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1 Epitaxially coated silicon wafer and method for producing epitaxially
coated silicon wafers  The invention relates to an epitaxially coated
silicon wafer 5 and a method for producing epitaxially coated silicon
wafers. Epitaxially coated silicon wafers are suitable for use in the
semiconductor industry, in particularsfor the fabrication of large scale
integrated electronic components such as e.g. 10 microprocessors or
memory chips. Starting materials (substrates) with stringent requirements

mage of glabal apdilocaliatness Lade-geametiys thickness ¢istriition, o; ny
singleside-reference Ig%ggiatggss éré%r%%t poljcn)gﬂzand freedom from

defects are require?ﬁor moderi-microelsctronics. 1o A‘E%o?cﬁrslg to the

prior art, a silicon wafer can be produced by a process sequence of
T3epdratiagta singleeteystal of silieondpticcwmiers ilounshitgtheilicon wafer

aEQ&CQaH@@Wé?f@iﬁ\ﬁ%m r@ﬂl&g&&&m r%%‘ét%é&?%?ﬂrééﬁ wafers.
grinding or lapping 20 followed by a polishing. EP 547894 Al describes a
lapping method; grinding methods are claimed in the applications EP

Eppgazd al-bndop B8 I52IAC TheRied IBtRES i8\yrpdily prodused By the
stvei concludingr25 pélishing, whichoenay heaiprecetied, ifappfaptdieabyan of
18tehing;stensfor removing.disturbed.crystal l@&(ﬂi&ﬁ@ﬂ{@ eeving ¢ g,
impurities. A suitable etchlng metqu is known from DE JE98332_L57 Cl, by
miory roc&asslor%ei: ﬂlfimt ..C .'LPS. *E.aatl%gﬁ ﬁ\a j=HAn OS

Wg.% example. While the traditionarsingfe-side pofishing methods
(GEnaiany18ad ¥ poorépaRessd paramispReHotishrigrmethsdeiedingnd
lordbtli sides=g doubliysidepokshing ") thakeédtgossible te Pradueesiliedfgle-
swalersavith- improved-flatness chdle caserRinalished silicanivalers @l rrom
gatempt is 35 according(lzs{/ @ade togchieve, the required flatness by

£ ?E%_FI)S are redqulixr Or moOernl microeiectronics,

suitable

According to the prior art, a silicon wafer can be produced by
a process seguence of separating a single crystal of silicon
into wafers, rounding the mechanically sensitive edges,
carrying out an abrasive step such ag grinding or lapping
followed by a polishing. EP 547884 Al describes a lapping
method; grinding methods are claimed in the applications

EP 272531 Al and EP 580162 Al.

The final flatness is generally produced by the concluding
polishing, which may be preceded, 1f appropriate, by an etching
step for removing disturbed crystal layers and for removing
impurities. A& suitable etching method is known from

DE 19833257 Cl, by way of example. While the traditional
single-side polighing methods gsnerally lead to poorer plane-
parallelisms, polishing methods acting on both sides (*double-
side polishing”) make it pessible to produce silicon wafers

with improved flatness.

In the case of polished silicon wafers, an attempt is
accordingly made to achieve the required flatness by suitable
processing steps such ag grinding, lapping and polishing.
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processing steps such as grinding, lapping and polishing. 2 On the other
hand, DE 19938340 Cl describes providing a monocrystalline silicon wafer
with a layer grown in monocrystalline fashion and made of silicon with the
same crystal orientation, a so-called epitaxial coating, on which 5
electronic components are applied later, Those epitaxially coated silicon
wafers have certain advantages over silicon wafers made of
homogeneous material, for example the prevention of a charge reversal in

Chipoter CM@S direnits fal®wekbp 3he shortcdsuitfdBe compongnt 5
moiaieR-ppr preblem)s lower, 10 9&%&1 densities (fr & exI 8“;tgle reduced
S

number of Ps ("crys Iorlgln artlcles)an a e ab&énce of
Man ap em?b?e oéygitex f“(jgh G riSR HHET okyERnthe same
mbt%W%Wnt@eMaﬁwd@@n@pmm@d) ds=Adenrdingntoshich
ethecprionad, ep@dﬁl@nmt@d@l@gﬁkﬂ/@&@a@d@:ﬁro@mﬁ%@ff@ﬁl%ﬂ:&@@ly

c@535@”@ﬂ&95§ﬂ“%§b¥fgeﬂﬁ%9fééggggﬁsggg%%g%%%%g§§%¥aS1llcon

JQ_Ilshlnlgaaf{mal poﬁshm cleaning - epitax

|sc 0ses for example a 6%%%8(131& g & SicSHarErPwitRePrevention
OB PRtakiHt PR aRIsRB Y oﬁltﬁél@@ﬁﬁs?d&&%dqme‘mmteolﬁuémgvtbd by the
sfollowingprotess stegse (a)oatemenal polishing step-ag seie1Relishing e
dégﬁbﬂbﬁQE§¥QPQ$CXE@?ngﬁéﬁBQéhwggdgége5&&5@ a%”qg% ) "gayshal~

039{% %% t of the f&ont IJ]de of the S|I|con wafer at a temperature o

deqgroes CeIsias i af P& ?as@ore forlBREEH RipcsticiPerasiable
OBpRERid PRETTON the Paitt side Gt Hve pickested siicorwater. Becipitates

in component-relevant regions precluded).

According to the prior art, epitaxially coated silicon wafers
are produced from suitabl@ preliminary products by means of a
process sequence of removal polishing - final polishing -
cleaning - epitaxy.

DE 10025871 Al discloses for example a method fér produging a
silicon wafer with an epitaxial layer deposited on the front
side, said method comprising the following procass steps:

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

(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

(d) deposition of an epitaxial layer on the front side cf the

pretreated silicon wafer.

It is customary, in order to protect silicon wafers from
particle loading, to subject the silicon wafers to a
hydrophilic cleaning after polishing, in accordance with step
(b} in the above process sequencs. Said hydrophilic cleaning
produces a native oxide which is very thin (approximately
0.5-2 nm, depending on the types of cleaning and measurement) .
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It is customary, in order to protect silicon wafers from particle loading, to

subject the silicon wafers to a hydrophilic cleaning after Polishing, in
accordance with step (b) in the above Process sequence. Said hydrophilic
cleaning 35 produces a native oxide which is very thin (approximately

0.5-2 nm, depending on the type of cleaying and measurement). 3 The

native oxide is removed in the course of a pretreatment in the epitaxy

reactor in accordance with (c) usually in a hydrogen atmosphere. This
Thretreatrheat siepds also kemuweto the persorskiled inthe ag v theteim: in
chi? Bakea,n,nasecand ep dieuise plovided, as.g prelieatent tep

hgﬁore the actual deposition, of the epﬂamal‘i’ayer, the surface raﬁgjhness

RIS B U7 SilicORFafdT S TetiicBa N PHGIRhify Befsctiapem to

Hetn &F&s frontitel safada ot thesileonaafer éorbe 'Spitadaddy coated.

For this putpose, by way of example, an etching treatment with gaseous

hydro, oride (Ed) i ied qut by.HC1 being added to the hydrogen
”Iat os"fa%)ghé:']Qr%}.i 1%%%#91& Ee{s%%%g %éfOQY si a?r%e ?osq%e?fﬁge&%%ﬂ% Ia‘?‘?éep
Dé&ﬁ? didftorsEidfeuTRGosians (PES-HERD IR éRACRRYSSIlancre
ssibIy; prefrabyadshiofosikmel ivalsosidiedtd thedydfagenn wafer is
ratinesphetedn:Ril asleLR; suehdhaksilican depesition apgdsilisan efching.. -
1emoyakare.equilibri h 20.reaclti roceed at a sufficiently high
Creaction t te, %ﬁ%?gﬁéaﬁ,lggﬁ%%g%g s%?%%%%té m%ﬁ:lle%ﬁ the FPOSe

PZ Ha¥e T& TSI anBHSIEERTRD (eRTsVEERSH 1 St faes sovphdy drogen
chilieshIraféi@Hat Has lsaars prstreatedbn tHSWae25subddgdently the
hadguires antepitaxiridayer. Eoitaxy reactors, which are used in particular

in the semiconductor industry for the deposition of an epitaxial layer on a

Oﬁllggn %aefer, are dechrlbed in.the prior art. 30 During all coating or

dE0sitRRHERE, Sie or Tndth SO FPWARSS aré Heated By thesnd ohe (SiH,),
d%%gﬁﬁa%i&e@s%: ptEfdtably) by hrdarisiofgsperame [OWes heatinglspurees,
téarexarpleiaiipsier i bankyantksubseduently expesed 184933 & a1so
adB&'€o the hydrogen atmosphere in an amount such that silicon
deposition and sgilicon etching removal are equilibrium. Both
reactions procged at a sufficiently high reaction rate,
however, so that silicon on the surface is mobile and the
surface i1s smoothed and defects ars removed on the surface.

The silicon wafer that has been pretreated in this way

subsequently acquires an epitaxial layer.

Epitaxy reactors, which are used in particular in the
semiconductor industry for the deposition of an epitaxial laver

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

During all coating or deposition steps, one or more silicen
wafers are heated by means of heating sources, preferably by
means of upper and lower heating sources, for example laﬁps oxr
lamp banks, and subsequently exposed to a gas mixture,
comprising a source gas {silanes), a carrier gas {e.g.
hydrogen) and, 1f appropriazte, a doping gas {e.g. diborane).

A susceptor, for example made of graphite, SiC or guartz in the
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35 comprising a source gas (silanes), a carrier gas (e.g. hydrogen) and, if
appropriate, a doping gas (e.g. diborane). 4 deposition chamber of the
epitaxy reactor, serves here as a support for the silicon wafer. During the
deposition of the epitaxial layer, the silicon wafer rests on the susceptor or
in milled-out portions of the susceptor in4order to ensure a 5 unifoLsa
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

R RL ProRe SERRRRDERS oF 1D GREAFIE AEEaS e desiyTved fdreore 88 a
smpresiticonavafees. i the wasenf siticonuwafess bavingsshativelylarge he

<Fameaters (ragter thapor eavalln, 190 mm). single "&%fe&&%a%?i?%%é‘r%or or in
- ﬂ%ll&{_%%etd Sing itheslat{tj%r %rgeknown for their good 15 epitaxia ay%r,
thickness regtifarity. The Gniforiity of the-layer tickisssicdiPbgnsire &
UEpthZR A7 faREus PredsurBs for ekaiife byaiteringahe Jasfows (keon
w8HC 13Rbyrihdbiparatingalithadjusting gas inletidewses émjecters), by.e
sehangingdhe deposition temperature or alterations to the susceptor. 20 In
epitaxy it is customary, after one or more epitaxial depositions on silicon
wafers, to_carry out an etching treatment of the susceptor without a

TBUBSFRE MR HotRe SiavRiEh e Bhsceibr andatss otimdepirts of the

epideess 25 chamber are fibediofsiitofodepositse F hisetehs USinghn wafers .
hydrogen chloride (HC1), for example, is often already carried out after

Iﬁhetﬂéo gg_gg)%f a small number of sq(jijgon wafers (1-5), in the case of
single v?/%er reactgrjés%% is ot Cartied OUT1H part Gt Ater therye diameters

(S SeeEmd BfthaPe Shfdiwarers 30 (0220)5AME e ava it dapositimy thiare
ugpidkial B§efs.since the latter are known for their good

epitaxial laver thickness regularity. The uniformity of the
layer thickness can be optimized by various measures, for
example by altering the gas flows (H,, SiHCl13), by inforporating
and adjusting gas inlet devices {injectors), by changing the
deposition temperature or alterations to the susCceptor.

In epitaxy it is customary, after one or more epitaxial
depcsitions on silicon wafers, to carry out an etching
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 (HC1l), for example, iz 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 not carried
out in part until after the processing of more silicon wafers
(10-20) in the case of depositing thin epitaxial lavers.

It has been shown in the prior art that some of the epitaxially
coated silicon wafers have a significantly poorer local
flatness in the edge region. Thus, by way of example, if an
etching treatment of the sugceptor is carried out after 4
epitaxial depositions in each case, it may be cbserved that in
each case one of the silicon wafers that are epitaxially coated
between two susceptor treatments exhibits a significantly
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It has been shown in the prior art that some of the epitaxially coated

silicon wafers have a significantly poorer local flatness in the edge region.
Thus, by way of example, if an 35 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 wafegs that are eoitaxially coated

between two susceptor treatments exhibits a significantly 5 poorer local
flatness in the edge region, which in this case has the conseauence that
2% <t the epltakiadlyrcosted silicorn wafess demotrmeetibereqguirementsase

Hﬁ@d@?@é local dlatness: & Maseovers thersiligen wafers.epifaxialy.coatedin, ; .o

gisa e with the pri rart exhibit an undesirable degcr ase in thei -
thi (gnesréc?n oelee gg%re%]lon cdge Toll-Of) Which alréad 888urs‘1§atﬁ8%s

polished silicon wafers, the silicon wafers usually being pollshed
Meprieaively, intdrelet 10 festricwthizedg et O reltoff atleashtosan Duteredgeiance
vf;egiprtwecaaci@\telaﬂapli@@@fyg@&%@aﬁ%i%@@%@ 0% hei

r n ness toward the e an s adecrease i

%%%cﬁ%g%%n att&h § 15%he e geg geometry |s%ually eu qﬁtlﬁ%ﬁ Y
Oﬁ%ﬁfﬁ/lﬂ&oﬁ drERGEE 8&e FoH-ORFardRicte s whith ssdagaelaretevse
uptal thickhessof pediichred/aferortosthe edgegeemety aofdts-frantrandier edge
vEERT Siderand whish @M%ﬁ%di@:ﬁh@&@ﬁe%%i@% cugtomayily.pbserved : o1oa

S(igcirggﬁe“y%@%t@gk@gﬁ%gf the 20 licon wqfer |n£ edge reglon or the
r I1|$t<eW|se i Reedge™ ™ &8

flatness of front and/or rear S|de oft e sfcon wafe

[5H- 55 Re TRYHEY fFnesSRiff el S rolReRFF SHichh \aerkRess only
agesérbertioedpn. J. Ampl. Phys. vol. 38 (1999), pp. 38-39. 25 Edge roll-off
parameters referring to the thickness of a silicon wafer can be determined

% means otie. p System ro MPLfrom RLA
Tencor, b 4 wgirr% Itltjzl)él":[:l;%L Irs Iyq&8 atlr:'ié3 &ad?ﬁ Crods 8&ctisie °F

TR RS SEEHT OF SR ARG niAb (D GETaphyY "WRlGNaBY GFie total
thiliesnorten Siartiigihabe (Ye’ﬂtﬁ@rfofctheumaféneThég:eogemw arg itg
£nsuallsdiided inta4 secierssa te8bL900:seqtars inLachcase).andal ; »
<120 radial 6ro3S seclans v Haged faeeash seelorAaiened o,
&0 der referegce ine ,

icon wafer in its edge region oxr the flatness of front
and/or rear side of the silicon wafer likewise in its edge
region. One method for measuring the edge roll-off of silicon
wafers is described in Jpn. J. Appl. Phys. vol. 38 {(1999),

Pr. 38-39.

Edge roll-off paramsters referring to the thickness of a
silicon wafer can be determined by means of the topography

measuring system NanoPro NPl from RLA Tencor, by way of

example, by firstly calculating 360 radial cross sections with
a spacing of 1° of the entire map (topography, "Wafer Map®) of
a silicon wafer, starting in the center of the wafar. The cross
sections are usually divided into 4 sectors 82 to 85 [(90°
sectors in each case) and a1l 90 radial cross sections are
averaged for each sector. A matched third order reference line
(*best fit") is calculated for a range of a distance of R-5 mm
Lo R-35 mm from the edge of the wafer. Finally, the fourfold
symmetry of the edge roll-off is averaged out (by averaging
over all the radial thickness cross sections), and an R30-1 mm
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35("best fit") is 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-off is averaged out (by averaging over all the radial thickness cross
sections), and an R30-1 mm 6 parameter is produced, for example, by
determining the deviation between the avgraged radial cross section and
the reference line determined by regression for a distance of R-1 mm from

the edge of the wafer. Usually an R30-3 mm 5 parameter for a distance of
Pamaeian Re@Lomne pajameierdasaglisianee of2.om gmih etd%%ge
efdhe-silicen waferand sibly.i ediate values are determihed as
welkIf the silicon wafer E%%,Eﬂ%gg%%o I-%?f%iefhaeicgﬁéf%oﬁcﬁﬁ&*&xb and the
arameters have a n%g&ﬁ?}&%@%_ Y ASEhaierRaiETt i8 alde possibleot
CoRSidEr e B6iatifas befivebr avefage ratical Cross SeRiONS Pk,
Becnisiag | racesydnd e teferencadine.agd dhug i obtgip aroll-off . - .
aa@gg@é@@@h@eqow%}{{artﬁger eee%%e E%Igofsf, 5. values‘are ~ -
always considered in.the context of the present nvention TAthE%t=8e Gnd
Silicon wafers which aré polidhed Sfid Stbsegtesty enfariallyedatedif the

SECORRINCERNRR theprive 28dae the R30-1fmnt edgedsoltofinarameter o

peferrneg ¢o tharthviekness=ghthevsiligaywafer has a magnitude of 100 nm -
or higher. By way of example, the following values were determined for a

Ailic er epitaxially coated in accordance with the  prior art: an
s %?r{:% I-%itfﬁ‘rﬁ?an R30-3, FlfiOrRD65 Hanearke afzsRA6™L tive of

ASYAFAAT P drefoteStheuBerTef Hrdihvehtiorwes tosprovitdesa pasthedor or
ter apitaxisiiy ceatingrsilicanavaters wticl onthe epeshand:makesa . . _
tighewyield-possibie;and onth ha akes it 30 possible to

et A G COURTBT e Zoti-ofs

e epitaxially coated silicon wafers wit
it s Cmc?ﬁi‘é%&%yﬁﬂe&% of FhetHorfor Bredoeingent

.0bject of the invention is"a
& EXraRF coated silicon wafers, in which a

In the case of silicon wafers which are polished and
subsequently epitaxially coated in accordance with the prior
art, the R3C-1 mm edge roll-off parameter referring to the
thickness of the silicon wafer has a magnitude of 100 om or
higher. By way of example, the following values were determined
for a silicon wafer epitaxially coated in accordance with the
prior art: an R30-32 mm of -42 nn, an R30-2 mm of -105 rnm and an
R30~1 mm of ~304 nm.

Therefore, the object of the invention was to provide a method
for epitaxially coating silicon wafers which on the one hand
makes a hicher vield possible and on the other hand makes it
possible to produce epitaxially coated silicon wafers with a
low edge rolli-off.

The object of the invention is achieved by means of 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 coated
individually in each case in an epitaxy reactor by a pfocedure
in which a respective one of the silicon wafers provided is
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35 multiplicity of silicon wafers which are polished at least on their front
sides are provided and successively coated individually in each case in an
epitaxy reactor by a procedure in which a respective one of the silicon
wafers provided is 7 placed on a susceptor in the epitaxy reactor, is
pretreated under hydrogen atmosphere in a first step and with addition of
an etching medium to the hydrogen atmosphere in a second step, is
subseauently coated epitaxially on its polished front side 5 and is removed

Hiemetie @pitaxypneaeiot,cand aftensawhihe-stscepiords heated - A o v o9
£R8eA0R terpReratrealatleast 10000 r a,hydrogen atmos .
-and.furthermore an etchir% e rea;n%gntg o%#ggs%sggp or%%%d & Jfrr?gm%%%r)tlmn of

“Coaling or the Susceptor With SilieBH e BHet P FPEACIT caBe aftepgond step,
“SheURe REmRE bY epRakiaf centifgesinthy neathdtsqeotdisdd theont side
aindentiomfirsthed multipliciy obsilicanwaferscwhich aeplished atleast, .
=01 el front si oyl EQr.this purpose, a silicon sing| N
16@?@% pg(g%li ?e%fijc%}‘% n:ggt%(e)gtah%?p rci: %rsgrscg re%;ra%ggf crucibl egélﬁ‘ﬁtg 163% -
according 1o CzOchrarski S8 peFSE Rt rtitip i -Srsmesiewaterat ching
ChG HESTC o PN AT SERERERPMeRGdS preferabiyxty wiretsawing20che
swithdrge (' staintl) el bonded graintiamesd Wire):EUHNENROI§ s tar o

spwshenicakiipressing siepsare.qffecied, sych as sequential single-side
grinding methods (SSG), simultaneous double-side grinding methods

(double-disk grinding"”, DDG) or 25 lapping. The edge of the Silicon wafer
ThH@ingeptibRamy prestrtanéeh afigaimustngosuch assriprientation
mmbtohrdrdan epserdtiallyirectiinearr#atiening of the-siligen wafenedge 1 cast on

thélat’) Asgenesalheprocessedasiwgll (edge rounding "edge-
notch-grinding™). 30 Chemical treatment steps comprising cleaning and

etching steps are additionally provided.
For this purpese, a silicon single crystal produced according

to the prior art, preferably by crucible pulling according to
Czochraliski, is separated into a maltiplicity of silicon wafers
by means of known separation methods, preferably by wire sawing
with free {"slurry®) or bonded grain (diamond wire).

Furthermore, mechanical processing steps are effected, such as
sequential single-side grinding methods (88@), simultanecus
double-side grinding methods (double-disk grinding®, DDE) or
lapping. The edge of the silicon wafer including optionally
present mechanical markings such azs an orientation notch or an
essentially rectilinear flattening of the silicon wafer edge
("flat"}, is generally processed as well (edge rounding "edge-

notch-grinding").

Chemical treatment steps comprising cleaning and etching steps

are additionally provided.

After the grinding, cleaning and etching steps, the surface of
the gilicon wafers isg smcothed by removal polishing. In the
case of single-side polishing {25P), silicon wafers are held
during prccessing on the rear side on a carrier plate by means
of cement, by vacuum or by mesns of adhesion. In the case of
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After the grinding, cleaning and etching steps, the surface of 35 the silicon
wafers is smoothed by removal polishing. In the case of single-side

polishing (SSP), silicon wafers are held during processing on the rear side

on a carrier plate by means of cement, by vacuum or by means of

adhesion. In the case of 8 double-side polishing (DSP), silicon wafers are
inserted loosely into a thin toothed disk and polished on the front and rear

sides simultaneously in a manner "floating freely" between an upper and a
JoneL poksifing prdtestoveredifith a palishingrbalathe Fhesfrentisides-ekthe

e A5 B ne S ey SEaline pelspisEe=e =ad
sol; in 1%%33?%@&5%%%%&%?3 Bt the ‘sificon W ?&%lﬁl%dﬁﬁgﬁjt%gtobEtW%n

Ris"HRE> tHE et e SRS Shé 78laBvay S neaVrines wadd: preferablhing
«¥.05%0e 1.5 um. This step is often referred to as CMP polishing
(chemo-mechanical polishing) in the literature. 15 After polishing, the

#S{liCo ers. j t0.g hydrophilic cleaning and drying according

to thoé]f% ,a%%ﬁ%%%%ﬁ% r%“gyltx)g ‘Heffot med giﬁﬁgertﬁseﬁ e FStROY

pv?/ﬁtﬁ%%% ltaReSud BASNTTE B BABRTlCIRPST SIcERhafasineEbamE: or

DRy 55FEVS fathbdy brlel$dasa Single waferPratdss: fheisiiconvaters in

ozfﬂzﬁide:cba@néeliarah)% warees, made-of ma@quﬁ?%@aﬁ é%f%%ssgéoauc ed up
JSiligeR-on:lnsu N \ ers haying a strained silicon layer

ftgﬁstra%e%}ig?dnﬁg%% sr\%g%ﬁzaﬁn% s?ﬁ{:%%or%r%uﬁgt%?'t)wg s%%‘iHblén

“Hieth6as for froaaEa sd! antPs$OI waferdsuchiEse S SmancCat and

TRICHHEES GiProduEry waldrsitiaving shenedrsiiicomlayels arel disatosedl in

timethed préar=artiy30

After peolishing, the silicon wafers are subjected to a
hydrophilic cleaning and drying accoxding to the prior art. The
cleaning may be performed either as a batch method with
simultaneous cleaning of a multiplicity of silicon wafers in
baths, or by spraying methods or else as a single wafer

pProcess.

The silicon wafers provided are preferably wafers made of
monocrystalline silicon, S0OI {("silicon-on-insulator®) wafers,
wafers having a strained silicon layer {'strained silicon") or
8501 ("strained silicon-on-insulator") wafers. Suitable methods
for producing $0I and sSOI wafers such as e.g. SmartCut and
methods for producing wafers having strained silicon layers are

disclosed in the prior art.

The actual epitaxial coating of a silicon wafer i preceded in
each case by a treatment of the silicon wafer comprising a
treatment of the silicon wafer under a hydrogen atmosphere and
a treatment of the silicon wafer with an etching medium,

The pretreatment under a hydrogen atmosphere is preferably
effected at a hydrogen flow rate of 0-100 slm (Standard Liter
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The actual epitaxial coating of a silicon wafer is preceded in each case by

a treatment of the silicon wafer comprising a treatment of the silicon wafer

under a hydrogen atmosphere and a treatment of the silicon wafer with an
etching medium. 35 9 per Minute), particularly preferably 30-60 slm,

preferably for a duration of 0-120 s (H2 bake). The removal 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 pretreatment in a _
Ihgtrdgen.atmnospieerel Fhkarkirepiratet-ander BoydwoeatmesNerelsy for
Jollnwed byra treatmentyvith @@ﬁ% medium. Hydroge_n chlo_rlde is 10
preferably used as the etching medium by hydrogen chloride being added

to the hydrogen atmosphere in an amount, preferably 5-20% by volume,

RN IRICHR rétova FAlEed oG th@BICHIR) Foamtentié 0:6220.8idsmint the
{HCicetthyaTs1n thisivasepthesiydrvyen dowtiede inpreferaldy £r800ea by the
Rl pasicarly prefepakly 30:60 slm. The Q@WB@& V\Q%S‘Q fion of
hydrogen chloride is preferably effected for 0-120 s. 20 The eight of an
epitaxial layer that is to be grown later can be set by the duration of this
TiBtBafhERETRAThe BIEHAg InSHRHRP BT Rearehgteatmehtllowed by a
tavkditioveally gives rise teunadsidisplatementseirtheeas sida-ofthe o
plicon-wafer todeepiiaxially ceated as adaswlof, "Q%P&{&egﬁ‘f ide

e Jocation and silicon being deposited at another Tocation on
%%1\%%%:% %@ edo t‘ﬁeQC Eﬁ?cor?’ w%?&?%ﬁ%fﬁ%%ﬁﬁ?ﬁebﬁe% GiE Slicaf eferably
SWARE HRE AR SRR rofi U6t aie? bohBising emaypdssiblee b soigalilbe etching
Cetrsiceof the geatgntdaratirnwith thecetchingamnedium, to apply an
elevation on the rear side of the silicon wafer which at least

In this case, the hydrogen flow rate is rreferably 0-100 slm,
particularly preferably 30~60 slm.

The pretreatment with addition of hydrogen chloride is
preferably effected for 0-120 s=.

The height of an epitaxial layer that is to be grown later can
be set by the duration of thise pretreatment with the etching

medium.

The etching treatment additionally 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 gide of the gilicon wafer.

If the initial geometry of the gilicon 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 hydrogsn.
This is done before the actual deposition of the epitaxial
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35 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 the epitaxial 10 layer on the silicon wafer. Thus, by

way of example, in the case of a silicon w fer having an edge roll-off of

120 nm at a distance of 2 mm from the edge, it is possible, by means of

an H2 bake pretreatment for 120 s at a flow rate of 60 sin and an 5 HCI

Pighing deeatment far; 129 sat anH2-flov ratg.of 50 sim. tg.apply an

Slevatjion gf 20 n m,at a df'setgn e of q;% fr%?:?] {ﬁ%egge %%%ér %lrtljethe

of the silicon wafer, wihich practicaly SoriBIt e dpensatesdor fed mm at a
RSP R3D- T D EhRs@fiEsntly! it id already dubsibleyinmthens of an
Feadwbtthersiticen wederttafver epitaxially coatetl. 4o ashievean #Mpovethng an
Hocaldlainess inthe.edge regign angha ler.edge goll-off as a regult.of

dis R rﬁgt ni. ]??r ggeo%?a% ga&%?fo%%ar%i%f %%%,rzaﬁl? a?%l; (re)nrﬁlm’
from the edge TP Scan Wafertd beeBitadial E6aRFak preféf@blirom the

KW s It TR AUPAth 8Ad Hlew Rités @eringad2bakernthHEtact ically
Oerebbatnent camberctaosen such thas theigell-of Wwhish the siliconywafer

has after polishing is preferably at 20 least partly compensated for at a
c@iﬁ?&j’j? of 1 mm.from the edge of the silicon wafer. This may have the

effect that at g]été“nt&cejééorﬂ; \?V%‘%%d%p rsnsrﬁsf T the' etge GfafE sticokte
ShafSiotherRi€ 5 pbRed Dt st sitertheresra higherafivorvayenthamproved
1RI%EceSkarpeatictouhbef thiperigingt BR0ant BR30r28 valvesathat i$10 -of

asay thaidheR3-2imm grd RIQre arrparameters change their sign, that
is to say that a roll-up rather than a roll-off arises at these positions.

oregyer, it is possible and also preferred to overcompensate 30 for the
Teggg‘%ll-‘éﬁ‘flé& 1 5Rm GG HRE Brétieaknieht if tenepidy reactdso the
efaR ' R-Fremsido, ermlvaferises dnd theiR36:4 ambeenimes pasiive.
pEefincptheypretieatimesbotthersiieen waterdndhe epitaxy o, vates during H,
bake and HCl pretreatment can be chosen such that the roll-off
which the silicon wafer has after polishing is preferably at
least partly compensated for at a distance of 1 mm from the
edge of the silicon wafer. This may have the effect that at
distances of 2 mm and 3 mm from the edge of the silicon wafer,
there is applied on the rear side thereof a higher silicon
layer than is necessary on account of the original R20 and R30
values, that is to say that the R30-2 mm and R30-3 mm
parameters change their sign, that is to say that a roll-up
rather than a roll-off arises at these positions.

Moreover, it is possible and also preferred to overcompensate

for the edge roll-off at R-1 mm during the pretreatment in the
epitaxy reactor, so that at R-1 mm, too, & roll-up arises and

the R30~1 mm becomes positive.

During the pretreatment of the silicon wafer in the epitaxy
reactor, flow rates and treatment durations are preferably

chosen such that a roll-off at R-1 mm is at most 10 nm (in
terms of magnitude) and a roll-up is likewise at most 10 nm.
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35 reactor, flow rates and treatment durations are preferably chosen such
that a roll-off at R-1 mm is at most 10 nm (in terms of magnitude) and a
roll-up is likewise at most 10 nm. 11 Preferably, therefore, the R30-1 mm
is at least -10 mm (roll-off) and at most +10 mm (roll-up). It is particularly
preferred for the pretreatment to be carrigd 5 out in such a way that the
R30-1 mm of the epitaxially coated silicon wafer lies between -5 nm and
+5 mm. After the pretreatment steps, an epitaxial layer is deposited on the

potisbedrignt siteobasiiconwafers o1 this, W Purpose.aaflame sguree,; 5
SHSS0UICe gas iﬁoasdcdeﬁgp %dgo%];_s carrier gas. The epitaxial layer is
-120

deposited at a temperature of depending on the silane source
used.  Trichlorosilane (TCS) is preferably used as the silane source, 15
Tt d-BepasitisAuémperanre HF1050- FI50CLHEh@ thickressebtherc be carried

adgpasiteshepitaxialdayenisqorefer aﬂ@MQ.ﬁ-M%ﬂQﬁgeg&%wg‘fﬂf fcoated
dhe-epitaxially cogted silicon wafer from the syscentor, the susceptor is

heated to a temperature of at least OE@C?Sreférabeo a temperature of
at least 1100C. According to the invention, the susceptor is heated after
Ad4ET 25hepitaxkilicoatingrdf sssitien waferaid subssatentgemaevaiebihe teg
cepimaynastedsifsenwaligoniing mosess ehamber. Thisiheatly of
eptor. t r n atmosphere tis to,say as
=N ﬁz bél% s??&%%%%t%#ﬁ%gsgg;%g?%gs%%Sen%’eag Gf% gt Hydrogen as
o rx1e€u3ﬁ§dfgpe epitaxial layer is deposited at a temperature

emper
o 900~1200°C depending on the silane source used.

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

at a deposition temperature of 1050-1150°C.

The thickness of the deposited epitaxial layer is preferably

0.5-5% um.

After the removal of the epitaxially coated silicon wafer from
the susceptor, the susceptor is heated to a temperature of atb
least 1000°C, preferably to a temperature of at least 1100%C.

According to the invention, the susceptor is heated after each
epitaxial coating of a silicon wafer and subseguent 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 gtep.

After the susceptor has been heated to a Ttemperature of at
least 1000°C, it is kept at this temperature preferably for

5-15 g,

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

context of this invention.
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least 1000C, it is kept at this temperature preferably for 5-15 s. 35 As an
alternative to that bake step under a hydrogen atmosphere, the susceptor
can be coated with silicon at a comparable temperature. However, this is
less preferred in the context of this invention. 12 After a specific number,
preferably 3 to 6, of epitaxial coatings of;silicon wafers in the epitaxy
reactor, the susceptor is treated with an etching medium, no substrate
being 5 situated on the susceptor during this treatment. Hal is preferably
used as the etching medi-um. The suscentor etching is preferably

fellawe ntarcoAti eptor with silicon. The coatjng
Ais %f%c?e?%eé%%mbgl for 10- 'Ong%#égy%ar%%?a%ir%g g?h%kngg %?E).ﬁﬁlpangi is
Cgra(f?elr%%i;yg L?‘él BR tHE STEEepBr MM Procasy. KeeAkeEssay 0

=
EpOsi ' ‘ |
SHRRRE ARy e dtthe B cEpitr torabeveli54008C innrdertosedtablishie being

sitlenttaicanditioies afterthe-preteeatment foriall efthe:siligon wafers to be
epitaxially coated. It has been shown that, in the prior art, the first silicon
=6Q wafer that is ebDi'taxiaII oated after an etching treatment of the
SUsCeptdr in-each case Ras & FobT GG SR edge region. This
is associated with the fact that after an etching treatment of the susceptor,
Tire suscoptoosudach issatusatedavity hydsoges Hosticen waferieRea
c8Bitaxially, 25q0ated is. i ageddniq fhe. susceptar (?)g%ge satur atee&ected
pl\évgpefydzgg e%’ol‘}lsief?%’jj Ig, during the pretreatment under a ﬁf?’drq en
atrmosphere, for the hydtogen fo tifiEe BEMEEh Suddeptor & shitoR -5-2 km

15v&rhPSabR Yo FSERWaF@th Bt Ghectiviretihicaceniter bhitheositicerss .
wafer and strip away
It is necessary to momentarily heat the susceptor to above

1000°C in order to establish identical conditions after the
pretreatment for all of the silicon wafers to be epitaxially

coated.

It has been shown that, in the prior art, the first silicon
wafer that is epltaxially coated after an etching treatment of
the susceptor in each case hag a voorar 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. If a silicon wafer to be epitaxially
coated is then placed onto the susceptor surface saturated with
hydrogen, it is possible, during the pretreatment under a
hydrogen atmosphere, for the hydrogen to diffuse between
susceptor and 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 ebitaxial coating of
said silicon wafer, gilicon can grow at the locations etched
away on the rear side, in particular in the edge region of the
silicon wafer, or else mass displacements occur on the rear

side of the silicon wafer.

However, during the pretreatment, part of the oxygen is
transferred from the native oxide layer to the susceptor
surface. This means that after the epltaxial coating of & first
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30 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, or else mass
displacements occur on the rear side of the silicon wafer. 35 However,
during the pretreatment, Dart of the oxygen is transferred from the native
oxide layer to the susceptor surface. This means that after the epitaxial
coating of a first 13 silicon wafer after the etching treatment of the

siBeeptorwaxyaen predorpinatas onithe suseapiptstirface thatisto.say .
sysceptar. ? ré%c% is h){ideroggglcéT |srhas the effect that durln%
the pretreatment of the next siliton WATeT10 be 5 processed titler’'s® =0 sav
SRR dET SBMBSPRERE (R HRFGyem idmsHetde.-fém paidttatpdebplyef fact
Weatlyednsuszepter am sitieehmeafer sihceliberaxeess Dxygen omether o be
oauseepiisuifatereacigwibyibe indifiusinghydrogan. This,fugherm L‘?Lempeded

n I or no;native oxide is etched away on the rear side of t
P o e SR o vt O A 1EaP i ==
S3fRE SO ERERT B Epftatially eEafies TS explaisinesrerpssnwith
tioealiffsth88y #ri e bdeaggion Mitiveenfirshartsesondenidaxiadly less or
neoaied siliconwatersd S.afiekan giching.treatment of the: stisceptay, It i§ ilicon
w ﬁls%&}%agdz&%g%;he Sase of an (itgginagagrela ment of the susceptor
Othat is carried Out in each case afier 4 epitaxy coatings I edth e 6Re side
f

RS0t epaRiali Coatd® shofRiiRrs Rad Kighmrdardly different local
flatness values in its edge 20 region. In the method according to the
Tiventiap howsverdheicongitionsd %{H&&h%g@éﬁéﬁfﬁ'?Qﬁa{ﬁll@eﬂﬁgé' E]?ég ion
palleithe silican wafers to be epitaxially coated. 25 This is achieved by the
ﬁLéscePtor being, heated af%égéaéc 3‘&%‘5‘. é")%l)g#' goéiﬁﬁ%?ﬁisséjﬁ(?@&hsvéafer s
FhESTNG thE SGECEFtor SRRFEERE ditakit cBaARERESThe Shnis effiorag kso
cH#RESuSEEptof- Ralleerrreatetl with ¢iCh before:eschepitaxial agatinguefceptor
thaat is carried ocut in each case after 4 epitaxy coatings, in
each case one of the four epitaxially coated silicon wafers has

significantly different local flatness values 1in its aedge

region.

In the method according to the invention, however, the
conditions during the pretreatment are identical for all of the

gilicon wafers to be epitaxially coated.

This is achieved by the susceptor being heated after each
epitaxial coating. This iz because heating the susceptor after
each epitaxial coating has the same effect as if the suéceptor
had been treated with HCLl before each epitaxial coating of =
silicon wafer. This means thart during the pretreatment in a
hydrogen atmosphere, the hydrogen can pengtrate more easily
between susceptor and silicon wafer and stch away native oxide

on the rear gide of the gilicon wafer.

Whereas, during the pretreatment of the gilicon 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



10

15

20

25

30

35

30 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. 35 Whereas, during the pretreatment of the silicon wafer in a
hydrogen atmosphere, the oxide on the {ront side is resolved relatively
rapidly and uniformly over the entire area, for which, by way of example, a
treatment for a duration of 14 20 seconds at a temperature of 1150C
2dreatyadifices, tietadge-aicthed ear sidesofdhe siliconyalelds Nobs . the
csliigaed.awaunifarmiysince,the fvdrogen that is principally responsible .
for str&gpi away the native oxide layer must gl firs cﬁﬁuse bga?ween _
“diidonwa g%%ay SHEBEStor BRIGFERERI S GRRF wotdBTWRRE Eise- dXide is

TRTRGVED- 6 mpletelyson e frant sitevoftthe silivoivwater; déthlthesemovat

fheing effected selativelaapidlytherdesired-remoyalof Aative oxide-an dhe g

reaaide o heselagpualet isselbya 10 sulable dhpice gl e Nydrogen.,,.
flow rate gnd the %‘Jrg_thr}‘of the treatment. During t e subsequent -

L rtFetiviont OF (T SiRbR TSR TRt ST elbhity RSiGRmeTER &S ¥t

eh{@oRh dfRbAde vbss1sRishliacerhbatsistir ah themean Bidefotthei ve

osilidenavafehsSitiean isetthesawag akspecitie. laaationson the reay side

s{arelse onthe:frantsidey af wg%wfi%@%ggmawf AT zgg:ra{ti on of
sits on’loc nthe

tﬁoagzed WEQL silicon and depo nlocations freed of native oxide
€ gerrgalonegn the rear side of the \

During the subsequent pretrestment of the silicon wafer with an
etching medium, preferably with hydrogen chioride, mass
displacements occur on the rear side of the silicon wafer,
Silicon is etched away at specific locations on the rear side
{or else on the front gide) of the silicon wafer and from the
susceptor coated with silicon and deposits on locations freed
of native oxide in the edge region on the rear side of the
gilicon wafer. Silicon cammot be deposited in those regilons on
the rear side of the silicon wafer at which native oxide is
st£il1l situated.

Therefore, with the method according to 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 zpply on the
rear side of the silicon wafer an elevation in the form of
silicon material which at leést 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 &
suitable choice of the gas flows and the treatment durations,

A particular advantage of the method according to the invention
is that as a result of the momentary heating of the susceptor,
the conditions during the pretreatment are identical for all
the silicon wafers. The method according to the invention thus
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20 silicon wafer. Silicon cannot be deposited in those regions on the rear
side of the silicon wafer at which native oxide is still situated. Therefore,
with the method according to the invention it is 25 possible, during the
pretreatments in a hydrogen atmosphere and with addition of an etching
medium to the hydrogen atmosphere an Sprior 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 30

Aokoffedibites by:the siliconwater t9P§l‘?P'$?é%@.'&’e%0%ﬁ‘?di%B é%‘ jocal
@étgyt of tkgeh%ppl atlon orithe rear snde of the silicon wafer can
&by asuitable civice BF HHEGHE oS SRl e 511icon

setina target mann

e AR SRS TR AT IOl aF AfvaReR et theahiéttind andordingsd
Hhelineertiomis thakas a @sultzofdhiewiameatary heating-ofdhesusceptfent or

ﬁhewmlt@@ﬁ!ﬂﬁ%g@ﬁﬂ?wﬁ@f@?@@r%éd%m@ép’rl@&tr@u%ld% er every

;The thod ,according to th ention thus 15 also leads to an
e%%%a%e%% yie Beside® an w%prov 8ﬁn g%:%YSeSFn%‘?ﬁFh% Deddiretisit of
Sthie & iraxigySodatel SiceRT wateEeSmP Contgerisapreohte ddye mlkeffried

Oy optimized pretiatient steps. Gompakd-will ateappepkobiheon of the
nsuscepiar 2 yitham etching maediym-whickyis.to he caried quta c!ce‘é?éXngly

1gp|£a>ggl gn%gosnéorg@nd jA:/%oulg have essentially the same effect, this Is
neutral in respect “Sttime since 1 is carried out during handling steps (e.g.

during the preparation of the next silicon wafer to be epitaxially coated),
Tandarcérdinglyri®issalbeenorhoost-affective it hasHarhermome ReeBrding to

tBBoWhHeatwith the m@h@gm@ ngciogk}%&%l\@tgp nsif 1%88&5'9»?6&

ilico f re risi afront side and a rear side, at least
%eﬁfrocsﬁet%% s%e@ ng olis ﬁe and an epﬂama??dyertbgrﬁﬁﬁjpﬁ@&oﬁlﬁf?‘t

t%%%n%hﬁ%i‘c%é B9 FRraRatERING0L1 et Reime poelDiek, on its
f%@ﬁ%sﬁéﬁ@ng@b@-’ds@aﬁ@n@ilé:bmmlnﬁdmmdlstarmeﬂlmﬂm&fomﬂbenm £o

+eolgenof thesilisepsnateng of anmaverage €ress seclipndatermingd by g4 seance
ofh'ﬁk%%ms%%“sabf&”@{ CPRECL: 1icon wafer - of an average
cross section determined by thickness measurement with respact
to a reference line determined by regression.

This ig achieved in the method according to the invention by
optimized 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 edge roll-off of substrates for epitaxy, concave polishing
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20 to a reference line determined by regression. This is achieved in the
method according to the invention by optimized pretreatment steps, that is
to-say targeted setting of the treatment durations and the gas flows, in .
order, in a 25 targeted manner, to deposit silicon material on the rear side
of the silicon wafer and to provide the Sili on wafer with an improved edge
geometry even prior to the actual deposition of an epitaxial layer. 30 The
epitaxially coated silicon wafer preferably has a parameter R30-1 mm of

gBrlR40 4P a@msirbm%ydom@%g}!rgsggfﬂgﬂgé&n;ﬁ%ﬁ%tg%;ég%&%g the

ignificant improvement of prior art epitaxially coa
%%f%y%?%%{r.éﬁ?gffgr sr%%% S:eon AR rrat AORL I RffifTze Bie BgRS of the
TORTHYCE T RS Fordpiesd): boricave polishing Degererallible
}wxﬁuﬁhlgethmomyméoiﬁyﬁuk&%ﬁ%@&@@m@ll-gﬁﬁé&@g19aéls the
L A Gl e
essible heretafore to achieve, ) / ,
e%efée%%é%%wksageegﬁgﬁﬁ%n%o or T8 Tyer thickResSredttarG¥dine° Pe
EHEEEAadyRdRl ARBERItaR epRablidiey o berdepusiteedn Eomatiner edge
rihat eodltl. haverempensatad fasghe edtelni-oft Jharetore ; albapitaalhs

kmtgdﬁliﬁ%wa%ﬁﬁ k@rfi]%r_h@t %@&Ojﬁh%ﬁ@ﬁﬁ%ﬁg@% Qei%grsﬁa‘é@%

e -off values, The, invention now for the , ‘ ,
rggg‘sjb eE?ovbar%\l/%eé’ e?oqji]égxiéﬁlf coated sificoh Wgﬁrglﬁﬁwigﬁ}“\ﬁﬁh teggdryces it
b EdGe FQI-BROMERR e idqaiemettsnatiedf siddingrmutetrtsforhich,
walelstrontmegimponehisief futige techielogy genesatianss: 15:-The sligeAts made
oWaler=aqonidinglodhednvention isjreferably.a wafermade of = =1 ure

meno lline_silicon, an SDI wafer, a wafer having a strained silicon
tlayer(g%l%‘l}?s§§ \E?v%?oetrig%%/fded with an epitaxial layer at least in its front

side. 20 Example:
The silicon wafer according to the invention is preferably a

wafer made of monocrystalline silicon, an S80I wafer, a wafer
having a strained silicon layer or an sSOT wafer provided with
an epitaxial laver at least in its front side.

Example:

Determination of the initial geometry of a concavely polished
gilicon wafer prior to pretreatment/eplitaxy resulted in the
following R30 wvalues: an R30-1 mm of -120 nm, an R30~2 mm of
-50 nm and an R30-3 mm of -30 nm.

This concavely polished silicon wafer wasg epitaxially coated
according to the invention, the following rrocess parameters
having been chosen: heating of the susceptor without a
substrate to 1100°C; H, bake pretreatment with Hy flow rate of
60 #lm and treatment duration of 20 s; HC1 etching treatment
with Hy flow rate of 50 slm and treatment duration cf 60 s;
epitaxial deposition by means of TCS at a depogition
temperature of 1120°C, a TCS flow rate of 17 slm, and

deposition duration of 63 sec.
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Determination of the initial geometry of a concavely polished silicon wafer
prior to pretreatment/epitaxy resulted in the 25 following 1130 values: an
R30-1 mm of -120 nm, an R30-2 mm of -50 nm and an R30-3 mm of -30
nm. This concavely polished silicon wafer was epitaxially coated
-according to the invention, the foIIowingzgrocess parameters 30 having
been chosen: heating of the susceptor without a substrate to 1100C; Hy
bake pretreatment with H2 flow rate of 60 slm and treatment duration of

7R s&tl.é:kf@éagmaﬁltr?aﬁalggbw%ﬁyémf%%ﬁfé@c%{ggt@g%gg;%g&%e
, i epl epasition means, o _
e o T 2 T TOWHRLE BT 2T ShAeaft del o orPatatonto"

tempe
tBF—e%%%a? TPFEERER Sifidon WafePesitneafroodtbd nctbrdingas th 2 mn and
Sirvenfionra Significarly béttervatue ofvenautesultsder #1a R30=1 ram; =1
cedge rel-offiparametek %t}lzlﬁaﬁi,ﬂ%g{ée g&%é@”@r@% %.{?_{l@,fr‘i‘%{'gtlfg%ﬁio‘ei%e’m is
rv rage e, all the ra cross sections lies a
“fe e%énﬁ%ﬁ%g g{;{;ﬁ% mm'ig +£bnrlﬁm Lind the R3TFmif s $38mawe-
This involves a roll-up. As a result of the pretreatment steps, silicon was

Agepositedtbn thé réaesipessfthe silioon watepdn asidmeunt @6k0 deposited on
tBpPERdmatelyd 10mmal R ivanappreximatgly.80 nm,ah R-gmm and
aﬁﬁ?ﬂ%ﬂg&@@¥§“&&%‘%&Bé%nﬁn1 mm, approximately 80 nm at R-2 mm

and approximately 50 nm at R-3 mm.

By increasing the HCL etching treatment duration to 100 s, it
is possible to further increase the deposition on the rear side
of the silicon wafer. As a result, it is possible to
overcompensate for the original edge roll-off of -120 nm at

B-1 mm and to set a roll-up of +10 nm, for ekample, at R~1 mm.

By means of an HCl treatment duration of approximately 90 s and
maintaining all the other process parameters, the roll-off ar
i mm can be completely compensated for. The R30-1 mm ig agual

to zerp in this case.

It has been shown that the R30-1 mm parameter of an epitaxially
coated silicon wafer can be set to any desired value between
-10 mm and +10 nm by means of optimized H, bake and HCL
pretreatment steps. It has furthermore been shown that a
complete compensation of the edge roll-off and the getting of =&
small roll-up are also possible with the aid of the method

according to the invention.

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

Figure 1 shows the thickness of a polished silicon wafer

against a line secan.
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By increasing the HC1 etching treatment duration to 100 s, it is possible to
further increase the deposition on the rear side 15 of the silicon wafer. As

a result, it is possible to overcompensate for the original edge roll-off of

-120 nm at R-1 mm and to set a roll-up of +10 mu, for example, at R-1

mm. By means of an 1101 treatment duration of approximately 90 s and

20 maintaining all the other process parameters, the roll-off at 1 mm can

be completely compensated for. The R30-1 mm is equal to zero in this
Fuaserd! Bashees stiown:thadithe QI 1yampyameisLaf anepitaxiallys .-

=22 faaied silicon wafer can be,set tg any, desired value between -10 nm

and +10 nm by means of optimized H2 bake and 1101 pretreatment steps.
It has furtheimore been shown that a complete compensation of the edge
FreusTe ahdthevsettiftpot-d shalrsl-of aréalstepossiledvity theaicafl layver

othesmethad 30 asgording o dae inventiom The igvention is illustrated
below with reference to Figure 1 to 9. 35 Figtre 1 shows the thickness of a

re 4 0

Ckness &t €418 p fficoRaTafet dgAmSERARY<En ififRredge the edge
TR&GIGA.-  Figure 3 shows the thickness of the deposited epitaxial layer 5
on said silicon wafer against a line scan. Figure 4 shows the thickness of
FﬂyhﬁaﬂéﬂébbwsrEH@95H£$%H3¥Q”o%péﬂ%P%%%%2%&%5?%t@%é@%%?gﬁlicon

tt}e epitaxially coated silicon wafer against a line scan.
waler agalinst a line scan.

~ _Rolished silicon wafer against a line scan._ 18 Figure 2 shows the
il fignsd

Figure 6 shows the thickness of this gplitaxially coated silicon

wafer in the edge region.

Figure 7 shows the thickness of an epitaxially deposited layver
on & silicon wafer againit a line scan for various treatment
durations with HCl without an H, bake.

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

20 seconds.

Figure 9 shows the thickness of an epitaxially deposited laver
on & 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 is plotted against its radiug as & line
scan. A significant decrease in thickness is apparent in the |
edge region. An edge exclusion of 2 mm ig taken as a basis

here,

In Figure 2 the thickness of said polished gilicon wafer is
plotted againgt & 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 6 shows the thickness of this epitaxially coated silicon wafer in the
edge region. 15 Figure 7 shows the thickness of an epitaxially deposited
layer on a silicon wafer against a line scan for various treatment durations
with HC1 without an Hy bake. 20 Figure 8 shows the thickness of an epi
axially deposited layer on a silicon wafer 3gainst a line scan for various
treatment durations with HC1 and in each case an Hy bake treatment of
20 seconds. 25 Figure 9 shows the thickness of an epitaxially deposited
dayeran-a slicgn waleragaingle ling scan foryarous reatment dyrations
ﬁ\g E'gle%%%@%"' bgkf t;gatgwen_t of 60 or 120 seconds. 30 In E?Sure 1,
& thickness of 8 Palished silicoh wafdFhal i S Hhametr A3 mifss is
BrOTETagai et s talRis#s a line scan. A significant decrease in
thickness is apparent in the edge region. An edge exclusion of 2 mm is

alseras basis here. 3510 Fdgure 2 the,thigkness qf said polished silicon. ., .
t‘@ﬁfgr b%%)%?g ga%%@:]s_t %Zlfn%aslggg restricted to an edge region 0 ‘
approXimately 30 mm- 116 apparenttiariieedge toifoff Gt Focompassing
thie entire diemeter of the silicon wafer apart from an edge
exclusion. The layer spplied to the rear side during the
pretreatment is also taken into account here. For this purpose,
the measured values were determined by forming the difference
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 figure 4, whiclhh shows the
thickness of the epitaxial laver in the edge region. Between
the measurement points 147 (-3 mm from the edgs) and 148

(-2 mm), the difference in thicknessg is approximately 0.02 um,
that is to say corresponds to the edge roll-off exhibited by
the polished silicon wafer prior to the epitaxial deposition.
The decrease in thickness in the initial geometry is therxefore
compensated for by the epitaxial laver into an edge region of

R-2 mm.

The following process parameters were used: heating of the
susceptor without a substrate to 1100°C; H; bake pretrsatment
with Hz flow rate of 60 slm and treatment duration of 20 g; HCI
etching treatment with H, flow rate of 50 sim and treatment
duration of 40 s; epitaxial deposition by meang of TCS at a
deposition temperature of 1120°C, a TCS flow rate of 17 sim,

and deposition duration of 63 sec.

Figure 5 finally reveals the thickness of the epitaxially
coated silicon wafer against a line scan. An edge roll-off is
no longer apparent, given an edge exclusion of 2 mm. Tk has
been completely compensated for by the epitaxial laver.
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distance from the edge of the silicon wafer of -3 um (measurement point
147) to -2 mm (measurement point 148) is approximately 0.02 pm. 5
Figure 3 then illustrates the thickness of the layer applied to this polished
silicon wafer against a line scan encompassing the entire diameter of the
silicon wafer apart from an edge exclusi%. The layer applied to the rear
side during the pretreatment is also taken into account here. For this
purpose, 10 the measured values were determined by forming the

wliffessace iﬁéb@&mQSgr_lb@t\AéQ@hrd:ma&itgﬁﬁ%éoéﬁ&d@m&%?%ﬁted
Staringw, C e seen that a thicker layer was deposited in the
Tg?dge@%gigr%e%gn %@ﬁg%s the Centerof the-water 15 Ts BECOMES &etl .-

Earsr T GRS iR sivdifs Bve frickressrorprtasitasddiiapes inafier has
sddgel fegisn Beiviewr theeeasurement-pdints. 347 1<% e fisre tha egdgedn
calith 148432: 80 &), the diffgggnce in thickness is approximately 0.02 pm, 20

that is to say corresponds to the edge roll-off exhibited by the polished
silicon wafer prior to the epitaxial deposition. The decrease in thickness in

FHEhRial geBiRANFisherdtR ComPeniitcthor/Byhe apitaxial faydrantel
Layedgenegicrtof R-2 hemeds d hesfollowingpranessqaranieier o 1 1icon
ssiesinen w2yl o 0T shd Jealnen UG 0T,
e\ [acf%lﬁrc}fefo S pitaxi A de pOHIGHHE médnd 6f TE8ea Hepbsitiohy
VEABERRTr o6t THR0GLaTER flowsatenoh i 7 dlme ahdrdeposition gurdionle, in
ao_f;ea@@ﬁeaigm_rseﬁnallgbr@zggwh@atp@kn@iﬁ&{ﬂ@%g@g%@“xé’>5é£9t3é8dnm at
SHE r a n e 1all- IS NO.loNger apparent, _,
? E/%%Eglri%ggggexﬁc}%ﬁo r%kg?%?%él teh%gggbggn tE‘:o{?np ’gFeJr{f %%mvﬁge%%ﬁteg‘] for
y%ﬁepbﬁ X%ﬁ%ﬂ&ﬁ?%ﬁpent 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 lenger etching. The epitawxial
deposition was effected in each case by means of TCS at a
deposition temperature of 1120°C and a TCS flow rate of 17 slm
for 63 sec. The H; flow rate was 50 slm in each cage. The

susceptor was heated beforehand without a substrate to 11.00°C.

Figure 8 reveals in each case the thickness of an epitaxial
layer applied to the rear side of a silicon water againgt a
line scan, for seven various HC1 pretreatment durations. A
pretreatment under a hydrogen atmosphere (bake) of 20 seconds
is carried out in each instance. It is apparent that by
variation of the etching treatment durations from 0 to

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 ig
apparent that an epitaxial laver 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 epitamial deposition wag effected in each case by meang of
TCS at a deposition temperature of 1120°C and a TCS flow rate
of 17 sim for 63 sec. The H, flow rate was in each case 60 gim
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Figure 6 reveals the thickness of the enitaxially coated silicon wafer

against an edge region of approximately 30 mm. The edge geometry of

the epitaxially coated silicon wafer has significantly improved. No roll-off is
discernible given an 5 edge exclusion of 2 mm. Figure 7 reveals in each

case the thickness of an epitaxial layer applied in the edge region on the

rear side of a silicon wafer against a line scan, for four various HC1
pretreatment ID durations. A pretreatment under a hydrogen atmosphere
dheke)istnet qgrr;@ﬁ%a@masmew i§.%pa{§&tﬁ§%9)é VBHateR Of et |

ibl t d t
e SR RS I -

bt the silicon wafer. With 15 longer etching treatment durations it is
apparent that an epitaxial layer is also deposited to further inward, which
msgmmectedwmmeﬁaoéim tbaé,a(l@l@nhéﬁ% éﬁﬁ"e%'lgded’fa%ﬁt(\slj}?:gtaXLal

tQ nwar r e epifaxial deposition was
e ectedé%r%%%rﬁ c%lge‘élggm%%%%s ofg‘ﬁ (%S at?-a 120 d%posrflo“gteﬁwpergﬁjrlésotf a
T PR0E St a 105 RGN aXE b1 955 i Tor BSeo HEIS (19wt ek 5
PeIRFirreasiTehserTiser sastaptoryars keatediisfoehtrmiwithail &0 or
1aubsisaierdad 100G igues8 saveals irgash %géh@éhlclﬁee%% OL8farent
t@l@@af@ laetanpiad (edle leanside dlasligon aleragansia,ine

Jscan, for seven various HCT, pretreatment durations. A pretre&tment un

a%yﬁ? Jen %\ﬂn&ﬁﬁ&%%%ﬂe‘}‘%?ﬁ@rsecﬁﬁd?ﬁ’?&é’rr?@dfﬁﬁt iR esses of
3ihstanced Ut rmpparehethetdy veristion ofithéistchingtresitdent dutationst 1icon
wheer0 tr 36l Abseeends s pessible ihatargeied manger {0 ﬁgp%parent

ti@az@rg@f%@%@%&%ﬁl%%}om%ts% distance of.2 mm E%%@t@ Ldge: . a,

|t Ion er etching treatment durations it Is apparent t Tatan epi faxia

yer |§‘ 186 5’5@0%%‘[ G ARhEP AT WhIGH isctoh mected uigPiiasragr the
TR tHe Sxide oR RS R gideowsiseibeed awesmd fapthépinyearddinching.
Thongereiching; Thekepitadatuapasitionwasweifacted ingach £ase dYseconds

lmmof&% ata de 9§£0QéﬁUm§f%tH£%8£éé29§g%“d a 1S f'o"dVeLrﬁ%non of a
g

%7 sim fo 63.sec. The Hy flow rate was in each case 60 5im

d%hs pre?rea eTEand BB SR @T{F@é‘lﬁ%tpomt 137 mm) . The

epitaxial deposition was e;.fected in each case by means of TCS
at a deposition temperature of 1120°C and a TCE flow rate of
17 slm for 63 sec. The Hy, flow rate was in each case §0 s=lim
Guring the H; pretreatment and 50 slm during the HCl treatment.
The susceptor was heated beforehand without a substrate to

11ooec.



The susceptor was heated beforehand without a substrate to 1100C. 5
Figure 9 reveals in each case the thickness of an epitaxial layer applied to
the rear side of a silicon wafer against a line scan, for five various 1101
pretreatment durations. A pretreat t under a hydrogen atmosphere
(bake) of 60 or 120 seconds is carriéd out in each instance. It is apparent
10 that by variation of the etching treatment durations it is possible, in a

patdigeted maaner, to apply layer thicknesses of 30 to 120 nm in the edge

region on the rear side of the silicon wafer. With longer etching treatment

durations it is apparent that an epitaxial layer is also deposited to further
.inward 15 which isscemnéctetnwitl thixtact, thatitheandtive oxigde onithe at

rear sideis efghed away tojitherioward By langeretching. Jhugwith H2

bake and 1101 treatment durations of 120 seconds in each case, a
deposiiG ieiBetetPRGhEMLE™ rdgion Tl didtalice BFE33nRT FrofithéY 2
edgefmeasueament pointd 37smm) The 2@ epitaxiakdepositionpwasing to
effected in each case by means o, TCS at a.depasitiondempeyatuie.of, -y
1120C and a TCS flow rate of 17 slm for 63 sec. The H2 flow rate was in
eactt€4Se 66 shcduting f&HPFretreatriéntiand* 50 < Yafihgthe 3961 o
treatmentri he=susegptenhwasheatedibeforeband:withoti a substrate too  a
251100C. 22 Patent Claims 1. A %iligon afe p .vc'glg]g a front side and a
rear Sit ee, ]ﬁqggs?ltjh%efréﬁ% %f&“e“ﬁ%ing rgol%hgecﬁg a??fi an epitaxial layer being
applied on its front side, characterized by a parameter R30-1 mm of -10
.nm t9;&10Q: M, correspiding teia: deviation -«detarmined iad fadistance:of by
1 mm from the edge of the silicon wafer - of an average cross section
detefmined gy%hlckness meastrement with respect to a reference line
determined by regression. 2. The silicon wafer as claimed in claim 1,
.Charagterized: by, a parametey R3G-bmm oh-2-nmito +54¥m23. The siligan ed
wafer as claimed in claim 1 ar 2, the applied epitaxial layer having a
thickﬁgég%}fﬁg-s{%ﬁfﬁ. He's ic%nt\%jé (}rnaess glﬁnzdd'?)n %ngmo’f claims 1 to
3, the silicon wafer being a wafer made of monocrystalline silicon, an SOI
.wafef,a wafer having acstrained silican layer oran, sSQlavater whishds cthe
provided with an egitax al coating s
silicon wafer being a wafer made of monocrystalline
silicon, an 801 wafer, a wafer having a strained silicon
layer or an 507 wafer which 1s provided with an

epitaxial coating



