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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

88££Q£| g:.fn.crggxon %S e aﬁl@oﬁgﬁc&- Ig%:ﬁcgucmg

oprocesggrs Of ~ NEMOry
(substrat es) ﬂm-hﬁislt-ﬂhgmataﬁqmlﬂ-enentmm of
gl obal and | ocal flatness edge geonetry, thickness
di stri bt tlon si ngl esi de-ref erence. l-ocal fl at ness

Th5 dRSEBhO @9)1 f-Pe B0 RPE B Behe asitate siddgpredater

arfore metdeed o roedectngnips catbalne afdditR@ £016B6n 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

185530400 L 08 B AL St Pl 00,

| 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,
Lobed eirdea 558?0%??’5‘? Y oy e A Est purbmm, inale-
sidenxai&qpnﬁesﬂucbédflaynasé [manﬁtpp@ndgﬁmraﬁ@nnwéé&bm from

AekBPL | qmg¢ ol known from
eDE 19§%%§§$q@?§9% exanp E%%t# “the

tradi tional S|ngle S|de pol i shing nethods generally
Acd:@aﬂu‘tg) tpoeherppianears30 af il &H&erp@éqhsllﬂé '};&'oduced by

> SO diiat, 0 e L B B e s
ﬂ@%r\ﬁ:t KorRGIRw cthe [madhans.calivt hensastvefadges,
c:am}llrﬂghendtsb.hl EOFeNBFLISerP ] @BPEriSding or lapping
followed by a polishing. EP 3547894 Al describes a lapping
method; grinding methods 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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35 accordingly made to achi eve the requi repl-fl at ness

by suitabl e processing steps such as grinding,

| appi ng and polishing. On the other hand, DE
19938340 O descri bes providing nonocrystalline
silicon wafer with a layer grpwn in nonocrystalline
fashi on and made of silicon wth the sanme crystal
ori-entation, a so-called epitaxial coating, on which

015 1L GFrhepi np]gﬁ pljed lLater. Those
2pi £ ax] agéyﬁgﬁg ed SI#%’C%]& erds‘,?‘ SHAVRSR PTAVHIING 2
c?\Fécﬁ’ts B P15+ F9 grndmar é'flé:hm_déapér hotoge NEeUS

mqmtcemsablfma BUSHIRIE e Ry ot boR: 0 d“gg 8% same

:
cz&%‘ﬁ%ﬁs @klé&%ﬁ:&% g hae ﬁs\g:i&%? L S o L@paiyp-ggﬁ which

hort circul
e PS%%'PH-}@ cmc@;@nmmq Eee 1ifedr 1axaﬁplaa1c5@d lt&%@axlally

atatiesi Of cZORS Ao | - a art| cl es”
ot e iy v A 55
? % CE? r°cu%t°“}°9'?ﬁéeﬁﬁé t&k’ﬁ‘@én %?Ié(ﬁwmees:henpreventlon
Ofc@nﬁbﬁt@’ﬂ Tepleosanit inehipaSapr. %9%0111%51%0&‘1%%%8' BY the

ers

sh@;@ttmdq{ IO [ e y silicon_wa
Gefle PI oduced f?%lr% ghﬁ@é%%l:plfe é’% BFERGERS - pyower

NER ?1 BELa1FF0dESE %ﬁ@@h%erﬁﬁumd‘rmmlbemobﬁsttoyg {"erystal-
crigimtegblashinles ¢l 8601 AUss €L LA eaﬁoggg-@g%lable

o [ S Xa Ie a net.hod for pro%u0|n
,QQAhﬂ?é%%&%% e#g§#¥§ ??a&?%ﬁ‘%ﬁ?eP 8§§6ﬁﬂt§é8©npltates
2 HERSRE - §?é@ﬁ%‘aunem¢mcpmﬁpxd@@ yng-the follow ng
process steps: (a) a renoval polishing step as
(b) (hydrophilic) cleaning

o St e
Ac&g&‘?‘&g H JE“%‘F oy gl"‘?-"ffc'or?md?aé?lal ¥ (ojtepdesibadoreMatrers
are@rpﬁgceaomxfs.mmbxé@ﬁej&uﬁ@ﬁw{o@fﬁ&t@ by means of a

bgg@eg edr.ees St US
pro Sl ﬁ% d?}%&epo& i on b?ajarp%ﬁlﬁ*’fgm_

Cle?ﬁ' t axy reactor
orFRHe ¥ -ont si de of the pretreated silicon-

vvafer
DE 10025871 a1 dlscloses for example a method :Eo-r producing a

sz.l::.con wafer W:Ltb. an epitaxial layer depos:.ted on the front
side, said method comprising the follow:.ng process steps:

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

(b) (hydroephilic) clea:u.ng and drving of the Sll.‘l_COIl wafer,
(c) pretreatment of the front side of the s:.llcon 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 to,rprotéct 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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30 It is custathary, in order to protect silicon
wafers fromparticle |oading, to subject the silicon
wafers to a hydrophilic cleaning after polishing, in
accordance with step (b) in the above process
sequence. Said hydrophilic clganing 35 produces a
native oxide which is very thin (approximtely nm

dependi ng on the type of cleaning and neasurenent)
t he course of

%E;g%féggﬂéﬁg gxi-ﬁgggﬁﬁiaxy S%§£F8Prﬁﬁ ﬁéc%rﬁ%ﬁﬁﬁﬁatment in

tPICEFYUERAFEYT | in Adnatdeges at.irbsphier esudhiy in a
k|IIed

k BRRBE t
Mg&ﬂ RRBEDSELD, |ha %&e@%‘é@m‘aﬂt Qgelg :% s; nédh s(% known

nas

: tﬂf@kevvl Se %F%Jr%‘gguthghg 6:;%1 PEaFF%énFe@e’be@fa&eé the

~actual deposition of the epitaxial |ayer, the surface
e silicon wafer is

14 QUEhRess QEE'J h%_ fﬂe%tsgekggvlée&ha§ W apa o Rt step

.educed and pal ects are
PRSP aLaS AR KEDAFEAOR AT éhet@prJ@gnit bevatd,y the

surdatedrofghinddy s;fpm0§.eonaysz\@é! Of ﬁi@mjl%coi”wafer is
drogen chlorid

Ry e T LU N

carfi e
By 8 « aﬁﬁﬁgpﬁ@rb& QﬁltﬁxEﬂllimﬁnahﬁﬁl*ibr anskl plepose,

byS® o@f dQfmaxanghe i

ch%gﬁf ﬁ%% trlchlorggF#gﬁg ﬁé%aﬁmiﬁﬂé§%§{%%se%ﬂs hydrogen
3 HsitFafeTT5re12ut plPBéf%q’]aB?%%qgr iadHiedt 69i thane,

hYﬁgogﬁsuﬁtnnﬁahere t he hydrogen atnosphere in an anpunt

such that silicon deposition and silicon etching
U|I|br|un1 Bot h 20 reactions proceed at

oFL &M aI r
Sy a@ﬁt 1hi hstians iwpracs e Iohoweveplessilhae (SiH,),
dlshxlqmlanet eis\0f peecd ScHmidd= 12nd t('i@ss UEEAEE )i B -

e are . r on t surface.”
ﬁe sP1|§%EQR§f£§£¢%% %ﬁg%riﬁﬁ FPIiang s is also
ad toghBEdueren %mﬂﬁnhaaﬁ dm epi bawpiiak kayerthat silicon
de@mlmyl éﬁd%.@lﬁco%ﬂ&hﬁfge A8RGah N par E&;ﬁ“if‘&iﬁnt N&en
remoggnggg% | r dust r f|f %rt he _de QSI tion
epi t axi r Jl&@ﬁ*%ﬁf Agh aF@aEEEE¥|¥ﬁ%?dn
hcv{eﬁ-@rpr p@rthqﬂp s:.llcon on the surface is mobile and the

surface is smoothed and defects are removed on 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 dapos:LtJ.on of an epitaxial layer
on a s:.llcon walfer, are descrlbed in the pr::_or 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 heata.ng 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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30 During all coating or deposition steps, one or

nore silicon wafers are heated by nmeans of heating

sources, preferably by means of upper and | ower

heati ng sources, for exanple |anps or |anp banks, and

subsequent|ly exposed to a gas4m xture, 35 comri sing

a source gas (silanes), a carrier gas (e.g. hydrogen)

and, if appropriate, a doping gas (e.g. diborane). 4
dee@-‘pﬁidqmnhmﬁbepfothe hepiepashaxyedceatt Obere8E VBSre as a

sﬂiﬁfcﬁ:@%o% %HQDQE.ELJ:&E J:rgﬁ?e ] llﬁﬁol%gw%%x%r Bﬁ%%ﬂgowferthe

oslag g t he epitaxial laye .
EFg:s%t’:& Fﬁ@rsu%%p?blﬁl‘%ﬁﬂ Mﬁﬁﬁq Irﬁtgupnpbhel suscaftor or in

mmeasuscppbﬁtlws o Eefhd Qsﬁt&’éﬁftﬁ)xﬁ 14N bf:@éﬂ“ 'asaéﬁg?&e
e Sili.non er

rﬁohgégiﬁ ta.tgge cggt%.[eqtq d §‘°—F§d51‘ﬁ?oﬂ¥t% SLlJ.con

genera 'y ho
WE@@HP ceRghich peremdance Mistiert e geposited, Ihen the
sopt-eeegsschanbers of 10 epitaxy reactors are designed
for one or nore-silicon wafers. In the case of
sillicon wafers having relatively large dianeters

-In(gerear@nedanitdr @uguaribe 3@, nthe pﬂ':cb@da@s Ve{ebers of:

eph€ OF Sa A K-S | siznce e latter are known
- fo?i%helr good 15 é%?t%ggd zﬁ%y@%Q fredytticon wafers.
regularity. The Uniformty of the | ayer t hi ckness can

Inbeheptase zed #i}ll\lﬁahi S cBasuiesg fé&a%@ 9al¥e qiameters

985, HCL3
.(g?‘{"%%fr Bcgjfagi??’ng% é?a nﬁmgasmrl?"ﬁ]e? YRRRT &gactors are
USE3 e 551 pinge @h&nén‘ahgerheraeb@mn ifmr tényier gboge

epDiazaldie G&Ve@ﬂ&hb.@kh@@ssﬁégﬁﬂ?&ﬁ’ity.zome uniformity of the

layer thickness can be optimized by various measures, for

-example by altering the gas flows (H,, SiHECL3), by inCorporating

and adjusting gas inlet devices (injectors), by changing the
depositio_n temperature or alterations 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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In epitaxy it is customary, after. one or nore

epi taxi al depositions onsilicon wafers, to carry out
an etching treatnment of the sueceptor w thout 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

Chl ori de (F[l) for exanple, is often already carried

B

haseaﬁieomnsaqdem@e radtatc 5% edt ale epiparialint |doaacfet<hr5111con

| wé%grsmd%cﬁﬁfc @%ﬁ%&k{?%ﬁ&&%&t‘éﬁ&%? ?gylg%lzg)lé ess

case 0O in epitaxia
been shown in the prior art that sonme of the

Mdiﬁo&;@f&l a|th¥|§ﬂk’ii_tcﬁﬂl Sialfiee@n e@aﬁceacSamayez@ated in accordance

gni fi cant Y. Roaqrer, c

ST YT FRATRAD (S e
seninotha tesicsu Fespror (ueslg@arplbdo%@t aﬁl@h mlready

o&ﬁk%a&hahhg%liéﬂe@q%lﬁﬂcgﬁcQra@é%@; e rzaalaml%p wafers
e Sl con V\B.

ob d,that .i.,n_each case
aep RV A PE i OB CoOReuE Bot e lh T L JCRbRaE he edge
rcxlﬁeaﬁﬁeat:_sl@dﬁ bict snacsicgni Bdgantbyiomodt eoncevally polished
hhaknegsebP {herfdge.r eqi one \é‘éh‘EQr{ nl:l{&'* S 3 %sE Sin its

e consequence _that 25% of _the epitaxia coate

-thépimesﬁ R (¢ reeenBel PRE F‘ea%‘Flfeé\‘fﬁltJél rRdekpess only

atleﬁaleﬁbatness 5 Moreover, the silicon wafers

epitaxially coated in Accordance with the prior art

exhi bit an undesirabl € decrease in their thickness in
Thehedgel ggerrrjizon iEeugeai by | GuRafIiiwd A aioesddyioecans or
nok8 é&g = PRb1shed shi-beabeval @hscht houSily ceNatal @bSthe total

crtipably 0010 el aheg Concave, Youp ghdendgefes et

- frpegi @wi/ dr cacawely pofli whadhstkiden um#r%rtou shﬁhanherzze

thbNch DEALMBS opRePehN@E8a888 el Ini {1 HHiChRGSS bEVahd

SJ-ihe edge .and has a decrease in thickngss only at the

R L Fhetedds GEEReFPEPE AEuHITy £t PEdTRyRE
andpeci fydngsigee odr ther eikidgenrebfenf fiksariaeetior $tuhedbe

reb‘f‘c%igl |c)/né % th%c?it %c}hﬁeégﬁﬂnbh":ﬁgn&%ﬁa gol@.«-%'flf' 89”81110011

r.or_to e edge geonetr its front and
waiges i (PRAIDRR h ER. DS (ABBLt GFor a0er Be (£ABS)
ppcus3-Besily observed decrease in the thickness of the
20 silicon wafer in its edge region or the flatness.
of front and/or rear side of thé silicon wafer
Eddé kavilseoihparsmetgesregfonridunetoetirodicknreasafi ag

sidhef %e&o |thOLE 8+ 8Hhi£OA 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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wafers is described in Jpn. J. Appl. Phye. vol. 38
(1999), pp. 38-39. 25 Edge roll-off paraneters
referring to the thickness of a silicon wafer can he
determ ned by neans of the topography measuring
system NenoPro NP1 from KLA Tancor, by way of
exanple, by firstly cal cul ati ng 360 radi al cross
sections with 30 a spacifg of 1 of the entire map
(topography, "Wafer Eau") of a silicon wafer,
paréﬁéﬁéﬁ g pmoﬁhEedenfer eﬁamp&ﬁNwﬁxndetﬂmgL@ﬁﬁgsth@ deviation

sectlg rga a %fggé'é@é%lénsgﬁaofﬁeSQeiékéﬁte line
Ys | eac case) and all 6¥{?9|al CLOSS | . odge of
det@@mﬂe@]nby'arf@gé@éﬁaeédf?ér eAtRE G g
+he Wi . oUgggll§f§ﬁem3@L3|nme;%&a@ébestfdn1: ﬁlsgance of 3 mm and

calculated fo range o e. of t R
n KR035 %WTH%Q%@E%?ﬁe Buge d?“?% Wal e% m@lﬁ??ﬁ Eﬂé éﬁge £ the

511ﬁmmmﬁmﬂﬂérsyndeppysoblyhgn@@§@e¢%@qe(ﬁqlqa§ gq@rgﬁgarmlned as

wellOUtIf( %ea%‘?éii‘ebﬂgwgf@f @éé élbeed(;’lﬂlr@llt—bh‘fﬁkneﬁe consssponding
i ons), ar anet er i s produced,

R301Rﬂfﬁﬁﬁﬁﬁﬂﬁah%ﬁffd%t%?ﬂ?ﬁ%ﬁﬁ Fﬁ gevi ati on bet ween t he

aver aged radlal cross section and the reference |ine

As egft %g#gee ﬁgrE§359$efﬁ&séiglétﬁﬂ“ﬁ%ﬂgid%rltﬂ@‘deVLations

vally an R3
betwagna@gpgpgﬁoradlgpgtgﬁ@gs gegthﬂp%daa%:ﬁﬁgﬁﬁbqnhngle traces)

 and itRPaLEERLREf Dind ghatamee ©f tnmirf romofihecéfigeabfe for each

the silicon wafer and SS a i
ccctits Borbintnchy i 811400 P P4 FTRELCHS ELiBR, conoicered

111tﬂdgeommbktobf,thhepceﬁﬁ@ﬁpbﬁﬂ$ﬁ§l980 paraneters have
a negative sign. 10 As an alternative, it is also

possi bl e to consider the deyiations b e
In thedicegle efosdldseni Yasepar "Beetor Mg ¥§h rg%gg%%Bsgquently

eplﬂd%idﬂi b@ﬁcedlnneaandrdhmsetWﬂtﬁnﬁhﬁwRihqy Brﬁffthe R30-1 mm
edgg/érol& e %% gm%—:%%&%:ef??ﬁiﬂer toVEE agel edaesd QJﬂ +0ff silicon

S “are consi in the context of
wafepr dgent mﬁ@@mau@lﬁ of5 1R Pﬂeoéaéég%‘?r nﬁSX G Wéé SF‘?mple' the
Fol MRy %&Qu@@'w&Eédd@ﬁdrﬁybéﬁqﬂentéysxﬁmdqnuwﬂﬂe¢ epitaxially

coat.éd i n accordanc r h 1
coa &7 GO nﬁgrg&g thg ?E???néggo gs?h?éﬁﬁggé—g?‘nm, an

R30-hemsbEi €b®b waf e:-md@gl §3ﬁabrﬁm Ge 874 I’H‘O nm or
hi gher. By way of exanple, the 20 fO||0MAng val ues

wer e determned for silicog § O@g
Embodiaedd s 9 Tatl6r dAEe WFh e %ﬁ r ar gg%‘%:%%w
epltcafxmalawasbaaangsaslzlmmwafe@s wmlahdognthr@oorle At makes a
hlghé% Yléﬂd possible and on the other hand makes it possible to
produce epitaxially coated silicon wafers with a low edge roll-

off.

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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Enbodi nents of the invention seek to provide a nethod

for 25 epitaxially coating silicon wafers which on

the one hand nmakes a hi gher yield possible and on the

ot her hand nmakes it possible to produce epitaxially

coated silicon wafers with a | ow edge roll- off. 30

According to an aspect of the invention, there is

provi ded a nethod for préaduci ng epitaxially coated

silicon wafers, in which a nultiplicity of silicon
in avederendhstdp ar eupskgsabedlat epedstcien lyheiortfingntthe wafer on
its %&?ﬁ%& PLOYL d??déndaﬁﬁc ‘E%ﬁ%kr\iﬁllgy +&ad w'a'%%' V'fq:lé?f! lhe epitaxy

n an epl reactor co I SI ng | aci ng
reaw,ofarmea%ww@ﬁdwah@%laﬁ 5h§u§@§r§€&ﬂiqrn tlohé‘ temperature

of £Pilaxyt reded org. pagliceaki Rgdrbgenabemouptiered and after a

at nosphere_in.a-firs step di.ng
Spe%{‘%hcf ﬂal% unt t P }E%Xﬁgﬂ}%‘r 883nlg Et glrlg'& t%% susceptor
fOleMEﬂKbEH&ﬂmOEQMSQQMeﬁDBVléglpéxﬁé?l?“@@@@tﬁg Wﬁéh silicon

whe M8 £ 100 éiﬁl&@wﬁg@ng agntchgnh:e@te@m@eaemvIan@atrla@eter R30 -1
wafer fromthe ep |tax¥?reactor after

mn gt it e CUsE oo SPb SSPOREAPE: hPe Sl adgy ot

dlstﬁﬂhb(bftﬂumm frbydtogendatnosphéee sidndoaf werfea,50f an

aversaf%gm‘g ﬂ#g%e cpés pg&émh Goat! QQ%P%E‘%h't%g A heference line
cep a nonentary coating of th

det%ﬁmﬂﬂﬁﬁ(thWQQF%$$¥@Bﬂ wherein the silicon mafer is
characterized by a paraneter R30 -1 mmof -10 nmtao

COorrespo dln Vi t | St. .
noocsty ke 2hr SHREATHRG: LBty SRR OGR! Al Ghviea o
methave fagepthiokhags epioesisdbyi opated hs i bbpettwaiens, in which a

multh %fl%%geokl Q@l@@bﬁr ﬁh@@ésbwh&@g[ﬁﬁél]@@hﬁwrﬁ N@ds® on
ere | s

enbodi nent of the |n<§§i|on %ﬁ (?
thelﬁ?etfl’{@éltf Sr-d5todid iy Spdesi FY S e T § Y ccocﬁ’ite
lndnmmﬁaeslylmnmhach aatb nul ahpkpttayy ofeattdécdry wafiergedure in
whicH Cgegbg gﬁg BF LRaSLi9Rcont Pekdr MMy RILLS s
are 8 an succe33|veﬁy coated I ndi'vidually in
each case in an epitaxy reactor by a procedure in
whi ch a respective one of the silicon wafers provided
is 7 placed on a susceptor in the epitaxy reactor,
is pretreated under hydrogen atnosphere in a first
step and with addition of an etching nediumto the
hydr ogen atnosphere in a second step, is subsequently
coated epitaxially on its -polished front side and is
removed from5 the epitaxy reactor, and afterward the
susceptor is heated in each case to a tenperature of
at | east 1000C under a hydrogen at nosphere, and
furthernore an etching treatnent of the susceptor and
a nonentary coating of the susceptor with silicon are
effected in eath case after a specific nunber of
epi taxi al coatings. 10
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In the nethod according to enbodi nents of the
invention, firstly a multiplicity of silicon wafers
whi ch are polished at |least on their front side are
provi ded. 15 For this purpose, a silicon single
crystal produced according to the prior art, -
preferably by crucible pulling according to

Czochral ski, i5 separated;into a multiplicity of
silicon wafers by nmeans of known separation nethods,

place@%%g:gaghgcgﬁ%&rﬁnséﬁ ngp ¢ by freeet(0rs| W preterated under

grain (djianond w.re). 20 Further . .
hYdIQ@§@hahm@%Ph%¥%c%%§?Hﬁlgﬁéﬁ§e§rgngfwég?é%gég%%ﬁlégfan etching
mediugegBenht ahydidgie sirdepyeiradinga nee¢wds t88E) 1s subsequently

si nul.t aneous_doub] e- si de: g{d ndi g et hadgng i moved from
Coa?%%886%8¥a?§§yggﬁn%?%éb, Cpoﬁﬂgg i ng. %helzgéztgg ‘1 each
the atfigasyl reontaaf ernfing FLEF WY SpthondtISPR2S prdsehf - +° ©
case TBChapLE grg?ﬁféng?_?ycieéﬁtzﬁ%ﬂﬂ”ﬁgmhdefoahhgﬁpigem

an essenti a rectilinear [ sihkcen t
atmospRELE ofhE %H¥F%?KT?r?sa%éﬂ%#§fﬁg?6%%gggggdsgs wel foooorp Ord
and o edgenteugdcogtisgges hbechugeemErhgrhth F0-GRam ¢are effeCt_e
in eddn®RGERNLFELEPS GRBR irS N Gutbeaniory cpiid setichi ngatianss .

are additionally provided. After the grinding,

cl eaning and etching steps, the surface of the

Tn thy hic@@bdWatebsdiiags Epothieddbyenesoval tippl insHmg.on.n firstly a

multi) ?gﬁ %Z?gfﬁgfgégglﬁéfégg P s R0 Jo3SRBhedskki €8st on their

uring processing on the rear side on

fronta siae iare mrerelggdreans of cement, by vacuum or by

means of adhesion. In the case of 8 double-Side

l'ishi DSP), . sili . f e [ I i
ror BILLENLEALADD PLLLE oD el syl st gosslaing vo

the pafidrr eat,spdefeshbilyt byecustyblA Buh%ﬁﬂ%ra@§Q¥%ﬁ99ufo

czocH =98k gt %@EQrQEerﬁﬁﬁoa@%@lﬁWciﬂ@ ihisig ipbat eafers by
covered w't pol,lshlngr1 . . {th

means of known separatilon me ods, preferably by wire sawing wil

free ("slurry"™) or bondedrgraiﬂ (diamond wire) .

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 orientaticn 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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cloth. The front sides of the silicon wafers are then
preferably polished in a haze-free manner, for

exanpl e using a soft polishing cloth with the aid of

an al kal i ne polishing sol; in 10 order to obtain the

flatness of the silicon wafers produced up to this
step, the material renovals at e relatively small in
this case, preferably 0.05 to 1.5 lan. This step is.
often referred to as CWP pollshlng (cheno- mechani ca
dﬁﬁ? SHI neqishing (RF Rk urel Lioamederporre himepridi

lettepninmml ar shaner Sobhat et G %Y)Qlirglﬁgdﬁl %I:Ptthe_l_ hfront and

r&%xfaéhc{é% %nggégn%&f%f cordi n?tﬁ-wté:\n B%H:ng rﬁ%@”” between -

eani ng na P
2Ry ¥RPey Mgt anéewsr pekidhigop folatey chvp:keﬁlw;ytlofa polishing

cBhdH.con wafers in 20 baths, or by spraying nethods or-
el se as a single -wafer process. The silicon wafers
provi ded are preferably wafers nade of

Thep foonys salles nef sile CB).G,J.CSﬁTw(af&trlsl £08- ﬁ[ér[l%_jﬂéﬂéi*ab)l

paleics: 125 VAl LL Sehav kg, g %a&” Jodild GO AP ort

str.al ned si 1 con” Stral

("
pliEhdpE- 6hotR st rﬁhe) awéf @rfs ansaﬂ-kabi@ metliedsing sol; in

oifderSEb andaslsoaha/\@fl@rtsle&@cafa&h@ 11 5 tmgﬂex%n?;mduced TP
| Con

_ d f h d .
oEbBadsclor MOMEAd LRSI 1, MLACE bl oo

| ayers ar T AT Sl
théﬁl?ﬁﬁﬁalp%ﬁﬁﬁﬁah§ybﬂ QSStbuéoE MmfeThI&;qmagcédedftén

regaehegase vy @ud rp%@.&@ﬁﬂhgot cﬁgﬁosfnéélﬁﬁﬁ % 1 ghmg} in

th oggél SI,&%{a treatnent of the silicon wafer
ﬁy Srosphere and a treatnent of the S|I|con
waf er mnth an etching medium 35 9
After polishing, the silicon wafers are subjected to a
hydrophilic cleaning and drying according to 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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per Mnute), particularly preferably 30-60 sIm
preferably for a duration of 0-120 s (112 bake).

The renoval of native oxide on the front and rear \
sides of the 5 silicon wafer to be epitaxially coated
can be. controlled by -the duration of this
pretreatnment in a hydrogen atﬁosphere The
pretreatment under a hydrogen atnosphere is foll owed
by a.treatment with an etching medium Hydrogen

by
PRl Bitveee)i s pROticeferdy| presedahdy t He- &t cqimngpmeﬁemaply for

abghysengenchlavicde kel ngiadded to the hydrogen
at nrosphere in an anount, preferably 5-20% by vol une,

such that the removal rate during the etching
The eogmeratl iof 0aBive. Sxidendtn {hEl fetmth)andl ek kbiiss of the

t ydEo0 IS
»C886n Wi e0BEneL PUIEL ) SpRA! bl BolRe R vy cne
‘%ﬁ%%dﬁtﬁ: fS CPTRYEPBERFN EniBrf dd0gsre PéRaBPYere.
effected for 0-120 s. 20 The hei ght of an epitaxi al

| t g Iater can b set
‘{mﬁgﬁﬁ%aon %Fgﬁﬁ 8n3§%t%gh ?ﬁm¥ﬁée%icﬁFnﬁofbeEd by a
- EYRSmaRt EBﬁHh@ﬂe?bﬁh¥@ﬁtm@ﬁﬁmmHnH&ﬁmmgﬁmonaﬁbylgeves

pxrefs&e:amywagéa disptas eé‘@cfﬂﬁlé"}nécibﬁm{ O nokid8gth &foride
%ﬁ ga%er to be itaxially coated as a result of
Jﬁgﬁ & Rgts c%%rcg%%ﬁ/ F5cat 6 aHeURE iRRferably
538 §ydepbeint edsiath a@rimme:rhé ocstavarl catehdurtas theletching
cr@hikBarsi ki 6o Vol £rm AR f dde Juaiial geometry of
the silicon wafer has an edge roll-off after

polishing, it is possible, by a suitable choice of

Int hirisr easeapnthel Uredstcrenn flov hmt%t dbi pgefRdibIy 4000 sim,
side of the silicon .

‘Pa%§?%¥laﬁF§h£§ eaé@pégppart ‘conpensates for said

edge roll-off, to be precise at those | ocationson the
Theepresiagtnint e ol A 16 off alyaWbibeh BR1bMEIXide

ved- b freatment with hydrogen. This
pr%égé- %)%{e?bg egtﬁcﬂ%do s)u&lé%dégpo& tion of the epl t axi aI

erore

The héight of an epitax1a1 layver that is to be grown later carn

-be set by the duration of this pretreatment with the etching

medlum

The etching treatment additianally gives rise to mass
displacements on the rear side of the silicon wafer to be

“epitaxially coated as a result of silicon being etched away at

one location and silicon being deposited at another location on

the rear side of the silicon wafer.

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 £he epitaxial
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10 layer on the silicon wafer. Thus, by way of
exanple, in the case of a silicon vvafer havi ng an
edge roll-off of 120 nmat a distance of 2 mm from
the edge;, it is possible, by neans of an H2 bake
.pretreatnent for 120 s at a flow rate of 60 sl mand
an 5 HCL etching treatnent for 120 s at an 112 , flow
rate of 50 sIm to apply an elevation of 120 run at a
di stance of 2 nmfromthe edge on the rear- side of
laﬁer Shrt iten s\ﬂﬂﬁ.ébﬁ WhE eh. @ll&fééJ ??f' %gcaﬂpéﬁéz%l’e, in the
at r ot eroll-o

nsg]aaen?‘lilfzgflt Wageﬁdl?aé (Y FE S5 eroh ?%‘ﬁ ‘i‘?gsjewofnm at a

dit%‘éirsqa |®oﬁ waf rom otive %}”H@a)afalllsymoaaibﬂe tiyy means of an

Hﬁ%ﬁk@Vﬁréﬁréé@{é}i@dfdrO@_@D fé ALNGSE1 byl fa&% %dg%of €9Ir00ng an

nd .a.smal ler ed roll-o as a result
B R e S505 o d AL D By Seli S e cop£150 sin,
tmlmppl? am abdvdtkam 4F ARQ hen exiga 6f sSdhd¢s ¥ V:afne;r -ﬂx@m the

%91' ttﬂé' §E$¥ dﬂ% etﬁ ahfs R %ro%bhr%ﬁépba elczlg &:rfféically

t e duration an aw rates urln

CPPIEEELY EREPRRFA RS dIRes dfrss Rdlget ﬁauw“ef A Q20 frfm.

which the silicon wafer has after polishing is

[ b at 2.0 I ast art ensat.ed for at
¢ F‘%EIgggei%f rr§r% hé e%%d'gﬂg? Jc%ad%‘? |555h %F@F
Sliﬁpgnmﬁfwav@ me exfifteetioflfat caatdfist aneehicive? amalimproved

. 1oa:agi Bléﬁﬂaaéé om the edge ebdike shhi £an.ywefLr ’edtg%errgll~0ff

Is aPol n.ther i de thereof a higher silicon
a8 ayﬁ?sﬁ’\ 1? éﬁ ccount of the original

R20 and RSO 25 vaI ues, that is to say that the RSO 2
ThaVR80c A3 hARiRALANRLE LT NARDS, (el 500l ek the

ist s that a roll-up rather than'a

edge| Qe sthE FHeSOHUEEoRS. bﬁb?@é‘\?@m?ﬂﬂty |0§a§6§sﬁb‘ﬁe
prafieraibhp iwier sed thetoyhec aopanset e Mk tBee8dEfring =,

'baié’lén&fﬁcszjétl“e%g#@ gnt PJ% Efx t [ e?s}ug n%thl %:plﬁproll off

epitaxy re
whigh g R@@eﬂﬁilaﬁ*é@énﬁglmismg V@ rbefengbly at

ledde gﬁ:ﬁi]ryeaioff@&hsaf:eﬁhﬁoﬁl &kcanavedBlcd Bt RerBPELEX Yehe
edg?’ urations are

f Sll Qw I a% a,Eﬁ treat a‘pt L ]
pref erably chosefl-s0eh that AoF.oft - of ea? RETEnhPRE at
digfangry ox_foznmn( Endt érms Sfommghétadtis) odndha solieop wafer,
thée |J.Ek%'oiﬁeat ofiP8helPekfNgidd lthereof 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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Preferably, therefore, the R30-1 umis at |east -10
rim(roll-off) and at nost +10 nm (roll-up). It is
particularly preferred for the pretreatnent to be
carried out 5 in such a way that the R30-1 nm of the
epitaxially coated silicon wafer lies between -5 rim
and +5 nm After the pretreatnent steps, an epitaxia
| ayer is deposited on thg polished front side of a
silicon wafer. For this purpose, a 10 silane source

Pref%-:akﬁgur %ﬁeséﬁofé adgeqk3po1hydr dbgen asasar rl@mmyasgcoll-off)
I tax eposited at a tenperature of

and QEOmQQEOt; eB@n3¥ﬂgloH he silane source used.
Trichlorosilane (TCS) is preferably used as the

It l%d%%ﬂ%ﬁ%ﬁ%&§$ §Ef@r§é§e@@§iﬁﬁéﬂpﬂéﬁmQEEﬁéﬂtetofbe carried out
o e PR e o con

wafetheleplbaXWaéhy 5oame@m§rﬂiéﬁlwafer fromthe
susceptor, the susceptor is heated to a tenperature

f at | t 1000C, f bly t
nceeflih MSeaia08 BLELErShlVoApes LRI e btea on

the pd&&ﬁﬁedﬂfrdﬂmesadsceﬁt@rsnélﬁ@at@@fqg ékﬂéﬁhé§cﬁurpose: a

S L R S A e R s pat
0

The ehEap Red ERartBercPoot ofh S RetIg o1 the . J00 1200°C

depeﬁﬂﬁﬁﬁﬁﬁﬂﬁh@Ss&ﬂbeetsdumndeusadhydrogen 30 atnnsphere
that is to say as an H2 bake step. After the

suscept or has been heated to . a te rag ées£{a§g source, at a

ure

depobieienabbypborthres o WHMsIHED dlternative. to that
bake step under a hydrogen atnosphere, the susceptor
can be coated with silicaon a

The Vetpreseurad, CAOWSPEPSERRS P tFEL PG 1EUPFREEREPLY O-50

pm. context. of this invention.

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 from the process

chamber.

This heating of the susceptor is effected under a hydrogen

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 hydrggen 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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12 After a specific nunber, preferably 3 to 6, of

epi taxi al coatings of silicon wafers in the epitaxy
reactor, the susceptor is treated with an etching
medi um no substrate being situated on the suscsotor
during this treatnment. HC is preferably used as the
et chi ng medi um The susceptoriZetching is preferably
followed by a nonmentary 10 coating of the susceptor
with silicon. The coating is effected preferably for
10-60 s. A layer having a thickness of 0.572 umis

AU & Sl SepanLhL o0, Lie. sceg! of 1 415651

i S nécessar to no
C%%Slsfléab@% verigEs tg é@FaBPP“éW{Y desrdteal, the

m&@r—braﬂ§fﬁif'éﬁed E@.t@f ahr %@blﬁlﬁﬂb hediah| I;;hlﬂ:%g:rate being
n_vaf.ers to epist axia as been -
SI%E E%S At T PR g-'rol o RFPE FREST ?%%%ﬁ’?ti ‘con 20

waf er that is epitaxially coated after an etching

HCHr egtﬁ@feﬁéﬂ}h%@@%pﬁ;ﬁé LBcBRRH R&S8s12S @ poorer

| ocal flatness in the ‘edge region. This is
associated with the fact that after an etching

ThEreaﬁn@pﬂoxﬁeﬂﬂh&n@useeprefer&hkysﬁsxkqﬁaﬂ:bsuéfﬂﬁﬂehSary
coééiﬂ§a$fﬁkﬂgt§ﬁéaégkggeﬁltﬁfs§1§#bﬁc éMgU%EﬁLS bg effected

|taX|aIIy 25 coate hen pl aced ont :
pr §g TR T BUAOS6E Sat Br ARBETWRVARY B dgeskopesi 9f 0.5-2 pm
is ppssf@&ﬁolﬂ@ep&gltba pheth@asenéptiddn ankygdrogess . -
atnosphere, for the hydrogen to diffuthe between
susceptor and silicon wafer through to far inward -in
Tt the mRGREAEN Cof mpRentanily et hthsifusceptaaf be aboe

10609t Bra¥er to establish identical conditionms after the
pretreatment for all of the gilicon wafers to be epltax1ally

coated.

It has been shown that, in the prior art, the first silicon
wafer that is epitaxially coazted after an etching treatment 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 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 locatlons 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 pretreatmant, part of the oﬁygan 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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30 native oxide there. During the subsequent

epitam al coating of said silicon wafer, silicon an
grow at the. location t etched away on the rear side
in particular in the edge region of the silicon ,
wafer, or else mass displacetents occur on the
rearside of the Silicon wafer. 35 However, during the
pretreatment, part of the oxygen is transferred from
the native oxide |ayer to the susceptor surface. This

51119&?%ﬁélataf%fe3%eFth'eh%t%ﬁhhgxtﬁéa@ﬁtaiﬁ nef dfhea sfiscsptotrd oxygen

i con waf e ft th
pred QAR T ERFgaH T BHON, RAt Bt TR clscepar ot b

suscepirdmcarfidat iiss hydroapilhat Thbs At dftoreiditatlafsduring
the %?&Mrrle‘n% o-Eh't%eh%%xﬁ:hQJ.Ei&Qﬁtwéﬂaﬁ tcturbmgaﬁdmessed under a

et r eat nent of t si |
hydr@g% f}? ﬁg{yéjir eerr]1I g. H’\%%cg%gt Qrﬁﬁ }I?]enetratlng
deepl$ bHepesad Sﬁmmmmtamt |Sﬂél@@§pW?fﬁ€t feBRCsHiteptorss oFYIen

on tRDd t&&‘?ﬁuw:_%a@é neg dihe waxeesBeoxygenfanintyehydrogen.

Thlsf]g@rcige}'g%rﬁnorﬁ]rngeaa?% ttﬁ’&tnéyew Enlg tﬁ% hg?&f’%gékﬂge is etched away

on tRatiawer oxidte dfs tﬂie:twdhaamyw@ﬁeﬁfhec@@%?q%?%l‘él}bf Hildcon also
canngﬂ: O(%NI% ‘Pﬁftﬁ% LLansequentkyehsi 4ixamhatell toabroepitaxially
. e rear side of the silicon wafer to be
coa %@)1 taxially coated.. This explains the changes in
| ocal flatness in the edge region between first and .

This e)g%ofaq_nes{)r h%x'cq{a{%e%ogﬂneqo%am %Qﬁtﬂﬁéﬁﬁn atheredde argion

betW@(ﬁI@aEleH:y aer}aciqns?epf‘é)rggsgjg:fasésia pt ol ﬁléefir g tl'&%f& Q%lf&ﬁs after

an eﬁéﬁﬁ&?@ﬂ‘edﬂﬁﬁnt sof atrhé eﬁlanﬁpbqr eé@h igasdugs pépogclear why,

1tax
in tlé% %O% e ed.rﬂgi ahteRse eferhé thecépusr that is

FEXT a [
carribdfonbon sl $4%8 BRER A PR LOaReey caflyphon case

one @0 the four epitaxially coated silicon wafers has
significantly different local flatness values in its edge region.

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

susceptor and silicon wafer and etch away native oxide on the rear

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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I'n the nethod according to enmbodinents of the

i nvention, however, the conditions during the
pretreatment are identical for all of the silicon
wafers to be epitaxially coated. 25 This is achieved
by the susceptor being heated after each epitaxial
coating. This is because heating the susceptor after
each epitaxial coating hasighe sane effect as if the
susceptor had been treated with HClL before each

20 sggi %%e pré¢§§iéyﬁf% sifl hgep°wafBreadisufEaRS,t tdt oxide

on T g s an Sk 0B RrEar 05T S0 TR Sy

umféﬁﬁ?péﬁﬂic@rﬂuélﬂymemftﬂmtan@ @mhcmylhaﬂﬁwnﬂble for

t d
strlaa}?% g@ﬂ%qﬁFéﬁgéa%l %xghetﬁ§§§£:$§§% ﬂﬁff%thEif@%%ézweiz
1 vhile the

5111091 63EHF AANFSPIREEE OThBGRFGEB - { G
oxidbess! vafbveal aidm;ﬂleyten@puoqm yhandrontf oid¢ yobvidre tfid icon

entlr a
wafeFr eg{_ﬁ% {h? o]f'em({vc?ur al%e%&or%})yef@fét%fgo%ézgg%@elﬁ rapldly, the

desiredpeemetale @f TEIBOC &Pickdyns iPEi £8ar Piife o35 hey pilicon
wafekN€sr 8af ﬁﬂzd& afi thsl esidhicdae wif ehei sydnorgart rﬁlmeerate and the

duraFég%owg r%%ﬁ?s' nce.the hydrogen that is principally

St¥ippi ng away the native oxide |ayer
nmust first diffuse between 5 silicon wafer and
Durlﬁasﬁﬁ@t Qﬁbé@{-@rﬁi"@iﬁbtﬂd’&ﬂﬁdﬁﬁr ofotts, sihiten thrfexiidh an

etchépgl @%ﬁlg{g,r Sapr aﬁ:ﬂt}h & r%%fc{r%%gns bﬂfo?idé Nenass

i spi ebapeues yorapt dity, s iT6E PETBUSI Sbff%‘g? j{pfer- Silicon
is ePXhd8 Oy he rRRIcisiide 1okatthensi bhcoine wedaar smesdprbylse on

sul t aple f.
the f@ogtr%ﬁi@n ‘{}Tp G eeo%JTltéL%t mentg ng%ﬁrglﬁ%l Pwﬁﬁ %kgeb?gggee%? °F coated

withpseélieat mend defpatidssian dowakares Wf?‘ﬁd i iy oxide in the

edgengg th Bﬁefﬁéaﬁéarmkiﬂeh&ﬂrthﬁﬂsiﬂﬂdmn @afemasglllcon cannot

be d@gpéllte rrf]irllg gscec::uz_[eé)forgsheor{ e3le Yde % d‘éhgfsthécgﬂllcon

wafer at which native oxide is still 51tuated

Therefore, with the method according to embodiments of the

invention it is possible, during the pretreatments in a hydrogen

atmosphere and with addition of an etching medium to. the hydrogen
atmosphere and prior to the actual epitaxial deposition, 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.accordlng to embodiments of
the invention is that as a result of the momentary heating of the
susceptor, the conditions during the pretreatment are 1dent1cal
for all the silicon wafers. The method acéording to embodiments of

the invention thus
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15 is etched away at specific |locations on the rear
side (or else on the front side) of the silicon wafer
and fromthe susceptor coated with silicon and
deposits on |locations freed of native oxide in the
edge region on the rear side of the silicon wafer.
Silicon cannot be deposited in those regions on the
rear side of the silicon 320 wafer at which native
oxide is still situated. Therefore, with the nethod

also afé:é’cisd'ﬂ?ﬂ atno ighediseenhs y@%lﬂhbeswﬁltam rn,mprovsad local

eonBSEbhane’ AU, SHnpEL ek PUBERD o con
waferﬁammm@&mmm geiLérofd PMeO@E%IBJa?e

' pretﬁﬁétr@éﬁ@l ﬁiﬁ:%os'ddnﬁihrécpvﬁﬂﬂi ¥ @rebbReneantstde sfisceptor

e silicon el.evati,on.in r f C
with gp eelatr%l}l%l vg’h]sqh rtﬁo,bgor?%ggéég Hﬁ? aft i" HNery
epiteedgel rdﬂposafchoelxmn@ o Lisly hee epfeRipka WY d et oqf%-l effect,

this ei)é tM@dly 1995}5@5%)ec-@%ﬂ"%ﬁ{3 sAndeextent ohrthed out during
I catl On on rear

ppl i de
hand%%ﬂgkﬁ?%ﬂﬁ i€n %a f%?ﬂéﬁb&iﬁhﬁﬁgpaﬁagﬁggdﬁta]%qu %lllcon
wafeoftd e @@&tﬁkdxm&lgndoﬁhedtre@lﬂr@ﬂcoédﬁagﬂ-ﬁnés @lso more
p advant age of the nethod according to
cost %%%éﬁﬁéﬁ%s of the invention is that as a result of
the nonentary heating of the 35 susceptor, the
It h&gnthﬁﬂhmrmo&erb@@ntB@opnetheatwehm‘ﬁﬁ%fmﬂ%ﬁﬁiéépoﬁéﬂng to

| emboc@%ergbe c?‘f{ k&?ﬁ_r}fl@éﬂﬁon The 1@tﬂ&%1%9_@0|t6| B@obidce a silicon
. i men
: Wafezarp@mme%zsftg ie KA

I nventi on. t hus | so Ie
d%éd &h li r g\}%& ?ggst the front
side OROITR} rgoulrshbhie aeddig enr e@ucaaxmfalt h@y@puh@ﬂ%lagplé@ﬁ eg its.

‘ fert R@oCdgRmr Okl ~00fnm to +10
_front éi&% K Zer?&@f@z&@%né%é%&eﬂ pedg nm to +

- nm, q%?@tsr?éﬁfilﬁg
" fromWhe hedge tef theasil pconutadt er v ey aggireggi gtross section

retreat ste Compar.ed. Wi t
Eﬁeasgegéﬁt{j?n ﬁsetﬁ%%ngg{ic an c?rles ance of 1 mm

dete defosctli tbf%}?ﬂﬂd@ %Qfﬁ’&&ﬁé@%ﬁdﬂ YR cEANB a reference
tra

hi'sS 1S neu In respect of tine since it

illnel@ﬁtﬁﬁmiﬁﬁﬂ(ﬁﬁ XREFPSHINI i ng steps (e.g. during the

preparation of the next silicon wafer to be

l:ThJ,s Itgxha%\%é(d %tgﬁe’mQEHoécgeégt@%d tS Shsimdres of the

J_nventlon by optlmlzed pretreatment steps, that is to say targeted

“setting of the treatment durations and the gas flows, in order, in

a targeted manner, to deposit silicon material on the rear side of

the silicon wafer and to provide the silicon wafer with an

improved edge geometry 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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Tt has furthernore been shown that wth the nethod
according to enbodinents of the invention it is

possi ble to produce a silicon wafer conprising a

front side and a rear side, at least the front 15

si de being polished and an epitaxial |ayer being
applied on its front side, characterized by a
paraneter R30-1 mnmof -1{snmto +10 nm correspondi ng
to a deviation - determ ned at a distance of 1 mMfrom

geneﬂ; Jtyeq,%%g‘agthp.gn '{:héo(@nﬂgf;%ssﬂﬁfll&:@r &oer agetetossng the
C C

i on_def em ne t hi ckness nt
edger%ﬁ%%ﬁQf't@talﬁéﬁErE%c%HZ%Pi?%e‘%i ﬁﬁgd E?A%Eans of the

subséREAS FpanaxThilscost ohi Bydtas mqthé)e@@t pogsabesr aprgtoore
to aéhl%%lgo d'fﬁ?@hérohnbggvérﬂélﬁtﬂt | QWi 0Nty BisZ@He narrow

reat ment” st eps is to say ta t

spec i amia oPPoaPReRbe AL ¥FT G ST Tng A F | G | 1o epicaxtal
layeﬁﬂdkﬂ,ndﬂipéﬁmattangepeﬂanamhelay¢mTUéﬁﬁdeP§$PF6@nln a
manndBLEHAl 00 ¢ B?v&eéor&g%g§a9§dtf& sild ceyenaben-afd.to

%rov e the si n_im
Ther isoifot 1y o veR EBH 81 LY o oRE Ao RS Lol gFahe £ date
of th&pirtvtitdlon ayer un38tTheaepotaxedde yraddatcdd gaﬁpggn
Embo Jgrie%{otsmoeé‘ ei;’P%b'l}évBﬁ%:Lénpﬁé@”ﬁéﬁth@%@ﬂstﬁl&m& mBkaNM.t

i S ver A30 e roll .
poss Helarhst ewosiighi SRRk POt ilﬁ‘%r SFomgiE gy which, with
rega®d it tafetlregdgaxrailiyoﬁo,atmtsiﬂhecmq:a&regoﬁéﬁsma%r@/f -

di fferent ef f or, hesetofor eut@re technoiogY
Star?ﬁﬂﬂiﬁ%% ég ?g%?tgﬁﬁﬂ “substrates for epitaxy,

generahtane - polishing 16 generally constituting the only
possibility for restricting the edge roll-off at

st to out er B oaBheRBansfofnd henvention is
The %f;@]s% efit ar% it a1 a A oEatt%?r?g it es not . been p033|§)(519 wafer

prefm@hofaorveaﬂa;f et ns @Wé‘i‘:a PEvEmeRto"s 21
a waféip%@iﬂ A e iR QWiTospdeiyeircati anSSS@I yaker provided

with %ger thickgo S reggkapé%gtointf@se§ggﬁ@ugydelayer did

gﬁi axi a ayer-to be deposited in a
. manner that could have conpensated for the edge
Examp1®:l -of f. Therefore, all epitaxially coated silicon
waf ers known at the date of the invention had

unsatisfactory edge roll-off val ues. Enbod# ntf. hed
Detenhindtel dmvahttihen s ifadr QQQ@QﬁIﬁkFii@nﬁoﬁﬁﬁge y PO-18

5111£6§5W$%é%tﬁ%ﬂ&fﬂﬂdkpﬁﬁhﬁd@ﬁmﬁdoWapmMaxy sekbiutoadwan eklke
follovgqrm rfgmet tag_uﬁ%ar dt ﬁBbhfl ﬁimeg.@e {?(5 lanf fan el 2t R of -50 nm

de 20f Starting.materials
and eheBBPodi vmcofpodéntdr-of future technology
gener at i ons.

This concavely polished silicon waﬁer was ep1tax1ally 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 HzflOW 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
deposifion 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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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 siljgcon wafer prior to

pretreat ment/epitaxy res%fted in the 25foll owi ng R30

For tﬁ%ﬁgﬁildﬁﬁ %@%e% @Eh@%x1é2@ynana@dF&ﬁbdkdnngoto—Embndnments
A0 B30 iggant hbg E§P°a¥ﬁh¥ thgﬁdresults

coa accor
for temdb&Hdrentsn @‘dgteheoulﬁv@ﬁi. @ﬁramﬁ‘ée%fol%ﬁ S&%&&&s@f 2 mm
and 3P ARPLSES Hay, nﬁhée@ﬁr€80§e@rad’&ﬁtdv@g afllt hee radial

cros%ﬂ%&%%%%%% tho%h FF&;%a r%ﬁg&lgggenﬁﬁﬁ%%ﬁ% -3 mm is +21

nm arfd eAtemR30- ﬁumt1©n+3ﬂ 0 FhigCIngPéReEn R 1T HEnt

~with H2 flowrate.of 50 sl mand treatnent dur ati on of

60 s;_ epitaxial posi.tion b
Bs 2 qRDHIT [t LRGP A TSR L PSS 35 S 1] i pare £l o
the ©fadBislenofandhedepdsicono Wa(f@ﬂ?aﬂ»poﬁl’l ofm@untg f a@;ro,zéfﬂately

110 ﬁ:!ﬂeaé'é 1€ W%p?j’ roSida®engl by eeakedrag ot dir) dgproximately
50 odknents of "The invention, a significantly better
n@a@Ee of T™MR-nut results for the R30-1 nm edge

‘roll -of f parameter.. At a distance of 2 nmmand 3 nmm

- By. i Cros??%ecq%eﬁdlh%iﬂﬁrl\h% %Yc%ra%ﬁ@ﬁtoéiﬁfaﬁidm tthe Tedisal it is

pose S o S B B 758 e s o

the sivitoesvargml |Aup 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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As a result of the pretreatnment steps, silicon was
deposited on the rear side of the silicon wafer in an
amount- of approximtely 10 110 nmat R-1 nut,
approximately 80 nmat R-2 nm and approxi mately 50 nm
at R-3 mm By increasing the HCl1 etching treatnent
duration to 100 s, it is possgble to further increase
the deposition on the rear side of 15 the silicon
wafer. As a result, it is possible to overconpensate

Fifore thesiohgithal t@dgenest| oof ta0d pd20sHud At iBok H¥er
and to set a roll-up,of 410 nut,.for exanple, at'R 1
BRI S ByP ss%ﬁanaﬁnHéget? BERYiCHT ati on of

approximately 90 s and 20 maintaining all the other

FiPEAE 6F SIRAFANRIL LS ckhes & abE - P d @éopc;lsi@adc_%ﬂasxi 1, layer
conpl etely conpensated, for. The R30-1 nun i§ equa? to
On 2307 i T8 WASET RESHARE RehRhdWRt hat the R30-1
nm paraneter of an epitaxially 25 coated silicon

-10_r _
[ nm by means optim zed e :ﬁ%gﬁflln the adge
LeH¥@treat nent steps. It has furtheLnore been shown

that a conpl ete conpensati on of the edge roll-off and

. ttin a [ roll: are .al sa ssible with,
il B e R el o b Sl pom et b i con

waldre doniasti onliThes¢éavention is illustrated bel ow
with reference to Figure 1 to 9. 18 Figure 2 shows

. the thickness. of said polished silicon wafer against .
FiSER R SGONR TR "Gt éﬁ? 5 eoifRmraly el silicon
waftdre irhitblenedgeoteghendeposited epitaxial |ayer 5 on

said silicon wafer against a |line scan.

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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Figure 4 shows the thickness of region. the
epitaxial layer in the edge 10 Figure 5 shows the

t hi ckness of the epitaxially coated silicon wafer
against a line scan. Figure 6 shows the thickness of
this epitaxial by coated silicon wafer in the edge
region. 15 Figure 7 shows thegthi ckness of an
epitaxially deposited | ayer on a silicon wafer
against a line scan for various treatnent durations

dl%bﬂc@cirwntfwte@b 2 +hakes 1205 guker8.phons,d he
hi ckness,_of an ep) taxi ally deposited | ayer

(g RPTE BRSTE R Ty s 8 [N NARaFBr Paat GRaint 148) is

appreatimebeldud Ad gms with HO and in each case an 112
bake treatnment of 20 seconds. 25 _Figure 9 shows the
t hi ckness of an epitaxially deposited |ayer on a

FIGRFPcInTHER b L ftrRseSathenEhdcknersr of afho upyer epplied to
thi s epbhesihed U idticams walbbh t@alﬂéﬁ anliie badee: ter@iiRRsing
ong!oB0: 00 deb SEONS g0 L LELILECd, e ekonss oo
ex?%\as?-%n s tiieﬁdf%‘gapﬁétmﬁt §0r§beu§eas aidé nbusicwn the
prétgebihennt: deqreaseria iﬁtékaé%mé BEPA! 8l kit urpose,
e TRt Vgt YR PUELUNL R0 o Pl TR Al rrance
in thickness between the epitaxially coated and polished
stafting wafer, It can be seen that a thicker layer was
deposited in the edge region than toward the center of the

wafer.

This becomes even clearer in Ffigure 4, which ghows the
thickness of the epitaxial layer in the edge region. Between
the measurement points 147 (-3 mm from the edge) and 148

(-2 mm}, the difference in thickness is gpproximately 0.02 pm,

that is to say corresponds to the edge roll-off exhibited by
the polighed silicom wafer prior to the epitaxizal deposition.
The decrease in thickness in the initial geometry is therefore
compensated for by the epitaxial layer into an edge region of

R-2 mm.

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 silicon wafer against & line scan. An adge roll-off is
no 1onger-épparent, given an esdge exclusion of 2 mm. It has
been completely compensated for by the epitaxial laver.
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In Figure 2 the thickness of said polished silicon
~wafer is plotted against a line scan restricted to an

edge region of approximately 30 nm It is apparent

that the edge roll-off at a 19 distance fromthe

edge of the silicon wafer of -3 nm (nmeasurenent point

147) to -2 inu (neasurenent pmint 148) is

approximately 0.02 gm 5 Figure 3 then illustrates

the thickness of the layer applied to this polished
Figjuiriec 6N re@bal s agak Nshi Galde SF ahLREOIRASSI DY ¢dfreq
Sf¥¥9°5e #guegg , Of the géllcon -waf er apart from an

e exclusi 6 Vet ed €5 Fﬁf@r?ﬁhrf‘a’é@dfé 30 mm.

Thgy ﬁﬂﬁg gﬁ@mpt:err@‘éttiemtepns:atmmaak:eateﬁt oihtemintater has

iRene: hy S r
e e S e

SOgE REEHUEhR Pt t208" |y coated and pol i shed starting
wafer. It can be seen that a thicker layer was

Flgﬁﬁgsﬂtfgvéélérfh £gon{han, Eﬁﬁgége:h%ﬁgggt ial

of the wafer, Thi s becones even C
layer @ppht efold ttlt% ades KsesProPnt hbe epeazadiale |afyer silicon
watfartab)@aﬁfigte 4 atgﬁm sdm R tlrtb@wneaﬁwm&l RIS fent

| I e .e
d“é’ ?%(yrlgenczré I%Etgtﬁw negc)s b eécpﬁ‘r B&iiﬁ%% fia“‘???bﬁﬁe Jdyake) is
not hegdrrked @%}mmmﬁ@gqeo trhelad@@amﬂt cﬂfat by
ki o il B b ot b COREL iy 0 b,
= ?%eéta%. pe‘Oné:tOr ﬁPPgLYt f&vero eﬁlﬁh%%?%%\t% Jfoortwo mm at
a dfptagie a;a e'ﬂ mrayeoni mhe afgedgé tegioilicforRwaiEm,. R5th
Lodge: (140 NGREERRE RALATELALSIUELS %@p%%ﬁ%e%tg an

§t tor withqut a,substrate t
EP%%%E’%% rEn&LRPt REREBLFRPEWEP afwridiesdnsierdanghich is
Comnﬁﬁnaﬁﬂwlﬁth&EIﬁac@ftBQtStthaﬁi@@Hﬁgtﬂkﬁ&%ﬁ&nblﬂbthas
éﬁg I e sl e 30, dur at | of . .
e J;éwgyr?E&Fg%tggr %gﬁ %% f&H¥ cﬁi% at ¢ Litaxtal
C"efaf@d&é% 8-St @ﬁﬁ@ﬁ&?ér énoﬁaqltzta@e abyr@gammwfr €8 et a

derbEittimn a@ﬁpéeaaaréleﬁ ﬂmnaPCOQn@ha@@xﬁ%gothﬁEéeo§ 17 s1m
foglé@all .rg%gahs Lit | ckness§3{ hgfggg%t aII aﬁhe

coat 6d Si [T con’ agwnﬁﬁs
su%%toé“f Waisshﬁétﬁéngﬁfoép]p%m@mﬂt@w:em a;rmbedgate to 1100°C.
exclusion of 2 mMm It has been conpl etely conpensated

FEQLQE EVIEQSEEB'LgXégéh gse the thickness of an epitaxial
laver applied to the rear side of a silicon wafer against a

O

line scan, for seven various HCl pretreatment durations. A
bPretreatment under a hydrogen atmosphere (bake) of 20 seconds
is carried out in each instance. Tt is apparent that by
variation of the etching treatment durations From 0 +o

120 seconds it is possible, 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 connected with the fact that the oxide on the
rear side was etched away to further inward by longer etching.
The epitaxial deposition 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 50 slm
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20 Figure 6 reveals the thickness O the epitaxially
coated silicon wafer against an edge region of
approxi mately 30 mm The edge geonetry of the
epitaxially coated silicon wafer has significantly

i mproved. - No roll-off is discernible given an 5 edge
exclusion of 2 mm Figure 7 reveals in each case the
t hi ckness of an epitaxial |ayer applied in the edge
region on the rear side of a silicon wafer agai-nst a

dukghﬂe SEak, foeetEeetméﬂti &g 1= eimaigweﬁe #01 treatment.

ur.ations retr e er a

T RREF T R AR BaEorA e & PR

1148pp@rent that by variation of the etchlng t r eat nent
durations it is possible, in a targeted manner, to

ly | a er t hi.cknesses of 10 to, 80 rimat_a dlstance
Fighte)y i S CaPC FBoe PR USSRt Syepr pstal
1ayengaepnlet&ﬂuﬁtg ttheeactelmnts;der afi ansilicdrs waisar eginst a

I f er,
1ehBea, Sl Al JaiBls! Bt PReppOtte ! dualuiih
PrfreREnt pRdesae SVEEOHRs @F@Héﬂh%%y“?aé‘:@f)uﬂfhép or
120 ngatshdy ilsorgerrieisc ﬁhﬂglnTEﬁcﬂpiﬁQﬁﬂzﬂe dpposist k@Rarent
ffect iLn C at. .a_20

e A e o TR TR
P°%$1}137€6|1ﬁ1 feor-egyes@c. mFhBEYy fZPo@\PF%%I elayey 3@ickneppes of

soe&cshlmar@n ihernsuserpt obgvas Beatesd lbﬁzprs@mlﬂ& the silicon
reveal s

t.a.substrate.to 1 OOC
wa bt WD R PehiSy brSahrEhE Sra S iy éF apparent
thappin expittextikd deyersideabtoadepbstion] waf duragerndtward,
Wh:!.d:l'i‘e.x.sc' Cr_%?mécc‘% SEMeR YaLi pyst! !:Egt PEved Gfaaél%qumde on the

atl ons. etreatnent under hydroggp at nosphere
rei%a%e%e ot “26'— Bt ey £0cERFERET OIAH dHCH FHEEAREEANS
Thibd, ivelApERreaket 8ad Byl vareatmait aurthéortchEnY20 seconds

' mtéa?r?ﬁ 'El%?efe,d%r %%?%%itﬁ&%”&@ gerégté&%%%omo b b8gion of a

N a manner
AR eEs 45 B 130T Ehe0CAT, AReaS e PUATty 14T Tm) . The

epiﬂaim,stmeie@@getlw kakoageecebahingeddteald®@nty means of TCS

o QUGN LL LS ARPALEHL LB, ERLEN S L 13 o

p033|

17 vﬁlem ﬁqére éBasect-hIret He Bavwaeaie Mee 35 cagh sidge fhisim

duﬂr@&ﬂlea\i\@yljiét{'@éhh&ﬁt Iam@rm kiéﬂ_u{ chgehget bl :@@1 Th&s tment .

epltaX|aI S eff d ch

T e R L D B e S B Tt RS B PS5 Bhez o
11Qﬁ°HESfIOM/rate of 17 slimfor 63 sec The H2 fl ow

rate was in each case 60 slim 21



during the 1-12 pretreatnment and 50 sl mduring the

ECL treatnent. The susceptor was heated beforehand

wi t hout a substrate to 1108DC. 5 "Figure 9 reveals in
each case the thickness of an epitaxial |ayer applied
to the rear side of a silicon wafer against a line
Ratemt Cl3ig# five various HCl pretreatment durations. A
pretreatment under a hydrogen atnosphere (bake) of 60
or 120 s nds is carrie nst e.
Boparertieg Chabony s PpTah SPEhengrtags. i nilt a

:’(’zﬁiﬁ;ﬁbtt‘ﬁebﬂ siltah atdfenswhith isse poisbedlat jeash ca thar getiesides are

Kk
TR g S ReBrB VR 7 SRS il bt bk
mmr@mnewm sifiamyesfestophd agc@n‘f@aﬂ ﬁerﬂpit@qyrra@qt@ngretr@ating the
nﬁél-t ?waﬂaégﬁ%ﬁ@éﬁh%' iRk fs¥s@¥@ bRt lﬁeﬁﬁﬁﬁ%ﬁeﬁﬁ% th ‘t’ee .

¥ chis con ecte
hyldamem ateresmereme apeiceied gep. tSﬁeseﬂe%[rﬂveP&%ﬂa“g ceatiog die walero

%oﬁéiﬂﬁedhﬁ nt! Qé{@r %ab)ferhé\fﬁ%‘a heE Wt rﬁébm The! Sopitiyt Féa@sé? and

e and t'r eat ment rations of 120-second :
@*ﬁb’fﬁf@ae%ﬂm% %5%@910660 istegpp@itre f &t gpast |'iﬁ? § under 2
Hy8io &R afosshed, Sér@%r @fspéﬁf el ﬂjﬁlﬁd'r@ﬂbblmiaﬁ Mlngs etching the
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Abstract Epitaxially coated silicon wafer and nethod
for producing epitaxially coated silicon wafers The
invention relates to a nethod for producing
epitaxially coated silicon wafers, in which wafers
whi ch are polished at [east on their front sides are
coated individually in an epjtaxy reactor, placed on
a susceptor and pretreated der hydrogen atnosphere
inafirst step and with addition of an etching
medi um to the hydrogen %}ntp%ghere in a second step.
After renoving the wafer, > c%usceptor is heated in
each case to a tenperature of at |east 1000[err]C
under a hydrogen atnosphere, and furthernore an
et THIAG I P¥arfiind ofliten sueepimt m@nbod MTBRLAEYing
coating of tbgitsiseep) OkoaeliNs$iddfOR.ALE effected in
each case after a specific nunber of eplzf axi al
coatings. The invent on also relates to a silicon
Twaf_er_ having at |east the front side being polished
%grﬁ’ﬁnéb‘?l% a?@@!telsg)t@r éoemmoappﬂolreq)rgauiii@ féz?maféially
caitde, sehasactaebzed by A af aelel R8O, 1L mmof 10 -
1Lt to + O run, Fig. 6
on their front” sides are coated individually in an
epitaxy resactor, placed on & susceptor and pretreated under
hydrogen atmosphere in a first step and with addition of an
etching medium to the hyvdrogen atmosphere in a second step.
After removing the wafer, the susceptor 1s heated in each case
to & 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.

The invention alsc relates to a silicon wafer having at least
the front side being polished and an epitaxial layer being
applied on its front side, characterized by a parameter R30-

1l mm of -10 mm to +10 nm.

Fig. &



