁhﬁ-m@ﬂesbedSMmt%hﬁeiront and
f c p
réaeé L R Bl O0HELR0LIn DB, WEIBLELRYChr oLy betueen
alsm};meﬁe@nsil i éever agekishng d%lé‘&eo§§HeFﬁdt Wethrd d@?ollshmg
cBsdn . 30 The actual epitaxial coating of a silicon
wafer is preceded in each case by a treatnent of the
silicon wafer conprising a treatnment of the silicon
Thafrontndedea hydtbgeni hitaws pledce sandeatherapnefrafly
péf?% wid hgen ﬂ@ggefyléqm &t chHgig by 1 35.dNe soft

reatmsnt O en at no ere | s .
pcph@rr@m@bwoéhf wethdthe %th“lyztﬁ' @g’eﬁlﬁqaé&PPa?‘él%$h%)n30?Pl in

oddp (2 apdand Ehbeflandes dﬂlﬂhkﬁb;lﬂabhlﬁﬂfar$yproduced up
e e Tl Paaopat s Pl SIS AmE (2 3-HUERLL sxa%u in

Ive OXl

,tﬁh@cﬂﬁﬂntpaaderahlysﬂd@& mﬁikﬁbpﬁlsﬂhﬂ60ﬁtﬂaf9$ ohtdre

r&f&{]ﬁ@ﬁs@ d ¥sCoRb ngofféhﬂ?g C(‘HH&&HJH%%Q)&:LE% Eaiﬁéﬁﬂﬁb

pretreat I'n a hydrogen at nosphere.
thy dtirteged®e -under a hydrogen at nosphere is follomed
by a treatment with an etchi ng nmedi um Hydrogen
A ggé“go %s %ng, the silicon wafers are subjected to a
hydrophll;c cleaning and drying according to the prior art. The
cleaning may be performed either as a batch method with
simultaneous cleaning of a multiplicity of silicon wafers in-

baths, or by spraying methods or else as a single wafer

- process.

The silicon wafers prov1ded are preferably wafers made of

monocrystalllne silicon, S80I (*silicon-on- 1nsu1ator ) wafers,

- wafers having a strained silicon layer ("strained 5111c0n ) or

sSOI ("strained silicon-on-insulator®) wafers. Suitable methods
for'producing SOT and sSOT wafers such as e.g. SmartCut and
methods for producing wafers having strained silicon layers are

disclosed in the prior art.

The actual epitaxial coating of a silicon wafer is preceded in
each 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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10 preferably used as the etching nmedi um by hydrogen
chl oride being added to the hydrogen atnosphere in an
“anmount, preferably 5-20% by vol une, such that the
renoval rate during the etching treatnent is 0.01-0.2
gmMmn (HCL etch). 15 In this case, the hydrogen flow
rate is preferably 0-100 sIm particularly preferably
30-60 sIm The pretreatnent wyth addition O hydrogen
chloride is preferably effected for 0-120 s. 20 The
hei ght of an epitaxial layer that is to be grown

| p%?tﬁl?ﬁeebtd¥§¥%1$ﬁ%§f¥% g%%f%tgﬂlff361565élﬂ?tb%@fgﬁﬁbly for

chi ng treat nment
aaddreconal ¢y @Tl/%% ¥ ide P¥Phss displ acements on the
rear side O the silicon wafer to be epitaxially

coated as_a result of si]icon t che y
TR FBEATE ot A 1T I TOAhE NG BepRdt i hP Saofhdr® ©F he

shodabhowa bar t he kneeapmaekaa@flyt heaisqacﬂlceim hgafoentrgpled by the
the injitial f lic e '
SRl ngbff Qf@g‘@?ﬁtééﬁzne%tnfe% shlk ﬂyndi’@gfeﬁ{ m@ﬁeﬁ_ag

a t I's possible, by a
suitabl e choice of the treatnent duration with the

T%bgﬁkegrag%&% ARG E=ta] | Yly@&ogleﬁvatm@gpme; hes rfeanowed by a |

of the silicon wafer |ch | east t
tEERPERLEL etk g1 s%ﬁﬂl%@ga‘% %fdr‘i’%@% C%%O%&ds‘?exét -
prk@seabll pcagednss othd heahdag sledeumfby Haf@rrdgeg‘o ghloride

A b N SR Y i, v

SaeOBabydepbenei opndt ith?ét épiet agmaral 1Rty 169 etching
tSiebicmaAcWakes . oTheisy (Byymwagy (et1exaspl e, in the case '
of a silicon wafer having an edge roll-off of 120 nu

at a distance of 2 nuu fromthe edge, it is possible,

Thy theansasé, athélyhindkeyepr étliopatrabat 1§ oprabarablat 0100 slm,

w_r AP gl etching treat ment
pf—io%lﬁgg’glgtpﬁgf%%%% rate of 50 sl m to apply an
el evation of 120 nmat a distance of 2 nmfromthe

: T%@g9r@ﬂréﬁ§méﬁ@rwﬁtﬁkhdﬁlﬂﬂmh sifl ho@poyaf echladidsh is

plr& I%}é%ig%ggogﬁﬁ&tgoy $9PRensat (%s for the edge

The height of an epltaXlal 1ayer that is to be grown later can
be set by the duration of this pretreatment w1th the etching

medium.:

The etching treatment addftionally gives rise to mass
displacements on.the rear side of the silicon wafer to be
eﬁitaxially coated as a result of silicon being etched away at
one location and silicon being depoéfted at another location on

the rear side of the gilicon wafer.

If the initial geometry-of the silicon wafer has an edge roll-
off after polishing, it is possible, by a suitable choice of
the treatment duration with the- etchlng medlum, to apply an

elevation on. the rear 31de of the silicon wafer which at least

'partly compensates for sald edge roll- off to be precise at

those locations on the rear side of the 8111con wafer at which

native oxide was removed by the pretreatment with hydrogen.

rThis‘is done before the actuai depoéition of the epitaxial
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10 Consequently, it is already possible, in the case

of the silicon wafer to be epitaxially coated, to
achieve an-.inproved |ocal flatness in the edge

tegion and a snaller edge roll-off as a result of its
pretreatnment. 15 The R30 val ues for distances of |

mm 2 mmand 3 mmfromthe edge of the silicon wafer

to be epitaxially coated are gpeferably known, so

that the duration and flow rates during Hy bake and

HC1 pretreatment can be chosen such that _the roll-off
lahiegh onhehei $1 bbermafaierhaShasy e PYpBRY sbif rea@ple, in the

YRS erapl xlﬁc@l@ heeast rﬁa;rltnlgy a@loeegesa&epl $BF &t 10 nm at a
di stance of fromthe e ge&gf he SI|I on waf

th
AT TRy © ﬁa%emr Rﬁﬁ e &FSP%ﬁ%%% of E?rﬁ%ans of an

| }ﬂhﬂaBeN@ieﬁﬁ&Hﬁﬂdmi gdgeldd shetsal foon mefent tesdn and an
‘qdi %Q@b%ﬁg 99e£€§é£@3&n§u%% Eh%EegB qﬁ&ﬁ?&é@é b%oﬁo slm,

I's necessary on account o e origi hal
oG omhat RB0=PEvaEl et (R4 1S atoasgyStHaEe 1 RIpL From the

By aRdR30:3, A P etefs scharee (Bekf, Skgikh thalctically

IS to.say that a roll t her_ t han
carpsesely EHERE PO it %I%Fgg\‘?eF 177 % %38@5% B
and al so preferred to overconpensate 30 for the edge
oII-off at treat t t
d}%ﬁg v re%bt #%g%&%ﬁ&%%%ﬂg&% gﬁ gﬁg Cé JEEthe
sarliises wafler h*eO RB@ ep:rﬁweeééabs:oe&erim Ve ae‘&&w@ erhelmproved

Rt ?@E_Eﬁggs of nthee S ddeC A andNat BRa EDéE axdge8xroll-~of £
Teactor, |l ow rates and treatnent durations are

a5 & éleﬁlf}r“y' thoskh RIRHSHAE X rol | -of f at RR1 wmis

at nDst 10 nm (in ternms of .magnitudeY and a roll-up

bemgiﬁeﬁtfﬁg gééﬂg% 0%11 E&ngrﬁﬁlﬁmd 3 mm from the.
ere ore mmis at least -10 nm (rol’l-off)
eam ef Hbst sﬂ@c@m}v@ﬁﬁn tgppe mPitaxpatty cePakey are.

pl}fe%fe%bﬁgi k6w hes@r&td@ai}r@rauﬁaelbe gaar fedwor&tegr during H;
such that the R30-1 nnrofé%pe epi.t

R B89 P B VP o S Dot S oson Ry Gl CHeY e mol1-oft

which the silicon wafer has after polishing is preferably at
least partly compensated for at a distance of 1 mm from the
edge of the silicon waﬁer. 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 R3C

'values, that is to say that the R30-2 mm and R30-3 mm

parameters change théir sign, that is to say that a roll-up

rather than a roll-off arises at these positions.

Moreover, it is possible and also preferred to overcompensate
for the edge roll-off at R-1 mm during the pretreatment in the
epitaxy reactor, so that at R-1 mm, too, & roll-up arises and

the R30-1 mm becomes positive.

During the pretreatment of the silicon wafer in the epitaxy

reactor, flow rates and treatment durations are preferably .
chosen such that a roll-off at R~1 mm is at most 10 am (in

terms of magnitude) and a roll-up is likewise at most 10 nm.



After the pretreatnent steps, an epitaxial layer is
deposited on the polished front side of a silicon
waf er. For this purpose, a silane source as source
gas is added to hydrogen as carrier gas. The
epitaxial layer is depositetliat a tenperature of
Q0C_de n I I
R dr oS Tane Tesy” FeUat SPeTanty een a8 (Rl zoior
aﬂﬁlﬁﬁﬂ@w§oui%éwléFOth@Qosition t enper at ure of
1050- 1150C. The thickness of the deposited epitaxial
| ayer is preferably 0.5-5 pm Afterthe renoval of ‘the
Iteb?tQﬁFtéFPﬁaﬁﬁiaPé %ﬁqe?cEﬁF\ﬁQFePr??ﬁﬁ?FFFEFsﬁ?sE%pﬁ%ﬁrled
ou&hﬁn&ﬂ&ﬁephﬂﬁrmﬁaheak€d3001amIerEﬁaprEaﬂmﬂay teast
Qgggér@reffrabkgth%nan% gp rature of at |east 1100C.
ceor di'ng” to Exanple Yent s; le susceptor is
heated after each epitaxial coating of a silicon

Af\é@£ &he Bgel‘f‘f&%ﬁgﬁ!g@t gmé’r@'ep@f:aﬁm qg&/éﬁxﬂsaldgﬁfOSLted on
i

coated &ilicon wafer from thé process chanber. This
thleRRiifgeof FiHe sidt &Pt 6r 51 RPf BetTd GRBET1E RYtTGend

siALROSPNRRE, ad Ralirts @ sayadsdate H2 draken teparAdreras.
t he suscegtor has been heq;aﬁ_to a te er at r80352%5°c
[

TPeRRISFO00C T 18 P At i ¢

g ter %gra Ut &
deperfigwabhytfcoribaldd ssourds wredal ternative to that bake
step under a hydrogen atnosphere, the-susceptor can
be coated with silicon at a conparabl e tenperature.
Tripivevresilets S TES) esPrpfefdrvedseh ashéhe oritlére wfurce,

ateX a8 1 eNhOdABAL Seure12: Afdser1asspeci fi c number,
preferably 3 to 6, of epitaxial coatings of silicon

wafers in the epitaxy. reactor, the susceptor is
Ther eatcgdews tdr aheeddﬁﬁsmgednﬂﬁimﬂkiim)kﬂybstiiﬂpaebeidu}ySO.5—5
gSituated on the susceptor during this treatnent. HCl '
is preferably used as the etching nedi um '

After the removal of the epitaxially coated silicon wafer from the
susceptor, the susceptor is heated to a temperature of at least

1000°C, preferably toc a temperature of at least 1100°C.

According to example embodiments, the susceptor is heated after
each epitaxial coating of a silicon wafer and subsequent removal

of the epitaxially coated silicon wafer from the process chamber.

This heating of the susceptor is affected under a hydrogen

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

- After the susceptor has been heated tc 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

example embodiments.
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The susceptor etching is preferably followed by a

nmonmentary 10 coating of the susceptor with silicon

The coating is effected preferably for 10-60 S. A

| ayer having a thickness of 0.5-2 pmis preferably

deposited on the susceptor in the process. It is

necessary to nonmentarily heat,the susceptor to above

15 1000C in order to establish i dentical conditions

after the pretreatnent for all of the silicon wafers

to be epitaxially coated. It has been shown that, in

the prior art, the first silicon. 20 wafer that is _
AEpét axi gdof featedbatt eprafestlehy 1y ttar dat wénepdftarhal
c%%éfrg%é U£ Iéllq_%%%_r%g)%grgafn atlp@oéﬁgta!iﬂp q:leat‘clt@&‘r)e§ﬁe' nr ,

€ ge region. This Is assoclated with the fact o

seheeDEdt ds Aircateri Withr ent ARthing Tecd vEus8epfEPStEpke being

s SUSSER Un SWef acRceprsat ghaleg wild divdnegen. |f a

si-licon wafer to be epitaxially 25 coated is then
pl aced onto the susceptor surface saturated with
nhy dt 9 gersfdrtabily pessi BEethduetaigindengstietr.eat ment
under a hydrogen atnosphere, for the hydrogen to

di ffuse between susceptor and sjlicon wafer through
The suscemtwar ¢tichingeigi peeferrbbr e st & 6f MPRENtarY

cShtigPoMafiRy saRGptbi-PwarAys B0 dali VEhed)xiodeihbele. effected

Duri ng the subsequent epitaxial_coating.af sai 5
DR R LOG BonSeaRver sl it 1 HciPRsR of 0.5-2 wm
i ethefbmidy d@rpold tedapnstde, siscqaray cul &hej propess.

edge region of the silicon wafer, or else nass

“di spl acenents occur on the rear side of the silicon
Iwaf £ roe@Saasne Fer MOREREAGL LR PR ot FRATHEREP tREr £OoRPOVE
1656 @XM dey ttarshebn egdhf § @ant hea Naddnd taxnge alfager the

to the { f . Thi 1S t hat, : .
S TR [T T

chdreed@i ching treatnent of the susceptor, oxygen
predom nates on the susceptor surface, that is to say

.that- the susceptor surface is hydrophilic. This has..

T§ Heaefiesn ﬁhﬁﬂn‘&ﬁﬁﬁngiPhEhﬁr%¥+%%1$%ﬁﬂ éﬁetd%§sﬁeﬁﬁllcon
wstdi commalfLredi®b@ally coated after an etching treatment of-
the susceptor in each case has a poorerrlocal flatness in the
edge region.-This is associated with the fact that after an
etching treatment of the susceptor, the susceptor surface is
saturated with‘hydrogen. If a silicon wafer to be epitaxially
qoated ig then placed onto the susceptor surface saturated with
hydrogen, i1t is possible, during the'pretreatmént under a
hydrogen atmosphere, for the hydrogen to diffuse between

susceptor and silicon wafer through to far inward in the o

direction of the center of the silicon wafer and strip awayr'

native oxide there. During the subsequent epitaxial coating of
said silicon wafer, Silicon'can grow at the locations etched -
away oﬁ the rear side, in partigularrin the edge tegion'of the
gilicon wafer, or else mass displacements occur on-the rear :

side of the silicon wafer.

7 However; during the pretreatment, part of the oxygen is

transferred from the native oxide layer to the susceptor

surface. This'means,that'after the epitaxial coating of a first



processed under a hydrogen at nosphere, the hydrogen
is inpeded from penetrating deeply between susceptor
and silicon wafer since the excess oxygen on the
susceptor surface reacts with the indiffusing
hydrogen. This furthernore msans that |l ess or no

nﬁtive oxli de L cheg way., on .the rear side of
silicon wa ezi( af cthnIg treaﬁme Susce tor oxygen
I con wa nse uentlvy, con aI SO cann

porddrtieatemmons e S@IBCF]h‘@OISlSIuré@w wahef itsotbesay that the
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@Jff}f% @% R ORLE d8i L 1400 WA BSHDaS shapi fdLantly,
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ng il vieh e st Héde“rqlileé‘xaﬁ@r enefibddistenttde Réwehersiiftfen wafer.

c@%&h@@s during thes prehheai@nbnane Hdentdcrl of ofhe
|l of the silicon wafers to be epitaxially coated.

S#%V§ml§3%¥hF8J%HE%§t?ﬁ%3 §sE¥pt6r bei ng heated after
each epltaX|aI coating. This is because heating the
sceptor a h.e h t S
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entire area, for which, by way of exanple, a
treatnment for a duration of 14 20 seconds at a,
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uni f or since t ydrogen that is principally

W%%%%oﬁ%ﬁﬁ13p?% g?dﬁl%ﬁgamay the native oxide |ayer
nmust first diffuse between silicon wafer and

T '%S(_:Lgpgcqﬁ Qgéq{nﬁﬁqggdsugd&pgﬁp% l%rgec‘atewﬂ'!alfteert I%%cﬁ’x' de
i's renoved front side of

eitapgwh apaterg- Whth m@eﬁém&ieaﬁéﬁl%gﬁéf F‘é%‘f%or after

ed8l abwﬁimlr@@&w hw&h@e%ﬁee@ﬂf@a@\é@l 1@ft1ﬂaatsh1\a(@eptor had
oxi de on silicon wafer is

the rear s
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nmedi'um ‘prefe wi t ydr ogen chl oride,” mass
syficsptac emdns sligoourarr thd eiedr agpdasdfive hedsiel peoihe rear
sMRf gF. 1l ki €OR, Saetched away at specific locations
on the rear side (or else on the front side) of the
silicon wafer and fromthe susceptor coated with
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3}"@ gchynatilys Oxide issbil koSidt watadonTherefore, with
he” met hod 1 n exanple enbodinents it is possible,

durlng the pretreatnments in a hydrogen atnosphere and
with addition of an etching nediumto the hydrogen

at nosphere and prior to the actual epitaxial

deposition, to apply on the rear side of the silicon
waf er an elevation in the formof silicon materi al
which at |east partly conpensates for the edge

roll-off exhibited by the silicon wafer to be



15 also leads to an increase in yield besides an
i nproved | ocal geonetry in the edge region of the
epitaxially coated silicon wafers and conpensati on of
the edge roll-off by optim zed pretreatnent steps.
Conpared with a treatnment ofil4t he susceptor wth an
etching nmediumwhich is to be carried out after every
epi taxi al deposition and would have essentially the
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to their edge roll-off, neet the requirenents made of
starting materials for electronic conponents of
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Exanple: Determnation of the initial geonetry of a
concavely polished silicon wafer prior to
pretreatnment/epitaxy resulted in the foll ow ng R30
val ues: an R30-1 nmof -120 ma, an R30-2 mm of -50 nm
and an R30-3 mm of -30 nm '



Thi s concavely polished silicon wafer was epitaxially
coated according to the invention, the follow ng
process paraneters having been chosen: heating of the
susceptor without a substrate to 1100C, H2 bake
pretreatment with H2 flow rate of 60 sl mand
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approximately 80 nmat R-2 nm and approxi mately 50 nm
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19@; anelel; Qf g Lpktaxdflly coated silicon wafer can
be set to any desired val ue between -10 nm and +10 nm

by neans of optim zed H2 bake and HCl pretreat nent
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i gure 1 Figure 1 shows the thickness of a

Slridic%h‘ﬁlf% Rt REPEFISGAP NSt iEoP] et caAth an improved

edge geometry even prior to the actual deposition of an epitaxial

lavyer.

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 silicen

wafers.

Many different efforts have been made heretofore to minimize the

edge roll-off of substrates for epitaxy, concave polishing



18 Figure 2 shows the thickness of said polished
silicon wafer against a line scan in the edge region.
Fi gure 3 shows the thickness of the deposited
epitaxial layer 5 on said silicon wafer against a

i ne scan. Figure 4 shoms t he t hi ckness of the
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region. ure 7 shows the on a silicon wafer
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manner that could have ccmpensated for the edge roll-off.
Therefore, all epitaxially ccated silicon wafers known at the date
of the invention had unsatisfactory edge roll-off values. The
. example embodiments now for the first time make it possible to
provide epitaxially coated silicon wafers which, with regard to
their edge roll-off, meet the requirements made of starting
materials for electronic components of future technology

generations.

The silicon wafer in example embodiments is preferably a wafer
made of monccrystalline silicon, an SOI wafer, a wafer having a
strained silicon layer or an s80I wafer provided with an epitaxial

layer at least in its front side.
Example:

Determination of the initial geometry cof a concavely polished
silicon wafer prior to pretresatment/epitaxy resulted in the
following R30 values: an R30-1 mm of -12C nm, an R30-2 mm of -30C

nm and an R30-3 mm of -30 nm.

This concavely pelished silicon wafer was epitaxially coated
according te the invention, the following process parameters
having been chosen: heating ¢f the susceptor without a substrate
to 1100°C; H, bake pretreatment with H, flow rate of 60 slm and
treatmentrduration 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.



thi ckness of an epitaxially deposited | ayer against a
line scan for various treatnent and in each case an

Hy bake treatnment of 25 Figure 9 shows the thickness

O an epitaxially deposited |layer on a silicon wafer
against a line scan for variieus treatnent durations

with HC1 and an Hy bake treatnent of 60 or 120

seconds. 30 In Figure 1, the thickness of a polished
Fai [theosi Maberwiiavi rgiee-diadipteratefl B0Gmris pilbetitethts, a

fag%%'fﬁéﬁnéﬁfsbé Saffe & LRE,$GAR A SIGNHEL GRBL 1 i edge

ecrease int ness i s apparent 1 n the edge region.
rAd @ééeaaéﬁ@l%t@i o@toﬁ PishinFe akKeRmad A pER| SrHefae edge,

£13D clibvEl GUE8g e thert hi ckmessadfaisares Pelcshads iiks coibve
wafer is plotted against a |jne_scan rest |ct d.to an

tlé%ﬁ@f?]éej}cc?nlb’?e -agprox’ et My 342 1399 & ‘3pf§)3 ~éntm 15 +30
nt hatis henvedges roldoidffp.at a 19

As a result of the pretreatment steps, silicon was deposited on
the rear side of the silicon wafer in an amount of approximately
110 nm at R-1 mm, approximately 80 nm at R-Z mm and approximately

50 nm at R-3 mm.

By increasing the HCl etching treatment duration to 100 5, 1t is
possible to further increase the deposition on the rear side of

the silicon wafer. As a result, it 1s possible to overcompensate
for the original 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 approzimately 20 s and
maintaining all the other process parameters, the roll-off at 1 mm
can be completely compensated for. The R30-1 mm is equal to zero

in this case.

It has been shown that the R30-1 mm paramefer of an epitaxially
coated silicon wafer can be set to any desired wvalue between -10
nm and +10 nm by means of optimized H, bake and HC1 pretréatment
steps. Tt 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 the invention.

The example embodiments are 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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Fiirarerénskows tie coieksers ap

di stance fromthe edge of the silicon wafer of -3 mMm
(measurenment point 147) to -2 nim (nmeasurenent point
148)_i.s approximately 0.02 pm 5 Figure 3 then
illustrates the thickness of the |ayer applied to
this polished silicon wafer against a |line scan
enconpassing the entire di aneigr of the silicon wafer
apart from an edge exclusion. The | ayer applied to
the rear side during the pretreatnment is also taken

, Lgﬁ e 35 CONN sr¥ﬂé3thﬁggnggéso§uéQB§ oﬂf%ﬂ§@55q5§§5ﬁegafer

ues were determne formng t difference in
aGhlnkhe@slt@QWkEﬂlﬂﬁ@tbﬁlPQ&?a??@l%%ated and pol i shed
starting wafer. It can be seen that a thlcker Iayer'

was deposited ere n an t
F&%ﬁ?ﬁrg of ?Wﬁa?&ﬁ %@g?ﬁl bg% (EVen cl5 &nglal layer
ofi gt e éllﬂWbﬂﬂwaﬂmmNagahﬂsthackn@335¢ﬁntlua epi t axi al
| ayer in the edge region. Between the neasurenent
points 147 (-3 mmfromthe edga% and 148%3
pEBR Pt &% éﬂYﬁPﬁ l&othe edge
nis to say corresponds to the edge roll-off
exhlblted by the polished silicon wafer prior to the
epitaxial deposition. The decrease in thickness in
Figerenst slabwygednetuty ckeetheoc€f the @@npenséﬂ@dCb@te6y51llcon
i.tax [ JJat0 an edge region of R-2 mu. 25
W?E%rfog?om%ng ﬁg%%%ssg%araneters were used: heating
of the susceptor w thout a substrate to 1100C; Hy

Fbé&fepéeéﬁéﬁglﬁﬂg PMilchnE2sf bewehas eef £ 66 =519 abdted silicon -
treatment. duration qQf 20 s; Hal etching treatnent

WEFER R ?@%w? 3% 80 sImand treatnent 30 duration
of 40 s; epitaxial deposition by nmeans of TCS at a

Egsggglslgﬁd££W£§£QEﬂ_ %Eslégogh @pﬂgé%féfﬁy'%%b%s@Eed layer

deposition duration of 63 sec. Figure 5
of| na*ﬁwm@wemfsezt [raimiSEk Red$T6T SERR BT 1G4Sy treatment

durations with HCl without an H; bake.

Figure 8 shows the thickness of an epitaxially_deposited laver
on & silicon wafer against a line_scan for varioqs'treatment
durations with HC1l and in each case an H; bake treatment of

20 seconds.
Figure 9 shows the thickness 6f an epitaxially deposited layer

durations with HCl and anlﬂg bhake treatment of 60 or

120 séconds.

In Figure 1, the-thicknéss of a polighed silicon wafer having a
diameter of 300 mm is plotted against its radius as a line
scan. A significant decrease in thickness is apparent in the

edge region. An edge exclusion of 2 mm is taken'as a basis

here.

In Flgure 2 the thlckness of said pollshed silicon wafer is
plotted against a 11ne scan restricted to an edge region of 7
approxlmately 30 mm. It is apparent that the edge roll-off at a
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35 coated silicon wafer against a |line scan. An edge
roll-off is no | onger apparent, given an edge '
exclusion of 2 mMmm It has been conpletely conpensated
for by the epitaxial layer. 20 Figure 6 reveals the
t hi ckness of the epitaxially coated silicon wafer
agai nst an edge regi on of appf®ximately 30 nm The
edge geonetry of the epitaxially coated silicon wafer
has significantly inproved. No roll-off is
ernible ven a ure

B350 B onoyeTLan :ofse, pYslum Gl Lo, Hgure
m;aeurappnt epbint t1{e ) ed:@e ﬁe@norﬁm@ﬁswféﬂ%%rp%n&elé@ is
%8§b&hﬁgeeﬂ$f@ﬁngQﬁnst a line scan, for four various

1 pretreatnment 10 durations. A pretreatnent under a
hydr ogen at nosphere (bake) is not carried out in-any -
Figakansethét iXlwappartent theathbykuaess avf orhoflaves applied to

t.chi_n eat ur n o I
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8@ emcareadmmmeafoftt@ L EO TaESRdRRa? figeer an edge
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rations.-it_ is apparent that an e X1 al
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.et ched avay I
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eposition was e I n each case by-

 smeamidnof wIBsr at Tt O dEp ESien) 5ﬁatteﬁpél‘rna<tltﬁlé Isrvem 356E

R RIROSTRY @H‘é rédge ook brS kiahotofdr§eehe Thatdd idfowhe
rate was 50 sImin each case. The susceptor was

wRd&ed bef orehand without a substrate to 1100C.
Figure 8 reveal s in each case the thickness of an

BRIt 818l 5ex'r@:¥ eéléa&%x‘ 9% F3gle keALnsidesilwd the

SiTicon wa galnst 'l ne Scan, fOf seven varlous
thdtkpeesr et mtemﬁa&tﬂiaénéamrpﬂ@t FB&t REFe TRRfED o Between

e rea e rah8Rs he e btaiqe) -of m20 fsemOﬁﬁé t&geprariced 48
out nst ance. arent _t
(vgrpﬁtroahﬁfétﬁé %ﬁ?ﬁﬁrﬁftﬁh&gﬁégﬁF aﬁra?$€§%99%?ﬁ%%)o 02 pm,
that3@s126 sag oq:rdsreesporsiqod:svs ithlee edon mothrgef exkhibited by
t%n rB%;L’.L sh8a a?f’izi/ ?NI?%%{E dh ';&]i%‘?cs St%s’ t8E %1 £ 94140 cféﬁo'ﬁl tion.

ance o fromthe ed

Té!tec Heryeppeatmenti ety dns the |1§115|5ﬁ r%ﬁ?mt’tgﬁf i, therefore

RRickaskakbdl YLy Stldd Sepidepdsilt advee fntdhen edyarmbgion of
WEI%% is connected with the fact that t he OXIde on
e

- The following process parameters were used: heating of the

susceptor without a substrate to 1100°C; Ha bake pretreatment
with H, flow rate of 60 slm and treatment duration of 20 s; HC1

.etching'treatment w.ith H; flow rate of 50 slm and treatment

duration of 40 s; epitaxial depositi__on 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 silicon wafer against a line scan. An edge roll-off is
no longer apparent, given an edge exclusion of 2 mm. It has

been completely compensated for by the epitaxial- 1ayer
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35 rear side was etched away to further inward by

| onger etching. The epitaxial deposition was effected
i n.each case by neans of TCS at a deposition
tenperature of 1120C and a TCS flow rate of 17 slm
for 63 sec. The 112 flow rate was in each case 60
-sIlm 21 during the Hy pretregtnment and 50 sl mduring
the HCL treatnent.. The susceptor was heated

bef orehand wi thout a substrate to 1100C. 5 Figure 9

FF.%!Y:?Q' & f%% 3%“ t%S%h&Eﬁn&Qg ckpass %bl@axgauwxeaatea

app rear. side of a silicon, waf eﬂ
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s Lt Py TRBEE R P kebl- 71k Yo MACRERRRIR bhven an

eliye vatdlatdiom off Rhemet ching treatnent durations it is
possible, in a targeted manner, to apply |ayer
t hi cknesses of 30 to 120 nm.in the edge region on. the

Figaye o] deevsRlehénsierrboRagal Bre WA IRSRger efchPhgexial
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dubetieas. saqﬁemseatmhad avdyrtd Hydndven anweeghpye (bake) is
éu ! g% &lEN g go ngﬂékgnw bake and HCLntr eakpept

I'ons o 1 I n each case,. a deposition .
vesiatiertad hhegmtcﬁwna srREBTERT S foSeante 151 Pgsible, in

' Iﬁa&éé@éa tieredge tomeapuyeNBitr Flﬂilrtﬂcnﬁb&_éem'rbf Thet8080 nm at

1taX|aI osi tion effecte

hﬁ@mﬁ? f%ég iy LEEBY m@ g?enpé#%i%ﬁéqo %38%? -8
1an5g“@3 éﬂcdwrrgattea@ftn&its Idrrrf:tbwl@% deds Pppappnt| shat an
e%?ﬁ %QFIL t an% %g%% @Qpé%ﬂkgérﬁémfdﬂE%eHQ1nward which is

e reat | mdurjng the HC1 %65
cpReciR érﬁtté»r thes TRk BeboF O CRBHIP WL If T5o Side wes |
ctUhsd rats, 1o Falkloee. 1n%ar8ab§nlon§éﬂratdthgnEThedepltaX1al
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dep051t10n tempersture of 1120°C and a TCS flow rate of 17 slm
for 63 sec. The H; flow rate was 50 slm in each case. The
susceptor was heated beforehand without a substrate to 1100°C.

:Figuia 8 reveals in each case the thickness of an epitaxial

layer applied to the rear cide of a gilicon wafer against a
line scan, for seven varibus-HCl pretreatment durations. A
pretréatment under a hydrogén atmosphére (bake) of 20 seconds
is carried out in each instance. It is apparent that by
varlatlon of the etching treatment durations from 0 to

120 seconds it is pOSSlbIE, in a targeted manner, to apply
layer thicknesses of 10 to 110 nm at a distance of 2 mm from

the edge. With longer etching treatment durations it is

apparent that an epitaxial layer is also deposited to further
inward, which'is.coﬁneéted with the fact that the oxide on the -
rear side wés eﬁched away to further inward by longer etching.
The epitaxial deposition wﬁs effected in each case by means of
TCS at a de@bsition teﬁperature of 1120°C and a TCS flow. rate
of 17 slm for 63 sec. The H, flow rate was in each case 60 slm
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5which a multiplicity of silicon wafers which are
polished at least on their front sides are provided
and successively coated individually in each case in
an epitaxy reactor by a procedure in which a
respective one of the silicon Wafers provided is

pl aced on a susceptor in the epitaxy reactor, is
10pretreated under hydrogen atnosphere in a first
step and with addition of an etching mediumto t-he

AY9LQ9eR. 8 MSRRSLE thBna &@&Oml §1tne RiudificS ¥hseguentyatment ..
coat ed epltaX|aIIy on Jj d front side.and is

ThenBvEaeP o e a5 4esX el‘feaeil ShiP At & is TR t°
139seeptor is heated in each case to a 15- tenperature

of at |east 1000C under a hydrogen atnosphere, and
furtheznore an etcmééétreatnent of the susceptor and. -
Fagnoeedt vevexbatimeash chsestbeephbekiRth of [Grcspispsial

1g§%gcéﬁgligdQQ9hjﬁ§§%£§f%Qﬁeao§pgcéilﬁc@9Whﬁkmo%galnst a
epitaxial coat] ngs met hod as ¢

18P Aot (aer (o HELORE HORy P BLESE Coeis A 8en g

p@%ﬁ@é&ﬂﬂeﬁ% ?dwra)gmxfolg@w ramesphefe OHkes) mf 60 ar
ation.,o 1 t I

S BRBe019 080 o Tl 10, .61 U g

thekngy evd et eibmtoa tmajle@g@nnm SRR Een bf ARG Gt s

p0551b1e, in a targeted manner, to apply layer thicknesses of
30 to 120 nm in the edge region on the rear side of the s;llcon

- wafer. With longer etching treatment durations it is apparent

that an epitaxial layer is also deposited to further inward,

which is connected with the fact. that the native oxide on the
rear side is etched away to further inward by longer etching.
Thus, with H, bake and HCl treatment durations of 120 seconds
in each case, a depositidn'is effected right into a region of a
distance of 13 mm from the edge (measurement point 137 mm). The
epitaxial deposition was effectéd-in cach case by means of TCS

~at a deposition temperature of 1120°C and a TCS flow rate of

17 slm for 63 sec. The H, flow rate was in each case 60 slm
during the H; pretreatment and 50 .slm during the HC1 treatment.
The susceptor was heated befdrehénd without a Substrate to -
1100°C. | '
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4. The nmethod as clained in one of clains 1 to 3, the
pretreatnment with addition of an etching nmediuminto

“the 30hydr ogen at nosphere being effected at a

hydrogen flow rate of 0-109 sImfor a duration of
0-120 s. 5. The nmethod as clainmed in claim4, the
pretreatnment with additi-on of san ‘etching nmediuminto
t he hydrogen at nosphere 35being effected at a
hydr ogen flom1rate of 30-60 sIm_ 23 7. The nethod as
é?f%ﬂgﬂi ne of claine 1 to 6, the susceptor, after

fes'€d to a tenperature, being kept at that
tenperature for 5-15 s. 8. The nethod as clained in
one of claims 1 to 7, trichlorosilane being used as a
source gas dur he epi taxial g¢opatin d.g. .
febosFERon 1A achEPLaETOBo eeed ilifgn waters, in
neinodhas wbat it dinyond eilttanmeafetn w8yidyeregenlished at

 ohh gl e Relng sat s < hecLeb! Bl PR B AE g LRE ve1y

0 e suscepfor and
preDaEa@nsmilrﬁdudﬁiEy1M|@éﬁhmaﬁé? in (pn MR bRghegagsor by a

cl gi-gedal fie onte 1 A @ %sﬁebel&a the &f ldorivakenswatfers

prOV|ded belng waf er s made nocr stallln%

S,pr@gh ed 1s placed on a suscep or TYSHEE epitaxy reactor, is
pretreated under hydrogen atmosphere in a first step and with
addition of an etching medium to the hydrogen atmosphere in a
second step, is subsequently coated epitaxially on its
polished front side and is removed from the epitaxy reactor,
and afterward the susceptor is heated in each case to a
temperature of at least 1000°C under a hydrogen atmosphere,
and furthermore an etching treatment of the susceptor and a
momentary coating of the susceptor with silicon are effected

in each case after a specific number of epitaxial coatings.

2. The method as claimed in claim 1, the treatment in a hydrogen
atmosphere being effected at a hydrogen flow rate of 0-
100 sim for a duration of 0-120 s.

3. The method as claimed in claim 2, the treatment in the
hydrogen atmosphere'being effected at a hydrogen flow rate of
30-60 sim. ‘ ‘ ' '

4. The method as claimed in one of claims 1 to 3, the
pretreatment with addition of an etchlng medium into the
hydrogen atmosphere being effected at a hydrogen flow rate of
AO 100 slm.for a duratlon of 0-120 s. '

5. The method as claimed in claim 4, the pretreatment with
addition of an etching medium into the hydrogen atmosphere
being effected at a hydrogen flow rate of 30-60 slm.

6. The method as claimed in one of claims 1 to 5, the susceptor

‘ being heated to a temperature of at least 1100°C.



SO wafers, wafers having a strained silicon |ayer or
sSAO wafers. 24 Abstract gpitaxially coated silicon
waf er and net hod for producing epitaxially coated
silicon wafers The invention relates to a nethod for
producing epitaxially coated silicon wafers, in which

a nultiplicity of silicon wafers which are polished

at least on their -front sides:%re 10 provi ded and
successively coated individually in each case in an
epitaxy reactor by a procedure in which a respective
one of the silicon wafers provided is placed on a
susceptor in the epitaxy reactor, is pretreated under
hydesgeatkedoaprerainad dnf cpst oft ea el Wittch Gaddhei ensceptor,
of afifef! B&imY HERM AT al RembEr AV Er O98E M TISPREEE Hhat
a geconjga S&rgé)' s 5s"_Lstk‘,)_L‘sequent 'y coated epitaxially on

[ tse%?l e fﬁd‘ﬁnt "d&-and is renoved fromthe

epi taxy reactor, and afterward the susceptor is

shepiethdthRAGR CASENEA Ant SARESALME Hf jal J gast
1000C under_. hydiggen at npsphere, an urthernore an

et T FY 596 DFHRS9P [t B aRE Sa B RGBS
comtiitregaiafl thetsugceptioa fepdesisiidre armpeeaehi-@chbednd n
eayycasegatter a specific nunber of epitaxial
coatings. The invention also relates to a silicon
waf.er ‘having a front 25 side and a rear side, at

9 Il auet mchbolir ast T:&hﬂﬁe@e::trﬂgarfwwﬁ faﬂ_@.é.ﬁtﬂdlﬁﬂo ep) t@ala;dqen

[ LN | on.lts front. side,..characiterize

g o8l B8R0 B0y ol '<i00ind PRaLEY REELS i
cGreaspenti af tlheaswrsentidnmnd deréngi hed ptetreatment of the
dgstanes rd-mm fromthe edge of the silicon wafer -
of an average cross -

10. The method as claimed in one of claims 1 to 9, the silicon
wafers providéd__ being wafers made of monecrystalline silicon,
S0I wafers, wafers having a strained silicon layer or sSOT
wafers. ‘ '
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30 section determ ned by thickness neasurenent with
respect to a reference line determned by regression.
Fi gure 6. ' -

24
A'bstract
Epitaxially coated silicon wafer and method for producing

epitaxially coated silicon wafers

The invention relates to a method for producing epitaxially

coated silicon wafers, in which a maltiplicity of silicom

wafers which are polished at least on their front sides are.
provided and successively coated individually in each case in
an epitaxy reactor by a procedure in which a respective one of

the silicon wafers provided is placed on a susteptor in the

epltaxy reactor, is pretreated under hydrogen atmosphere in a

first step and with addition of an etching medium to the
hydrogen atmosphere in a second step, is subsequently coated'_
epitaxielly on its polished front side and is removed from the

epitaxy reactor, and afterward the susceptor is heated in each

case to a temperature of at least 1000°C under e'hydrogen'

atmosphere, and furthermore an etchlng treatment of th
susceptor and a momentary coatlng of the susceptor with ‘silicon
are effected in each case after a specific number of epitaxial '

coatings.

The invention also relates to a silicon wafer having a front
side-and‘a-rear side, at least the front side being polished
and an epitaxial layer being applied on its front. side,
characterized by a parameter R30-1 mm of ~10 m to +10 nm,
corresponding to a deviation - determined at a distance of 1 mm
from the edge of the 5111con wafer - of an average Cross
section determined by thickness,measﬁrement*with respect to a

reference line determined by regression.

Figure 6.



