ST10509/ Ki  Epitaxially coated silicon wafer and nethod for produci ng
epltaX|§Hh%5%99kgd silicon wafers 5 The invention relates to an epitaxially
coated SiTicon"wafer and to a method for producing epitaxially coated
silicon wafers. Epitaxially coated silicon wafers are suitable for use in
the 10 sem conductor industry, in particular for the fabrication of |arge
scale integrated el ectronic conponents such as e.g. mcroprocessors or
menory chips. In this case, stringent requi renents are made of the flatness
of the fron |des the .con waf ers on ich.the Iectr0ﬁ|c conmponent s
are pr oduc@tF? a'r‘f’@?e qnn‘{?r%é'r at“gnﬂ?é:ﬁ‘%oﬁrp RAMAENS, ¢t he
course of exp05|ng thepﬁdaxﬂulﬁyﬂba&tdﬂidﬂmmyb&pmﬁﬁeryji n the course of
i nternedi ate polishing processes ("Cheni cal Mechanical Polishing", CW)
during fabrication of the components. 20 A critical property in this case is
the |l ocal flatness or | ocal geonetry of the silicon mafer on its front
si de Nggern ste L efcjgnol b eﬁlggﬁlnungkg Ianarltles in
part? ?eg oP t he Front S|88 ? ﬁe ST con e?BPeggga for
exanpleaad SEQR reshoé foonprsdntang epﬂéaamaémyleaate@ 2851lsqoar es/ range" =
magni t ude -af. .t he positive and negative deviation froma front side defined
by mnimzIng the square error for a conponent area (neasurenent w ndow,
"site") of defined S|ze) The maxi mum | ocal fl atness val ue SFQR, PX
speci | @31 thg: HRxyMUgL SEQRYaLUen! 0o cbhe GoEPReplLALeas. ! gken; A0 hat o
account on a Si on wa e nmaxI mum | ocal atness val ue i s usually
det & ni Remicarfngtoncéndnstoy. aknengetégulasi aroths AaprbgakagnopLexanpl e.
An ar e@aeaeaséhtbcs;ﬂt@@tstew EEBr2oR0A1 ea}apsﬂgﬁtexsheﬁl g8 is 35 usually
referred to as "Fixed Quality Area”, abbreviated t FQA. Those sites which
(have pa?tgofmtﬁéPPr9?€§SP§ﬁn@ro@?§PH¥ chies FQRR Bﬁtstﬁéséen§§F1€Eeﬂﬁlch lies
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silicon waters on which the electronic components are produced.

15 This 1s necessary in order to keep down problems in the course
of exposing the silicon wafers (lithography) and in the course
of intermediate polishing processes ("Chemical Mechanical
Polishing", CMP) during fabrication of the components.

20 A critical property in this case is the local flatness or local
geometry of the silicon wafer on its front side. Modexrn stepper
technology requires optimum local planarities in partial
regions of the front side of the silicon wafer, expressed for
example ag SFQR ("site front-surface referenced least

( 25 squares/range" = magnitude of the positive and negative
deviation from a front side defined by minimizing the square
error for a component area (measurement window, "site") of
defined size). The maximum local flatness value SFQRpax
specifies the maximum SFQR wvalue for the component areas taken

30 into account on a silicon wafer.

The maximum local flatness value is usually determined taking
account of an edge exclusion of 3 mm, by way of example. An
area on a silicon wafer within a nominal edge exclusion is

35 usually referred to as "Fixed Quality Area", abbreviated to
FQA. Those sites which have part of their area lying outside
the FQA, but the center of which lies within the FQA, are

called "partial sites". The determination of the maximum local



2 flatness often does not involve using the "partial sites", but rather
only thg 8§ﬁ9| ed "full sites", that is to say the conponent areas |ying
conpl et Fg K& t he FQA. In order to be able to conpare naxi num | oca
flatness values, it is essential 5 to specify the edge exclusion and thus
the size of the FQA and furthernore tz speci fy whether or not the "parti al
sites" have been taken into account. general ly recogni zed rul e of thunb
states that the SFOQR~ 10 value of a silicon wafer nust be | ess than or

equal tog the possible line width on said silicon wafer for senlconductor
conponeﬁ%@tPﬁéﬁ gf&epodpespreluéBUCHHE] BSing thes "parteailssiEgEéedByE t he

Stepperréﬁﬁét'@ﬁ@?Sth@CéahﬁélméabhEﬂElaBﬂtéBG EHHEOBQnEo'Baguﬁﬁb'On is thus
lost. Wth ragard to op §|n12|ng 1% i wever , is_frequently
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usuallyb ggeg%&égd. ¥,a.R @uﬁ"Percent Useabl e Area") value, which, e.g. in

the case™ 0 ,,, ESS than or equal to 0.1 umand a PUA val ue of
999% states that 99% of the sites have an 25 SFQR~ of |less than or equal to

0.1 pm I r e re-a e d o] e sites
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general 'y produced by polis
component in questlon is thus lost. With regard to optimizing

15 costs, however, it is frequently customary nowadays not to
reject a silicon wafer owing, for example, only to a component
area that exceeds the SFQRux value specified by the component
manufacturexr, but rather to permit a defined percentage,
usually 1%, of component areas with higher values. The

20 percentage of the sites which are permitted to lie below a
specific limit value of a geometry parameter is usually
specified by a PUA ("Percent Useable Area"“) value, which,

e.g. in the case of an SFQRp.x of less than or equal to 0.1 um
and a PUA value of 99%, states that 99% of the sites have an

{ 25 SFQRmx of less than or equal to 0.1 um while higher SFQR values
are also permitted for 1% of the sites ("chip yield“).

According to the prior art, a silicon wafer can be produced by
a process sequence of separating a single crystal of silicon
30 into wafers, rounding the mechanically sensitive edges,
carrying out an abrasive step such as grinding or lapping
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.
35
The final flatness is generally produced by the polishing
process, which may be preceded, if appropriate, by an etching

step for removing disturbed crystal layers and for removing



process, which may be preceded, if appropriate, by an etching step for
rennvin%TgbgbgrPgd crystal layers and for renoving ST10509/Ki 3 inpurities.
A sui t abl h ﬁg met hod is known from DE 19833257 C, by way of exanple.
While the traditional single-side polishing nmethods generally lead to
poorer plane- parallelisnms, polishing gethods acting on both sides 5

("doubl e-side polishing”") make it possible to produce silicon wafers with

i nproved flatness. in the case of polished silicon wafers, therefore, the
required flatness is achieyed Eéhnechanical and. chenp-nechani cal 10

pr ocessiHHUSE EpESsuhSHE LEPLRAPRGPIRE PPERBCENYS pbRP¥RI AFO™ DE 19938340 O

descri bps ppeYRAEMICHPNBYT wayabFi 8Rampl&CONhi Yaf ehe wrhBiaiba¥er grown in
nonocrystal&ine.fashiﬁn ﬁnd made gf Si|iCOﬂ mﬁih aﬂe same cryséal

ori ent abrBA1eaSidecBPFEERIBIHPERPSI TEBEFRAYY bR2ANFRNPSBRPEORAGEEST
conponﬁpaSaaﬂeligmptL@dlﬁaheﬁg ﬁ@the@%ahtyiﬁg?bﬂdbstgige?eﬁafers of this
type ye certain.advantages over silicon wafers e_of. hompgeneous
nate?ia?,SPBEESREﬁSFeP?Eégg}ggeXtW%%eo gaPEﬁﬁ}Biergge?EaﬁuFﬁ S%?bSPﬁr CMOS
ci rcui t saferkowtdhbympheveioflatnessit of the 20 conponent ("l atch-up
problem), |ower defect densities (for exanple reduced nunber of COPS
("crystal-originated particles"”) and also the absence of an appreciable
oxygen &ontbat camhepébpolished potsibhewsbepsecthdrefoshor thei reqguiredsk due

to OXygen,-RLECI Pt %g%edeC§§§§§8ﬂéﬁ£8£$V5H& Eﬁ8&8$§%c328f§89rdi”9 to the

prior art, eprtaxra coate Icon waters are p uce rom suitable

i nt & negracessisgasteprdysnehnss ofr andpnocetappenacane pbliehbual polishing -
final polishing - cleaning - epitaxy. 30 DE 10025871 Al discl oses a nethod
for producing a silicon wafer wth an epitaxial |ayer deposited on the

f ront sPEe}9g&Ba40n@@h6§5§6h%¢$sPﬁ@V%ﬁéngdm@@mﬁﬁgsbﬁb%bﬁg gi épgon

wafers with a layer grown in monocrystalline fashion and made
of silicon with the same crystal orientation, a so-called

15 epitaxial coating, on which semiconductor components are
applied later. Epitaxially coated silicon wafers of this type
have certain advantages over silicon wafers made of homogeneocus
material, for example the prevention of a charge reversal in
bipolar CMOS circuits followed by the short circuit of the

20 component ("latch-up problem'), lower defect densities (for
example reduced number of COPs ("crystal-originated particles")
and also the absence of an appreciable oxygen content, whereby
it 1s possible to preclude a short-circuit risk due to oxygen

precipitates in component-relevant regions.

According to the prior art, epitaxially coated silicon wafers
are produced from suitable intermediates usually by means of a
process sequence of removal polishing - final polishing -
cleaning - epitaxy.

30
DE 10025871 Al discloses a method for producing a silicon wafer
with an epitaxial layer deposited on the front side, said
method comprising the following process steps:
(a) a removal polishing as sole polishing step;

35 (b) hydrophilic cleaning and drying of the silicon wafer;
(¢} pretreatment of the front side of the silicon wafer at a
temperature of 950 to 1250 degrees Celsius in an epitaxy

reactor; and



(a) a renoval polishing as sole polishing step; 35 (b) hydrophilic clea
and drying of the silicon wafer; (c) pretreatnent of the front side of
e G034,
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reactor; and ST10509/Ki 4 (d) deposition of an epitaxial |ayer on the front

side of the
silicon wafers from 5 particle |oading,

pretreated silicon wafer. Jt is customary, in order to protect
to subject the silicon wafers to a

hydrophilic cleaning after polishing. Said hydrophilic cleaning produces a
native oxide_on the silicon wafers which is very thin (approximtely O
2 nm deffEhdieRPOH 1R Ay AP A Nl Meddie dheentl . side Tk Fadi v
oxi de | premvacthd ad€liddh igrour se of a pretreatnent of the silicon wafer
in an epitaxy reactor usually under a hydrogen atnosphere (also called
"H2-Bake"). 15 In a second step, the surface roughness of the front sid
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S conprising a silicon conpound, a carrier gas or exanpl e
pretreatment of the silicon wafer in an epitaxy reactor usually

under a hydrogen atmosphere (also called "Hp-Bake").

In a second step, the surface roughness of the front side of
the silicon wafer is reduced and polishing defects are removed
from the surface by the silicon wafer being pretreated with an
etching medium. Gaseous hydrogen chloride (HCl) is usually used
as the etching medium and added to the hydrogen atmosphere
{"HCl etchant").

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 layer on a silicon wafer, are
described in the prior art. For this purpose, in the epitaxy
reactor, one or more silicon wafers are heated by means of
heating sources, preferably by means of upper and lower heating
gsources, for example lamps or lamp banks, and subsequently
exposed to a gas mixture, comprising a source gas (silanes)
comprising a silicon compound, a carrier gas (for example
hydrogen) and, if appropriate, a doping gas (for example
diborane) .

The epitaxial layer is usually deposited according to the CVD
method ("chemical vapor deposition") by a procedure in which
silanes, for example trichlorosilane (SiHC1l;, TCS), are passed
as the source gas to the surface of the silicon wafer,

er.

one

e gas



hydrogen) and, if appropriate, a doping gas (for exanple diborane). 35 The
epi t axi al s usually deposited according to the CVD method ("chem cal
vapor deé %9?596%1) by a procedure in which silanes, for exanple

trichl orosilane (SiHCL3, TCS), are passed as the source gas to the surface
of the silicon wafer, ST10509/Ki 5 degonpose there at tenperatures of 600
to 1250C to form elenental silicon and volatile biproducts and form an
epitaxially grown silicon layer on the silicon wafer. The epitaxial layer
may be undoped or doped by neans of suitable 5 doping gases in a targeted
manner QeepTpesenthephesphocarperarveascodr6aft taphy>PACoEdeform set the
CondUCtéP@méM@&lagglleeﬁdHﬁH'¥b§¥t1feSH§£§8&QEFSWQh8thQHp5hSes graphite,
silicon carbid i qgquartz exa IS situated in the
deposi t PBRt_RERDEY 969W@h§lé&?9ﬁx9aye§c@ertheeewbscee wasappofhefor the

silicong ﬂ@éﬁiaﬂulhﬂgrtﬁéypbétﬁﬁééﬁ@&to§t§8§e&“9ydﬂébﬂ9 B?esﬁptﬁﬁiba|
coating. In this case, the silicon wafer usually rests in mlled-out

portﬁon§°B¥n9h%a§ﬁ§céEt6rtPHQSFﬁ@rm@Bn%hsﬂ%EhabQBOGnlPBPﬁ?ﬁ@ﬁPﬁhg and to

prOteCtai@@ni@abrSaﬂ€1ﬁ5n9h@nsbkﬂéﬁntomﬁéﬁrth@”c&ﬂﬁﬁbtggﬂeﬁ9bEYaﬂé | ayer is
dep05|te fromthe source gas. In accordance with the prior art, the

process COREHBEFELEY - t h 20 epitaxy reactors are designed for one or nore
silicon wafers. In the case of silicon wafers having relatively | arge
di aneters

reater than or e ual to waf ey . react,o are
Dl vhoeBCePReE.  KBSFhs bomBh ack BRARbr Lt net § LGeBaCSE bR ARTET Phyer
t hi otknegsaregul fort gxamhhkeunahdr bt yivhateé ihayke fépokbessncahahber
establ i she L OUS res,. fo exanple the 9as flows
Chyarogih: Cralebfa > HEBRUE SonckOte SEEMD FomdrEL LT o' 851 985
i nj ecteafer dyrictabbengreheedepestt &oaps eapédrdtuiegothal éptbasakdad to the
30 suscggéging. In thig case, the silicon wafer usually rests in
milled-out portions of the susceptor in order to ensure a
15 uniform heating and to protect the rear side of the silicon
wafer, on which generally no layer is deposited, from the

source gas.

In accordance with the prior art, the process chambers of the

20 epitaxy reactors are designed for one or more silicon wafers.

In the case of silicon wafers having relatively large diameters
(greater than or equal to 150 mm), single wafer reactors are

‘ usually used since the latter are known for their good

( 25 epitaxial layer thickness regularity. The uniformity of the
layer thickness can be established by various measures, for
example by altering the gas flows (hydrogen, TCS), by
incorporating and adjusting gas inlet devices (injectors), by
changing the deposition temperature or alterations to the

30 susceptor.

In epitaxy it is customary, after some epitaxial depositions on
silicon wafers, to carry ocut an etching treatment of the
susceptor without a substrate, in the course of which the

35 susceptor and also other parts of the process chamber are freed
of silicon deposits. This etching treatment, which may be
effected using hydrogen chloride (HCl), for example, is often
already carried out after the processing of a small number of



In epitaxy it is customary, after sone epitaxial depositions on silicon
wafers, t ut an etching treatnent of the susceptor w thout a
substreueé%fﬁg¢$%£%ourse of which the 35 susceptor and al so other parts of
the process chanber are freed of silicon deposits. This etching treatnent,
whi ch may be effected using hydrogen chg oride (HCl), for exanple, is often
already carried out after the processing of a small nunber of ST10509/Ki 6
silicon wafers (e.g. after 3-5 epitaxial coatings) in the case of single
waf er reactors, and_is not carried out until after the processing of a
hi gher nuiberCHt "@ie%edn( S eraf s ¢ -afardtaigbEeafiings lal i dde reagein

the case of dhoRpse thdBot Nt S &R @1 IAS Taddsidy 136t UUBE B EE&HI ng
treat ment _using HCL or g%ée gp,%{chlng treat ment, using HCl1 foll owed_ by
brief codtth@PTICEHRIAeH M IhE UIMkeH VuSL AR IRIHF ofe 1he &tept or

is effectip-d0n S toasehed] tdmdtires)sidld aote Wafey doefegtadi therf whiirectly on the
susceptor. It ha een shown that the nmethods known in the prior art |ead
to a gooﬁﬁﬁ§ﬂ§ﬁéiﬁiﬁ¥f%ﬁportion of the epitaxially coated 15 silicon wafers
has poor |ocal flatness values particularly in the edge region. By way of

exanple, _if etching treatnent qf the susceptor, is carried out after four
epi t axi alﬁ% Tak: Fh € rtgdqc eafm n(setasﬁs%}?e I'{)‘:lfl & F5 SR Dat ed
silicon twadsmsenm waichy ditke frasl adaghibdyt dantdfy quedrierg loft alhd |satgresst @0

val ues in regio T i l.qecal par t FOR~ is
usual I'y ilnét ere‘?%'g‘? ooﬁ“g&o‘f nlgi.eog?opa}%ﬁi)ﬂﬁ gt%leer %%ércaeﬁg%z 1%;[% axi aﬁq ?lr%:oat ed
silicén wafdews thayy e ohi Yiexmovalwsy does nats diasabld fegrt Ivheori iy ng of
structurqﬁn% r technology) for the future generation of electronic
conmponent’s having line 25 widths of |ess than 45 rim Therefore, the object
of the invention was to increase the yield of epitaxially coated silicon

vaf ers wifh 1g00Gd Qe ahowrd alias SN Ie$ R KribuR! O 4812 BRI adallaxgoat ed
silicon to a poor yield, since a portion of the epitaxially coated
15 silicon wafers has poor local flatness values particularly in
the edge region. By way of example, if an etching treatment of
the susceptor is carried out after four epitaxial depositions
in each case, at least one of said epitaxially cocated silicon
wafers in each case has significantly poorer local flatness
20 values in the edge region. The maximum local flatness parameter
SFQRmax 18 usually in the region of 0.05 um or higher for these
epitaxially coated silicon wafers, for which reason they are
unsuitable for the imaging of structures (stepper technology)
_ for the future generation of electronic components having line
( 25 widths of less than 45 nm.

Therefore, the object of the invention was to increase the

vield of epitaxially coated silicon wafers with good local

flatness values and to provide an epitaxially coated silicon
30 wafer which satisfies the requirements of future technology

generations.

This object is achieved by means of a method for epitaxially
coating silicon wafers, in which a multiplicity of silicon

35 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 susceptor in the



30 wafer which satisfies the requirenents of future technol ogy generations.
Thi s obj§gi éigﬁwhieved by nmeans of a nethod for epitaxially coating
silicon % /¥ which a nultiplicity of silicon 35 wafers which are
polished at |east 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 susceptor in
the ST10509/Ki 7 epitaxy reactor, is pretreated under a hydrogen atnosphere
ina first step and with addition of an etching nediumto the hydrogen

at mosphefR: §38 RAVIRE stieh PHAL LK<Y UEY & dMEPILDi QWSO t&
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etching treatment_ o e susceptor is.effected in each case after

speci f i %Fﬁ”rﬂ%‘?n &“-“é‘b’?ﬁ%ﬁ'%lm o RTIYE HFFR he S RARGRBIER SLhy RV | i zed
after saightedcidIny dnf eitidrgpdlisted rEddie neidwdmat oy didgodad t o lent | on,
firstly a.multiplicity of sil.ican fers i.ch . are polished at | east on
their fr t%’%elge%crcteo%r &ﬂed"eecf‘.n f&m%ﬁ%?%r oesae":,meéjtgif?%ltreh%r%ﬁ%?p foduced
accor di nip tet idnted Srpreaarh ardse @iefear ablspdnyi fraucivntsepud £ i ewgi teeccioadi ng to
Czochral ski,:.iS. S rat.ed, | | tiRlicity af siligo ers . eans of
known se%%ér%ltﬂlggsn a%ng?h%{ s%’dp%‘%‘)pet%)zfgull yé 6’& dvjﬁcorl'ﬁ’e:ry lsl;ivﬁer‘fig at\?ﬁet%mggrjéée ?t'ésa?/luﬁy") or

bonded grrsatnfetitanond wire). 20 Furthernore, nechani cal processing steps are
effected, such as sequential single-side grinding nethods (SSG,

si mul t aneous doubl e-si de grinding nmethod ("doubl e-di sk grinding" DDG or

| appiong. IrTHeheedepthufd taweatdiineprtonedfheyr dnvednidiony dptdsdriat 13y present

mechani caly MRIkiNGs, BChaS & fd AL %H‘%é(@ 1:4hed £H5SEMd2ld
rectilinear?@gatte i ng_ of ?he silicon mé?ér e gelﬁi"f at™) 1Is generé?ly
pr ocessedhels eIy edgtes GrRlinrpvidasye- notch-grinding"). Chenical
treatnment steps conprising cleaning and etching steps
For this purpose, a single crystal produced according to the
15 prior art, preferably by crucible pulling according to
Czochralski, is separated into a multiplicity of silicon wafers
by means of known separation methods, preferably by wire sawing

with free ("slurry") or bonded grain (diamond wire).

20 Furthermore, mechanical processing steps are effected, such as
sequential single-side grinding methods (S8SG), simultaneous
double-gide grinding method ("double-disk grinding" DDG) or
lapping. The edge of the silicon wafer including optionally
present mechanical markings such as an orientation notch or an

(25 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

30 are additiocnally provided.

After the grinding, cleaning and etching steps, in accordance
with the prior art the surface of the silicon wafers is
smoothed by removal polishing. In the case of single-side

35 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 double-side polishing

(DSP), silicon wafers are inserted loosely into a thin toothed



30 are additionally provi ded. After the grinding, cleaning and etching
steps & §§6§ ance with the prior art the surface of the silicon wafers
§ ﬁ removal polishing. In the case of single-side 35 polishing
(SSP) silicon wafers are held during processing on the rear side on a
carrier plate by nmeans of cenent, by vgcuum or by means of adhesion. In the
case of double-side polishing (DSP), silicon wafers are inserted |oosely
into a thin toothed ST10509/Ki 8 disk and polished on the front and rear

si de sinultanequsly i a manper "floati freel y" between an upper and a
| ower ggﬁ'sﬁp gpﬁﬁéﬁgeéOQQrégewﬁfﬁné 68B|§ﬁFﬁgS&§8tﬁlm§l?ﬁ€%9WS|@bﬁnwafers

provi ded amanpel rghedtdhgl €askelon bleweenf BANLUppedeandrur thaerore, the front
si des of Ehe SI|IC n wafers rOV|ggS are .Eﬁeferaglﬁ polished in a haze-free
PP td £

manner , FSE%QﬁpP aysi § fgv&" Fowd &t apBPLARPARIcFIPR ™ i th the aid of an

al kal i ne polishing sol; in order to obtain the geonetry of the silicon

waf er s oduy to this ste t he terial vals ar relatlvely
ol 1 i P8 L 69 YR RpLPErS SGlo8 o PR 14 SPER. 2nisaatepT 1
referredirbotasi@®B.pol i shing ("cheno-nmechanical polishing”) in 15 the
literature. After polishing, the silicon wafers are subjected to a

hydr ophilic cleaning and drying according to the prior art. The cleaning
may be Pertbermdreitkhbe dsoatbatidesmethobewsthigonsvadleranpooyidedanireg of a

”“'t'p'EEEE§rgﬁlg %bi?@hﬂ@fﬁhs al fla Qa%Qge ALnA%-SPERY! Ag . 1%0E§19r gl se as

a singl cess. I'na sing react or, epitax |'ayers are
subé@quéﬁityp025sheBGSﬁﬂeﬁhOWﬂehtheep@ﬂdshédaﬁreﬁkaénﬂésp@ﬂlﬁhenglBpéon

waf ers ;pr e\rﬁaeedtoTBetahbl caa \;‘/%Bﬁé%rg}r gyl dad eaﬁelebﬁf %ra?*éh:)é w%eh%e de of

m)nocryst alline silicon ['i con-on-insul at or ers ers
With a ¥Pr&PnEBLsi FEEdn Fa?eﬁla(:eﬂlﬁél KE@OYRLECBK®) reratively Small in

this case, preferably 0.05 to 1.5 um. This step is often
referred to as CMP polishing ("chemo-mechanical polishing") in

15 the literature.

After polishing, the silicon wafers are subjected to a
hydrophilic c¢leaning and drying according to the prior art. The
cleaning may be performed either as a batch method with

20 simultaneous cleaning of a multiplicity of silicon wafers in
baths, or by spraying methods or else as a single wafer

process.

In a single wafer reactor, epitaxial layers are subsequently
(_ 25 deposited onto the polished front sides of the silicon wafers

provided.

The silicon wafers provided are preferably wafers made of
monocrystalline silicon, S0I ("silicon-on-insulator") wafers,
30 wafers with a strained silicon layer ("strained silicon") or

s2S0T ("strained silicon-on-insulator*) wafers.

Before the epitaxial layer is actually depcosited onto the
polished front side of a silicon wafer, firstly the silicon

35 wafer is in each case pretreated under a pure hydrogen
atmosphere, preferably in a temperature range of 3850 to 1200°C,
in the process chamber in order that the native oxide formed



sSO ("strained silicon-on-insulator") wafers. Before the epitaxial |ayer is
actual ly (ﬁgyed onto the polished front side of a silicon wafer, firstly
the sili Kfafer is in each case pretreated under a pure hydrogen

at nosphere, preferably in a tenperature range of 950 to 1200C, in the
process chanber in order that the natiye oxide fornmed ST10509/Ki 9 after
the preceding cleaning step is stripped fromthe front side of the silicon
wafer. In this case, a hydrogen flowrate lies within a range of 5 1-100
slm (Standard Liter per Mnute), .and is preferably 30-60 sIm In a second

step, afrfdEanithe MERAIRY ﬁ@é@lpﬂt & teRe 18y dtagd@peatimesp idiee tHamt he

siliconguafelofl $HY @atied By wigairs of said 10 etching nedium preferably at
a tenperature of 950-12000C. Gaseous hydrogen chloride is preferably used as

the etching nmedium In this case, the concentration of the gaseous HCl is
preferaly drap! daved raAngR@gedr 2Q%wbyavel UiRs $Q thAa sarkabyeloghing rate is
0.01 - q ﬁl% gl Eﬁégkf %ﬁly besi des as;gus H%F a silane_source, for
exanpl e + 2i0lafd T & & ﬁP&FﬁSPF&n@lgSF c1F9 {5 PReseEEe e (TCS

Si HC13) 3er-stoetsnachl orosilane (Sid 4), preferably 20 trichlorosilane, is also
added to the hydrogen atnosphere in an anmount such that silicon deposition

and silicon etching renoval are in equilibrium Both reactions proceed at a
sufficiamtbysddqmd reeragt,| @m regickingomwedénm e tlkatedsiinitoonhen Mvide-oguerf ace 1S
nobi | e rf t hed defe r ved on . 25.the
surface% gﬁegﬁéa%§€§¥%%?¥gﬁtOgtgg%graﬁseg&% % aygg 5 O&éﬁ%@f%ed on
thelpole$n@dngruwﬁlymdepahﬁ&r@bﬂwcam aatempeﬁaturblsf PeOpAdge0°& .si | ane
source as source gas is added to hydrogen as 30 carrier gas. The epitaxial

| ayer is deposited at a tenperature of 900-1200C dependi ng on the silane
$ource GesegousThivehogress idhdive iGECSp bPrefeshblablypedsad &¥et kschilngne source,

medium. In this case, the concentration of the gaseous HC1l is
preferably kept in a range of 5-20% by volume, so that an
15 etching rate is 0.01 - 0.2 pm/min.

Preferably, besides gaseous HCL, a silane source, for example
silane (SiH,), dichlorosilane (SiH;Cl,), trichlorosilane
(TCS, 8iHCl;) or tetrachlorosilane (8iCl,), preferably

20 trichlorosilane, is also added to the hydrogen atmosphere in an
amount such that silicon deposition and silicon etching removal
are in equilibrium. Both reactions proceed at a sufficiently
high reaction rate, however, so that silicon on the surface is
mobile and the surface is smoothed and defects are removed on

( 25 the surface.

After the pretreatment steps, an epitaxial laver is deposited
on the polished front side of a silicon wafer. For this
purpose, a silane source as source gas is added to hydrogen as

30 carrier gas. The epitaxial layer is deposited at a temperature
of 900-1200°C depending on the silane source used.

Trichlorosilane (TCS) is preferably used as the silane source,
at a deposition temperature of 1050-1150°C.

35
The thickness of the deposited epitaxial layer is preferably
0.5 - 5 um.



at a deposition tenperature of 1050-1150C. 35 The thickness of the deposited
epi taxi al_ | r is preferably 0.5 - 5 pm ST10509/Ki 10 After a specific
nunber oﬁTé§¥5§%¥é| coatings of a silicon wafer, the susceptor is treated
with an etching nmedium in the course of which there is no substrate
situated on the susceptor. 5 The etchiﬁg treatnment is preferably effected
after 1-5 epitaxial coatings in the process chanber of the epitaxy

reactor. This nmeans that, by way of exanple, after every third epitaxial
coating of a silicon wafer, the epitaxially coated 10 silicon wafer is
renoved ﬁﬁ@ﬁftﬁe5§8§é§bﬁoﬂu@be¥rég1@Eétéﬁiﬁéx90akéé@$oﬁfaﬂdsnﬁéc§nsceptor is

subsequepplegrSUbhaCEREcERLaP igtEPEQQe&rﬁfﬁﬁeaﬁ-eIBﬁiﬁ&CREaguhEeﬁh”EHE IS
preferably effected usin 15 Accordlggﬁto the 1 nvention, the susceptor

HC1.
i s hydr opfPFegedt Whieh ghﬁéeeﬁﬁhﬂﬁgs@béﬁ€ tsitpwaredsonchheved by neans of
this hydpapbpkbzation of the susceptor is that the surface of the
susceptor is saturated with oxygen, that is to say that the 20 susceptor
surfate is hydrophilic. The susceptor is preferably hydrophilized by placing

a fhyd_romhél bfcmf,‘ﬁ-r tHBHERAEAL] LY Qﬂ%@(ejf&@]r.?uéﬁﬁéf_'@éd aﬁtallaelhsdr ophi l'i Cf _

wafer is a, er ich,conprises a rophilic_layer at |east on one of its

o des anBORRRERC] cCBRaiaE iR SRRt SRR BIPRE SEnt R WS LAY sai d

hydr ophi keackayer Tahd mbanssukgeptoy sayfateegamplent afcont ackry30nhil e

sai d hydrogpgkig mage&.bear on tgecsusceftor, thee tg grigure o% 5he

suscept oFPeF At hEOBT6REs 8T cRafibet SPR Wit 8F er HBF Y ROO ST 2 10B O3S

hydr ophi kit imahewaifernvt reaveddi firthi sheasesceptor or from the epitaxy
reactor and the susceptor is subsequently subjected to an

( etching treatment.

The etching treatment is preferably effected using HCI.

15
According to the invention, the susceptor is hydrophilized
after said etching treatment. What i1s achieved by means of this
hydrophilization of the susceptor is that the surface of the
susceptor 1s saturated with oxygen, that is to say that the

20 susceptor surface is hydrophilic.

The susceptor is preferably hydrophilized by placing a

hydrophilic wafer momentarily onto the susceptor.

( 25 The hydrophilic wafer is a wafer which comprises a hydrophilic
layer at least on one of its sides and which is placed onto the
susceptor in such a way that said hydrophilic layer and the

susceptor surface come into contact.

30 While said hydrophilic wafer bears on the susceptor, the
temperature of the susceptor or in the process chamber 1is
preferably 700 - 1100°C.

The hydrophilic wafer is not coated in this case.
35
The hydrophilic wafer is preferably removed again from the

susceptor after 1 - 30 seconds.
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hydrophilic wafer is preferably renoved again fromthe suscepto
&§5§§2%nds ST10509/Ki 11 The next silicon wafer provided is
eﬁ? epitaxially. It is particularly effective and ther
larly 5 preferred to use a wafer nade of silicon as the hydroph
said silicon wafer conprising a thermal oxide or LTO ("Low

Tenperature Oxide") layer. Wiile the LTO wafer bears on the susceptor,

tenperature of 10 the susceptor is preferably 700 - 900C. The LTO wafe

preferablﬁ removed again fromthe susceptor after 1 - 10 seconds. 15 |
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| BRPyTBKES Ef 1 eBOBOWRAPFyPEAVIERE éBcRFREEREREAENEOASRA he susce
vg@ytgﬂhgglyal coating. It has been shown that, in the prior art,
wafer which is epitaxially coated directly after a susceptor e
particularly poor |ocal flatness values in its edge region. Thi

the tachatbatushgbif ecsattehangag EHekBEof@CphrtibalaQ§§ of the

waf er ca ccur tlcul a he, edg i licon, wafer
oPr?ﬁgrﬁgaegPaPFﬁn 0 3 ﬁ§d?%§8n %e?éﬁ?ﬁﬁngﬁ§ %P ﬁ%é§9?ﬁ6ﬂlﬁas
whszonsmmﬁegl25caﬁdwaﬂscepbmprlé¢hgrathheﬁmamlagiﬂeeaknﬁmo, th
or,, sur&ace i s, satu “yn; drogen. If a silicon wafer is th
He SWESEBFBFG ?ﬁ? ted wth hydrogen, it is possib
the pretreatnment in a hydrogen at nosphere, for the hydrogen to

RELbeepysuseaPLok angLear o5l dg.of Lhe, B0, o1 Licopeuater LhLough

lfrectron o center O e silicon r

wafer, silicon can grow at the | ocations etched away on the re
in partlcular in the edge region of the silicon wafer, which 35
aleél LBCavafeut hesereferpbledyempegioagaint feom the susceptor

after 1 - 10 seconds.

It is particularly preferred to carry out the etching treatment

of the susceptor after every epitaxial coating.

It has been shown that, in the prior art, the silicon wafer
which is epitaxially coated directly after a susceptor etch has
particularly poor local flatness values in its edge region.
This is due to the fact that significant changes in the local
flatness of the silicon wafer can occur in particular at the
edge of the silicon wafer as a result of the penetration of
hydrogen, etching gas or deposition gas between silicon wafer
and susceptor. After the etching treatment, the susceptor
surface is saturated with hydrogen. If a silicon wafer is then
applied to the susceptor surface saturated with hydrogen, it is
possible, during the pretreatment in a hydrogen atmosphere, for
the hydrogen to diffuse between susceptor and rear side of the
silicon wafer through to far inward in the direction of the
center of the silicon wafer and strip away native oxide there.
During the subsequent epitaxial coating of said silicon wafer,
silicon can grow at the locations etched away on the rear side,
in particular in the edge region of the silicon wafer, which
leads to vitiated local flatness in the edge region of the
silicon wafer and thus also to poor maximum local flatness

values.
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silicon wafer and thus also to poor maxi mum | ocal flatness val ues.
ST10509/ Ki._ 12 This probl em does not occur in the nmethod according to the

i nventi ofit4PRE&/¥ke susceptor is hydrophilized by placing a hydrophilic
wafer onto it. 5 Wen using an LTO wafer, part of the oxygen is transferred
from the LTO layer to the susceptor, so that after the renmoval of the LTO
waf er, oxygen predom nates on the susceg%or surface. This has the advant age
that during the pretreatnent of the next silicon wafer to be epitaxially
coated in a hydrogen 10 at nosphere, it becones nore difficult for hydrogen
to penetFhie pbebheendsesceptorcsurf asethadnethodoacmatdingotbetbpitaxially

coat ed si i pdi fEusipg a ) en.,f .1.he.suscept or
saturate%ﬁﬁf?EDEngghgglghghFgggﬁggggsigh§§§£§%%2%9g¥an§ iégggiﬁgeaon t he
rear sidev@rophhélsj vaéen ®aterite be epitaxially coated. Since, therefore,
there is no etching renoval of native oxide on the rear side of the silicon
wafer to an appreciable extent, deposition of silicon at etched-away

| ocaty on¥h@BessHR® BRcUTCeWRREE.: TATE 26 Bhevenyeeyi ipatransterrad Foem

flatnesstpé arsiligen waf ehe Lhatepsofpi taXiBhtVacpatedndi repbly1abker a
susceptor. etch, an I ncreases thgo%ield of epitaxially coated silicon

waf ers wWrBR L VRERY maQKHERT BES B#heE OV aF BB SUBSECRRET h§HF BRI ¢ waf er
or the LTRivehes vhechdianphaeedhant @uiheg sHecgpéoteathentt be ehehhisdt
treatnent .t hereof |s prefgrabl¥ usef a nunber, of tlgea. The fol |l ow ng
process St h%ﬂ%éw?teﬁaFPi GI PHyaRFRF eY¥ r 63 FRIt +R 23BYEHATERt of the
inveFIioatméﬁﬁh@fapeﬂﬁnbecbmassmbfeoaimﬁiemlmhfch h@d?ogﬁﬁhed péﬁéeﬁatﬁon
its front side onto t suscept or; et r eat nent e polished.silicon
wnter umBErESRy arSGeREoSsSRERBehiabe ShbEUPE RV ARAF  FoPBr PEr oS LhE
hydrogencaanedphﬁmee the) irgif&usahg copditogenf réacss pwetheakedesi Exromn

waf er ; the susceptor saturated with oxygen.

15 This impedes the removal of native oxide on the rear side of
the silicon wafer to be epitaxially coated. Since, therefore,
there 1s no etching removal of native oxide on the rear side of
the silicon wafer to an appreciable extent, deposition of
silicon at etched-away locations does not occur either. This

20 prevents vitiation of the local flatness of a silicon wafer
that is epitaxially coated directly after a susceptor etch, and
increases the yield of epitaxially coated silicon wafers with

defined maximum local flatness values,

( 25 The hydrophilic wafer or the LTO wafer which is placed onto the
susceptor after the etching treatment therecf is preferably
used a number of times.

The following process sequence is particularly preferred in the

30 context of the invention:

(a) placement of a silicon wafer which is polished at least on

its front side onto the susceptor;

{b) pretreatment of the polished silicon wafer under a hydrogen
35 atmosphere and with addition of HCl to the hydrogen atmosphere;

{c) epitaxial coating of this pretreated silicon wafer;

(d} removal of the epitaxially coated silicon wafer;

(e} etching treatment of the susceptor using HCI;



(d) renoval of the epitaxially coated silicon wafer; (e) etching treatnent
of the sggﬁigt D§$sing HCl ; ST10509/Ki 13 (f) placenent of an LTO wafer
onto the @%t L for a specific tinme; (g) renmoval of the LTO wafer; and
then steps (a) to (g) again. 5 This process sequence provides for carrying
out an etching treatnment of the susceptor after every epitaxial coating, an
LTO waf er bei ng placed onto the susceptor after each etching treatnent of
the susceptor in order to achieve an excess of 10 oxygen on the surface of
sai d suscg tor.. It has heen shown %hat this ggrticularly preferred process

| sequend&’i RIZCETRIMOE fft RTPaY2EET( GTtPs 86 FUBLEPLSF IfrodusPRGid1ic
silicon waker; conprising a front side and a rear 15 side, at |east the front
si de bei pol i shed and an itaxi.al |ayer being applied to the front side,
characteRrg’QeﬁeHS‘?Vg(1 xﬁﬁﬁnﬁﬁgcgﬁfPFétness val ue SFQR~ of 0.01 pmto 0.035
pm rel agnde thenatstleeast(ad9%wof(gh hagpanti al regions of an area grid of
neasu%enent w ndows having a size of 26x8 mmR2 on the front 20 side of the
coated silicon wafer and an edge exclusion of 2 mm This is achieved in the
parti cul ahiy pretessedepuenesspseoyidasefobycairryiagobuthenf atchtihat t he

etching {reai el af the SAURERRLOT ke gl Loaked pliel; eyery enhiaxLal
coati ng. e suscCeptor 'S Thus fFeed of S ti Gon ep03|Fs priar £6 each
epi t axi alT@oweifeg. beangr pérced pnevenhehgusogphotr efitbei rgchbkéching

enet 1 al £ 88t DElueaR SUSEERERL 8AToPHbLOPD WRLSEVAULLNGXCLES of

pretreatnment 1n accordance w ter each etching treatnent of the
suscédt opxygenTonwgher sugfpeaced saté snecspteusceptor for a specific tine
and subsequently renoved. Firstly, this process sequence has the effect
that the silicon wafer to be epitaxially coated bears on _a clean susceptor
sirface freBdsobeghy s@eppsiPat &hiiSt RASthentarin PEPEPEUPEr Pyocess

sequence in accordance with (a) to (g) is suitable for
producing a silicon wafer comprising a front side and a rear

15 side, at least the front side being polished and an epitaxial
layer being applied toc the front side, characterized by a
maximum local flatness value SFQRpax of 0.01 um to 0.035 um
relative to at least 99% of the partial regions of an area grid
of measurement windows having a size of 26x8 mm? on the front

20 side of the coated silicon wafer and an edge exclusion of 2 mm.

This is achieved in the particularly preferred process sequence
by virtue of the fact that the etching treatment of the
‘ susceptor is effected after every epitaxial coating. The
( 25 susceptor is thus freed of silicon deposits prior to each
epitaxial coating. In order to prevent hydrogen from being able
to penetrate easily between susceptor and silicon wafer during
the pretreatment in accordance with (b), after each etching
treatment of the susceptor an LTO wafer is placed onto the
30 susceptor for a specific time and subsequently removed.
Firstly, this process sequence has the effect that the silicon
wafer to be epitaxially coated bears on a clean susceptor
surface freed of any deposits, and thus bears in particularly
flat fashion. Secondly, the negative influence - already
35 observed in the prior art but not understood - of the etching
treatment of the susceptor on the local flatness of the

epitaxially coated silicon wafer is prevented by the momentary



flat fashion. Secondly, the negative influence - already 35 observed in the
prior art but not understood - of the etching treatnent of the susceptor on
the | ocafTEPaPRERs of the epitaxially coated silicon wafer is prevented by
the nonentary ST10509/Ki 14 placenent of an LTO wafer after the etching
treatnment of the susceptor. The foll ow ng maxi rum | ocal fl atness val ues
arose in the case 5 of silicon wafers éﬁitaxially coated in accordance with
the particularly preferred process sequence: 0.013 um- 0.018 pm- 0.024 pm
- 0.028 pm- 0.033 pm In this case, an area grid of nmeasurement w ndows
havi ng apsbgzement2ex8ammiTonwefierfabherstie epthihe epesatment| pfcoheed
silicon %gggé apgd an edge exclusion 10 of 2 mmare once again taken as a
basis. The ethaxiaIIy coated silicon wafer preferably has a maxi mum | ocal
flatness value SFQR,,,aX of 0.01 pmto 0.025 pmsince it has been shown

that thergt BRH18GEREIhEQ: hGn! D6 DVEDLERB:EXPADLLES dPoRar LhCUhar Ly sgood
results in the case of silicon wafers wwth a polished front and rear side.

This is Abesibdicng vatertnaPlbexyaplvettrbndt e cceEprpFeaNdthnEheear side

of the sphieoBuldRi@rphefdrbydt peosessenthehscPant bt gnl ¥ papL@Wunn-this
case. 20_1f, in the pgéélcularlygﬁgeferre géocess sequence in accordance

Wi th (a)?-B%é P Fafe WsT1 Pe®h® waler IRnt RS | c2senPRofTeRedTdft Phe front
si de andmahsorembhshein@dws heaveng assiiee and2fugthet mi ad Br&usceior
havi ng a Eok%shed.bearigg 25 aﬁeﬁ, ii.is posgiblgﬁ%o ﬁro uce egitaxially
coated sPfitBf SRAFRFS2W Y iCPAFERET L +hPPOVED: FRxFHantt o3P f PAT HBES Y al ues
SFQRI0 , . ofhe fumoateasdceecagashdeskeh dbeasbaston wafer are preferably
pol i shed by nmeans of DSP in this case. 30 Therefore, a silicon wafer

conprising a front side and a rear side, front and rear sides being
| i shedThy epahsxdél DPcaadedt belicontwaifde bheeherddhPy piods saetdaantuan

epitaxiaiokgyeflgghggs value SFQRmax ©of 0.01 pm to 0.025 um since it has
been shown that the method according to the invention exhibits
15 particularly good results in the case of silicon wafers with a
polished front and rear side. This is due to the fact that a
gap between the susceptor and the rear side of the silicon
wafer held by the susceptor is particularly narrow in this
case,
20
If, in the particularly preferred process sequence in
accordance with (a), use is made of a silicon wafer which is
CMP-polished on the front side and also polished on the rear
side, and furthermore of a susceptor having a polished bearing
( 25 area, it is possible to produce epitaxially coated silicon
wafers with further improved maximum local flatness values
SFQORmax. The front and rear sides of the silicon wafer are

preferably polished by means of DSP in this case.

30 Therefore, a silicon wafer comprising a front side and a rear
side, front and rear sides being polished by means of DSP and
the front side being CMP-polished and an epitaxial layer being
applied at least to its front side, preferably has a maximum
local flatness value SFQRpx of 0.01 ~ 0.02 um, relative to an

35 edge exclusion of 2 mm.

In this case, therefore, front and rear sides of the silicon

wafer are polished (removal polishing), the front side of the



applied at least to its front side, preferably has a maxi mum | ocal fl atness
val ue SE§£2~58§ .01 - 0.02 pm relative to an 35 edge exclusion of 2 mMm
In this %, tefore, front and rear sides of the silicon wafer are

pol i shed (renoval polishing), the front side of the ST10509/Ki 15 silicon
wafer is furthernore free of haze or CMg-polished and the front side of the
silicon wafer is provided with an epitaxial layer. 5 In the case of an
epitaxially coated silicon wafer having a dianmeter of 300 mm given an edge

exclusion, of 2 mm_a tptal of, 336 neasurenent wi ndows (sites) arise_in the
form of BH-EFEA %W bF SEHHRRTECHRY ?@eaogi}i%z%for%cmé&@o%?h%@ ¥dsai d

336 neash efEdiit W IBOWSE beh& s 1 Piddh aba Sbt €58 . pddyFied efabhyanin the
context of.this jnvention, the "partial sites" are also taken into account
in the d%ﬁ”etffi‘r‘f]r%j[i of-the naximumlocal flatness value, that is to say
all the partial regions of an area grid of neasurenent w ndows having a

size of 15 26 nmmx8 on the, front.side of the silicon fer. The PUA val ue
O anit 11 65 TR 08 i s A LY [ et (5 Thon Wt SL w900 of the
measur en@idmet exd o, 3 @ henth pcgl ver | at nedsge vartaless aore ¢d£s3 trhana otoegUabf t o
the corr i 0 Xd o] flatness val ue. PUA val ue of 100%i s
prefer abﬁggrg%%f&?%‘gﬁqrg& %ésgl%i'f%%’if E’pf]f'ussét:" I:b%gﬁlef f%?%%s%gv% ues % or the

i ndi vi dueatidreas wregresnts viardows arelizg |of 6% nrveth ron, eguadf teaided3dxi num

| ocal 2 | i €n i ly small maxi num | ocal
flat nesgn%/%%%&&%?yﬁ%%gd?v%ny%ﬁ%qJg%r%ic?]o.e%zg%m't Ke silicon wafer according

to tHe invention is already suitable for the fabrication of 30 electronic

conponengse fAavig, | i fie t‘,’l‘.léltién dxi €56 48D Oy &AUaln, t&@-ﬂga’-rygglaccordi ng
to ITRS ("I nternational Technol ogy Roadmap For Sem conductors™) al so
r(ef erredStieess gippalso taken intd account in the determination of the

maximum local flatness value, that is to say all the partial
regions of an area grid of measurement windows having a size of

15 26 mmx8 mm on the front side of the silicon wafer.

The PUA value ("chip yield“) is at least 99%, that is to say
that for at least 99% of the measurement windows, the local
flatness values are less than or equal to the corresponding

20 maximum local flatness value.

A PUA value of 100% is preferably assumed, that is to say that
the local flatness values for the individual measurement
windows are all less than or equal to the maximum local

{ 25 flatness value.

By virtue of the extremely small maximum local flatness value
of less than or equal to 0.02 um, the silicon wafer according
to the invention is already suitable for the fabrication of

30 electronic components having line widths of less than or equal
to 0.022 um, according to ITRS ("International Technology
Roadmap For Semiconductors®) alsc referred to as hp22
technology generation. Epitaxially coated silicon wafers having
such outstanding local flatness values are not known in the

35 prior art.

The silicon wafer according to the invention is preferably a

wafer made of monocrystalline silicon, an S80I ("silicon-on-



technol ogy generation. Epitaxially coated silicon wafers having such
outstandi ng | ocal flatness values are not known in the 35 prior art. The
silicon ﬁﬁggﬁ 8égérd|ng to the invention is preferably a wafer nade of
nonocrystalline silicon, an SO ("silicon-on ST10509/Ki 16 insulator")
wafer, a wafer with a stralned silicon Iayer ("strained silicon") or an
s§sSAO ("strained silicon- on-insulator") Iafer, in each case provided with an
epitaxial layer at least on its front side. 5 The invention is expl ai ned
below with reference to Figures 1 to 7, figures 1 to 5 schematically
showi ng theugsatestlyweferhea wafeul withi ki sbnanaedr silncper $pyeti ve. 10

Figure 1 shovsshoaal,hiabnoss yaLesshor (25Lhifgn wahepotl ch 1o

CWVP- pol i shed on _t ront side ure 2's atness val ues for the
si | i con ®BféRsplaRPTIL) gwpéer., pﬁévﬁééb dRef ano¥pfledxwakhl apeerasesidilng to

the 15 pihgéraag 1ELgQYr gn3ishows hecak gkl atness values for a silicon wafer
which 1is polished on the front side. 20 Figure 4 shows | ocal fl atness

val ues for the silicon wafer from Figure 3 provided with an epitaxial |ayer

in aCCOf@BECQnthﬁloths'@kﬁmhhﬁ@d beybkewdtBEhousetBAckhekPeghrel a skl i con
waf er mhlch s 25 olLi shed on the front side, plotted against the radius

of said 5|fF€Bﬁeﬁa@eF°(5l?ﬁ@e§€5ﬁc? ﬁl@b?@l@gsheﬁsgﬁﬁ@eEFﬁfPﬁetbﬁ t he

thi cknesgietudasi ki ¢@RowakBFervhighpksspeeriged With an epitaxial layer in
accordance with 30 the invention and has been CWP-polished on the front

si de beforehand, against the radius of the silicon wafer as a line scan.
Fi gute 7Figave a dhb%erencaleEEEﬁassheanhéskﬁGSSaoéiaisbhiwaﬁer35hmaher
which i's, pr aybdgg: hh0aB,cRh %L 8h. | BYSL. T accor dance
Figure 2 shows local flatness values for the silicon wafer from
Figure 1 provided with an epitaxial layer according to the

15 prior art.

Figure 3 shows local flatness values for a silicon wafer which

is CMP-polished on the front side.

20 Pigure 4 shows local flatness values for the silicon wafer from
Figure 3 provided with an epitaxial layer in accordance with

the invention.

Figure 5 shows the thickness of a silicon wafer which is
{_ 25 CMP-polished on the front side, plotted against the radius of

salid silicon wafer ("line scan“).

Figure 6 shows the profile of the thickness of a silicon wafer

which is provided with an epitaxial layer in accordance with
30 the invention and has been CMP-polished on the front side

beforehand, against the radius of the silicon wafer as a line

scan.

Figure 7 shows a difference between the thickness of a silicon
35 wafer which is provided with an epitaxial layer in accordance
with the invention and has been CMP-polished on the front side
beforehand and the thickness of this silicon wafer polished in



with the invention and has been CWVP-polished on the front side beforehand
and the thickness of this silicon wafer polished in ST10509/Ki 17 a

haze- f r €l H&®fKbn the front side, against its radius (line scan).

Conpar ative exanple (prior art) 5 Figure 1 illustrates local flatness

val ues SFQR of a silicon wafer having a dianeter of 300 mm said silicon
waf er being polished on the front and ¥ear sides by neans of DSP and being
CWVP-pol i shed on the front side. The silicon wafer is divided 10 into an area
grid of 336 neasurenent wi ndows having a size of 26x8 mmR, of which 52
measur ereriazentiows earnépart itdle Sinas . sidhe absierst nats amdius hel BEEOR
valuesié%g§§ed on an edge exclusion of 2 mMmor 296 mm FQA. Wen the 52
"parti al es" are also taken into account, a maxi mum | ocal flatness val ue
15 SFQRI of 0.055 pmresults as the maxi mum of all the SFQR values of this
silicon at e ' aqoal  flatness values toward the edge is
appar ent, Ichis |dent|f|edey the nunerical values being printed in

bol d3 20 An epitaxial |ayer was subsequent|ly deposited on the front side of

this CMpRaliehed 51ddcan MafRIcdIN AGRAUAANGRH ML dotk iid A sl fcodhe
deposition was effected_at a tenperature in the process chanmber of 1120C, a

TCS 1 owafge v @ Hiamghesnoh A% gt Haldhrgd deguyafenfosma| m and a
deposi t prghcgt[@a i e OforfS 8¢ ré:dxglﬁ'ﬁie:?s Iw ysddvad esr ImeRl add at

val ues this E)(iam ally coated silicon wafer. Edge exclusjon_and FQA
e

cor r espSHtP Py AL SIS I (The dsldhG R B Toncerd Wefle gure 1.
Her eyo 3GiAt9,ard SdidticBE rizee mdagmxﬂeaﬁcalwiﬂcﬁjm&&v&a@%s S zd hee

SBLE?é'n?ﬂé%C‘)@t o5 e o, BEREREFDE Ey VAGOTRAGR CBP T APdeS BERg
rinted The hiderivifrent 1dre &2 theardbigH veslives' iar dadaaDd draken adge® account, a
xinuméé% dsféﬁuyfgfnm1or 296 mm FQA. When the 52 "partial sites™

are also taken into account, a maximum local flatness wvalue
15 SFQRmax 0f 0.055 um results as the maximum of all the SFQR

values of this silicon wafer. A great rise in the local

flatness values toward the edge is apparent, which is

identified by the numerical values being printed in bold.

20 An epitaxial layer was subsequently deposited on the front side
of this CMP-polished silicon wafer in accordance with the prior
art. The deposition was effected at a temperature in the
process chamber of 1120°C, a TCS flow rate of 17 slm, a flow
rate of the carrier gas Hy; of 50 slm and a deposition duration

( 25 of 63 sec.

Figure 2 illustrates local flatness values for this epitaxially
coated silicon wafer. Edge exclusion and FQA correspond to the
values mentioned in the description concerning Figure 1. Here,

30 too, a significant rise in the local flatness values of the
epitaxially coated silicon wafer in the edge region is
furthermore apparent, which is likewise identified by the
numerical values being printed in bold. When the 52 "partial
site" are also taken into account, a maximum local flatness

35 value SFQRp.x ©of 0.051 um results.

For further silicon wafers coated epitaxially in accordance

with the prior art, that i1s to say without hydrophilization of



35 value SFQR~ of 0.051 }imresults. For further silicon wafers coated
epitaxially in accordance wth the prior art, that is to say wthout

hydr ophSTLP&0PdKiof ST10509/ Ki 18 the susceptor prior to the epitaxial
deposition, the followi ng naxinmmlocal flatness val ues SFQRm arose: 0.042
- 0.044 - 0.050 - 0.057, the latter two values corresponding to the maxinmm
| ocal flatness values of silicon waferd®that were 5 coated epitaxially
directly after an etching treatnment of the susceptor. Exanple 10 Figure 3
illustrates local flatness values of a silicon wafer having a dianmeter of
300 mm thei dusckpton wafier bei hbepebiithedalodeppshtiand teer fsildewily neans

o oror, BAiRELNoCHT, BoLERREd anEReckbRnt sLdgy.0BCEa302i . Wikh an edge
excl usi on nm  Here, oo, Significdn poorér “val ues thregard to
the | oc8l-038 | 8t AE3s &he appaeentwat vaﬂageedgernfasphedsnm tonthaf er, which

LS 292 RakdRlkl Abed1DY160RBUTGLLGEL B! US3; BEL G PELD! Eflatnycbal d. When the

52 "partiral sites" are en into account, a neaximum/l oca atness val ue

SFORW ofoBtedeepitrgsaliy. dppeThiy EkPepoRRNsREEhEND| EoRatmpaE Wisthe

epi t axi glik¥epeatied after an etching treatnent of the susceptor and

pl acenent of an LTO wafer onto the susceptor. In this case, the LTO wafer
was placed onto the susceptor after the etching treatnent of the susceptor
for 10 gaampliea tenperature of 900C in the process 25 chanber. This was

foll owed by an epitaxial deposition on the front side of the CMP-polished
silicon wafer, in the course of which the follow ng process paraneters were

usedo TEbghkrewsr aleustirases 16Ball evatakesS0ashes bempesalucenlydber
depositjon, duraélon 63 seg 338 Fi gu ustrat%g | ocal fl at alues
d I

for thi 83¥pPEaRi Sippetenal W@onsﬁééeﬁl ACHEXT ﬁ?l%@é?gfpﬁgﬁé €% al ue
@FQRn obn Gr0h® ameduretsri sitibssbgaseanshefSfsbpanti ekisgt eNb-pbeitAkan

on the front side, once again with an edge exclusion of 2 mm.
Here, too, significantly poorer values with regard to the local
15 flatness are apparent at the edge of the silicon wafer, which
is again identified by the numerical values being printed in
bold. When the 52 "partial sites®™ are taken into account, a
maximum local flatness value SFQRp., of 0.046 um results.

20 This CMP-polished silicon wafer was epitaxially coated after an
etching treatment of the susceptor and placement of an LTO
wafer onto the susceptor. In this case, the LTO wafer was
placed onto the susceptor after the etching treatment of the
susceptor for 10 sec at a temperature of 900°C in the process

\ 25 chamber. This was followed by an epitaxial deposition on the
front side of the CMP-polished silicon wafer, in the course of
which the following process parameters were used: TCS flow rate
17 slm, H; flow rate 50 slm, temperature 1120°¢C, deposition
duration 63 sec.

30
Figure 4 illustrates local flatness values for this epitaxially
coated silicon wafer. A maximum local flatness value SFQRpax Of
0.019 results in this case. The 52 "partial sites" are taken
into account in this case. This outstanding local flatness

35 parameter can be attributed to a significant improvement of the
local flatness in the edge region of the epitaxially coated
silicon wafer, which is achieved by the method according to the



into account in this case. This outstanding |ocal flatness 35 paraneter can
be attrigﬁisg b? a significant inprovenent of the |local flatness in the
edge reg PR epitaxially coated silicon wafer, which is achieved by
t he met hod according to the ST10509/Ki 19 invention, in particular by the
susceptor hydrophilization carried out peforehand. Figure 5 shows the
profile of the thickness of a silicon wafer 5 that is CWMP-polished on the
front side, as a function of the radius of said silicon wafer as a |ine

scan. An, edge exclusion of 2. mmjs taken as basis. The jl|lustration shows
at both &QYERLIGNs| i PRERREUYBEr BYsEN® nSEpeePRPEKR¥dseB AL 1ERBIGN i con

wafer. JdRisiedosuteseeasensan. be attributed to the polishing steps. A 10
silicon wafer is usually polished concavely, that is to say that the

t hi ckness of the polished silicon wafer increases from the center of the
si |l i con négereost yRcwWst bhexprbfila dfcteasehitknébscknesssonkyoat whheredge

("rol)-off")..15 Fiqure.6 shows the profjile,of the thickness of .the silicon
at oS whbhRt; 8 o BoPFiRnRdoRR  HRS  PERRE P 180 ans pf obHELL AR HE BRe
epi t axi araflayerof asabdf ahticon whféheas adi Ubnefstdms Aepefigei akbyusbahed
silicon fer_as.a lipe.s he thi ckness th Lt axial oat.ed
silicon §gfgrmﬁn%Se%é%gnf%%2??%%5269P%n%ff%%Ffé%ﬁogu m%Wﬁ.agnLéEéeeéggﬁease
with regardi¢wonifheant hdleknesseoint tiee sihickmesmésrof sthe sbhgeondwsterni bl e.
Finally,«figu e.differ - en_t t hi o] e
epitaxi a %gcég?%d&€?¥?%%% %g#e$gf€€%§%$g%¥§ anﬁﬁetﬁgfggﬁ?ﬁgc %%ég'o% t he
CVP- ol i shedcen| waber was enstadhy f pgliehéd agorcavahet | bhabf igheoradius of
this silifon vRketn ASkRebsNEs SERD: pollentd | 451 {akh APatOHS: RBOUSSDOW
thicknes% 0? ?ﬁ% é&P— po%%sﬁeq §€|?%O£ m% er %a§6cha%ged.é§ a r%sglf£o t he
q?etreatﬁhﬁtcgm@%é ahdthqesdbposh t vakenfourwapit bi axhikiyera dgoreases
evident {hatnibenddd ckpessapefrhbe-gpit axi@liyvoepajed silicon wafer has
i ncreased significantly at the edge, as a
15 Figure 6 shows the profile of the thickness of the silicon

wafer which is CMP-polished on the front side and provided with

an epitaxial layer, as a function of the radius of this

epitaxially coated silicon wafer as a line scan. The thickness

of the epitaxially coated silicon wafer increases from the

20 inner portion outward. An edge decrease with regard to the

thickness of the silicon wafer is no longer discernible.

Finally, figure 7 shows the difference between the thickness of
the epitaxially coated silicon wafer from figure 6 and the
i 25 thickness of the CMP-polished silicon wafer from figure 5 as a

function of the radius of this silicon wafer as a line scan.
The illustration thus shows how the thickness of the CMP-
polished silicon wafer has changed as a result of the
pretreatment steps and the deposition of an epitaxial layer.

30
It is evident that the thickness of the epitaxially coated
silicon wafer has increased significantly at the edge, as a
result of which the edge decrease observed in the case of the
CMP-polished silicon wafer is at least partly compensated for.

35 This also results in an improvement of the local flatness of
the epitaxially coated gilicon wafer at the edge and overall in
a significant improvement of the maximum local flatness, as has
been shown in figure 4. This can be attributed to the



result of which the edge decrease observed in the case of the CMP-polished
silicon wafer is at |least partly conpensated for. 35 This also results in an
inprovem§%1Qﬁ0%4ﬁ§Iocal flatness of the epitaxially coated silicon wafer
at the edge and overall in a significant inprovenent of the maxi num | ocal

fl at ness, as has been shown in figure 0 This can be attributed to the
ST10509/ Ki 20 hydrophilization of the Susceptor prior to the epitaxial
coating, which inpedes hydrogen from penetrating between susceptor and
silicon wafer during the pretreatnment and native oxide from being renoved on

the rear RIORT LiFa i Qfn Shet SMSCEPLRRT SR 1ATUITP HdRe SHEgdequence t hat
silicon wygtd rigf, OWrAlcH hign éda‘sal}iy@&%gfeheq@og{ idtwe X eaiddie rear side
of the silicon wafer aq§>mould | ead tq still poor |ocal flatness values
parti cul éc’M%F‘%F}’FQ%@r@dﬁéL EGomater during the PRetEsRiaeat vd dsdii®e and
in fi gur %xz_.delgfﬂdm fueritﬂgerrefeﬁu_a@a e 2, r@@ir]g @ilﬁ@ lof cort ed 1siddrc v fuad er s
in the case.o i an etching treatnent of t ,suscept Qr_ was

respect i VEILFTC 34 q’@t}{e ST HHETES tt%‘?italsﬁéﬁ(?ﬂ f Obﬁdarﬁfowar?‘tL'F@ewaf er
was subsdagusiiilonsplfaced oft adtieesdsdept oh ftoe Yeall sSele aif aHeergidriaidi e of
9000C int rocess c er,. .exhibi.ted the_follow.ng maxi num | ocal
flatness“@gﬁﬁgs .d¥a§1?E?-Foo?6fiﬁ-98961%093&.g?@%nﬁﬁé 3§§h¥ﬁ%d silicon
waf er s wereert ipallisxtigd iim téec ledgas e chy ompalas @ketDSRtorid bt camgbarearived des

and CWVP- i d t:heigd: nt, si de. Moreover, a susceptor 20 with a
pol i shed%géggrﬁal}l%g ag{rheémmfslg&gr%d%'ST10509/ Ki 21 Patent Cains 1. A nethod for

produ@ing epitaxially coated silicon wafers, 5 in which a multiplicity of
silicon waf ?’u%t‘@@xc @ne%rsﬁre%@rft%he%rpﬁkaﬁ%itlyo’&o%*%%idr fiMQRo S LGS 9n
provi ded "an successi vely coatéed Tndividually 1'n each casé in an
{ the case of which an etching treatment of the susceptor was
respectively carried out prior to the epitaxial deposition and
an LTO wafer was subsequently placed onto the susceptor foxr
15 10 sec at a temperature of 900°C in the process chamber,
exhibited the following maximum local flatness values SFQRpax:
0.012 - 0.014 - 0.015 - 0.018. The examined silicon wafers were
polished in each case by means of DSP on front and rear sides
and CMP-polished on their front side. Moreover, a susceptor

20 with a polished bearing area was used.



epi taxy reactor by a procedure in which a respective one of the silicon
wafers provided is placed on a susceptor in 10 the epitaxy reactor, is
pretreat 88136887 K4 hydrogen atnosphere in a first step and with addition of
an etching nediumto the hydrogen atnosphere in a second step, is
subsequent|ly coated epitaxially on its pollshed front side and is renoved
fromthe epitaxy reactor, wherein an 152ktching treatnent of the susceptor
is effected in each case after a specific nunber of epitaxial coatings and
the susceptor is hydrophilized after said etching treatnment. 2. The met hod
as claimed in claim1l, wherein the susceptor is 20 hydrophilized by
nonment ar pLy sRkaehR9m@ hydrophilic wafer by its at |east one hydrophilic
side onto ﬁe susceptor and subsequently renoving said wafer fromthe
epitaxy reactor. 25 3. The nethod as clainmed in claim1l or 2, mhereln an

etching 1treaﬁ”REEh8h tBe 88@8%8?nb§1€£§$85?g éBE?édeégﬂlﬁgﬂ'%ﬁf

coating. 4 net hod as alne ne o ererna '30
silicdn Iayerlnswbésbsﬁt@ﬁléhpﬁhél§Ms@§pﬁ@ﬂ1§ﬂﬂeWaﬁﬁés whéﬁhngrEreatnent of

the susceptoro%.shBg H%tﬂegsésoﬁ|éh8§9 EPOHEGSQHeglékES 2ob9adg wherein the
hydr ophilic mafer is placed onto the suscegtor or % 0 seconds, a

tenperature | RUFRP§SENSAYhEPAGeA0BndIvbEa #10599#&Fh22a56 ighanmet hod as

claimed in ong Qtaﬁyakaac@o£0b§ awbﬁbeéaukaelnhwﬂﬁeﬁhaltésﬁ@&@&vbsoﬁeSIIlcon
waf er and the Ey%&o h|||c r on the silicon wafer is a thermal oxide

layer. 5 7. TRE fBEhdd! E08) ahrene REEVafRT6I SWREREFT PRe@sPRPEBRT FatBr di s
pl aced by itSthaeéﬁataledaabaaer o8t prebecatuaceptier fonydrdfgenieconds, the
tenperature in_this case Rg 700- 900C. 0 8 Thgdngthod S cIaL d in one
of clains 2 t8 ?osﬁﬁsfglﬁntﬁe hytr SpAPI 78 mﬁ?gp feCh5e8" a® rafifteFE6f FPnes.
( 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, wherein an
15 etching treatment of the susceptor is effected in each
case after a specific number of epitaxial coatings and the

susceptor is hydrophilized after said etching treatment.

2. The method as claimed in claim 1, wherein the susceptor is
20 hydrophilized by momentarily placing a hydrophilic wafer
by its at least one hydrophilic side onto the susceptor
and subsequently removing said wafer from the epitaxy

reactor.

25 3. The method as claimed in claim 1 or 2, wherein an etching
treatment of the susceptor ig effected after each

epitaxial coating.

4, The method as claimed in one of claims 1 to 3, wherein a
30 gilicon layer is deposited on the susceptor after the

etching treatment of the susceptor.

5. The method as claimed in one of claims 2 to 4, wherein the
hydrophilic wafer is placed onto the susceptor for
35 1-30 seconds, a temperature in this case being 700-1100°C.



| 9. The nethod as clainmed in one of clains 1 to 8 wherein the silicon

waf ers pg@&bg%g/§re pol i shed by neans of DSP in 15 each case on the front
side and rear e. 10. The method as clained in one of clains.1 to 9,
wherein the silicon wafers provided are polished by neans of CMP in each
case on their front side. 20 11. The neghod as clainmed in one of clains 1 to
10, wherein a susceptor with a polished bearing area is used. 12. The
nmethod as claimed in one of clainms 1 to 11, wherein 25 the silicon mafers
prOV|ded are fers stal Li Ilcon gglsmaf rs, %rs

having a®"str ﬁeﬁegﬂagcﬁgncﬂgggg g 1 8eF &gfg 1ms ePeillt

hydrophlllc wafer is a silicon wafer and the hydrophilic
layer on the silicon wafer is a thermal oxide laver.

5 7. The method as claimed in claim 6, wherein the silicon
wafer*is placed by its thermal oxide layer onto the
susceptor for 1-10 seconds, the temperature in this case
being 700-900°C.

10 8. The method as claimed in one of claims 2 to 7, wherein the

hydrophilic wafer is used a manner of times.

g, The method as claimed in one of c¢laims 1 to 8, wherein the
silicon wafers provided are polished by means of DSP in
15 each case on the front side and rear side.

10. The method as claimed in one of claims .1 to 9, wherein the
silicon wafers provided are polished by means of CMP in

each case on their front side.

20
11. The method as claimed in one of claims 1 to 10, wherein a
susceptor with a polished bearing area is used.
12. The method as claimed in one of claims 1 to 11, wherein
L. 25 the sgilicon wafers provided are wafers made of

monocrystalline silicon, S0I wafers, wafers having a

strained silicion layer or sS8S0I wafers.



